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The Epidemiology of Ovarian Cancer

Emily Banks

1. Introduction

Ovarian cancer is the most common fatal cancer of the female reproductive tract in
industrialized countries. At the time of writing, it is the fourth most common cause of
cancer death in women in the U.K., after breast, lung, and colorectal cancer, with a
lifetime risk of approximately 2% (1). It tends to present at an advanced stage, with
limited prospects for treatment and generally poor survival.

The histological classification of ovarian cancer is complex, with a large number of
histological subtypes. Because of the rarity of each type, tumor studies have tended to
group the types into broader categories of “epithelial” and “nonepithelial” tumors.
“Borderline” tumors are distinguished by the absence of stromal invasion. They are
considered to be an earlier or less malignant form of ovarian cancer and have similar
epidemiological characteristics to epithelial tumors, with a better prognosis.

Generally speaking, ovarian cancer incidence increases with age and is more com-
mon in women with a family history of the disease. Reproductive and hormonal factors
appear to be the other main determinants of risk, with a decline in risk associated with
increasing parity, oral contraceptive use, hysterectomy, and sterilization by tubal liga-
tion. For other factors, such as the use of hormone replacement therapy, fertility drug
treatment, breast feeding, and infertility, the evidence remains equivocal. This chapter
will discuss the epidemiology of ovarian cancer, starting with a brief outline of patterns
of incidence and time trends, before reviewing the evidence to date regarding risk fac-
tors for nonepithelial and epithelial tumors. In view of the sparsity of data regarding
risk factors for nonepithelial tumors, the bulk of the chapter relates to epithelial ovarian
cancer. This chapter presents a general summary; those requiring a more detailed review
are directed to an earlier publication (2).

2. International and National Variations and Time Trends

National incidence and registry data usually combine all histological types of ova-
rian cancer, although epithelial types tend to dominate the findings as they represent
80 to 90% of tumors (3). Figure 1 presents the age-adjusted annual incidence rates of
ovarian cancer from a range of cancer registries (I). Ovarian cancer rates vary enor-
mously from country to country and appear to relate to their respective reproductive
patterns. Incidence rates are high in most of the industrialized countries of Europe,
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Fig. 1. Age-adjusted annual incidence of ovarian cancer at selected cancer registries.

North America, and Oceania, where women have relatively few children (with the
exception of rates in Italy, Japan, and Spain). Ovarian cancer is less common in Asian
and African countries with higher fertility rates. Rates of ovarian cancer also vary
among different ethnic groups within a particular country. Migration studies have
shown that ovarian cancer rates tend to approach those of the country of adoption rather
than the country of origin. This suggests that variations within countries are unlikely to
be fully explained by racial or genetic differences.

The changing reproductive patterns of Western women are thought to be behind the
increases in ovarian cancer witnessed in these countries for most of this century.
Changes in incidence are likely to reflect trends in family size (and other factors) from
some decades previously. For instance, women who were of reproductive age during
the 1930s Depression had a relatively small average family size and consequently
higher ovarian cancer risk in later life. Many Western countries have seen recent
decreases in ovarian cancer incidence, in the face of continuing declines in fertility.
Some authors have proposed that this phenomenon relates to increasing oral contracep-
tive pill use (4). In contrast, most of the poorer, lower-incidence countries have seen
recent increases in ovarian cancer rates.

3. Nonepithelial Ovarian Cancer

Nonepithelial tumors account for around 7-10% of all malignant ovarian tumors
and are divided into germ cell and sex-cord stromal tumors. They are rare, with an
incidence of approximately six per million women per year, and little is known about
their risk factor profiles (5).



Epidemiology of Ovarian Cancer 5

100 +
o e e
2 |
[
7]
=)
o O
g 8
£ = .
£
= 8
@
e qc;' 10 +
S5
83
S8
>
°3
e
5
e .
1 t f } : + {
20 30 40 50 60 70 80

Age

Fig. 2. Annual incidence of ovarian cancer by age in England and Wales, 1983-1987.

Malignant germ cell tumors are most common in adolescents and young women,
with a peak in incidence at around 15-19 years of age. They may be associated with in
utero exposure to hormones, young maternal age, and high body mass in the woman’s
mother (6). There are suggestions that parity, recent birth, incomplete pregnancy (mis-
carriage and abortion), oral contraceptive use, alcohol consumption, and a family his-
tory of the disease may influence risk, but findings to date are generally nonsignificant
and based on very small numbers of cases (5,7).

Malignant sex-cord stromal tumors have more in common with epithelial ovarian
cancer in that they are more frequent in older women and the oral contraceptive pill
appears to have a protective effect. However, in contrast to epithelial tumors, findings
(once again, based on small numbers) suggest that increasing parity does not appear to
protect against these tumors (5,7).

4. Epithelial Ovarian Cancer
4.1. Personal Characteristics

4.1.1. Age

Figure 2 shows the log incidence of ovarian cancer by age. Epithelial ovarian can-
cer is rare among girls and young women and increases exponentially with age (8),
until reaching a plateau in incidence around age 50 to 55. Rates increase more slowly in
later life (9,10).

4.1.2. Socioeconomic Status

Some studies have found higher risks of epithelial ovarian cancer in women of higher
socioeconomic status (11), although this finding is believed to be the result of these
women having fewer children (12-14).
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4.1.3. Weight/Body Mass Index

Results regarding the relationship between body mass index (BMI=weight(kg)/
height(m)?) or weight and ovarian cancer are conflicting and inconclusive, and may
depend on aspects of study design, such as choice of control group (15). Most studies
find no association between weight or BMI and epithelial ovarian cancer (16-18),
although some find increasing risk of disease with increasing obesity (14,19). Because
the disease process itself can affect body size, study design must address this issue.

4.1.4. Genetic/Familial Factors

For more than a century, researchers have reported on rare families with multiple
cases of ovarian cancer. In addition, a relationship between breast cancer and ovarian
cancer has been reported, both within families and within individuals (20). Clarifica-
tion of these findings has come with the discovery of the oncogenes BRCAI and BRCA2,
which have been shown to be related to inherited breast and ovarian cancer, through
germline mutations in these genes (21-23). Although these rare mutations confer
extremely high risks of disease, women reporting a general family history of ovarian
cancer are only three to four times more likely to develop ovarian cancer than those
without such a family history (20). Whereas these findings are of scientific and
aetiological interest, inherited ovarian cancer accounts for only a small proportion of
those contracting the disease (less than 5%), and the vast majority of cases are spo-
radic, occurring among women with no family history of ovarian cancer (21).

4.2. Reproductive Factors
4.2.1. Menarche and Menopause

The majority of studies have not found any effect of age at first menstrual period
(menarche) on epithelial ovarian cancer risk, with one notable exception. Rodriguez et al.
(24) found a statistically significant decrease in fatal ovarian cancer (all histological
types combined) with menarche after age 12, compared with menarche at a younger age.

The age-specific incidence curve (Fig. 2) suggests a lessening of the rate of increase
in ovarian cancer around the age of menopause, but direct evidence of an effect of
menopause on risk has proved somewhat elusive. A study pooling a number of Euro-
pean studies (25) reports a doubling in the relative risk of ovarian cancer associated
with an age at menopause of 53 or greater compared with menopause under 45 years
old, and notes a significant trend of increasing risk of ovarian cancer with later age at
menopause. However, the pooled U.S. case-control studies found no trend in ovarian
cancer risk with increasing time since last menses (15) and Purdie et al. (14) found no
significant effect of age at menopause on ovarian cancer risk in Australia.

4.2.2. Parity and Gravidity

Early classic studies observed high rates of epithelial ovarian cancer among nuns
and low rates among groups with generally high parity, including Mormons and
Seventh-Day Adventists. The association of increasing parity with decreasing ovarian
cancer risk is now well established (12) and applies to populations in North America
(13,15), Europe (26,27), and Asia (28). Overall, published results show a 40% reduc-
tion in ovarian cancer risk associated with the first term pregnancy and trends consis-
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tent with a 10-15% average reduction in risk with each term pregnancy (15). A Swed-
ish study found that the risk of ovarian cancer is reduced soon after childbirth and this
protective effect appears to diminish with time (26). The effects of incomplete preg-
nancy (induced abortion and miscarriage) and the effects of the timing of childbirth
(such as age at birth of first and/or last child, and birth spacing) require further investi-
gation.

4.2.3. Breast Feeding

The effect of breast feeding on ovarian cancer incidence is disputed, and further
research is needed on this subject. An analysis based on six U.S. case-control studies
(15) found a reduced risk of ovarian cancer in women who breast fed compared to
those who had not, after controling for parity and oral contraceptive use. Other studies
are inconsistent and generally do not support these findings (2).

4.2.4. Oral Contraceptive Use

One of the most interesting and striking findings in the epidemiology of epithelial
ovarian cancer over the last 20 years is that of the protective effect of the oral contra-
ceptive pill. Studies show consistent results of an approximately 40% reduction in the
risk of ovarian cancer with any use of the oral contraceptive pill, and a 5-10% decrease
in risk with every year of use (15,29). This protective effect appears to last for at least
15-20 yr after cessation of use and applies to parous as well as nulliparous women. The
use of the oral contraceptive pill has been widespread in many countries and the inci-
dence of ovarian cancer has been decreasing, in parallel with increases in oral contra-
ceptive pill use.

4.2.5. Hormone Replacement Therapy

Because the age-specific incidence of ovarian cancer suggests that the rate of inci-
dence slows around the time of the menopause, exposure to exogenous hormones in the
postmenopausal period could plausibly offset this apparent beneficial effect. Earlier
studies of hormone replacement therapy (HRT) tended to compare women who had
ever used HRT with never users, and findings are generally consistent with no effect
(2,15). However, as more is understood about the effect of oestrogenic and
progestagenic hormones on cancer, emphasis has shifted to looking at the effect of
current HRT use on ovarian cancer. A pooled analysis of case-control data from the
United States found a protective effect of current HRT use in one subgroup, although
findings were generally negative (15). In 1995, Rodriguez et al. (24) reported on the
findings of the only prospective study in this area, which found a 70% increase in risk
of ovarian cancer in long-term current HRT users, compared to never users.

Women who use HRT are known to differ from nonusers in a number of ways that
may affect their background risk of ovarian cancer. In particular, they are more likely
to have had a hysterectomy and to have used the oral contraceptive pill in the past,
compared to never users (30) and many previous studies have not accounted for these
preexisting differences. Further research is needed into the effects of current HRT use,
past use, and use of combined oestrogen and progestagen preparations. Other hormonal
preparations, such as diethylstilboestrol and depot-medroxyprogesterone acetate do not
appear to affect epithelial ovarian cancer risk.
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4.2.6. Infertility

Women with fertility problems tend to have few children, and because low parity
confers an increased risk of epithelial ovarian cancer, investigating the effect of infer-
tility independent of parity has proved problematic. In addition, some researchers have
found an increased risk of ovarian cancer in women who have been treated with fertil-
ity drugs (see Subheading 4.2.7.) and that once this drug-treated subgroup is excluded,
infertility itself does not affect ovarian cancer risk (15).

Bearing this in mind, there appears to be a fairly consistent relationship between
various measures of infertility and an increased risk of ovarian cancer, although this
increased risk seems to be confined to women who have never succeeded in becoming
pregnant or having a child (2).

4.2.7. Fertility Treatment

All of the studies of ovarian cancer and fertility drug treatment are based on very
small numbers and findings must be interpreted with caution. In addition, disentan-
gling the effects of fertility drugs from the effects of infertility and low parity has been
extremely difficult, if not impossible, with the current data.

Case reports in the late 1980s raised concerns that use of drugs that stimulate ovula-
tion, such as clomiphene citrate, may increase a woman'’s risk of ovarian cancer. Anxi-
ety was further heightened by the U.S. pooled case-control studies, which showed a
2.8-fold increase in ovarian cancer risk in infertile women who had been treated with
fertility drugs compared to women without a history of infertility. The risk was particu-
larly high (more than 20-fold) among women who had been treated with these drugs,
but had never become pregnant, compared with never-pregnant women without fertil-
ity problems (15). Other studies have shown more moderate increases in risk, and a
grouped meta-analysis of the published data in this area shows that at least part of the
purported effect of fertility drugs results from the relative infertility of the women
taking them (2).

4.2.8. Oophorectomy, Hysterectomy, and Sterilization

Previous unilateral oophorectomy has been associated with a decrease in risk of
ovarian cancer (9). The majority of studies also show a 30-40% reduction in the risk
of ovarian cancer with simple hysterectomy (without removal of the ovaries), which is
present after controling for parity and oral contraceptive use. There is evidence to sug-
gest that this protective effect is lasting, with no apparent trend in risk with time since
hysterectomy (15), although some authors dispute this. Tubal ligation has been noted
to protect against ovarian cancer in a number of studies (11) with reported reductions
in risk ranging from 40% to 80% (2,11), although some studies have not found this to
be the case.

It has been suggested that the apparent protective effect of simple hysterectomy may
be the result of misclassification bias, where women reporting hysterectomy only may
have had an accompanying oophorectomy that they were not aware of (11). Other
researchers have hypothesized that hysterectomy and tubal ligation allow visualization
and removal of ovaries noted to have a diseased appearance at surgery (15). This argu-
ment is to some extent countered by the finding of a sustained benefit of simple hyster-
ectomy for many years following the operation. Hysterectomy and tubal ligation may
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also act by impairing ovarian blood supply and inducing anovulation or by preventing
passage of carcinogens from the vagina to the ovary, via the uterus (31).

4.2.9. Ovulation: Lifetime Frequency

Many of the reproductive findings with respect to epithelial ovarian cancer are con-
sistent with Fathalla’s “incessant ovulation” hypothesis (32). This hypothesis relates a
woman’s risk of ovarian cancer to her lifetime frequency of ovulation, and proposes
that ovulation causes trauma to the ovarian epithelium and stimulation of mitoses
through exposure to oestrogen-rich follicular fluid, which can result in neoplastic
transformation (or promotion of initiated cells).

Pregnancy, oral contraceptive use, breast feeding, late menarche, and early meno-
pause all cause a decrease in a woman’s frequency of ovulation, whereas ovarian stimu-
lation with fertility drugs causes increased ovulation. Some studies have used figures
relating to these to estimate and evaluate the effect of total duration of ovulation (or
“ovulatory age”) on ovarian cancer incidence. These studies have generally found an
increasing risk of ovarian cancer with increasing duration of ovulation, but find that the
degree of protection against ovarian cancer conferred by factors such as the oral con-
traceptive pill and pregnancy is greater than would be expected based on the duration
of anovulation caused (33).

4.3. Environmental Factors
4.3.1. Diet

Many dietary factors have been investigated in relation to epithelial ovarian cancer;
although, only a high intake of saturated fat and a low intake of vegetables have been
consistently associated with an increased risk. Earlier findings of associations between
milk and lactose intakes, galactose and ovarian cancer have been refuted and evidence
to date suggests that neither coffee nor alcohol intake is consistently related to risk (2).
The effect of meat and fish consumption is unclear.

4.3.2. Smoking

Smoking is known to affect a woman’s hormonal milieu and two studies have found
increases in ovarian cancer among cigarette smokers, compared to nonsmokers (14,34).
However, the majority of studies investigating this issue have shown no association
and the effect of smoking on ovarian cancer is likely to be small in comparison with its
important effects on lung cancer and cardiovascular disease.

4.3.8. Talc

A number of studies have found a significant association between the use of talcum
powder on the perineum and ovarian cancer (2,14). This coupled with the chemical
similarity of talc and asbestos (a known carcinogen) and the finding of talc particles in
normal and cancerous ovaries (35) has lead to concerns that this relationship is causal.
Other studies have not found an association between talc use and ovarian cancer.

4.3.4. Viruses

Earlier claims of a relationship between low rates of mumps virus (and other child-
hood diseases) and ovarian cancers have not generally been sustained (28,36,37), and
have been confused by conflicting serology findings.
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4.3.5. lonizing Radiation

Women receiving pelvic irradiation for treatment of metropathia hemorrhagica or
for inducing menopause are at an increased risk of pelvic cancer in general, but not of
ovarian cancer in particular (38,39). No elevation in risk of ovarian cancer has been
found in case-control studies looking at both diagnostic and therapeutic irradiation
(11,18,40).

4.4. Conclusions

The main established factors influencing epithelial ovarian cancer risk, such as age,
parity, oral contraceptive use, and hysterectomy have limited potential for modifica-
tion or public health intervention. For this reason, factors such as HRT, fertility drugs,
and breast feeding are of particular interest. Larger studies and further pooled analyses
are likely to clarify their effects.
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Familial Ovarian Cancer

Ronald P. Zweemer and lan J. Jacobs

1. Introduction

Ovarian cancer represents the fifth most significant cause of cancer-related death for
women and is the most frequent cause of death from gynecological neoplasia in the
Western world. The incidence of ovarian cancer in the United Kingdom (U.K.) is over
5000 new cases every year, accounting for 4275 deaths per year (1). The lifetime risk
of ovarian cancer for women in the U.K. is approximately 1 in 80. Most (80-90%)
ovarian tumors are epithelial in origin and arise from the coelomic epithelium. The
remainder arise from germ-cell or sex cord/stromal cells. A hereditary component in
the latter group is rare, but includes granulosa-cell tumors in patients with Peutz—
Jeghers syndrome (2) and autosomal dominant inheritance of small-cell carcinoma of
the ovary (3,4). Because of their limited contribution to familial ovarian cancer, these
nonepithelial tumors will not be considered further in this chapter.

Epithelial ovarian cancer has the highest case fatality rate of all gynecological
malignancies, and an overall five-year survival rate of only 30%. This poor prognosis
is largely because of the fact that 75% of cases present with extra-ovarian disease,
which in turn, reflects the absence of symptoms in early-stage disease. Advanced stage
ovarian cancer (stage IV) has a five-year survival rate of approximately 10% whereas
early stage (stage 1) ovarian cancer has a five-year survival rate of at least 85%. These
figures suggest that there may be a survival benefit from the detection of ovarian can-
cer at an early stage. To be able to develop appropriate screening strategies for ovarian
cancer, there is a need to understand the processes of carcinogenesis and tumor pro-
gression. For ovarian cancer, there are no recognizable precancerous lesions that could
be targeted for screening purposes; this contrasts with other types of cancer (e.g.,
colorectal or cervical cancer) where many of the critical histological alterations in the
development of cancer have been identified. In these cancer types, the precancerous
lesions have subsequently been linked to specific molecular genetic events (5). Because
very little is still known about the morphological and molecular genetic steps involved
in initiation and progression of epithelial ovarian cancer, detection and treatment of
premalignant lesions is not yet feasible.

Three large randomized controlled trials of screening for ovarian cancer in the gen-
eral population are currently underway. Because of the potential survival benefit from
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the detection and treatment of early-stage disease, these studies aim to detect early-
stage cancer, rather than premalignant disease. However, none of the current studies
have yet reached the stage at which information about the impact on mortality is avail-
able. To optimize the efficacy of screening, it may be desirable to target women at the
highest risk of developing the disease. Most of the established risk factors for ovarian
cancer are associated with the theory of “incessant ovulation” (6,7) and include
nulliparity, an increased number of ovulatory cycles, early menarche (age at first men-
struation), and late menopause (age of last menstruation). Oral contraceptive use and
multiparity as well as breast feeding reduce the risk of ovarian cancer. It has long been
recognized, however, that the most important risk factor for ovarian cancer besides
age, is a positive family history for the disease. In recent years, two genes associated
with a genetic predisposition for breast and ovarian cancer, the BRCAI and BRCA2
genes, have been identified. This has led to a growing awareness among the public as
well as the medical profession that cancer may be hereditary and the demand for risk
counseling and molecular testing has increased dramatically. This chapter aims to pro-
vide an integrated overview of both the clinical and molecular genetic background of
familial and hereditary ovarian cancer.

2. Familial and Hereditary Contribution to the Ovarian Cancer Burden

As ovarian cancer affects approximately 1% of women some families will have a
history of ovarian cancer in two or more family members or in combination with a
common cancer diagnosed at a young age, just by chance. About 15% of all ovarian
cancer patients report a positive family history for the disease and can be included in a
working definition of “familial ovarian cancer.” Such examples of familial ovarian
cancer could be explained by chance, common lifestyle, or exposure to carcinogenic
factors or a shared genetic susceptibility. However, an estimated 5-10% of all ovarian
cancer cases are thought to be the result of an autosomal-dominant susceptibility factor
with high penetrance. These cases can be defined as “hereditary ovarian cancer.”

3. Clinical Diagnosis

The initial evidence for a hereditary component in ovarian cancer was derived from
three observations. First, a family history of ovarian cancer was found to confer the
greatest risk of all known factors for developing the disease (8,9). This effect is espe-
cially strong in families with more than one relative affected. Analysis of population-
based series of ovarian cancer cases has shown that the risk of ovarian cancer in a
woman who has a first-degree relative (mother or sister) with the disease is 1 in 30 by
the age of 70. This risk is around one in four when two first-degree relatives are affected
(10,11). Second, population-based epidemiological studies have shown that there is a
significant excess of specific types of cancer in the relatives of ovarian cancer patients.
These include additional ovarian cancer cases, breast cancer, colorectal, and stomach
cancer (12). Finally, many case reports have identified families with multiple cases of
ovarian cancer. The first of these describes ovarian cancer in twins (13). Others have
described families with multiple cases of ovarian cancer, often in combination with
other types of cancer (14). The occurrence of ovarian cancer in these families is best
explained by an autosomal-dominant inheritance factor.
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3.1. Clinical Syndromes

In families where there is insufficient evidence to diagnose autosomal-dominant
disease, ovarian cancer can occur alone or in combination with other types of cancer.
These familial cancers are to be distinguished from families where autosomal-
dominant inheritance of ovarian cancer is likely. In the latter families, epidemiological
studies have provided evidence for three distinct clinical, autosomal-dominant cancer
syndromes.

1. Hereditary breast-ovarian cancer (HBOC). Families with a pattern of autosomal-
dominant inheritance of ovarian and (usually early-onset) breast cancer.

2. Hereditary ovarian cancer (HOC). Families with clear autosomal-dominant inheritance of
ovarian cancer, but without apparent excess of breast cancer.

3. Hereditary nonpolyposis colorectal cancer (HNPCC). Families with an autosomal-
dominant pattern of early-onset colorectal cancer often in combination with endometrial
cancer and sometimes ovarian cancer.

4. Molecular Genetic Diagnosis

The final proof that a genetic predisposition is responsible for familial clustering of
a disease was initiated by extensive genetic linkage analysis of several large families.
Hall et al. (15) identified a susceptibility locus on chromosome /7¢21 in several fami-
lies with autosomal-dominant breast cancer. Narod et al. (16) confirmed linkage to the
same marker in breast—ovarian cancer families. The putative gene was named BRCA ]
(BReast CAncerl). Subsequent analyses showed this gene to be responsible for over
80% of families with cases of breast and ovarian cancer or ovarian cancer alone (17).
The discovery of a candidate gene by Miki et al. (18) was confirmed by several studies
describing the segregation of inactivating germline mutations in this gene with the
breast and ovarian cancer cases in these families. In accordance with the notion that the
BRCAI gene acts as a tumor suppressor gene, allelic deletions affecting the /7¢21
locus have invariably been shown to involve the wild-type allele (19).

4.1. BRCA1

The BRCAI gene consists of 22 coding exons distributed over 100 kb of genomic
DNA. It has 5592 bp of coding sequence and encodes a protein of 1863 amino acids.
To date, more than 300 distinct mutations have been described and scattered through-
out the gene. Although there are some well-defined founder mutations (20,21), there
are no specific hot-spots in the gene and only a minority of mutations are recurrent.
Approximately 80% of all mutations are nonsense or frameshift mutations causing a
truncation of the protein. Some have suggested a relation between the position of the
mutation and penetrance as well as tissue specificity. Gayther et al. (22) found a sig-
nificant correlation between the localization of the mutation in the gene and the ratio of
breast and ovarian cancer cases within a family. They found that mutations on the three
prime third of the gene conveyed a lower risk of ovarian cancer. Apart from this study,
genotype—phenotype correlations within BRCAI have not been confirmed. Another
possibility is that environmental circumstances and/or modifier genes may influence
the penetrance of a specific type of cancer in germline mutation carriers. Phelan et al.
(23) suggested that the risk of ovarian cancer may be increased in women with a BRCA/
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mutation who carried one of two rare variants of the HRAS variable number of tandem
repeats (VNTRs) compared to women with the common allele.

It has become clear that mutations in the BRCAI gene are responsible for the major-
ity of HBOC and HOC families and, therefore, the clinical distinction between these
two syndromes may have become obsolete. Initially it was anticipated that somatic
mutations in BRCAI would be as important in sporadic ovarian cancer as germline
mutations are in hereditary cases. This seemed likely as loss of heterozygosity analysis
of unselected ovarian cancers has constantly revealed a very high frequency of LOH on
chromosome /7q (24,25). However, thus far only a few somatic mutations have been
detected in sporadic ovarian cancer cases (26). The explanation for the high frequency
of LOH of the /7g locus in these cases remains unclear and may be because of another
tumor suppressor gene in the vicinity of BRCAI as suggested by the LOH-results of
Jacobs et al. (27).

4.2. BRCA2

Localization and cloning of the BRCA2 gene followed soon after the identification
of BRCAI. In 1994, Wooster et al. (28) localized the gene at chromosome /3g/2—-13.
Only months later, the same group identified the gene by showing segregation of inac-
tivating mutations of mostly breast cancer in families linked with the /3¢ locus (29).
The BRCA2 gene consists of 26 coding exons distributed over approximately 70 kb of
genomic DNA. It has 10.254 bp of coding sequence and encodes a 3418 amino acid
protein which has little homology to previously identified proteins (30). To date, some
100 distinct mutations have been described and as is the case for BRCAI these are
scattered throughout the coding sequence and apart from several distinct founder muta-
tions (31,32) there are no specific hot-spots. The most frequent type of BRCA2 muta-
tions are frameshifts, most commonly deletions. It appears that missense mutations are
rarer than in BRCAI. The contribution of BRCA?2 to hereditary breast cancer (HBC)
appears to be similar to the contribution of BRCA I whereas only a minority of cases of
HBOC and HOC are caused by BRCA2 germline mutations. Although the overall
penetrance for ovarian cancer in BRCA2 germline mutation carriers is estimated at
approximately 25% (17), Gayther et al. (33) found evidence for an “ovarian cancer
cluster-region” in exon 11. Mutations in this OCCR were suggested to confer a higher
risk of ovarian cancer. To a lesser extent than is the case for BRCA 1, LOH at the BRCA?2
locus is frequent in sporadic ovarian cancer (34) and somatic mutations of BRCA?2 are
rare in ovarian cancer.

4.3. Function of BRCA1 and BRCA2

The 7.8 kb mRNA BRCA I-transcript is expressed most abundantly in the testis and
thymus and at lower levels in the breast and ovary. The mRNA BRCA2-transcript shows
a similar tissue-specific expression (30,35). Although BRCAI and BRCA2 are unre-
lated at the sequence level, there are some intriguing similarities. Both have a large
exon 11, which contains more than half of the coding sequence. In both genes, transla-
tion site starts at codon 2 and both are relatively A-T rich. Defining the biochemical
and biological functions that are responsible for tumorigenesis in large genes such as
BRCAI and BRCA?2 has proven to be difficult. Both genes probably have several func-
tional domains. The presence of a “zinc-finger” motif suggests a role as a transcription
factor for the BRCA I protein. BRCA2 has homology with known transcription factors
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(36). Similar motifs have been found in genes directly controlling cellular proliferation
and in that respect it is important that BRCA/ has been found to inhibit cell growth
(37). The similarity between BRCAI and BRCA?2 also includes their ability to bind and
complex with Rad51, a protein involved in the repair of double-strand DNA breaks
(38,39). For both BRCAI and BRCA2, a similar “granin” motif has been described,
suggesting that the proteins are secreted in secretory vesicles (40). The localization of
the BRCA protein, however, is unclear, conflicting reports have localized the protein
in the nucleus as well as the cytoplasm (41,42). Explaining the function of both BRCA I
and BRCA2 in tumorigenesis remains a major challenge and will be the subject of
research activity for some time.

4.4. BRCA1 and BRCA2 Mutation Testing

The risk of a mutation and the penetrance of this mutation determine an individuals
risk of (hereditary) cancer. The level of cancer-risk at which to offer a woman testing
for germline mutations in BRCAI or BRCA?2 is arbitrary and the decision of whether or
not a test should be considered is also depend on the purpose it serves for patients or
healthy family members.

The chance that cancer in a given family is because of a BRCA-germline mutation
can be estimated from data collected by the Breast Cancer Linkage Consortium (17). In
summary, the risk of detecting a mutation increases with the following: a) an increas-
ing number of affected relatives; b) a young age at diagnosis; and c) occurrence of
related cancers in successive generations.

Furthermore, the chance of detecting a BRCA I mutation in a given family increases
when ovarian cancer is frequent, when patients with both breast and ovarian cancer are
present, and when bilateral breast cancer cases occur. The risk of a BRCA2 mutation
increases when male breast cancer occurs in a family. In specific populations, muta-
tions may also be detected in far less remarkable families especially in populations
with a high population frequency of founder mutations, such as the Ashkenazi Jewish
population. In this population, up to 39% of ovarian cancer patients with a minimal or
negative family history have been found to be caused by BRCAI or BRCA2 germline
mutations (31).

DNA testing for cancer predisposition may serve several purposes. Especially for
breast cancer patients, the treatment modality and follow-up strategies may be modi-
fied if the disease is resulting from a genetic predisposition. For ovarian cancer, there is
currently no evidence that treatment should differ if the disease is hereditary in nature.
Healthy carriers of predisposing mutations may benefit from screening or preventative
surgery. The clearest advantage of testing is obtained in at-risk family members who
test negative after a mutation has been identified in the family. For this group preven-
tative measures are no longer indicated. Finally, patients and at-risk relatives may wish
to be tested on behalf of their children.

Nondirective counseling and education based on prior risk assessment is aimed at
reaching a decision whether or not an individual would like to pursue genetic testing.
For the initial mutation testing, the cooperation and consent of live affected relatives
will usually be required. It is important to test all available affected family members
because coincidental cases of either breast or ovarian cancer (phenocopies) may occur.
When a mutation is identified in a family, carrier status for individual unaffected fam-
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ily members can be determined. When a mutation cannot be found, the false—negative
rate of the test should be considered. A large variety of methods is currently available
for the detection of mutations. There is no one technique that is ideally suited to a
complete analysis of BRCAI and/or BRCA2. Some techniques are simple to perform,
but not very sensitive whereas others may be very sensitive but laborious and, there-
fore, usually expensive. The most commonly used techniques include:

e Direct (semiautomated) sequencing (DS)
Generally considered the gold standard for mutation detection because of its high sensi-
tivity. Disadvantages are the time-consuming and laborious procedures involved, although
the availability of semiautomated, fluorescent sequencing systems has increased the feasi-
bility of this method for large-scale (clinical) use.

e Allele-Specific Oligonucleotide Analysis (ASO)

e Single-Strand Conformation Polymorphism Analysis (SSCP/SSCA) and Heteroduplex
Analysis (HA)
Both techniques are easy to perform and relatively quick. Compared to DS, the sensitivity
is much lower at a reputed 60—-80%.

e Conformational Sensitive Gel Electrophoresis (CSGE)
This method has an increased sensitivity compared to HA and SSCP, but is more labor
intensive.

e (Constant) Denaturing Gradient Gel Electrophoresis (DGGE/CDGE)
This techniques, which is based on the melting behavior of the DNA double helix is more
sensitive than SSCP, however, the technique only detects differences between both alleles,
therefore additional techniques are required to identify the precise nature of the mutation.
Another disadvantage of all techniques mentioned thus far is that it may be difficult to
distinguish between benign polymorphisms and pathogenic mutations. This problem is
overcome by the

¢ Protein Truncation Test (PTT)
This method detects nonsense and frameshift mutations that result in a stop codon by
visualizing a truncated protein in an in vitro transcription—translation assay.

e Southern Analysis (for genomic deletions)
Recently, specific founder mutations have been identified that consist of the loss of large
fragments of coding sequence. Such genomic alterations can be detected by southern
analysis in specific populations, which have a high-expected frequency of such alterations.

Detailed, frequently updated protocols for each of the aforementioned techniques
are available from the Breast Cancer Information Core database @http://www.nhgri.
nih.gov/Intramural_research/Lab_transfer/Bic/

4.5. HNPCC-Related Ovarian Cancer

Hereditary nonpolyposis colorectal cancer (HNPCC) is characterized by the autoso-
mal dominant inheritance of early onset colorectal cancer, without the multiple (usu-
ally >100) adenomas that constitute familial adenomatous polyposis (FAP).
Endometrial cancer is often seen in HNPCC families and should be considered part of
the clinical syndrome. Other cancers, including ovarian cancer are encountered in
HNPCC families, but are infrequent. Germline mutations in one of five mismatch
repair genes are responsible for the syndrome. AMSH2 (chromosome 2p), hMLH1
(chromosome 3p), hPMS1 (chromosome 2g), hPMS2 (chromosome 7p), and hMSH6
(chromosome 2p) are all part of a family of genes involved in the repair of DNA-
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replication errors. Tumors arising in patients with germline mutations in one of these
genes are in the vast majority of cases genetically unstable and have an RER (replica-
tion error) phenotype, which can most easily be detected by studying somatic length
alterations in simple nucleotide repeat sequences. Although mutations in all five genes
have been detected in HNPCC-related colorectal cancers, 90% of mutations occur in
either the hAMSH2 or hMLH1 gene. Mutation detection of these genes is particularly
arduous because they, too, are large—2.2 to 2.8 kb of coding sequence—and as for
BRCAI and BRCA?2 mutations, are not confined to specific hot spots. The contribution
of germline mutations in one of these five mismatch-repair (MMR) genes to the total
burden of hereditary ovarian cancer is limited, as the penetrance for ovarian cancer is
low at approximately 5%.

5. Are There Clinicopathological Differences
Between Hereditary and Sporadic Ovarian Cancer?

Because family history of ovarian cancer is not a definitive indicator of an underly-
ing germline mutation, other characteristics of ovarian cancer patients have been sug-
gested to be indicative of hereditary disease. In contrast with HNPCC-related cancers
of which the vast majority exhibits the RER-phenotype, there are no definitive criteria
that allow distinction between hereditary and sporadic ovarian cancer. Differences in
histopathological characteristics and clinical presentation, as well as prognosis have,
however, been reported. The mean age of hereditary ovarian cancer appears to be on
average some eight years younger than in sporadic disease (43—45). Hereditary ovarian
cancers are more often of the serous type and are more frequently advanced stage with,
according to some authors, higher grade than sporadic ovarian cancer. It has been sug-
gested that despite these unfavorable prognostic factors, hereditary ovarian cancer
patients have a better prognosis compared to age and stage-matched controls (44).
Survival analyses of patients with hereditary cancer are prone to selection bias and
other studies could not confirm this favorable prognosis for hereditary ovarian cancer
patients (46,47).

Apart from clinical differences, there are intriguing differences between hereditary
and sporadic ovarian cancer at the molecular level. Somatic mutations in BRCAI and
BRCA?2 are infrequent in sporadic ovarian cancer. Knowledge of the somatic molecular
events involved in the pathway of carcinogenesis in both hereditary and sporadic ova-
rian cancer is emerging. The p53 tumor suppressor gene has been studied in relation to
BRCA-associated ovarian cancer and was found to play an important, but probably not
essential role (48,49). Limited analysis of HER-2/neu, K-ras, C-MYC, and AKT2 sug-
gests that these genes may be less important in hereditary than in sporadic ovarian
cancer (49). Although a number of somatic genetic events have been identified, their
role in tumor development and progression in hereditary ovarian cancer remains largely
unknown.

6. Integration of Clinical and Molecular Information

Mutation detection in BRCAI and BRCAZ2 has until recently been performed in a
research setting and been restricted to families that either showed linkage to the BRCA/
or BRCA?2 locus or had a clear pattern of autosomal dominant inheritance. From these
families, the lifetime risks (LTR) of breast and ovarian cancer have been estimated
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(17,50,51). For BRCAI, the LTR of either breast or ovarian cancer was calculated at
95% at age 70. The LTR of breast cancer at 85% and of ovarian cancer 40-60%. For
BRCA2, the risk of breast cancer is similar to the risk in BRCAI mutation carriers
whereas the risk of ovarian cancer is lower (approximately 25%). It is likely that these
estimates are artificially high because of ascertainment bias in which families with
high-penetrant mutations have been preferentially included and, especially for BRCA2,
are based on the analysis of a relatively small number of families. Now that germline
mutation detection for BRCAI and BRCA?2 is available for individual patients several
studies have been performed to identify mutations in unselected ovarian cancer cases
(not based on family history). Mutations in BRCAI and/or BRCA2 are consistently
detected in approximately 5% of such cases (52,53). There is evidence of varying pen-
etrance between families. Germline mutations have been detected in families with a
weak or moderate history of breast or ovarian cancer and even in apparently sporadic
cases. This particularly seems to be the case for BRCA2 germline mutations. Transla-
tion of molecular test results to clinical management and individual risk estimation is
therefore difficult outside families with clinically recognisable autosomal dominant
disease.

7. Multidisciplinary Approach to Ovarian Cancer Families

The recent progress of research into the molecular basis of cancer in general and
hereditary cancer in particular, has provided more insight into the aetiology of heredi-
tary cancer. At the same time, publicity about research progress has raised the aware-
ness in the medical profession and lay public that cancer may be hereditary in nature.
In the case of ovarian cancer, a disease with a dismal prognosis, many women with a
positive family history have come forward to request risk assessment and advice regarding
screening and prevention. To provide such families with adequate advice requires
expertise in the fields of genetics, screening, oncology, and surgery and, consequently,
requires the input of several clinical specialities. Furthermore, genetic testing may have
far-reaching emotional and social implications and require psychological support (54).
A multidisciplinary approach using protocols established by clinical geneticists for
other inherited disorders (55) may be beneficial for the management of such families.

7.1. Pedigree Analysis

Risk assessment is still primarily based on the family history. An extensive pedigree
analysis is required to establish whether an autosomal dominant pattern of inherited
susceptibility is likely to be present in a family. Confirmation of reported diagnoses by
medical reports, death certificates, or histopathological reevaluation is essential
because, especially for gynaecological malignancies, the family history data alone may
be unreliable because of recall bias (56).

7.2. Genetic Testing

To initiate genetic testing, the cooperation of a live affected relative is usually
required. Only when a pathogenic mutation has been detected in an affected family
member is testing of healthy at-risk individuals informative. The implications of
BRCAI and BRCA2 mutation testing and the available techniques are discussed in
Subheading 4.4.
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7.3. Risk Assessment

Analysis of pedigree data in combination with the results of genetic testing should
lead to the most accurate individual risk assessment. Often, a level of uncertainty will
remain and families will need education on how to interpret their risk to be able to take
decisions regarding screening and prevention in their own hands. Psychological sup-
port throughout this whole process is essential.

7.4. Screening and Prevention

The major aim of individual risk assessment for ovarian cancer is to identify women
at the highest risk of developing the disease in the hope that mortality can be reduced
for these women by screening and/or prevention. There is currently no evidence about
the impact of screening for ovarian cancer on mortality. Many of the problems that
occur in screening for the general population (57) may be overcome by directing efforts
at a high-risk population, but prospective studies are still required to determine the
value of specific screening strategies. The most commonly used screening strategy,
which is currently the subject of a large U.K.-based prospective study, involves annual
transvaginal ultrasonography and serum CA 125 from age 35 (or 5 yr before the young-
est cases of ovarian cancer was diagnosed in the family, whichever comes first). Owing
to the lack of evidence that screening for ovarian cancer and the subsequent early inter-
vention reduces mortality and the absence of a detectable premalignant stage, some
women at the highest level of risk may opt for a prophylactic oophorectomy to prevent
ovarian cancer. Unfortunately, even this procedure may not entirely prevent “ovarian”
cancer because several studies have reported the occurrence of intraperitoneal carcino-
matosis, resembling primary ovarian cancer (58—60) and women should therefore be
counseled that prophylactic oophorectomy does not provide absolute protection.

Use of the oral contraceptive pill has consistently been shown to reduce the risk of
ovarian cancer in the general population. This risk reduction may be as high as 50%. A
recent case-control study by Narod et al. (61) suggested that this protective effect also
applies to women with hereditary ovarian cancer. There is some concern that use of
oral contraceptives to prevent ovarian cancer or the use of hormonal replacement
therapy after prophylactic oophorectomy may increase the already high risk of breast
cancer in these women. Further research is needed to address the issue of whether or
not these risks outweigh their obvious benefits.
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The Molecular Pathogenesis of Ovarian Cancer

S. E. Hilary Russell

1. The Genetic Basis of Cancer

In recent years, there has been considerable progress in understanding the molecular
events that give rise to clonal tumor development. This is best described by the steps in
the development of colorectal tumors in which the activation of cellular protooncogenes
and inactivation of several tumor suppressor genes has been elucidated (). The well-
defined steps in the development of these tumors from normal epithelium through
adenomas or benign tumors to carcinomas has now been paralleled by identification of
several genetic loci which are mutated as the tumor develops.

A considerable amount of evidence is available regarding the role of protooncogenes
in cellular growth control. In general, they code for proteins involved in signal trans-
duction, i.e., the transmission of regulatory messages from outside the cell to the
nucleus. Their role in tumorigenesis is dominant and, as protooncogenes, they are acti-
vated to oncogenes by “gain of function” mutations. The involvement of a number of
oncogenes in ovarian cancer has been demonstrated and has been reviewed in Chapter 4.

In addition to the activation of protooncogenes, uncontrolled cell growth also
requires the inactivation of negative regulatory pathways or the genes that encode them.
This was inferred initially by the results of cell-fusion experiments in which malignant
and normal cells were fused resulting in loss of the malignant phenotype, suggesting
that genes from the normal cell could suppress malignancy (2). This concept was
developed further by Knudson’s “two-hit”” hypothesis, which sought to explain by sta-
tistical analysis, the differences between the inherited and sporadic forms of the rare
childhood cancer, retinoblastoma (3). Knudson proposed that retinoblastoma devel-
oped from genetic defects of two alleles in a cell. In the inherited form of the disease,
one defect was passed down through the germline, as the second was acquired somati-
cally. In sporadic retinoblastoma, both mutations must occur somatically in the same
retinal cell. The class of genes that act recessively in tumorigenesis, and are inactivated
by Knudson’s “two hits,” are the tumor suppressor genes. It is now generally accepted
that the first allele of a tumor suppressor gene is inactivated by mutation. Various
mechanisms for inactivation of the second allele have been proposed and include
mitotic nondisjunction resulting in loss of the wild type chromosome, mitotic nondis-
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junction with reduplication of the mutant chromosome, mitotic recombination, dele-
tion of part of the wild type chromosome, or point mutation (4).

Based on an understanding of these mechanisms of inactivation, the mapping of
tumor suppressor genes has made use of both cytogenetic and molecular analyses. One
particularly useful approach has been loss of heterozygosity analysis in which patterns
of loss of alleles in matched control/tumor DNA are determined using polymorphic
markers. Originally, this employed minisatellite markers and Southern blotting, but
now makes use of the highly polymorphic microsatellite repeat sequences and the poly-
merase chain reaction (PCR).

2. Cytogenetic Analysis of Ovarian Cancer Cells

There have been numerous cytogenetic studies of ovarian cancer (5-7) but they have
failed to identify consistent chromosomal breakpoints as is observed, for example, in
the leukaemias and lymphomas. However, it is clear that the majority of tumors are
aneuploid (8) with complex karyotypic changes. Abnormalities involving chromosome
I would seem to be the most common (5,7,9). Low-grade ovarian tumors were charac-
terized by simple specific numeric and structural abnormalities of this chromosome
(10). Such abnormalities were also present in high-grade tumors whether the karyo-
types were more complex or near diploid (11). In a study of 128 ovarian carcinomas,
89 had breaks involving chromosome /. In 42% of these, the breaks involved band
Ip36 (12). A specific translocation involving chromosomes 6 and /4 was reported in
8 of 14 cases of papillary serous adenocarcinoma of the ovary (13). Additional reports
have also suggested a role for aberrations of chromosome 6, mainly involving dele-
tions from 6q (6,14). Recurrent alterations of chromosome 9p have been reported in
several studies (5,9,15). A variety of rearrangements were observed but all were in
keeping with loss of a distal region of 9p: 9p13-ter and 9p22 or 9p23-pter. Abnormali-
ties involving chromosome // were reported in 83% of 23 untreated ovarian tumors
(7). Additional studies have also described aberrations of chromosome 11, e.g., loss of
a distal region of the short arm (16), but in a much smaller percentage of cases.

Trisomy 12 has been reported as a common abnormality of both benign tumors (17)
and borderline lesions (18) and trisomy 17 was specific for invasive disease (18).

3. Loss of Heterozygosity

One of the most useful approaches in locating tumor suppressor genes is through
studying patterns of loss of alleles in tumors with polymorphic markers otherwise
known as loss of heterozygosity (LOH). A high frequency of allele loss in a specific
region of a chromosome in a tumor type indicates the presence of a tumor suppressor
gene or genes, the loss of whose function is implicated in the progression of that par-
ticular tumor. Ovarian tumors have been analyzed for LOH across the genome and a
number of hotspots for allele loss identified on different chromosomes. However, when
reviewing these results with a view to producing a consensus allelotype for ovarian
tumors, a number of problems are encountered. First of all, many of the studies have
analyzed only small numbers of tumors (20-30) and these may or may not have
included some benign or borderline lesions. Second, because some authors have used
microdissected tumor tissue for LOH analysis, many have not. Therefore, if a sample
contains a high percentage of contaminating stromal tissue, any LOH in the tumor cells
will be masked. Third, there is often considerable variation in the composition of the
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tumor bank with respect to histological subtype, tumor stage and grade, all of which
might be expected to influence the outcome of any LOH analysis. Finally, many stud-
ies use only one or two polymorphic markers per chromosome arm and there is often
great variation between studies in the marker used. Direct comparisons between stud-
ies are therefore very difficult and often lead to conflicting and confusing results. How-
ever, in a recent review (19), an attempt has been made to provide a consensus
allelotype. Results of chromosome arm loss from several LOH studies were pooled
without duplication of data from different studies and using data from mainly malig-
nant tumors. The highest rates of LOH were described for chromosome arms /7p and
17q (62 and 56%, respectively). LOH of 40—-46% were reported for chromosomes /3¢,
6q, 18q, and 22q. As there is general genetic instability within tumor cell genomes, low
levels of LOH would be expected across every chromosomal arm. A background level
of 35% in ovarian tumors has been suggested (20). Thus, a percentage LOH greater
than this would be considered significant. The pooled data described, therefore, pro-
vide a good indication of the chromosomal locations of several tumor suppressor genes
involved in the aetiology of ovarian tumors. Each of these regions and additional chro-
mosomal arms indicated from other studies will be discussed in more detail.

3.1. Chromosome 6q

Among the earliest LOH studies in ovarian tumors were those employing markers
from chromosome 6. Much of this interest was stimulated by cytogenetic reports of
aberrations involving this chromosome particularly in serous adenocarcinoma (13).
Allelic loss was reported at the oestrogen receptor locus on 6g in 9/14 informative
tumors, i.e., 64% (21). The frequency of LOH was similar in both primary and meta-
static lesions. It was also demonstrated that the losses were confined to the more distal
regions of 6q. Further analysis of LOH from chromosome 6¢g in a variety of small
studies, have confirmed the high rates of LOH initially reported (22-24). Three more
extensive studies have concentrated on the terminal region of 6¢q. In an analysis of
29 tumors, LOH ranging from 59 to 73% was reported for 5 markers at 6q27 (25). In
another study of 70 tumors with nine markers mapping to 6¢g24-27, a 1.9-cm common
region of deletion at 6¢27 was identified from eight serous tumors flanked by the mark-
ers D6S193 and D6S149 (26). A second region of deletion at 6¢/2-23 has also been
reported (20). In a large study of 40 tumors with 12 markers from 6¢g, a more complex
pattern of deletions was described for different histological subtypes (27). For serous
tumors, LOH at the distal site was confirmed (70% at D6S193). Evidence was pro-
vided for three sites of LOH on proximal 6¢; one at 6g21-23.3 showing LOH at high
frequency in benign and endometrioid tumors, one at 6g/4—12 also involved in
endometrioid lesions, and a small region at 6q16.3-21 involved in early stage tumors.
There is, therefore, good evidence that several potentially important genes on chromo-
some 6¢g play a role in the aetiology of ovarian tumors, particularly serous and
endometrioid, but not the mucinous subtype.

3.2. Chromosome 7

For ovarian carcinoma, the initial studies using chromosome 7 microsatellite poly-
morphisms reported only very low rates of LOH; 13—-19% with the marker D7S23
(24,28), 13% with D7S125 (29) and 21% with D7S396 (30). More recent reports of
LOH from this chromosome are much higher, e.g., 59% (31) and 73% (14/19 informa-
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tive tumors) with D7S522 at 7¢31 (32). Two of three Stage I tumors showed LOH with
this marker suggesting that this may be an early event in ovarian tumorigenesis. Dele-
tions from 7g have been demonstrated in a wide variety of tumor types including breast
(33), colon (34), and prostate (35) and indicate 7¢31 as the critical region. Microcell
mediated monochromosome transfer of chromosome 7 into two immortalized cell lines,
indicates that this may be a senescence gene (36).

3.3. Chromosome 11

Evidence for the involvement of a tumor suppressor gene on chromosome / /p comes
from several reports of LOH with markers from this chromosome particularly at the
HRASTI gene locus on /1pl5.5 (21,22,37,38). On average, the LOH reported was
approx 50%. Some reports have suggested that the LOH at //p/5.5 was associated
with high-grade ovarian tumors and therefore might be associated with late steps in
ovarian tumorigenesis (23,39,40). However, in a more recent report, no significant
association between tumor grade or stage and LOH at /Ip/5.5 was found (41). A sec-
ond region of deletion at //p13 has been reported (42), but the target gene would not
appear to be WT1 since no abnormalities were found in this gene. LOH from //p is
rare in mucinous tumors and is strongly associated with high-grade nonmucinous epi-
thelial lesions (43). In this study of 48 tumors, two regions on //p were identified; an
I1cM region at [1p15.5-15.3 and a 4cM region at [Ipl5.1.

Two regions of deletion on chromosome //g were detected using five polymorphic
microsatellite markers (41). LOH was observed in 39/60 (65%) informative tumors at
minimally one locus. Significant associations were shown between LOH at two distant
loci on both arms of the chromosome whereas intervening loci were not involved. It
was, therefore, hypothesized that the pairs of loci may harbor genes which are coopera-
tively inactivated as part of a multistep process. High rates of LOH, up to 67%, have
been reported for distal //g (44). Refinement of the region of LOH at //g23-ter has
identified two distinct regions of deletion. The proximal region, between D115925 and
D11S1336, is less than 2 megabases while the second more distal region, between
DI11S912 and D11S439, is approx 8 megabases (45). The LOH on distal //q was
detected in 50% of grade 1 and 47% of Stage 1 tumors and would therefore seem to be
an early event in ovarian tumorigenesis. Interestingly, a large proportion of tumors had
small confined deletions from distal / /¢, unlike the situation with many other chromo-
somes where large deletions and sometimes whole chromosome loss are detected.

3.4. Chromosome 13q

Allelic loss from chromosome /3¢ has been reported by several groups. Cystad-
enomas did not show LOH from this chromosome and only low rates of LOH were
reported for borderline tumors. But LOH of more than 50% was reported in 35 high-
grade tumors (46). This study supported earlier reports of LOH from this chromosome
in which loss in only serous tumors was described (6/27 tumors) (30) and in 5/19 infor-
mative tumors at the Rb locus. Two of these tumors were undifferentiated and three
were serous. In an analysis of 18 informative tumors, either all or none of the loci
examined were lost. If the only target of LOH on /3g was the Rb gene, it would be
expected that some tumors would have small deletions confined to the region of the Rb
locus. LOH at the Rb locus was reported in 25/48 informative tumors, but in 23 of the
25 tumors, immunohistochemical staining demonstrated normal Rb protein product
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(47). The majority of the 25 tumors (22/25) had LOH at all 17 loci evaluated on chro-
mosome 13. Of the remaining three tumors, two retained markers distal to the Rb locus
and one retained markers proximal to Rb. In a large study of 77 ovarian tumors, benign,
borderline, and low- and high-grade malignant tumors were considered separately for
LOH at 3 chromosome /3¢ loci. Fifteen out of 29 high-grade tumors had LOH at mini-
mally one marker, but no such loss was detected in 15 low-grade tumors (48). Once
again, normal Rb protein was demonstrated by immunohistochemical staining. This
would suggest that because LOH from /3¢ may be associated with increased biological
aggressiveness in ovarian tumors, the target gene is not the Rb locus.

The incidence of ovarian cancer in BRCA2-linked families is much lower than in
BRCA] families. Nonetheless, the mapping of BRCA?2 to /13g12—13 (49) and its subse-
quent cloning (50) raised the possibility of its involvement in somatic ovarian disease.
The entire 10.2kB coding region of BRCA2 was screened for mutations in a series of
130 ovarian tumors. LOH at markers flanking BRCA?2 was observed in 56% of tumors.
Four germline mutations and two somatic mutations were described and it would, there-
fore, appear that mutations in BRCA2 are rare in sporadic ovarian tumors (51).

3.5. Chromosome 17

Abnormalities involving loci on chromosome /7 have, to date, been shown as the
most frequent in ovarian tumor aetiology. Several regions of this chromosome have
been identified as having a fundamental role. Among the earliest reports of LOH analy-
sis of ovarian tumors were those using polymorphisms from /7p and /7¢g. In the late
1980s, the rationale for using /7p markers was the demonstration that the p53 gene on
17p13 had tumor-suppressor function and that this gene was inactivated in the devel-
opment of most tumor types. It was, therefore, not unexpected that the rates of LOH
detected in banks of ovarian tumors were significant at approximately 50% in malig-
nant tumors (21,52,53). However, these same studies also demonstrated that the great-
est LOH from chromosome /7 (70%) was observed with markers from the long arm, in
particular, the marker pTHH59 at 17g23-ter. In a combined follow-up study of 146
tumors, which included 22 borderline and 30 benign tumors, LOH was confirmed at
70% on distal /7q and was even detected in some benign and borderline lesions (54).
Allele loss occurred with a significantly greater frequency on /7¢q than /7p and loss on
17q increased in more advanced stage disease. Other studies have confirmed the high
rates of LOH from /7¢ (24,55) and the concomitant loss of all informative markers in
a high percentage of tumors suggests that there is often loss of one chromosome
17 homolog (56). As tumors with partial deletions are rare, detailed deletion mapping
of the putative tumor suppressor gene on /7¢q has been more difficult. One such study
identified two distinct, commonly deleted regions on /7¢g; one between /712 and
17¢g21.3, which overlaps with the BRCAI locus, and a second region between /7g25.1
and /7¢g25.3 (57). Two additional studies have also demonstrated a deletion unit distal
of BRCAI (58,59). In both cases the numbers of tumors are small and there are rela-
tively few markers mapping to the g23-25 region, but the results are still consistent
with a deletion unit in this distal part of the chromosome. More recently, fine-scale
deletion mapping has identified a 3-cm common region of deletion at /7g25 (60).

The establishment of linkage to chromosome /7¢g2/ in families with an inherited
predisposition to early onset breast and ovarian cancer in 1990 (61), suggested initially
that the high rates of LOH from /7¢ in sporadic tumors may reflect the inactivation of
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this hereditary gene, BRCA 1. However, with more detailed linkage analysis in families
and extensive deletion mapping in sporadic tumors, it has become clear that two dis-
tinct regions were involved. Following the cloning of BRCA/, mutation studies have
shown that somatic mutations of BRCA1 are rare in sporadic tumors (62).

LOH from the short arm of chromosome /7 has often been assumed to represent
inactivation of the p53 gene at /17p13.1. However, losses at /7p13.3 were demonstrated
in Stage 1 carcinomas and borderline tumors (55). In the latter case, the LOH at /7p13.3
were not accompanied by LOH at p53. A common region of deletion of approximately
15 kB was identified between the markers D17S28 and D17S30. Two novel genes have
now been identified from this critical region of the chromosome at /7pl3.3 (63).
OVCA1 and OVCA?2 are expressed in normal surface epithelial cells of the ovary, but
the level of this transcript is reduced or undetectable in 92% of ovarian tumors and
tumor cell lines. DNA sequence analysis identified no known functional domains. How-
ever, OVCAI showed significant sequence identity and similarity to a yeast and nema-
tode sequence.

Another candidate tumor suppressor gene on the short arm of chromosome /7 is
HIC-1 (17p13.3), which was isolated from a region undergoing allelic loss and with
a hypermethylated CpG island on the remaining allele (64). Hypermethylation is
regarded as an indication of a region of DNA, which is transcriptionally repressed (65)
and thus may be another mechanism for inactivation of tumor suppressor genes. HIC-
1 contains a consensus p53 binding site and, therefore, is a potential downstream target
of p53. Hypermethylation at D/755 (/7p13.3) was shown to be a frequent event in
epithelial ovarian tumors and was specific for that region and not the result of general-
ized hypermethylation across the genome (66). Hypermethylation at D755 correlated
inversely with LOH for chromosome /7 and was found predominantly in tumors of
low histological grade.

3.5.1. The p53 Gene

The p53 gene on chromosome /7p/3.1 is central to the control and regulation of
DNA repair in cells. Deletions and mutations of this gene are observed in around 50%
of all human tumors (67). The protein causes arrest of the cell cycle after DNA dam-
age, hence preventing the cell progressing into mitosis, and triggers apoptosis if the
damage is too great to be repaired by normal cellular mechanisms (68). There have
been many studies to determine the incidence of p53 alterations in ovarian tumors. In
many cases, only small numbers of tumors were examined and often, p53 protein
overexpression was used as an indirect indicator of mutation. Some caution must be
used in interpreting such analyses because immunohistochemical and mutation analy-
sis do not always concur (69).

There has been little evidence of p53 mutation or overexpression in benign epithe-
lial ovarian tumors (70,71). Indeed, such mutations were also rare in borderline tumors.
Only one p53 mutation was observed in a series of 48 borderline tumors (72) and p53
overexpression was detected in 2/49 cases (71). In contrast, mutation and/or over-
expression is commonly found in invasive epithelial ovarian tumors. The incidence of
mutation ranged from 29 to 74% (70,72,73). Results indicate that p53 function is lost in
15% of early-stage carcinomas and 50% of late-stage carcinomas, suggesting that p53
alterations may be a late event in the development of ovarian tumors (71,74).
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The fundamental role of the p53 gene in recognition of DNA damage has led to the
hypothesis that primary tumors with p53 mutation may not recognise DNA damage and
thus may not induce the normal apoptotic pathway for self-destruction. A number of stud-
ies have looked at the prognostic significance of the p53 status of a tumor, although the
results to date have been inconclusive. In one report, p53 overexpression was associ-
ated with a higher risk of relapse and death in a subset of patients with well or moder-
ately differentiated ovarian carcinoma, but not in patients with high grade or advanced
stage tumors (75). In contrast, two studies could find no correlation between p53 status
and survival (76,77). Decreased survival was reported in patients whose tumors
overexpressed the p53 protein, but no significant association was found between
response to chemotherapy and p53 in the 70 patients analyzed.

More recent analysis has examined the response to platinum-based chemotherapy
and p53 mutation. In a study of 33 patients with Stage III/IV disease receiving high-
dose cisplatin, mutational status did not predict responsiveness to chemotherapy (78).
However, treatment resistance was significantly associated with missense mutation and
positive immunostaining. In another study, a strong correlation was reported between
p33 alterations and response to cisplatin chemotherapy (79). In 33 patients receiving a
cisplatin-based treatment, 14% of those responding to the drug had a p53 mutation
whereas 82% of nonresponders or patients with only a partial response had a p53
abnormality. Patients with p53 mutations had a significantly shorter progression-free
survival than patients with tumors containing wild type p53.

3.6. Chromosome 18q

Consideration of the pooled results for allelic losses from chromosome /8 (19) sug-
gest that LOH from /8¢ is approximately 42% and, therefore, above the background
level proposed as 35% (20). LOH at /8p was only 14% indicating a specific role for the
long arm of this chromosome. LOH analysis with eight markers from /8¢ detected loss
in 31 of 52 (60%) informative tumors (80). The most frequent loss was at DI8S11 at
18¢23 (21/35 informative tumors). Partial deletions were detected in 11 tumors. In five
cases, this excluded the region of the DCC gene with the smallest common region of
deletion between D18S5 and D18S11. This suggests that another locus on chromosome
18q may be involved. Although the results were not statistically significant, loss on
chromosome /8, as judged by the different rate of loss at different clinical stages,
appeared to be a late event in ovarian carcinogenesis. No association with histological
type or grade was noted.

3.7. Chromosome 22q

Reports of LOH from this chromosome in ovarian tumors have shown considerable
variation between studies and ranged from only approximately 25%, i.e., background
levels (29,30) to 71% (20,24) which would have considerable significance. The tumor
suppressor gene NF2 is on 22¢12 and was therefore considered a possible target for
loss. In an analysis of 67 ovarian tumors, 23/32 of informative tumors (72%) showed
LOH but in the three tumors with partial losses, the common region of deletion was
distal of NF2 (81). Furthermore, mutation analysis of 9 of 17 exons of NF2 by single-
strand conformational polymorphism (SSCP) did not detect any somatic mutations in
this gene. This study has now been extended to include 110 tumors and eight polymor-
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phic markers from 22¢ (82). LOH was detected in 58 tumors (53%) and six tumors had
partial deletions. Two separate common regions of deletion were identified. One region,
less than 0.5 cM flanked by the markers D225284 and CYP2D, and a second region that
is distal of D225276. An increasing frequency of LOH was observed in higher grade
and later-stage tumors suggesting that 22g LOH is a late event in ovarian tumorigen-
esis. Moreover, the loss was common in serous and endometrioid tumors and observed
only rarely in the mucinous subtype.

4, Conclusion

The molecular analysis of epithelial ovarian tumors has identified at least three tumor
suppressor genes that play a role in the aetiology of this disease. As with other tumor
types, the involvement of the p53 gene is mainly a late stage event. One p53 allele is
lost as a consequence of loss of one chromosome 17 homolog (56) whereas mutations
in the second allele are prevalent in late stage disease (7). However, the role of this
gene in the important question of response to chemotherapy and its prognostic signifi-
cance, have yet to be determined. Also, on chromosome /7 are the recently identified
tumor suppressors, OVCAI and OVCA2 (63). Although there is as yet no information
regarding their function, initial evidence would suggest their fundamental role in the
majority of malignant ovarian tumors. LOH studies have highlighted some key areas
commonly deleted in ovarian tumor aetiology. In many cases, fine deletion mapping
has been carried out and positional cloning strategies are under way. Soon, it is to be
expected that some of these important genes will be cloned. At least one tumor sup-
pressor on chromosome 6¢27 has been identified (26) as part of a complex pattern of
deletion from this chromosome in mainly serous and endometrioid tumors. A senes-
cence gene on chromosome 7¢31 is involved in early stages of tumor development in a
high percentage of cases (32). There is evidence for at least one tumor suppressor on
chromosome //pl5, probably inactivated in the development of late-stage
nonmucinous tumors. On the long arm of this chromosome, there are at least two tumor
suppressor genes at //g23-ter which are inactivated in early-stage disease (45). As
with chromosome /7, there appear to be several important genes on chromosome /1.
However, their inactivation is by several smaller regions of deletion rather than loss of
one chromosome 11 homolog. A tumor suppressor on chromosome /3¢, in the region
of the Rb gene, but excluding Rb, may play a role in the development of more aggres-
sive disease, but is not involved in benign or borderline lesions (46). In addition to the
genes on /7p already described, there is clear evidence for at least one tumor suppres-
sor on /7¢ playing a fundamental role in benign, borderline, and malignant disease of
all histological types (54). The deletions at /823 are indicative of a late-stage tumor
suppressor gene, which is not the DCC gene. There are two tumor suppressor genes at
22q12 involved in the development of late stage nonmucinous tumors.

Evidence is emerging that there may be a number of genetic pathways involved in
the development of the various epithelial ovarian tumors. The molecular data so far
reported, indicates that serous and endometrioid tumors share many genetic alterations
and that mucinous tumors are quite distinct. Thus, in serous and endometrioid tumors,
loss of a chromosome /7 homolog, LOH from 6¢27, I1p15, and 22q12 are important,
but are not observed in mucinous tumors. However, the /7¢25 gene is deleted in muci-
nous lesions (83). One fundamental question that remains in ovarian tumor biology is
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the relationship of benign, borderline, and malignant tumors, and if these represent a
continuum or are independent lesions. Histological analysis of invasive tumors has
shown adjacent benign areas (84), but this still remains controversial. Relatively little
LOH has been reported in benign tumors. Recently, by using microdissected tissue,
higher rates of LOH have been detected at loci also involved in malignant disease (85).
This would support the hypothesis that benign tumors represent a premalignant lesion.
Similarly, with borderline tumors, few genetic abnormalities have been identified and
it remains to be seen if these tumors represent a precursor to real invasive disease or are
a distinct entity. The elucidation of the molecular changes in ovarian tumor aetiology
will answer many of these questions. Hopefully, they will also have applicability to the
clinical situation. The ability to genetically define a premalignant lesion may lead to
earlier detection and indicate those tumors likely to progress to malignancy. Genetic
changes associated with the more aggressive forms of disease may also suggest a more
appropriate form of treatment. Finally, new forms of treatment may emerge in which
the underlying cause of malignancy, i.e., the genetic abnormality, may be the target.
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Alterations in Oncogenes, Tumor Suppressor Genes,
and Growth Factors Associated
with Epithelial Ovarian Cancers

Robert C. Bast, Jr. and Gordon B. Mills

1. Introduction

More than 90% of epithelial ovarian cancers are clonal neoplasms that arise from the
progeny of a single cell (I-3). Comparison of primary and metastatic sites from
the same patient has detected similar patterns of loss of heterozygosity (LOH) on dif-
ferent chromosomes, inactivation of the same X chromosome, and identical mutations
in the p53 gene in primary and secondary tumors. Given the clonality of most ovarian
cancers, multiple genetic alterations must occur in the progeny of a single cell to permit
progression from a normal epithelial phenotype to that of a malignant cell capable of
uncontrolled proliferation, invasion, and metastasis. Approximately 10% of ovarian
cancers are familial and have been associated with germ-line mutations in BRCAI,
BRCA2, mismatch repair genes, or p53 (detailed in Subheading 2.2.). Somatic muta-
tions have been found in sporadic ovarian cancers that activate oncogenes or that result
in loss of tumor suppressor gene function. Different ovarian cancers can also exhibit
aberrant autocrine and/or paracrine growth regulation with alteration in the expression
of growth factors and their receptors. No single abnormality has been detected in all
ovarian cancers and most of the alterations are observed in cancers that arise at other
sites. Certain changes in oncogenes, tumor suppressor genes, growth factors, and their
receptors occur in a significant fraction of epithelial ovarian cancers, whereas others
are uncommon. Consequently, progress has been made in defining the spectrum and
profile of genetic and epigenetic changes that occur during transformation of the ova-
rian epithelium. A better understanding of the genotypic and phenotypic alterations
that are associated with different epithelial ovarian cancers may impact on more effec-
tive management of the disease through chemoprevention, early detection, precise prog-
nostication, treatment directed toward molecular targets, and individualization of
therapy.

2. Tumor Suppressor Genes

A number of tumor suppressor genes have been identified in cancers that arise at
other sites and subsequently evaluated in ovarian cancers, including RB, VHL, WT, and
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p53. In recent years, abnormalities in novel tumor suppressor genes such as NOEY2
(ARHI) have been discovered in ovarian cancers and then found relevant to other tumor
types. Candidate genes have been discovered both by positional cloning and by differ-
ential display. Different putative suppressor genes encode proteins that extend from
the cell matrix to intracellular signaling molecules and transcription factors (Table 1).

2.1. Tumor Suppresor Genes Identified at Other Sites

Among the tumor suppressor genes first described in other cancers, abnormalities
have been detected in RB, WT, and VHL, but loss of function rarely occurs. LOH has
been observed at RB in more than 50% of high-grade ovarian cancers, but homozygous
deletion is uncommon and protein expression is lost in less than 5% of cases (5-6).
Reduced expression of RB is, however, associated with a poor prognosis when it is
encountered in stage I disease (7).

2.2.p53

Loss of p53 function is observed in more than 50% of advanced ovarian cancers, but
in only 15% of stage I lesions (8). Mutation of p53 is only occasionally observed in
ovarian cancers with low malignant potential and is rarely detected in benign ovarian
tumors. Consequently, abnormalities of p53 have been considered a “late change” in
tumor progression, associated with the acquisition of metastatic potential. Observation
of p53 overexpression in apparently benign inclusion cysts (9) suggests that mutation
of p53 might, in fact, be an “early change” in a fraction of cases and might mark a
subset of cancers that metastasize when a tumor is still of relatively small volume.

Mutations are observed at multiple sites in the p53 gene, but there is no single site or
codon that is distinctive or unique to ovarian cancer. When p53 mutations were
sequenced in a series of ovarian cancers, the fraction of transitions, transversions, and
deletions in p53 was similar to the fraction of these alterations in the Factor IX gene
within the germ line of patients who had inherited Hemophilia B (10). The mutations
observed in Factor IX deficiency are thought to be related to spontaneous deamination
of nucleotides during DNA replication, rather than to the action of exogenous carcino-
gens. In this regard, p53 mutations in ovarian cancer differ from the excess of G-T
transversions observed in lung cancer and the excess of transitions at CG pairs found in
colon cancer. Molecular alterations in p53 among ovarian cancers are consistent with
epidemiologic observations that have generally failed to identify carcinogens and that
point to the importance of ovulation in promoting tumor progression at this site. Ova-
rian surface epithelial cells are generally quiescent, but can proliferate to heal the wound
produced by rupture of a follicle to release an oocyte. Proliferation provides an oppor-
tunity for mutations to occur and to be expressed. Factors that increase ovulation—
nulliparity, early menarche, late menopause, and use of fertility stimulating drugs—are
associated with an increased incidence of ovarian cancer. Conversely, multiple preg-
nancies, prolonged lactation, or use of oral contraceptives that suppress ovulation are
associated with a decreased incidence of the disease. Consistent with a possible link
between genetic alteration and ovulation, mutations of p53 in ovarian cancers have been
correlated with the total number of ovulatory cycles in one population based study (11).

In addition to insights regarding the biology of the disease, mutation of p53 signals
a poor prognosis in stage I disease (12), predicts resistance to platinum-based chemo-
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Table 1
Putative Tumor Suppressor Genes
in Epithelial Ovarian Cancer (modified from ref. 4)

Gene Chromosome Function
SPARC 5q31 Matrix
DOC2 Spi3 Binds GRB2
MMAC-1 (PTEN) 10923 Phosphatase
NOEY2 Ip31 Induces p21
Inhibits Cyclin D1
p53 17p13 DNA Stability
Apoptosis
LOT-1 625 Zinc Finger
OVCAI 17pl13 Unknown

therapy (13) and may provide a target for gene therapy (14). In this regard, studies of
p53 may provide a model for characterizing the biological and clinical characteristics
of other oncogenes whose expression is lost in ovarian cancers. To the extent that
information regarding p53 is utilized in clinical practice, it is important to recognize
that immunohistochemical staining of mutant Tp53 may underestimate the incidence
of mutation. The TP53 protein is present at low concentrations in normal cells and is
generally not detected by immunohistochemical techniques. Missense mutations pro-
duce TP53 that accumulates in cells and that can be stained with anti-TP53 antibodies.
Loss of p53 function can also occur in 10-20% of ovarian cancers through loss of both
alleles (p53 null) or through nonsense mutations that produce truncated protein.

2.3. Tumor Suppressor Genes Identified in Ovarian Cancers

Several tumor suppressor genes were first recognized in ovarian cancer either by
positional cloning or by comparison of gene expression in normal and malignant epi-
thelial cells. SPARC encodes a calcium binding matrix protein that contributes to cell
adhesion (15). DOC-2 (16) binds to GRB-2 upstream of RAS. Although RAS is not
frequently mutated in serous carcinomas, it is physiologically activated in a majority of
ovarian cancer cell lines (17). NOEY?2 (ARHI) is a RAS/RAP homolog whose expres-
sion is downregulated in a majority of ovarian and breast cancers (18). Unlike RAS or
RAP, introduction of the ARHI gene induces p21WAFV/CIPL downregulates expression
of cyclin D1, truncates signaling through RAS/MAP and inhibits the growth of cancer
cells that lack its expression. MMACI/PTEN is a phosphatase that is mutated in a
significant fraction of endometrioid ovarian carcinomas (19). Recent studies point to
the products of PI3 kinase as important substrates. LOT-1 exhibits a zinc finger motif
and may serve as a transcription factor (20). The function of OVCAI1 is not known
(21). Taken together, it is apparent that putative tumor suppressor genes may be lost at
all levels of important signaling pathways such as those regulated through RAS/MAP
and PI3 kinase.

Loss of tumor suppressor gene function generally involves inactivation of two alle-
les through deletion and/or mutation. In the case of p53, the mutant protein product
may serve as a dominant negative, precluding the necessity for “two hits.” The ARHI
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gene is inactivated through maternal imprinting that silences one allele from concep-
tion and subsequent deletion of the contralateral allele in 30-40% of breast and ovarian
cancers. In addition, expression of the ARHI gene is transcriptionally regulated
accounting for loss of expression in an even higher fraction of cancers at these sites. To
date, there have been no more than 20 imprinted genes described, with some appearing
to be clustered. Consequently, areas adjacent to ARHI on chromosome /p31 might
encode additional growth regulatory genes that could play a role in ovarian oncogen-
esis. Putative tumor suppressor genes have been identified at many, but not all sites of
LOH in sporadic ovarian cancers. Additional tumor suppressor genes are likely to be
discovered that will map to at least some of these areas. Current development of
expression arrays with some 5 X 10* gene fragments should facilitate studies of differ-
ential expression in normal and cancer tissues, identifying potential candidates that can
regulate growth. Rapid progress of the human genome project and compilation of more
complete EST chromosome maps should facilitate the identification of additional genes
that map to sites of LOH.

3. Oncogenes

Activation of several oncogenes has been reported in subsets of ovarian cancers.
Abnormalities in receptor tyrosine kinases, nonreceptor tyrosine kinases, G proteins,
and transcription factors have been observed (Table 2).

3.1. HER-2/neu

Among the receptor tyrosine kinases, wild type HER-2/neu (HER-2) has been
overexpressed in 20-30% of ovarian cancers, associated with a poor prognosis in sev-
eral, but not all, studies (22,23). Whether a poor prognosis relates to more aggressive
growth or to drug resistance has not been resolved. To date, a ligand has not been found
that binds to HER-2 alone. Heregulin (HRG) or neu differentiation factor (NDF) binds
to homodimers of HER-3 or HER-4 and to heterodimers containing HER-2/HER-3 or
HER-2/HER-4. When all three receptors are present, as is the case in ovarian cancers,
heterodimers are formed preferentially and have higher affinity for heregulin than do
homodimers. Most ovarian cancer cell lines express low levels of HER-3 (10%/cell) and
HER-4 (10%cell), whereas levels of HER-2 vary widely among different cell lines
(103-10/cell) (24). When high levels of HER-2 are expressed relative to HER-3, the
ligand HRG inhibits anchorage independent growth of cancer cells. When low levels
of HER-2 and HER-3 (or all three receptors) are present, HRG stimulates clonogenic
growth (24). Consequently, the relative expression of HER-2 and HER-3 may be
important in determining the response of ovarian cancers to ligand and high levels of
HER-2 may be associated with decreased clonogenic growth in the presence of HRG.
In contrast to the effect of HRG on clonogenic growth, the ligand enhances the inva-
siveness of cancer cells that express high levels of HER-2 (25). Thus, an increased
capacity for invasion and metastasis, rather than an increased rate of growth, may con-
tribute to the clinical correlation of HER-2 overexpression with a poor prognosis.

In addition to its possible impact on prognosis, overexpression of HER-2 may con-
tribute to taxane resistance (26). HER-2 can also serve as a target for gene- and anti-
body-based therapy. Introduction of the viral E1A gene downregulates HER-2
expression and inhibits growth of ovarian cancers that overexpress the receptor (27).
Treatment with E1A in liposomes has inhibited growth of human ovarian cancer
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Table 2
Oncogenes in Epithelial Ovarian Cancer
(modified from ref. 4)

Receptor Kinases
Overexpression of HER-2
Mutation of EGFR
Novel Expression of FMS
Overexpression of MYC
Nonreceptor Kinases
Amplification of PI3 Kinase
Amplification of AKT Kinase
SRC Kinase Activated Physiologically
Ras Rarely Mutated but Frequently Activated Physiologically

xenografts in nude mice (27) and has downregulated HER-2 expression in ascites and
pleural effusions of ovarian and breast cancer patients in a phase I clinical trial (28).
Preliminary data suggest that introduction of viral E1A can also increase sensitivity to
the cytotoxic effect of paclitaxel.

Antibodies against some, but not all, epitopes on the extracellular domain of HER-2
can inhibit clonogenic growth of cancer cells that overexpress the receptor (29). Treat-
ment with anti-HER-2 antibody is associated with modulation of diacylglycerol levels
(30), inhibition of phospholipase C gamma, and the induction of apoptosis (31). HRG
does not affect these parameters, but activates RAS/MAP and PI3 kinase (32). Incuba-
tion with an anti-HER-2 antibody, blocks the ability of HRG to stimulate PI3 kinase
(33). A humanized murine anti-HER-2 antibody, designated Herceptin, has induced
regression in 12-15% of breast cancers that overexpress HER-2 (34). Anti-HER-2
antibodies can enhance the cytotoxic activity of paclitaxel and doxorubicin against
ovarian cancer xenografts (35). In a concurrently controlled clinical trial with breast
cancer patients, treatment with Herceptin enhanced the response to paclitaxel and to
cyclophosphamide-doxorubicin (36). Clinical studies with Herceptin in patients with
ovarian cancer have not yet been reported. If treatment with anti-HER-2 antibodies
becomes clinically useful, standardization may be required for quantitating levels of
the HER-2 protein in ovarian cancers. Amplification of the HER-2 gene is observed in
many, but not all cases where mRNA and protein are overexpressed. The extracellular
domain of HER-2 has been detected in serum and correlates with overexpression of the
receptor in tumor cells, but has not been elevated in enough patients to provide a useful
diagnostic marker (37).

3.2. Epidermal Growth Factor Receptor (EGFR)

The fourth member of the HER family of tyrosine kinase receptors is the epidermal
growth factor receptor (EGFR). Phosphorylation of certain tyrosine residues of the
intracellular domain is required for activation of kinase activity. Among the HER fam-
ily members, heterodimerization and cross phosphorylation has been observed after
binding of relevant ligands, many of which are expressed in ovarian cancers. Normal
ovarian surface epithelium expresses EGFR detected by immunohistochemical tech-
niques and this expression is lost in approximately 30% of ovarian cancers, associated
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with a slightly better prognosis (38). Activation of EGFR can occur through truncation
of its extracellular domain and this variant has been observed in some ovarian cancers
(39,40).

3.3. fms

Normal ovarian surface epithelial cells secrete small amounts of M-CSF (CSF-1)
(41), whereas 70% of ovarian cancers secrete sufficient amounts of the ligand to elevate
serum levels (42). The CSF-1 receptor fms cannot be detected by immunohistochemi-
cal techniques in normal ovarian surface epithelial cells, but is expressed in approxi-
mately 50% of ovarian cancers providing potential autocrine regulation of tumor cell
growth and function (43). Coexpression of CSF-1 and fins has been associated with
increased invasive potential in ovarian and endometrial cancers.

3.4. src

Expression of the intracellular tyrosine kinase src is increased in a fraction of ova-
rian cancer cell lines (44) and enhanced src activity has been detected in the absence of
mutation (45). Stable transfectants bearing antisense to src have exhibited decreased
anchorage independent growth and decreased tumorigenicity in nude mice, associated
with reduced expression of the angiogenic factor VEGF/VPF (44).

3.5. PI3 Kinase and AKT Kinase

The alpha 110 Kd subunit of phosphatidyl inositol 3 kinase (PI3 kinase) is amplified
in at least 80% of ovarian cancers, associated with increased kinase activity (46). Inhi-
bition of kinase activity can slow growth of ovarian cancer cell lines, consistent with
the possibility that signaling through this pathway is important for regulation of cell
proliferation, and/or apoptosis. Elevated levels of membrane phosphatidyl inositol
3,4,5 triphosphate and other products of kinase activity can accumulate either through
increased PI3 kinase activity or through inactivation of the MMACI1/PTEN phosphatase.

The AKT serine-threonine kinases are activated by the products of PI3 kinase and
can inhibit apoptosis by phosphorylating BAD and/or caspase 9. AKT2 is amplified in
12% of ovarian cancers, associated with poorly differentiated histology (47). Other
components of the PI3K pathway are also upregulated in ovarian cancer, possibly
related to colocalization with p/ 70 alpha and AKT?2. Strikingly, whereas amplification
of p110 alpha at 3¢g26 and AKT2 at /9p are frequently observed in ovarian cancer,
these genes are rarely amplified in breast cancer or epithelial malignancies from other
sites. Consequently, the PI3K pathway may be particularly important in ovarian cancer.

3.6. ras

The GTP-binding protein encoded by ras integrates signals from tyrosine kinases
and from seven-times across the membrane receptors. Mutation of the ras gene acti-
vates the protein in 90% of pancreatic cancers and in a majority of lung and colon
cancers, but in less than 20% of serous ovarian cancers (48). More frequent ras muta-
tions are found in mucinous and borderline tumors (49). Interestingly, activation of the
RAS protein has been observed in the absence of mutation in a majority of ovarian
cancer cell lines (17), consistent with activation of upstream receptors or with
dysregulation of signal transduction through loss of DOC-2. Consequently, ovarian
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cancers may be a target for farnesyl transferase inhibitors despite the relatively low
incidence of ras mutation.

3.7. myc

Expression of MYC protein is increased in 30% of ovarian cancer (50). In contrast
to observations with several other oncogenes, MYC expression does not appear to cor-
relate with prognosis.

4. Growth Factors
4.1. Autocrine and Paracrine Growth Stimulation

Growth of ovarian cancers can be stimulated by several peptide and lipid growth
factors. Peptide ligands that bind to the EGFR are produced by ovarian cancers includ-
ing EGF, transforming growth factor alpha (TGF-o), and amphiregulin (51). Loss of
EGFR expression is associated with a slightly, but significantly better prognosis (38).
Antibodies against TGF-o can inhibit the growth of ovarian cancer cell lines that con-
tinue to express EGFR, consistent with autocrine growth stimulation (52). Paradoxi-
cally, it has been difficult to document activation of the EGFR in ovarian cancer cell
lines, challenging the functional importance of this particular receptor for autocrine
growth stimulation (53).

Approximately half of ovarian cancers express CSF-1 and have upregulation of the
Jms receptor (43). Expression of fins is associated with a poor prognosis. Signaling
through this receptor stimulates anchorage independent growth and enhances invasive-
ness by increasing expression of uPA (54).

In addition to the peptide growth factors that signal through tyrosine kinase growth
factor receptors, other ligands, such as lysophosphatidic acid (LPA) and endothelin,
signal through G protein-linked seven times across the membrane receptors. A distinc-
tive sn2 form of LPA has 100-fold greater activity in stimulating tumor cells than in
stimulating platelets (55). LPA can be produced by tumor cells as well as by platelets
and fibroblasts. Sufficient levels are found in plasma and ascites fluid to alter calcium
flux, activate EGFR, signal through ras/MAP, stimulate proliferation, block apoptosis,
increase uPA secretion, and enhance secretion of VEGF/VPF. LPA levels in plasma
have the potential to provide a marker for the presence of ovarian cancer, possibly
complementing CA125 for detection of early-stage disease.

4.2. Autocrine and Paracrine Growth Inhibition

In normal ovarian surface epithelial (OSE) cells, appropriately activated TGF-f3
inhibits proliferation (56). Normal OSE cells can express the TGF-B1, 2, and 3
isoforms, as well as type I and type II TGF-f receptors (57). During malignant trans-
formation, expression of TGF-f is lost in 40% of cases, interrupting potential autocrine
growth inhibition (58). In different cancer cell lines that have been established in cul-
ture, exogenous TGF-f can inhibit, fail to affect or even stimulate growth (59). When
ovarian cancer cells are isolated directly from ascites fluid, growth can still be inhib-
ited with TGF-f3 in more than 90% of specimens (56). When explants of solid ovarian
cancers were treated with TGF-f, phosphorylation of TGF-3 R1 was observed in 3 of
5 cancers, consistent with abnormal signaling downstream (60). Abnormalities of
SMADs, commonly found in other tumor types, have yet to be reported in ovarian
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cancers. Interestingly, TGF-f3 produces growth arrest in normal OSE, but does not
induce apoptosis. With cancer cells, both growth arrest and apoptosis are observed
(56). TGF-f induced apoptosis can be inhibited by N-acetylcysteine or by transfection
of bcl-2 that would otherwise be downregulated by the growth factor (61). Differential
effects on normal OSE and ovarian cancers are also seen with regard to invasiveness,
where TGF-J has little effect on normal cells, but increases the invasiveness of ovarian
cancer cells (62).

Mullerian inhibitory substance (MIS) bears homology with TGF-f and binds to a
receptor with a structure similar to that of the TGF- receptors. During fetal develop-
ment MIS is secreted by Sertoli cells and produces regression of the Mullerian duct in
male animals (63). Treatment with MIS has inhibited growth of ovarian cancers in cell
culture and xenograft models (64).

4.3. Factors that can Both Stimulate and Inhibit
Growth of Different Cancers

Tumor necrosis factor alpha (TNF-o) can inhibit, fail to affect or stimulate the
growth of different ovarian cancers (65). In some ovarian cancer cell lines, TNF-a can
induce apoptosis and this is enhanced by treatment with inhibitors of protein synthesis
(66). In other cell lines and in 10-25% of ovarian cancers isolated directly from patients,
treatment with TNF-o can stimulate anchorage dependent or anchorage-independent
growth (65). Incubation with exogenous IL-1 or TNF-o can induce the endogenous
expression of TNF-q that, in turn, stimulates proliferation (65). TNF-o expression and
function are regulated both transcriptionally and translationally through NF-xB. Most
ovarian cancer cell lines have lost expression of TNF-o, but the cytokine can be
detected in 80% of ovarian cancers obtained directly from patients (68). TNF-a. can
also stimulate the nodular and invasive growth of ovarian cancers within the abdomi-
nal cavity, associated with increased expression of protease activity (69).

As detailed above, heregulin can either inhibit or stimulate growth of ovarian and
breast cancers depending upon the relative expression of HER-2 and HER-3 (24). In
addition, like TGF- and TNF-a, heregulin can increase the invasiveness of ovarian
and breast cancers that overexpress HER-2 (25).

5. Conclusion

Research over the last two decades has begun to define the profile of alterations in
oncogenes, tumor suppressor genes, and growth factors that occur in the ovarian sur-
face epithelium during malignant transformation. Among the tumor suppressor genes,
loss of functional p53 and loss of NOEY?2 (ARHI) expression appear to be most preva-
lent. Among the oncogenes, aberrant expression and/or activation of receptor tyrosine
kinases (HER-2/neu, fms), cytoplasmic kinases (src, PI3 kinase, and AKT2), G pro-
teins (ras), and transcription factors (myc) have been documented in different subsets
of ovarian cancers. Different receptors are involved in stimulation (EGFR, fins, LPA),
inhibition (TGF-f, MIS) or both (TNF-0., heregulin), depending upon the cellular con-
text. Several growth factors (M-CSF, LPA, TGF-3, TNF-o) can increase invasiveness
of ovarian cancers related to the induction of protease activity. Aberrant signaling
through the ras/MAP or PI3 kinase pathways has been best studied. Several targets
have been identified that may prove useful for more effective diagnosis, prognostica-
tion, choice of drugs, or therapy.
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Future progress in ovarian cancer research will continue to depend upon the acquisi-
tion of ovarian cancer tissue before and after treatment. Prompt freezing of tissues will
be all the more critical to assure preservation of RNA as well as DNA and protein. The
availability of intact RNA will permit effective analysis of gene expression using con-
ventional and genomic technologies. Comparison of gene expression in normal and
malignant ovarian epithelial cells should identify new targets for molecular therapeu-
tics and gene therapy. Correlation with clinical outcomes may permit the identification
of patterns of gene expression that predict sensitivity or resistance both to conventional
drugs and to agents that target well-defined molecular abnormalities in ovarian cancer
cells. In normal tissues, studies of gene expression and of polymorphisms in genes,
which encode drug metabolizing enzymes, may aid in identifying patients who would
experience severe side effects from cytotoxic agents. Choice of the most effective and
least toxic drugs could provide more effective management of the disease. To obtain
the data required to permit individualization of therapy will require the study of a sub-
stantial number of patients in appropriate protocols that permit sampling of tissue to
study the impact of conventional and novel agents. Further development of molecular
technologies, which permit study of gene expression in small numbers of cells will be
important, as will the close collaboration of laboratory and clinical investigators.

References

1. Jacobs, 1. J., Kohler, M. F., Wiseman, R., et al. (1992) Clonal origin of epithelial ovarian cancer:
Analysis by loss of heterozygosity, p5S3 mutation and X chromosome inactivation. J. Natl. Cancer
Ins. 84, 1793-1798.

2. Mok, C. H., Tsao, W. W., Knapp, R. C., et al. (1992) Unifocal origin of advanced human epithelial
ovarian cancer. Cancer Res. 52,5119-5122.

3. Li, S.,Han H., Resnik, E., et al. (1993) Advanced ovarian carcinoma: molecular evidence of unifocal
origin. Gyn. Onc. 51, 21-25.

4. Bast, R. C. Jr. and Mills, G. B. The molecular pathogenesis of ovarian cancer, in The Molecular
Basis of Cancer, 2nd ed., Mendelsohn, J., Howley, P., Israel, M., and Liotta, L., in press.

5. Kim, T. M., Benedict, W. F., Xu, H. J., et al. (1994) Loss of heterozygosity on chromosome 13 is
common only in the biologically more aggressive subtypes of ovarian epithelial tumors and is asso-
ciated with normal retinoblastoma gene expression. Cancer Res. 54, 605-609.

6. Dodson, M. K., Cliby, W. A., Xu, H. J., et al. (1994) Evidence of functional RB protein in
epithelial ovarian carcinomas despite loss of heterozygosity at the RB locus. Cancer Res. 54,
610-613.

7. Dong, Y., Walsh, M. D., McGuckin, M. A., et al. (1997) Reduced expression of retinoblastoma gene
product (pRB) and high expression of p53 are associated with poor prognosis in ovarian cancer. Int.
J. Cancer 74, 407-415.

8. Marks, J. R., Davidoff, A. M., Kerns, B. J. M., et al. (1991) Overexpression and mutation of p53 in
epithelial ovarian cancer. Cancer Res. 51, 2979-2984.

9. Hutson, R., Ramsdale, J., and Wells, M. (1995) p53 protein expression in putative precursor lesions
of epithelial ovarian cancer. Histopathol. 27, 367-371.

10. Kohler, M. F., Marks, J. R., Wiseman, R. W, et al. (1993) Spectrum of mutation and frequency of
allelic deletion of the p53 gene in ovarian cancer. J. Natl. Cancer Inst. 85, 1513-1519.

11. Schildkraut, J., Bastos, E., and Berchuck, A. (1997) Relationship between lifetime ovulatory cycles
and overexpression of mutant p53 in epithelial ovarian cancer. J. Nat. Cancer Inst. 89, 932-938.

12. Henriksen, R., Strang, P., Wilander, E., Backstrom, T., Tribukait, B., and Oberg, K. (1994) p 53
expression in epithelial ovarian neoplasms: relationship to clinical and pathological parameters,
Ki-67 expression and flow cytometry, Gynecol. Oncol. 53, 301-306.

13. Righetti, S. C., Della Torre, G., Pilotti, S., et al. (1996) A comparative study of p5S3 gene mutations,
protein accumulation, and response to cisplatin-based chemotherapy in advanced ovarian carcinoma.
Cancer Res. 56, 689-693.

14. Muyjoo, K., Maneval, D. C., Anderson, S. C., and Gutterman, J. U. (1996) Adenoviral-mediated p53
tumor suppressor gene therapy of human ovarian carcinoma. Oncogene 12, 1617-1623.

15. Mok, S. C., Chan, W. Y., Wong, K. K., et al. (1996) SPARC, an extracellular matrix protein with
tumor-suppressing activity in human ovarian epithelial cells. Oncogene 12, 1895-1901.



46 Bast and Mills

16. Mok, S. C., Wong, K. K., Chan, R. K., et al. (1994) Molecular cloning of differentially expressed
genes in human epithelial ovarian cancer. Gynecol. Oncol. 52, 247-252.

17. Patton, S. E., Martin, M. L., Nelson, L. L., et al. (1998) Activation of the Ras-MAP pathway and
phosphorylation of ets-2 at position threonine 72 in human ovarian cancer cell lines. Cancer Res.
58, 2253-2259.

18. Yu, Y., Xu, F., Fang, X., Zhao, S., Li, Y., Cuevas, B., et al. (1999) NOEY2 (ARHI), an imprinted
putative tumor suppressor gene in ovarian and breast carcinomas. Proc. Nat. Acad. Sci. USA 96,
214-219.

19. Steck, P. A., Pershouse, M. A., Jasser, S. A. et al. (1997) Identification of a candidate tumor
suppressor gene, MMACT, at chromosome 10q23.3 that is mutated in multiple advanced cancers.
Nature Gen. 15, 356-362.

20. Abdollahi, A., Godwin, A. K., Miller, P. D., et al. (1997) Indentification of a gene containing zinc
finger motifs based on lost expression in malignantly transformed rat ovarian surface epithelial
cells. Cancer Res. 57,2029-2034.

21. Schultz, D. C., Vandeweer, L., Berman, D. B., et al. (1996) Identification of two candidate tumor
suppressor genes on chromosome 17p13.3. Cancer Res. 56, 1997-2002.

22. Slamon, D.J., Godolphin, W., Jones, L. A., et al. (1989) Studies of the HER-2/neu protooncogene in
human breast and ovarian cancer. Science 244, 707-712.

23. Berchuck, A., Kamel, A., Whitaker, R., et al. (1990) Overexpression of HER-2/neu is associated
with poor survival in advanced epithelial ovarian cancer. Cancer Res. 50, 4087-4091.

24. Xu, F. J., Yu, Y. H., Boyer, C. M., et al. (1996) Stimulation or inhibition of ovarian cancer cell
proliferation by heregulin is dependent on the ratio of HER2 to HER3 or HER4 expression. Proc.
Amer. Assoc. Cancer Res. 37, 191 (A#1305).

25. Xu, F. J., Stack, S., Boyer, C., et al. (1997) Heregulin and agonistic anti-p185°¢*B2 antibodies
inhibit proliferation but increase invasiveness of breast cancer cells that overexpress p185¢-¢/?B2;
Increased invasiveness may contribute to poor prognosis. Clin. Cancer Res. 3, 1629-1634.

26. Yu, D., Wu, B,, Jing, T., et al. (1998) Overexpression of both p185 c-erbB2 and p170 MDR render
breast cancer cells highly resistant to taxol. Oncogene 16, 2087-2094.

27. Yu, D., Matin, A., and Xia, W. (1995) Liposome-mediated in vivo E1A gene transfer suppressed
dissemination of ovarian cancer cells that overexpress HER-2/neu. Oncogene 11, 1383-1388.

28. Ueno, N. T., Hung, M. C., and Zhang, S. (1998) Phase I E1A gene therapy in patents with advanced
breast and ovarian cancers. Proc. Amer. Soc. Clin. Oncol. 17, 432a (A#1663).

29. Xu, F. J.,, Lupu, R., Rodriguez, G., et al. (1993) Antibody induced growth inhibition is mediated
through immunochemically and functionally distinct epitopes on the extracellular domain of c-erbB-2
(HER-2/neu). Int. J. Cancer 53, 401-408.

30. Boente, M. P., Berchuck, A., Whitaker, R. S., Kalén, A., Xu, F. J., Clarke-Pearson, D. L., et al. (1998)
Suppression of diacylglycerol levels by antibodies reactive with the c-erbB-2 (HER-2/neu) gene
product p185¢*B=2 in breast and ovarian cancer cell lines. Gynecol. Oncol. 70, 49-55.

31. Bae, D. S., Xu, F-J., Mills, G., and Bast, R. C. Jr. (1995) Heregulin and antibodies against p185c-
erbB-2 (p185) activate distinct signaling pathways. Proc. Amer. Assoc. Cancer Res. 36,55 (A#328).

32. Le, L., Vadlamudi, R., McWatters, A., Kumar, R., and Bast, R. C. Contrasting effects of heregulin
and a tumor-inhibitory monoclonal antibody to HER-2 receptor on mitogen-activated protein kinases
and phosphoinositide-3-kinase pathways. Proc. Amer. Assoc. Cancer Res., in press.

33. Adam, L., Vadlamudi, R., Kandapaka, S. B., Chernoff, J., Mendelsohn, J., and Kumar, R. (1998)
Heregulin regulates cytoskeletal reorganization and cell migration through the p21-activated kinase-
1 via phosphatidyl-inositol-3 kinase. J. Biol. Chem. 273, 28,238-28,246.

34. Baselga, J., Tripathy, D., Mendelsohn, J., et al. (1996) Phase II study of weekly intravenous recom-
binant humanized anti-p185HER2 monoclonal antibody in patients with HER2/neu-overexpressing
metastatic breast cancer. J. Clin. Onc. 14, 737-744.

35. Baselga, J., Norton, L., Albanell, J., et al. (1998) Recombinant humanized anti-HER2 antibody
(Herceptin) enhances the antitumor activity of paclitaxel and doxorubicin against HER2/neu
overexpressing human breast cancer xenografts. Cancer Res. 58, 2825-2831.

36. Slamon, D., Leyland-Jones, B., Shak, S., et al. (1998) Addition of herceptin (humanized anti-HER2
antibody) to first line chemotherapy for HER2 overexpressing metastatic breast cancer markedly
increases anticancer activity: A randomized multinational controlled phase Il trial. Proc. Amer. Soc.
Clin. Oncol. 17, 98 (A#377).

37. McKenzie, S. J., DeSombre, K. A., Bast, B. S., Hollis, D. R., Whitaker, R. S., Berchuck, A., et al.
(1993) Serum levels of HER-2/neu (c-erbB-2) correlate with overexpression of p185"°" in human
ovarian cancer. Cancer 71, 3942-3946.

38. Berchuck, A., Rodriguez, G. C., Kamel, A., et al. (1991) Epidermal growth factor receptor expres-
sion in normal ovarian epithelium and ovarian cancer. I. Correlation of receptor expression with
prognostic factors in patients with ovarian cancer. Amer. J. Ob. Gynecol. 164, 669-674.



Alterations Associated with Ovarian Cancer 47

39.

40.
41.

42.

43.

44.

45.
46.
47.
48.
49.
50.

51.

52.
53.

54.

55.
56.

57.

58.
59.

60.

61.

62.
63.

Huang, H. J. S., Nagane, M., Klingbiel, C. K., et al. (1997) The enhanced tumorigenic activity
of a mutant epidermal growth factor receptor common in human cancers is mediated by threshold
levels of constitutive tyrosine phosphorylation and unattenuated signaling. J. Bio. Chem. 272,
2927-2935.

Ilekis, J. V., Gariti, J., Niederberger, C., et al. (1997) Expression of a truncated epidermal growth
factor receptor-like protein (TEGFR) in ovarian cancer. Gynecol. Oncol. 65,36-41.

Lidor, Y. J., Xu, F. J., Martinez-Maza, O., et al. (1993) Constitutive production of macrophage
colony stimulating factor and interleukin-6 by human ovarian surface epithelial cells. Exp. Cell Res.
207, 332-339.

Xu, F. J., Ramakrishnan, S., Daly, L., Soper, J. T., Berchuck, A., Clarke-Pearson, D., et al. (1991)
Increased serum levels of macrophage colony-stimulating factor in ovarian cancer. Amer. J. Obstet.
Gynecol. 165, 1356-1362.

Kacinski, B. M., Carter, D., Mittal, K., et al. (1990) Ovarian adenocarcinomas express fms-
complementary transcripts and fms antigen, often with coexpression of CSF-1. Amer. J. Path. 137,
135-147.

Wiener, J., Nakano, K., Kruzelock, R. P., Bucana, C. D., Bast, R. C., Jr., and Gallick, G. E. Reduc-
tion of c-src kinase activity abrogates malignant human ovarian cancer tumor growth in a xenograft
mouse model. Submitted for publication.

Budde, R.J., Ke, S., and Levin, V. A. (1994) Activity of pp60c-src in 60 different cell lines derived
from human tumors. Cancer Biochem. Biophys. 14, 171-175.

Shayesteh, L., Lu, Y., Ku, W. L., et al. (1999) P1K3CA is implicated as an oncogene in ovarian
cancer. Nature Genetics 21, 99-102.

Bellacosa, A., de Feo, D., Godwin, A. K., et al. (1995) Molecular alterations of the AKT2 oncogene
in ovarian and breast carcinomas. Int. J. Cancer 64, 280-285.

Enomoto, T., Inoue, M., Perantoni, A. O., et al. (1990) K-ras activation in neoplasms of the human
female reproductive tract. Cancer Res. 50, 6139-6145.

Mok, S. C., Bell, D. A., Knapp, R. C., et al. (1993) Mutation of K-ras protooncogene in human
ovarian epithelial tumors of borderline malignancy. Cancer Res. 53, 1489-1492.

Baker, V. V., Borst, M. P, Dixon, D., et al. (1990) c-myc amplification in ovarian cancer. Gynecol.
Onc. 38, 340-342.

Stromberg, K., Johnson, G. R., O’Connor, D. M., et al. (1994) Frequent immunohistochemical
detection of EGF supergene family members in ovarian carcinogenesis. Int. J. Gynecol. Pathol. 13,
342-347.

Stromberg, K., Collins, T. J., Gordon, A. W., et al. (1992) Transforming growth factor-alpha acts as
an autocrine growth factor in ovarian cancer cell lines. Cancer Res. 52, 341-347.

Ottensmeier, C., Swanson, L., Strobel, T., etal. (1996) Absence of constitutive EGF receptor activa-
tion in ovarian cancer cell lines. Brit. J. Cancer 74, 446-452.

Chambers, S. K., Ivins, C. M., and Carcangiu, M. L. (1997) Expression of plasminogen activator
inhibitor-2 in epithelial ovarian cancer: a favorable prognostic factor related to the actions of CSF-
1. Int. J. Cancer 74, 571-575.

Xu, Y., Gaudette, D. C., Boynton, J., et al. (1994) Characterization of an ovarian cancer activating
factor (OCAF) in ascites from ovarian cancer patients. Clin. Cancer Res. 1, 1223-1232.
Havrilesky, L. J., Hurteau, J. A., Whitaker, R. S., et al. (1995) Regulation of apoptosis in normal and
malignant ovarian epithelial cells by transforming growth factor beta. Cancer Res. 55, 944-948.
Henriksen, R., Gobl, A., Wilander, E., et al. (1995) Expression and prognostic significance of TGF-
beta isotypes, latent TGF-beta 1 binding protein, TGF-beta type I and type Il receptors, and endoglin
in normal ovary and ovarian neoplasms. Lab. Invest. 73, 213-220.

Hurteau, J., Rodriguez, G. C., Whitaker, R. S., et al. (1994) Transforming growth factor-beta inhib-
its proliferation of human ovarian cancer cells obtained from ascites. Cancer 74, 93-99.
Berchuck, A., Rodriguez, G., Olt, G. J., et al. (1992) Regulation of growth of normal
ovarianepithelial cells and ovarian cancer cell lines by transforming growth factor-f. Amer. J. Ob.
Gynecol. 166, 676-684.

Baldwin, R. L., Yamada, D., Bristow, R. E., Chen, L-M., and Karlan, B. Y. (1998) Ovarian epithe-
lial growth regulation, in Ovarian Cancer 5, Sharp, F., Blackett, T., Berek, J., Bast, R., eds. Isis
Medical Media, Oxford, U.K. pp. 99-107.

Lafon, C., Mathieu, C., Guerrin, M., et al. (1996) Transforming growth factor beta 1-induced
apoptosis in human ovarian carcinoma cells: protection by the antioxidant N-acetylcysteine and bcl-
2. Cell Growth Differ. 7, 1095-1104.

Rodriguez, G. C., Berchuck, A., Whitaker, R., et al. (1994) Regulation of invasion in ovarian cancer
cell lines by transforming growth factor-beta. 26th Annu. Meeting Soc. Gynecol. Oncol. 40.

Lee, M. M., Donahoe, P. K., Hasegawa, T., et al. (1996) Mullerian inhibiting substance in humans:
normal levels from infancy to adulthood. J. Clin. Endo. Metabol. 81, 571-576.



48 Bast and Mills

64. Fuller, A. F., Jr., Guy, S., Budzik, G. P., and Donahoe, P. K. (1982) Mullerian inhibiting sub-
stance inhibits colony growth of a human ovarian carcinoma cell line. J. Clin. Endo. Metabol. 54,
1051-1055.

65. Wu, S., Boyer, C. M., Whitaker, R. S., et al. (1993) Tumor necrosis factor alpha as an autocrine and
paracrine growth factor for ovarian cancer: monokine induction of tumor cell proliferation and tumor
necrosis factor alpha expression. Cancer Res. 53, 1939-1944.

66. Mutch, D. G., Powell, C. B., Kao, M. S., et al. (1992) Resistance to cytolysis by tumor necrosis
factor alpha in malignant gynecological cell lines is associated with the expression of protein(s)
that prevent the activation of phospholipase A2 by tumor necrosis factor alpha. Cancer Res. 52,
866-872.

67. Wu, S., Xu, F. J., Boyer, C. M., and Bast, R. C., Jr. (1994) Proliferation and induction of NF-kappa
B by tumor necrosis factor-a can be mediated through two distinct receptors in human ovarian can-
cer cells. Proc. Amer. Assoc. Cancer Res. 35, 486 (A#2899).

68. Takeyama, H., Wakamiya, N., O’Hara, C., et al. (1991) Tumor necrosis factor expression by human
ovarian carcinoma in vivo. Cancer Res. 51, 4476-4480.

69. Boyer, C. M., Wu, S., Xu, F-J., etal. (1995) Stimulation of human ovarian cancer cell growth in vivo
with TNFa or IL-1 in immunodeficient scid mice. Proc. Amer. Assoc. Cancer Res. 36, 71(A#422).



5

Pathological Assessment of Ovarian Cancer

Alistair R. W. Williams

1. Introduction

Ovarian neoplasms are notoriously heterogeneous—the World Health Organization
classification (1) includes 46 different epithelial tumor types, 24 sex cord stromal types,
29 germ cell types, and 13 other categories, not including 17 other tumor-like condi-
tions (Table 1). Many of these lesions are very rare, but there is tremendous variation
in the biological behavior of different tumor types, and it is very important that histo-
pathological assessment is performed accurately. This is not only crucial to the patient,
whose treatment depends on it, but also in investigative work on ovarian cancer. Uni-
form terminology must be used to allow comparisons between different studies and
any research that involves analysis of the biological or clinical features of ovarian
tumors must include expert histopathological review of cases.

Over 90% of all malignant ovarian tumors are epithelial in type and most of these
are believed to take origin from invaginations of the ovarian surface epithelium (OSE).
This is a modified pelvic mesothelium that embryologically derives from the coelomic
epithelium. The OSE retains an ability to undergo metaplasia to form a range of
miillerian and nonmiillerian epithelia. The reexpression of this capacity in neoplasia
explains the genesis of the wide variety of epithelial tumor types that occur. These not
only include miillerian tissues—Fallopian tubal epithelium (serous tumors),
endometrium (endometrioid tumors), and endocervix (mucinous tumors of endocervi-
cal type), but also other forms of nonmiillerian epithelium such as intestine (mucinous
tumors of intestinal type) and transitional epithelium (transitional cell tumors and
Brenner tumors).

Ovarian sex cord-stromal tumors make up less than 5% of all ovarian malignancies.
Their rarity, diverse histology, and variable terminology make sex cord-stromal tumors
a confusing and difficult group to study. There is a wide diversity of histological differ-
entiation associated with similar variation in endocrine activity and clinical behavior.

Tumors of germ cell origin make up the third major category of ovarian neoplasms.
Totipotential germ cells give rise to a further broad range of benign and malignant
neoplasms, the histological types of which recapitulate the capacity of the germ cell to
differentiate along somatic and extraembryonic lines.

From: Methods in Molecular Medicine, Vol. 39: Ovarian Cancer: Methods and Protocols
Edited by: J. M. S. Bartlett © Humana Press, Inc., Totowa, NJ
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Table 1
WHO-Revised Classification of Ovarian Tumors (1)

1. Surface epithelial-stromal tumors
Serous tumors
Benign
1. Cystadenoma and papillary cystadenoma
2. Surface papilloma
3. Adenofibroma and cystadenofibroma
Of borderline malignancy (of low-malignant potential)
1. Cystic tumor and papillary cystic tumor
2. Surface papillary tumor
3. Adenofibroma and cystadenofibroma
Malignant
1. Adenocarcinoma, papillary adenocarcinoma, and papillary cystadenocarcinoma
2. Surface papillary adenocarcinoma
3. Adenocarcinofibroma and cystadenocarcinofibroma
Mucinous Tumors: endocervical-like and intestinal type
Benign
1. Cystadenoma
2. Adenofibroma and cystadenofibroma
Of borderline malignancy (of low-malignant potential)
1. Cystic tumor
2. Adenofibroma and cystadenofibroma
Malignant
1. Adenocarcinoma and cystadenocarcinoma
2. Adenocarcinofibroma and cystadenocarcinofibroma
Endometrioid tumors
Benign
1. Cystadenoma
2. Cystadenoma with squamous differentiation
3. Adenofibroma and cystadenofibroma
4. Adenofibroma and cystadenofibroma with squamous differentiation
Of borderline malignancy (of low-malignant potential)
1. Cystic tumor
2. Cystic tumor with squamous differentiation
3. Adenofibroma and cystadenofibroma
4. Adenofibroma and cystadenofibroma with squamous differentiation
Malignant
1. Adenocarcinoma and cystadenocarcinoma
2. Adenocarcinoma and cystadenocarcinoma with squamous differentiation
3. Adenocarcinofibroma and cystadenocarcinofibroma
4. Adenocarcinofibroma and cystadenocarcinofibroma with squamous differentiation
Epithelial-(endometrioid) stromal and (endometrioid) stromal
1. Adenosarcoma, homologous and heterologous
2. Mesodermal (miillerian) mixed tumor (carcinosarcoma), homologous and heterologous
3. Stromal sarcoma
Clear cell tumors
Benign
1. Cystadenoma
2. Adenofibroma and cystadenofibroma
Of borderline malignancy (of low-malignant potential)
3. Cystic tumor
4. Adenofibroma and cystadenofibroma
Malignant
1. Adenocarcinoma
2. Adenocarcinofibroma and cystadenocarcinofibroma
Transitional cell tumors
Brenner tumor
Brenner tumor of borderline malignancy (proliferating)
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Malignant Brenner tumor
Transitional cell carcinoma (non-Brenner type)
Squamous cell tumors
Mixed epithelial tumors (specify types)
Benign
Of borderline malignancy (of low-malignant potential)
Malignant
Undifferentiated carcinoma
Unclassified

2. Sex cord-stromal cell tumors
Granulosa-stromal cell tumors
Granulosa cell tumors
1. Juvenile
2. Adult
Tumors of the thecoma-fibroma group
1. Thecoma
a. Typical
b. Luteinized
Fibroma
Cellular fibroma
Fibrosarcoma
Stromal tumor with minor sex cord elements
Sclerosing stromal tumor
Stromal luteoma
Unclassified (fibrothecoma)
Others
Sertoli-stromal cell tumors; androblastomas
Well differentiated
1. Sertoli cell tumor; tubular androblastoma
2. Sertoli-Leydig cell tumor
3. Leydig cell tumor
Of intermediate differentiation
1. Variant—with heterologous elements (specify types)
Poorly differentiated (sarcomatoid)
1. Variant—with heterologous elements (specify types)
Retiform
Mixed (specify types)
Sex cord tumor with annular tubules
Gynandroblastoma
Steroid (lipid) cell tumor
Stromal luteoma
Leydig cell tumor (hilus cell tumor)
Unclassified
3. Germ cell tumors
Dysgerminoma
Variant—with syncytiotrophoblastic cells
Yolk sac tumor (endodermal sinus tumor)
Variants
Polyvesicular vitelline tumor
Hepatoid
Glandular
Embryonal carcinoma
Polyembryoma
Choriocarcinoma
Teratomas
Immature
Mature

O RN R WD

(continued)
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1. Solid

2. Cystic (dermoid cyst)

3. With secondary tumor formation (specify type)
4. Fetiform (homunculus)

Monodermal and highly specialized

1. Struma ovarii

a. Variant—with thyroid tumor (specify type)
2. Carcinoid
a. Insular
b. Trabecular
Strumal carcinoid
Mucinous carcinoid
Neuroectodermal tumors
Sebaceous tumors
Others
Mixed (specify types)

Nownhkw

Mixed (specify types)

4.

5.

6.

10.
11.
12.
13.
14.

Gonadoblastoma

Variant—with dysgerminoma or other germ cell tumor
Germ cell-sex cord stromal tumor

Variant—with dysgerminoma or other germ cell tumor
Tumors of rete ovarii

Adenoma and cystadenoma

Carcinoma
Mesothelial tumors

Adenomatoid tumor

Others

. Tumors of uncertain origin

Small cell carcinoma
Tumor of probable Wolffian origin
Hepatoid carcinoma
Oncocytoma
Gestational trophoblastic diseases
Soft tissue tumors not specific to ovary
Malignant lymphomas
Unclassified tumors
Secondary (metastatic) tumors
Tumor-like lesions
Solitary follicle cyst
Multiple follicle cysts (polycystic disease) (sclerocystic ovaries)
Large solitary luteinized follicle cyst of pregnancy and puerperium
Hyperreactio luteinalis (multiple luteinized follicle cysts)
1. Variant—with corpora lutea
Corpus luteum cyst
Pregnancy luteoma
Ectopic pregnancy
Hyperplasia of stroma
Stromal hyperthecosis
Massive oedema
Fibromatosis
Endometriosis
Cyst, unclassified (simple cyst)
Inflammatory lesions
1. Xanthogranuloma
2. Malacoplakia
3. Others
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Current areas of particular research interest in the pathology of ovarian cancer are as
follows:

1. Biology and pathology of OSE, and its role in the development of epithelial tumors.
2. Molecular pathology of ovarian carcinoma.
3. Early ovarian carcinoma.

2. The Ovarian Surface Epithelium (OSE)

The OSE is inconspicuous histologically, but is far more complex and versatile than
its appearance would suggest. It is intimately involved in the processes of ovulation,
and in the subsequent reconstitution of the ovarian surface. It is believed to give origin
to around 90% of adult human ovarian malignancies, including those varieties that
contribute most to mortality (2). The OSE has unique features, which are absent from
the immediately adjacent pelvic mesothelium, suggesting that local factors in the ova-
rian cortex may play an important part in modifying the growth and morphology of this
cell type. There are close embryological relationships between the OSE and the epithe-
lium lining the Fallopian tubes, endometrium, and endocervix. The surface epithelial
cells are a modified peritoneal mesothelium originating from coelomic epithelium,
which forms the miillerian duct system, from which derive the uterus, cervix, and Fal-
lopian tubes. There is a pressing need for a greater understanding of this elusive tissue,
and the role it plays in ovarian carcinogenesis.

OSE has been poorly studied over the years for several reasons. It is a difficult tissue
to handle, which consists of a single layer of cuboidal cells that is easily damaged,
often absent from surgical specimens, having been removed during handling. It makes
up a minute proportion of the overall ovarian mass, and early attempts to culture OSE
in vitro were confused by contamination by various other cell types from ovarian cor-
tex, whose morphology is similar. Recently, reliable methods have been described for
establishing OSE in culture, and equally importantly, of characterizing the cell type by
immunohistochemical markers, and of distinguishing it from potential contaminants in
vitro (3,4). Several studies have employed OSE cells immortalized by viral transform-
ing genes (5,6). The cells show great plasticity of phenotype, and it is clear that culture
conditions have an important effect on morphology, migration, proliferation, and dif-
ferentiation (7). Interactions with the extracellular matrix (ECM) seem fundamental in
determining a range of phenotypic and cell kinetic features. Proliferation is dependent
on the substratum—when cultured on collagen or fibrin, proliferation is low or absent,
but when cultured on plastic alone, there is a high rate of proliferation (3). When cul-
tured on Matrigel, OSE cells are able to show invasion in multicellular aggregates (7).
Cell shape, growth, protease production, and integrin expression were also shown to be
influenced by the ECM.

Interactions with the ECM are not entirely “one-way traffic,” as OSE cells have
been shown to have the capacity not only to produce ECM components, but also to
induce changes in its composition. In a well-known culture model for wound repair,
when plated onto collagen gel and ECM preparations, OSE cells were able to remodel
collagen lattice gel inducing its contraction (8). OSE has also been shown to produce
proteolytic enzymes, including serine proteases and metalloproteases (7). Although
constitutively produced, levels of protease expression are determined by the ECM, and
inversely related to cell growth. Low levels of protease expression are seen when OSE
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is grown on plastic, but high levels when grown on Matrigel. Protease production, and
the ability to invade Matrigel, appears to be part of the normal phenotype of OSE and
not acquired de novo during the process of neoplastic transformation.

It is well known that frequency of ovulation is associated with an increased risk of
developing ovarian carcinoma, and it is speculated that carcinogenic effects occur dur-
ing the proliferative process involved in reconstituting the ovulation-associated wound.
Locally produced growth factors and cytokines influence growth and differentiation of
OSE during this process and may drive the sequence of events leading to neoplastic
change. Expression of cytokines, growth factors, and their receptors has been studied
to a limited extent in OSE in culture, as well as in SV40 transformed immortalized
OSE cell lines, and in cell lines derived from ovarian carcinomas. In one immunohis-
tochemical study using a monoclonal antibody to the extracellular domain,
unmanipulated OSE expressed epidermal growth factor receptor (EGFR) in vitro (9).
Other investigators found normal OSE to be weakly positive by immunohistochemis-
try for EGFR, as well as c-erbB2 protein (homologous with EGFR), while benign epi-
thelial tumors were positive for c-erbB2 and negative for EGFR. Carcinomas showed
variable immunohistochemical staining for both proteins (10).

OSE in vitro has been shown to produce transforming growth factor 3 (TGFf) pro-
tein and mRNA (11). In this study, OSE cells in culture responded to TGFp by inhibi-
tion of proliferation. This has been confirmed by demonstration of inhibition of
thymidine incorporation by OSE in response to TGFf (12). Apoptosis was not seen in
normal OSE with TGF, but it did occur in an ovarian cancer-derived cell line.

TGFo has also been localized by immunohistochemistry to OSE and mRNA dem-
onstrated in a cell line (13). It is believed that TGFa and TGF3 may act as reciprocal
autocrine growth regulators of OSE, producing growth promotion and growth inhibi-
tion, respectively.

The effect of interferon y (IFNY) on proliferation and expression of EGFR has been
examined in OSE and ovarian carcinoma cell lines (I4). Normal OSE was unaffected
by IFNY, either in terms of proliferation or EGFR expression, but in cell lines, there
was a 30-40% decrease in proliferation despite strikingly increased EGFR expression.

Other cytokines have been examined in OSE by less rigorous techniques than dem-
onstration of mRNA. Bioassay and antibody-neutralization experiments have shown
that OSE secretes IL-1, IL-6, and CSF-1, whereas IL-2, IL-3, and IL-4 were absent
(14). Similar methods showed constitutive production of M-CSF and IL-6 by OSE (15).

3. Molecular Pathology of Ovarian Carcinoma

Ovarian carcinoma usually presents late in its clinical course, and precursor lesions
are infrequently encountered and poorly studied. As a consequence, molecular genetic
studies have often been limited to analyses of late-stage tumors or ovarian carcinoma
cell lines. A variety of techniques have been used. Karyotypic analyses have defined
frequent areas of chromosomal disruption, and in an effort to identify potential tumor
suppressor genes, areas of deletion have been mapped using polymorphic DNA probes.
Alternatively, researchers have studied expression of previously defined candidate
molecules at the protein or mRNA levels.

Karyotypic abnormalities are common in ovarian carcinoma, and may be simple
aberrations such as trisomy 12 (commonly found in well-differentiated ovarian carci-



Assessment of Ovarian Cancer 55

nomas, but also occurring in completely benign ovarian neoplasms) to very complex
abnormalities, which mainly comprise chromosome losses, deletions, and unbalanced
translocations. These are found frequently in poorly differentiated ovarian carcinomas.
It should be noted that in interpreting such changes, it is often uncertain whether the
abnormality is involved in causation of the neoplastic process, or whether it is an end
result of genetic instability. The bands and regions most commonly involved in such
structural rearrangements have been, in decreasing order of frequency: /9p13, Ip36,
1g21, 1q23-25, 3pli1-13, 6g21, 19q13, 11pl3-15, 11ql3, 11923, 1224, 12pl11-13,
and 7p13-22 (16). Analysis of this type may also shed light on other aspects of the
disease process. For example, comparative karyotypic and other genetic analyses of
primary ovarian tumors and their intraabdominal deposits, indicate ovarian carcinoma
usually to be unifocal in origin, sharing distinctive chromosomal and genetic abnor-
malities. However, there is also evidence that primary serous carcinoma of the perito-
neum, which is histologically indistinguishable, and clinically very similar to ovarian
serous carcinoma, is of multifocal origin, at least in a significant proportion of cases
(17). It has also been recently suggested that “recurrent” ovarian cancer may actually
be new primary cancer of the peritoneum. Clonal analysis (involving X chromosome
inactivation, p53 mutations, LOH, and microsatellite instability at multiple loci on
multiple chromosomes) has revealed significantly different genetic “fingerprints” in
primary and recurrent carcinoma, suggesting the formation of new tumors in the
majority of cases (18,19).

DNA aneuploidy (usually measured by integrated DNA densitometry in a flow
cytometer) is present in a high proportion of ovarian carcinomas, and there is generally a
correlation between aneuploidy and poor prognosis (20,21). DNA aneuploidy is uncommon
in early-stage well-differentiated tumors, and similarly is usually absent in borderline
tumors. However, it has been shown that DNA aneuploidy may be a marker for the small
minority of borderline ovarian tumors that show an aggressive clinical behavior (22).

There have been a large number of “allelotyping” studies in which the presence of
putative tumor suppressor genes has been adduced from the occurrence of high levels
of allele loss at particular loci. Such studies are often limited by small numbers of
tumors for analysis (especially of the rarer histological subtypes), and from inadequate
numbers of informative loci examined. However, it has emerged that chromosomes
17p and ¢, 6g and I1p figure regularly among the regions with high rates of allele
imbalance, with as yet inconsistent findings of between 0 and 52% for 11q (23-25).
There is a high rate of whole chromosome 17 loss—LOH at all informative chromo-
some 17 loci has been found in at least half the cases. This contrasts with chromosomes
6q and /8¢ where the rates of deletion obtained depend on their precise map locations.
However, there may be over-representation in these results of chromosomal regions
that can be deleted without compromising tumor cell growth. Where the relevant infor-
mation is given, the frequency of allele imbalance at most loci correlates with histo-
logical grade and/or FIGO stage, much of the data being derived from advanced tumors.

By pooling data from several studies on chromosomes // and /7, differences were
observed amongst the common epithelial cancers. On chromosome /7, allele imbal-
ance was similar in serous, mucinous, and endometrioid cancers, but on chromosome
17, imbalance, particularly on the short arm, is much more frequent in serous than in
endometrioid or mucinous carcinomas (26).
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The PTEN/MMAC gene on /0g23 is a tumor suppressor gene implicated in the
pathogenesis of a wide range of human malignancies. PTEN mutations appear to be
relatively frequent in the endometrioid histological subtype of ovarian carcinoma (21%)
accompanied by loss of the wild-type allele, but none were found in serous or clear cell
types, and only one instance in an atypical mucinous tumor (27).

Positive results in ovarian cancer have been obtained by studying well-established
oncogenes and tumor suppressor genes that are known to be significant in other can-
cers. For example, activated or amplified ras has been identified in a minority (around
15%) of mainly advanced tumors, but activated Ki-ras has been detected in about one
third of mucinous tumors, including some borderline tumors. c-myc is overexpressed
in around 30% of ovarian carcinomas, especially serous carcinomas. C-erbB-2
(HER-2/neu) has been found to be overexpressed, mainly in poor prognosis tumors,
whereas its homologue c-erbB-3 appears to be more strongly expressed in borderline
and early invasive tumors.

The p53 gene is altered in approximately 50% of human cancers of all types, and its
role in ovarian carcinogenesis is not in doubt. Its protein product regulates transition
from the G1 to S phases of the cell cycle, controlling entry into DNA repair pathways.
Mutations, allele loss and altered protein expression are detectable in up to 50% of
ovarian carcinomas, but not in benign tumors, very infrequently in borderline tumors,
and apparently not in micropapillary serous carcinoma, a recently described low-grade
variant. There is a significant association between p53 mutation in ovarian carcinoma,
and DNA aneuploidy. In carcinomas, missense mutations are the commonest abnor-
mality of p53, rather than deletions or insertions (deletions being seven times com-
moner than insertions) (28). Most p53 mutations in ovarian carcinomas are transitions,
suggesting that they arise spontaneously rather than due to exogenous carcinogens.
p53 mutation is found in a high proportion (82%) of malignant mixed mesodermal
tumors (MMMT), and interestingly, monoclonal origin of both the malignant epithelial
and mesenchymal components has been shown (29,30). Mutations in p53 have been
found to occur less frequently in mucinous and endometrioid carcinomas than in the
other epithelial types, and more often in moderately and poorly differentiated tumors
(31). A frequent histological finding in ovarian cancer is that of histologically “benign”
cysts adjacent to carcinomas. p53 mutation analysis of the tumor and the “benign” cyst
epithelium has shown the same mutation to be present in both (32). However, the
absence of p53 abnormalities in benign cystadenomas argues against this indicating
transition from a preexisting benign tumor, but rather suggests that differentiation
towards benign-appearing epithelium may occur in the carcinoma.

Downstream effector proteins of p53 are potential sites of somatic alterations, and in
a variety of human cancers, abnormalities have been found in expression of the p2/
protein product of the WAF1/Cip1 gene, which acts as a universal inhibitor of cyclins.
In ovarian cancer, p2 1 expression has been found to be significantly higher in the stroma
surrounding the tumor than in the tumor itself (33). There seems to be no consistent
correlation of p2/WAF1/Cip1 expression with p53 expression or p53 mutation (34,35).

Alterations of retinoblastoma protein appear to be very uncommon in ovarian carci-
noma. Similarly, microsatellite instability, present in a variety of other human tumor
types, appears to be very infrequent in ovarian carcinoma, and there is also no evidence
of its occurrence in benign or borderline ovarian tumors (36).
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Study of familial cancers has shown that up to around 10% of epithelial ovarian
cancers are associated with inheritance of an autosomal dominant genetic mutation
conferring a predisposition to cancer with variable penetrance. It was found that
germline mutations in the BRCAI gene, located on /7q12-21, accounted for the major-
ity of breast/ovarian cancer families, with a smaller proportion associated with BRCA2.
It has been estimated that women harboring BRCA mutations carry up to a 63% life-
time risk of developing ovarian cancer, and an 85% risk of breast cancer. Most BRCA I
mutations are predicted to result in truncated protein products. BRCAI and BRCA?2 are
almost certainly tumor suppressor genes, but at least in the case of BRCAI, it has also
been shown to be essential for the growth and development of embryonic cells. BRCA/
is large, and its function essentially unknown, but it is probably involved in DNA dam-
age and repair, in cell-cycle regulation and in control of cellular differentiation. In
BRCA I-associated ovarian carcinomas, somatic mutation of p53 is common (approxi-
mately 80% of cases), but is not an essential requirement for tumorigenesis. Perhaps
surprisingly, only a small proportion (around 5%) of patients with sporadic ovarian
cancer carry germline mutations in BRCA/, and mutations in BRCA2 are rare. How-
ever, levels of BRCAI mRNA and protein are decreased in the majority of tumors. The
significance of this is as yet unknown, but it has already raised the possibility of thera-
peutic strategies aimed at increasing expression of wild-type BRCA I, which in vitro
has also been shown to suppress the growth of ovarian carcinoma cells (37). Cancers
associated with the BRCAI mutation appear to have a significantly more favorable
clinical course compared with sporadic cancers matched for stage, grade and histologi-
cal subtype (38). BRCAI inactivation appears not to be involved in the genesis of bor-
derline ovarian tumors—in a series of 26 cases, only one tumor showed loss of
heterozygosity at one of eight polymorphic markers on /7¢g21 (39).

4. Early Ovarian Cancer

In the majority of cases, ovarian carcinoma has spread beyond the ovary by the time
of presentation. As current treatment has made only a limited impact on survival, atten-
tion has increasingly turned to early detection of precursor lesions, in the hope that
survival may be improved. There is surprisingly little known of the nature of the pre-
cursor lesion, and the sequence of events in development of disseminated ovarian
malignancy. It has been recognized for some time that early malignant changes occur
in the OSE-lined clefts and inclusion cysts in ovarian cortex, more frequently than on
the surface of the ovary itself. Frequently, direct continuity can be demonstrated
between apparently nonmalignant epithelia of this type and frank carcinomas. In a study
examining the presence of nonmalignant epithelium in ovarian carcinomas (40),
benign-appearing epithelial components were identified in 74% of mucinous carcino-
mas, 46% of endometrioid carcinomas and 39% of clear-cell carcinomas. In contrast,
benign epithelium was identified in only 15% of serous carcinomas. It was suggested
that the great majority of serous carcinomas arise de novo from surface epithelium and
its inclusions, but that a significant proportion of mucinous carcinomas arise in a back-
ground of mucinous cystadenoma. One study examined the histopathological features
of “incidental” ovarian cancers—defined as early ovarian cancers, which were not rec-
ognized preoperatively, intraoperatively, or pathologically on gross examination, but
discovered only microscopically (41). It is significant that the study, using cases
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retrieved from the consultation files of a most eminent gynecological pathologist,
reported only 14 cases. From the small number of cases available, it seems likely that
ovarian cancer may be disseminated at a very early stage—of the 10 patients for whom
follow-up data were available in this study, only five were alive and well without
recurrence. An alternative explanation is multifocal origin of malignancy, in the ovary
and at disseminated sites throughout the peritoneum—a “field effect.” However, the
evidence is rather against this in the majority of tumors—studies have shown that iden-
tical patterns of genetic markers of clonality are found in ovarian and extraovarian
deposits, indicating a monoclonal origin (42).

Epithelial inclusion cysts adjacent to and contralateral to serous carcinoma of ovary
were examined immunohistochemically for p53 protein expression (43). In those show-
ing cellular atypicality, immunoreactivity for p53 was detected in the majority, consis-
tent with the suggestion that such areas of epithelial atypia in inclusion cysts are the
precursors of ovarian malignancy.

Endometriosis has long been suspected as another precursor to ovarian carcinomas
of endometrioid and clear-cell types, but it is clear that other histological subtypes may
be associated with it also. Atypical hyperplasia has been reported in endometriotic foci
associated with the development of ovarian carcinomas (44,45). Endometrioid carci-
nomas are the most frequent tumors associated with endometriosis, followed by clear-
cell carcinomas and malignant mixed miillerian tumors. Serous and mucinous
carcinomas are less frequently found (46). It is noteworthy that unopposed estrogen
stimulation may act on endometriosis leading to premalignant or malignant transfor-
mation (47). In a series of cases of endometriosis synchronous with ovarian carcinoma,
common genetic lesions were detected in carcinoma and endometriosis in the majority
of cases, suggesting a common lineage, and consistent with the notion that carcinoma
had arisen by malignant transformation of endometriosis (48).

In conclusion, further progress in elucidating the molecular pathogenesis of ovarian can-
cer will rely on a fuller understanding of the physiology of the ovarian surface epithe-
lium and a better knowledge of the earliest precursors of ovarian carcinoma. Only then will
the molecular techniques that have already contributed so much to our knowledge of
advanced ovarian carcinoma begin to unravel the mysteries of the early precursor lesions.
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Tumor Markers in Screening for Ovarian Cancer

Steven J. Skates, lan J. Jacobs, and Robert C. Knapp

1. Introduction

Tumor markers are used for multiple purposes in clinical care, including screening
asymptomatic subjects, differential diagnosis of symptomatic patients, treatment plan-
ning, prognosis during and immediately following treatment, and monitoring for recur-
rence. Generally, tumor markers have found most clinical utility in monitoring for
recurrence of disease (). Bast and coinvestigators discovered CA125 in 1979 using
monoclonal antibody techniques (2), and subsequently demonstrated its utility in moni-
toring treatment and recurrence of ovarian cancer (3). CA125 is the most widely used
ovarian tumor marker, and is currently approved in the United States for monitoring of
disease to determine if second-look surgery is required. Tumor markers have not gained
wide acceptance for early detection of disease with the one exception of PSA for pros-
tate cancer in the U.S. The lack of acceptance is mainly because of the difficult hurdles
a screening strategy must overcome, and few tumor markers have shown sufficient
promise in overcoming these hurdles to put them to the test in a randomized controlled
trial. Because of the low incidence of most cancers, sample sizes for prospective ran-
domized screening trials are huge, so that sufficient numbers of disease specific events
occur by the end of the trial. The significant costs entailed in clinical trials of this size
imply that only very promising approaches to screening warrant prospective investiga-
tion. For ovarian cancer, three large trials are underway, two trials are planning to
randomize 120,000 women followed for 7-8 yr (4,5), and an NCI trial will randomize
74,000 women followed for 16 yr (6).

Screening for ovarian cancer is an appealing approach to reducing mortality from
this disease. Ovarian cancer is frequently (75%) detected at late stage when it is often
incurable (7). However, when it is detected in early stage, survival rates are high,
exceeding 90% five-year survival for well differentiated stage I disease (8). Screening
strategies may detect a substantial proportion of ovarian cancers in early stage that
would have been clinically detected in late-stage disease. In this case, it is reasonable,
but not certain, to expect a significant reduction in disease specific mortality.

Approaches to ovarian cancer screening in the general population can be classified
on the basis of the first line test. One approach uses tumor markers (9,10), another
approach uses ultrasound, (typically transvaginal ultrasound) (4,11,12), and the third
approach uses both modalities (13) as the first line test applied to all subjects in the
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target population. Secondary tests are then applied to the much smaller subset of sub-
jects with positive or suspicious results on the first-line test. In the trials using tumor
markers as the first-line test, the secondary test is usually ultrasound. Following ultra-
sound as a first-line test, are color Doppler ultrasound and/or tumor markers. Tumor
markers are advocated as a first-line test on the basis of comparatively lower cost,
objectivity, easier access for subjects to phlebotomy, and high specificity. Ultrasound
is advocated as a first-line test because of high sensitivity for early-stage disease. Costs
for ultrasound in a large screening program could be substantially reduced because
of volume and efficiencies compared to current charges (14). Objectivity and ease of
access remain issues for ultrasound. Bimanual pelvic exam has been shown to be of
no value in the early detection of ovarian cancer (15). This chapter examines the first
approach to ovarian cancer screening. In particular, we examine the problem of design-
ing a screening strategy based on serial tumor marker levels. This approach has not
received much attention in the literature. Using serial tumor marker levels may over-
come some of the significant hurdles facing tumor markers in the context of screening.
Because this is an introductory chapter, the rationale and the reasons for the power of
this approach are discussed in depth. We hope this may encourage investigation of
screening for other cancers with known markers that were thought not to have suffi-
cient sensitivity or specificity when using the strategy of a fixed reference level for all
subjects. The approach could also be applied to markers yet to be discovered. How-
ever, only an overview of the methods and principles underlying this approach can be
given, as exact details on the statistical implementation are beyond the scope and space
constraints of this chapter.

Whereas many tumor markers IAP, LDH, SA, TGF-a, and M-CSF (16), PLAP, CA
15-3and TAG 72 (17), LASA, DM-70K, UGP, and HER-2 (18), and OVX1 and OVX2
(19) have been studied in relation to ovarian cancer, only one marker, CA125, has
consistently withstood the test of time. CA125 is the only marker that has been used in
three of four large-scale prospective marker based screening studies (6,9,10).

The main concern in using CA125 as a first-line test for ovarian cancer is its appar-
ent lack of sensitivity for early-stage disease (20). Only 50% of stage I ovarian cancer
patients have elevated CA125 preoperative serum levels. The traditional cutoff level
for a positive CA125 test is 30 or 35 U/mL. It is important to note that this level was
established for patients with clinically established disease (3), and was not advocated
for as the appropriate cutoff level for screening asymptomatic populations. Further-
more, screening aims to detect ovarian cancers in early stage that would have been
detected in late-stage disease. It is not aimed at detecting ovarian cancers that are cur-
rently clinically detected in early stages. Therefore, the relevance of CA125 sensitivity
in clinically detected ovarian cancer is questionable with regard to early detection.
Most late-stage ovarian cancers (> 90%) have serum CA125 levels elevated above
35 U/mL, and in these cases the CA125 level during early-stage asymptomatic disease
is simply not known. Zurawski (21) discovered elevated CA125 levels up to 60 mo
prior to clinical detection of ovarian cancer through analysis of banked serum samples,
although the stage of the disease at the time of the blood draw is again unknown.
Nevertheless, the low sensitivity for clinically detected early-stage disease is still cause
for concern. A further concern is that CA125 is elevated by ovulation so that screening
with CA125 as a first-line test would only be applicable to postmenopausal women.
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However, the great majority of ovarian cancer cases occur in postmenopausal women,
the most well-defined risk group for ovarian cancer. This group has been the target
population for tumor marker-based screening tests.

A number of methods have been suggested for circumventing the apparent low sen-
sitivity of CA125 to early-stage disease. The first method is to lower the cutoff level
for a positive test, for example, 20 U/mL (22), followed by a specific test such as color
Doppler flow. Another method is to use multiple markers. The two markers that appear
to complement CA125 are OVX1 (23) in recurrence of ovarian cancer, and MCS-F
(24) in preoperative levels of stage I ovarian cancers. MCS-F improved performance
with CA125 slightly better than OVX1 with CA125. Both screening with CA125 and
OVXI1 (25), and screening with CA125 and either MCS-F or OVX1 have been advo-
cated (24), but neither approach has been tested prospectively.

The third method for improving CA125 sensitivity uses serial levels of CA125 to
simultaneously improve the specificity and sensitivity of the screening strategy (26,27).
This chapter explains the potential for serial CA125 to improve the performance of an
ovarian cancer screening strategy. Statistical analyses of serial CA125 levels from two
large screening trials have demonstrated that many women with initially elevated
CA125 levels have relatively stable CA125 levels over time, and at the end of the study
do not have a diagnosis of ovarian cancer. In contrast, women subsequently diagnosed
with ovarian cancer generally have steeply rising CA125 levels, presumably reflecting
the rapidly increasing volume of the tumor.

Figure 1 displays serial CA125 levels in two cases with ovarian cancer (1,3), and in
two women without ovarian cancer (2,4) at the end of the London study (see below).
Women without ovarian cancer have a relatively stable CA125 level over a long period
of time, whereas women subsequently diagnosed with ovarian cancer have rapidly
increasing CA125 levels.

If basic cell kinetics apply to the unregulated growth of ovarian cancer, then an
exponential increase in the volume is to be expected because of a constant tumor vol-
ume doubling time. Serial CA125 levels likely reflect the volume of the tumor and will
correspondingly increase exponentially over time. A remarkable case is illustrated by
the first phase of the Stockholm trial, where five successive CA125 levels increased
exponentially before clinical diagnosis occurred (26). By incorporating the extra infor-
mation in the serial behavior of CA125 into the screening strategy, the sensitivity can
be substantially improved, at the same time maintaining or even increasing the already
high level of specificity. Another simplified interpretation of this idea, which never-
theless captures its essence, is that each woman serves as her own control. A baseline
CA125 level is established for each woman, and only when statistically significant
elevations above the individualized baseline occur does the screening strategy indicate
a positive result. The method section gives details on the systematic and efficient
approach to utilizing the serial information in a first-line CA125-based screening pro-
gram for ovarian cancer.

It should be emphasized that no researcher currently advocates screening the general
public for ovarian cancer. Many researchers have positive outlooks on the prospect for
a successful approach to early detection of ovarian cancer (5,27-30), others see sub-
stantial difficulties (16,31-33), whereas other authors (34—37) have a neutral assess-
ment. However, researchers are unanimous that screening for ovarian cancer is
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Fig. 1. CA125 values over time for 2 women with subsequent diagnosis of ovarian cancer
(1,3) and two women without a diagnosis (2,4) as of December 1997. The CA125 scale is
logarithmic so that exponential rises appear as straight lines. The women with ovarian cancer
have exponential rises (1) or have relatively level CA125 profiles followed by an exponential
rise (3). In contrast, women without ovarian cancer (2,4) have relatively stable CA125 profiles,
even over periods of time exceeding five years.

unproven and advocacy of screening the general public awaits the results of further
research, such as refinement of screening tests and outcomes of randomized trials. In
fact, it is considered unethical (38) to advocate screening for a disease until proof
exists that it results in substantial benefits and cost is reasonable. If an unproven strat-
egy, even though promising, is implemented as a public health measure, it may unethi-
cally diminish available resources for programs with proven health benefit.

2. Materials

Two large-scale CA125 first-line screening trials provide the data for the methods
discussed below. Between 1986-1989, 5550 women over the age of 40 were screened
with CA125 in Sweden (9). If the CA125 exceeded 35 U/mL (30 U/mL in the second
half) the woman was referred for bimanual pelvic exam, ultrasound, and three monthly
CA125 tests for one year. An age-matched control subject, with CA125 under the cut-
off was also referred and the examining physicians were not told which woman had an
elevated CA125. Women were screened at least twice approximately one year apart.
Follow-up screenings occurred in 1990 through the Swedish tumor registry and
Stockholm hospital registries for cancer outcomes. Further details on the data have
been described elsewhere (27).

The second screening trial was centered at the Royal London Hospital, and enrolled
22,000 postmenopausal U.K. women over the age of 45 in a prevalence screen using
CA125 between 1986-1990 (10). If elevated above 30 U/mL, women were referred for
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ultrasound and three monthly CA125 tests. A further three annual CA125 screens were
performed on approximately half the women randomized to a screening arm, with the
trial ending in mid-1995 and providing more than 50,000 CA125 values. National
cancer registries were utilized for follow-up of cancers at the end of 1997.

The data from both trials for each woman consisted of the date of birth, the dates of
CA125 measurements, ovarian cancer status (yes/no), and date of ovarian cancer
detection.

3. Methods

The development of the multi-modal strategy that uses serial CA125 values as a
first-line screening test has two steps.

1. Derivation of a method that calculates the probability of having ovarian cancer given one
or more CA125 levels, the dates on which the samples were drawn, and the age of the
woman.

2. Development of a triaging system that efficiently identifies women with a high enough
risk (i.e., probability) of having ovarian cancer to warrant referral to ultrasound.

3.1. The Risk of Ovarian Cancer Calculation (ROCC)

The difficulty with using any tumor marker for screening is the variability in the
CA125 measurements because of natural biological variation in the CA125 level over
time, and assay measurement error. For serial CA125 levels to be useful in screening, it
is necessary to distinguish changes over time in CA 125 levels because of an increase in
ovarian cancer volume from CA125 variability. Statistical analyses quantify the level
of noise, which is then used to weigh the evidence between changes due to variation
and to ovarian cancer.

Figure 2 displays hypothetical preclinical CA125 levels over time in two women in
the presence of CA125 variability. For the first woman, ovarian cancer inception occurs
at year one, with clinical detection after year three. The second woman has relatively
stable CA125 levels that are approximately at the same level as the first woman’s
CA125 levels before tumor inception. The second woman does not have ovarian can-
cer, yet the CA125 values are the same between the two women at the two time points
at which measurements are taken (indicated by the dots). This example illustrates the
difficulty with interpreting rising levels of CA125, and the necessity of developing a
systematic method for weighing the evidence between the presence and absence of
ovarian cancer.

Another hurdle in screening is the low incidence of ovarian cancer, with one case in
2000 postmenopausal women per year. Therefore, it is absolutely imperative that the
screening strategy be as efficient as possible. Otherwise, too many false positives will
be identified for each true positive case, resulting in the screening program becoming
too costly and not being clinically acceptable. Thus, more screening resources, such as
extra CA125 tests, and referral to ultrasound, should be devoted to groups of women at
higher risk. It is simply inefficient to devote more resources to a group of women with
fewer true cases (lower risk) than to another same-sized group of women that has a
larger number of true cases (higher risk). More resources should be devoted to detect-
ing the larger number of cases. Any screening strategy that does not base its decisions
on the risk of having ovarian cancer is therefore inefficient. That is, an ad hoc rule such
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Fig. 2. Hypothetical CA125 profiles of two women, one with ovarian cancer with rising
CA125 levels between years 1 and 3, and the other with no ovarian cancer, if CA125 could be
measured continuously such as every day. The CA125 fluctuations can obscure whether rises—
indicated by two filled circles common to both profiles—are due to presence of ovarian cancer
or background fluctuations. Systematic statistical modelling of background fluctuations and
expected CA125 profiles in known cases and controls enable accurate weighing of CA125
evidence for new subjects.

as referring women to ultrasound if the CA125 doubles within six months and the
initial measurement exceeded 20 U/mL, is inefficient in comparison to a rule based on
the risk of having ovarian cancer.

To calculate the risk given the CA125 levels, the dates of the serum samples, and the
age of the woman, requires two statistical models. The first model describes the sto-
chastic behavior of CA125 over time in women with ovarian cancer, and the second
describes it in women without ovarian cancer. The estimates of the parameters in these
models from analyses of the Stockholm and London trials data provide the basis for
calculating the risk for a new woman with single of multiple CA125 levels. Examples
of the parameters are the baseline CA125 level for a given woman, the age at tumor
inception for a woman with ovarian cancer, the rate or CA125 increase after tumor
inception, and the variation about the expected CA125 value. The distribution of these
parameters over the women with ovarian cancer, for example, describes the stochastic
behavior of CA125 over time in this subgroup.

The risk of having ovarian cancer for a new woman is calculated by evaluating the
relative closeness of her CA125 data (over time if multiple values are available) to the
following:

1. the CA125 behavior in cases prior to clinical detection in the two trials;
2. the CA125 behavior over time in women without ovarian cancer (noncases).

If the CA125 values over time in the new woman behave more like the CA125 val-
ues in the women with ovarian cancer (cases), then the new woman has a high risk of
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having undetected ovarian cancer. If on the other hand, the CA125 values behave more
like the CA125 levels in the women without ovarian cancer, then the new woman has a
low risk. The next two subsections describe the expected behavior in detail. To calcu-
late the exact risk, Bayes’ Theorem is used to properly weigh the evidence between the
new woman having ovarian cancer and not having ovarian cancer based on her CA125
levels. This procedure accounts for the variability of the CA125 measurements in the
new woman, the uncertainty in the parameter estimates of the women with known sta-
tus (ovarian cancer: yes/no) in the two studies, and the variability of the parameters
between the women. The prior odds of having ovarian cancer, derived from cancer
registries using the age of the woman, is then multiplied by the correct weight of evi-
dence to determine the final odds of having ovarian cancer. The final risk is calculated
from the odds by the simple formula: risk = odds/(odds+1). The weight of evidence is
often referred to as the Bayes factor.

3.2. The Expected Behavior of CA125
in Women Without Ovarian Cancer (Noncases)

From graphical analyses of the CA125 levels in women without ovarian cancer at
the end of the studies (noncases), it is clear that in most noncases CA125 remains
relatively level over time. For each noncase, a linear regression with a zero slope, and
a standard deviation about the regression line, adequately represents the statistical
behavior of CA125 over time. The parameters of the model are the intercept (average
CA125 value or level of the regression line) and the standard deviation. Across the
population of noncases these parameters have a distribution, and this distribution is
estimated simultaneously with the individual linear regressions. (Such a model is
referred to as a hierarchical linear model). Because the average CA125 value varies by
orders of magnitude across women (from less than five to more than 500 U/mL), it is
natural to model the distribution of intercepts across the population on the logarithmic
scale. Because of measurement error and biological variation, the actual log(CA125)
measurements will vary about the expected values. The variation about the expected
values (regression line) is described by the standard deviation.

3.3. The Expected Behavior of CA125
in Women with Ovarian Cancer (Cases)

Before an ovarian tumor begins in a (subsequently detected) case, the behavior of
CA125 over time is expected to be like the behavior in the noncases; that is, relatively
stable over time. However, when the tumor begins and proceeds to double in volume
over time, most tumors cause the CA125 levels to rise proportionately. On the original
CA125 scale, the proportionate rise results in exponentially increasing levels. Corre-
sponding to the exponential rise on the CA125 scale, the expected log(CA125) values
rise linearly. Thus, a change point occurs at the time of tumor inception, with a flat
expected value before this point in time, and a linear increasing expected value after-
wards. The parameters summarizing this model for the expected log(CA125) values
are the initial stable level, the time of tumor inception, the slope of the line after tumor
inception, and the standard deviation about the expected line. This type of model is
referred to as a change-point model. As before, these parameters have a distribution
across the population of cases, which is simultaneously estimated with the parameters
for each individual change-point model (referred to as a hierarchical change-point model).
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Fig. 3. Expected CA125 profiles in a hypothetical case prior to clinical detection on the
original CA125 scale (left) and on the logarithmic scale (right), showing a flat profile followed
by a linear rise, similar to profile (4) in Fig. 1.

Figure 3 displays the expected CA125 levels (in the absence of CA125 variability)
on the original CA125 scale, and on a logarithmic scale. Tumor inception occurs at
year one, after which CA125 values rise exponentially until the tumor is clinically
detected in after year three. On the logarithmic scale, the change-point is more clearly
delineated, and the CA125 values rise linearly. Statistical analyses estimate the level
before tumor inception, the time of tumor inception, and the slope after tumor incep-
tion. The analyses also quantify the uncertainty in these estimates. The uncertainty
derives from two sources, the first is that CA125 is measured at only a few points in
time, and the second is the CA125 variability, both of which obscure the true value of
each parameter. The parameters and their uncertainty are used in weighing the evi-
dence (serial CA125 values) from a new woman to determine her risk of having ova-
rian cancer.

3.4. Examples of the ROCC

It is important to note that the risk of ovarian cancer calculation cannot simply be
replaced by a general cutoff level for all subjects (standard rule), nor by the slope of the
CA125 levels (often called the velocity in PSA literature), nor by the number of stan-
dard deviations the last CA125 value is above the average of the previous CA125 val-
ues, nor by ad hoc CA125 doubling rules such as doubling within 6 months following
a level above 15 U/mL. Examples are given of the ROCC that show intuitively the
correct behavior in contrast to some of these simpler rules.

Figure 4 shows serial CA125 levels that display a change-point, indicating possible
presence of ovarian cancer. The last level is 22 U/mL, well under the standard level of
35 U/mL, which would therefore have missed the case at this point in time. The risk of
ovarian cancer calculation (ROCC) results in a sufficiently high risk for referral to
ultrasound, at which point the occult cancer may be discovered well before being dis-
covered by the standard 35 U/mL rule.

Figure 5 shows two women with rising CA125 values, which have the same slopes,
but the second woman has a much higher CA125 value for the last measurement. While
the slope does not differentiate between these two women, it is intuitively obvious that
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Fig. 4. The risk of having ovarian cancer given the above sequence of CA125 values is 6%
or approximately 1 in 16, which would trigger referal to ultrasound and possible detection of
ovarian cancer well before detection by the standard 35 U/mL rule.
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Fig. 5. Two CA125 profiles with the same slope (or CA125 velocity) yet five fold difference
in the risk of having ovarian cancer. Intuitively, the second profile has a higher risk due to the
larger CA 125 result at the second time point which the slope parameter alone does not capture,
but the systematic calculation of risk does capture.

the second woman is at much higher risk of having ovarian cancer due to a larger
CA125 value. The ROCC indicates a much higher risk for the second woman.

Figure 6 shows two women, where the first woman has an initial level greater than
15 U/mL, and the final level doubles within six months. For the second women, the
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Fig. 6. Ad hoc rules, such as doubling within six months following a CA125 level above
15 U/mL, are not as efficient as systematically calculating the risk. Under the ad-hoc rule the
first profile would be referred to ultrasound and not the second. In contrast, systematically
calculating the risk results in the second profile having greater risk, and both women would be
referred to ultrasound.

initial level is less than 15 U/mL, and the final CA125 level is greater than the final
CA125 level for the first woman. The ad hoc doubling rule would send the first woman
onto ultrasound, and not the second woman, because for the second woman, the initial
level was less than 15 U/mL. The ROCC correctly indicates that the second woman is
at higher risk than the first, and refers both to ultrasound.

3.5. Triaging by Risk of Ovarian Cancer

Having derived a method to convert any number of CA125 levels to a risk, an effi-
cient screening strategy is now developed centered on the ROCC. Screening for ova-
rian cancer with the tumor marker CA125 is envisaged to start for postmenopausal
women (operationally defined as amenorrhea for at least one year), and to measure
CA125 annually. The choice of the regular measurement at one year intervals is based
on practical and biological grounds. It is unlikely that more frequent testing, such as
every 6 months for all women in the target population, would be generally acceptable,
nor covered by insurance schemes (private or public). Biologically, ovarian cancer is
known to be a rapidly growing tumor, and leaving two-year or greater gaps between
CA125 measurements would result in many cases of ovarian cancer not being mea-
sured in early-stage disease (39). Therefore, an annual CA125 measurement is pro-
posed for the general postmenopausal population, and refinement of this strategy with
the ROCC is discussed next.

All the information about ovarian cancer contained in the CA125 values, their tim-
ing, and the age of the woman, are summarized in one number, the risk of ovarian
cancer. On the basis of the risk, the screening strategy triaging is designed as follows.
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1. A CA125 measurement is made, and the risk calculated based on the current CA125 value,
and any previous CA125 values, and the woman’s age.

2. For women with low risk (less than baseline level of 1 in 2000), the women return in one
year for their next CA125 measurement (step 1).

3. For women with intermediate risk (between 1 in 2000 and 1 in 100), the women returns in
6 wk to 6 mo time for another CA125 measurement (step 1). The time interval is close to
6 wk for women with risk just below 1 in 100, and in 6 mo for women with risk just above
1 in 2000, and smoothly interpolated for risks in between.

4. For women with high risk (greater than 1 in 100), the woman is referred to ultrasound. If
the ultrasound is abnormal, the woman is referred to surgery. For normal ultrasound, the
woman returns in 6 wk for another CA125 (step 1).

Using this system only 1-2% of the population of screened women are referred to
ultrasound, conserving the higher end resources for women at highest risk. Extra CA125
tests are made available to women at intermediate risk, proportionately more rapidly
for women with higher levels of intermediate risk. All resource decisions are made on
the basis of risk, so that the screening strategy is as efficient as possible given con-
straints on the number of CA125 tests and ultrasound tests per woman per year.

Step 1 utilizes all the information in serial CA125 levels, and so this screening strat-
egy can be simultaneously more sensitive and more specific than a strategy based on a
single cutoff applied uniformly across the screened population. All other steps return
to step 1 in a feedback loop, enabling the strategy to identify high-risk women very
rapidly. The serial CA125 levels will rule out (indicate low risk) for women with ini-
tially high CA125 levels that remain stable, increasing the specificity. For women with
initially very low levels of CA125, and whose levels begin to exponentially increase,
but not enough to exceed the single cutoff level, the ROCC will identify them as inter-
mediate or high risk long before the standard rule, thereby increasing the sensitivity
simultaneously with the specificity. With this approach, a study of serial CA125 levels
collected from the London study showed the sensitivity for preclinical detection has
increased from 70 to 86% at the same time maintaining the required high level of speci-
ficity for a clinically acceptable method. However, only a prospective implementation
of the ROCC strategy as a component of a multimodel screening trial will ultimately
confirm or deny the impact on ovarian cancer mortality.

3.6. Future Directions

The proposed tumor marker screening strategy may still miss cancers that do not
shed significant amount of OC125, the antibody to CA125. Information about the
behavior over time of a complementary marker, such as OVX1 or MCS-F, would pro-
vide the basis for developing a ROCC from serial multiple markers that would be more
broadly sensitive at the same time retaining all the specificity of the ROCC based on
serial CA125 values. Statistical methods that can accommodate two or more markers,
describing their joint behavior over time in both cases and noncases, and translating the
behavior into a risk for a new woman with new CA125 levels and other marker levels,
need to be developed. Then the next step is to implement and obtain support for a large
clinical randomized trial. No treatment strategy has had a significant impact on the
long-term mortality rate of ovarian cancer cases in the past three decades (35), and
given the high specificity and sensitivity achievable with serial CA125 testing, it is
time to focus more attention and resources on early detection.
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Primary Surgical Management of Ovarian Cancer

Dennis S. Chi and William J. Hoskins

1. Introduction

In the United States, ovarian cancer is the fifth most common cause of female cancer
death behind lung, breast, colorectal, and pancreatic cancers. It is estimated that 14,500
women in the United States will die of ovarian cancer in 1999 (1). Epithelial ovarian
carcinoma accounts for 90% of all ovarian cancers and an even greater percentage of
ovarian cancer mortality (2). In this chapter, we will review the role of primary surgery
in the management of epithelial ovarian carcinoma. A brief discussion of interval
cytoreduction is also included.

Although the management of ovarian cancer generally requires a multimodal
approach, surgery is the cornerstone, playing an essential role in both diagnosis and
treatment. In cases of apparent early-stage disease, proper surgical management
involves comprehensive surgical staging. Advanced-stage disease frequently requires
aggressive surgical debulking.

In 1993, Averette et al. (3) reported the results of a national survey of care patterns
for patients with ovarian carcinoma performed by the American College of Surgeons
(ACOS). They collected data on over 12,000 patients, and found that in only 21% of
cases was the primary surgeon a gynecologic oncologist. In 45% of cases, the primary
surgeon was a general obstetrician-gynecologist; in 21%, it was a general surgeon; and
in 13% of cases, the primary surgeon was listed as “other,” which included urologists,
family practitioners, and resident trainees. Other studies have elucidated the ACOS
data, which showed that when a gynecologic oncologist is not present at the initial
operation, surgical staging is more often inadequate, tumor cytoreduction is more fre-
quently suboptimal, and long-term survival is significantly shorter (4,5). These poorer
results are less a reflection of surgical ability than a representation of the primary
surgeon’s knowledge about the disease process. In order to provide optimal surgical
management, the surgeon must understand the natural history and patterns of spread of
ovarian carcinoma.

2. Natural History and Patterns of Spread

It is believed that epithelial ovarian carcinomas arise from invaginated surface epi-
thelium within the ovarian stroma (2). By an unidentified mechanism, the invaginated
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epithelium undergoes malignant transformation and forms an epithelial tumor. As the
malignant tumor grows, it can spread by one or more of three primary methods:

1. direct extension to adjacent organs;

2. exfoliation of tumor cells from the ovary, followed by their intraperitoneal dissemination;
and /or

3. lymphatic embolization to regional and distant lymph nodes.

Blood-borne metastases are rare.

Direct extension occurs after the tumor enlarges to the point that it penetrates the
ovarian capsule and invades adjacent pelvic organs by direct contact. The most fre-
quently involved structures are the fallopian tubes, uterus, and contralateral adnexa (6).
The peritoneal lining of the bladder, rectum, and cul-de-sac are also frequently involved
pelvic structures.

The most significant method of tumor spread occurs via exfoliation of clonogenic
malignant cells from the ovary, followed by their dissemination throughout the perito-
neal cavity. Although this dissemination is frequently assumed to occur after the ova-
rian capsule has been penetrated by tumor, the existence of malignant cells within the
peritoneal cavity in the presence of an intact ovarian capsule has been documented (7).
Once the malignant cells enter the peritoneal cavity, they follow the normal clockwise
flow of peritoneal fluid that results from the peristaltic movements of the intestines and
the respiratory motions of the diaphragm (8). These cells may implant on any of the
peritoneal surfaces and grow to form metastatic tumor nodules. The omentum is a fre-
quent site of metastasis, with omental metastases seen in up to 11% of patients thought
at exploration to have localized disease and found in nearly all patients who die of
ovarian cancer (9,10). Malignant cells that reach the diaphragm may lead to diaphrag-
matic metastases, and can be transported by lymphatic channels within the diaphragm
to the pleural space (11).

The third method of ovarian cancer spread is via the lymphatics that drain the ova-
ries. Tumor cells metastasize to lymph nodes by three main routes:

1. they can travel in the lymphatics that accompany the ovarian vessels to the para-aortic
lymph nodes;

2. they can follow the drainage in the broad ligament to the external and internal iliac lymph
nodes; or

3. they can travel in the lymphatics in the round ligament to the inguinal lymph nodes.

The incidence of lymph node involvement appears to range from 5 to 20% in appar-
ently local disease, and up to 70% in more advanced stages (8).

3. Surgical Staging of Early Ovarian Carcinoma

Based on its known patterns of spread, the surgical staging of apparently early-stage
ovarian carcinoma requires a meticulous search of the peritoneal cavity for metastatic
disease. Accurate surgical staging of early-stage ovarian carcinoma is imperative to the
decision-making process regarding adjuvant therapy. Table 1 summarizes the Interna-
tional Federation of Gynecology and Obstetrics (FIGO) staging system for ovarian
cancer (12). The distribution by FIGO stage of over 10,000 ovarian cancer patients is
given in Table 2 (13).
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Table 1
International Federation of Gynecology
and Obstetrics (FIGO) Staging System for Ovarian Cancer

Stage

Characteristics

I
A
B
C

II

O w >

I

v

Growth limited to the ovaries.

Growth limited to one ovary; no ascites; no tumor on the external surface; capsule intact.

Growth limited to both ovaries; no ascites; no tumor on the external surfaces; capsule intact.

Tumor either Stage IA or IB, but with tumor on the surface of one or both ovaries; or
with capsule ruptured; or with malignant cells in ascites or peritoneal washings.

Growth involving one or both ovaries with pelvic extension.

Extension and/or metastases to the uterus and/or tubes.

Extension to other pelvic tissues.

Tumor either Stage IIA or IIB, but with tumor on the surface of one or both ovaries; or
capsule ruptured; or with malignant cells in ascites or peritoneal washings.

Tumor involving one or both ovaries with peritoneal implants outside the pelvis and/or
positive retroperitoneal or inguinal lymph nodes. Superficial liver metastasis equals
Stage III. Tumor is limited to the true pelvis but with histologically verified malignant
extension small bowel or omentum.

Tumor grossly limited to the true pelvis but with histologically confirmed microscopic
of abdominal peritoneal surfaces.

Tumor involving one or both ovaries with histologically confirmed implants of abdomi-
nal peritoneal surfaces, none exceeding 2 cm in diameter. Nodes are negative.

Abdominal implants greater than 2 cm in diameter and/or positive retroperitoneal or
inguinal nodes.

Growth involving one or both ovaries with distant metastases. If pleural effusion is
present there must be positive cytology to allot a case to Stage IV. Parenchymal liver
metastases equals Stage IV.

Table 2
Distribution by FIGO Stage of Ovarian
Carcinoma Patients (73)

Stage Number of patients Percent
I 2549 233
11 1409 13.0
I 5170 47.4
10Y 1784 16.3
Total 10,912 100

Prior to 1980, the five-year survival for patients with apparently localized ovarian
carcinoma was approximately 60%. However, it is now believed that a substantial num-
ber of these early-stage patients were “understaged” and actually harbored occult meta-
static sites of disease before initiation of postoperative therapy. In 1983, Young et al.
(9) reported the results of a prospective study performed by the multi-institutional Ova-
rian Cancer Study Group. This report included 100 patients with a diagnosis of “early”
ovarian cancer who underwent surgical restaging. After restaging, 31 of the 100
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Table 3
Recommended Primary Surgical Staging Procedure
for Patients with Apparently Early Ovarian Carcinoma

Vertical incision
Multiple peritoneal washings
Total abdominal hysterectomy and bilateral salpingo-oophorectomy
(Unilateral salpingo-oophorectomy may be appropriate for selected patients with Stage IA
disease who desire to defer definitive surgery until completion of childbearing)
Infracolic omentectomy
Pelvic and para-aortic lymph node sampling
Peritoneal biopsies from: the cul-de-sac
rectal and bladder serosa
right and left pelvic sidewalls
right and left paracolic gutters
right and left diaphragm
any adhesions

patients (31%) were found to have a more advanced stage of disease. Sites of occult
disease included omentum, diaphragm, various peritoneal surfaces, and para-aortic and
pelvic lymph nodes.

Table 3 outlines the recommended surgical staging procedure for ovarian carci-
noma that appears confined to the pelvis. An adequate vertical incision should be used
and the procedures and biopsies performed as listed. Microscopic tumor implants
tend to cause the formation of adhesions; therefore, biopsy of all intraperitoneal
adhesions is recommended. Although complete laparoscopic surgical staging for
ovarian cancer has been reported, its efficacy remains unproven and its role strictly
investigational (14).

A recent study by the Gynecologic Oncology Group (GOG) (15) demonstrated that
patients with localized ovarian cancer who undergo comprehensive surgical staging as
described above have a five-year survival rate of over 80%. For patients with well- and
moderately differentiated Stage IA and IB tumors, the five-year survival is over 90%.
Five-year survival rates by FIGO stage are given in Table 4 (2,16).

4. Surgical Cytoreduction of Advanced Ovarian Carcinoma

Despite decades of effort aimed at improving the early detection and diagnosis of
epithelial ovarian carcinoma, the majority of patients present with advanced FIGO
Stage III or IV disease (Table 2). Frequently, these patients have an abdomen dis-
tended with ascites along with large tumor masses in the abdomen and pelvis. At
exploration, complete resection of all grossly visible tumor is usually impossible, and
such patients cannot be cured by surgery alone. In these cases, the surgeon must decide
what level of surgical aggressiveness is appropriate.

Primary surgical cytoreduction refers to the removal of as much tumor as possible at
the initial operative procedure. For most human solid tumors, aggressive surgical
resection is justified only if all known tumor can be removed, rendering the operation
potentially curative. However, for epithelial ovarian carcinoma, both theoretical and
clinical benefits have been demonstrated for primary cytoreductive, or debulking, sur-
gery even when all known tumor cannot be resected.
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Table 4
Five-Year Survival by Stage
for Epithelial Ovarian Carcinoma

Stage Five-year survival
I 80-90%
II 80%
I 15-40%
10Y 5-20%

4.1. Theoretical Benefits of Primary Surgical Cytoreduction

Griffiths (17) summarized the theoretical benefits of primary surgical cytoreduction.
These benefits are based on tumor growth kinetics and the mechanisms of tumor cell
destruction by cytotoxic chemotherapy. Initial tumor models suggested that cancers
have exponential growth curves. However, subsequent studies have shown that the
actual growth of human solid tumors is marked by an increase in cancer cell doubling
time as the tumor becomes larger. This increase in doubling time causes a flattening of
the growth curve, which has been described as the Gompertzian model of tumor growth
and regression (18). The growth rate is thought to decrease as the tumor enlarges
because of a relative lack of blood supply and nutrients. Additionally, larger tumors are
postulated to contain a higher proportion of cells in the resting, or nonproliferating,
phase of the cell cycle.

The most important theoretical effect of primary cytoreductive surgery is its impact
on the chemosensitivity of the residual tumor nodules. The resection of large bulky
masses removes the portion of tumors with poor blood supply that would otherwise
receive inadequate doses of chemotherapy. Furthermore, the Gompertzian model sug-
gests that cytoreduction causes a high percentage of resting tumor cells to migrate into
the pool of actively dividing cells, with a consequent increase in chemotherapy sensi-
tivity. Small tumor implants between 0.1 and 0.5 cm have virtually 100% of their cells
in the dividing pool (17).

According to the mathematical model of Goldie and Coldman (19), the development
of chemotherapy resistance is a function of the spontaneous mutation rate of tumor
cells toward drug-resistant phenotypes. As tumor size and cell number increase, the
probability of mutations and drug-resistant clones also increases. Therefore, another
theoretical benefit to primary cytoreductive surgery is that it may remove existing
resistant tumor clones while decreasing the spontaneous development of new resistant
phenotypes (8).

Some have suggested that the main benefit of surgical cytoreduction is that the
removal of large tumor masses leaves fewer cancer cells to be eradicated by postopera-
tive chemotherapy. Surgical cytoreduction of 1 kg of tumor to 1 g represents a decrease
in the total number of cancer cells from 10'? to 10°. This amount of cytoreduction is
rarely attained. However, even if this amount of debulking was achieved, considering
tumor growth that occurs between chemotherapy cycles, an additional seven 3-log
cell kills would be required to eradicate the last cancer cell (17). The benefit of
cytoreduction derived from this mechanism is probably of significance only in patients
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who undergo resection of all grossly visible disease, leaving only microscopic residual
cancer (20).

4.2. Clinical Benefits of Primary Surgical Cytoreduction

Surgical removal of bulky disease in a patient with advanced ovarian cancer is
believed to not only improve the patient’s level of comfort, but also to reduce the
adverse metabolic effects of the tumor while helping the patient maintain her nutri-
tional status (21). Overall, debulking surgery appears to measurably improve the qual-
ity of life in these patients (22).

However, all of the literature that supports the clinical benefits of primary
cytoreductive surgery is based on indirect analyses. To date, no prospective trial has
ever randomized patients to aggressive surgical cytoreduction versus less aggressive
surgery. The GOG attempted such a trial but was unable to accrue enough patients,
reflecting the very strong indirect evidence for the benefits of cytoreductive surgery (23).

In 1968, Munnell (24) introduced the concept of the “maximum surgical effort” for
patients with ovarian cancer. He reported improved survival in patients who underwent
“definitive surgery” compared to those who had “partial removal” or “only biopsy.”
Similar results were reported by Declos and Quinlan (25) who noted a 25% four-year
survival rate for patients with Stage III ovarian cancer who had surgical cytoreduction
to “nonpalpable” tumor, compared to 9% for those left with “palpable” residual tumor.

It was not until 1975 that residual tumor after primary cytoreduction was accurately
quantified and correlated with survival. Griffiths (26) reported on 102 patients who
received single-agent melphalan following primary surgical cytoreduction. The patients
were divided into four groups based on the diameter of the largest residual tumor nod-
ule after surgery. Patients with no residual tumor had a median survival of 39 mo, with
median survival progressively decreasing (as residual tumor size increased) down to
11 mo for the group of patients who had residual tumor nodules of >1.5 cm.

Since Griffiths’s seminal report, numerous studies have evaluated the effect of
residual disease after primary surgical cytoreduction on response rate to chemotherapy
(Table 5) and survival (Table 6). All of these reports use the diameter of the largest
remaining tumor nodule as the measurement of residual disease. Most of them divide
the patients into “optimal” and ‘“suboptimal” groups, using 2 cm as a cutoff point.
Some use other cutoff points, such as 1.0, 1.5, or 3 cm. Overall, a clear clinical benefit
can be seen for cytoreductive surgery, with patients in the “optimal” category having a
higher complete response rate to chemotherapy (43 vs 24%) and an improved median
survival (37 vs 17 mo).

More recently, Hoskins et al. (38) reported the results of two studies performed by
the GOG that further clarified the role of primary cytoreductive surgery in patients
with advanced ovarian cancer. In the first study, they compared the survival of patients
with Stage III disease who were found at surgery to have abdominal disease of <1 cm,
to the survival of those who were found to have abdominal disease of >1 cm, but were
then surgically cytoreduced to <1 cm. If surgery was the only important factor, then the
survival should have been the same in the two groups. However, patients found to have
small-volume disease survived longer than patients who were cytoreduced to small-
volume disease. Further analysis showed that the age of the patient, the grade of the
tumor, and the number of residual tumor nodules were independent prognostic factors.
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Table 5
The Effect of Residual Disease After Primary Cytoreductive Surgery
on Response Rate in Advanced Ovarian Cancer

Response (%)

Author (ref.) Year Rx No. Residual (cm) Complete Total
Youngetal. (27) 1978 HexaCAF vs. | -PAM 19 <2 84
58 >2 53
Ehrlich et al. (28) 1979 PAC 14 <3 46 78
25 >3 32 54
Wharton and 1981 -PAM 45 <2 12 29
Herson et al. (29)
59 >2 8 24
Conte et al. (30) 1986 CAP vs. CP 37 <2 70 76
38 >2 32 82
Total/Mean 115 Optimal 42.7 66.8

180  Suboptimal 24.0 533

HexaCAF, hexamethylmelamine, cyclophosphamide, amethopterin, 5-fluorouracil; PAC, cisplatin,
adriamycin, cyclophosphamide; | -PAM, melphalan; CAP vs. CP, cisplatin, adriamycin, cyclophospha-
mide versus cisplatin, cyclophosphamide. Used with permission from ref. 20.

Although this study in no way showed a lack of effectiveness of primary cytoreductive
surgery, it did show that other factors, including the biology of the tumor, were also
important.

The second study demonstrated that surgical cytoreduction to <2 cm residual dis-
ease resulted in a significant survival benefit, but all residual diameters >2 cm had
equivalent survival (39). Therefore, unless the tumor could be cytoreduced to a maxi-
mum residual tumor diameter of <2 cm, aggressive surgical cytoreduction did not affect
survival.

Figure 1 is a composite graph of the survival curves for the two GOG studies. It
appears that three distinct groups emerge:

1. those with no grossly visible residual disease;
2. those with optimal residual disease (<2 cm);
3. those with suboptimal disease (>2 cm in diameter).

Four-year survivals are approximately 60, 35, and less than 20%, respectively (40).

The results of the two GOG studies, as well as the other reports in the literature,
were presented in 1994 at the National Institutes of Health Consensus Development
Conference on Ovarian Cancer. The consensus statement on the issue of the appropri-
ate management of advanced epithelial ovarian cancer was that “aggressive efforts at
maximal cytoreduction are important because minimal residual tumor is associated
with improved survival” (41).

4.3. Surgical Cytoreduction of Stage IV Disease

Although the role of aggressive surgical cytoreduction in patients with Stage III
ovarian carcinoma is well defined, its benefit in Stage I'V disease is less clear. Most of
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Table 6
The Effect of Residual Disease at the Conclusion
of Primary Cytoreductive Surgery on Survival

Author (ref.) Year Rx Residual (cm) No. Survival (mo)

Griffiths (26) 1975 L-PAM 0 29 39
0-0.5 28 29
0.6-1.5 16 18
>1.5 29 11
Hacker et al. (31) 1983 varied <0.5 7 40
0.6-1.5 24 18
>1.5 16 6

Vogel et al. (32) 1983 CHAP <2 32 >40
>2 58 16
Pohl et al. (33) 1984 varied <2 37 45
>2 57 16
Delgado et al. (34) 1984 varied <2 21 45
>2 54 16
Redman et al. (35) 1986 CAP <3 34 38
>3 51 26

Conte et al. (30) 1986 CAP vs. CP <2 37 >40
>2 38 16
Neijt et al. (36) 1987 CHAP vs. CP <1 88 40
>1 219 21
Piver et al. (37) 1988 PAC <2 35 48
>2 5 21

Total/Mean Optimal 388 36.7

Suboptimal 537 16.6

L-PAM, melphalan; CHAP, cyclophosphamide, hexamethylmelamine, adriamycin, cisplatin; CAP,
cisplatin, adriamycin, cyclophosphamide; CP, cisplatin, cyclophosphamide; PAC, cisplatin, adriamycin,
cyclophosphamide. Used with permission from ref. 20.

the studies supporting cytoreductive surgery have evaluated Stage I1I patients alone, or
have analyzed Stage I1I and Stage IV patients collectively. Because patients with Stage
IV ovarian carcinoma have, by definition, extraperitoneal and/or intrahepatic
metastases, some have questioned the benefit of intraperitoneal surgical cytoreduction
in these cases (42). In a series of 35 women with Stage IV ovarian cancer, Goodman et
al. (43) found no significant survival benefit attributable to optimal versus suboptimal
surgical cytoreduction.

However, in a more recent review of Stage IV ovarian carcinoma patients, Curtin et al.
(16) demonstrated a median survival of 40 mo for 41 patients who underwent optimal
surgical cytoreduction compared to 18 mo for 51 patients who had suboptimal
debulking. Other reports have confirmed the significant survival benefit associated with
optimal surgical cytoreduction in patients with Stage IV ovarian cancer (Table 7).
Overall, these recent series support the NIH Consensus Statement regarding the impor-
tance of aggressive surgical cytoreduction for advanced ovarian carcinoma, even in
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Fig. 1. Survival by residual disease, Gynecologic Oncology Group protocols (PR) 52
and 97. Used with permission from ref. 39.

Table 7
The Effect of Residual Disease at the Conclusion
of Primary Cytoreductive Surgery on Survival in Stage IV Ovarian Cancer

Residual Number Survival

Author (ref.) Year Rx (cm) Median (mo)
Goodman et al. (43)* 1992 platinum-based** <2 23 28
>2 12 22

Curtin et al. (16) 1997 platinum-based <2 41 40
>2 51 18

Liu et al. (44) 1997 platinum-based*** <2 14 37
>2 33 17

Munkarah et al. (45) 1997 platinum-based <2 31 25
>2 61 15

Total/Mean Optimal 109 33
Suboptimal 157 17

*1includes 11 patients who also underwent interval cytoreduction.
** four patients did not receive platinum-based chemotherapy.
**% three patients did not receive platinum-based chemotherapy

cases where the preoperative findings are compatible with Stage IV disease. Table 8
lists aggressive surgical procedures that would be considered in patients with advanced
ovarian carcinoma should such procedures help achieve optimal cytoreduction (46).
However, if optimal cytoreduction is not attainable, then these aggressive procedures
would not improve survival and therefore should not be attempted.
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Table 8
Aggressive Surgical Procedures That Would
be Considered to Obtain Optimal Tumor Cytoreduction

Multiple or extensive bowel resection
Rectosigmoid resection

Resection of ureteral/bladder segment
Extensive pelvic/aortic node dissection
Diaphragm stripping

Resection of liver, spleen, kidney, diaphragm

Used with permission from ref. 46.

4.4. Interval Cytoreduction

The actual percentage of patients with advanced ovarian cancer who can be success-
fully cytoreduced to optimal residual disease status ranges in the literature from 17 to
87%, with a mean of approximately 35% (2). Because these patients with suboptimal
residual disease carry such a poor prognosis, their further management is especially
challenging. Some investigators have evaluated the benefit of a brief course of chemo-
therapy, followed by a second attempt at “interval” cytoreduction before completing a
prescribed chemotherapy regimen (47,48). The European Organization for Research
on Treatment of Cancer (EORTC) (49) recently reported a large, prospective random-
ized trial that evaluated interval cytoreduction in patients with suboptimally
cytoreduced, advanced ovarian cancer. After three cycles of cyclophosphamide and
cisplatin, patients without disease progression were randomly assigned to undergo
either interval debulking surgery or no surgery, followed by three more cycles of the
same chemotherapy. Patients who underwent interval cytoreduction demonstrated a
significant improvement in both progression-free survival (18 vs 13 mo) and overall
survival (26 vs 20 mo) (Figs. 2 and 3).

Based on the results of the EORTC trial and those that have shown the superiority of
cisplatin and paclitaxel as first-line chemotherapy in patients with suboptimally
cytoreduced, advanced ovarian carcinoma (50), the GOG is currently performing
another prospective, randomized trial to evaluate the benefit of interval cytoreduction.
The schema of GOG protocol #152 is similar to that of the EORTC trial, except that
patients will receive paclitaxel and cisplatin instead of cyclophosphamide and cisplatin.

Because the benefits of aggressive primary surgical cytoreduction for advanced ova-
rian cancer are well accepted, the role of interval cytoreduction is yet to be established.
Until the results of confirmatory studies such as GOG protocol #152 become available,
interval cytoreduction should be attempted only in a clinical trial setting.

5. Conclusion

The treatment of ovarian carcinoma requires a multidisciplinary approach. Proper
primary surgical management should include involvement of a gynecologic oncologist
who understands the natural history and patterns of spread of the disease. Apparent
early-stage disease requires comprehensive surgical staging, while aggressive surgical
cytoreduction is frequently indicated for bulky, advanced-stage disease. Although pre-
liminary results are promising, the role of interval cytoreduction in patients who are
suboptimally cytoreduced at primary surgery is yet to be established.
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Recent Insights into Drug Resistance in Ovarian Cancer

Thomas C. Hamilton and Steven W. Johnson

1. Introduction

Ovarian cancer, as used in this review on drug resistance, applies to the study of the
problem in those malignant tumors which arise from the modified peritoneal mesothe-
lial cells, which cover the ovarian surface. These tumors are, by far, the most common
malignancies of the ovary and display a remarkable range of histological features,
which generally recapitulate those of the endocervix, endometrium, or Fallopian tube
to which the ovarian surface epithelium is embryologically related. Of direct relevance
to the issue of chemotherapeutic responsiveness is the fact that, stage for stage, some of
these tumor subtypes carry a worse prognosis. The need for chemotherapy in ovarian
cancer arises because this disease produces vague symptoms that occur only after it has
spread from the confines of the ovary to the surfaces of the peritoneal cavity. At this
stage, surgery rarely can eliminate all apparent disease, and even in those cases, expe-
rience shows that the disease will recur with high probability. This makes it obvious
that residual microscopic disease remained after surgery. Hence, the majority of ova-
rian cancer patients require chemotherapy and its effective use has proved a tremen-
dous challenge as evidenced by the approximately 14,000 deaths from this disease
in the United States in 1997.

The standard of care for advanced-stage ovarian cancer in the United States and
most, if not all, of the world is a platinum drug and paclitaxel (). An example of the
impact of paclitaxel on ovarian cancer treatment is the 18-mo progression-free interval
and 37.5-mo median survival seen with a cisplatin and paclitaxel combination com-
pared to a 12.9-mo progression-free interval and 24.4-mo median survival seen with
cisplatin and cyclophosphamide in stage III and IV patients that had >1-cm residual
disease after surgery. Issues that remain to be resolved with this drug combination
relate to scheduling, route of administration, dose intensity, and which platinum analog
(cisplatin or carboplatin) should be incorporated into the regimen. With regard to this
latter point, most clinical trials have shown carboplatin to be equivalent to cisplatin in
ovarian cancer. Therefore, carboplatin is generally the preferred platinum analog both
because of its better spectrum of toxicity and the ability to deliver the paclitaxel as a
3-h infusion, rather than 24 h, as is required when used with cisplatin to avoid exces-
sive neurotoxicity. It is important to note that additional clinical trials since the arrival
of paclitaxel in the clinical arena have confirmed that platinum is the cornerstone for
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chemotherapy of ovarian cancer, i.e., paclitaxel alone is inferior to platinum alone or a
combination of platinum and paclitaxel. Of more direct relevance to this review is the
fact that although the addition of paclitaxel to the armamentarium for ovarian cancer
treatment has improved the survival of ovarian cancer patients, the majority still die of
their disease. This results because when disease recurs it has become resistant to fur-
ther therapy. It is reasoned that if the basis for this resistance to chemotherapy could be
understood, then ways to prevent or reverse this problem could be developed and further
improve the prognosis for advanced-stage ovarian cancer patients.

2. Basis for Cytotoxicity

There is little controversy that the mechanism by which platinum kills cells is by
binding to DNA and paclitaxel by stabilizing microtubules. There is somewhat less
certainty as to exactly why cell death occurs. It is clear that platinum DNA binding
results in inhibition of DNA replication and transcription, but whether these effects at
clinically achievable platinum doses are sufficient to cause cell death through DNA
damage and depletion of homeostatic enzymes is uncertain. In the case of taxanes, the
stabilization of tubulin results in aberrant mitosis, which is also destructive to DNA. It
is currently popular to consider that cell death results because there is sufficient DNA
damage to activate programmed cell death pathways, but that this degree of damage is
not necessarily sufficient to mandate cell death in the absence of the function of these
pathways. Although data with cisplatin are emerging to support this concept (2), some
caution is warranted considering that the level of cytotoxicity produced by adriamycin
and irradiation does not correlate with death by apoptosis (3). There is additional
uncertainty as to which of the various DNA adducts produced by the aquated forms of
cisplatin and carboplatin are critical to cytotoxicity, but it is probably inadvisable to
exclude DNA interstrand crosslinks as a major factor. Even though these adducts are
not of high abundance, it seems intuitive that such lesions would markedly perturb
DNA replication. Also of interest is the fact that when cells (as opposed to naked DNA)
are treated with cisplatin or carboplatin, the spectrum of DNA adducts produced is
different even though the active form of both drugs is identical (4).

3. Mechanisms of Drug Resistance

Since its initial descriptions in cell lines exposed to chemotherapeutic agents over
two decades ago, considerable effort has been expended to characterize the genetic and
biochemical basis for multidrug resistance (MDR). MDR can occur through various
cellular changes and studies in cells that have developed MDR by exposure to cisplatin
often contain more than one change to account for their resistance to diverse drugs.
These multiple mechanisms include those which prevent cytotoxic drugs from reach-
ing their targets and mechanisms which control cellular responses downstream of the
drug/target interaction. The first group of resistance mechanisms includes decreased
drug accumulation, increased drug inactivation, mutation or altered expression of drug
targets, and increased intracellular sequestration by vault proteins. These mechanisms
are often drug-specific, that is, a change in the quantity or activity of a particular pro-
tein may circumvent the cytotoxic effect of a specific class of drugs (e.g., mutations in
B-tubulin for taxanes, increased P-glycoprotein for natural product drugs, or increased
glutathione levels for alkylating agents). The second group, which may be character-
ized as mechanisms that allow a cell to tolerate increased levels of drug-induced dam-
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age, consists of enhanced DNA repair, alterations in the types of DNA lesions formed
by some drugs, and alterations in the cell cycle and cell death pathways. Some of these
mechanisms may confer a more general MDR phenotype which may be more typical of
drug refractory recurrent ovarian cancer.

3.1. Altered Drug Transport

Increased expression of the human MDR1 gene product, P-glycoprotein, is the most
well-studied MDR mechanism. This 170 kDa plasma membrane glycoprotein is an
ATP-dependent drug efflux pump that confers resistance to a wide variety of natural
product drugs such as anthracyclines, vinca alkaloids, epipidophylotoxins, and taxanes,
but not alkylating agents or platinum drugs. P-glycoprotein is a member of a superfam-
ily of ATP-binding cassette (ABC) transporters which are expressed in diverse prokary-
otic and eukaryotic organisms. Expression of the MDRI gene messenger RNA or
protein product (P-glycoprotein) has been observed in a variety of untreated tumors
and tumors from patients treated with chemotherapy. Overexpression of MDRI mRNA
and/or P-glycoprotein has also been found to be an indicator of poor prognosis in
patients treated with chemotherapy. In ovarian cancer, the role of MDRI gene expres-
sion is presently unclear. In a study by Goldstein et al. (5), no MDRI mRNA was
observed in ovarian tumors from 16 untreated patients. A similar result was obtained
by Bourhis et al. (6) who observed no MDRI expression in 40 ovarian tumor biopsies
from patients who were either untreated or treated with non-MDR chemotherapeutic
regimens. In contrast, Holzmayer et al. (7) observed 30 of 46 MDRI mRNA positive
tumors in untreated ovarian cancer patients and 10 of 10 positive tumors in ovarian
cancer patients treated with natural product containing chemotherapy regimens. In
recent reports, Kavallaris et al. (8) observed 19 of 53 MDRI positive ovarian tumors by
RT-PCR and Izquierdo et al. (9) found 9 of 57 (16%) P-glycoprotein positive ovarian
tumors by immunostaining. However, no association was found between Pgp expres-
sion and either response to chemotherapy or survival. Considering the recent incorpo-
ration of paclitaxel into ovarian cancer chemotherapy regimens and that it is a potent
substrate for P-glycoprotein, future studies should revisit the significance of P-glyco-
protein to the failure of chemotherapy in ovarian cancer.

Reversal of P-glycoprotein-mediated MDR was first described by Tsuruo et al. (10).
He showed that verapamil and trifluoperazine increased the steady-state accumulation
of vincristine in a multidrug resistant murine leukemia cell line. Although toxicities
associated with verapamil precluded its thorough clinical testing as an MDR reversing
agent (11), the possibility of modulating clinical resistance fueled the search for other
MDR reversing agents. The spectrum of compounds that have subsequently been dis-
covered is broad and includes calcium channel blockers, calmodulin antagonists, pro-
tein kinase C inhibitors, cyclic peptides, and steroidal drugs. Most of these agents
modulate P-glycoprotein function through direct inhibition of P-glycoprotein-mediated drug
efflux. Photoaffinity analogs of several of these compounds have been used to demon-
strate their direct interaction with P-glycoprotein. The results of ongoing clinical trials
employing second- and third-generation P-glycoprotein inhibitors may determine
whether targeting this transporter is a practical approach to reversing clinical MDR,
and may have special relevance in ovarian cancer where taxanes have become an
important component to therapy.
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Following the discovery and characterization of the P-glycoprotein natural product
drug transporter, there were several reports describing cell lines which exhibited the
MDR phenotype in the absence of P-glycoprotein expression. Evidence for a second
transporter was provided by Marquardt et al. (12) who showed that an antibody raised
against a synthetic peptide of P-glycoprotein recognized a 190 kDa protein in P-glyco-
protein expressing and nonexpressing cell lines. Subsequently, an ATP-dependent
multidrug transport protein known as MRP was discovered by Cole et al. (13) in a non-
P-glycoprotein multidrug resistant small cell lung carcinoma cell line (H69AR) devel-
oped by step-wise doxorubicin selection. MRP shares little sequence homology with
P-glycoprotein except in the nucleotide binding domain, however, the two transporters
surprisingly exhibit a similar substrate specificity (13). Transfection of the full-length
MRP cDNA into drug-sensitive cells confers resistance to doxorubicin, daunorubicin,
vincristine, etoposide, rhodamine 123, arsenite, arsenate, and antimonial compounds.
Unlike P-glycoprotein-mediated resistance, MRP confers only low levels of resistance
to paclitaxel and colchicine and cannot be photolabeled by the classic P-glycoprotein
photoaffinity analogs. Concurrent with the discovery of MRP, several investigators
were characterizing an efflux system for glutathione S-conjugates known as the GS-X
pump (14). This transport activity was associated with the export of a variety of glu-
tathione S-conjugated anions, cations and lipophilic compounds. A number of studies
have suggested that the GS-X pump and MRP are the same transport protein. For
example, Leier et al. (15) and Muller et al. (16) demonstrated that plasma membrane
vesicles prepared from MRP transfected cells could transport the glutathione S-conjugates
LTC, and DNP-SG. Leier et al. also successfully photolabeled a 190 kDa glycoprotein
with [3H]-LTC4, which is consistent with the molecular weight of MRP. Furthermore,
depletion of cellular GSH levels using buthionine sulfoximine (BSO) sensitized MRP
transfectants to doxorubicin, daunorubicin, vincristine, and etoposide. A reduction in
doxorubicin efflux from the transfected cells was also observed relative to the control
transfectants. The mechanism by which MRP modulates chemotherapeutic drug resis-
tance is not completely understood and it remains unclear whether conjugation to glu-
tathione is a requirement of MRP substrates or whether glutathione acts as a cofactor
for drug transport.

MRP is expressed at low levels in a variety of human tissues. The highest levels of
expression occur in testes, skeletal muscle, heart, kidney, and lung. Two recent studies
have addressed the issue of MRP gene expression in tumor biopsies from untreated
ovarian cancer patients. Izquierdo et al. (9) reported 39 of 57 (68%) samples positive
for MRP by immunostaining and Kavallaris et al. (8) detected MRP mRNA in 23 of 53
(43%) ovarian tumor specimens. Although the frequency of MRP expression appears
higher than that of MDRI, the significance of these results awaits further study. Like
P-glycoprotein-mediated MDR, identifying specific MRP inhibitors is important not
only to study the biochemistry and pharmacology of this transporter, but also to have
compounds available for circumventing clinical MDR resulting from increased MRP
activity. Verapamil, which is an effective inhibitor of P-glycoprotein function, has little
effect on reversing MDR in cell lines transfected with the MRP cDNA. In non-P-glyco-
protein expressing MDR cell lines, verapamil and cyclosporin A have shown a low to
modest drug-potentiating effect. Other chemosensitizers [reviewed in (17)] have been
shown to exert varying effects, probably resulting from the drug-selected cell model
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systems used for study. These cell lines, which express high levels of MRP, may con-
tain other MDR pathways which may be abrogated by these compounds.

Unlike the natural product drugs, no active drug efflux pathway has been described
for unconjugated alkylating agents or platinum drugs. However, reduced cellular
amounts of these agents is a phenotype often observed in drug-resistant cells, particu-
larly those selected for resistance in vitro. Alkylating agents and platinum drugs may
enter cells by passive diffusion or carrier-mediated transport. Decreased expression of
certain amino acid transport systems has been shown to be associated with resistance to
melphalan and nitrogen mustard (18,19). In a panel of twelve cell lines derived from
tumors of ovarian cancer patients who were either untreated or treated with platinum-
based chemotherapy, cisplatin accumulation varied fivefold, but was not associated in
any direct way with cisplatin sensitivity (20). Evidence for cisplatin uptake by passive
diffusion has been provided by studies in which cisplatin uptake was shown to be
nonsaturable, even up to its solubility limit, and not inhibited by structural analogs.
Cisplatin accumulation has also been shown to be partially energy dependent, ouabain
inhibitable, sodium dependent, and affected by membrane potential and cAMP levels
which indicate that a carrier-mediated transport protein may have some role in accu-
mulation. Several approaches have been utilized in vitro to circumvent these passive
and facilitated transport processes in order to enhance cellular drug accumulation. For
example, amphotericin B, a membrane channel forming antibiotic, has been shown to
selectively enhance cisplatin uptake in human ovarian cancer cell lines (21). Two
calmodulin antagonists have also been shown to increase cisplatin uptake in cisplatin-
resistant ovarian cancer cell lines, restoring their intracellular platinum levels to that of
the drug-sensitive parental cell line from which they were derived.

3.2. Drug Inactivation

A wide variety of detoxication pathways exist that enable a cell to inactivate cyto-
toxic drugs. The mechanisms that have received the most attention in mediating drug resis-
tance in ovarian cancer include increased levels of glutathione, glutathione
S-transferases, and metallothioneins. Glutathione (GSH), the most abundant cellular
non-protein thiol, may be present at concentrations as high as 10 mM. The spontaneous
conjugation of glutathione with melphalan, chlorambucil, and cisplatin has been dem-
onstrated in vitro (22) and elevated levels of GSH have been found to be associated
with resistance to alkylating agents and platinum drugs (23). Based on these results,
several investigators have studied the effects of GSH depletion on drug sensitivity using
buthionine sulfoximine (BSO), an inhibitor of y-glutamylcysteine synthetase which
catalyzes the rate-limiting step in GSH synthesis. BSO has been shown to clearly modu-
late melphalan sensitivity in vitro and in vivo (24). The results demonstrating an effect
of GSH depletion on cisplatin sensitivity, however, have been less convincing.
Hamilton et al. (25) reported a 4.3-fold enhancement of cisplatin cytotoxicity in a
cisplatin-resistant ovarian cancer cell line following BSO treatment. In contrast,
Andrews et al. (26) reported an enhancement of iproplatin cytotoxicity, but not cisplatin
or carboplatin cytotoxicity in cells treated with BSO. A differential effect of BSO on
sensitization by platinum (II) and platinum (IV) compounds has also been shown. Other
studies, however, have shown minimal potentiation of cisplatin and other platinum
drug sensitivities in cell lines pretreated with BSO. Overall, the effect of BSO on drug
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sensitivity has been unpredictable with respect to the various cell lines and platinum
drugs examined.

The glutathione-S-transferases (GSTs), are a multigene family whose members cata-
lyze the conjugation of glutathione with electrophilic drugs. They have been impli-
cated in resistance to alkylating agents, anthracyclines, and platinum drugs. Direct
evidence favoring this concept comes from transfection studies, which have demon-
strated that overexpression of the GSTrn isoform confers resistance to etoposide,
ethacrynic acid, cisplatin, and adriamycin (27). Furthermore, transfection of an
antisense GSTrwt cDNA was shown to sensitize cells two- to threefold to adriamycin,
cisplatin, melphalan, and etoposide (28). In vitro studies have also shown that GSTs
can catalyze the conjugation of a variety of drugs with GSH. Conflicting data, how-
ever, have been reported regarding the relationship between drug resistance and
increased levels of activity of GSTs in ovarian cancer cell lines. In clinical material, the
role of GSTs in predicting patient response to chemotherapy has been examined using
a variety of techniques. The results of five recently published studies indicate that nei-
ther tumor GST activity nor expression level is predictive of response to chemotherapy
in ovarian cancer patients (29-33).

Owing to their high cysteine content, the metallothionein (MT) proteins have also
been suggested to inactivate electrophilic anticancer drugs. Compelling evidence for a
role of MTs in drug resistance has been provided by Kelley et al. (34) who demon-
strated that overexpression of MT-II, in mouse C127 cells resulted in resistance to
cisplatin, melphalan, and chlorambucil. In addition, embryonic fibroblasts isolated from
MT-null mice were shown to be hypersensitive to a variety of chemotherapeutic drugs
(35). The contribution of MTs to drug resistance, however, is presently unknown. In
in vitro models, increased MT levels have been found to be associated with anticancer
drug resistance in some cell lines (34,36), but not others (37,38). In an immunohis-
tochemical analysis of ovarian tumor specimens, Germain et al. (39) found no correla-
tion between MT expression and patient response to chemotherapy.

3.3. Altered Drug Target

Decreased expression or alteration of a gene or its product may enable a cell to
escape the cytotoxic effect of certain chemotherapeutic agents. This is of relevance to
ovarian cancer in the context of B-tubulin. Paclitaxel binds to and stabilizes polymer-
ized microtubules causing cell cycle arrest prior to mitosis (G,/M). This can either
prevent the cell from undergoing mitosis or may result in an aberrant mitosis that leads
to cell death. Therefore, alterations in B-tubulin can prevent paclitaxel binding and
enable a cell to circumvent the cytotoxic effects of this drug. Several reports have
described such alterations in B-tubulin in paclitaxel resistant cells. For example, differ-
ential expression of the various isotypes of B-tubulin have been observed and recently,
specific mutations in the M40 isotype of B-tubulin were found to be associated with
paclitaxel resistance in a human ovarian cancer cell line (40). There have been no
reports thus far, however, describing B-tubulin mutations in tumor specimens from
ovarian cancer patients.

3.4. Drug Sequestration

Trapping or sequestering drugs into cellular compartments is another MDR mecha-
nism that a cell can utilize to prevent active drugs from reaching their cytotoxic targets.
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LRP, a protein originally found to be overexpressed in a non-P-glycoprotein MDR
lung cancer cell line, was identified as the human major vault protein (41). Transfec-
tion of the LRP cDNA into the drug-sensitive A2780 human ovarian cancer cell line
failed to confer resistance to doxorubicin, vincristine, or etoposide. This result is not
surprising because in rat liver cells, vaults are known to be complex ribonucleoprotein
complexes containing at least four proteins and an RNA component. Overexpression
of multiple vault proteins may be required in order to observe an increased functional
effect. The cytoplasm contains the majority of the vault complexes, while a small frac-
tion is localized to the nuclear membrane and nuclear pore complexes (42).

A direct role for LRP in MDR is circumstantial and most of the evidence implicating
this protein are offered by LRP expression studies. Many cell lines selected for resis-
tance using a variety of drugs express LRP mRNA in the absence of MDRI gene
expression. MRP, but not MDRI, is often found to be expressed concomitantly with
LRP. In ovarian cancer, LRP was found to be present in 15 of 20 (75%) untreated
ovarian tumors (43) and in biopsies from patients treated with chemotherapy, 44 of 57
(77%) specimens immunostained positive using an LRP monoclonal antibody (9). In
this study, LRP-positive patients had poorer responses to chemotherapy and shorter
overall survival as compared to LRP-negative patients. An understanding of the pro-
teins that interact with LRP will aid in elucidating the function of this putative MDR
mechanism. Perhaps antisense or gene “knock-out” strategies will solidify a functional
role for this vault protein in MDR.

3.5. Increased DNA Repair

Once platinum drugs form cytotoxic DNA adducts, cells must either repair or toler-
ate the damage in order to survive. Removal of platinum-DNA lesions is believed to
occur primarily by the process of nucleotide excision repair (NER). NER involves the
activity of a large number of proteins that function to remove bulky and helix-distort-
ing DNA lesions. The study of cell lines defective in NER has been critical in under-
standing this complex system. Such cell lines include those derived from patients with
the repair-deficient syndrome xeroderma pigmentosum (XP) and a rodent model of the
syndrome. All of these mutant cells are sensitive to DNA damaging agents that form
bulky DNA adducts such as UV light and cisplatin. Many of the nucleotide excision
repair proteins have now been purified, characterized, and their corresponding genes
have been cloned. Furthermore, human nucleotide excision repair has been reconsti-
tuted in an in vitro system using highly purified protein components (44).

Mammalian NER removes DNA damage as part of an oligonucleotide 2432 resi-
dues long. DNA damage is thought to be recognized by the zinc-finger protein XPA in
association with the heterotrimeric replication protein RPA. The XPA-RPA complex is
then thought to recruit the basal transcription factor TFIIH, which contains eight sub-
units, to the site of damage. Two of TFIIH’s subunits, XPB and XPD, have helicase
activities, which are believed to function in opening up the DNA around the damage
thus enabling structure-specific nucleases to incise the DNA. The ERCC1-XPF
heterodimer is thought to cut the strand on the 5 side of the damage and the XPG
protein incises on the 3’ side. Principal sites of cleavage flanking a d(GpTpG)Pt
1,3-intrastrand crosslink in a closed-circular duplex DNA substrate were identified as
the ninth phosphodiester bond 3’ to the lesion and the 16th phosphodiester bond 5 to
the lesion (44). DNA polymerase 0 or € and two accessory proteins, replication factor
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C (RFC) and proliferating-cell nuclear antigen (PCNA), participate in the DNA syn-
thesis regard to fill the gap left by removal of the damaged DNA. The DNA is joined by
the action of DNA ligase. In addition to the proteins described above, the incision stage
of the reaction requires the protein XPC, which may form a heterodimer with the pro-
tein hHR23B and may participate in the recognition of damage, as well as stabilizing
an incision-reaction intermediate.

Among the types of DNA lesions formed by cisplatin, the interstrand crosslink poses
a distinct problem in that both DNA strands are damaged. Although this lesion repre-
sents only a small percentage of the platinum-DNA adducts formed, some research
supports the idea that they are the most cytotoxic. Repair of interstrand crosslinks in
eukaryotic cells is not well understood, but genetic studies in Escherichia coli suggest
that it may involve both NER and recombination processes (45). It should be men-
tioned that although other NER defective cell lines are sensitive to DNA crosslinking
agents, ERCC1 and XPF(ERCC4) mutants are hypersensitive to these compounds sug-
gesting that these proteins play a unique role in interstrand crosslink repair in addition
to their role in the normal NER process. Furthermore, these proteins have yeast
homologs [Rad10 (ERCCI) and Radl (XPF)] that are clearly involved in recombina-
tion. Recently, a hamster ERCC1-knockout cell line was found to be defective in the
processing of heteroduplex structures that form during recombination (46).

Another process that should also be mentioned when discussing platinum-DNA
adduct repair is transcription-coupled repair. NER can occur preferentially in actively
transcribed genes relative to the overall genome. This enhanced repair, termed tran-
scription-coupled repair, is limited to genes that are transcribed by RNA polymerase 11
and is now thought to involve CSA and CSB, proteins which are defective in
Cockayne’s syndrome patients (47). Although transcription-coupled repair, like over-
all genome repair, has been studied most extensively with UV-damaged DNA, there is
evidence that platinum-DNA lesions are repaired at higher rates in actively transcribed
genes relative to silent genes and noncoding DNA.

The capacity to rapidly and efficiently repair DNA damage clearly plays a role in
determining a tumor cell’s sensitivity to platinum drugs and other DNA damaging
agents. There is recent evidence that suggests that cell lines derived from tumors, which
are unusually sensitive to cisplatin, such as testicular nonseminomatous germ cell
tumors, are deficient in their ability to repair platinum-DNA adducts (48). Similarly,
the relative unresponsiveness of nonsmall cell lung cancer as compared to small cell
lung cancer has been associated with an elevated DNA repair capacity (49). Increased
repair of platinum-DNA lesions in cisplatin-resistant cell lines as compared to their
sensitive counterparts has been shown in several human cancer cell lines including
ovarian (50,51), breast (52), and glioma (53), as well as murine leukemia cell lines
(54). Evidence for increased repair of cisplatin interstrand crosslinks in specific gene
and nongene regions in cisplatin-resistant cell lines has also been demonstrated (50,51).
These studies have been done using a variety of in vivo methods including unsched-
uled DNA synthesis, host cell reactivation of cisplatin-damaged plasmid DNA, atomic
absorption spectrometry, quantitative PCR, and renaturing agarose gel electrophoresis.
The recent development of highly specific assays for nucleotide excision repair should
make it possible to both confirm the hypothesized increase in nucleotide excision repair
capacity in resistant cell lines and to isolate the molecular determinants of this resis-
tance mechanism (44).
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The molecular basis for the increased platinum-DNA adduct repair capacity of cisplatin
resistant cell lines is largely unknown. In contrast, the molecular cause of increased
DNA repair is known in some cell lines resistant to other DNA damaging agents such
as the chloroethylnitrosoureas (CENUs), where there exists a clear association between
increased expression of 0°-methylguanine-DNA methyltransferase and decreased drug
sensitivity (55). Unlike the direct repair mechanism involved in the correction of
adducts caused by the CENU’s, the repair of platinum-DNA adducts is complex and
involves several proteins. Expression levels of the ERCCI and XPA genes have been
shown to be higher in malignant tissue from ovarian cancer patients resistant to plati-
num-based therapy compared with those responsive to treatment (56). It is not clear,
however, whether XPA or ERCCI are involved in the rate-limiting step of the NER
process. While XPA expression was shown to correct the NER deficiency in a mutant
cell line, overexpression of the same construct had little effect on repair activity (57).
In addition, expression of ERCCI has been shown to correct NER deficiencies in
ERCCI mutant cell lines, whereas overexpression of the ERCC1 protein appears to
sensitize cells to cisplatin and inhibit the repair of interstrand crosslinks. Increased
levels of XPE, a putative DNA repair protein that recognizes many DNA lesions
including platinum-DNA adducts, has been observed in tumor cell lines resistant to
cisplatin. It should be noted, however, that XPE is not a necessary component for the in
vitro reconstitution of NER (44). Increased expression of DNA polymerases o and 3
have been observed in cisplatin resistant cell lines and increased expression of these
polymerases, as well as DNA ligase, has recently been described in human tumors
following cisplatin exposure in vivo (53). The possible significance of these findings is
unclear since the primary polymerases involved in NER are thought to be DNA poly-
merases O or €. Although it is probably not involved in NER, DNA polymerase § may
be involved in translesion DNA synthesis.

Another active area of research addressing the relationship between DNA repair and
platinum drug sensitivity involves the study of platinum-DNA damage-recognition pro-
teins. Binding of proteins to platinum-DNA lesions may serve to recruit the NER
machinery to the site of damage or, alternatively, may shield the adduct from recogni-
tion by the excision nuclease. In addition to the putative repair proteins XPA and XPE,
which were aforementioned, there are several proteins that are known to bind cisplatin-
damaged DNA. Included in this group are the nonhistone chromatin proteins HMG1
and HMG2, human upstream binding factor (WUBF), human structure specific recogni-
tion factor (SSRP1), and yeast intrastrand crosslink recognition protein (Ixrl). These
proteins are all HMG-domain proteins containing one or more HMG1 DNA binding
motifs. These structures bind selectively to DNA modified with cisplatin but not its inactive
isomer transplatin. Interestingly, two HMG-domain proteins have been shown to inhibit the
repair of cisplatin-DNA adducts in an in vitro system (58). Furthermore, a yeast strain
with inactivated Ixrl exhibited significantly less sensitivity to cisplatin than its paren-
tal, wild-type strain (59). Recently, the very abundant chromatin protein histone H1 was
shown to bind preferentially to cisplatin-modified DNA with an affinity much higher
than that of HMGI. In another recent paper, the TATA box binding protein (TBP) was
found to bind to cisplatin and UV-damaged DNA with high affinity (60). Despite the abun-
dance of candidates, a correlation between the expression of a platinum-DNA adduct
binding protein and cytotoxicity or platinum-DNA adduct repair has not been observed
in human tumor cell lines. Therefore, the significance of these findings remains unclear.
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There is an abundance of evidence to support a role for increased repair of platinum-
DNA adducts in resistance to platinum-based chemotherapy, but which protein alter-
ations are critical remains to be determined. Nonetheless, it should be possible to
enhance the efficacy of platinum drugs and classical alkylating agents by inhibiting the
repair process. Agents that have been employed in this pursuit to date include nucleo-
side analogs such as gemcitabine, fludarabine, and cytarabine, the ribonucleotide
reductase inhibitor, hydroxyurea, and the inhibitor of DNA polymerases o and 7y, and
aphidicolin. All of these agents interfere with the repair synthesis stage of various repair
processes including nucleotide excision repair. It should be noted that these compounds
are also likely to effect DNA replication and as such should not be strictly character-
ized as repair inhibitors. The potentiation of cisplatin cytotoxicity by treatment with
aphidicolin has been studied extensively in human ovarian cancer cell lines. Whereas
some studies have demonstrated a clear synergism with this drug combination (61),
others have not (62). In an in vivo mouse model of human ovarian cancer, the com-
bined treatment of cisplatin and aphidicolin glycinate, a water soluble form of
aphidicolin, was found to be significantly more effective than cisplatin alone (63). The
combination of cytarabine and hydroxyurea was found synergistic with cisplatin in a
human colon cancer cell line (64) and in rat mammary-carcinoma cell lines (65). More-
over, the modulatory effect of cytarabine and hydroxyurea on cisplatin was associated
with an increase in DNA interstrand crosslinks in both cellular systems. Similarly, the
drugs gemcitabine and fludarabine have both shown synergistic cytotoxicity with
cisplatin in in vitro systems. Both of these drugs have been shown to interfere with the
removal of cisplatin-DNA adducts. A clinical trial of cisplatin and gemcitabine in
relapsed breast and ovarian cancer patients is currently underway. The likelihood of a
significant improvement in the therapeutic index of cisplatin in refractory patients by
the coadministration of a repair inhibitor, however, is limited by the multifactorial
nature typical of resistant tumor cells.

3.6. Increased DNA Damage Tolerance

Platinum-DNA damage tolerance is a phenotype that has been observed in both
cisplatin-resistant cells derived from chemotherapy-refractory ovarian cancer patients
and cells selected for primary cisplatin resistance in vitro. The contribution of this
mechanism to resistance is significant and it has been shown to correlate strongly with
cisplatin resistance, as well as resistance to other drugs in two ovarian cancer model
systems. Like other cisplatin resistance mechanisms, this phenotype may result from
alterations in a variety of cellular pathways. One apparently involves the ability of
some cisplatin resistant cells to acquire a different spectrum of cisplatin-DNA lesions
than sensitive cells (50). An additional component of DNA damage tolerance which
has been observed in cisplatin-resistant cells involves dysfunction of the DNA mis-
match repair (MMR) system. The main function of the MMR system is to scan newly
synthesized DNA and remove mismatches that result from nucleotide incorporation
errors made by the DNA polymerases. In addition to causing genomic instability, it has
been reported that loss of MMR is associated with low-level cisplatin resistance, and
that the selection of cells in culture for resistance to this drug often yields cell lines that
have lost a functional MMR system (66). The human colon carcinoma cell line HCT116
is MMR-deficient because of a deletion in one allele of AMLHI and a mutation in the
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other copy of the gene. The HCT116+ch3 subline was rendered MMR-proficient by
transfer of a complete chromosome 3, which contains a functional copy of the AMLH I
gene. The HCT116+ch2 cell line was created by transferring chromosome 2 into the
parental HCT116 cell line; this cell line serves as a control for the microcell-mediated
chromosome transfer process since chromosome 2 does not contain the AMLH1 gene.
The HCT116+ch2 cells are 2.1-fold resistant to cisplatin and 1.3-fold resistant to
carboplatin relative to the HCT116+ch3 cells (67). Hence, the MMR-deficient subline
exhibits low-level cisplatin resistance relative to the MMR-proficient subline. A simi-
lar system has allowed the impact of hMSH?2 function on platinum drug sensitivity to
be determined. HEC59 is a human endometrial carcinoma cell line, which is MMR-
deficient because of mutations in both alleles of AMSH2. In HEC59+ch2 cells, the
MMR-deficiency has been corrected by transferring a full-length chromosome 2, which
contains the hAMSH2 gene. The MMR-deficient HEC59 cells are 1.8-fold resistant to
cisplatin and 1.5-fold resistant to carboplatin relative to the MMR-proficient subline
HECS59+ch2 cells. In contrast, neither of the pairs of MMR-proficient and -deficient
cells differed with respect to their sensitivity to the cisplatin analog oxaliplatin (67).
Although the level of resistance that accompanies loss of mismatch repair is relatively
small, loss of MMR has been shown to be sufficient to account for the failure of treat-
ment in model systems (68).

These data are consistent with the hypothesis that the MMR system serves as a
detector of cisplatin and carboplatin DNA adducts but not of oxaliplatin adducts. MSH2
alone, and in combination with hMSH6, has been shown to bind to cisplatin 1,2-d(GpG)
intrastrand adducts with high efficiency (69). Additionally, h(MSH2 and hMLH1-
containing protein-DNA complexes were observed using mobility shift assays when
nuclear extracts of the MMR-proficient cell lines were incubated with DNA
preincubated with cisplatin, but not with oxaliplatin, confirming a difference in the
capacity of MMR-deficient and -proficient cell lines to detect the lesions produced by
cisplatin vs oxaliplatin. These data suggest that MMR recognition of damage may trig-
ger a programmed cell death pathway rendering cells with intact MMR more sensitive
to DNA damage (67). In addition to the data suggesting that MMR may function as a
DNA damage sensor, MMR deficiency may also create an environment that promotes
the accumulation of mutations in drug sensitivity genes.

The putative basis for the cytotoxicity of N-methyl-N’-nitro-N-nitrosoguanidine
(MNNG) and 6-thioguanine involves repeated rounds of synthesis past DNA lesions
followed by recognition and subsequent removal of the newly synthesized strand by
the MMR system. This futile cycling is believed to generate DNA strand gaps and
breaks which can lead to cell death (70). If platinum lesions are also recognized by the
MMR system, this same futile cycling may occur within MMR-proficient cells. Loss of
MMR would then increase the cell’s ability to tolerate platinum-DNA lesions. Replica-
tive bypass, defined as the ability of the replication complex to synthesize DNA past an
adduct, has been demonstrated to occur for cisplatin damage (71). Furthermore, this
process of translesion DNA synthesis appears to be enhanced in human ovarian cancer
cell lines resistant to cisplatin (71). However, a correlation between increased replica-
tive bypass and MMR deficiency has not been demonstrated. Enhanced replicative
bypass can be viewed independently as a component of DNA damage tolerance and
may occur by a variety of mechanisms. DNA polymerase [, the most inaccurate of the
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DNA polymerases, may function in this process. Interestingly, the activity of this
enzyme was found to be significantly increased in cells derived from a human malig-
nant glioma resistant to cisplatin as compared to its drug sensitive counterpart (53).

The tolerance mechanisms described above are related primarily to cisplatin resis-
tance. Because the platinum-DNA damage-tolerance phenotype is often associated with
cross-resistance to other unrelated chemotherapeutic drugs, the existence of a more
general resistance mechanism must be considered (20). One possible explanation is
that the platinum-DNA damage tolerance phenotype is the result of decreased expres-
sion or inactivation of one or more components of the programmed cell death pathway.
The sequence of events that occur following platinum-DNA adduct formation that lead
to cell death are unknown. Cells exposed to cytotoxic levels of cisplatin display the
phenotypic and biochemical characteristics of apoptosis. These characteristics, which
include chromatin condensation, membrane blebbing, oligonucleosomal DNA frag-
mentation, and caspase-mediated poly (ADP-ribose) polymerase (PARP) cleavage,
have been documented in both cisplatin-sensitive and -resistant cell lines (72). The
presence of these apoptotic features following drug-induced cell death suggests that a
pathway is present in cells that is responsible for detecting DNA damage and transmit-
ting a signal to the apoptotic machinery. The process of signaling cell death may depend
on a variety of factors including 1) cell cycle phase; 2) the influence of mitogenic signaling
pathways; and 3) the relative expression of members of the bcl-2 gene family.

Following exposure to cisplatin, tumor cells arrest in the G, S, and G,/M phases of
the cell cycle (73,74). During this time, cells attempt to repair DNA damage and they
also sort through a cascade of signals that determine their fate. This dynamic process is
not currently understood, however, several studies have begun to elucidate the proteins
that participate in these events. For example, the arrest of cells at the G1 checkpoint
following DNA damage is associated with elevated levels and activity of p53 (75).
Several downstream events subsequently occur including increased expression of the
cdk inhibitor p2IWAFI/Cipl and the growth and DNA damage-inducible protein
GADDA45. Inhibition of the cell cycle by p2 IWAFI/CiPl may be important in allowing
cells time to repair DNA damage. This is supported by recent evidence showing that
p21-deficient cells are hypersensitive to DNA damaging agents (76). The function of
the GADD proteins is unknown, however, GADD45 may interact with PCNA to pre-
vent it from assisting DNA polymerases in replicating the damaged DNA template
(77). 1t should be noted that these genes may also be upregulated in the absence of
functional p53. This may be a factor in the variable results that have been reported
from studies attempting to associate platinum drug sensitivity with p53 status. For
example, some cell lines containing mutant p53 exhibit decreased sensitivity to cisplatin
and other chemotherapeutic drugs. Transfection studies, however, have yielded con-
flicting results. Fan et al. (78) showed that transfection of a dominant-negative p53
mutant gene sensitized MCF-7 breast cancer cells to cisplatin, whereas Eliopoulos and
colleagues (79) reported that overexpression of a temperature-sensitive p53 mutant
conferred protection from cisplatin-induced apoptosis. Another study showed that
adenovirus-mediated transfer of a wild-type p53 gene into a variety of cancer cell lines
resulted in increased cisplatin sensitivity, regardless of p53 status (80). Thus, the fail-
ure of the p53-dependent G, checkpoint in arresting the cell cycle following DNA
damage may not be paramount for determining cell survival.
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In the absence of functional p53, tumor cells will progress through the G,/S bound-
ary and subsequently arrest in S or G,/M following cisplatin exposure. This has been
shown to occur in CHO cells lacking functional p53 (81). Evidence for arrest in G,/M
has been provided by Demarq et al. (74) using DNA repair deficient CHO/UV41 cells
in which a prominent G, arrest was observed following cisplatin treatment. After a
protracted delay, these cells experienced an aberrant mitosis and eventually exhibited
apoptotic features. One area of investigation that has not been thoroughly examined is
whether the cell cycle profiles of platinum-drug sensitive and -resistant cells are simi-
lar following drug exposure. In one study, Vaisman et al. (73) showed that cisplatin
exposure resulted in similar cell cycle alterations in cisplatin-sensitive and -resistant
human ovarian cancer cells. This suggests that if platinum drug-sensitive and -resistant
cells exhibit similar cell cycle profiles following platinum-DNA damage, then the plati-
num-DNA damage-tolerance phenotype may reside in the response of sensitive and
resistant cells to other intra- and extracellular signals. A clue to the mechanism(s) by
which cells activate programmed cell death in the presence of DNA damage is offered
by studies involving cell-cycle checkpoint abrogators. It has been known for many
years that caffeine, pentoxyfilline, and staurosporine enhance cellular sensitivity to
DNA damaging agents. Some recent insight into the basis for this effect was provided
by Bunch et al. (81). In their study, the incubation of cells with 7-hydroxystaurosporine
(UCN-01) following cisplatin treatment resulted in rapid progression of the cells
through S phase and into G,/M at which time they subsequently died. This effect was
shown to be even more pronounced in cells lacking functional p53, perhaps resulting
from a larger fraction of the cells being available for S and G,/M arrest. Based on these
data, it is conceivable that drug-sensitive cells may self-abrogate their own checkpoints
in response to DNA damage, whereas resistant cells may not receive or may ignore
such signals. If these signals are common to most chemotherapeutic drugs, this could
explain the broad cross-resistance phenotype that is frequently observed. At this time,
itis not clear what signaling pathways influence the response of cells to platinum drugs,
however, it has been shown that activators or inhibitors of known signal transduction
pathways can influence platinum drug sensitivity. For example, treatment of various
cell lines with tamoxifen, EGF, IL-1a, TNF-a bombesin, and rapamycin enhance
cisplatin cytotoxicity. Also, the expression of certain proto-oncogenes including
Ha-Ras, v-abl, and Her2/neu has been shown in some instances to promote cell sur-
vival following cisplatin exposure.

The sensitivity of tumor cells to platinum drugs and other anticancer agents may
also occur if the commitment step of apoptosis is attenuated. An example of this is
provided by the bcl-2 gene family, which encodes a group of pro- and antiapoptotic
proteins that regulate mitochondrial function and intracellular calcium concentration.
These proteins function as a cell survival/cell death rheostat by forming homo- and
heterodimers with one another. The antiapoptotic bcl-2 and bcl-XL proteins are local-
ized in the outer mitochondrial membrane and may be involved in the formation or
regulation of transmembrane channels. Overexpression of bcl-2 or bcl-X; has been
shown to prevent disruption of the mitochondrial transmembrane potential and to pro-
long cell survival in some cells following exposure to cisplatin and other anticancer
drugs (82). The function of these proteins is negated, however, in the presence of high
levels of pro-apoptotic proteins such as BAX, another bcl-2 family member. BAX,
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which forms homodimers when the ratio of pro- to antiapoptotic proteins is high, is
believed to contribute to the formation of a pore or channel in the outer mitochondrial
membrane that enables cytochrome C and APAF1 (apoptotic protease activating fac-
tor-1) to flow into the cytoplasm (83). This leads to the activation of caspases that
specifically cleave vital cellular proteins. Incubating cells with conventional apoptosis
inducers in the presence of the broad caspase inhibitor z-VADfmk prevents PARP
cleavage and oligonucleosomal DNA fragmentation which indicates that caspase acti-
vation is a relatively late event in the apoptotic pathway (84). Thus, inhibiting the late
stages of programmed cell death does not confer a resistance phenotype, it may only
change the mode of cell death.

4. Conclusion

It is apparent that in model systems of cisplatin resistance may mechanisms appear
to participate. Presently, it would be helpful to have at least two additional pieces of
information. First, it would be helpful to know if the changes observed in model sys-
tems are of clinical relevance. This may be facilitated as the various comprehensive
gene scanning technologies are applied to clinical samples from cisplatin and paclitaxel
responding and nonresponding patients. The second relates to a more obvious indica-
tion of how significant observed correlative changes associated with resistance actu-
ally contribute to resistance. Hopefully, the future will hold the answers to these
questions as these should improve our ability to treat ovarian cancer.
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Markers of Tumor Burden

An Overview

Joseph E. Roulston

1. Introduction

Since ancient times, cancer has been known to humankind. The ancient Greeks and
Romans have left us with writings in which various treatment options are discussed
(1). Disease processes and causes were not well understood, however; the humoral
pathology established by the ancient Greeks of the school of Galen in the second
century AD was to survive virtually intact until the mid-nineteenth century. It is perhaps
all the more remarkable then, that the first tumor marker—Bence Jones’ protein in
multiple myeloma—should come to light in what was still by and large the prescientific
medical culture prevailing in 1845.

Multiple myeloma was fully described and named by von Rustizky (2) in 1873, but
it was Kahler (3) who related the disease to Bence Jones’ proteinuria and thereby
brought a specific tumor marker to medical attention, a marker that is still used to this
day to assist in diagnosis.

Despite the lesson of Bence Jones’ protein, in which a marker specific for a particu-
lar cancer was discovered, many researchers still sought a general test for early diagno-
sis of all cancer. Homberger (4) reviewed more than 60 tests, which had been suggested
in the previous 20 (1930-1950) years. Many of these tests were based upon the physi-
cochemical properties of serum proteins and sought to show a difference between pre-
cipitation of serum proteins from normal subjects and cancer patients.

With the benefit of hindsight, it is easy to write off such efforts as misplaced; the
biochemical techniques available were crude and not always applied with logic.
Bodansky (5) points out the problems with many early studies. Technically, the tests
were deficient because they were based upon a gross and nonspecific measurement—
the change in a large fraction of the serum protein pool. Second, these investigations
were usually carried out in samples from patients with advanced disease, whereas con-
trol groups of similarly aged patients with serious nonmalignant diseases were not stud-
ied. When these controls were looked at later, the false positive rate was as high as the
true positive rate in the neoplastic group.
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Apart from technical shortcomings, there is also a major assumption in the presup-
position that cancers will produce some unique feature that nonneoplastic diseases will
not, and for this there is not a shred of evidence (6).

As the biochemical tools and techniques available have grown ever more sophisti-
cated, it has enabled more precisely focused studies to be conducted. The advent of
immunoassay techniques in the 1960s and their refinement during the following
decades with nonisotopic labels and, especially, the development of monoclonal
(“hybridoma”) technology has brought levels of analytical sensitivity and specificity,
which were orders of magnitude better than those available to previous generations of
researchers.

2. Theoretical Considerations

In order to assess and apply tests in an appropriate and discerning manner, it is
necessary to consider what the aims and objectives are and how one monitors and
assesses one’s efforts.

At first thought, it appears very simple. First it is intended to apply a test to discrimi-
nate between the normal and the diseased subject, that is to assist in diagnosis and
possibly to screen populations for occult disease. Second, one may wish to apply a test
to monitor the course of the disease in a noninvasive way in order to assess the effi-
ciency of therapy, to watch for drug-resistance, and to predict outcome. Third, one may
wish to monitor patients in remission to ensure that they remain disease-free and to get
a valuable lead-time to relapse.

In order to achieve these aims, several points must be made clear. First, one must
have confidence in the analytical accuracy and precision of the test(s). However, in
order to translate the analytical data into clinically meaningful information, it is essen-
tial to be aware of what the objectives are. “Is this result normal?” is a question often
asked by a requesting clinician and it is worth considering, at the outset, what the word
“normal” may or may not mean.

2.1. What is “Normal’’?

The first problem presenting to workers in clinical medicine is the statistical defini-
tion of normal because it is widely misunderstood and even more widely misapplied.
Gauss’ law of errors applies to repeated measurements on the same subject or object,
not a series of measurements of the same analyte in different subjects. Gauss’ law
proposes that if the same measurement were repeated over and over again in the same
subject the results’ spread would fit a bell-shaped distribution symmetrical about the
mean. Abnormal results may then be defined as those outside the 95% confidence limit;
in other words, the 2.5% of values at the top and bottom end of the range. There is
however no a priori reason why this law of distribution should apply to measurements
in more than one subject; it was never derived to describe the distribution of a variable
(disease-related or otherwise) in a population of subjects. Although it is common prac-
tice in laboratories to define a reference range for an analyte as being the limit within
which 95% of the healthy population’s results fall, these limits per se give no indica-
tion of morbidity or mortality. Indeed, by definition, 5% of this population will be
“abnormal” although disease-free if we assume a 95% (i.e., mean value plus or minus
two standard deviations) reference range. It also follows that the more tests performed
on each specimen, then the greater the likelihood of at least one of its results being
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“abnormal”; from 5% for 1 test, to 40% for 10 tests (the chance of 10 tests on a sample
all being “normal” is 0.95'°, which is 0.6 or 60%; leaving a 40% chance for an “abnor-
mal”). The percentage error figure rises to 99% ([1-0.95°] x 100%) for 90 tests.

It is for this reason that most laboratories today eschew the phrase “normal range”
and prefer the alternative “reference range,” or “referent value;” in order to make clear
that the range or cutoff cited is not of necessity a range or cutoff that encompasses or
defines the limit of the values of the analyte in all disease-free and excludes all dis-
eased subjects. Often, 95% reference ranges, based upon the mean value plus or minus
two standard deviations, are employed as the reference limits because they have been
found empirically to provide cutoffs at clinically useful and discriminant values. For
tumor markers, however, there is less concern whether a reference range based upon a
symmetric distribution is ideal; in practice the optimal cut-off value is sought; a point
which discriminates “normal” from “elevated”—there is no lower limit to the “refer-
ence range.”

In order to establish this cut-off value empirically, it is necessary to discover the
value that discriminates the best between disease and nondisease; in other words, pro-
duces the fewest misclassifications. In order to do this, large numbers of measurements
in the disease group under study and a suitably matched control population must be
made. Inevitably, there is an overlap between the range of results produced by
the control group and the range produced by the diseased group. There will, therefore,
be some false positive results (elevated analyte in control subject) and some false nega-
tive (“normal” result in diseased subject), and just how many depend upon the test and
population in question. In order to proceed further, therefore, it is vital to determine
how good the test is in an objective manner.

2.2. How Good is The Test?
2.2.1. Sensitivity and Specificity

The two most usually applied criteria in order to assess a test are those of sensitivity
and specificity. Sensitivity is a measure of how good a test is at picking up the disease in
question by giving a positive result. It is expressed in a population with the disease as
the number giving a true positive result divided by the sum of true positive and false
negative; in other words, what percentage of the diseased cohort were identified cor-
rectly by the test.

Itis obvious that a test that is 100% sensitive will score perfectly. A test that is 90%
sensitive, however, will generate 10 false negatives in each 100 positives.

As well as correctly identifying the presence of disease, a good test must also cor-
rectly classify the disease-free subject by giving a negative result. The measure of a test
to so discriminate is called the specificity. This is established by measurements in a
disease-free population and specificity is defined as the number of true negatives
divided by the sum of true negatives plus false positives.

It can be seen that sensitivity and specificity are entirely “test-based” parameters;
they take no account of the prevalence of the disease in the population, the sensitivity is
calculated by study of a group who are all disease positive, and specificity from a
group who are all disease free. This, as will become apparent, is a serious limitation to
the application of these parameters because disease prevalence has serious effects upon
the clinical usefulness of tests in certain circumstances.
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Furthermore, the choice of cutoff, which effectively determines the sensitivity and
specificity, cannot improve both sensitivity and specificity simultaneously; moving the
chosen cut-off point to a higher referent value will increase specificity, but correspond-
ingly reduce sensitivity. The optimal choice of cutoff, therefore, depends upon whether
it is deemed more desirable to optimize sensitivity at the expense of specificity or vice
versa, and this consideration, in turn, is influenced by the disease prevalence in the
population under study.

2.2.2. Incidence and Prevalence

By definition, incidence relates to the frequency of occurrence of an event and is
therefore a rate per unit time. For a disease, the incidence rate is the number of new
cases per 100,000 of the population per year. The prevalence, by contrast, is the num-
ber of patients, per 100,000 of the population who have the given disease at the time of
the study; prevalence, therefore, is a snapshot of the status quo.

The incidence of epithelial carcinoma of the ovary is of the order of 15 per 100,000
per year. If the average duration of the disease is 5 yr, it follows that the prevalence,
assuming a steady-state situation in the population, must be 75 per 100,000. As a gen-
eral rule, therefore:

Prevalence = Incidence X Duration

The clinical usefulness of a test in a given situation will depend upon the prevalence
of the disease in the cohort under study; high sensitivity and specificity, although vital,
are not enough of themselves to guarantee “usefulness.” For example, a test that was
100% specific and 99% sensitive seems to have impressive credentials, but it would
fail dismally as a screening test for ovarian cancer. Screening 100,000 women would
yield 99% out of the positives, i.e., 74 or 75 women, which is an acceptable “pick-up
rate,” but it would also generate 1% false positives, i.e., 1000 nondiseased women.
Therefore, a positive test result would correctly identify disease presence in less than
7% (75/11000+75] = 6.98%) of the subjects studied.

It is necessary therefore to use assessment procedures that take into account the
prevalence of the disease in the population under study.

2.2.3. Bayes’ Theorem and the Predictive Value Model

In 1975, Galen and Gambino (7) introduced the Predictive Value Model to clinical
laboratories. The theoretical basis was hardly new (8). What Bayes’ theorem allows is
the calculation of the a posteriori probability of disease being present in an individual
given that the patient has a positive test result. By definition, the a priori probability
that a patient will have the disease (i.e., before the test), is equal to the prevalence of the
disease. From prevalence, sensitivity, and specificity, Bayes calculated the a posteriori prob-
ability—the so-called predictive value of a positive result or positive predictive value.

Let sensitivity = a, specificity = b, and prevalence = p, then one can describe the
positive predictive value (PPV) as follows:

PPV = pallpa + (1-b)(1-p)] (1)

This simplifies to PPV = true positives/[true positives + false positives].
Since pa = the prevalence of the disease multiplied by the sensitivity of the test for
the disease, i.e., the true positive.
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Table 1
Positive Predictive Values as a Function of Prevalence
Test Sensitivity Test Sensitivity
and Specificity = 95% and Specificity = 99%
Disease Prevalence (%) Positive Predictive Value Positive Predictive Value
0.02 0 2.0
0.1 1.9 9.0
1.0 16.1 50.0
2.0 27.9 66.9
5.0 50.0 83.9
50.0 95.0 99.0

Similarly, (/-b)(1-p) = the prevalence of nondisease multiplied by the probability
of a positive result in such a disease free person. /—b, which is I—specificity, is some-
times, albeit incorrectly, referred to as the false positive rate.

The benefit of the predictive value model is apparent immediately; if a test has a
95% PPV in a given area of use, then the clinician may assume that in a patient with
a positive result there is a 95% chance that the patient has the disease. The same con-
clusion cannot be made from sensitivity and specificity values as they take no account
of disease prevalence. Table 1 shows how the predictive value of a positive test varies
from virtually O to 100% as a result of changing disease prevalence even when sensitiv-
ity and specificity are high. This gives an important insight to screening procedures;
where disease prevalence is low, it is necessary to have tests with greater than 99%
sensitivity and specificity to achieve an acceptable positive predictive value.

3. Screening for Disease

Screening has been defined as “the presumptive identification of unrecognized dis-
ease or defect by the application of tests, examinations, or other procedures that can be
applied rapidly” (9). By definition, therefore, a screening test is applied to asymptom-
atic subjects and is not diagnostic per se; confirmatory tests being required. The idea
that early warning leads to a better outcome is not easily translated into a practical
program. The economic difficulties of testing large numbers of apparently healthy
individuals in order to pick up a small number with the disease are enormous. Second,
there are difficult ethical considerations when one is investigating healthy subjects
without symptoms or any substantive probability of finding disease.

3.1. Population Screening

The oncology literature contains many reports of apparently promising markers that
fail subsequently to claim a routine clinical role. There are many reasons that contrib-
ute to this, but most common is overextrapolating or illogically applying the results.
Consider a study in which an investigator tests a novel tumor marker for a particular
cancer that has a prevalence of 100/100,000 in the general population and finds that in
100 patients with the tumor under investigation, 99 have a positive test result, that is,
the test has a sensitivity of 99%. Equally, when tested on 100 disease-free subjects,
only one is test-positive—a specificity of 99%. Owing to this excellent discrimination,
it is decided to introduce the test as a screen in the general population in order to detect
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this tumor at an earlier stage to improve therapeutic efficacy and patient outcome. The
results are disastrous; the test appears to have lost its earlier discrimination and is gen-
erating many false positives—why?

In the pilot study, the disease prevalence was 50% by design; there were 100 patients
and 100 controls and the positive predictive value was 99%. In the screening exercise,
the prevalence would be 100/100,000, which is 0.1%. Therefore, as well as correctly
identifying 99 out of the 100 true positives the test will also under these circumstances
misclassify 1000 as false positive giving us a positive predictive value of 99/[99 + 1,000],
that is 9.0%. In other words, a test that in the pilot investigation yielded 99% correct
results, gives, in a screening situation a 91% a posteriori probability that elevated
results are not associated with the disease. The marker sensitivity and specificity remain
unchanged, the fall in positive predictive value from 99 to 9% was entirely caused by
the change in prevalence in the cohort under study from 50 to 0.1%.

If a test is genuinely and completely useless, that is to say it yields positive and
negative results in a truly random manner, then the positive predictive value will be the
same as the prevalence: the a priori probability of disease in the patient equals the a
posteriori probability of disease. Furthermore, for a test to be random, it is not neces-
sary for sensitivity and specificity each to equal 50%; a test may have 90% sensitivity
and still give random results if the specificity is only 10%.

Randomness requires only that: X/ sensitivity + specificity] = 100%. These findings
can be derived simply from Eq. 1: PPV = pa/[pa + (1-p)(1-b)].

In a random test, the percentage of true positives in the diseased group will equal
the percentage of false positives in the well group—by definition. That is:
pa/p = [(1-p)(1-b)]/(1-p). Also by definition, pa/p is the sensitivity of the test and
[(I-p)(1-b)]/(1-p) = (I-b) = (I-specificity). Therefore, in a random test, sensitivity
equals (1 — specificity) which is to say the sum of sensitivity and specificity equals
unity (or 100%).

This relationship is of value in the graphical representation of marker performance.
When sensitivity is plotted as a function of (1 — specificity) an immediate visual
impression of the marker’s discrimination is obtained. This graph is termed the Receiver
Operating Characteristic or “ROC” plot. A random test will give a straight line graph at
45° to the axes, whereas a good, highly discriminatory test will give a curve of steep
slope from the origin, showing a high sensitivity even at high specificity. Therefore,
the greater the area under the curve the better the test. ROC plots are particularly useful
in that they remove the influence of the “cut-off” point from the marker evaluation.

3.2. Optimization

If screening is to be considered, it is necessary to know the disease prevalence, there-
fore, and to have tests with high sensitivity and specificity in order to calculate whether
an acceptable positive predictive value can be achieved. But, it is impossible to opti-
mize simultaneously both sensitivity and specificity; increasing the one automatically
decreases the other. Considerations regarding optimization strategies will vary with
the natural history of the disease under study (vide infra).

The simplest case will be considered; the situation where there is a screening proce-
dure to be optimized and a false negative result carries an equivalent penalty to a false
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positive result. Under these circumstances we may define our “Index of Mis-
classification,” f, as the sum of the false negative and false positive results.

f=FN +FP 2)

False negatives, FN, can be calculated as the lack of sensitivity (/—a) multiplied by
disease prevalence p. Similarly, false positives, FP, can be calculated by multiplying
lack of disease specificity (/—b) by the prevalence of nondisease in the population
under study. Therefore,

f=p(1-a) + (1-b)(1-p) 3)

For most cancers, prevalence of disease in a general population screen will be tend
to zero. Therefore,

f=(1-b) “)

It follows, therefore, that under the conditions and assumptions outlined—yvery low
prevalence and equality of penalty for false negatives and false positives—one should
increase specificity at the expense of sensitivity to minimize misclassifications.

3.3. Targeted Screening

The most frequently cited example of successful screening using a tumor marker is
the use of human chorionic gonadotropin (hCG) in choriocarcinoma, and it is instruc-
tive to consider briefly why hCG has worked so wonderfully well when no other tumor
markers are as competent.

Choriocarcinoma is rare; it accounts for 0.02% of all cancer deaths and is almost
exclusively confined to women who have had a hydatidiform mole of whom about 8%
go on to develop choriocarcinoma. The single key fact that makes the screening pro-
gram workable is the application of the test to a predetermined group in which the
disease is present at a high prevalence.

If we assume that hCG has a sensitivity (a) of 99% and a specificity (b) of 99%, and
choriocarcinoma has a prevalence (p) of 8% in our screening group, then we can calcu-
late the positive predictive value of hCG in this context: PPV = pa/[pa + (1-b)(1-p)]

PPV =(0.08 x 0.99)/[(0.08 x 0.99)+(1 — 0.99)(1 — 0.08)] = 89.6%

By contrast, if one attempted to screen for choriocarcinoma, all women whose preg-
nancies had achieved full term (prevalence 0.01%), the positive predictive value would
be vanishingly small:

PPV =(0.0001 x 0.99)/[(0.0001 x 0.99)+(1 — 0.99)(1 —0.0001)] = 0.98%

It is therefore apparent that for screening to be effective, a high prevalence group
must be identified in order to keep the number of false positives to an acceptable level.

4. Clinical Utility

Clinical effectiveness demands that the early intervention afforded by a successful
screen is translated into an increased rate of cure or improved survival time. Objective
quantification of improvement in survival time is not quite as simple as it first might
appear, as studies are subject to various forms of methodological bias.
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4.1. Lead-Time Bias

Survival is measured from the date of diagnosis to death, rather than from the date of
inception to death. The date of diagnosis may therefore vary considerably, depending
on the methods of detection used, without altering the true length of survival from the
date of inception. Lead time generated by screening, or the period from detection while
the woman is still asymptomatic until the appearance of clinical symptoms, which
would permit conventional diagnosis, may increase the apparent survival without in
fact the individual having benefited from screening. In such circumstances, the patient
has to live with the knowledge of their disease longer.

4.2. Length Bias

A series of cases diagnosed at screening will be atypical of those arising clinically,
because it will contain a disproportionate number of patients with slowly developing
tumors with probably a better prognosis. Patients with rapidly progressing tumors are
more likely to present with symptoms before the initiation of, or in the interval between,
screening tests. This bias is more likely to be manifest at the initiation of screening and
is therefore especially important in studies of short duration.

4.3. Selection Bias

Selection bias results from entry of a cohort into a screening trial who have a differ-
ent probability of developing and dying from the disease than the population at large.
In self-selected populations, it is common to find a higher-than-normal proportion of
individuals presenting for screening because of a positive family history. These indi-
viduals are more motivated to present for screening because they are more educated in
this respect and are more likely to benefit from it. This has been well demonstrated
in breast and cervical screening programmes.

5. Optimization Strategies

It was demonstrated earlier that, when prevalence was very low (tending to zero), if
false negatives and false positives carried equal penalty, then to minimize
misclassifications one should maximize specificity. In addition, one should maximize
specificity in situations where the disease is serious, but cannot be treated or cured and
where, therefore, any false positive result would lead to psychological trauma. Some
occult cancers would clearly fall into this group, as well as diseases such as multiple
sclerosis. Such incurable diseases should not be subject to population screening as
there is usually no benefit to patient or society at large in early diagnosis. In this sec-
tion, the other options available will be considered and under which circumstances it
would be appropriate to use them.

5.1. Sensitivity

Sensitivity should be maximized in situations where, although the disease is serious
and should not be missed, it is treatable and, therefore, false positives are less psycho-
logically damaging. Most treatable infectious diseases would fall into this category, as
do phaeochromocytoma and phenylketonuria. Cervical cancer, where the screening
program is effective and confirmatory tests are available prior to an effective therapeu-
tic intervention program, is an example of a malignancy, which may fall into this cat-
egory. Furthermore, the concern caused by the presence of abnormal cells upon a
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cervical smear can, in large measure, be offset by the patient being aware of the success
of early treatment.

5.2. Positive Predictive Value

Positive predictive value (PPV) should be maximized in any situation where treat-
ment of a false positive could be seriously damaging. Where the treatment indicated
involves major surgery and radiotherapy, such as certain occult carcinomas, instigating
treatment in someone who did not have the disease would be a major catastrophe.

5.3. Accuracy (or “Efficiency”)

Accuracy of a very high order is required when a disease is both serious and treat-
able and false positive and false negative results carry equal penalty. Myocardial inf-
arction has usually been cited as the classical example of where the tests should be
optimized for accuracy [(TP+TN)/(TP+TN+FP+FN)], however, a case for optimizing
accuracy could be made in testing for certain leuk@mias and lymphomas.

6. The Use of Multiple Markers

The idea of using a group of markers in order to complement the sensitivity and
specificity of each other seems logical enough and can be extremely beneficial. There
are certain rules that can be defined and applied, and certain pitfalls to avoid.

There are two distinct approaches to multiple testing. The first, as described in the
example above, is so-called series testing; the various tests are performed one after the
other depending upon the result of the previous test. In series testing, therefore, a “test-
positive” patient is one who has scored positive in all the tests. A secondary consider-
ation here is defining the order in which the tests are to be performed to maximise
efficacy; although considerations of cost and patient compliance also need to be
included in any trial design. In parallel testing, all tests are performed upon all
patients, a “test-positive” patient in these circumstances is one who is positive on any
one (or more) of the tests.

Itis usual in a screening exercise that series testing is to be preferred as it maximizes
specificity at the expense of sensitivity which, as discussed earlier, is a rational
approach where disease prevalence is low. Calculation of the positive predictive value
for parallel and series regimes bear this out (10).

For series testing, as not all tests are performed on all samples, there is the option of
the order in which the tests are to be performed. There are many considerations; the
relative cost of the tests involved, the degree of invasiveness, and the relative sensitivi-
ties and specificity’s of the tests involved. If variables such as cost are set aside it can
be shown that the sensible option is to test in series rather than parallel as the positive
predictive value is far higher and the total number of tests performed is a lot less. Also,
although positive predictive value is independent of the order of testing, the number of
analyses that have to be performed varies considerably, being minimized by applica-
tion first of the test with the higher (or highest) specificity of those in the panel.

6.1. Series Testing

In an abstract (11), a research group reported the results of screening 1010 post-
menopausal women for epithelial ovarian cancer using the serum marker CA/25 fol-
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Table 2
Data from 1010 Postmenopausal Women Screened
for Epithelial Ovarian Cancer (EOC) Using CA125

EOC Positive EOC Negative Totals
CA125 Positive 1 (TP) 31 (FP) 32 (TP+FP)
CA125 Negative 0 (FN) 978 (TN) 978 (TN+FN)
Totals 1 (TP+FN) 1009(TN+FP) 1010 (ALL)

Sensitivity = TP/(TP+FN) = 1/1 = 100%.

Specificity = TN/(TN+FP) = 978/1009 = 97%.

Prevalence = (TP+FN)/(TP+TN+FP+FN) = 1/1010 = 0.1%.
Accuracy = (TP+TN)/(TP+TN+FP+FN) = 979/1010 = 97%.
Positive Predictive Value = TP/(TP+FP) = 1/32 = 3.1%.

TP = True Positive.

FP = False Positive.

TN = True Negative.

FN = False Negative.

lowed up by ultrasonography. They found a level of greater than 30 units per milliliter
(their cut-off level) in 31 women. These 31 were then given ultrasonography; three
were deemed abnormal and sent for surgery. One had an early-stage ovarian cancer.
The authors concluded that CA725 had a high specificity for ovarian cancer, that they
could increase the sensitivity by lowering the cutoff from 30 to 23 units per milliliter
(the widely accepted cut-off value is, in fact, 35 U/mL) and that CA/25 warranted
further investigation for early diagnosis.

Their data are shown in Table 2. It is apparent that, from these data, there is no good
reason to lower the cutoff from 30 to 23 as the sensitivity is already 100%. How reli-
able that figure is, however, is open to question as there is only one true positive in the
study. Furthermore, false negatives—here reported as O—invariably take longer to
emerge from any study and tend to be the most difficult to follow up; for these reasons
then, the reported sensitivity may be an overestimate. The one true positive patient had
a CAI25 level of 32 U/mL. If, therefore, these workers had followed the axiom of
optimizing specificity at the expense of sensitivity, they would, in all probability, have
missed the one patient who was to benefit directly from the trial. Their reason for
opting for a higher sensitivity in this case was that they had a highly efficient second
test (ultrasonography) to filter out the majority of the false positives generated by the
CAI25 alone and did not wish to miss any cases. It can be seen from Table 2 that,
despite a sensitivity of 100% a specificity of 97% and an overall accuracy of 97%, the
positive predictive value was only 3.1% for CA125, hopelessly inadequate as a single
selector for exploratory surgery. When, however, ultrasonography is added in as a sec-
ond-line test the positive predictive value improves by an order of magnitude to 33%
(1/3) which is perhaps an acceptable pick-up rate, considering the high mortality rate
of the disease if not diagnosed early. In effect, the use of CA/25 in this and other
studies generates a subgroup of the population under study who are at higher risk than
the population at large; it defines a high-prevalence group, thereby enabling a second
line test of similar sensitivity and specificity to produce a positive predictive value that
is far higher.
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6.2. Panel Testing

Evaluation of a panel of tests is, of course, subject to all the same provisions as for
the assessment of a single test; particularly the prevalence of the disease in the study
group must be typical of the prevalence in the population to which it is intended to
apply the test(s).

In a study of ovarian cancer by Ward et al. (12) in 1987, it was reported that, by
using three markers, the sensitivity in samples from pretreatment patients with Stage 1
and II disease had increased from 18% using CA125 alone to 64% using human milk-
fat globulin Il (HMFG2) as the second assay and placental alkaline phosphatase (PLAP)
as a third marker. That is to say CA/25 had picked up 2/11 of the diseased group,
HMFG2 and PLAP had picked up a further 5 of the CA125 negative group taking the
total to 7/11. However, as all the subjects under study were disease positive, it can be
seen that neither CA/25 nor HMFG2 nor PLAP performed significantly differently
from random chance. They also studied the marker panel in patients with advanced
disease. In the 26 patients with advanced (Stage III and IV) disease, 25 had elevated
CA 125 (96%) and the 26th had an elevated PLAP. Therefore, all patients with advanced
carcinoma of the ovary were positive for at least one of these three markers. These
results are not quite as promising as one might at first believe: using such a group of
patients where prevalence is 100%, (whether early stage or advanced disease) one could
achieve apparently excellent sensitivity by four consecutive coin flips at considerably
less cost! (Each flip will have a 50% sensitivity; therefore, in series, the cumulative
sensitivity will become 50, 75, 87.5, and 93.75%).

7. Conclusions

Disease prevalence is of fundamental importance in the rational application of
tumor marker assays. By and large, cancer prevalence is too low in the population to
permit effective screening even if the financial and ethical constraints could be over-
come. In ovarian cancer, there is therefore a large amount of current research directed
at the identification of possible high risk groups—the so-called cancer families—in
which prevalence is significantly higher than in the population at large because of
genetic predisposition.

The use of tumor markers to monitor disease progress or remission, to track thera-
peutic efficacy or to give a lead time to relapse are much more successful. Here the
markers either are being applied to a group in order to quantify a disease which is
known to be present or to pick up a relapse in a group where relapse and, therefore,
disease prevalence will be high.
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Bioactive Interleukin-6 Levels
in Serum and Ascites as a Prognostic Factor
in Patients with Epithelial Ovarian Cancer

Glnther Gastl and Marie Plante

1. Introduction

Interleukin-6 (IL-6) is a multifunctional cytokine displaying diverse biologic func-
tions that can be produced by a broad variety of normal and malignant cell types (1). In
vivo, high levels of bioactive IL-6 have been detected in the ascites of patients with
epithelial ovarian cancer, suggesting abundant local production of this cytokine at the
tumor site (2-6). We found IL-6 levels in ascites to correlate significantly with the
volume of ascites and nearly so with the size of tumor found at initial surgery (2).
Notably, IL-6 levels in malignant ascites also correlated with reactive thrombocytosis,
and maximum IL-6 bioactivity in ascites and highest platelet counts occurred in patients
with undifferentiated ovarian adenocarcinoma or advanced disease (7). Patients who
responded to chemotherapy tended to have lower ascites IL-6 levels compared with
patients who failed to respond to chemotherapy (4). Berek et al. concluded that
bioactive IL-6 in serum may be a useful tumor marker for ovarian cancer, because in
their study it correlated with tumor burden, clinical disease status, and survival time
(3). Performing a multivariate analysis, Scambia et al. (6) found serum IL-6 to have an
independent prognostic value, but appeared to be less sensitive than CA-125. In con-
clusion, most investigators found serum and ascitic IL-6 to be of prognostic value in
ovarian cancer. In the following section, the B9-bioassay for the detection of IL-6
in body fluids is described in detail.

2. Materials

1. Cell culture medium: RPMI-1640 medium with 5% heat-inactivated fetal bovine serum
(FBS), 100 U/mL penicillin, 100 U/mL streptomycin, 50 mM 2-mercaptoethanol, 2 mM
L-glutamine. Store at 4°C.

2. Cell culture medium containing 0.25 ng/mL human recombinant IL-6 (rhu IL-6;
Boehringer Mannheim, Indianapolis, IN).

3. Murine hybridoma cell line B9 (ATCC).

[*H]thymidine (specific activity, 185 kBg/mmol).

5. Phosphate-buffered saline (PBS) (pH 7.2).

&
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6. MTT [3-(4,5-dimethylthiazol-2-ys)-2,5-diphenyl tetrazolium bromide] 6 mg/mL in PBS
(filter sterilize and store in darkness).

7. Acidified isopropanol (35 uL of 0.04N HCl in 500 mL of 2-propanol).

8. Human recombinant IL-6 (100 pg/mL) in cell culture medium.

9. Goat antihuman IL-6 antibody (R&D Systems, Minneapolis, MN).

3. Methods
3.1. Sample Collection

1. Collect fresh ascites specimens sterilely. Centrifuge samples at 800g for 20 min.

2. Draw blood samples by venipuncture in siliconized glass tubes without anticoagulant and
centrifuge at 400g for 10 min.

3. Freeze the separated cell-free ascitic fluid and serum samples in aliquots at —20°C (see
Note 1).

3.2. B9 Bioassay for the Determination of IL-6 Concentrations

To determine the IL-6 bioactivity in ascitic fluid and/or serum, a standard prolifera-
tion assay using the IL-6 dependent murine B9 cell line is used (8) (see Note 2). B9
cells are grown in suspension using T-25 tissue culture flasks (Falcon Labware, Lin-
coln Park, NJ) and maintained in cell culture medium supplemented rhu IL-6. Cultures
are split 1:5 to 1:10 every 2-3 d, and refed with fresh medium when the cell density
reaches approximately 5 x 10° cells/mL (see Note 3). Cultures are maintained at 37°C/
5% CO, in a humidified incubator.

1. Dilute each ascitic fluid and serum sample serially in culture medium (1:10, 1:20, 1:40;
1:80, 1:160, 1:320) in flat-bottomed 96-well plates. Test all samples in triplicate in 100 UL
volumes (see Note 4).

2. Prepare an IL-6 standard (rhu IL-6) as a serial twofold dilution series in triplicate in 100 uL
volume in 96-well microtiter plates. Start the titration of the standard at 100 pg/mL and
dilute down to 0.1 pg/mL. As a negative control include culture medium without IL-6.

3. Harvest B9 cells two days after feeding by centrifuging the cells at 250g for 10 min.

4. Resuspend in IL-6 free medium and recentrifuging the cells at 250g for 10 min. Repeat once.

5. Check the viability of the washed cells by trypan-blue-dye exclusion using a counting
chamber. Resuspend cells at a concentration of 5 x 10* cells/mL in cell culture medium
without IL-6.

6. Add 100 uL of cell suspension to each well (standard, test samples, and negative control)
and incubate the plates for approximately 72 h in a humidified incubator.

7. To each well, add 37 kBq of [*H]thymidine (specific activity: 185 kBg/mmol).

8. Incubate for 6 h and harvest the cells onto glass filter paper (Printed Filtermat A;
Pharmacia Diagnostics, Columbus, OH) using a cell harvester.

9. After drying the filter paper in a microwave oven for 4 min, the filtermat should be put
into a sample bag (Pharmacia), soaked in 20 mL scintillation fluid, and sealed. Incorpo-
rated radioactivity is determined with a B-scintillation counter.

3.3. MTT Procedure

As an alternative for radioactive labeling, cell viability can be measured. In this
case, proceed as in Subheading 3.2., step 6 and continue as below:

1. Add 10 uL of MTT solution. and return the plates to the incubator for another 4 h.
2. Centrifuge plates at 400g for 7 min to pellet the cells.
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3.

4.

Tilt the plate and remove medium carefully (this may be done with a 26-gage needle using
vacuum suction).

Add 100 pL of acidified isopropanol (35 pL of 0.04N HC1/500 mL of 2-propanolol)
to each well to extract the dye from the cells (positive cells will be blue). Let stand for
5-10 min.

Add 100 pL of distilled water. Read adsorption at a wavelength of 570/690 nm using a
microplate reader (Bio-Rad, Richmond, CA).

3.4. Calculation of Results

Plot a standard curve of [*H]Juptake (or absorbance) versus concentration of 1L-6.

For determination of IL-6 bioactivity in unknown samples, compare test results with
the standard curve.

4. Notes

1.

2.

Ascitic fluid and serum samples can be kept frozen at —20°C for >12 mo without signifi-
cant loss of IL-6 bioactivity. A single freeze-thaw cycle does not affect IL-6 levels either.
The B9 bioassay is considered to be specific for IL-6 and not affected by the presence of
other interleukins, tumor necrosis factor, interferons, or colony-stimulating factors (8).
Because after several passages B9 cells tend to become IL-6 independent, aliquots of the
original IL-6 dependent B9 clone should be kept frozen until assaying.

The proliferative response of B9 cells to increasing concentrations of IL-6 (e.g., rhu IL-6)
eventually reaches a plateau and declines thereafter. Thus, it is important to serially dilute
test samples and to calculate IL-6 concentrations from the linear part of the dose-response
curve. Half-maximal [*H]thymidine uptake (or cell viability) can usually be achieved with
approximately 5 pg/mL of rhu IL-6.

To verify that the measured bioactivity is indeed owing to IL-6, a neutralizing polyclonal
goat antihuman IL-6 antibody (final dilution, 5 pg/mL) should be tested along with test
samples. In the presence of this antibody, B9 cell proliferation should be completely
blocked. Use a control antibody (e.g., a neutralizing antibody specific for human
GM-CSF) to demonstrate specificity in blocking experiments. The detection limit of the
B9 bioassay is approximately 1 pg/mL.
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ELISA-Based Quantification of p705
(c-erbB-2, HER2/neu) in Serum of Ovarian Carcinoma

Harald Meden, Arjang Fattahi-Meibodi, and Dagmar Marx

1. Introduction

The most important prognostic parameters for gynecologic malignancies are tumor
stage, residual tumor after surgical treatment, histological subtype, and degree of
malignancy (I-2). However, these factors present an incomplete picture of the tumor
biology. Therefore, investigation of other prognostic factors is of special clinical rel-
evance, particularly in view of the unexpectedly progressive course of the disease and
frequent relapses in some cases.

In recent years, reports have described the prognostic significance of the amplifica-
tion and overexpression of the oncogene c-erbB-2 (HER2/neu) in various human can-
cers. The oncogene c-erbB-2 characterises a group with unfavourable tumor biology
and a significantly worse prognosis (3—4).

The c-erbB-2 oncogene expression product p185 (Fig. 1), a transmembrane protein
with intrinsic tyrosine kinase activity, is detectable by immunohistochemical methods.
Slamon et al. (5) examined 189 breast carcinomas and reported on an amplification of
the c-erbB-2 oncogene in 30% of the cases. Amplification of the c-erbB-2 oncogene
proved to be a significant prognostic parameter for survival times and relapse rates.
The association between amplification of the c-erbB-2 oncogene and the
overexpression of the protein (p185) encoded by the c-erbB-2 oncogene has been con-
firmed in breast cancer by other several studies (6-8). In addition to studies on breast
cancer, Berchuck et al. (9) described a rate of 32% overexpression of the oncogene
c-erbB-2 in a study of 73 patients with ovarian carcinoma. Our group reported on a
study of 275 ovarian cancer patients, and recorded a rate of 19% for p185-positive
cases (10). Analyzing the published data, the percentage of immunohistochemical
c-erbB-2 positive cases in ovarian cancer varies from 9 (11) to 32% (Table 1).

Because of proteolytic activity, the extracelluar domain of the p185 transmembrane
growth factor receptor, a fragment of 105 kD (p105, Fig. 2), is released from the sur-
face of human cancer cells that overexpress p185. It is detectable in the extracellular
environment in vitro (12). Elevated serum levels of the c-erbB-2 oncoprotein fragment
p105 have been identified in patients with various cancers. In addition, the quantitative
detection of p105 in the sera of ovarian cancer patients was published by using a mono-

From: Methods in Molecular Medicine, Vol. 39: Ovarian Cancer: Methods and Protocols
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Fig. 1. Structure of the transmembrane protein p105.

Table 1

c-erbB-2 Positivity in Ovarian Cancer

Author (ref.) c-erbB-2 positive n
Slamon et al. (4) 25% 120
Berchuck et al. (9) 32% 73
Haldane et al. (11) 8,7% 104
Meden et al. (10) 19% 275

clonal antibody (moAb) ELISA (13). Another study demonstrated that elevated p105
serum levels in patients with newly diagnosed and previously untreated primary ova-
rian cancer correlate with poor prognosis (14), Table 2. Screening for increased
c-erbB-2 oncoprotein fragment levels in ovarian cancer patients could make it possible
to identify a subset of high risk patients.

Elevated p105 serum levels can be regarded as a result of increased proteolytic
activity in the tumor tissue. Parallel to this, the serum results would support the hypoth-
esis that patients with elevated p105 levels are a subset of immunohistochemical
c-erbB-2-positive tumors indicating a very aggressive tumor biology in the group of
high risk patients (14).

In a previously published study, evaluation of p105 ovarian cancer patients was
performed by using a new polyclonal detector antibody-based ELISA (Table 3).
Elevated p105 serum levels were not related to tumor stage, grade, histology, or
residual tumor after primary surgery and age, but on the other hand, these evaluations
are comparable to results using the monoclonal-based ELISA in previous studies (15).

2. Materials

1. Human Neu (c-erbB-2) ELISA (e.g., test kit by Oncogene Science). The test kit contains
most of the necessary reagents except distilled/deionized water.
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Fig. 2. Structure of the protein p105.

Table 2
Prognostic Value of Pretreatment Serum p105 (ELISA) and Tumor p185 (ICH)

127

Median survival time

Positive (mo)

n % positive  negative P value
Serum p105 6/57 11 7 29 0,02
Immunohistochemistry 8/57 14 23,5 29 0,64
Serum p105, stage III 3/29 10 6 26 0,05
Immunohistochemistry, stage III 2/29 7 12 29 0,08

2. Manual or automatic microplate washer.

3. Sample material: Serum or plasma treated with heparin, citrate, EDTA, fluoride, oxalate,

or tissue.

3. Methods
3.1. Sample Preparation

Serum and plasma samples should be diluted at 1:50 in sample diluent which con-

tains 2% normal mouse serum (nms) prior to assay. Greater dilutions may be necessary
for samples that generate signals exceeding the dynamic range of the standards. This
diluent minimizes false positive samples, which may result from autologous antimouse

antibodies, rheumatoid factors, and heterophilic antibodies in some samples.

1.

2.
3.

Prepare a 5-mL solution of sample diluent containing 4% normal mouse serum by adding

0.2 mL of nms to 4.8 mL of sample diluent.

Dilute specimens to 1:25 in untreated sample diluent.
Combine 0.125 mL of diluted serum with an equivalent volume of 4% nms sample diluent
to provide 0.25 mL of 1:50 sample in 2% nms/sample diluent.
Transfer two 100 UL aliquots of each diluted sample to microtiter wells (see Subheading

3.2.1., step 2).
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Table 3
Correlation of Immunohistochemical
and Serological Findings of the Oncogene c-erbB-2 (n = 53)

p105 pos. p105 neg. Total
IHC pos. 6 11 17
IHC neg. 7 29 36
total 13 40 53

Cutoff level for serum p105 positively: 150 fmol/mL.
[HC: immunohistochemistry.

Eliza Method

Addition of reagents must be in the order specified. All six standards and the test
specimens should run in duplicate.

3.2.
1.

2.

(98]

1. Day 1

Before addition of the detector antibody, equilibrate all reagents to room temperature
(15-25°C, see Note 1).

Remove the microplate supplied with the kit from the bag. From the number of specimens
to be tested, calculate the number of strips required (remember that each specimen dilu-
tion or standard requires two wells, and four wells are needed for background determina-
tions. The standard curve, run in duplicate, requires 12 wells). Store unused strips in the
zip-lock bag with desiccant at 2-8°C (see Note 2).

Add 100 pL of each diluted sample to duplicate wells.

Vortex the standard or specimen dilution thoroughly and add 100 uL to duplicate wells.
Set up four wells with untreated sample diluent, two to measure the background absor-
bance and two to be used as the substrate blank well.

Cover the microplate with a piece of plastic wrap and incubate for 12—18 h at room tem-
perature (15-30°C).

3.2.2. Day 2

1.

2.

Prepare plate wash. 1 vol of plate wash concentrate should be diluted with 19 vol of dis-

tilled or deionized water. Mix well (see Note 2).

Remove the plastic wrap and wash the microplate with plate wash (see Note 3).

a. Automatic microplate washer—set the fill volume to 300 uL/well. Prime the instru-
ment with 1X plate wash. Use two 3-cycle washes, rotate the plate 180° and repeat.

b. Manual microplate washer—wash six times, using 300 UL per well per wash. Fill the
entire plate, then aspirate in the same order.

c. Hand-held syringe-wash six times, using 300 uL per well per wash. Blot the plate
upside-down between washes.

After the final wash, invert the microplate and firmly strike it on an absorbent surface.

Visually check that all wells are empty.

Add 100 pL of detector antibody to all wells except the substrate blank well. Incubate at

room temperature for 60 min.

During the incubation with detector antibody, prepare working conjugate by diluting the

conjugate concentrate at 1:50 in conjugate diluent in a clean reagent reservoir.

Wash the microplate with plate wash.

Add 100 pL of working conjugate to all wells except the substrate blank well. Incubate at

room temperature for 30 min.
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8. During the incubation with working conjugate, prepare working substrate by dissolving
one substrate tablet per 4 mL of substrate diluent. Vortex vigorously to assure complete
dissolution. Once prepared, working substrate should be used within 30 min. Avoid expo-
sure to light.

9. Wash the microplate with plate wash.

10. Including the substrate blank well, add 100 uL of working substrate to all wells. Incubate
the microplate in the dark at room temperature for 45 min.

11. Add 100 puL of stop solution to each well to stop the reaction.

12. Read the absorbance at 490 nm (with a 620-nm reference filter if possible) within 30 min,
using the substrate blank well to zero the reader.

13. Compare absorbances of unknown samples with those of the standard curve to determine
quantity of neu (p105) protein. Correct for dilution factor for all samples.

4. Notes

1. Preparation of plate wash: If the plate wash concentrate is cold, it is allowed to reach room
temperature before use. All crystals must be dissolved. If necessary, warm at 37°C and
mix or shake.

2. The protein p105 seems to stable enough to be stored for a longer time at —20°C, but it has
to be taken into account that serum samples should only be frozen once.

3. Microplate washing may be automated, semi-automated, or manual, but must be carried
out with care to ensure optimal performance of the assay. Plate washing equipment must
be properly adjusted, cleaned, and maintained. Whichever method is used, the solution
used to wash plates is plate wash. The total volume required will depend on the washing
method/instrument used. Approximately 1 L of this solution is required to prime an auto-
mated washer and run one microplate. About 700 UL are required for each microplate well
when manual washing is performed. Plate wash must be freshly prepared each day. Do not
store plate wash.

4. Caution: When inverting the microplate to decant or blot, the side tabs of the frame should
be pressed inward to prevent the strips from falling out. Uncoated blank strips can be used
to fill the unused portion of the holder for mechanical washers.

5. Summary

Elevated serum levels of the fragment of the c-erbB-2 oncoprotein have been identi-
fied in patients with various cancers known to overexpress the c-erbB-2 oncogene. For
research purposes, screening for an increased p105 level could make it possible to
identify a subset of high-risk patients. Furthermore, the test could be potentially useful
for detecting recurrent disease. Systematic detection of c-erbB-2 gene activation in
cancer patients would require ELISAs, which are sensitive and reliable enough to dif-
ferentiate between healthy normal controls and inapparent carcinoma patients, so it is
supposition that serum or plasma samples have to exceed the cut-off level which is set
at 150 fmol/mL.

From the methodical point of view, double determinations of plasma or serum speci-
mens are recommended in this polyclonal antibody-based ELISA. In our own observa-
tions, remarkable differences in the results of the double determinations have not been
found. One major problem are patients with very small inapparent cancers: even if
these tumors would show an intensive membrane staining of p185 in immunohis-
tochemical analysis and proteolytic activity would shed the extracellular domain (p105)
into circulation, an extensive dilution of the tiny amount of p105 would minimize the
chance to discriminate these patients from healthy individuals.



130 Meden, Fattahi-Meibodi, and Marx

Supporting this theory, in a recently published study (15) elevated levels of the p185
oncoprotein fragment (p105) were only found in a small group of ovarian carcinoma
patients who had overexpression in their tumors. This may indicate that the aforemen-
tioned polyclonal ELISA is yet not of sufficient sensitivity. Slamon et al. (4) indicated
that fixation of the tumor decreases the sensitivity of the immunohistochemical detec-
tion of p185 as compared to fresh frozen specimens. Therefore, the lack of immunohis-
tochemical staining may underestimate the level of expression in these tumors.

In addition, nonspecific proteolytic activities because of invasive growth cause a
shedding of the extracellular epitope of p185 in the tumor tissue, so immunohistochemi-
cal detector antibodies, e.g. 9G6, cannot bind to the extracellular domain and mem-
brane staining is not detectable. In breast cancer, c-erbB-2 overexpression is usually
homogenously distributed in tumor tissue. In contrast to this, in ovarian tumor cell
conglomerates commonly and only a focal membrane staining is detectable. Thus, false
negative immunohistochemical results cannot be excluded. In healthy women, the
effects of interfering and influencing factors of the analysis of p105 (c-erbB-2)
oncoprotein fragment in serum are still unclear. In individual analyses, changes of
p105 concentrations depending from the menstrual cycle have not been found. Con-
cerning the menstrual status of women, postmenopausal women show significantly
higher p105 levels than premenopausal women. Furthermore, in tests, there was found
no influence on the reproducibility of results by changing transporting and storing con-
ditions (16). In conclusion, clinical interpretation of female p105 serum values require
comparison with normal ranges when considering the menopause as an influencing factor.

Women with hormonal contraception have significant lower serum levels than pre-
menopausal controls. In postmenopausal women with hormone replacement therapy
(HRT), serum levels are significant lower than in postmenopausal controls. Further-
more, the activity of the oncogene c-erbB-2 seems to be influenced by endocrine fac-
tors, resulting in decreased pl105 serum levels after treatment with sex steroids.
Regarding the widespread use of sex steroids for hormonal contraception and HRT, the
knowledge of these influencing parameters is important for the interpretation of
p185 and p105 levels in clinical studies (17).

Numerous genes activated during human ontogenesis, which by means of growth
and regulation factors exercise influence on cell proliferation and differentiation,
become deactivated at the end of development. Normal fetal development is associated
with activation of cellular oncogenes during pregnancy.

Because the oncogene expression product of c-erbB-1, EGFR, has been described as
a marker of proliferation, p185 seems to play an important part for specific cell differ-
entiation during organogenesis. Initial serum analyses during pregnancy yielded
elevated p105 values compared with a group of nonpregnant women (16) (Table 4).

At the beginning of the third trimester, and then with increasing gestational age,
pl05 serum levels increase. This trend was revealed both interindividually and
intraindividually, and further analyses of the maternal sera show the highest p105 lev-
els prior delivery (18). Growth factors and oncogenes are of central importance to
organogenesis. Protooncogenes are activated to a different extent during fetal and
embryonal development. Normal intrauterine embryogenesis has several features in
common with the growth of malignant tumors. This includes interalia the invasive and
controlled growth of trophoblast compared to invasive uncontrolled tumor growth. One
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Table 4
Normal Ranges of p105 Serum Concentrations
in 71 Healthy, Nonpregnant Women

Control group n 2.5% to 97.5-quantile

Premenopausal without 47 108-181 fmol/mL
hormonal contraception

Premenopausal without 24 104-256 fmol/mL

hormonal replacement therapy

possible reason for increased serum levels in the third trimester is the deactivation of
p185 by proteolytic cleavage of its 105 kD extracellular domain, followed by increased
appearance in the serum. Moreover, changing filtration conditions in the maternal kid-
ney or in the feto-maternal circulatory system could be responsible for these findings.

Concerning the p105 levels during pregnancy, there is no significant difference
between healthy women and patients with superimposed preeclampsia. Compared to
normal pregnancies of the third trimester, patients with pure preeclampsia have signifi-
cantly higher p105 serum levels. Women with a HELLP syndrome show a significant
decrease of p105 in the first and second trimester. The highest values were measured in
the third trimester. In comparison to normal pregnant women of the third trimester, patients
with pure preeclampsia and HELLP syndrome had significantly higher levels of p105.

In abnormal pregnancies of the first trimester with damage to or modification of the
structure of known foci of p185 overexpression there was, unlike in nonpregnant
women, no significantly diminished p105 serum level. This result indicates that there
may be no relationship between the degree of p185 expression in the tissue and mater-
nal serum level.

Investigating of the cause of the elevated p105 serum levels in instances of preec-
lampsia and HELLP syndrome, the modifications in the vascular endothelium may
play a crucial role: endothelial cells have complex functions in the mediation of immu-
nological reactions, preserve the integrity of the vascular structure, prevent intravascu-
lar blood coagulation, and modulate the contractile reaction of the smooth vascular
muscle cell on which the endothelial cell rests. These characteristics are relevant to
preeclampsia. Endothelial cells may loose these properties and release coagulant, vaso-
constrictive, and mitogenetic substances (19).

The differences between the results of pure and superimposed preeclampsia are pos-
sibly because of differences in the pathogenesis of these two forms of preeclampsia.
The results of our study addressing this issue concur with those of Roberts and Redman
who discovered an increased activity of growth factors in the blood of patients with
eclampsia compared to a control group (19). These changes normalized after preg-
nancy, like the p105 serum levels in our series of analyses. Another marker that was
significantly elevated in patients with preeclampsia compared to a control group is
cellular fibronectin. Furthermore, in the context of the altered function of the endothe-
lial cells, patients with preeclampsia are described as featuring an enhanced release of
prostacyclin, an elevated expression of the B-chain of the platelet-derived growth fac-
tor, and a reduced release of endothelin (19).
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In view of these findings, it is conceivable that the significantly elevated p105 serum
levels associated with preeclampsia and HELLP syndrome occur as a result of the
endothelial modifications detected for these pregnancy-specific disorder and
the expression of an alteration in cell dedifferentiation. Another possible cause of the
elevated p105 serum levels in patients with preeclampsia and HELLP syndrome could
be the disturbance in the differentiation of the spiral arterioles in the course of implantation.

Because elevated p105 serum levels are detectable in various oncological disorders,
during the third trimester of normal pregnancy, in pure preeclampsia, and in cases of
HELLP syndrome it would make sense to search for common features among these
various entities to establish causalities. The implantation of the trophoblast, the ageing
of the placenta before delivery, and the invasive growth of tumor cells are founded in
proteolytic processes. In the case of the oncogene c-erbB-2, it has been demonstrated
that the extracellular domain (p105) of the p185 expressed by tumor cells is liberated
due to proteolytic breakdown, which might explain the elevated p105 serum concentra-
tions in cancer patients.

Because preeclampsia and eclampsia have figured as the principal cause of maternal
fatalities in most countries for the last 40 yr, predictive markers for these disorders are
of central importance. To what extent elevated p105 serum levels can be specifically
employed for prospective diagnostics in the case of clinically asymptomatic women
who later develop preeclampsia or HELLP syndrome is unclear at present.

Further studies must take these influencing factors into account, especially in con-
trol groups, before one can estimate whether the analysis of p105 concentration is a
valuable diagnostic tool for cancer patients.
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Enzyme Immunoassay of Urinary 3-Core Fragment
of Human Chorionic Gonadotropin as a Tumor Marker
for Ovarian Cancer

Ryuichiro Nishimura, Tamio Koizumi, Hiranmoy Das,
Masayuki Takemori, and Kazuo Hasegawa

1. Introduction

Human chorionic gonadotropin (hCG), a glycoprotein hormone composed of two
nonidentical o- and B-subunits, is normally produced by trophoblasts. Serum and urine
from some patients with nontrophoblastic tumors are found to contain similar
immunoactivity to the B-subunit of hCG and this phenomenon has been recognized as
an ectopic hCGP production (1). Elevated levels of ectopic hCGP are detected more
frequently in urine than in serum. Recent studies have shown that urinary ectopic hCGf
mainly represents hCGB-core fragment (-CF) (2). Urinary B-CF consists of residues
6-40 disulfide bridged to residues 55-92 of the B-subunit of hCG (3,4), suggesting that
it may be a degradative product of hCGp. Such partial identity of the amino acid
sequence between intact hCG, free hCGf, and B-CF makes their specific measure-
ments difficult. The existence of two more antigenic sites unique to hCGP has been
demonstrated. The one domain locates in the B-core portion and the other in COOH-
terminal region of the B-subunit of hCG (Fig. 1). By selecting appropriate pairs of
antibodies to construct sandwich enzyme immunoassays (EIAs), it is possible to design
methods that measure either intact hCG, free hCGp, or B-CF (Table 1). By using this
EIA, the authors assessed the clinical usefulness of urinary B-CF as a tumor marker for
nontrophoblastic tumors (5,6). Here, the authors describe the methods to measure uri-
nary B-CF in patients with ovarian cancer.

2. Materials

Urine was collected from patients on admission. After centrifugating the urine at
2000g, the supernatant was collected and then frozen at —20°C until assayed.

2.1. Purification of hCG Subunits

1. 8M guanidine hydrochloride.

2. High-performance gel permeation chromatography (GPC) system (e.g., Gilson Model
302 pump, Gilson Model 802 monometric module, M & S Model 311 UV-detector, and
Pantos U-228 recoder with 2.5 x 60 cm TSK G3000 SW column.

3. GPC elution buffer: 6M guanidine hydrochloride.

From: Methods in Molecular Medicine, Vol. 39: Ovarian Cancer: Methods and Protocols
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Fig. 1. Two antigenic sites: the first domain is located in the 3-core portion and the second
domain is located in the COOH-terminal region of the B-subunit of hCG.

2.2. Purification of Antibodies

1. Protein-A cellulofine (Seikagaku Kogyo, Tokyo, Japan) in 0.1M NaHCO3 containing
0.5M NaCl (pH 8.3) packed in a column (0.6 X 8cm).

Column prewash: 0.1M acetate buffer-0.5 M NaCl (pH 4.0).

Protein A column loading buffer: 0.01M phosphate buffered saline (pH 7.4).

Protein A column elution buffer: 0.2M Glycine-HCI (pH 2.8).

hCG-coupled Sepharose (Pharmacia LKB Biotechnology, Uppsala, Sweden) in 0.1M
NaHCO; containing 0.5M NaCl (pH 8.3) packed in a column (0.6 X 8cm).
hCG-Sepharose column loading buffer: 0.5M NaCl followed by distilled water.

0.5 M NaCl.

8. hCGp-Sepharose column elution buffer: 1N acetic acid.

A »

=N

2.3. EIA Systems

Polystyrene beads (6.35 mm in diameter, Sekisui Chemical, Osaka, Japan).

0.1M sodium bicarbonate, pH 9.5.

BSA solution: 1% bovine serum albumin.

PBS-BSA: 0.02M phosphate buffer, 0.1% bovine serum albumin, pH 7.5.

Citrate buffer: Phosphate citrate buffer, 0.02% hydrogen peroxide, 2 mg/mL of
o-phenylene diamine, pH 4.65.

IN sulfuric acid.

S

o
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Table 1

Specificities and Sensitivities of Enzyme-Immunoassays Specific for Intact hCG(EIA-1), Free hCGB(EIA-2), and 3-CF(EIA-3)

First antibody Second antibody Cross-reactivity (%)
Intact Free
Assay Code Epitope Code Epitope Specificity hCG hCGp B-CF
EIA-1  No.277(MoAb) B-CTP  No.224(MoAb) heGa Intact hCG 100 15 <1.0
EIA-2 No.209(MoADb) hCGp No.115(PoAb) B-core Free hCGP 1.9 100 1.9
EIA-3 No.229(MoAb) B-core No.105(PoAb) B-core B-CF 3.3 100 100

MoAb: monoclonal antibody.
PoAb: polyclonal antibody.
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3. Methods
3.1. Production of hCG Subunits

1.

2.

Highly purified hCG (4 mg) was dissolved in 0.3 mL of 8M guanidine hydrochloride and
incubated at 37°C for 2 h.

0.1 mL of distilled water was added before application to a column of high-performance
gel permeation chromatography (GPC). In one course of GPC, several aliquots of 0.1-mL
hCG solution were injected into the GPC system.

hCG subunits were eluted in 6 guanidine hydrochloride solution at room temperature.
The effluent was collected into 0.5 mL fractions with a flow rate of 0.5 mL/min. Aliquots
were removed for identification of immunoactivities of the o~ and -subunits by their
respective immunoassays. The fractions comprising each subunit were pooled, exhaus-
tively dialysed against distilled water and lyophilized on a freeze dryer.

The resultant purified o- and B-subunits were used as antigens to raise antibodies in ani-
mals. To prepare monoclonal antibodies immunization of BALB/c mice was performed as
previously described (7,8). After two immunizations of 10 pg subunits, spleen cells were
fused with mouse myeloma cells. After 2 wk culture supernatents were tested for produc-
tion of antibodies against hCG, hCGa, and hCG radioimmunoassays.

3.2. Enzyme Immunoassay (EIA)

Three types of enzyme immunoassay (EIA) systems for intact hCG, free hCGJ3, and
B-CF were established as EIA-1, -2, and -3, respectively, by the sandwich method using
two different monoclonal and polyclonal antibodies (Table 1).

3.2.1. Protein—A Purification of Monoclonal Antibodies

Monoclonal antibodies were purified with the use of protein-A cellulofine
(Seikagaku Kogyo, Tokyo, Japan).

1.

SR

Protein-A cellulofine is packed in a column and washed with 10 mL of 0.1 NaHCO5-
0.5M NaCl (pH 8.3).

The column is washed with 10 mL of column prewash buffer.

The sample is applied to the column.

Wash column with ten column volumes of 0.01M phosphate buffered saline (pH 7.4).
Bound antibody is eluted with 0.2M Glycine-HCI (pH 2.8).

The eluate is immediately neutralized with ammonium hydroxide.

3.2.2. Purification of Polyclonal Antibodies

The polyclonal antibody was purified by affinity chromatography with an hCGf3-
coupled Sepharose column (Pharmacia LKB Biotechnology, Tokyo, Japan).

1.

2.
3.
4.
5.

Coupled sepharose is packed in a column and washed with 10 mL of 0.1M NaHCO5-0.5M
NaCl (pH 8.3).

The column is washed with 10 mL of column prewash buffer.

The sample is applied to the column.

Wash column in 10 vol 0.5M NaCl and 10 vol distilled water.

Antibody was eluted in 1N acetic acid and the eluate immediately neutralized with ammo-
nium hydroxide.

3.3. EIA Systems

1.

Polystyrene beads were incubated with 50 pg/mL of the purified first monoclonal anti-
body in 0.1M sodium bicarbonate, pH 9.5, overnight at 4°C.
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Fig. 2. Standard curve for the enzyme Immunoassays (EIA) of B-CF.

2. After the incubation, the remaining antibody solution was aspirated and the beads were
incubated with 1% BSA solution for 1 h at room temperature to block the residual binding
sites.

3. The BSA solution was then removed, and the beads were washed with distilled water.

4. The beads coated with the first antibody were incubated with 100 uL of the sample and
200 pL of 0.02M phosphate buffer containing BSA 7.5 for 3 h at 37°C.

5. The beads were washed three times with deionized water and transferred to new assay
tubes.

6. 500 uL of citrate buffer (pH 4.65), was added for the color development at room temperature.

7. After 30 min, the reaction was stopped by the addition of 1N sulfuric acid and immedi-
ately measured at 492 nm absorbance.

8. The standard curve for EIA of B-CF is shown in Fig. 2. Intra-assay and interassay vari-
ances were within 10% and the sensitivity was 0.01 ng/mL. The cross-reactivities of pitu-
itary glycoprotein hormones (hLH, hFSH and hTSH) were less than 0.5%.

3.4. Assay Specifications
3.4.1. Specificity of EIA for B-CF

In our EIA systems, EIA-1 and EIA-2 are essentially specific for intact hCG and free
hCGb, respectively, but the assay value of EIA-3 does not always indicate the concen-
tration of B-CF, since EIA-3 recognizes B-CF as well as free hCG[3 (Table 1). There-
fore, the actual amount of B-CF is calculated after subtracting the assay

3.4.2. Adjustment of Urinary Concentration
of B-CF by Urinary Creatinine Level

Urinary concentration of B-CF is influenced by the urine volume. Therefore, urinary
concentration of B-CF should be adjusted by the creatinine level contained in the same
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Fig. 3. Levels of urinary B-CF increase as disease progresses.

urine for the evaluation as a tumor marker. Thus, urinary level of B-CF is expressed as
nanograms per milligram of creatinine (ng/mgCr).

3.4.3. Cutoff Value of Urinary B-CF

The mean level plus or minus standard deviation of B-CF in the urine of nonpreg-
nant healthy women was 0.079 * 0.052 ng/mgCr. The cutoff value, set at M+2SD, of
B-CF in the urine was 0.2 ng/mgCr. Based on this cutoff value, 5.4% of the urine
samples from nonpregnant, healthy women were found to contain elevated levels of
B-CF. Specificity of urinary B-CF as a tumor marker was investigated by examining
urine of patients with gynecologic benign diseases, indicating that the false positive
rate was less than 10%.

4. Note

The authors studied patients with common epithelial nongerm cell ovarian cancer
referred to the Department of Obstetrics and Gynecology of Hyogo Medical Center for
Adults. From the 45 patients with ovarian cancer, 38 (84.4%) patients had elevated
levels of urinary B-CF, and the incidence increased with disease progression (Fig. 3).
The positive rates of urinary B-CF classified by histologic types of ovarian cancer were
87.1% (27 of 31) for serous, 75% (6 of 8) for mucinous, and 83.3% (5 of 6) for others.
There was no significant correlation between the concentrations of urinary B-CF and
serum CA125 and all the patients so far examined were detected by the combination
assay of these tumor markers.
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Ovarian Cancer Models

Technical Review

Simon P. Langdon, Joanne Edwards, and John M. S. Bartlett

1. Introduction

Perhaps the most fundamental question that faces the laboratory scientist is, “Which
model system should I use to investigate the problem?” Failure to adequately address
this issue can compromise even the most meticulous and inspired research program. If
this is such a thorny issue, why use model systems at all? As with most biological
systems, ovarian cancer is a complex disorder comprising tumor cells, stromal tissues,
neovascularization, inflammatory responses, and other host responses to the tumor.
Experimental science best progresses by controling all but a single variable and
observing what occurs when that variable is modulated. Almost by definition, this
requires a homogenous group of samples to work with. Using human cancer patients
for research, it becomes rapidly apparent that the diverse nature of the tumors and the
hosts greatly complicates such an approach, hence the development of various model
systems. The problem with model systems is simple, they are models—not the true
disease states, by their very nature they are less than perfect reflections of the way in
which the system under investigation performs in vivo in the normal host. Model sys-
tems are essential research tools, but have to be used appropriately.

The choice of model largely depends on the question being asked. It is only within
the last 40 years that experimental approaches in the study of cancer have progressed to
the use of tissue dispersion techniques. These techniques are used to isolate fully dif-
ferentiated primary-cell populations for subsequent experimental use. In some cases,
these primary cells can be grown or maintained in culture for a number of passages
before eventually losing their differentiated characteristics (1). These cells can also be
used to establish secondary cell lines where tumor characteristics can be studied in
vitro or if used within an animal model in vivo. Prior to the development of these
techniques, experiments were limited to studies which used either intact organs, tissue
extracted from induced animal tumors, or sections of human tumor. Currently, how-
ever, a broad range of models systems are available to investigate characteristics of
ovarian cancer cells both in vitro and in vivo. Models of malignant and normal ovarian
epithelium obtained from the human, rat, and mouse, have been described and their use
has extended our knowledge of the properties of ovarian cancer cells (2). This over-
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view will briefly outline some of the model systems that are in use and their relative
strengths and limitations.

2. Clinical Models

Collections of tumors and patients series are the ultimate “clinical model,” however,
although clinical studies offer valuable information into the nature of ovarian cancer,
the great complexity of these systems precludes any control of many of the factors that
may affect the system under study. Tumors, as they arise in patients, comprise a geneti-
cally, nutritionally, and physiologically highly heterogeneous host group suffering from
a broad range of disease pathologies, even within a single tumor group such as ovarian
cancer, which is managed by diverse therapies. Nonetheless, at all times the researcher
should have in mind the true pathophysiological system, and work toward an under-
standing of this system with the recognition that ultimately his or her work must be
relevant to the behavior of tumors in the patient.

Tumor banks and observational studies have provided significant information relat-
ing to the expression and distribution of biological phenotypes within the tumor popu-
lation. They provide valuable insights into potential mechanisms for in vitro study and
also test beds for the analysis of hypotheses developed in vitro.

2.1. In Vitro Models

In essence, in vitro systems are divided into three major categories:

1. Primary cell culture.
2. Secondary cell culture.
3. Dual or co-culture systems.

In the first two systems, the objective is to isolate a single cell type, usually the
tumor cells, and to investigate their function in isolation from the complex interactions
that surround them. Co-culture systems begin to approximate the in vivo system by
“rebuilding” the interactions between, for example, stromal and tumor cells and allow-
ing the investigation of interactions between multiple cell systems. Each system has
potential benefits and drawbacks. The major advantage of culture systems is their sim-
plicity. Tissue-culture systems allow control of the environment within which the cells
are growing, e.g., amount of growth hormones available to the culture and also moni-
toring of the reaction of a culture to a particular treatment.

2.1.1. Primary Cell Culture
2.1.1.1. WHAT I1s A PRIMARY CULTURE?

A primary culture is one initiated from cells, tissues, or organs taken directly from
an organism. Cells freshly isolated from a particular tissue may survive for days or
months either dividing or nondividing before eventually dying, or may divide repeat-
edly requiring subculturing or passaging (3). If the primary cell culture, once estab-
lished, continues to grow and divide, it is termed a primary cell line which may die
after several passages or may become an established cell line with the apparent poten-
tial to be subcultured indefinitely. Refer to Chapter 14 for protocols that describe how
to establish ovarian cancer primary cell cultures from ascites, solid primary tumor, or
metastatic deposits.
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2.1.1.2. How ArRe PriMARY CuLTURES DERIVED?

There are several methods for establishing primary cultures, and this varies depend-
ing on the composition of the tissue (see Chapter 14) (3). Most tissue, however, can be
desegregated by one of three techniques or a combination of these; physical disruption,
enzymatic digestion, and treatment with chelating agents. Physical disruption is not
often used alone, mainly because it is difficult to obtain a uniformed suspension with-
out cell damage. It is, however, usually combined with enzymatic digestion or chelat-
ing agents. The most successful enzymes used to desegregate tissues are collagenase
and trypsin. Trypsin is usually the enzyme of choice for separation of cells in estab-
lished cultures, however, for initial isolation of cells, collagenase is more effective as
some tissues, especially from adult animals, are refractory to trypsin treatment because
of their collagen content (). Certain tissues, especially epithelial tissues, seem to
require divalent cations, particularly calcium and magnesium for their integrity. If these
ions are removed by substances that bind them (chelating agents) the tissues may be
desegregated very easily. Chelating agents most commonly used are EDTA and EGTA.
These agents are rarely used alone for tissue dispersion, however, their use in combina-
tion with enzymatic digestion is more common.

The ways in which enzymes and chelating agents are used to form a cell suspension
are similar. The tissue (which is usually sliced or chopped) is placed in a solution
containing an enzyme or chelating agent or both and rocked or stirred for various
lengths of times. It is also common practice to treat a tissue with a chelating agent
before the use of an enzyme for further digestion. Once a single cell solution has been
obtained, the cells are maintained in sterile culture flasks that contain cell-culture
medium. Cell-culture medium is a synthetic replacement for the normal extracellular
fluid in the animal. This media needs to be maintained at the correct pH and osmolality,
it also requires the correct concentrations of essential inorganic salts, vitamins, amino
acids, and growth factors. In most cases, antibiotics such as penicillin, streptomycin,
and/or kanamycin are added to the growth media. Other environmental factors also
need to be taken into consideration, for example, temperature (37°C) and the culture
substrata (tumor cells are less dependent on the substrate).

2.1.1.3. WHAT ARE THE EXPERIMENTAL ADVANTAGES OF PRIMARY CULTURES?

Primary cultures, as their name suggests and as described above, represent the first
step in ex vivo culture of biological systems. Cancer cells are naturally adaptive. As
soon as they are removed from the body and cultured for any length of time, they
modify their behavior in ways which may not reflect the behavior in vivo. Simply
placed to grow on plastic presents different challenges to growing in vivo! Primary
cultures are particularly useful because in studying tumors in the hours and perhaps
days since removal from the patient, one is studying the tumor cell in the absence of
any culture-induced changes.

The major disadvantage of primary culture systems is that they are short lived and
rarely transported from one laboratory to another, thus preventing reproduction of
results and confirmation by different groups. In addition, the short-lived nature of these
models precludes sequential study of different systems in the same model system. The
use of multiple primary cultures allows study of the diversity observed in in vivo tumor
studies.
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Ovarian carcinoma primary cell-culture models may perhaps best be used to study
clinical response to chemotherapy. The level of thymidine uptake by the cultured cells
(measurement of cell division) is recorded in response to different chemotherapy
regimes. Full agreement has been observed between the degree of thymidine uptake
inhibition induced by drugs administered to the cultured cells and the degree of clinical
response (9). The predictive accuracy of the in vitro drug sensitivity test has been
reported to be in the region of 80% (10,11). This screening test may also provide the
choice of the next best drug(s), once the tumor has become resistant to a particular
drug. Thus, the overall prognosis of patients at an advanced stage of malignancy could
be improved with the help of in vitro predicative tests (11). This method for matching
therapies accurately to tumors has, sadly, proven too expensive to be widely utilized,
despite the potential patient benefit.

2.1.2. Secondary Cell Culture
2.1.2.1. WHAT 1s A SECONDARY CELL CULTURE?

A secondary cell-culture line is a cell line obtained from a primary culture which can
be subcultured almost ad infinitum (3). It is a general observation that if a primary
culture is maintained for a period of time, the cells will enter a period of statis, where
cell division or growth slows dramatically or even appears to stop. Many cell lines will
die back at this point, however, after maintaining these quiescent cells for periods of
weeks, or even months, a proportion will regrow such that they now grow relatively
readily on plastic and are amenable to subculturing for an almost indefinite period (3).
Once this transition has occurred, the cell line can be readily transported between labo-
ratories and regrown and represents a novel “secondary” cell culture.

2.1.2.2. DEVELOPMENT OF SECONDARY CELL CULTURES (SEE CHAPTER 15)

This transition between the primary and established state may occur gradually or
suddenly as a result of a transformation (either spontaneous or induced) which can
usually be monitored by the identification of a few colonies of rapidly dividing cells.
These cells tend to differ from the primary cell line in several ways, e.g., abnormal
chromosome number, loss of contact inhibition, shorter population doubling times, and
occasionally a loss of specialized function(s) (4). The majority of primary cell lines
established from tumors will behave as an established cell line. Many of these cell lines
show better retention of specialized function than those derived from normal tissue (3),
making tumor material the ideal source of cells for establishment of a secondary cell
line (15). Chapter 14 discusses how a primary ovarian cancer cell line can be main-
tained and develop into an established cell line and also the removal of contaminating
cell types, e.g., fibroblasts and mesothelial cells. A large number of ovarian cancer cell
lines have now been established and are in widespread use (refer to Table 1 in Chapters
2,5,9,10, 11, 12, and 14). Many of these have been selected to reflect specific situa-
tions, e.g., pre- and postchemotherapy models or pathological subtypes. The majority
of ovarian cancer patients will develop ascites. Most ovarian lines have been devel-
oped from ascitic cells, as this is the most convenient source for sampling (5). Ascitic
fluid contains clusters of malignant cells, which are readily obtained by centrifugation.
Other cell-line models derived from sites within the patient include the primary tumor,
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omental metastases, and pleural effusions. Selection of cells according to the source,
for example, primary or secondary tumor material, is likely to predetermine certain
features of the model system. Ascitic cells reflect features of cells capable of surviving
in the peritoneal cavity and are likely to be metastatic; these cells may or may not differ
from properties of cells found within the primary tumor. Cell lines derived from these
cells may be very appropriate for chemosensitivity testing, however, cell lines obtained
directly from primary tumors may be more suitable for investigating early events in
ovarian carcinogenesis (6).

2.1.2.3. WHAT ARE THE EXPERIMENTAL ADVANTAGES OF SECONDARY CULTURES?

The main advantage of secondary culture over primary culture is avoiding the tech-
nical difficulties associated within studying primary cell cultures, particularly in
obtaining an initially “pure” population of malignant cells, which is devoid of stromal
components such as fibroblasts and mesothelial cells. Secondary cultures, therefore,
provide a renewable source of material, which is generally more homogeneous to pro-
vide the opportunity for continuous experimentation (7). These systems are the most
widely used in current in vitro cancer research. The main disadvantage associated with
secondary culture is that clones more suited to culture conditions or which grow more
rapidly will dominate, thus resulting in the model becoming less representative of the
original tumor (1). Long-term culture may also provide an opportunity for further
mutations to occur and it is important to ensure that properties observed in the model
truly reflect those found in the original tumor.

However, the problem of dominant clones may, in some cases, be an advantage
depending on the question being asked. In some cases, it may be desirable to select
clones of cells that exhibit a specific feature of interest, e.g., drug resistance. Clones
can be readily obtained by growth of a single-cell suspension in semisolid agar and can
be picked out very easily from the matrix by use of a syringe needle or obtained by
limiting dilution culture (Chapter 15). Many drug-resistant cell lines, particular those
that exhibit this particular feature, have been developed and these have shown that
cisplatin-resistance can be generated via multiple mechanisms (7). Other features such
as the role of p53 (Chapter 19) and estrogen regulation (Chapter 20) have also been
modeled (26,31). In general, ovarian carcinoma cell cultures are important tools for
studying second messenger systems and hormonal regulation of ovarian cancer. The
information gained from studying these cell lines can then be utilized in the develop-
ment of novel therapies, e.g., tyrosine kinase inhibitors (8). Cell cultures are also used
in the initial screening phase of newly developed drugs such as tyrosine kinase inhibi-
tors, before such compounds are considered for in vivo investigation (8). The invasive-
ness of tumor cells can also be measured in vitro using an invasion assay. Chapter 18
discusses an assay that measures invasiveness of relatively low-level invasive ovarian
cancer cell lines. The assay involves visual counting of stained cells, which have
invaded through a membrane filter.

2.1.2.4. Co-CULTURE SYSTEMS

These are essentially a method for combining two or more cell lines (for example,
tumor and fibroblast) to investigate interactions between them. Also within this head
could be included culturing of cell lines with extracellular matrix (e.g., matrigel). The
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obvious advantage of such systems is that a closer approximation to the original tumor
architecture is achieved. The disadvantage is that modulations may not only affect
interactions between cell types, but independently affect each component of the
co-culture systems. These systems are thus relatively underused in the study of ovarian
cancer.

2.2. In Vitro Models Summary

In summary, human tumor cell lines provide valuable model systems to study a wide
variety of tumor characteristics including the cell biology, genetic, and chemosensitiv-
ity profiles of diseases. Advantages of immortal cell lines are that homogenous cell
populations are established without contamination from other cells, which results in
better reproducibility of cell cultures. The main disadvantages involved with the use of
an immortal cell line are the loss of specialized characteristics, which are retained in
primary cultures.

3. In Vivo Models

Although murine (12,13) and rat (14) tumor models of ovarian cancer are available,
there has been a much greater interest in studying human ovarian cancer growing in
immunodeficient animals. The use of chemoinduced animal models (14) reduces, but
does not exclude, the tumor heterogeneity seen in clinical samples. Furthermore, there
is valid concern that chemoinduced tumors may not reflect the behavior of human sys-
tems. The use of immonodeficient mice as surrogate hosts for human tumors has pro-
vided a valuable and reproducible system for the investigation of ovarian cancer. Often
used in conjunction or subsequent to in vitro systems, these in vivo models represent
perhaps the closest approximation to the “normal” tumor.

These models vary depending of the site of implantation. The most commonly used
sites are:

1. Subcutaneous (sc).
2. Intraperitoneal (ip).
3. Under the capsule of the ovary.

This overview will discuss when each site should be used as the experimental model
and the advantages and disadvantages associated with it.

3.1. Subcutaneous Xenografts

The first description of sc xenographs of ovarian cancer tissue into the nude mouse
was made by Davy et al. in 1977 (15). Xenografts into nude mice can either be from
human ovarian cancer material or from established human tumor cell lines. The most
convenient site from the point of view of monitoring features such as tumor growth or
recovering the implanted material is sc implantation under the skin in the flank of the
animal. Such models have been extensively used in the antitumor testing of experimen-
tal agents [e.g., (16)] and in the assessment of tumorigenicity where it is important to
obtain the best estimates of changes in tumor volume (changes in tumor volume are
easily noted by means of calliper measurements). Whereas sc xenograft tumors have
been used extensively in the study of cell biology (17) and chemotherapy (18), their
anatomical localization bears little relation to the natural history of human ovarian
cancer.
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3.2. Intraperitoneal Xenografts

For certain experiments, e.g., pharmacokinetic distribution studies of an antitumor
drug, the use of an ovarian xenograft in a site other than the ovary or the peritoneal
cavity is of debatable value. In order to solve this problem, Cobb et al. established a
human clear-cell carcinoma of the ovary ip in an immunomodulated hamster (19).
However, the ip model is now most commonly used in nude mice (20-23). Cells are
injected ip and mimic the dissemination process demonstrated by ascitic cell spread.
This model is of particular interest for testing the role of therapies administered ip,
e.g., cytokines such as gamma-interferon (24) and is currently being used to explore
the potential of gene therapy (25-27).

3.3. Implantation of Tumor Fragments Under the Capsule of the Ovary

A technically more challenging, but more complete, model has recently been
reported, which involves the implantation of tumor fragments under the capsule of the
ovary (28). These fragments grow locally and then metastasize giving rise to a realistic
pattern of metastases involving spread into the peritoneum, colon, and omentum and
the production of ascites. A large animal model in cyclosporin-immunosuppressed
sheep has also been developed (29).

The above models can either be maintained in vivo or re-established from cell cul-
tures in each experiment. With the primary establishment of the tumor into the immu-
nodeficient mouse either directly from a patient or from a cell line, there is often marked
variation in growth rates of individual tumors in different mice even though all are
derived from the same source. If these tumors are passaged through several animals,
more reproducible growth rates are achieved. Not all cell lines and primary tumor frag-
ments grow readily in immunosuppressed animals. Where difficulty is experienced in
establishing xenografts from either cell lines or primary tumors, then use of the extra-
cellular matrix component Matrigel may help (Chapter 21) (30). This appears to be
particularly helpful in the initial establishment of the tumor, but unnecessary for subse-
quent passage. For most ovarian cancer xenografts, the nature of the immunodeficient
host does not appear to be overly critical and both nude (T-cell dysfunctional) and
SCID mice (T- and B-cell dysfunctional) can be used.

3.4. Summary

In summary, the use of human tumor xenografts in immunodeficient animals as a
model for human cancers is well established. Their value depends on the extent to
which their characteristics reflect the properties of a particular cancer in the clinical
situation. Intraperitoneal xenografts seem to be no more difficult to establish than
sc xenografts, however, implantation of tumor fragments under the capsule of the ovary
is associated with technical difficulties. In experiments where the end point is sacrifice
of the animals and measurement of the tumors, ip models mimic the clinical situation
more closely than sc xenografts. However, sc xenograft models are more suitable for
continuous measurement of tumor parameters, eg dimensions for growth curves,
because this is not possible with ip xenografts. At present, the most complete model
available involves implantation of tumor material into the ovary, however, ip xenografts
or sc xenografts are often sufficient for experimental needs.
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4. Summary

Many in vitro and in vivo models systems are currently available to investigate char-
acteristics of ovarian cancer cells. The model of choice depends on the aspect of ova-
rian cancer under investigation. Tissue-culture systems are often sufficient for
preliminary studies that involve drug screening and have been responsible for provid-
ing much of the information known about hormonal mechanisms, signal transduction,
apoptosis, chemoresistance, and other molecular characteristics of this disease. It can,
however, be necessary to use an in vivo model where cell cultures have failed to pro-
vide a comparable environment to an in vivo human tumor. Whole animal studies may
also be required for more extensive metabolic, pharmacokinetic, and toxicological
investigations. In summary, many ovarian cancer models are available, however, care-
ful consideration is required before deciding which model is suitable for any one study.
It is important to select the most appropriate model to answer the question being posed.
The main aims to consider are:

1. the model is simple enough to allow extraction of the information required without com-
plication from irrelevant external parameters,

2. the model is not so simple that it is so far removed from the natural tumor environment
that the information obtained is irrelevant.

Deciding on a suitable experimental model is therefore a balance between being
simple enough to understand without to many irrelevant complications. This overview
has described many of the models available to study ovarian cancer and has highlighted
the advantages and disadvantages associated with each of these models.
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Establishment of Ovarian Cancer Cell Lines

Simon P. Langdon and Sandra S. Lawrie

1. Introduction

Human tumor cell lines have provided valuable model systems to study a wide vari-
ety of tumor characteristics including the cell biology, genetics, and chemosensitivity
profiles of disease. A large number of ovarian cancer cell lines have now been estab-
lished and are in widespread use (Table 1 ) (I-15). Many of these have been selected
to reflect specific situations, e.g., pre- and postchemotherapy models or different histo-
logical subtypes.

Although ovarian cancer cell lines have been obtained from primary tumors, solid
metastatic deposits and pleural effusions (Table 1), most have been derived from the
peritoneal ascites of ovarian cancer patients because this provides a very convenient
source of tumor cells and may be more readily available than primary or metastatic
material as it is routinely drained for the alleviation of discomfort. The tumor cells
within this fluid are found as single cells or small clusters and this avoids the need for
mechanical or enzymatic desegregation. The cells consist not only of malignant carci-
noma cells, but also lymphocytes, macrophages, red blood cells, mesothelial cells, and
fibroblasts. By use of differential centrifugation and trypsinization techniques, pure
populations of carcinoma cells can be selected within several passages. These can then
be characterized to verify epithelial origin and the degree of contamination by non-
epithelial cells assessed by the use of antibodies targeted to lymphocytes and fibroblasts.

Once established, many ovarian cancer cell lines can be grown in fully defined
media, which allows detailed analysis of the influences of regulatory molecules, e.g.,
the effects of hormones, growth factors, and cytokines or the impact of therapeutic
molecules, e.g., cytotoxic drugs such as cisplatin.

2. Materials

1. RPMI-1640 medium (Life Technologies Ltd., Paisley, Scotland) + 10% fetal calf serum
(Life Technologies) + 100 IU/mL penicillin/100 pg/mL streptomycin (Gibco-BRL,
Gaithersburg, MD, Life Technologies Ltd.).

2 mM sodium pyruvate (Sigma, St. Louis, MO).

2.5 pg/mL insulin (Sigma).

Phosphate-buffered saline (PBS) (pH 7.4).

Histopaque (Sigma).

Trypsin (0.05% w/v) / EDTA (0.02% w/v) in PBS.

ARl
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Table 1
Properties of Established Ovarian Carcinoma Cell Lines
Prior

Cell Line Histology Source Treatment Ref.
PEO1 P.D. Serous adenoca Ascites P/FU/CHL 1
PEO4 P.D. Serous adenoca Ascites P/FU/CHL 1
PEO6 P.D. Serous adenoca Ascites P/FU/CHL 2
PEA1 P.D. Adenoca Pleural None 2
PEA2 P.D. Adenoca Ascites P/Pred 2
PEO16 P.D. Serous adenoca Ascites Radioth 2
PEO14 W.D.Serous adenoca Ascites None 2
TO14 W.D.Serous adenoca Sol. Met None 2
PE023 W.D.Serous adenoca Ascites P/CHL 2
SKOV-3 Adenoca Ascites T 3
SW626 Adenoca — — 3
OVCAR-2 Adenoca Ascites P/Cy 4
OVCAR-3 P.D. papillary adenoca Ascites P/Cy/Adr 5
OVCAR-4 Adenoca Ascites P/Cy/Adr 6
OVCAR-5 Adenoca Ascites None 7
OAW 28 Adenoca Ascites P/ Mel 8
OAW 42 Serous adenoca Ascites P 8
41M Adenoca Ascites None 9
59M Endometr adenoca Ascites None 8
CHI Papillary adenoca Ascites P/ IM8 8
138D Serous adenoca Ascites Carb 9
180D Adenoca Ascites P 9
200D Serous adenoca Solid None 9
253D Serous adenoca Ascites Cy/MPA 9
HOC-1 W.D. Serous adenoca Ascites None 10
HOC-7 W.D. Serous adenoca Ascites None 10
CAOV-3 Adenoca Tumour Cy/Adr/FU 10
COLO 110 Serous adenoca Sol. Met None 11
COLO 316 Serous adenoca Pleural None 11
COLO 319 Serous adenoca Ascites None 11
COLO 330 Serous adenoca Ascites Mel/Radiother 11
IGROV1 Adenoca Primary None 12
HTOA W.D. serous adenoca Primary None 13
OV-1063 Papillary adenoca Ascites Cy/Adr/P/HMM 14
DO-s W.D. mucinous adenoca Ascites — 15

P.D. = Poorly differentiated; W.D. = Well differentiated; adenoca = adenocarcinoma; pleural = pleural
effusion; Sol.met. = solid metastasis; P = cisplatin; FU = 5-fluorouracil; CHL = chlorambucil; Pred =
prednimustine; Radioth = radiotherapy; T = thiotepa; Cy = cyclophosphamide; Adr = adriamycin; Mel =
melphalan; Carb = carboplatin; MPA = medroxyprogesterone actetate; HMM = hexamethylmelamine.

3. Methods
3.1. Initial Culturing from Ascites

1. Freshly obtained ascitic fluid drained from the peritoneum of an ovarian cancer patient at
the time of paracentesis or staging laparotomy is transferred to a sterile environment, e.g.,
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(98]

3.2.

3.

3.3.

class II hood (see Notes 1 and 2). The volume collected from any individual patient is
variable, but typically of the order of 1 L.

The fluid is centrifuged for 20 min at 3000g and 4°C to produce a cell pellet.

The fluid is discarded and the cell pellet is resuspended in PBS (20 mL).

Red blood cells are removed by use of Histopaque (Sigma). The tumor cell suspension
(10 mL) is placed carefully onto Histopaque (10 mL) in a Universal container and centri-
fuged at 2000g for 30 min at room temperature. The tumor cells remain at the interface of
the Histopaque and are removed by pastette and transferred to a new Universal container.
The cell pellet is resuspended in PBS (10 mL) and centrifuged at 1000g for 10 min. The
supernatant is discarded. This wash is repeated once.

Cells are resuspended in tissue-culture medium (see Notes 3-6).

A cell count is taken. Aliquots of 10° cells/mL (10 mL/25 cm? tissue-culture flask) are
then cultured at 37°C, 100% humidity, and 5% CO, in a tissue-culture incubator. Attach-
ment of cells to the plastic substrate occurs and eventually a monolayer will form.

At this initial phase of establishment, cells require careful monitoring (by microscope)
because growth is variable. For example, during the establishment of the PEO1 and PEO4
cell lines, subculturing took place after 21 and 4 wk, respectively (I). Tissue-culture
medium should be replaced 2-3 times/wk.

Initial Culturing from Solid Primary Tumor or Metastatic Deposit

Primary or secondary tumor material is obtained at the time of surgery. Fragments of the
tumor are transferred as rapidly as possible into a sterile Universal container containing
RPMI-1640 and placed on ice to maintain viability.

The Universal container is transferred to a sterile environment (e.g., class Il hood). Tumor
fragments are then dissociated either mechanically using crossed scalpel blades or enzy-
matically (see Note 7). After either mechanical or enzymatic disassociation, cell suspen-
sions can ideally be filtered through a sterile gauze to remove clumps.

The cell suspension is then processed according to Subheading 3.1., steps 6-8.

Maintenance and Development of Cell Line

After initial culturing, careful monitoring is needed to establish the level of contami-
nation by fibroblasts. Although fibroblasts will cease proliferating after a number of
generations, they may outgrow the carcinoma cells if the initial percentage of fibro-
blasts is too high.

3.3.

1.

1. Removal of Fibroblasts

Selective trypsinization can remove most of the fibroblast population. Fibroblasts tend to
detach rapidly from plastic after trypsinization and a short treatment (<2 min) with trypsin/
EDTA will remove many of the fibroblasts before the carcinoma cells detach. Fresh
media containing serum will then rapidly inactivate remaining trypsin.

Fibroblasts attach to plastic more rapidly than the epithelial cells and those cells that attach
within the first 2-3 h are predominantly fibroblasts. If the cell suspension is transferred to
a new flask after this period, many of the fibroblasts will remain in the original flask
which can be discarded.

Monoclonal antibodies targeted to fibroblast-specific antigens (e.g., Thy-1) can allow
selective removal of the fibroblasts when in cell suspension.

3.3.2. Removal of Mesothelial Cells

Mesothelial cells may also be present and these can be removed as follows.
Mesothelial cells, but not epithelial cells, attach to fibrin meshes, which are produced
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on initial culturing. A short exposure to trypsin-EDTA (2 min) produces complete
detachment of the mesothelial cell sheet attached to the fibrin mesh without removing
epithelial islands.

3.4. Subculturing and Characterization of Culture

1. When the cell culture approaches confluence, it should be subcultured. Tissue-culture
medium is first removed and cells are washed with PBS (20 mL).

2. Trypsin/EDTA is added to the flask for 5—15 min to detach cells.

3. Once cells are in suspension, they are placed into fresh serum / medium and transferred to
another flask (see Note 8).

4. After several passages, the fibroblasts, lymphocytes, and mesothelial cells should have
disappeared and only carcinoma cells remain. At this stage, it is appropriate to confirm the
epithelial nature of these cells. A small aliquot of cells is placed onto a multispot slide and
stained by standard immunocytochemical methods. There are many monoclonal antibodies
that can be used for the purpose of identifying specific cell types and we have found the
following antibodies to be useful: E29 (Dako, Cambridge, England) targeting epithelial
membrane antigen will identify epithelial cells; 2B11 (Dako) targeting leucocyte common
antigen (CD45) will identify lymphocytes; 5B5 (Dako) targeting the beta subunit of prolyl-
4-hydroxylase and the disulphide isomerase will identify fibroblasts.

5. More-detailed assessments of antigen expression may be valuable. Expression of specific
cytokeratins and other epithelial markers including human milk fat globulin-2 (HMFG2)
and OC 125 (detected by CA125) are often measured.

6. Other useful characterization procedures include karyotyping and ploidy analysis.

7. Regular testing for mycoplasma contamination is also advised, e.g., by staining with
Hoechst 33528 dye and viewing under a fluorescent microscope or by standard microbio-
logical techniques.

4. Notes

1. All ascitic samples should be treated with care and all procedures carried out within class
II containment facilities.

2. Heparin has also been widely used to prevent cell aggregation and can be added directly to
the initial ascites fluid (10,000 U/L ascites).

3. The choice of specific medium has varied widely between different laboratories. RPMI-
1640, DMEM, Ham’s F-12, and o-MEM have all been used as the basic medium and the
choice depends mainly on the medium in use within the laboratory establishing the cell
line. The use of Ham’s F12 has also enabled cell lines to develop which otherwise were
destined to die (9).

4. The use of additives has also varied widely between different laboratories. In addition to
the presence of serum and medium, antibiotics are routinely added and most popular are
penicillin and streptomycin although gentamycin (50 pug/mL) and amphotericin (2.5 pg/mL)
have also been used. Other standard additives for early cultures include insulin and pyru-
vate. Historically, extra glutamine was often added to the media, but formulations in cur-
rent use are more stable.

5. The percentage of fetal calf serum used has most commonly been 10%. Some cell lines
have been recorded as growing initially in 10%, but then deteriorating and this effect was
prevented by a reduction to 5% serum (9).

6. The use of autologous human ascitic filtrate may help initial establishment and growth of
the cell line. This can be added to the media at a level of 10%.

7. Desegregation of solid tumors can be accomplished either mechanically or enzymatically.
The simple use of crossed scalpels is easy and if adequate numbers of small clusters of
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cells are produced then this is sufficient to generate a cell line. Enzymatic digestion will
typically yield a 2—7-fold greater yield of single viable cells. A number of “enzyme cock-
tails” have been described and the following have all been applied in the establishment
of ovarian carcinoma cell lines: collagenase II (0.8 g/100 mL; EC 3.4.24.3; Sigma), DNase
I (0.002 g/100 mL; EC 3.1.21.1; Sigma) and pronase (500 U/mL PBS; Boehringer
Mannheim, Mannheim, Germany).

8. Subculture in the early stages should involve a split ratio of 1:2 or 1:3; eventually this
can be increased to 1:5 to 1:10.
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Subcloning of Ovarian Cancer Cell Lines

Thomas W. Grunt

1. Introduction

Cellular heterogeneity of malignant tissues is a well-known phenomenon (7).
Intralineal/intraclonal diversity may be explained in part by proposing the concept of a
hierarchically ordered, differentiating and self-renewing stem cell system for trans-
formed cell populations (2). However, in many solid tumors, the stem cells are not
easily accessible to phenotypic identification. In the past, density gradient centrifuga-
tion was successfully used to separate cells from tumors and from cell lines into dis-
tinct subpopulations (3-5). Using Percoll density gradients, we isolated undifferentiated
clonogenic tumor stem-cell fractions from HOC-7 human ovarian adenocarcinoma
cells. In addition, we also identified a low-density cell subpopulation formed by large,
vacuolated, slowly growing, adenoid differentiated cells with very low clonogenic
activity (6-11). Further characterization of these cell fractions in terms of stability of
the isolated phenotypes is essential for the assessment of their biological significance.
Subcloning of the isolated cell fractions by limiting dilution culture (12) followed by
long-term culture yielded three permanent monoclonal sublines, which reveal a stable
adenoid differentiated phenotype, and three subclones representing undifferentiated,
clonogenic tumor stem cells (13). These data demonstrate that the isolated phenotypes
represent distinct cell entities reflecting specific stages of ovarian surface epithelial
cell differentiation.

This chapter describes the use of discontinuous Percoll density gradient centrifuga-
tion of human ovarian adenocarcinoma cells for the separation of cells with different
phenotypes and the application of limiting dilution culture of these cells for the estab-
lishment of monoclonal sublines with stable, tissue-specific stages of differentiation.

2. Materials
2.1. Cell Culture and Density Gradient Separation
of Ovarian Cancer Cells

1. Any adherent polyclonal cell line (e.g., HOC-7 human ovarian adenocarcinoma cell line;
kind gift from Dr. R. N. Buick [Ontario Cancer Institute, Toronto, ON], (14)).

2. Percoll® (Pharmacia, Uppsala, Sweden) is a medium for density-gradient centrifugation
of cells, viruses, and subcellular particles. Percoll is composed of colloidal silica, coated
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with polyvinylpyrrolidone (PVP), which renders the material nontoxic and ideal for use
with biological materials (15). It is free from unbound PVP and it is characterized by
physiological ionic strength and pH, by low viscosity and low osmotic pressure enabling
iso-osmotic conditions throughout the gradient (see Note 1). Densities ranging from
1.0-1.3 g/mL are achievable by centrifugation. It is supplied sterile (see Note 2) and may
be stored unopened for up to 2 yr at room temperature. When opened, it should be stored
at 4°C or —18°C for up to 6 mo. After thawing, the solution should be inverted several
times to ensure uniform colloid distribution. Residual Percoll is easily removed from bio-
logical materials by dilution with physiological saline or culture medium, followed by
centrifugation to collect cells, viruses, or subcellular particles.

3. Density Marker Beads (Pharmacia).

4. Sterile 100-mL cellulose acetate bottle filter with 0.2 um pore-size (Costar, Cambridge,
MA, Cat. No. 8310).

5. 1.5M NaCl (10x concentrated physiological saline). The 10X concentrated NaCl must be
filtered through a sterile 0.2-um bottle filter.

6. o-MEM (Gibco, Karlsruhe, Germany) containing 10% heat inactivated fetal calf serum
(FCSHI, Gibco).

7. 0.25% trypsin in 1 mM EDTA solution (Gibco).

8. Dulbecco’s phosphate-buffered saline (PBS - Gibco).

9. Viability stain (e.g., 0.4% trypan blue exclusion dye).

0. Dimethyl sulfoxide (Sigma, Deisenhofen, Germany).

2.2. Establishing Monoclonal Sublines by Limiting Dilution Culture

1. Cell-culture medium conditioned by the parental polyclonal cell line; can be stored at 4°C
for a maximum period of 2 wk (see Subheading 3.2.)

3. Methods
3.1. Cell Culture

The human ovarian adenocarcinoma cell line HOC-7 is maintained in a humidified
5% CO, atmosphere at 37°C in a-MEM.

1. Pipet 17 mL of a single cell suspension containing 0.5 x 103 cells/mL into 75 cm? tissue-
culture flasks. These cells usually adhere within a few hours to the plastic growth sub-
strate and then grow as a monolayer.

2. After 4 d, the old growth medium is removed and 17 mL of fresh growth medium are
added to each T75 tissue-culture flask (see Note 3). Under these growth conditions, the
number of HOC-7 cells multiplies within 7 d by a factor of 10 reaching a total number of
approximately 9 X 10 cells per flask, which means that the cell monolayer becomes 100%
confluent.

3. The medium is removed and 10 mL of PBS is added to the cells.

4. After 2 min, the PBS is removed and the cells are incubated for 15-20 min (37°C, humidi-
fied 5% CO, atmosphere) in 2 mL of trypsin EDTA solution.

5. Cell detachment is facilitated by gently tapping the flask against the palm and is controled
microscopically (the cells should already be rounded-up).

6. The action of trypsin is stopped by adding 4 mL of complete growth medium and the cells
are dispersed into a single cell suspension by pipeting the cells a few times up and down
using a 2 mL disposable plastic pipet (examine the result microscopically).

7. If desired, a trypan blue dye exclusion test can be performed in order to check the viability
of the cells: 50 UL of the cell suspension are incubated for 5 min at room temperature with
50 uL of the viability stain. Ten UL of this mixture are then pipeted into a hemocytometer
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and are viewed under the microscope for cell counting and for estimation of cell viability
(see Note 4).

8. Subsequently, the total volume of the cell suspension is made up to 10 mL using fresh
growth medium and 1 mL of this 1:10 diluted suspension is added to new T75 tissue-
culture flasks, respectively. The final volume within the flasks is then brought up to
17 mL by adding another 16 mL of growth medium to each flask.

3.2 Gradient Separation of Ovarian Cancer Cells

Percoll (from the bottle) is diluted directly to make a final working solution of known
density by the following procedure. In a measuring cylinder, add 0.1 volume of the
final desired volume of 1.5M NacCl (e.g., 5 mL for 50 mL of working solution). To this
add the desired volume of Percoll (from the bottle) calculated using the formula shown
below (15). Make up to the final volume with distilled water and store this solution at
4°C for up to 1 mo.

Vo=V I(p-0.1pip-0.9)/(pg- 1]

Where V, = volume of Percoll (from the bottle) mL
V = volume of the final working solution mL
p = desired density of the final solution g/mL

po = density of Percoll (from the bottle; varies from batch to batch and is
specified on the label, usually 1.130 £ 0.005 gm/mL)
Pio = density of 1.5M NaCl = 1.058 g/mL

For example, to produce 50 mL of working solution of Percoll of density 1.053 g/mL
in 0.15M NaCl: To 5 mL of 1.5M NaCl add Volume of Percoll required = 50 [(1.053 —
0.1058 -0.9)/(1.130 — 1)] = 18.15 mL (if Percoll density is 1.130 g/mL) and make up
to a final volume of 50 mL by adding 26.85 mL distilled water.

For HOC-7 ovarian adenocarcinoma cells, a discontinuous Percoll density-gradient
covering the density range from 1.037 g/mL to 1.069 g/mL was found to be best suited
for sensitive separation of the cells (see Note 5). It is formed by nine different Percoll
density stock solutions with density steps (Ap) of 0.004 g/mL each (Table 1). For
checking the shape and range of the generated gradient (see Note 6).

1. On the day of cell separation, prepare the discontinuous Percoll density gradient in sterile
polycarbonate tubes (see Note 2). Start with 1 mL of stock solution 9 (highest density) and
then carefully overlaying 1 mL of stock solution 8 (next lower density) on top of solution
9 and proceed in this manner until stock solution 1 is reached. Use extreme caution not to
disturb the interfaces between the individual density steps (see Note 7). Established gradi-
ents can be kept at 4°C for up to 24 h. Longer storage is not recommended, as diffusion
between the layers will blur the density steps.

2. Trypsinize monolayer cells grown to confluence in a T75 tissue-culture flask using trypsin
EDTA solution (see Subheading 3.1., step 1).

3. Wash the trypsinized cells once with culture medium: Add 18 mL culture medium to 2 mLL
of trypsinized cells and centrifuge for 5 min at 450g and 4°C. Aspirate the supernatant and
resuspend the cell pellet in approximately 500 puL of culture medium.

4. Determine the cell number and cell viability (trypan blue dye exclusion) by using a
hemocytometer and with culture medium adjust the cell concentration to 1.0-1.5 X 107/mL. It
is essential to avoid cell clumping in the cell suspension. Separation of cell aggregates can
be achieved by repeated passage of the cell suspension through a 20-gage aseptic needle.
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Table 1

Preparation of Nine Different Percoll Density Stock Solutions?

Stock Density (p) Percoll (from Bottle) Distilled Water 1.5M NaCl
Solution (g/mL) (mL) (mL) (mL)

1 1.037 12.10 32.90 5

2 1.041 13.65 31.35 5

3 1.045 15.20 29.80 5

4 1.049 16.75 28.25 5

5 1.053 18.30 26.70 5

6 1.057 19.85 25.15 5

7 1.061 21.40 23.60 5

8 1.065 22.90 22.05 5

9 1.069 24.45 20.50 5

“Percoll density (from the bottle) is 1.129 and final volume is 50 mL.

*®

10.

11.

12.

Slowly pipet 1 mL of cells on top of the gradient using a 1000-uL pipette (e.g., Gilson
pipetman P1000). As with layering another density gradient solution, too rapid addition
can disturb the gradient.

Spin the gradients for 30 min at 4°C in a swing-out rotor at 600g. Disengage any internal
brake so that the rotor can run out evenly avoiding turbulence in the gradient.

In HOC-7 cells, this centrifugation yields 10 cell fractions located at the interfaces
between the Percoll density stock solutions.

With a 1000-pL pipet remove and discard the upper 0.5 mL of cell-culture medium.
Recover each cell fraction formed at the interfaces by aspirating 1 mL of the gradient
stepwise and transfer the fractions to new tubes.

Wash the cell fractions 2 x with culture medium: Add 9 mL culture medium to 1 mL of
cell fraction and centrifuge for 5 min at 450g and 4°C. Aspirate the supernatant and repeat
the procedure once. Subsequently, resuspend the cell pellet in 100-200 pl of culture
medium (see Note 8).

Determine cell number and viability of the cell fractions as described in Subheading 3.1.,
step 1, and, Subheading 3.1., step 6.

Cells can now be introduced into individual experiments.

Table 2 demonstrates the cell recovery for each cell fraction after density gradient
centrifugation. Overall recovery after cell separation was approximately 98% (6). For addi-
tional methods to check the purity and resolution of the separation technique, see Note 9.

3.3.
1.

Preparation of Conditioned Medium

To produce conditioned cell-culture medium, subculture 7-day-old confluent HOC-7 cell
cultures in new tissue-culture flasks using o-MEM containing 10% FCSHI (splitting ratio
1:10) (see Note 10).

After 4 d of culture, remove the conditioned medium from the cells.

Add 1% (v/v) penicillin-streptomycin (10 mg/mL, Gibco), 25 mM HEPES (Gibco), and
5% (v/v) FCSHI to the conditioned medium (see Note 10).
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Table 2
Recovery of HOC-7 Cell Fractions after Density-Gradient Separation?

Cell Recovery (% of Submitted Cells)
FR1 FR2 FR3 FR4 FRS5 FR6 FR7 FR8 FR9 FRI0 X

Mean 0.3 0.4 0.7 23 115 289 277 140 74 48 978

SD

0.1 0.4 0.6 1.6 9.8 134 5.8 10.7 48 3.1 3.8

“Mean £ SD of 11 experiments.

Centrifuge the medium at 460g for 10 min at 4°C.
Filter sterilize the medium through a 0.2-um sterile bottle filter and store at 4°C for a
maximum of 2 wk.

. Establishing Monoclonal Sublines by Limiting Dilution Culture

Subject confluent HOC-7 cells to discontinuous density gradient centrifugation, as
described above.

After determination of cell number and viability, dilute each cell fraction to a concentra-
tion of 2.5 cells/mL in conditioned medium.

Plate 200 pL/well of the cell suspensions in 96-well tissue-culture plates; this gives a
statistical density of 0.5 cells/well (see Note 11). For each fraction use a half plate
(48 wells).

Examine the plates every other day in the microscope and replace half of the volume of
the conditioned media (100 uL/well) every 3 d.

After 2-3 wk, established HOC-7 monoclonal microcultures usually get confluent and
must be transferred to larger wells. Aspirate the supernatant from the confluent cultures
and add 200 uL PBS/well.

Remove the PBS, add 40 puL of trypsin EDTA and incubate the plates in the CO,-incubator
until the cells round up (15-20 min).

Neutralize the trypsin by adding 160 puL unconditioned growth medium to the well and
transfer the cell suspension to new 12-well plates, which are filled already with 800 uL of
fresh growth medium (total volume is now 1 mL). This first passage monoclonal subline
should be refed every 3—4 d.

After 1-2 wk of subculture, the cells should again be confluent and should be transferred
to T25 tissue-culture flasks, as described above.

Cell stocks should be repeatedly frozen in liquid nitrogen during further expansion.
Trypsinize, wash, and count the cells, as described above. Adjust the cell number to
approximately 2 x 10%mL in cold (4°C) growth medium and dilute the single cell suspen-
sion with an equal volume of cold growth medium containing 20% dimethyl sulfoxide.
Aliquot the cell suspension into 1.8-mL cryotubes (1 mL/vial) and place the samples into
a precooled Styrofoam box with approximately 1-cm wall thickness. Close the box tightly
using adhesive tape and freeze the samples slowly by placing the box in a deep freezer
(=30°C or —80°C). On the next day, transfer the vials into the liquid nitrogen tank.

Overall, it takes approximately 5 wk to obtain one T25 flask of a monoclonal HOC-7
subline. Expansion of the cloned subcultures and freezing of stocks requires another

4-8

wk of cultivation depending on the density fraction from which the clone was

derived. In our hands, the proportion of HOC-7 human ovarian cancer cells, which are
able for clonal outgrowth, lies in the range of 1 in 1.6 X 10° parental cells. Therefore,
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using 1 x 107 cells for density gradient separation and subsequent monoclonal expan-
sion by limiting dilution culture always yields a few distinct subclones.

Cell fractions of human ovarian adenocarcinoma cells separated by the isopycnic
density-gradient technique described above reveal distinct morphology, anchorage-
dependent and -independent growth activities, different immunophenotypes, and spe-
cific stages of differentiation including different activity for monoclonal expansion on
solid substrates (6,13). Using limiting dilution culture, we demonstrated that the cell
fractions of HOC-7 cells form monoclonal sublines with distinct and stable pheno-
types, which reflect specific stages of differentiation (6,13).

4. Notes

1. Percoll has a very low osmolality (<20 mOs/kg H,0) and can therefore form a density
gradient without itself producing any significant osmolality gradient. Iso-osmotic condi-
tions are generated by adding 1/10 volume of 10X concentrated physiological saline
(1.5M) to 9/10 volume of aqueous solutions of Percoll (see above); the resulting osmola-
lity will thus be in the physiological range of 280-320 mOs/kg H,O. This is important for
reliable isopycnic density separation as the buoyant density of biological particles is cru-
cially dependent on the osmotic pressure of the separation medium.

2. Polycarbonate tubes should be used with Percoll as the particles do not adhere to the walls
of these tubes. Percoll may be autoclaved at 120°C for 30 min without any change in
properties. This must be carried out without addition of salts, because these cause gelation
of Percoll under the above conditions.

3. If T25 flasks are used for tissue culture, we usually add 7 mL of a cell suspension of
0.5 x 10> HOC-7 cells/mL to each flask.

4. Incubation of the cells in the trypsin EDTA solution should generally be performed until
the cells start to round up. Shorter treatment will result in excessive cell clumping, whereas
longer exposure will deteriorate the cell viability. It is the FCSHI within the growth
medium, which has trypsin-inhibitory effects. Therefore, it is important to use serum-
supplemented medium in order to stop the enzymatic action.

5. One convenient advantage of Percoll is its ability to form self-generated continuous den-
sity gradients after high-speed centrifugation (> 10,000g, 15-90 min, 4°C) in a fixed-
angle rotor. This is a simple and rapid way to obtain highly reproducible density gradients.
However, this method yields gradients with wide density ranges, but with low-density
resolution precluding successful separation of ovarian cancer cells, which reveal a rather
narrow density distribution (6). Therefore, although preparation of step gradients is more
laborious and time-consuming (approx four gradients/h) than generation of continuous
gradients, step gradients are strongly recommended for the task described above.

6. If desired, color-coded Density Marker Beads (Pharmacia) can be used as an external
standard to monitor the gradient shape and range. To 990 uL of culture medium add 10 pL
of each bead type (bead numbers 1-9, bead number 10 should not be used if Percoll is
diluted with NaCl) and pipet this solution on top of an identical gradient, which should
then be treated in the same way as the gradient containing the cells. The colored beads
comprise a density range of 1.017-1.142 g/mL. The precise density of each bead type is
specific for each lot and is printed on the label of each box. The beads sediment in the
gradient according to their specific density and the shape of the gradient can be traced by
plotting the distance from the top of the meniscus to each band vs the density of each band.

7. Pipeting of the density solutions is best done with a manual pipetor fitting to 5 mL plastic
pipetes thus you can control the flow rate directly with your thumb. Let the solution slowly
trickle (approximately 1 mL/min) into the tube keeping the tip on the wall of the tube just
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10.

1.

above the surface of the liquid. It is not recommended to hold the tubes vertically, rather
tilt them to an angle of approximately 45°. Gentle tilting of the tubes does not affect the
integrity of the gradient.

Buoyant density of the cells grossly correlates with their size. Thus, large, slowly prolifer-
ating, vacuolated adenoid cells are found in the low density fractions (fractions 1-4),
whereas smaller, undifferentiated, rapidly growing cells migrate to higher density regions
(fractions 5-10). Cells forming colonies in anchorage-independent growth assays (soft
agar) are enriched in medium-density fractions. Fraction 6, for instance, reveals a colony-
forming efficiency of approximately 9%, whereas low-density fractions 1-4 are virtually
devoid of such colony-forming cells (colony-forming efficiency <<1%) (6). The differen-
tiated, large vacuolated cells from the low-density fractions are extremely fragile and must,
therefore, be handled very gently during washing and resuspension steps. Cell debris and
nonviable cells have low buoyant densities in Percoll and concentrate in fraction 1. In
order to avoid much debris from occurring in fraction 1, it is therefore essential that the
parental cell culture is in a good proliferative state.

The purity of the cell fractions obtained and the resolution of the discontinuous density-
gradient separation can be examined by immediate recentrifugation of the cell fractions in
a second, identical step gradient using the same conditions (600 g, 30 min, 4°C, swing-out
rotor). In our hands, 97 £ 3% (range 90.1-100%) of the cells of each primary fraction
sedimented again to their original density region indicating that the purity of the cell frac-
tions ranged between 90 and 100% (6).

Select a batch of FCSHI for cloning experiments, which gives a high plating efficiency
during tests (12).

In order to reach an exact and reproducible final number of 0.5 cells per 200 uL and well,
it is necessary to make serial dilutions of the stock cell suspension using a dilution ratio of
approximately 1:5.
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Culture and Characterization
of Human Ovarian Surface Epithelium

Nelly Auersperg and Sarah L. Maines-Bandiera

1. Introduction

The ovarian surface epithelium (OSE) is the part of the pelvic mesothelium that
covers the ovary. It comprises only a minute fraction of the ovary—however, it is the
source of the epithelial ovarian carcinomas which are the prime cause of death from
gynecological malignancies in North American and European women. The implication
that OSE is the source of the epithelial ovarian cancers is based mainly on the demon-
stration of histopathological changes (1). The early stages of epithelial ovarian car-
cinogenesis are poorly understood because these carcinomas are usually diagnosed in
late stages and there are no adequate animal models for their study.

In the past decade, methods were established to grow human OSE in tissue culture
(2,3). This chapter summarizes the main properties of OSE in vitro, the methods used
to culture OSE from surgical specimens, and some of the markers which characterize
these cells.

Normal OSE in culture exhibits considerable phenotypic plasticity. Under standard
culture conditions, i.e., on plastic substrata with culture media containing 10—-15% fetal
bovine serum, the cells form compact, cobblestone epithelial monolayers in primary
culture and modulate to flat epithelial and atypical fibroblast-like forms with time and
passage in vitro. Colonies characterized by whorls of spindly overlapping cells appear
to be derived from metaplastic OSE (4). Cultured OSE is influenced by extracellular
matrices (ECM) and, in turn, modifies such matrices by synthesis, physical restructur-
ing, and lysis (5,6). For example, on collagen gel, OSE cells assume a mesenchymal,
fibroblast-like phenotype, whereas on Matrigel, an in vitro basement membrane substi-
tute, OSE forms aggregates that invade the matrix. ECM also influences rates of OSE
proliferation. Proteolytic enzymes, which are produced by OSE include chymo-
trypsinlike and elastaselike peptidases and a 30 Kd gelatinase (6). Human OSE also
secretes ECM, including laminin and collagen types I, III, and IV (7).

Normal OSE cells secrete, and have receptors for agents with growth- and differen-
tiation regulatory capabilities. They produce TGFf, which acts as an autocrine growth
inhibitor (8), and secrete bioactive cytokines including IL-1 and IL-6, M-CSF, G-CSF,
and GM-CSF (9). They have receptors for epidermal growth factor, which is a potent
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mitogen for OSE cells (10,11) and for amphiregulin, which controls OSE proliferation
in a complex manner (12). They also have receptors for ovarian steroids (13) and gona-
dotrophins (14), but the roles of these hormones in OSE are unknown.

Because of the morphologic variability of cultured OSE cells and the possibility of
contamination by other cell types at the time of explantation from surgical specimens,
it is important to identify the cells as accurately as possible. The following markers
have been defined by immunofluorescence microscopy, histochemistry, and Western
blotting to distinguish OSE from other ovarian and extraovarian cell types: keratin,
vimentin, factor VIII, laminin, collagens I and IV, Ulex europeus lectin (UEAI), wheat
germ agglutinin (WGA), lipid, mucin and 17B3-hydroxysteroid dehydrogenase (7,15).
OSE, endothelial cells, and fibroblasts can be distinguished in live cultures by the
amount and pattern of fluorescent (FITC)UEAI binding. By this means, the cells can be
identified nondestructively and used subsequently (7).

In the following section, we describe methods for the culture of OSE, including
specimen procurement, materials, and methodology, and recommend means of charac-
terization. It is important to realize that culture conditions suitable for OSE from one
species are not necessarily suitable for other species. For example, in Waymouth
medium 752/1, which supports proliferation of rat OSE very well, human OSE remains
stationary (10,16), perhaps because the requirements for calcium concentrations in the
culture medium differ between OSE cells from the two species (17).

2. Materials

1. Standard basal medium, “199/105”-Medium 199 with Earle’s salts, and Medium MCDB
105 (Sigma, St. Louis, MO) mixed 1:1, stored at 4°C up to 8 wk. Fetal bovine serum
(FBS, defined, Hyclone, Logan, UT) is added at 15% to 199/105. The bulk of FBS is
stored at —70°C for periods of several months. Aliquots of 10 ml are stored at —20°C for up
to 8 weeks and thawed immediately before the preparation of complete media.

2. CO,-independent medium—(Life Technologies, Gaithersburg, MD) with 15% FBS and
50 pg/mL gentamicin or 100 IU penicillin/100 pg/mL streptomycin is used to store or
transport OSE fragments after isolation from the ovary, if transit to the laboratory is
expected to exceed 1 h. Stored at 4°C up to 6 mo.

3. Reduced-serum medium, “OSEM-1"-PC-1, (Ventrex Labs, Portland, ME) is Pedersen’s
fetuin and a proprietary compound. Stored as 25X stock and added to 199/105 to a final
concentration of 500 pg/mL. Insulin, 15 pg/mL, transferrin, 20 pg/mL, lipoic acid,
0.1 pg/mL, phosphatidyl choline, 0.2 pg/mL and ethanolamine, 33 pg/mL (Sigma), are
stored as 100X to 1000X individual stock solutions and added to the medium up to 5 d
before use (18,19). Complete medium should be used within 2 wk of preparation.

4. Antibiotics and antifungal agents—all from Life Technologies: 50 mg/mL gentamicin,
stored at room temperature; 10,000 IU/mL penicillin /10,000 pg/mL streptomycin, stored
at —20°C; 250 pg/mL fungizone, stored at —20°C in aliquots of approximately 1.0 mL
(N.B. Fungizone should not be thawed and frozen more than 2-3 times).

5. Cell dissociation medium: Trypsin 0.06% (250:1 grade, Life Technologies) and
ethylenediaminetetraacetic acid (EDTA), 0.01% (disodium salt, Sigma) dissolved in
Hanks’ balanced salt solution (HBSS) without calcium and magnesium (Life Technolo-
gies) with the final pH adjusted to 7.2-7.4 using 1N HCL or IN NaOH. Aliquoted and
stored at —20°C.

6. Cell separation reagents: 40% Percoll (Sigma) in HBSS with calcium and magnesium
(Life Technologies) is stored at 4°C. It is stable for several months.
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7. Dimethyl sulfoxide (DMSO) (reagent grade, BDH Chemicals) is stored at room tempera-
ture and should be replaced with fresh stock every 6 mo. Immediately before use, freezing
medium is made to contain 45% medium 199/105, 45% FBS and 10% DMSO.

3. Methods
3.1. Specimen Collection

Specimens are obtained either from ovaries removed during surgery for nonmalig-
nant gynecological disorders (e.g., hysterectomies for fibroids) or at laparoscopies,
e.g., for tubal ligation (see Note 1).

3.1.1. Biopsy Specimens

1. Atthe time of ovariectomy, cut (or have the surgeon cut) a piece of the ovary that includes
ovarian surface, immediately after removal from the body cavity or while the ovary is still
in situ (see Note 2).

2. Place specimen into a sterile polypropylene container with approximately 25 mL of
CO,-independent culture medium and transport to the laboratory at ambient temperature.

3. If the specimen is very bloody, it may be necessary to rinse it with HBSS or serum-free
culture medium. The rinse is kept and cultured (see below) because it often contains OSE
fragments.

4. The specimen is held with forceps, surface down, over a 35-mm culture dish containing
2 mL of standard basal medium and the ovarian surface is scraped firmly with a white
rubber scraper attached to a glass rod, or gently with a blunt instrument (sharp edges or
excess pressure increase the risk of stromal cell contamination). For large specimens, a
60-mm dish with 4 mL of medium may be more convenient.

5. The OSE fragments generated from scraping are incubated in the same culture dish where
they are collected. Microscopically, they appear as small pieces of flat or rolled-up epithe-
lial monolayers.

6. Cells in the medium used for transport from surgery are collected by centrifugation for
5 min at 80g and plated into a separate 35-mm dish. All cultures are incubated at 37°C in
humidified 5% CO,/air and left undisturbed for at least 4 d. Then, culture medium with
antibiotics (see step 2 above) is changed as needed until the monolayers become confluent
(see Note 3).

3.1.2. Laparoscopy Specimens

OSE is scraped from the ovary by the surgeon, using the blunt side of laparoscopic
scissors, and the fragments are rinsed off the instrument into a 15-mL centrifuge tube
containing 2-3 mL of medium. The tube is then transported to the laboratory where the
contents are pipetted into a 35-mm culture dish and incubated as above.

3.1.3. Red Blood Cell Removal

Occasionally, the rinses, transport medium, and even the final scraped preparation
from a biopsy specimen contain a lot of blood which interferes with the attachment of
the OSE to the culture dishes. To remove the RBCs, the following method may be
used.

1. Collect blood and OSE fragments by centrifugation for 5 min at 80g.
2. Remove supernatant and resuspend pellet in 1-2 mL of basal culture medium, depending
on the size of the pellet.
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3. Carefully layer this suspension on top of an equal volume of 40% Percoll in a 15-mL
centrifuge tube, making sure not to mix the cell suspension into the Percoll.

4. Centrifuge at 2400g at room temperature for 20 min. Do not use centrifuge brakes.

5. Purified cells will be at the medium/Percoll interface, and red blood cells at the bottom of
the tube. Remove the cells of interest with a transfer pipet or a Pasteur pipet to a new
centrifuge tube while transferring as little Percoll as possible. Add excess (several mL) of
medium and wash the cells by gentle mixing to remove as much Percoll as possible. Cen-
trifuge at 80g. Resuspend the cells in 2 mL of medium and incubate in a 35-mm dish (see
Note 4).

3.2 Maintenance of Cultures
3.2.1. Growth

OSE fragments begin to attach within a few days. The cultures should not be dis-
turbed for the first 4 d. Thereafter, medium is changed once a week while the cells are
sparse, twice a week or more when they approach confluence. For morphological evalu-
ation of the cells (see Note 5).

3.2.2. Subculture (see Note 6).

1. Rinse confluent culture once with Hanks’ calcium, magnesium-free BSS with trypsin/
EDTA (at room temperature).

2. Add fresh Hanks/trypsin/EDTA for 2-3 min (1.0 mL per 35-mm dish).

3. Pipet with a transfer pipet or Pasteur pipet until the cells detach.

4. Transfer the cell suspension to a centrifuge tube containing 2.0 mL of medium with 15%
FBS to neutralize the trypsin, mix, collect the cells by centrifugation at 80g for 5 min.

5. Resuspend the pellet in complete culture medium and plate the cells into new culture dishes.

3.2.3. Freezing

OSE fragments may be frozen in liquid nitrogen for future use immediately after
they are obtained from surgery, i.e., before culturing, by centrifuging fragments and
resuspending in freezing medium, or cultured cells may be trypsinized and frozen.

1. Use cultured cells in the log phase of growth for best recovery.

2. Dissociate cells with trypsin/EDTA, centrifuge.

3. Remove culture medium, resuspend cells in freshly prepared culture medium with 45%
FBS and 10% DMSO. Optimal cell concentrations are 5 X 10° to 1 X 10° cells/mL.

4. Transfer cells to freezing vials (1.0 to 1.8 mL/vial) and freeze as per instructions on freez-
ing equipment.

5. Store in liquid nitrogen.

4. Notes

1. Eligibility of patients from whom tissue is to be obtained. OSE from patients with lei-
omyomata, ovarian cysts, pelvic inflammatory disease/adhesions, and endometriosis all
yield cultures with high success rates. However, precautions must be taken in the case of
endometriosis because lesions on the ovarian surface can be overlooked and erroneously
included in the culture. Similarly, in the case of adhesions, the operator must ascertain that
the scrapings of OSE are derived from the ovarian surface proper and not from adherent
extraovarian mesothelium. Ovaries that have been exposed to radiation therapy or chemo-
therapy, e.g., for endometrial carcinoma, grow very poorly. Age differences up to 65 yr do
not seem to influence the success rate.
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2.

Conditions in the operating room. It is essential that OSE be obtained rapidly, under ster-
ile conditions, with as little handling of the ovary as possible, and with as little blood as
possible associated with the specimen. If the ovarian surface is allowed to dry, even in
situ, the OSE dies within minutes. OSE is only losely attached to the ovary and, therefore,
handling of the specimen results in loss of the epithelium. Removal of blood from the
ovarian surface by rinsing also tends to result in epithelial detachment, while blood left
with the epithelium prevents the OSE from attaching to the culture dishes.

Handling of new cultures. OSE is obtained in the form of epithelial fragments. These
attach only slowly to plastic, particularly if they are large, and seem to lose the capacity to
attach and die if they are still suspended after a few days. Therefore, newly established
cultures should remain undisturbed for at least 4 d (longer may be better, but if there are
many cells or if there is much blood in the culture, medium should be changed after 4 d).
To facilitate cell attachment, we tried to use an adhesive (Cell - Tak, Collaborative Bio-
medical Products, Bedford, MA), but found its effect to be inconsistent and not warrant-
ing the added expense. Occasionally, no fragments or growth are observed for over 1 wk
and then, small colonies of monolayered OSE cells appear.

Percoll remnants will remain in the cultures and its microscopic appearance resembles a
bacterial contamination. Too much Percoll may interfere with cell attachment to plastic;
small amounts are harmless and will disappear after a few medium changes.
Identification of cultured OSE cells (see Subheading 1.). The morphology of the cultured
OSE is classified as compact (cobblestone) epithelial, flat epithelial, and atypical or
fibroblastic. Cells in primary culture tend to be cobblestone epithelial, becoming flat to
atypical with increasing passage. Demonstration of keratin by immunofluorescence proved
to be the most convenient means of identifying OSE cells. Concomitant to the change in
morphology from an epithelial phenotype to a more fibroblastic phenotype is the loss of
keratin. This loss may interfere with cellular identification and interpretation of experi-
mental results.

Confluent cultures are split 1:3 when in early passage, but when they are senescing can
only be split 1:2. Cells can be cultured for up to 12 population doublings (PD). A confluent
35-mm dish of primary OSE will yield up to 3 x 103 cells, but this number diminishes as
the cells age and become large and flat.

. For studies of growth requirements and hormone/growth factor responsiveness, a medium

with low, more defined serum content may be desirable (18,19) (see Subheading 2.3.). In
199/105 supplemented with 500 pg/ml PC-1,, the growth rate is 50-60% of the rate in
medium with 15% FBS. If, in addition, the remaining components listed in Subheading
2.3. are added to PC-1, the growth rate is 70-80% of growth in medium with 15% FBS.
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MTT Growth Assays in Ovarian Cancer

Daniel M. Spinner

1. Introduction

The MTT (3-[4,5-dimethylthiazol-2yl]-2,5-diphenyl tetrazolium bromide) growth
assay developed by Mosmann (1) offers a simple, rapid, and precise measurement of
cell viability and proliferation of adherent cell lines (2). The value of this assay is in the
screening of large numbers of samples. The MTT assay, a quantitative colorimetric
assay is based on the living cell’s ability to reduce the tetrazolium salt MTT, a pale
yellow substrate to a dark-blue formazan product. The mitochondrial succinate-
dehydrogenases (3) of viable cells cleave the tetrazolium ring in active mitochondria
into formazan crystals. The crystals can be dissolved in acid isopropyl alcohol, mineral
oil (4), or dimethyl sulfoxide (DMSO) (5). The resulting blue solution can be measured
semiautomatically using a scanning multiwell spectrophotometer. Our laboratory has
successfully applied the MTT-based growth assay with some modifications (6) to
investigate the growth effects of human cytokines on HOC cell lines (7), but we have to
keep its limitations and pitfalls in mind (see Note 1). For use in tests of floating cell
lines, the MTT assay may be less optimal. Using this assay for screening of primary
tumor samples may produce limited results, because cell contaminants may result in
high-background values (4). However, accepting the limitations of the MTT assay, the
optimum assay conditions have to be selected and adapted to the cell lines that are
under investigation. The MTT-based growth assay, as described in this chapter,
is a reliable and sensitive test for the determination of cell growth of human ovarian-
carcinoma cells.

2. Materials

1. Growth medium (GM): The standard GM is a modified RPMI-1640 medium with phenol
red supplemented with 17% heat inactivated fetal calf serum (FCS), L-glutamine
[200 mM], penicillin [S000 U/mL], streptomycin [S000 mg/mL], insulin [0.01 mg/mL];
epidermal growth factor [2 ng/mL], and cholera toxin [100 ng/mL].

2. Serum starved medium (SSM) for MTT reduction assay: RPMI-1640 without phenol red
(Gibco, Gaithersburg, MD) (see Note 2) supplemented with 0.05% heat-inactivated FCS
and L-glutamine [200 mM], penicillin [5000 U/mL], and streptomycin [S000 mg/mL].
Add HEPES buffer and NaHCOj; to the medium and adjust to pH 7.2.

3. MTT solution: MTT was obtained from Sigma Chemicals (St. Louis, MO). Prepare the
MTT solution as a 5 mg/mL stock in phosphate-buffered saline (PBS, Dulbecco and Vogt
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formulation without Mg** or Ca**). Store at 4°C, stable at 4°C for up to 2 wk, stable for
several weeks when stored frozen. Filter the stock solution for use through a 0.2-pum filter
and dilute it in RPMI-1640 w/o phenol red to a concentration of [1 mg/mL].

4. Formazan solvent: Anhydrous isopropyl alcohol containing 0.04N hydrochloric acid (see
Note 8).

5. Automatic multiwell reader (Titertek Multiscan plus MKII - Spectrophotometer).
6. Microtiter plate shaker (Microshaker II, Dynatech, Chantilly, VA, speed 7).
7. PBS: Dulbecco’s PBS, sterile, store at room temperature (RT) (Quality Biological).
8. Hanks’ balanced salt solution (HBSS), sterile, store at RT (Quality Biological).
3. Methods
1. In alaminar flow hood, wash cells twice with HBSS (see Note 3). Resuspend cells in GM

(see Note 4).

2. Aseptically seed single HOC cell suspensions in duplicate or triplicate in 96-well culture

plates at 10,000 cells/100 pUL per well (see Note 5).

Incubate cells for 96 h at 37°C (see Note 6).

4. Wash cells twice with HBSS, while shaking the plates gently and resuspend cells with
100 uLL SSM (see Note 7) per well.

5. Add 100 pL. MTT solution [1 mg/mL] into each well. Shake plates gently. Wear gloves
and protective clothing when handling MTT solvent (see Note 8).

6. Incubate cells at 37°C for a further 4 h while gently shaking the plates (see Note 9).

7. Add 100 pL of acid isopropyl alcohol (see Note 10) to all wells and shake well (or use a
plate shaker at min speed for 5 min), to dissolve the formazan crystals.

8. After a few minutes at RT, ensure that all the crystals are dissolved and read the plates on
an automatic plate reader at a wavelength of 570 nm. Subtract background absorbance
measured at 690 nm (see Note 11).

W

4. Notes

1. There is strong evidence (&) that changes in cell-culture environments (cell-culture age
>96 h, medium pH <> 7.2, low medium glucose concentration, high medium serum con-
centration) may affect formazan generation and thus introduce artifacts into the MTT
growth assay. This may lead to lower sensitivity or to false negative test results. As
observed (8), in some cell lines a decrease in the concentration of D-glucose from culture
medium is accompanied by a decrease in formazan products. For that reason a full culture
medium (e.g., RPMI-1640 w/o phenol red), containing D-glucose is necessary to obtain
optimal formazan production. Furthermore, the medium has to be adjusted to neutral pH.
The untreated cells should be in exponential growth phase at the time of harvest. When
medium containing serum (>0.05 %) is used in the MTT assay, high background values
are observed (6). It should be stressed that with the MTT assay, optimal conditions should
be elucidated for each cell line. Using MTT concentrations from O to 4 mg/mL, with a
constant number of cells per well may be useful to identify optimal MTT concentrations
especially for novel cell lines.

2. First, the pH indicator phenol red absorbs at 570 nm. This may affect the results of the
MTT assays. Second, the contaminants of this indicator have shown substantial estro-
genic activity for estrogen-dependent cells in culture. The phenol red may vary the growth
pattern of some estrogen responsive cells. Our solution to these problems was to use SSM
lacking phenol red.

3. Exponentially growing cultures of HOC cell lines were grown in GM (17% FCS) and
were maintained in 75-cm? culture flasks (Nunc, Weisbaden-Biebrich, Germany) in a
humidified incubator at 37°C in an atmosphere of 95% air and 5% carbon dioxide. Depen-
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1.

dent on cell lines others use GM with FCS concentrations of 5, 7.5, or 10% as cell-culture
medium. This may not interfere with the MTT assay, for using SSM (0.05% FCS) as
medium in this assay. Single-cell suspensions were obtained by trypsination of the mono-
layer cultures (incubation with 500 mL trypsin-EDTA [0.02%/0.05% (v/v)] at 37°C for
5 min). Cells were washed twice with sterile HBSS.

Disperse the cells by gentle passages through a Pasteur pipet.

Count an aliquot of cells directly in a hemocytometer or with an automated cell counter to
estimate cell concentration [cells/mL].

This preculture period ensure attachment of the cells. On one hand, this period can be
reduced, if necessary to a few hours. On the other hand, an incubation time of 96 h allows
sufficient time for assessment of chemosensitivity or for growth stimulation tests with
cytokines.

The serum reduced SSM (0.5% FCS) was used to perform the MTT based growth assay.
As mentioned above, high serum-protein concentrations (> 1%) can interfere with the
assay, resulting in high background values. Reduction of the serum-protein concentration
may result in improved sensitivity of the MTT assay. Although other working groups (6)
suspended the cells in serum-free medium, the small amount of serum protein (0.5% FCS
in SSM) that we used, did not result in higher background values.

Warnings: MTT solution is harmful if swallowed, inhaled, or absorbed through skin.
MTT may alter genetic material. Formazan solvent is flammable and corrosive.

Where high sensitivity is not required, the incubation time can be reduced to 1-2 h (6).

. We used acid isopropyl alcohol as formazan solvent (1,6), reading at a wavelength of

570 nm. Background subtraction was performed at a reference wavelength of 690 nm to
minimize background values. However, other working groups used different solvents
to enhance the sensitivity of the MTT-based colorimetric assay: Scudiero et al. (2) and
Park et al. (5) used DMSO to solubilize the MTT-formazan product (wavelength:
540 nm). Carmichael et al. (4) achieved optimal results by measuring formazan crystals
solubilized in mineral-oil at a test wavelength of 570 nm and with DMSO at 540 nm.
Culture plates should be read within 1 h after adding the solvent.
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In Vitro Invasion Assays

Setsuko K. Chambers

1. Introduction

Epithelial ovarian cancer cells spread by two major pathways. One is by exfoliation
of tumor cells from the ovarian surface, with resulting implants on peritoneal surfaces
such as omentum, diaphragm, and bowel serosa. The second pathway of spread of
epithelial ovarian cancer is that of invasion into lymphatic channels, with involvement
of the retroperitoneal lymph nodes. Invasion of tumor cells appears to result from a
deregulation of the normal processes that govern physiologic controlled invasion. An
example of physiologic invasion is that of trophoblastic implantation of the
endometrium followed by invasion to access the maternal blood supply in the uterus.
The normal invasive process is controled by a balance between protease activity and
that of their inhibitors at the level of the individual cell. For the large majority of
tumors, extracellular matrix degrading proteases have been shown to have an impor-
tant role in tumor invasion and metastases. In epithelial ovarian cancer, the major focus
has been on the activities of the serine protease urokinase plasminogen activator (uPA)
(1-4), and the matrix metalloproteinases (MMP) (5,6). The cysteine proteases, such as
cathepsin B, and aspartic proteases, such as cathepsin D, also play a role in invasive-
ness of ovarian cancer cells. Each class of proteases contributes to the process of inva-
sion, and cooperates with each other to further the optimal degradation of the
extracellular matrix by ovarian cancer cells (7). Urokinase activates plasminogen to
plasmin, which activates both pro-uPA and latent MMPs, and cleaves the MMP inhibi-
tor TIMP-2. Moreover, cathepsin B, which is expressed by ovarian cancer cells, appears
to facilitate the action of uPA, most likely by activating pro-uPA (8).

The invasiveness of tumor cells, a phenotype which can be measured in vitro, is
dependent on the combined properties of adhesion, motility, and proteolysis. Thus,
measurement of invasion alone should be taken as reflective of all three characteristics
of tumor behavior. It is important that proliferation of tumor cells not be understood to
be a requirement for invasiveness. In fact in some cases, an increase in invasiveness is
observed concomitantly with a decrease in proliferative capacity.

The following is a basic protocol, which we use for measurement of ovarian cancer
cell invasion in vitro. This assay is based on a modification of the original Membrane
Invasion Culture System (MICS) (9). Most protocols have focused on measurement of
invasiveness of the highly invasive melanoma or prostate cancer cells. In our hands,
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the technique has evolved to optimize measurement of invasiveness of the relatively
low-level invasive ovarian cancer cell lines. In this assay, the gold standard of visually
counting stained cells, which have invaded through the filter is utilized. An alternative
protocol has been described (10) that has been successfully used for measurement
of ovarian cancer cell invasion, which takes advantage of the colorimetric 3-(4,5-
dimethylthiazole-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay adapted for
quantitating tumor cell invasion. Other alternative methods to quantify tumor cell inva-
sion, such as spectrophotometric analysis after extraction of crystal violet staining of
tumor cells (11,12), has not proven to be sensitive enough for measurement of ovarian
cancer cell invasion in our hands.

2. Materials

1. Trypsin-EDTA diluted fourfold with PBS pH 7.4 to a final concentration of 0.125% trypsin
and 0.05% EDTA.

2. 1% NuSerum (Collaborative Research, Inc., Bedford, MA).

3. MICS chambers (MJC Hendrix, Department of Anatomy and Cell Biology, University of
Towa, Iowa City, IA).

4. 10 um pore polycarbonate filters (Nuclepore, available through Corning, Acton, MA).
Does not have to be polyvinylpyrrolidone (PVP)-free. Cut to size (7.5 x 11.5 cm) and cold
gas-sterilize. Store at room temperature.

5. Human defined matrix: 50 pg/mL human laminin (Sigma, St. Louis, MO), 50 ug/mL
human type IV collagen (Collaborative Research), and 2 mg/mL gelatin in 10 mM acetic
acid. This is a nonmurine matrix, which does not contain known or unknown growth fac-
tors, and whose effect on invasion does not depend on different batches. Store at 4°C.

6. Alternatively, Matrigel (Collaborative Research) diluted to 1-4 mg/mL with serum-free
media. To reduce the differences in results of invasion studies found with using different
lots of Matrigel, it is recommended to assay the protein content of each lot, and dilute to
the same final concentration for each experiment. Alternatively, one could request the
same lot number when repurchasing Matrigel, depending on availability, or purchase a
large amount of the same lot at once, which could be costly. Store at 4°C.

3. Methods
3.1. Cell Preparation

Ovarian cancer cells should be harvested while in the exponential phase of growth
(70-80% confluent), with strict attention made to keeping the passage numbers as con-
sistent as possible from experiment to experiment (see Note 1).

1. The media of the untreated cells is changed to 1% NuSerum (see Note 2) 24 h prior to start
of the invasion assay,

2. The cells are detached from plastic with trypsin-EDTA diluted fourfold with PBS. The
treatment duration is minimized, and the enzymatic action is neutralized by addition of
media with NuSerum as soon as the cells detach (see Note 3).

3. The cells are then washed free of trypsin by briefly centrifuging at 1000g and resuspend-
ing the cell pellet in media containing NuSerum. The cells are pelleted and washed in this
manner for a total of three times (see Note 4).

4. Care is taken to disaggregate all clumps by pipeting with a Pasteur pipet. The cells are
then counted, and diluted to a final concentration of 2 x 105 cells/mL of medium contain-
ing NuSerum (see Note 5).
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3.2. Invasion Assay

The night before the invasion assay, a brief period of time (20 min per chamber)
is spent in the tissue-culture hood setting up the experiment. Sterile gloves are used
(see Note 6).

1.

2.

10.

1.

12.

13.

14.

15.

A piece of parafilm slightly larger than the size of the filter is placed so that it sticks onto
a glass plate that measures approximately 18 cm X 18 cm.

The shiny side of the polycarbonate membrane is placed so that it sticks onto the parafilm
(dull side up). Mild pressure is exerted by the gloved fingertips to accomplish this step.
All four sides of the filter are then secured to the glass plate with Scotch tape (see Note 7).
The uncoated filter affixed to the glass plate, along with the MICS chamber, is then UV
sterilized in the tissue-culture hood overnight (minimum of § h).

On the day of the assay, the sterilized filter on the glass plate is placed in an approximately
27 cm X 30 cm-size Ziplock bag, and transferred to 4°C to chill prior to the filter being
coated.

A 1-mL pipet is placed within a bucket filled with ice (tip down) while still in its sterile
paper wrapper, and extracellular matrix at the final concentration is placed on ice (see
Note 8).

An 8-mm glass rod, approximately 13 cm in length, is cleaned with 70% ethanol, wiped,
and chilled in the ice bucket.

The chilled filter on the glass plate is returned to the tissue-culture hood, and 0.3 mL of
chilled matrix is then applied to one end of the filter in a straight line.

The chilled glass rod is used to smoothly spread the matrix to the thickness of the Scotch
tape across the entire filter in one even motion. Do not push hard. The matrix is then
allowed to dry in the hood with the blower off for 30 min.

Meanwhile, the pins used to plug the bottom ports of the lower wells, and the screws used
to attach the upper plate to the lower plate of the MICS, are then flame sterilized in the
hood. Because these metal components are stored in ethanol, they can be placed in a small
pile within the hood, and a very small bonfire can be lit with the Bunsen burner. Watch
carefully until the fire has been completely extinguished. Alternatively, the metal pins and
screws can be presterilized in the autoclave.

The pins are then placed into the ports in the lower plate, and media plus NuSerum pipeted
into the lower chamber. Fill the lower wells until almost overflowing to ensure that air
bubbles do not become entrapped within the lower chamber when placing the coated filter
on top of the lower plate (see Note 9).

Carefully cut the dried matrix-coated membrane with a scalpel along the edges of the
Scotch tape, and peel off the parafilm backing, using two forceps at corners diagonally
across from each other, to avoid the creation of a cigarette roll, which would likely
adversely affect the smooth matrix coating.

The matrix-coated filter is then placed coated side up on the lower plate. The upper plate
is then carefully placed on the lower plate perfectly, matching edges, so that the upper
plate is not slid across the lower plate during subsequent adjustment, disturbing the matrix
surface. Using the sterilized screws, the upper plate is then affixed to the lower plate.
The matrix is then rehydrated for at least 30 min with 0.5 mL. media plus NuSerum.

It is at this step that, if treatment with cytokines, hormones, antibodies, or drugs are
desired, that the matrix can be exposed to the treatment for 1 h in the tissue-culture hood
at 2X the final concentration, in the absence of cells (see Note 10).

0.5 mL of cells at a concentration of 2 x 10° cells/mL is added to the upper chamber after
the matrix is rehydrated and/or treated (see Note 11).



182 Chambers

16. The MICS is then sandwiched between two covers (UV sterilized 96-well plate covers
work well) and carefully placed in a Ziplock bag, partly open, in a 37°C incubator for
48 h (see Note 12).

3.3. Staining and Counting of Cells

1. The entire apparatus is dismantled after removing the upper chamber media (see Note 13),
and the filter is affixed bottom side up (invading cell side up) by pins to a parafilm cov-
ered wax plate.

2. The filter is then fixed in 0.5% crystal violet in 25% methanol for 20 min, carefully rinsed
with H,0, flipped over using two forceps at diagonally opposed corners, and then repinned.
At this point, the cells, which have been seeded on top of the filter, are bright purple and
fill the entire circle of the well.

3. The edges of the well are marked at four corners for future reference with a fine felt-tipped
pen, and the cells on top of the filter carefully wiped off with a wet Q-tip.

4. A square containing each well is then carefully cut out with a scalpel and flipped onto a
glass slide such that the invading cells are on top again. Immersion oil is added, followed
by a cover slip.

5. Use a X40 lens without phase contrast to count 1015 fields per well (see Notes 14 and 15).

3.4. Calculation of Percent Invasion

In order to calculate the total number of cells invading through the filter per well,
one needs to make certain preliminary calculations using the specific microscope which
will be used to count the cells.

Using a well of which the boundaries of the circle are well delineated, first count the
number of X40 fields end to end, which can line up along the diameter of the well.
Make this calculation more than once, and take a mean. The diameter squared repre-
sents the total number of X40 fields, which can fit in the area of the well. For instance,
if the number of X40 fields that fit along the diameter of the well is 16.4, then the total
number of X40 fields that can fit in the area of the well is (16.4)2, which equals 269. If
the mean number of cells/X40 field is 20, then the total number of invading cells is
20 x 269 = 5380 cells. Because we loaded 1 x 10° cells, the invasion rate is 5.4%. By
using 4-6 wells per condition, a small standard of error could be obtained.

4. Notes

1. It is recommended that a reference cell line, such as the highly invasive melanoma cell
line, Bowes, or the prostate cancer cell line, PC-3, be used to ensure reproducibility of
results from one experiment to the next. It is especially important when first learning this
assay to include a reference cell line (13).

2. 1% NuSerum is used to limit the presence of protease inhibitors, which are likely to be
present in calf serum. In our case, because we are studying the effects of CSF-I and
CSF-1 receptor on invasion, and because serum has confounding effects on their expres-
sion, we use a low final concentration of 1% NuSerum in our invasion assay. Many others
have used up to 10% serum in their invasion assay. If pretreatment of the cells with agents
such as cytokines or hormones is desired, these can be performed while the cells are on
plastic for the predetermined period of time. An alternative to NuSerum that avoids pro-
tease inhibitors completely and enables serum-free conditions for the invasion assay is the
use of Mito+ (Collaborative Research), which is a serum-free constituent that contains
numerous, but defined, growth factors and hormones.
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3.

10.

1.

At the time of the invasion assay, it is optimal if the cells can be detached from plastic
without trypsin, such as with 2 mM EDTA/PBS, pH 7.4, for 10 min. We have found the
ovarian cancer cell lines are very adherent, and will not detach with this approach. On
long incubation, visualization of toxic effects are seen with the majority of cells still
attached to the plastic.

If serum-free conditions or low-serum conditions are used, it is recommended that the
media be supplemented with 0.1% BSA.

In general, we have found that an 80% confluent T25 flask of ovarian cancer cells con-
tains 3—5 x 10° cells. This number of cells is more than sufficient for the purposes of the
invasion assay, even with multiple conditions, and 4-6 wells per condition, because only
1 x 107 cells are loaded into each well.

The MICS chamber (9) consists of two portions: a lower plate with 14 blind end wells
(12 of which are accessible through side sampling ports), and an upper plate with
14 matching, but open-ended wells. Each well measures 13 mm in diameter. The 10 um
pore polycarbonate filter measuring 7.5 cm X 11.5 cm is uniformly coated with matrix
components and placed between the upper and lower components of the MICS chamber,
which are then screwed together. We use the MICS chambers for measurement of ovarian
cancer cell invasion, because this approach has some advantages: 1) relative ease in setup
of the assay, as the entire polycarbonate filter (7.5 cm 11.5 cm) is coated at once, eliminat-
ing paraffin pretreatment of chamber walls to decrease meniscus formation, and separate
preparations of each well; 2) enhanced reproducibility and even thickness of the surface
containing basement membrane components on the filter; and 3) cost savings, as the MICS
chambers are durable for many years.

Laboratory colored tape was originally recommended to serve as a guide to uniform thick-
ness of the extracellular matrix components on the filter, which resulted in a uniform
Matrigel thickness after rehydration of 0.035 mm after spreading 1 mL of full-strength
Matrigel on this filter (9). We have found that optimal invasion of ovarian cancer cells
could be attained with the use of the thinner Scotch tape as our guide to uniform thickness.
We currently use a human defined matrix, containing type IV collagen, and laminin.
Human normal ovarian surface epithelium produces such basement membrane compo-
nents (14). We found that the difference in invasiveness when comparing different ova-
rian cancer cell lines is, in fact, enhanced when using the human defined matrix, when
compared to Matrigel (13). Care is taken that the stock solutions of both types of extracel-
lular matrices are always kept on ice or at 4°C. The matrices will irreversibly gel at room
temperature.

We occasionally use chemoattractants (such as 25 pg/mL fibronectin) in our invasion
assay, which is added in this step if desired. The argument against its use is that it is
believed that chemoattractants promote mainly motility, not invasion, thus its use may be
confounding, with differential effects on different cell lines. Recently, the chemoattractant
fibronectin was shown to enhance secretion of MMP-9 by ovarian cancer cells (15), which
would support a direct effect of fibronectin on invasiveness of these cells. It is possible
that the effects of chemoattractants on motility would be evident only with invasion assays
of short duration, but not those of 24 h or longer, where differences in invasion rates may
predominate.

We have found that in the case of CSF-1 treatment of ovarian cancer cells, for instance,
that exposure of the matrix to this cytokine in this step is valuable (13).

Additional agents to which the cells will be exposed for the duration of the invasion assay,
such as chemotherapeutic drugs or oligonucleotides can also be included in the upper
chamber media at this point. Care should be taken to ensure that each well receives the
same amount of media and same final concentration of serum or drugs or their vehicles.
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12.

13.

14.

15.

Invasion has been measured after a duration of as little as 6 h, to as long as 72 h. The
optimal duration for assay of invasiveness is dependent on the cell type. For ovarian can-
cer cells, measurement of invasion at time periods of less than 24 h will usually yield too
few cells to accurately quantitate. Thus, ovarian cancer cell invasion has been measured at
periods between 24 to 72 h (8,10,13).

The MICS was originally designed to have the advantage of being able to access the bot-
tom chamber without having to dismantle the entire apparatus. This was to enable
trypsinization of the invading cells off the bottom of the filter by replacing the media in
the lower chamber with trypsin-EDTA, and incubating the entire apparatus in the incuba-
tor for 20 min. The cells recovered in this manner, after Pasteur pipeting the contents of
the lower chamber, were then loaded onto a dot-blot manifold containing 3 um pore poly-
carbonate filters, fixed, stained, and counted. We have counted cells floating in the lower
chamber media, and found that in the case of ovarian cancer cells, this number is negli-
gible. When using the trypsin approach to recover the invading cells, we found that cellu-
lar debris would not infrequently obscure our ability to count cells accurately, and the
flow of the trypsinized cells (rescued in media with serum) through the dot blot manifold
at times appeared to be excessively slow, with debris blocking the ability to load all
the cells. Although we no longer use this approach for recovering the cells, nevertheless,
the separate access to the lower chamber can be useful if one needs to add an agent to the
lower chamber later. In this case, the 100-puL glass drummond pipetes are ideal, as they fit
easily into the side sampling ports in the lower chamber, through which media could be
removed, and an equal amount of concentrated drug replaced.

There is little debris with this method of staining and counting cells, and the cells are
generally clearly identified. Sometimes the cells are all the way out of the pore and start-
ing to form little colonies, many times they are still coming through the pore. Care should
be taken in counting, focussing up and down with the fine focus, in order not to miss
invading cells as empty pores in the filter. We have found at times, that the intensity of the
purple stain fades with time; for this reason we recommend that the cells are counted
within 24 h of staining the filters. The filters can be easily restained if necessary.

Note that this protocol for invasion could be easily modified to study adhesion (2-h time
frame, count cells that have adhered to the human defined matrix on top of the filter), or
directed or random motility (6-h time frame, with or without chemoattractants (25 pg/mL
fibronectin works well for ovarian cancer cells) in the lower chamber, count cells on the
bottom of the filter). In the case of the directed motility assays of ovarian cancer cells,
long pseudopodia can be frequently visualized, attached to cells on the bottom surface of
the filter.
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p53 Transfectants in Ovarian Cancer

Faina Vikhanskaya and Massimo Broggini

1. Introduction

The tumor suppressor gene tp53 is mutated, deleted, or rearranged in more than 50%
of human tumors (7). Wild-type (wt) tp53 stops growth and/or induces apoptosis in
most transformed cells into which it is introduced, thus restricting research of such
cells. One means of studying the effects of both wt and mutant 7p53 is to generate cells
in which #p53 activity can be experimentally manipulated using inducible transcrip-
tional control elements to drive wt tp53 expression (2—-4). Alternatively, temperature-
sensitive (ts) zp53 mutants may be used. Such mutants were first analyzed by Oren (5) and
possess wt p53 activity at 32°C, but behave like other mutants 7p53 molecules at 37°C.

There are, however, some disadvantages associated with the use of both inducible
and temperature-sensitive constructs. Inducible constructs may adversely affect
expression of basal levels of wt #p53 in the absence of the inducing agent. Tempera-
ture-sensitive constructs require transformation, expansion, and cultivation of clones
to be performed at 37°C, but experiments must be carried out at 32°C precluding the
use of these systems in vivo.

Ovarian cancer cell lines (A2780, IGROV-1, Pa-1, SKOV-3, and so on) can be trans-
fected with plasmid DNA using the Ca-precipitate formation with the plasmid of inter-
est followed by selection on antibiotics. Western blotting of positive clones can be
readily used to identify positive clones. There are no particular difficulties in transfect-
ing tp53 into ovarian cells other than selection of the appropriate plasmid for the
experiment, method of identification of positive clones, and careful cultivation of
clones to prevent unexpected loss of tp53 expression.

2. Materials
2.1. Cell Culture

1. Medium for cell culture: prepare from concentrated stock of DMEM or RPMI. For
500 mL of medium: add 50 mL of 10X DMEM (or RPMI, Gibco, Gaithersburg, MD),
50 mL of fetal calf serum (FCS, Gibco), 5 mL of nonessential amino acids (NEAA Gibco),
5 mL of glutamine (Gibco) to 390 mL of sterile distilled water.

2. Phosphate-buffered saline (PBS) (pH 7.4).

3. Trypsin (0.05% w/v)/EDTA (0.02% w/v) in PBS.
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2.2. Solutions for Cell Transfection (see Note 1)

1. 2X HEBS-buffered saline: 8.2 g NaCl (280 mM), 0.037 g KCI (10 mM), 0.0135 g
Na,HPO4x2H,0 (1.5 mM), 0.1 g dextrose (12 mM), 0.5 g HEPES (50 mM) are dissolved
in 50 mL of sterile distilled water. Titrate to pH 7.05-7.1 with NaOH, filter sterilize and
store in 4 mL aliquots at —20° for up to 2 mo.

2. 2.5M CaCl,:7.34g CaCl,x2H,0 or 10.8 g CaCl,x6H,0 are dissolved in 20 mL of distilled
water. Filter sterilize and store at —20°C for up to 2 mo.

3. Geneticin (G418) 500 mg/mL in culture medium.

2.3. Solutions for Western Blot Analysis

1. 5X Tris-glycine running buffer: 15.1 g of Tris base, 94 g glycine, 50 mL of 10% SDS are
added to 950 mL of distilled water. The solution can be stored at room temperature for
long periods.

2. 2X transfer buffer: 12.1 g Tris-base, 14.3 g glycine, 2 mL SDS 10%, 400 mL methanol, to
1 L with distilled water. The solution can be stored at room temperature for long periods.

3. 2Xloading buffer: 0.4 mL 10% SDS, 0.1 mL 1M Tris-HCI pH 6.8, 0.2 mL 100% glycerol,
0.2 mL of IM DTT, 0.02 mL bromophenol blue (10% in water) to 1 mL of distilled water.
The solution is stable if kept at —20°C.

4. Lysis buffer for protein preparation: 5 mL of 1M Tris-HCI pH 7.4 (50 mM), 5 mL of SM
NaCl (250 mM), 1 mL 10% NP40 (0.1%), 1 mL 0.5M EDTA (5 mM), 0.21 g NaF
(50 mM), (store at 4°C for up to 3 mo). Just before use, add to 1 mL of lysis buffer 10 uL.
of 200 mMPMSF, 17 uL of aprotinin (prepared as 1.9 mg/mL in water), 4 UL of leupeptin
(prepared as a stock 5 mg/mL in water). PMSF and leupeptin must be stored at —20°C,
aprotinin can be stored at 4°C.

5. 5% dried milk in PBS.

6. p53 antibody (1p53: DO1, pAB1801, or pAb421, Santa Cruz Biotechnology or Oncogene
Science) diluted 1:200 in PBS containing 5% dried milk.

7. Horse radish peroxidase linked secondary antibody (antimouse or antirabbit, depending
of the primary antibody used; Amersham, Arlington Hts., IL) diluted 1:2000 in PBS con-
taining 5% milk.

8. ECL Detection system (Amersham).

3. Methods
3.1. Cell Maintenance

3.1.1. Thawing and Cultivation of Cells

1. Thaw cells from liquid nitrogen rapidly in a 37°C water bath.

2. Transfer to centrifuge tubes in 10 mL of growth medium, centrifuge 10 min at 1000g.

3. Discard supernatent, resuspend cell pellet in 5-10 mL growth medium, and transfer to
75-cm? tissue-culture flasks.

3.1.2. Preparation of Cells for Freezing

1. Prepare 1 million cells/mL in complete culture medium with 10% DMSO. Aliquot 1 mL
cell suspension/vial and freeze 20 min in ethanol at —20°C, then put for 2 d at —80°C and
then to liquid nitrogen.

3.2. Preparation of Cells for Transfection

1. Plate mycoplasma-free cells (5 X 10° cells in 6-cm diameter Petri dishes in growth
medium) the day before transfection.
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Next day, change medium (from RPMI to DMEM) using 9 mL DMEM with 5% fetal calf
serum. DMEM should be used even if it is not the medium of choice for the cells being
used, because components of DMEM medium do not interfere with Ca-precipitate used
for transfection, whereas RPMI-1640 interferes with precipitate formation.

Equilibrate cells for at least 4 h before transfection.

Preparation of Plasmids for Transfection

Plasmids that contain #/p53 under the control of inducible promoter or ts tp53, as
mentioned in the introduction, should be sterilized as follows:

1.

2.
3.

3.4.
1.

2.

Precipitate DNA in 2 volumes absolute ethanol in the presence of sodium acetate (final
concentration 0.3M) at —20°C for 30 min.

Centrifuge at 4°C for 15 min at 12,000g, discard supernatant.

Fill Eppendorf with 70% ethanol and leave overnight at room temperature (see Note 2).
For each flask use 5-10 pg of plasmid containing p53.

Transfection of Cells

Before transfection, centrifuge the plasmid again, at 4°C for 15 min at 12,000g, discard
supernatant and dry in sterile hood.

Dissolve the DNA in 450 pL of sterile H,O and add this solution to an Eppendorf contain-
ing 50 uL of 2.5M CaCl,,

Put in a separate, transparent tube 500 uL of 2X HEBS. Add drop by drop with constant
shaking plasmid dissolved in H,O and CaCl, to the HEBS. A fine precipitate will appear.
Vortex immediately for 5 s.

Leave the tube for complete formation of precipitate for another 20 min at room temperature.
Add the entire solution (1 mL) to the flasks with the cells containing 9 mL of medium (see
Subheading 3.2., step 2). Leave overnight at 37°C in incubator (see Note 3).

3.5 Selection of Clones

1.

2.
3.

3.6.

The day after transfection, discard medium, wash cells two or three times with 10 mL of PBS
until the precipitate has been completely removed, and add complete medium (RPMI-1640)
for cell cultivation.

Allow the cells to grow for the next 2 d.

Detach cells with trypsin-EDTA and split cells 1:6 into selective medium (see Note 4).

Results

Demonstration of 1p53 presence and activity in clones selected can be done by using
several tests.

1.

Demonstration of #p53 insertion in genomic DNA of transfected cells using Southern blot-
ting or PCR. This analysis confirms the stable introduction of plasmid into genomic DNA,
but does not give information on the activity of tp53.

Demonstration of tp53 expression at the level of transcriptions by Northern blot analysis
or RT-PCR. This analysis demonstrates that plasmid after introduction can be transcribed
and confirms the p53 RNA presence in transfected clones.

Demonstrations of tp53 expression at the level of proteins by Western blot analysis. This
analysis demonstrates that tp53 can be translated by the translational system of the cell.
We recommend this approach for analysis of transfectants as the most simple which
supports the full production of the gene introduced into the parental cells.
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Investigations of p53-related genes expression: GADDA45, waf/cip1, bax. Analysis can be
done at the level of transcription or expression of proteins. Presence of tp53-related gene
expression confirms that introduced #p53 is transcriptionally active.

Analysis of cell cycle arrest after gamma irradiation. In presence of functional tp53, cells
should stop in the phase G1 phase of the cell cycle. This test can be recommended as
additional.

Investigation of apoptosis induced by DNA-damaging agents. This test cannot be recom-
mended as additional because apoptosis is not typical for all kinds of cell.

The tests 2—6, for inducible promoters of #p53 expression, should be carried out in

conditions that allow #p53 expression (i.e., by addition of the inducer).

In the case of ts tp53, DNA analysis, Northern, and Western blot analysis can be

performed either at 37°C or 32°C without altering the results. For 4-6, it is important to
shift the temperature from 37°C to 32°C for at least 6 h before analysis to allow for
tp53 protein to change conformation from mut to wt. In the case of ts mutants, the use
of functional tests (and particularly test 4) is mandatory for confirmation of clones
under analysis.

We present in detail a method for Western blot analysis.

3.7. Western Blot Analysis

1.

2.

oW

10.
1.
12.

13.
14.
15.

16.
17.

Preparation of proteins from clones. Use 1-2 million cells for each sample. Remove the
medium by aspiration and wash the cells with 5 mL of PBS.

Remove all the PBS and add 200-500 pL of lysis buffer for protein preparation and incu-
bate for approximately 30 min. on ice. Scrape the cells and transfer to 1.5-mL Eppendorf
tubes.

Spin at 12,000g for 5 min, take supernatant, freeze, and keep at —20°C.

Electrophoresis of proteins. Prepare a 12% resolving gel. Then overlayer a 5% stacking
gel and put them inside the cassette for protein separation.

Measure the concentrations of proteins, take 20-30 mg for each sample.

Add an equal volume of loading buffer, boil at 90°C 5 min, spin, and load into the gel.
Run at 100-150 V for 1-1.5 h. Detach the gel and use it for transferring proteins to nitro-
cellulose.

Electroblotting of proteins. Soak nitrocellulose membrane in H,O, soak 4 sheets of 3 MM
paper and 2 sponges in transfer buffer.

Remove stacking gel, take plastic transfer cassette, and assemble transfer sandwich:
sponge, 2 sheets of 3 MM, gel, membrane, 2 sheets of 3 MM, sponge. Remove any air
bubbles between gel and filter papers.

Put the cassette inside the apparatus, apply current for 1.5-3 hat 50 V.

Stain the protein on the membrane with Ponceau Red, rinse with H,O, and air-dry.

Cut membrane according to the molecular weights and block the membrane in 5% dry
milk dissolved in PBS for at least 1 h (it can be done overnight) with constant, gentle
agitation.

Add the primary antibody for 1 h at room temperature with constant, gentle agitation.
Wash three times (each time for 5 min) with PBS.

Add secondary antibody (antimouse or antirabbit, depending of the primary antibody used)
diluted 1:2000 in PBS containing 5% milk for 1 h at room temperature with constant,
gentle agitation.

Wash three times (each time for 5 min) in PBS.

Detect the protein using the enhanced chemiluminescence (ECL, Amersham) method,
following the manufacturer’s instructions.
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4. Notes

1. The quality of these two solutions should be checked immediately before use by mixing

2X HEBS and CaCl, as follows: in one tube, put 450 UL of H,O and 50 puL of 2.5M CaCl,;
in another transparent tube, put 500 uL of 2X HEBS. Drop by drop put the mixture of
H,0+CaCl, in the tube with 2X HEBS with constant mixing (which can be done by bub-
bling air with an automatic pipettor). A fine precipitate should develop that is readily
visible under a microscope. It is important to check and adjust the pH of 2X HEBS every
time before precipitation. Remake 2X HEBS if no precipitate is seen.
Transfection will be optimal if the gene is inserted in a plasmid containing a selective
marker. However, it is also possible to do transfection with 7p53 by cotransfection with a
separate plasmid containing a selective marker. In this case co-transfection with plasmid
containing #p53 and vector containing selective marker is carried out in the ratio 5-10:1
to ensure the presence of both plasmids in selected clones.
In the case of ts tp53 all procedure should be done at 37°C, any drop of temperature during
changes of medium, washing and splitting of cells after introduction of plasmid with
ts tp53 could decrease the efficiency of transfection. From two flasks with 10° cells pre-
pared for transfection with 2—4 mg of vector containing selective marker, you should
have about 30-50 colonies resistant to G418.
Selective medium contains antibiotic correspondent to the selective marker used in the
transfection. From our experience, the most convenient for selection is the resistance to
neomycin which allows selection in geneticin G418 (500 mg/mL, concentration which is
generally used for many types of cells). It is, however, necessary to check before experi-
ment the toxicity of the antibiotic in the cell line to be used. This can be done by plating
the cells in different flasks and treating them with increasing concentrations of G418 (for
example, from 10 to 1000 pg/mL). After 1 wk, visualize under microscope the cell
remained attached to the plastic. The minimal concentration of G418 that is able to kill all
the cells should be used. Feed cells with selective medium every 3—4 d for 14 d. Pick
large colonies by using cloning cylinders and sterile vaseline. Cells forming colonies are
detached and seeded in 24 wells plates. Following expansion and freezing demonstrate the
presence of tp53 expression and functions. After the procedure of cotransfection you
should have 1-2 positive clones from every 10 colonies carrying resistance to antibiotic.
It is important to keep and freeze several clones with different level of p53 expression.
Freeze one clone that has been transfected with plasmid containing the neomycin resis-
tance gene only and use this clone as a control in all your experiments. The cultivation at
32°C invariably slows down the growth of cells independently of the transfection. The use
of appropriate controls strongly reduces this inconvenience and allows a proper analysis
of the results obtained. It is necessary from time to time to check expression of #p53 in
your cells. Freeze some part of cells after this examination to keep constant stocks of
cells at —80°C.
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Estrogen-Responsive Ovarian Cancer Xenografts

Alison A. Ritchie and Simon P. Langdon

1. Introduction

The use of human tumor xenografts grown in immunodeficient animals as a model
for human cancers is well established and their value depends on the extent to which
their characteristics reflect the properties of a particular cancer in the clinical situation.
For endocrine-sensitive tumors, the retention of hormone receptors in xenografts and
their responsiveness to hormonal stimuli are essential criteria if they are to serve as
appropriate models. Provided these criteria are met, such experimental systems allow
detailed studies of the effects of hormones on hormone-sensitive tumor cells and the
potential of endocrine therapies in an in vivo system (7).

Interest in the estrogen regulation of ovarian cancer and the possible use of
antiestrogen-based therapies has led to the development of estrogen-responsive ova-
rian carcinoma xenografts as models of estrogen-sensitive disease (2—7) (Table 1). In
contrast to estrogen-responsive breast cancer xenografts, ovarian carcinoma xenografts
will grow in intact adult female mice without the need for exogenous hormonal supple-
mentation. However, to provide defined levels of circulating estrogen, the ovaries can
be removed and estrogen administered in slow-release pellets (2,5). Alternatively, male
mice can be used, because the circulating estrogen levels are similar to those in ova-
riectomized animals (2,6). Using these models, information on the impact of estrogen
on the growth and regulation of certain proteins such as the progesterone receptor and
the evaluation of antiestrogen therapies have been obtained, e.g., Fig. 1 (2,3,7).

2. Materials
2.1. Animals and Animal Husbandry

Female nude (nu/nu) mice (Harlan Olac, Oxford, England).

Negative pressure isolators (Moredun Isolators, Penicuik, Scotland).

Sterile water (Baxter Travenol, Thetford, England).

Gold Chip bedding (B.S. and S. (Scotland) Ltd., Edinburgh, Scotland).

RM3 (E) animal feed—irradiated with 2.5 mrad (SDS Diet Services, Witham, England).
Hibicet (chlorhexidine gluconate/cetrimide solution; Zeneca Ltd., Macclesfield, England).
Alcide sterilant (Labcare Precision Ltd., Aldington, England).

Nk WD —

From: Methods in Molecular Medicine, Vol. 39: Ovarian Cancer: Methods and Protocols
Edited by: J. M. S. Bartlett © Humana Press, Inc., Totowa, NJ

193



194 Ritchie and Langdon

Table 1
Estrogen Sensitive Ovarian Carcinoma Xenograft Models

ER content
Xenograft Histology (fmol/mg)  Reference
PEO4 Poorly differentiated serous adenocarcinoma 242 2,3
BG-1 Poorly differentiated adenocarcinoma 23 4,5
OVA-5 Serous cystadenocarcinoma 22 6
OVCAR-3 Poorly differentiated adenocarcinoma 28 7
500 600
PEO4 HOX-60
(ER-positive) so0{ (ER-negative)

400 1

400
300

300

200 -
200 A

MEAN RELATIVE TUMOR VOLUME

30
DAY DAY
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Fig. 1. Effect of tamoxifen on the growth of the ER-positive PE04 and ER-negative HOX 60
ovarian carcinoma xenografts. Each point represents the mean + standard error of nine tumors.
2.5 mg tamoxifen; untreated control. * p < 0.05, statistically different from control group
(Student’s t-test).

2.2. Culture Medium

1.

2.4.

—

RPMI-1640 medium (Life Technologies Ltd., Paisley, Scotland) containing 10% fetal
calf serum (FCS) (Advanced Protein Products, Brierly Hill, England) with penicillin
(100 U/mL) /streptomycin (100 pg/mL), (Gibco-BRL).

Dulbecco’s phosphate-buffered saline (PBS) (Oxoid, Unipath Ltd., Basingstoke, England).
Trypsin (0.05%) - EDTA (0.02%) (Gibco-BRL).

. Primary Tissue Implantation

12 gage needle 3” trochar with 3 1/2” objurator (International Market Supply, Congleton,
Cheshire, England).

10.5-cm small iris scissors (Brookwick, Ward, Glenrothes, Fife, Scotland).
10-cm iris forceps (Brookwick).

Estrogen and Other Hormone Pellet Implantation

0.72 mg 17 B-estradiol 60-d release pellets (Innovative Research of America, Sarasota, FL).

. Anprolene ethylene oxide ampoules (H.W. Anderson, Clacton-on-Sea, Essex).

Ethyl chloride B.P. Fine jet ampoule (Roche, Welwyn Garden City, UK).
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2.5. Ovariectomy

1. General anaesthetic (injectible or by inhalation).

2. Michel clips (7.5 x 2.5 mm, International Market Supply).
3. Methods
3.1. Host Maintenance

1. Female nu/nu mice (Harlan Olac) are maintained in negative pressure isolators (Moredun
Isolators).

2. All husbandry items are sterilized by autoclave, irradiation, or ethylene oxide gas.

3. Prior to admission into isolator, items are externally sterilized by Alcide spray (Labcare
Precision Ltd.) and left in a transfer isolator for 30 min.

4. After arrival, mice are acclimatized for at least 1 wk.

5. All husbandry and experimental procedures are conducted within the isolator.

3.2. Xenografting from Cells in Culture

1. The cell line of interest (e.g., the ER-positive PEO4 line) is first grown in appropriate
medium, e.g., RPMI-1640 as a monolayer in 75-cm? plastic tissue-culture flasks at 37°C
in a tissue-culture incubator.

2. When cells are at near confluence, tissue-culture medium is removed and cells are washed
with PBS.

3. Trypsin—-EDTA (5 mL) is added to each 75-cm? flask to detach cells for the minimum
period required for cell detachment (typically 5-20 min.).

4. Cell suspension is transferred to a Universal container and 20 mL RPMI-1640/ FCS added
to deactivate trypsin.

5. Centrifuge at 1000g for 5 min and discard fluid to leave cell pellet.

6 Cell pellet resuspended in RPMI-1640 and cell number counted on a Coulter Counter or
by hemocytometer.

7. Cell number corrected to 5 X 107-10% / mL.

8. Universal container containing cell suspension is placed into isolator port container,
sprayed with Alcide and left for 30 min.

9. Universal container is then brought into isolator and the cell suspension is loaded into a
1-mL syringe and a 21-gage needle attached.

10. Cell suspension (100 uL; 5 x 10°~107 cells) is then injected subcutaneously either into just
one flank or bilaterally into both flanks.

3.3. Xenografting from Primary Tumors

1. Primary tumor is collected at the time of patient surgery and a fragment is placed into
RPMI-1640 in a Universal container (Bibby Sterilin, Stone, Staffs, England).

2. The Universal container is transported into isolator as described in Subheading 3.2.

3. Once inside the isolator, the tumor fragment in RPMI-1640 is placed into a Petri dish
(Bibby Sterilin).

4. The tumor is then cut into small fragments (approx. 1 mm?) using scalpel blades
(Swann-Morton Ltd., Sheffield, England) taking care to use only healthy tissue (see
Note 3).

5. The objurator of the implantation trochar (12-gage needle 3” trochar with 3-1/2” objurator)

(International Market Supply) is drawn back approximately 5 mm below the tip of the
trochar and a tumor fragment is picked up from the Petri dish using a 21-gage needle and
placed into the tip of the trochar.
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1.

2.

3.6.

1.

2.

3.7.

. To compare the effects of an endocrine therapy (e.g., tamoxifen) on the growth of the
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The trochar is then introduced subcutaneously under the skin of the mouse and the
objurator is pushed upwards to deposit the fragment under the skin (see Note 4). Frag-
ments may either be deposited individually into a single flank or bilaterally into both flanks.

Tumor Maintenance

If the tumor is to be maintained as a continuous in vivo cell line, it should be transferred
into further animals before it becomes too large (> 1 cm?) and begins to necrose or ulcerate.
To transfer the tumor, the host mouse is first killed by cervical dislocation and then laid
ventral side uppermost.

A midline incision is made with scissors (Brookwick) and skin flaps laid back to expose
the tumor.

The xenograft is separated from the skin by the use of a scalpel and placed into a Petri dish
containing PBS.

It is then cut into 1-mm? fragments and implanted subcutaneously by trochar as described
in Subheading 3.3.

. Implantation of Hormone Pellets

. Hormone pellets (e.g., 17 B-estradiol; 0.72 mg, 60-d slow release) (Innovative Research

of America) are implanted subcutaneously. If implanted at the same time as the tumor
fragment, the same incision site can be used for insertion.

The area where the incision is to be made is sprayed with ethyl chloride B. P. local anesthetic.
After creating a small incision with a trochar or scissors, forceps (Brookwick) are used to
create a channel under the skin.

The hormone pellet is then pushed along this channel with minimal trauma to surrounding
tissue.

Care should be taken to avoid placing the pellet too close to the tumor cell or fragment
implant.

Ovariectomy

To obtain a defined level of circulating estrogen, it may be desirable to remove the ova-
ries. Female mice of at least 6—8 wk should be used.

General anaesthesia (injectible or by inhalation) is first induced either by injection or
inhalation.

In ventral recumbancy, a midline transverse skin insertion not exceeding 1 cm is made
above the lumbar vertebrae.

Via this skin incision, two further incisions, not exceeding 0.5 cm, are made on each side
of the lumbar vertebrae into the muscular abdominal wall to allow dorsal entry into the
abdominal cavity for access into the adjacent ovaries.

The ovaries are located and pulled out in turn via the above incisions by forceps and
snipped off with fine scissors or cauterized.

The skin incision is then closed by Michel clips (7.5 X 2.5 mm) (International Market
Supply) and the animal is allowed to recover from the anesthetic with standard postopera-
tive care and supervision.

. An estrogen pellet of the desired dose may then be implanted subcutaneously (described

in Subheading 3.5.).

Tumor growth experiments

xenograft, the xenograft is placed into a large group (e.g. 30—40) animals.
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The xenograft is first removed from a host animal (Subheading 3.4.) and cut into fragments.
For comparison of, e.g., three doses of tamoxifen with a no treatment control group, four
groups would be required. For good statistical power, 5-8 animals are needed/group and
so a minimum of 32 animals will be implanted with tumor as described in Subheading
3.3. (2 fragments/animal).

The xenografts are then allowed to grow to reach a measurable volume, typically 4-6 mm
in diameter. At this point, measurement of tumor volumes begins and treatment is initi-
ated (defined as day 0).

Individual volumes are estimated by the use of vernier calipers. The maximum length (/)
and maximum perpendicular width (w) are first measured. The volume is then estimated
based on the formula: volume = 70/6 X [ X w?.

Animals are randomized / stratified into groups such that the mean tumor volumes of each
group are similar. Not all tumors will be appropriate for the study; some tumors may not
have grown or be too small, whereas others may be too large. The “useable” range depends
on the size of the effect being studied.

Tumors are measured at least once weekly, but two or three times weekly if the volume
doubling time is < 5 d.

Because the range of volumes is normally large (typically a 10-fold range between the
largest and the smallest tumor used in an experiment) it is usual to compare relative tumor
volumes for individual tumors rather than absolute values. For an individual tumor, the
relative tumor volume (V,/V)) is calculated from its volume at a particular time (V,)
divided by its volume at the start of treatment (V) on day 0. The mean or median relative
tumor volume for the group is then plotted against time for each group to compare effects.
An example is shown in Fig. 1, which demonstrates the growth inhibitory effect of the
antiestrogen tamoxifen against the PEO4 ovarian carcinoma xenograft, which contains
estrogen receptors. The HOX 60 ovarian carcinoma is estrogen receptor-negative and is
unresponsive to tamoxifen.

4. Notes

1.

All experiments using animals should conform to internationally recognized guidelines.
These include the UKCCCR Guidelines for the Welfare of Animals in Experimental Neo-
plasia (UKCCCCR, PO Box 123, Lincoln’s Inn Fields, London, England) and the Inter-
disciplinary Principles and Guidelines for the Use of Animals in Research, Testing and
Education issued by the New York Academy of Sciences’ Ad Hoc Committee on Animal
Research (available from the Marketing Department, New York Academy of Sciences,
2 East 63rd St, New York, NY 10021-7289).

Tumor fragments or cells lose viability after 2 h outside the host or cell-culture incubator.
Therefore, all procedures should be completed within this time frame.

. Viable, healthy tumor is generally of a cream coloration and pearlescent, whereas necrotic

tissue is often white or brown and fragments easily.

A small piece of tissue paper may be pressed onto the injection site as the needle is with-
drawn (after injection of cells) to prevent cell leakage. If tumor cells or fragments are
being implanted into two different sites of the animal, these should be kept as far apart as
possible, otherwise the two implants can conglomerate to form a single tumor.

. If appropriate husbandry and sterilization techniques are employed, infection should not

arise. However, if it is felt that some risk is present at the implantation site, it can be
dabbed with a piece of tissue soaked with 15% hibitane solution.

Care should be taken when implanting hormone pellets to site them away from the
xenograft sites.
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7. Slow-release hormone pellets have specified lifetimes, e.g., 30, 60, or 90 d. At the end of

this time period, new pellets should be implanted.
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The Use of Matrigel in the Establishment
of Ovarian Carcinoma Cell Lines as Xenografts

Peter Mullen and Simon P. Langdon

1. Introduction

The fact that human tumor xenografts grown in immunodeficient mice have proven
to be useful models of human cancer is well documented. However, the establishment
of such xenografts from cell lines cultured in vitro has proven to be fraught with
difficulties—these problems become even more apparent when one tries to establish
xenografts from primary clinical material (1-3). Nevertheless, the inclusion of Matrigel
has been shown to enhance the tumorigenicity of a number of cell lines in vivo (4-10),
including those of ovarian origin (11). There are also reports of Matrigel enhancing the
tumorigenic potential of breast primary material (12). Furthermore, it has been shown
that xenografts established in the presence of Matrigel can be excised, transferred into
recipient animals, and subsequently grown in the absence of Matrigel, which suggests
that it is required only for the initial establishment of tumors (11). Matrigel is, therefore,
extremely useful for establishing a variety of cell lines as routine xenografts, which could
otherwise prove difficult to take, as illustrated in Table 1 and Fig. 1 (adapted from [11]).

Matrigel is a solubilized tissue basement membrane matrix isolated from the
Engelbreth-Holm-Swarm (EHS) mouse tumor, which is known to be rich in extracellu-
lar matrix proteins. It is comprised mainly of laminin, together with collagen IV,
heparan sulphate proteoglycans, and entactin (nidogen); various growth factors such as
transforming growth factor-[3, fibroblast growth factor and tissue plasminogen activa-
tor are also present. Matrigel polymerizes under normal physiological conditions to
produce a reconstituted, biologically active stable matrix, which is effective for the
attachment and differentiation of normal and transformed anchorage-dependent cell
types (13,14).

2. Materials
2.1. Preparation of Matrigel
1. Matrigel (Collaborative Biological Research, Bedford, MA).

2.2. Animals and Animal Husbandry

1. Female nude (nu/nu) mice (Harlan Olac, Oxford, England).
2. Negative-pressure isolator (Moredun Isolators Ltd., Edinburgh, Scotland).
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Table 1

Take Rate of Ovarian Cancer Cell Lines Inoculated

in the Absence/Presence of Matrigel?

Cell line Take rate (— Matrigel) Take rate (+ Matrigel)
PEO1 0/17 (0%) 10/10 (100%)
PEO1cDDPr 0/11 (0%) 10/10 (100%)
PE04 0/6 (0%) 6/6 (100%)
PE014 3/10 (30%) 10/10 (100%)
Ov(hyg)CAR3 0/6 (0%) 2/6 (33%)
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ake rate equals the number of tumors established/the number of inoculations carried out.

Open filter box cages (North Kent Plastics, Erith, Kent, England).
Implant trochar (International Market Supply, Congleton, England).

Cell Culture

Cell lines as required; e.g., PEO1 ovarian cancer cells (15).

Dulbecco’s phosphate buffered saline (PBS) (Oxoid, Unipath Ltd., Basingstoke, England).
1X Trypsin-EDTA (Gibco-BRL, Life Technologies Ltd., Paisley, Scotland).

RPMI/PS: RPMI-1640 (Gibco-BRL) + 100 iU/mL penicillin/100 pg/mL streptomycin
(Gibco-BRL).

RPMI/PS/10% FCS: RPMI-1640 + 100 iU/mL penicillin/100 pg/mL streptomycin + 10%
FCS (Advanced Protein Products, Brierley Hill, England) (see Note 1).

ethods
Preparation of Matrigel

Place Matrigel (Collaborative Biological Research) in the refridgerator overnight at 4°C
(see Notes 2 and 3).

Transfer Matrigel on ice into the tissue-culture hood, along with sterile 1.5 mL
microcentrifuge tubes and Gilson 1-mL tips (see Notes 4 and 5).

Leave for 5 min to chill.

Wipe top of vial with 70% ethanol and air-dry.

Open vial carefully to maintain sterility.

Gently swirl vial to evenly disperse Matrigel, but do not allow to warm up.

Using a prechilled 1-mL tip, aliquot 250 uL into each of 40 prechilled microcentrifuge
tubes (10 mL Matrigel).

Matrigel aliquots should then immediately be refrozen at —20°C prior to use, thus mini-
mizing the number of freeze/thaw cycles.

Each ampoule can then be removed from the freezer and thawed on ice just prior to use.

Animals and Animal Husbandry

. Upon delivery, female nude (nu/nu) mice (Harlan Olac) are transferred into the negative-

pressure isolator (Moredun Isolators Ltd.) until ready for use. RM3(E) animal feed irradi-
ated to 2.5 mrad (SDS Diet Services, Witham, England) and sterile water (Baxter Travenol,
Thetford, England) are available ad libitum. All bedding (BS & S (Scotland) Ltd.,
Edinburgh, Scotland) is changed twice per week.

Prior to experimentation, remove mice from the isolator and transfer to open filter-box
cages (North Kent Plastics).
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Fig. 1. Growth of PEO1 and PEO4 ovarian cancer xenografts inoculated in the absence/
presence of Matrigel (mean tumor volume +/- standard error).

3. Affix ear identification tags (Brookwick Ward, Glenrothes, Fife, Scotland) to aid identifi-
cation of individual mice if required.

3.3. Cell Culture

1. Suspend 2.5 x 10° (e.g.) PEO1 (15) cells in RPMI/PS/10% FCS (25 mL) and transfer to a
75 c¢cm? tissue-culture flask (Life Technologies Ltd.). Place in a 5% CO, humidified incu-
bator at 37°C.
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2. Allow cells to grow to confluence, feeding twice per week by aspirating the spent media,
washing with 20 mL Dulbecco’s PBS (Oxoid, Unipath Ltd.) and then adding fresh media
(25 mL).

3. When cells become confluent, remove spent tissue-culture media and wash cells in PBS
(10 mL). Discard PBS.

4. Add 5 mL trypsin/ EDTA (Gibco-BRL, Life Technologies Ltd.) to each 75-cm? flask and
place in incubator until cells have become detached (see Note 6).

5. Transfer cell suspension to a universal container using a sterile pipet; wash the flask out
with 20 mL RPMI/PS/10% FCS (to deactivate the trypsin) and pool with cells in the uni-
versal container (total volume = 25 mL).

6. Centrifuge at 600g for 5 min.

7. Resuspend pellet in 5 mL RPMI/PS/10% FCS, syringe with a 21G (green) needle (X3) to
break up the pellet, and then make up to 125 mL with RPMI/PS/10% FCS. Aliquot 25 mL
into each of five 75-cm? flasks (1 in 5 split). Replace in incubator.

8. Repeat “splitting” process (Subheading 3.3., steps 3-7). until sufficient cells are avail-
able to carry out experiment).

3.4 Preparation and Delivery of Inoculations

1. Harvest cells as described in steps 3.3.3.-3.3.6.

2. Resuspend pellet in 5 mL RPMI/PS (no FCS from this point on).

3. Syringe cell suspension with a 10 mL syringe plus 21G (green) needle (x3) to remove
clumps—make up to 25 ml with RPMI/PS.

4. Count total number of cells using a haemocytometer, i.e.,

cell count (n) X total volume (25 mL) x 10,000
number of squares counted

b

Prepare a suspension of cells at a concentration of 4 x 10° cells per 250 uL.

Allow cells to sit on ice for 5 min to chill.

7. Aliquot 250 pL of cell suspension into sterile microcentrifuge vials containing 250 puL of
Matrigel (test) or 250 uLL RPMI/PS (control).

8. Close all microcentrifuge lids and transfer on ice prior to where inoculations are to be
carried out.

9. Place all syringes and needles on ice to chill for 5 min prior to inoculation (see Note 4).

10. Gently mix tubes before drawing Matrigel/cell suspension up into the syringe.

11. Inoculate all mice in the flank (see Note 7), being careful to prevent back-spill when the
needle is removed (one inoculation can be made on each side of the mouse, allowing each
animal to have its own negative control if required). A preparatory aerosol sealer can be
applied if it becomes a problem (see Note 8).

12. Mice are maintained in the open filter-box cages and measurements made twice a week

using callipers.

4. Notes

1. Fetal calf serum (FCS) must be heat-inactivated prior to use by heating in a water bath for
30 min at 56°C. It can then be aliquoted out (100 mL) and stored at —20°C.

2. Matrigel is shipped frozen and should be stored at —20°C until ready for use. However, it
naturally polymerizes as the temperature rises above 4°C. Because this polymerization is
nonreversible, once removed from the freezer it is imperative that Matrigel is kept on ice
at all times prior to the point of inoculation.

3. Although Matrigel is commercially available from more than one supplier, our experience
suggests that some sources are considerably better than others. It is therefore recommended
that, in the first instance, Matrigel is obtained from the source cited.

o
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4.

Because 1) tissue culture by definition requires sterile technique, and 2) Matrigel must be
kept “on ice” at all times, the most practical way of achieving this is to obtain a large,
shallow polystyrene box, which can be filled with ice and then placed into the tissue-
culture hood. All preparatory manipulations involving Matrigel can then be carried out
on ice within a sterile environment.

In order to prevent Matrigel from polymerizing within the barrel of the syringe during the
inoculation, all tubes, tips, syringes, needles, and so on must be chilled on ice prior to use.
The time interval for cells to become detached from the plastic is dependent upon the cell
line being used, but is usually in the order of 5-10 min.

Whereas there is evidence to suggest that better take rates are obtained if the inoculations
are made into the mammary fat pad of the mice (16), in our hands this did not prove to be
the case, probably because the pad was so small in relation to the volume being intro-
duced. Mice were therefore simply inoculated subcutaneously.

It is possible that the cell suspension can “leak” back out of the inoculation site when the
needle is removed. This is because of a hole produced in the skin by the trochar. A prepa-
ratory aerosol sealer can be applied in order to seal the wound and so retain the cell sus-
pension if this becomes a problem.
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Cytogenetics of Ovarian Cancer

Technical Overview

Thomas Liehr

1. Introduction

Cytogenetics in ovarian cancer has been restricted to conventional cytogenetic analy-
sis of G-banded metaphase chromosomes up to the early 1980s. The detection of cyto-
genetic changes in solid tumors was relatively limited, as cytogenetic preparations from
solid tumor tissue often have a low yield of metaphases with poor quality chromo-
somes (1). Following the advent of the fluorescence in situ hybridization (FISH) tech-
nique (2,3) it became possible to obtain huge amounts of additional cytogenetic
information from the material available. This fact is demonstrated very clearly by the
following comparison: Mitelman summarizes in the 4th edition of Catalog of Chromo-
some Aberrations in Cancer only 185 cases of ovarian cancer, which were character-
ized by conventional cytogenetic analysis between about 1970 to 1991 (4). On the
other hand, 135 cases of ovarian cancer have been analyzed by means of comparative
genomic hybridization (CGH) in the shorter time period 1995 to 1997 (5-8).

This overview of current cytogenetic techniques will focus on:

Conventional cytogenetic preparations and their use for FISH
Interphase cytogenetics

Primed in situ hybridization (PRINS)

Flow cytometry

CGH

2. Methods

Five percent of all malignant tumors in women are ovarian cancers (9), a tumor type
which is treated by surgical removal. Thus, scientific studies on ovarian cancer are
normally not restricted by a lack of material, which is the case for other less-frequent or
inoperable tumor types.

SR WD =

2.1. Cytogenetic Preparations
2.1.1. Conventional Cytogenetics in Ovarian Cancer Studies

Conventional cytogenetics includes a variety of banding techniques such as C-banding,
NOR-technique, Q-banding, and GTG-banding (= G-bands by using Trypsin and
Giemsa) (1). All these techniques require tissue cultivation. After several days to weeks,
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if culture succeeds (see Note 1), the cells are harvested, treated with hypotonic solu-
tion, and fixed in methanol/glacial acetic acid (3:1) (1). In most cases, virtually no
metaphases will be detectable after this laborious procedure because of the low mitotic
index of most primary cell cultures.

A major problem of cytogenetic analysis in ovarian tumor—as in most solid
tumors—is that owing to the limited number of available metaphases, less information
can be obtained on the quantitative proportions of chromosomally abnormal clones in
the overall tumor cell population. Thus, a rather sporadic knowledge of numerical chro-
mosomal changes and, in particular, of specific gains or losses of chromosomes in the
type of tumors has been obtained using this approach (4,10). In most cases, human
ovarian carcinomas have been characterized as having multiple cytogenetic alterations
(11,12). Nevertheless, specific cytogenetic changes were detected for some subclasses
of ovarian cancer; e.g., trisomy 12 in granulosa cell tumors (13) or monosomy 22 in
mixed germ cell-sex cord-stromal tumors (14).

One method proposed to enhance the yield of metaphases was the induction of pre-
mature chromosome condensation by fusing the interphase target cells with mitotic
cells (15,16). However, this technique is both expensive and technically limited and is
not recommended (10).

2.1.2. FISH-Studies on Metaphase Chromosomes of Ovarian Cancer

Today, with the multiple possibilities offered by FISH-techniques, it is possible to
get much more information from the relatively rare metaphases in cytogenetic prepara-
tions using all kinds of probes suitable for FISH-analysis (cosmids, P1-clones, yeast
artificial chromosomes, satellite probes, band-specific microdissection libraries, whole
chromosome arm libraries, or whole chromosome libraries). Although in most cases it
is sufficient to use 1-3-color-FISH (17), the possibilities offered by multicolor-FISH
approaches should not be ignored (18-20).

Metaphase FISH is a field where much work could still be done using archived
cytogenetic slides (21,22).

2.2. Interphase Cytogenetics

FISH techniques using chromosome-specific DNA probes have made feasible new
cytogenetics studies in solid tumors (2,3), as for metaphase FISH. Karyotypic analysis
by direct demonstration of DNA sequences in interphase nuclei (interphase cytogenet-
ics or interphase FISH) can be applied to a wide variety of cellular material, including
cytogenetic preparations, fresh material (touch-preparations), cryofixed, and paraffin-
embedded tissue. Contrary to metaphase FISH, only cosmids, P1-clones, YACs, and
satellite probes are suitable for interphase FISH. Detection and quantitation of struc-
tural chromosome aberrations, oncogene amplification, or deletion of tumor suppres-
sor genes in solid tumors, including ovarian cancer, thus became possible. A
two-color-FISH approach seems to be the maximum possible without the use of
sophisticated imaging-analysis software.

The major advantage of interphase cytogenetics is that it offers the opportunity to
analyze the huge amounts of previously superfluous interphase nuclei in cytogenetic
preparations with specific probes and to obtain additional “cytogenetic information.”
Moreover, completely new classes of material can be used for cytogenetic analysis
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including touch preparations, cryofixed material, and formalin-fixed and, subsequently,
paraffin-embedded tissue. Additionally, as chromosome aberrations can be quantified,
interphase FISH can be used to study tumor cell heterogeneity within malignant cell
populations (10). However, interphase FISH is limited to the analysis of a few chromo-
somal segments at a time (8), which is an important restriction.

To date, only fresh tumor material (10,23,24) or formalin-fixed and, subsequently,
paraffin-embedded and sectioned tissue has been used for interphase cytogenetic stud-
ies in ovarian tumors (e.g., 10,24). No nucleus extraction procedures (e.g., 17,25),
cryofixed tissue (17), or “old” cytogenetic slides (21,22) have been used as archival
ovarian tumor samples in interphase FISH studies up to now.

Archival material (cryofixed or paraffin-embedded tissue) has the disadvantage that
it can be damaged concerning its tissue structure and or its whole genomic DNA. This
holds true especially for the DNA quality of formalin-fixed and, subsequently, paraf-
fin-embedded archival tissue. In many cases, no reproducible fixation protocol and
unbuffered formalin have been used—two factors often leading to highly degraded
DNA in the archival material making it unfit for any kind of molecular or molecular
cytogenetic experiment. In fresh material (touch and or fresh cytogenetic preparations)
this cannot happen as it can be prepared according to the corresponding research project
immediately.

2.3. Primed In Situ Hybridization (PRINS)

Although FISH remains the principal established method for interphase cytogenet-
ics more recently PRINS has been introduced as an alternative (26). The principle of
PRINS is that an unlabeled oligonucleotide probe is hybridized to its complementary
target sequence in the chromatin where it serves as primer for a chain elongation reac-
tion in situ catalyzed by a suitable thermostable (Tag-) DNA polymerase. The chromo-
somal DNA acts as a template for the chain elongation and, using labeled nucleotides
as a substrate for DNA polymerase, the target DNA is labeled and can be visualized
under the microscope (27).

Because PRINS is much faster—results can be obtained within 2 to 4 h—and
approximately 10 times less expensive than FISH, this method is discussed as a real
alternative to FISH (28). Even though methods for double-color PRINS have recently
been published (28), up to now reliable and reproducible results with PRINS have
mainly been reported for centromeric, highly repetitive target sequences in the human
genome. Thus, PRINS interphase studies are still limited to numerical chromosomal
changes, whereas interphase FISH studies can focus on numerical, as well as struc-
tural, chromosomal aberrations.

2.4. Flow Cytometry

Inclusion of interphase nuclei in the cytogenetic studies of solid tumors is not only
possible using FISH-techniques or PRINS; flow cytometry for interphase karyotyping
is another practicable way (29).

Flow cytometry is performed on interphase nuclei isolated from cultured, cryofixed,
or paraffin-embedded cells. Nuclear DNA is stained with a DNA-binding agent like
propidium iodide and nuclei are analyzed in a flow cytometer. The percentage of frac-
tions of hypodiploid, (near-) diploid, and hyperdiploid cells, as well as the percentages
of G1, S, and G2/M fractions in cycling cells can be analyzed (13,30).
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Flow cytometry has been shown to be a valuable prognostic parameter in ovarian
cancer. Aneuploid DNA content is correlated with more aggressive biological behav-
ior, and, therefore, an adverse prognosis (31,32). However, although quantitating the
DNA content of tumor cell populations, flow cytometry yields no information on spe-
cific chromosome abnormalities or minor cytogenetic deviations (10). To overcome
this problem, a combination of this technique with other cytogenetic or molecular
genetic techniques are required, e.g., FISH (30) or PCR (33).

2.5. Comparative Genomic Hybridization (CGH)

CGH is one of the most recent developments in the field of molecular cytogenetics.
The principle of this technique is described best by Kallioniemi and coworkers (34)
as follows: “CGH produces a map of DNA sequence copy number as a function of
chromosomal location throughout the entire genome. Differentially labeled tumor DNA
and normal-reference DNA are hybridized simultaneously to normal chromosome
spreads. The hybridization is detected with two different fluorochromes. Regions of
gain or loss of DNA sequences, such as deletions, duplications, or amplifications, are
seen as changes in the ratio of the intensities of the two fluorochromes along the target
chromosomes.”

CGH proved to be a highly efficient tool to acquire a genome-wide screening of
chromosomal copy number changes within a single experiment (5-8). This method
does not require mitotic cells, cell culture, or prior knowledge of regions of abnormal-
ity, and can be performed with small amounts of DNA (5).

The standard CGH protocol relies on the availability of macroscopic tumor samples,
which do not contain high proportions of nontumor normal cells. Most tumor samples
are contaminated with such normal tissue and if the ratio of tumor:normal cells is
lower than 1:1 (35), CGH-analysis does not provide reliable results. In such cases, a
combination of microdissection tumor tissue, DOP-PCR, and CGH can be the solution.
As shown by Kuukasjarvi and coworkers (36) this approach provides an excellent tool
to study genetic aberrations in different histological subpopulations of malignant, as
well as, precancerous, lesions. DOP-PCR CGH analysis also improves the success
rate of conventional paraffin-block CGH (36), as the poor-quality low-yield DNA can
be compensated for by universal DNA amplification using DOP-PCR.

It has been demonstrated, that the technical equipment (CCD-camera, image-
analyzing system, or microscope) is not the critical point of the CGH-procedure (37,38).
However, the quality of the metaphase chromosomes used for CGH is highly critical.
They have to be much “harder” than chromosomes used for normal metaphase FISH
analysis and many approaches are suggested to achieve such “steel” chromosomes.
Karhu and coworkers (39) give an update of the current methods for the preparation of
CGH-metaphase spreads and propose a rapid denaturation assay to test the suitability
of each batch (see Note 2).

Whereas the major advantage of CGH is its ability to survey the entire genome start-
ing from just a few nanograms of genomic DNA, the technique is limited by the reso-
lution of the hybridization target, the metaphase chromosomes. Genetic changes are
detected only when the size of the chromosomal region affected exceeds 5—10 Mb.
Changes that affect regions smaller than this are only detectable in the case of high-
level amplifications (e.g., 5—10-fold amplification of 1 Mb) (35).
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CGH has proved its ability to resolve complex karyotypes and to provide karyotype
information when metaphase chromosomes are not available. But the following limita-
tions must be kept in mind to avoid misinterpretations of the results: 1) for technical
reasons the telomeric, pericentromeric, or heterochromatic regions sometimes fall out-
side the reliably evaluable range, because the signal intensities are low—these regions
are excluded from all analysis; 2) CGH only detects genetic aberrations that involve
gain or loss of DNA sequences; balanced translocations or inversions are not detect-
able; 3) CGH cannot distinguish diploid from true triploid or tetraploid tumors—ploidy
must be determined independently by flow cytometry or interphase FISH; 4) CGH
detects the average copy number of sequences in all cells included in the specimen;
thus, intratumoral genetic heterogeneity cannot be detected by CGH (40).

3. Conclusion

All techniques aforementioned are molecular cytogenetic methods that provide pow-
erful supplements to classical cancer cytogenetics. But, as discussed, each technique
has advantages and limitations. Thus, they should be used in combination, depending
on the problem to be addressed by studying the corresponding tumor samples. The
choice of prospectively harvested fresh tumor material vs retrospective studies with
cryofixed or paraffin-embedded tissue, will critically influence both the ease of analy-
sis and the range of analyses performed. In a prospective study, all kinds of molecular
cytogenetic approaches aforementioned may be used as cell culture can be performed
and touch-preparations, cryofixation, or paraffin-fixation, as well as DNA-extraction
of the tumor sample can be done. Thus, conventional cytogenetics, FISH and/or PRINS
on metaphase or interphase, and CGH can be carried out. In a retrospective study with
archival material only, no conventional cytogenetics and metaphase FISH is possible.
Interphase cytogenetics on sections, old touch preparations or extracted nuclei, flow
cytometry, and CGH—most likely to be carried out with DOP-PCR amplified tumor-
DNA—are the methods to be combined.

A good example for the combination of three of the cytogenetic methods aforemen-
tioned is reported by Becher and coworkers (41). They gained basic information about
specific chromosomal aberrations of a testicular germ cell tumor by conventional cyto-
genetics. FISH analysis allowed further characterization of the specific i(/2p) marker
chromosome, and CGH, finally, identified chromosomal subregions that may harbor
genes important for tumorigenesis or progression. Similar approaches in human ova-
rian tumor samples would be desirable.

4. Notes

1. The success of growing ovarian tumors in tissue culture varies strongly depending on
tumor subtype, tumor grade, and between different laboratories. In our own experience, a
short-term culture of ovarian tumors is possible in at least 50% of the cases.

2. As a quick test for each batch of CGH-slides, Karhu and coworkers (39) suggest testing
the effects of denaturation (73°C for 3 min) on chromosome morphology, visualized by
DAPI staining.
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Interphase Cytogenetics in Frozen Ovarian Tumor Tissue

Thomas Liehr

1. Introduction

Resulting from problems of low yield of metaphases and poor-quality chromosomes,
detection of cytogenetic changes in solid tumors has been relatively limited (1). The
advent of fluorescence in situ hybridization (FISH) rendered it possible to obtain
“cytogenetic information” from interphase nuclei (2,3). Since that time, interphase
cytogenetics has become a powerful tool to investigate numerical chromosomal aber-
rations (4,5), amplification of oncogenes (6), or deletion of tumor suppressor genes in
solid tumors (7), including ovarian cancer. Both fresh tumor material (§—10) or forma-
lin-fixed and, subsequently, paraffin-embedded tissue have been used for interphase
cytogenetic studies in ovarian tumors (4—6,8—10).

Formalin-fixed/paraffin-embedded tissue is readily available, as this kind of tissue
fixation is the most common standard technique in clinical practice. But there are some
disadvantages in connection with this material and an increasing number of laborato-
ries now collect archival formalin-fixed/paraffin-embedded and cryofixed tissue
samples. Formalin-fixed/paraffin-embedded tissue is, for example, not suitable for all
kinds of immunohistochemical approaches as specific antigens may be destroyed dur-
ing the fixation procedure. Moreover, if formalin fixation is performed in unbuffered
formalin and/or incubation is too long, tissue becomes unsuitable for any kind of FISH
studies, because DNA is degraded and washed out of the cells (11).

Nevertheless, most interphase cytogenetic studies on archival tumor material have
been performed on formalin-fixed/paraffin-embedded tissue sections (4,9), even though
there are some additional problems when using sectioned material. The most important
ones arise during evaluation of the slides: 1) there is the problem of not evaluable,
overlapping nuclei, because of the presence of several cell layers, one on top of
the other; and 2) the problem of cut nuclei, leading to artificial signal loss in interphase
cytogenetic studies (9,12).

These problems can be solved using a technique called nuclear extraction, first
described in 1983 (13). However, there is only one protocol that concerns nuclear
extraction from cryofixed tissues in the literature (14) and it can be used for cryofixed
ovarian tumor tissue, as well (see Fig. 1).
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Fig. 1. Four interphase nuclei, extracted from two different cases of cryofixed ovarian
tumors are shown. Case A was a dedifferentiated cystadenocarcinoma (GIII) and case B
a papillary cystadenocarcinoma (GIII). Both tissues were taken in 1991 and the tumor tissue
stored at —20°C up to its use for nucleus extraction in 1997. Both cases have been hybridized
with an alphoid, digoxygenated probe for chromosome 8 (ONCOR), detected in red, and a
specific, biotinylated probe for the c-myc gene (ONCOR), detected in green. Nuclei are blue as
a result of DAPI-counterstaining. In A-1 and B-1, one interphase nucleus with two signals each
is shown, representing a “normal” cell for these two tissue probes—maybe nuclei of lympho-
cytes or fibroblasts. In A-2 and B-2 nuclei with amplification of the c-myc gene are presented.
In case B (B-2) two copies of the alphoid region for chromosome 8 and many copies of the
c-myc gene indicate the presence of double minutes as cytogenetic equivalents of c-myc gene
amlification; while four copies of the alphoid region for chromosome 8 and 13 copies of the
c-myc gene, visible in case A (A-2) indicate a c-myc “amplification” because of a multiplica-
tion of parts of the long arm of chromosome 8, including the c-myc gene. Images were captured
with the ISIS digital FISH imaging system (MetaSystems, Altlussheim, Germany) using a XC77
CCD camera with on-chip integration (Sony).

The principle of this method is summarized as follows:

1. Cryofixed tissue is cut into small pieces while still frozen, formalin fixed, washed, and
treated with proteinase K to digest the cytoplasm and free nuclei. During this treatment,
damaged and cut nuclei are eliminated. Interphase nuclei are separated from debris by
passing through a nylon mesh. Nuclei are washed in phosphate-buffered saline (PBS) and
placed on uncoated, clean slides and fixed. Small tissue pieces (5 mm X 2 mm X 0.5 mm)
are sufficient to produce two to five slides with extracted nuclei suitable for interphase
FISH analyses.

2. For a FISH approach, these slides are treated with RNase and pepsin prior to denaturation.
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3. Denaturation of the slides is performed for about 12 min at 75°C. Biotinylated and
digoxigenated alphoid probes are denatured for 5 min and hybridized on the slides for
three nights at 37°C in a humid chamber. After a postwashing, series detection of the
biotinylated probe is performed with a FITC-avidin system leading to green and of the
digoxigenated probe with antidigoxigenin-rhodamine leading to red signals (see Fig. 1).
After counterstaining of the nuclei with DAPI and addition of antifade solution, slides can
be evaluated on a fluorescence microscope.

2. Materials
2.1. Nuclear Extraction

1. Formalin buffer: 3% (v/v) of acid-free formaldehyde (37%; Roth), in 1X PBS pH 7.0;
make fresh as required.

2. 10X PBS stock solution: 0.076% (w/v) NaCl, 0.004% (w/v) NaH,PO,, 0.0013% (w/v)
Na,HPO,, pH 7.0; set up with ddH,O, autoclave, and store at room temperature.

3. PK-solution: 5 mg proteinase K (Boehringer, Mannheim, Germany), 50 pL 1M Tris-HC1
(pH 7.5), 20 uL 0.5M EDTA (pH 7.0), 2 uL 5M NaCl, make up to 1 mL with ddH,O;
make fresh as required.

4. 55 um nylon mesh (Nytal 55 SEFAR-AG, Thal, Switzerland).

2.2. Slide Pretreatment

1. 20X standard saline citrate (SSC) stock solution: 3.0M NaCl, 0.3M Na-citrate; set up with
ddH,O0, adjust to pH 7.0, autoclave, and store at room temperature.

2. RNase stock solution: 5 pg/uL of RNase type A (Boehringer); set up with filtered ddH,0O;
aliquot and store at —20°C.

3. RNase solution: per slide 100 pL. 2X SSC plus 1 pL of RNase stock solution are neces-
sary; make fresh as required.

4. Pepsin stock solution 10% (w/v): dissolve 100 mg pepsin (Serva, Heidelberg, Germany)
in 1 mL of filtered ddH,O at 37°C; aliquot and store at —20°C.

5. Pepsin-buffer: Add 1 mL of 1M HCI to 99 mL of distilled water and incubate at 37°C for
about 20 min; then add 50 pL of the pepsin stock solution 10% (w/v) and leave the coplin
jar at 37°C; make fresh as required.

6. 1X PBS/MgCl,: 5% (v/v) 1M MgCl, in 1X PBS.

2.3. Fluorescence In Situ Hybridization (FISH)
2.3.1. Slide Denaturation

1. Denaturation buffer: 70% (v/v) deionized formamide, 10% (v/v) ddH,O, 10% (v/v)
20X SSC, 10% (v/v) phosphate buffer; make fresh as required.

2. Deionized formamide: Add 5 g of ion exchanger Amberlite MB1 (Serva) to 100 mL of
formamide (Merck, Darmstadt, Mannheim, Germany), stir for 2 h (room temperature) and
filter twice through Whatmann no. 1 filter paper. Aliquot and store at —20°C.

3. Phosphate buffer: prepare 0.5M Na,HPO, and 0.5M NaH,PO,, mix these two solutions
(1:1) to get pH 7.0, then aliquot and store at —20°C.

2.3.2. Probe Denaturation
1. Hybridization buffer: Dissolve 2 g dextran sulfate in 10 mL 50% deionized formamide/
2X SSC/50 mM phosphate buffer for 3 h at 70°C. Aliquot and store at —20°C.
2.3.3. Posthybridization and Detection Washing

1. Solution I: FITC-avidin (CAMON Vector Laboratories) in 4X SSC/0.2% Tween/5% BSA
(1:300 both Sigma); make fresh as required.
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2. Solution II: Biotinylated antiavidin (CAMON Vector Laboratories)/Antidigoxinenin-
rhodamine (Boehringer Mannheim)/ in 4X SSC/0.2% Tween/5% BSA (1:20:100); make
fresh as required.

3. DAPI-solution: Dissolve 5 uL of DAPI (4,6-diamidino-2-phenylindol.2HCI stock-
solution; Serva) in 100 mL 4X SSC/0.2% Tween; make fresh as required.

3. Methods
3.1. Nuclear Extraction

This section describes a method for extraction of intact interphase nuclei from
cryofixed tissue stored for up to several years at =20 to —80°C. Extracted nuclei are
suitable for FISH analysis (see Subheading 3.3. and Fig. 1).

1. Transfer cryofixed tissue from —80°C to —20°C freezer for 1 h.
2. Transfer tissue in a glass dish on ice and cut into small pieces (not larger than 1 mm
cubed) using precooled (+4°C) scalpel and forceps (see Note 1).

3. Add 1 mL of formalin buffer at room temperature (RT) to the cold tissue pieces and

transfer them together with the buffer into a 1.5-mL microtube. Tissue should thaw on

addition of formalin buffer.

Incubate the tissue in formalin buffer for 1 to 3 h at RT without agitation (see Note 2).

Pellet the tissue pieces by centrifugation (3800g, 30 s, RT). If necessary, repeat this step.

Remove the fluid, add 1 mL of sterile 0.9% NaCl (w/v) and vortex the microtube.

Repeat step 5.

Repeat steps 6 and 7.

Remove the fluid, add—depending on the amount of tissue—0.2 to 1 mL of PK-solution

and vortex the microtube (see Note 3).

10. Incubate the microtube at 37°C for 30 min. During this time, vortex the microtube every
5 min to promote tissue disaggregation.

11. Transfer the fluid onto 55-um nylon mesh (see Note 4). Fluid and nuclei will pass through
the mesh by force of gravity and are collected in a 15-mL plastic tube. Nuclei remaining in
the mesh are washed out by 4 mL 1X PBS, passed through the mesh, and collected in the
15-mL plastic tube.

12. Pellet the extracted nuclei by centrifugation (850g, 8 min); remove the supernatant with
the exception of about 300 uL.

13. Resuspend the pellet in 4 mL 1X PBS and repeat step 12.

14. Resuspend the cell suspension in the remaining 300 uL of 1X PBS.

15. Distribute the suspension on 2—-6 clean and dry slides by pipeting the fluid on the slide
surfaces. Place one drop (30-90 uL) of about 1 cm in diameter/slide (see Note 5).

16. Allow drops to dry out on a 40°C warming plate and afterward at RT overnight.

17. Fix slides in 100 mL formalin buffer in a coplin jar for 10 min (RT).

18 Replace formalin buffer in the coplin jar with 1X PBS. After 5 min of incubation at RT,
1X PBS is replaced by distilled water.

19. Remove the water after 1 min, perform an ethanol series (70, 90, 100%, 3 min each) to
dehydrate slides and air-dry. An evaluation of the success of the nuclear extraction can be
performed by phase contrast light microscopy (see Note 6).

R

3.2. Slide Pretreatment

As in a conventional FISH approach, a pretreatment of the slides with RNase
and pepsin followed by a postfixation with formalin buffer is required to reduce back-
ground (15).
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1. Slides with the extracted nuclei are incubated in 2X SSC for 5 min at RT (in a 100 mL
coplin jar on a shaker).

2. Remove slides from the coplin jar, add 100 puL of RNase solution/slide and cover with a
24 x 50 mm coverslip.

3. Incubate the slides in a humid chamber for 15 min at 37°C (see Note 7).

4. Put slides back into the coplin jar with 100 mL 2X SSC (RT) and remove the coverslips by
forceps. Leave slides in 2X SSC solution for 3 min with gentle agitation.

5. Discard 2X SSC and replace it with 100 mL 1X PBS (RT) for 5 min (shaker).

6. Replace 1X PBS with 100 mL prewarmed pepsin buffer (37°C) and incubate the slides for
10 min at 37°C, without agitation (see Note 7).

7. Replace fluid with 100 mL 1X PBS/MgCl,, incubate at RT for 5 min with gentle agitation.
MgCl, will block the enzymatic activity of pepsin.

8. Postfix nuclei on the slide surfaces by replacing 1X PBS/MgCl, with 100 mL of formalin
buffer for 10 min (RT, with gentle agitation).

9. Formalin buffer is replaced by 100 mL 1X PBS for 2 min (RT, with gentle agitation).

10. Finally, slides are dehydrated by an ethanol series (70, 90, 100%, 3 min each) and air-

dried (see Note 8).

3.3. Fluorescence In Situ Hybridization (FISH)

FISH has become a standard technique in cytogenetic laboratories (15-17). For
hybridization of archival cryomaterial, however, a prolonged denaturation time and a
higher concentration of probes and detection solutions are necessary.

3.3.1. Slide Denaturation

1. Add 100 uL denaturation buffer to the slides and cover with (24 X 50 mm) coverslips.

2. Incubate slides on a warming plate for 12 min at 75°C (see Note 9).

3. Remove the coverslips immediately by forceps and place slides in a coplin jar filled with
70% ethanol (4°C) to conserve target DNA as single strands.

4. Dehydrate slides in ethanol (70, 90, 100%, 4°C, 3 min each) and air-dry.

3.3.2. Probe Denaturation

1. For each slide to be hybridized, add 1.5 pL each of biotin and digoxigenin labeled chro-
mosome specific probes (ONCOR, Inc.) and 3 puL of 1 pg/uL COT1-DNA (Gibco) to
20 pL of the hybridization buffer in a 1.5-ml microtube, vortex, and spin down (see Note 10).

2. Denature probe-solution at 75°C for 5 min and cool immediately on ice to conserve probe
DNA in single strands (see Note 11).

3.3.3. Hybridization

1. Add 20 pL of probe-solution onto each denatured slide, put 24 X 50-mm coverslips on the
drops and seal with rubber cement (Fixogum; Marabu).
2. Incubate slides for three nights at 37°C in a humid chamber (see Note 12).

3.3.4. Posthybridization and Detection Washing

1. Take the slides out of 37°C, remove rubber cement with forceps and coverslips by letting
them swim off in 4X SSC/0.2%Tween (RT, 100-mL coplin jar) (see Note 13).

2. Postwash the slides 3 X 5 min in formamide-solution (45°C) followed by 3 X 5 min in
2X SSC (37°C) in a 100-mL coplin jar, with gentle agitation.

3. Put the slides in 4X SSC/0.2% Tween (100 mL, RT), for a few seconds.

4. Add 50 pL of solution I to each slide, cover with 24 x 50-mm coverslips and incubate at
37°C for 30 min in a humid chamber.
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5. Remove the coverslips and wash 3 X 3 min in 4X SSC/0.2% Tween (RT, with gentle
agitation).
6. Add 50 pL of solution II to each slide, cover with 24 X 50-mm coverslips and incubate at
37°C for 75 min in a humid chamber.
7. Repeat step S.
8. Repeat step 4.
9. Repeat step 5.
10. Counterstain the slides with DAPI-solution (100 mL in a coplin jar, RT) for 8 min.
11. Wash slides several times in water for a few seconds and air-dry.
12. Add 15 pL of antifade Vectashield (CAMON Vector Laboratories H1000), cover with
coverslips, and look at the results in a fluorescence microscope.

4. Notes

1. If only small amounts of cryofixed tissue are available, tissue can be cut on a cryostat.
About 15 25-um cryosections (2-5 mm in diameter) are sufficient for about five slides
with extracted interphase nuclei.

2. Incubation of the tissue in formalin-buffer can be done by agitation as well, with no differ-
ence in the quality or quantity of resulting extracted nuclei.

3. If only small amounts of tissue are to be digested (see Note 1) 0.2—-0.4 mL of PK-solution
are sufficient.

4. Nytal 55—the nylon mesh has to be cut in 5 cm X 5 cm squares. Such a square can be
formed to a funnel, pinned by a stapler, and used as the required filter.

5. The resulting suspension has a certain turbidity reflecting the number of extracted nuclei.
With experience, an assessment of the amount of slides on which the suspension should be
distributed will be possible. For the first-time user a distribution of suspension on two
slides is suggested.

6. An evaluation of quantity and quality of extracted nuclei is not possible before this step of
the protocol, because of crystallization of PBS salts on the slide surface. Now they have
been washed away during the Subheading 3.1., steps 17-19.

7. RNase and pepsin pretreatment conditions should be tested in each laboratory on a single
slide first. Both RNase and pepsin concentrations can be too stringent, resulting in clean
slides without any remaining nuclei.

8. The pretreated slides can be hybridized immediately or stored at RT for up to 3 wk. If
longer storage is necessary slides are stable at —20°C for several months.

9. Owing to the fact that DNA in archival tissues has undergone some fixation steps and has been
stored up to several years, a prolonged denaturation time seems useful. Moreover, in other
FISH-protocols with denaturation times of 2-5 min only, the maintenance of available
metaphase chromosomes is the main aspect, which is of no significance in the actual protocol.

10. COTI1-DNA normally is added to the hybridization mix, when nonrepetitive sequences
are to be detected (cosmids, chromosome libraries, or genomic DNA, used in comparative
genomic hybridization studies) (18—20). Because of the long hybridization time (72 h) it
makes sense to block repetitive sequences, when using repetitive satellite probes, as well.
If no COT1-DNA is added, the specific centromeric probes would not only label “their”
specific chromosome, but undesired cross hybridization would also occur.

11. In Fig. 1, the result of a FISH-experiment using a digoxigenated alphoid probe for chro-
mosome 8 and a biotinylated probe for the c-myc oncogene is shown. 1.5 pL of the alphoid
probe, 1.5 uL of COT1-DNA (1 pg/uL) and 15 pL hybridization buffer have been dena-
tured at 75°C for 5 min, put on ice, and mixed now with 5 UL of the c-myc probe (ONCOR).
The latter has been incubated before at 37°C for 20 min—according to manufacturers
instructions.
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12. Incubation can be stopped—if necessary—after 48 or 96 h, as well. Whereas in the first

case, weaker signals are possible, in the second case, some cross hybridization problems
may arise.

13. During the washing steps, it is important to prevent the slide surfaces from drying out,
otherwise background problems may arise.
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Interphase Cytogenetics
in Paraffin-Embedded Ovarian Tissue

Susann Neubauer and Thomas Liehr

1. Introduction

Interphase cytogenetics using formalin-fixed/paraffin-embedded tissue is now a
well-established technique, which renders it possible to obtain “cytogenetic informa-
tion” from interphase nuclei of solid tumors (1,2, for ovarian cancer, e.g., 3-8). It is the
only tool to investigate specific numerical chromosomal aberrations (3-7), amplifica-
tion of oncogenes (8), deletion of tumor suppressor genes (9), or chromosomal translo-
cations (10) in formalin-fixed/paraffin-embedded tissue samples on a single-cell level.
For numerical chromosomal aberrations using centromeric probes, even automated
assessment of the fluorescence in situ hybridization (FISH) signals has become
possible (11).

Interphase FISH studies on formalin-fixed/paraffin-embedded tissue can be done,
on the one hand, on sectioned material and, on the other hand, on extracted interphase
nuclei (12). As concluded in (13), both methods are comparable and reliable for detec-
tion of chromosomal changes in archival tissue, however, each of them has advantages
and disadvantages. The first approach is recommended, when the tissue architecture
must be studied intact, e.g., in the case of small and/or invasive tumors, whereas the
second technique can be applied successfully when more or less homogenous (tumor)-
tissue samples are under study (12). During evaluation of tissue sections, there often
arise the problem of not evaluable, overlapping nuclei, because of the presence of sev-
eral cell layers, one on top of the other; and that of cut nuclei, leading to artificial signal
loss in interphase cytogenetic studies (7,14,15); two problems not present in nuclear
extraction techniques (12,13,16). However, only sectioned material makes it possible
to identify small subclones and their localization within a tumorous tissue, which is
impossible after nuclear extraction.

A method for an interphase cytogenetics approach for tissue sections is described
(6). The three main steps of this technique are as follows:

1. Formalin-fixed/paraffin-embedded tissue, sectioned and mounted on 3-amino-
propyltriethoxysilane coated slides, dewaxed, and dehydrated prior to hybridization.
2. Treatment with proteinase K, RNase, pepsin, and formalin prior to denaturation.
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3. Denaturation of slides performed; labeled probes are denatured and hybridized on the
slides for 72 h. After a postwashing series, detection of the biotinylated probe is per-
formed with a FITC-avidin system leading to green and of the digoxigenin labeled probe
with antidigoxigenin-rhodamine leading to red signals. Counterstaining of the sections
and addition of antifade solution finishes the procedure and slides can be evaluated on a
fluorescence microscope.

2. Materials
2.1. Deparaffinization

1. 3-aminopropyltriethoxysilan-coated slides: clean and dry slides are put in a 3%
3-aminopropyltriethoxysilane solution in 100% acetone (room temperature) for 15 s and
rinsed two times in acetone and double-distilled water for a few seconds each. Slides are
dried overnight at 37°C. Prior to use, slides can be stored at 4°C for about 3 wk.

2. 10X phosphate-buffered saline (PBS) stock solution: 0.076% (w/v) NaCl, 0.004% (w/v)
NaH,PO,, 0.0013% (w/v) Na,HPO,; pH 7.0; in double-distilled water, autoclave and store
at room temperature.

2.2. Slide Pretreatment

1. PK-solution: 5 mg proteinase K (Boehringer, Mannheim, Germany), 50 uL. 1M Tris-HCI
(pH 7.5), 20 uL 0.5M EDTA (pH 7.0), 2 uL 5M NaCl, make up to 1 mL in filtered double-
distilled water; make fresh as required.

2. 20X standard saline citrate (SSC) stock solution: 3.0M NaCl, 0.3M Na-citrate; set up with
double-distilled water, adjust to pH 7.0, autoclave, and store at room temperature.

3. RNase stock solution: 5 pug/uL of RNase type A (Boehringer); set up with filtered double-
distilled water; aliquot and store at —20°C.

4. RNase solution: per slide 100 uL 2X SSC plus 20 uL of RNase stock solution are neces-
sary; make fresh as required.

5. Pepsin stock solution 10% (w/v): dissolve 100 mg pepsin (Serva, Heidelberg, Germany)
in 1 mL of filtered double-distilled water at 37°C; aliquot and store at —20°C.

6. Pepsin buffer: Add 1 mL of 1M HCl to 99 mL of distilled water and incubate at 37°C for
about 20 min; then add 50 pL of the pepsin stock solution 10% (w/v) and leave the coplin
jar at 37°C; make fresh as required.

7. 1X PBS/ MgCl,: 5% (v/v) 1M MgCl, in 1X PBS.

8. Formalin buffer: 3% (v/v) of acid-free formaldehyde (37%; Roth) in 1X PBS; make fresh
as required.

2.3. Fluorescence In Situ Hybridization (FISH)
2.3.1. Slide Denaturation

1. Denaturation buffer: 70% (v/v) deionized formamide, 10% (v/v) filtered double-distilled
water, 10% (v/v) 20X SSC, 10% (v/v) phosphate buffer; make fresh as required.

2. Deionized formamide: Add 5 g of ion exchanger Amberlite MB1 (Serva) to 100 mL of
formamide (Merck, Darmstadt, Mannheim, Germany) stir for 2 h (room temperature) and
filter twice through Whatmann no. 1 filter paper. Aliquot and store at —20°C.

3. Phosphate buffer: prepare 0.5M Na,HPO, and 0.5M NaH,PO,, mix these two solutions
(1:1) to get pH 7.0, then aliquot and store at —20°C.

2.3.2. Probe Denaturation

1. Hybridization buffer: Dissolve 2 g dextran sulfate in 10 mL 50% deionized formamide/
2X SSC/50 mM phosphate buffer for 3 h at 70°C. Aliquot and store at —20°C.
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2.3.3. Posthybridization and Detection Washing

1. Formamide solution: 50% (v/v) formamide (Merck), 10% (v/v) 20X SSC, 40% (v/v)
distilled water; make fresh as required.

2. Solution I: FITC-avidin (CAMON Vector Laboratories)/4X SSC/0.2 %Tween/5% BSA
(1:300 both Sigma, St. Louis, MO); make fresh as required.

3. Solution II: Biotinylated antiavidin (CAMON Vector Laboratories)/Anti-digoxigenin-
rhodamine (Boehringer Mannheim, Germany)/4X SSC/0.2%Tween/5% BSA (1:20:100);
make fresh as required.

4. DAPI-solution: Dissolve 5 UL of DAPI (4,6-diamidino-2-phenylindol.2HCI stock-
solution; Serva) in 100 mL 4X SSC/0.2% Tween; make fresh as required.

3. Methods

3.1. Deparaffinization

This section describes the deparaffinization of formalin-fixed/paraffin-embedded
tissue mounted on 3-aminopropyltriethoxisilan coated slides (see Subheading 2.1.,
item 2.). Tissue sections should be about 5-6 um (see Note 1).

1.

2.

Place slides with mounted tissue sections in 100% xylene at room temperature (RT) for
5—10 min (see Note 2).

Rehydrate through an ethanol series (100, 100, 95, 70, 50% 2 min each at RT) and 1X PBS
(2 min at RT) in a 100-mL coplin jar.

Replace PBS by water (for a few seconds) and perform following pretreatment procedure
immediately without allowing slides to dry.

3.2. Slide Pretreatment

As in a conventional FISH approach, a pretreatment of the slides is necessary. But

prior to the usual RNase and pepsin treatment followed by a postfixation with forma-
lin-buffer (17), a proteinase K (PK) treatment is necessary (6).

1.

b

1.

Transfer slides to a humid chamber at 37°C, add 100-500 uLL PK-solution per section to
cover the whole tissue. The amount of the PK-solution depends on the diameter of the
section. Do not cover the section with a cover slip (see Note 3).

Incubate for 10 min at 37°C.

Stop PK treatment by putting the slides in a coplin jar with 100 mL 1X PBS/MgCl, (RT)
for 3 min.

Sections can be assessed for completeness of PK digestion in the microscope (see Note 4).
Take care that sections do not dry out. If PK digestion is not completed: repeat steps 1-3;
if it is: go on with step 5.

Slides are incubated in 2X SSC for 5 min at RT (in a 100-mL coplin jar).

Remove slides from the coplin jar, add 100-500 pL of RNase solution to each section.
The amount of the RNase solution depends on the diameter of the section. Do not cover
the section with a cover slip (see Note 3).

Incubate the slides in a humid chamber for 10 min at 37°C.

Put the slides back into the coplin jar with 100 mL 2X SSC (RT). Leave slides in 2X SSC
solution for 3 min without agitation.

Discard the 2X SSC and replace by 100 mL 1X PBS (RT) for 5 min.

. Replace the 1X PBS by 100 mL prewarmed pepsin-buffer (37°C) and incubate the slides

for 5 min at 37°C, without agitation (see Note 3).
Replace fluid by 100 mL 1X PBS/ MgCl, and incubate at RT for 5 min without agitation.
MgCl, will block the enzymatic activity of pepsin.
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12. Sections can be assessed for completeness of pepsin digestion in the microscope (see
Note 5). Take care that the sections do not dry out. If pepsin digestion is not completed:
repeat steps 10-12; if it is: go on with step 13.

13. Postfix the sections on the slide surfaces by incubating the slides in 100 mL of formalin
buffer for 10 min (RT, without agitation).

14. Replace formalin buffer 100 mL 1X PBS for 2 min (RT, without agitation).

15. Dehydrate slides through an ethanol series (70, 90, 100%, 3 min each) and air-dry (see
Note 6).

3.3. Fluorescence In Situ Hybridization (FISH)

FISH is a standard technique in cytogenetic and pathological laboratories (1,17-19).
For hybridization of archival sections, however, a prolonged slide denaturation time
and higher concentration of probes and detection solutions than usual are necessary.

3.3.1. Slide Denaturation

1. Add 200 pL denaturation buffer to the slide surfaces and put cover slips on them (24 x 50 mm).

2. Incubate the slides on a warming plate for 8 min at 75°C (see Note 7).

3. Remove cover slips immediately by forceps and place slides in a coplin jar filled with
70% ethanol (4°C) to conserve target DNA as single strands.

4. Dehydrate slides in ethanol (70, 90, 100%, 4°C, 3 min each) and air-dry.

3.3.2. Probe Denaturation

1. For each slide to be hybridized, add 1.5 pL each of biotin and digoxigenin labeled chro-
mosome specific probes (ONCOR, Inc.) and 3 pL of 1 pg/uL COT1-DNA (Gibco) to
40 uL of the hybridization buffer in a 1.5-mL microtube, vortex and spin down (see Note 8).

2. Denature probe-solution at 75°C for 5 min and cool immediately on ice to conserve probe
DNA in single strands.

3.3.3. Hybridization

1. Add 40 pL of the denatured probe solution onto each of the denatured slides (from Sub-
heading 3.3.1., step 4) put 24 x 50 mm cover slips on the drops and seal with rubber
cement (Fixogum; Marabu).

2. Incubate slides 72 h at 37°C in a humid chamber.

3.3.4. Posthybridization and Detection Washing

1. Take the slides out of 37°C, remove rubber cement with forceps and cover slips by letting
them swim off in 4X SSC/0.2% Tween 20 (RT, 100-mL coplin jar).

2. Postwash the slides 3 x 5 min in formamide-solution (45°C) followed by 3 X 5 min in

2X SSC (37°C) in a 100-mL coplin jar, with gentle agitation.

Put the slides in 4X SSC/0.2% Tween (100 mL, RT), for a few seconds.

4. Add 50 uL of solution I to each slide, cover with 24 x 50-mm cover slips and incubate at
37°C for 30 min in a humid chamber.

5. Remove the cover slips and wash 3 X 3 min in 4X SSC/0.2% Tween (RT, with gentle
agitation).

6. Add 50 puL of solution II to each slide, cover with 24 X 50 mm coverslips and incubate at
37°C for 75 min in a humid chamber.

7. Repeat step 5.

Repeat step 4.

9. Repeat step 5.

W

*®
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10.
1.
12.

Counterstain the slides with DAPI-solution (100 mL in a coplin jar, RT) for 8 min.
Wash slides several times in water for a few seconds and air-dry.

Add 20 pL of antifade Vectashield (CAMON Vector Laboratories H1000), cover with
20 x 60-mm cover slips and look at the results in a fluorescence microscope.

4. Notes

1.

2.

Tissue section should be in the range of 5—6 um to reduce the problem of cut nuclei lead-
ing to artificial signal loss.

Incubation in xylene for 5-10 min is sufficient to remove the paraffin from the tissue.
Longer incubation times at this step do not lead to better FISH results.

A cover slip would enhance the possibility of floating or damaging of the section during
the pretreatment steps. Performing the pretreatment steps in a humid chamber or a coplin
jar reduces this possibility.

PK-treatment is sufficient, when the tissue starts to become less compact, because of loss
of cytoplasmic components and loss of some (damaged) nuclei. Nevertheless, the assess-
ment of the digestion of a tissue section requires some experience.

Pepsin treatment is finished when the section is less compact than in the beginning and
nuclei of the section are well visible and more or less free of disturbing plasmatic components.
Some experience in the assessment of tissue sections must be learned by trial and error.
The pretreated slides must be hybridized immediately, even though air-drying of the slides
is now—after the formalin postfixation—required and possible.

. DNA in archival tissues has undergone some fixation steps and has been stored up to

several years, thus, a prolonged denaturation time makes sense. Moreover, in other FISH
protocols with denaturation times of 2—-5 min only, the maintenance of evaluable
metaphase chromosomes is the main aspect, which is of no significance in this approach.
COT1-DNA normally is added to the hybridization mix, when nonrepetitive sequences
shall be detected (cosmids, chromosome libraries or genomic DNA, used in comparative
genomic hybridization studies) (20-22). Owing to the long hybridization time (72 h),
blocking of repetitive sequences is necessary to avoid undesired crosshybridization of the
specific centromeric probes.
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Rapid Identification of Chromosomes
Using Primed /n Situ Labeling (PRINS)

GopalRao V. N. Velagaleti

1. Introduction

Primed in situ labeling (PRINS) was introduced by Koch and colleagues (1) for the
visualization of chromosome centromeres. The concept is based on the knowledge that
the alpha satellite repeat monomers at the human centromeres exhibit variation among
chromosomes (2), and by targeting such variation, it is possible to obtain chromosome-
specific markers for identification of individual chromosomes (3). PRINS reaction
involves annealing of short, unlabeled oligonucleotide primers to specific genomic tar-
gets on metaphase chromosomes or interphase nuclei in sifu and the subsequent exten-
sion of the primer sequences in the presence of labeled nucleotides using Tag DNA
polymerase. The high efficiency with which PRINS can distinguish the alpha satellite
sequences of human chromosomes and identify the individual chromosomes is well
documented (4-6). PRINS has many advantages compared to fluorescence in situ
hybridization (FISH), including its specificity and sensitivity; no limitations on probe
size; short reaction time; no pretreatment of slides; and minimal cost (7-10). PRINS is
used for various clinical applications including identification of marker chromosomes
(11). Of all its applications, interphase analysis for detection of aneuploidy is of utmost
importance. Interphase analysis permits screening of a large number of cells that are
not amenable to analysis through conventional culture methods. PRINS has been used
for rapid assessment of aneuploidy in interphase cells of prenatal samples (12), frozen
tissue sections (13), and sperm (14). For interphase analysis, PRINS was shown to be
more sensitive than chromosome analysis and as sensitive as FISH (15). Thus, PRINS
can be a viable and effective alternative to FISH for molecular cytogenetic diagnosis.

2. Materials
2.1. Preparation of Metaphase Chromosomes from Lymphocytes

1. RPMI-1640 culture media (Gibco-BRL, Grand Island, NY; store at 4°C until expiration
date on the bottle). Prepare culture medium by adding 77 mL of RPMI culture media,
20 mL of fetal calf serum (Gibco-BRL; store at —20°C until expiration date), 1 mL of
L-glutamine (200 mM; aliquot 1-2 mL into small tubes (JRH Biosciences, Lenexa, KS;
store at —20°C until expiration date), 1 mL of Gentamycin sulfate (aliquot 1-2 mL into
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small tubes; Irvine Scientific, Santa Ana, CA; store at 15-20°C until expiration date), and
1 mL of penicillin/streptomycin (10,000 U/mL and 10 mG/mL respectively; aliquot
1-2 mL into small tubes [Gibco-BRL]; store at —20°C until expiration date). Store this
reconstituted media at 4°C up to 1 mo (see Note 1).

2. Phytohemagglutinin—reconstitute with 5 mL of distilled water (Murex Diagnostics,
Dartford, UK); store at 4°C up to 1 wk (see Note 2).

3. Thioglycollate medium (Sigma, St. Louis, MO). Prepare the medium by adding 29.8 g of
powder media to 1 L of sterile distilled water. Dissolve the media by boiling with occa-
sional stirring. Dispense 10 mL into sterile tubes, and autoclave at 121°C for 15 min. Cool
and store at 4°C until expiration date.

4. Colcemid (10 pg/mL in distilled water; Sigma; store at 4°C up to 1 mo).

5. Hypotonic solution (0.075M KCl—prepare in distilled water, store at room temperature
up to 1 wk).

6. Fixative (3:1 Methanol: Glacial acetic acid; prepare fresh each day).

2.2. Preparation of Slides for PRINS Reaction

1. Deionized Formamide (Sigma) (store at 4°C up to 6 mo). Prepare denaturation solution
(70% formamide/2X SSC) by adding 28 mL of deionized formamide; 8 mL of distilled
water, and 4 mL of 20X SSC solution. Adjust the pH to 7.0. Prepare once a week and store
at room temperature.

2. 20X SSC: 3M NaCl, 0.3M trisodium citrate, pH 7.5 (store at room temperature up to
6 mo).

2.3. PRINS Reaction

1. Nucleotide mixture (ANTP mix). Prepare the nucleotide mixture by adding equal volumes
(e.g., 10 UL each) of dATP (2’-Deoxyadenosine 5'-triphosphate; 10 mM; Perkin-Elmer,
Norwalk, CT; store at —20°C), dCTP (2’-Deoxycytidine 5’-triphosphate; 10 mM; Perkin-
Elmer; store at —20°C), dGTP (2’-Deoxyguanosine 5’-triphosphate; 10 mM; Perkin-Elmer;
store at —20°C) and dTTP (2’-Deoxythymidine 5’-triphosphate; 10 mM; Perkin-
Elmer; store at —20°C; dilute 1:10 with distilled water). Mix thoroughly and store at
—20°C for up to 2 mo.

2. Reaction mixture (prepare fresh each time). Prepare PRINS reaction mixture by adding
the following (numbers in the parenthesis indicate end concentration):

a. Oligonucleotide primer (100-200 pmol)

Research Genetics, Huntsville, AL; store at —20°C (see Note 3 and Table 1). 1 puL
b. dNTP mixture (0.2 mM of each dATP, dCTP, dGTP, and 0.02 mM dTTP). 4 uL
c. dig-11-dUTP (0.02 mM) 1 mM

Boehringer-Mannheim, Indianapolis, IN; store at —20°C (see Notes 4 and 5). 1 uL
d. PCR Buffer (10 mM Tris-HCI, pH 8.3; 50 mM KCI) 10X

Perkin-Elmer; store at —20°C. SuL
e. Magnesium chloride (1.5 mM) 25 mM

Perkin-Elmer; store at —20°C (see Note 6). 3uL
f. AmpliTaq DNA polymerase (2.5 U) 5 U/ uLL

Perkin-Elmer; store at —20°C. 0.5 uL
g. Bovine Serum Albumin (0.01%) 0.5% in distilled water

Sigma (98%) store at —20°C. 1 uL
h. Distilled water (to make up the volume to 50 puL) 345 uL

3. Stop buffer: 500 mM NaCl, 50 mM EDTA, pH 8.0 (store at room temperature up
to 6 mo).
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Table 1
Primer Sequences and Annealing Temperatures?

Annealing
Chromo- Temperature
some Locus Sequence °C)
1 asat 5" ATTCCATTAGATGATGACCCCTTTCAT 3’ 61
2 asat 5" CTGTTCAACACTGTGACTTCAATTG 3’ 71
3 asat 5" TGAGTTGAACACACACGTAC 3’ 68
5 asat 5" TTCTGTCTAGCCTTACAGGAAAAAAA 3 70
7 asat 5" AGCGATTTGAGGACAATTGC 3’ 56
8 asat 5" CAAACTGCTCTATCAATAGAAATGTTCAGCACACTT 3" 67
9 asat 5" AATCAACCCGAGTGCAATC 3’ 56
10 asat 5" ACTGGAACGGACAGATGACAAAGC 3’ 63
11 asat 5" GAGGGGTTTCAGAGCTGCTC 3’ 65
12 asat 5" GTTCAATTCACAGAGTAT 3’ 62
13 asat 5" TGATGTGTGTACCCAGCT 3’ 60
16 asat 5" TTCTTTTCATACCGCATTCT 3’ 53
17 asat 5" AATTTCAGCTGACTAAACA 3’ 50
18 asat 5" ATGTGTGTCCTCAACTAAAG 3’ 65
21 asat 5 TGATGTGTGTACCCAGCC 3’ 61
X asat 5" GTTCAGCTCTGTGAGTGAAA 3’ 68
Y asat 5" TCCATTCGATTCCATTTTTTTCGAGAA 3’ 60

“S

2.4.
1.

3. M
3.1.
1.

b

ource of primer sequences: Pellestor et al. (personal communication).

Signal Detection

1,4-diazabicyclo [2.2.2.] octane (DABCO): 2.5 g dissolved in 10 mL of distilled water
and add 90 mL of glycerol and mix well (Sigma); store at 4°C up to 1 yr. Warning:
DABCO is fatal if inhaled and harmful on contact. Wearing gloves and goggles prepare
reagent in hood.

Wash buffer: 4X SSC, pH 7.0, 0.05% Tween-20 (Boehringer-Mannheim); store at room
temperature up to 6 mo.

Blocking buffer: 4X SSC, pH 7.0, 0.05% Tween-20 with 5% nonfat dry milk (prepare
fresh every time).

ethods
Preparation of Metaphase Chromosomes from Lymphocytes

Set up lymphocyte cultures in graduated centrifuge tubes by adding 1 mL of peripheral
blood to 9 mL of reconstituted culture media, 0.15 mL of Phytohemagglutinin in a centri-
fuge tube. Mix well and incubate in an incubator at 37°C for 72 h.

At the end of 72 h, add 0.02 mL of colcemid solution to each tube, mix well and incubate
at 37°C for an additional 20 min.

Centrifuge the tubes at 170g for 10 min.

Remove the supernatant, vortex gently to mix the cell pellet, and very slowly add 8-9 mL of
hypotonic solution. Invert the tubes 56 times to mix well and incubate at 37°C for 20 min.
Add 1 mL of fixative very slowly to the tubes and mix well (see Note 7).

Centrifuge the tubes at 170g for 10 min.
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Remove the supernatant, vortex gently to mix the cell pellet and slowly add 8-9 mL
of fixative. Invert the tubes 5-6 times to mix well and incubate at room temperature
for 10 min.

Centrifuge the tubes at 170g for 10 min.

Repeat steps 7 and 8 two more times.

. After the second centrifugation, remove all but 0.5 mL of supernatant and add 1-2 mL of

fresh fixative and tap the tubes gently to mix the cell pellet.

Using a glass Pasteur pipet, drop 3—4 drops of the cell pellet solution onto a precleaned
and chilled glass microscope slide from a height of about 3—4 ft to obtain better spreading
of the metaphase chromosomes . Dry the slides on a hot plate set at 65°C up to 10—15 min.

Preparation of Slides for PRINS Reaction

Prepare metaphase chromosomes using the above technique (see Note 8).

. Immediately before PRINS reaction, denature the slides in 70% deionized Formamide,

2X SSC at 70°C for 3 min in a water bath.
Dehydrate the slides in chilled (4°C) ethanol series (70, 80, 90%, and absolute) for 2 min
in each and allow the slides to air-dry.

PRINS Reaction

Turn on the PCR machine fitted with a flat plate block (see Note 9) and set the program

for appropriate temperature (see Note 10). The PRINS reaction consists of two steps:

a. Aninitial annealing step of 15 min is specific to each primer, (e.g., for chromosome 18
the annealing temperature is set at 65°C) (Table 1).

During this step, the denatured slide and a glass cover slip are heated to the specific
annealing temperature (65°C for chromosome 18) for 5 min. Following the preheating,
PRINS reaction mix is placed on the slide and spread evenly by placing a glass cover
slip on the slide. Avoid air bubbles when placing the cover slip (22 X 50 mm). The
primer in the reaction mix is allowed to anneal to the target DNA sequence on the slide
for 10 min at the same temperature.

b. The second step involves a 30-min primer extension. During this step, the temperature
of the hot plate is automatically raised to 72°C to facilitate primer extension. Irrespec-
tive of the primer used, the primer extension temperature is always 72°C (see Note 11).

Immediately following the primer extension, transfer the slide into a coplin jar containing

50 mL of stop buffer at 72°C in a water bath for 5 min to stop the reaction.

Signal Detection

Wash the slides in wash buffer at room temperature for 5 min (see Note 12).

. Drain the slides and apply 60 UL of fluorescein-labeled antidigoxigenin Fab fragment

(20 pg/mL; from sheep; Boehringer-Mannheim; store at —20°C) in blocking buffer. Place
a plastic cover slip (22 x 60 mm; Oncor, Inc., MD) without air bubbles and incubate at
37°C in a humid chamber for 20 min.

Carefully remove the cover slip and wash the slides three times in 50 mL of wash buffer at
room temperature for 3 min each time with occasional agitation.

Drain the excess fluid without letting the slides dry. Apply 20 UL of counterstain
propidium iodide (0.25 pg/mL in DABCO; Sigma). Place a 22 X 60 mm glass cover slip
carefully without air bubbles. Place the slide under a paper towel and gently squeeze the
paper towel to drain excess counterstain from the slide.

Examine the slide under a fluorescence microscope equipped with appropriate filters
(e.g., FITC, Propidium Iodide, DAPI, and so on). (See Note 13 and Figs. 1 and 2.)
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Fig. 1. Metaphase plate from a patient with a marker chromosome. PRINS was carried out
with primer for chromosome 13. Arrows point to normal chromosomes 13 and the arrowhead
points to marker chromosome.

Fig. 2. Metaphase plate from a patient with a marker chromosome. PRINS was carried out
with primer for chromosome 18. Arrows point to normal chromosomes 18 and the arrowhead
points to marker chromosome.
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4. Notes
1. After reconstituting the culture media, check the media for contamination by placing

10.

1.

1 mL of the reconstituted media into Thioglycollate culture tubes. Incubate the tubes at
37°C up to 96 h. Check the tubes for microbial growth periodically every 24 h. If growth
is observed, discard the media and reconstitute media fresh.

After reconstituting check the phytohemagglutinin solution every day for turbidity. If the
solution becomes turbid, discard immediately as it is contaminated.

Most of the oligonucleotide primers are targeted at the alpha satellite repeat monomers of
the human centromeres and are selected based on the maximum divergence among the
human chromosomes (14). Most of these primers are available from Research Genetics,
Huntsville, AL, however, one can synthesize the primers. The primers need to be ultra
purified for optimum results, hence it is necessary to gel purify the primers after synthesis.
The primer sequences and annealing temperatures are given in Table 1. All the primer
sequences are courtesy of Dr. Franck Pellestor, CNRS, Montepellier, France.
Biotin-11-dUTP or Biotin-16-dUTP can also be incorporated into the synthesized product
instead of digoxigenin-11-dUTP and can be detected with fluorescein-labeled avidin. One
can also use direct-labeled nucleotides such as fluorescein dUTP, etc. Usage of direct
labeled nucleotides eliminates the detection steps thereby reducing the time further. How-
ever, in our experience, we noticed that the signals are stronger with digoxigenin-
11-dUTP in comparison to other labeled nucleotides.

. If the signals appear too strong, the concentration of the digoxigenin-dUTP can be further

reduced.

The annealing temperatures and the concentration of magnesium chloride should be opti-
mized for each primer using regular PCR method. The annealing temperature may vary
slightly from the regular PCR. In order to measure the accurate concentration of magne-
sium chloride, an optimization kit such as Opti-Primer PCR Kit (Stratagene, La Jolla, CA)
is useful.

This step (conditional fix) is very critical in the culture harvest method. Before adding the
fixative, make sure the cell pellet is completely dissolved. Add the 1 mL of fix very slowly
in order to achieve good fixation and better spreading of the metaphases.

In our experience, we noticed that when the slides are prepared fresh, the results are bet-
ter, with absolutely no background. Even though aged slides also work with this proce-
dure, the background appears to increase with aging. It is better to drop the slides a few
hours before starting PRINS reaction. Storage of pellets in fixative is the preferred option
in our laboratory.

PRINS reactions can be carried out using water baths set at two different temperatures for
annealing and extension. However, for optimum results, it is necessary to use a program-
mable thermocycler equipped with flat plate block. There are several advantages of such a
machine, including accurate temperature control with 0.1°C precision, and ease of pro-
gramming temperature changes.

For each of the primers listed in Table 1, the annealing temperatures are calculated based
on the melting temperatures, but the optimal annealing temperatures are determined
empirically, thus resulting in slight variation between the theoretical melting temperatures
and the recommended annealing temperatures. Each laboratory should determine the
annealing temperatures empirically starting with the recommended temperature. There
may be a slight variation of up to +5°C to —5°C from laboratory to laboratory.
Depending on the target chromosome, the duration of annealing and extension can
be shortened. For example, for chromosomes that are rich in alpha satellite sequences like
chromosome 18, the annealing can be as short as 5 min and extension can be as short as
5 min.
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12. Slides can be stored in wash buffer up to 1 wk at 4°C, if required. For shorter duration like

13.

a few hours, slides can be stored in wash buffer at room temperature.

In our experience, we noticed that placing the slides in refrigerator after counterstaining
for a few minutes to up to 1 hr improves the overall intensity of counterstain, as well as
signal fluorescence.
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Gene Amplification of c-erbB-2 Detected by FISH

S. Robert Young, Wei-Hua Liu, and Zong-Ren Wang

1. Introduction

In 1981, a novel transforming gene called neu, related to, but distinct from, the
c-erbB protooncogene, was identified (1-3). In 1985, two groups independently iso-
lated identical erbB-related genes from human DNA that they called HER-2 (4) and
c-erbB-2 (5) located at chromosome band /7g/1.2 and encoding a 185,000 Dalton
tyrosine kinase (2,4). Studies conducted on human breast cancers showed 28% to have
amplified HER2/neu present (7) and it was suggested that amplification or increased
protein expression might confer a selective advantage (6). Over the last ten years,
many studies have confirmed the value of using overexpression or amplification of the
HER2/neu gene as a predictor of poor outcome in cases of breast cancer (7-9). Clinical
trials are currently underway using anti-HER2/neu in an attempt to destroy malignant
breast cells (10,11).

Overexpression of the HER2/neu protein is generally studied using immunohis-
tochemical techniques. However, there is considerable variability in the sensitivity of
HER?2/neu antibody preparations (12,13). Amplification of the HER2/neu gene is usu-
ally studied by Southern blot or quantitative polymerase chain reaction (PCR).
Although specific and reproducible, both study the product of many cells at the same
time. Because most malignant tissue samples are contaminated with normal cells, and
cancer cells are highly heterogeneous, the results are unreliable.

Fluorescence in situ hybridization (FISH) makes use of a highly specific interaction
between two single strands of denatured DNA: the probe under study and any comple-
mentary target sequences within the cell. A variety of cell samples can be studied; cells
can be disaggregated, washed, and fixed. This method gives the cleanest, easiest way
to score preparations; however, the tissue architecture is lost. Cell preparations can be
made by merely touching the tissue to a microscope slide. This method produces a
sample with some tissue architecture, but there is an uneven layer of cells on the slide.
Tissue sections can be cut from frozen or paraffin-embedded blocks. Because many
cells are dissected, these samples are harder to score, but tissue integrity is preserved.
The ability to use paraffin-embedded samples allows FISH to be carried out on valu-
able, archived material. We have successfully studied ovarian cancer tissue blocks that
were 15 yr old and had not been stored under any special conditions. The methods
described can be used to study virtually any DNA probe and any type of tissue.

From: Methods in Molecular Medicine, Vol. 39: Ovarian Cancer: Methods and Protocols
Edited by: J. M. S. Bartlett © Humana Press, Inc., Totowa, NJ
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2. Materials

Solutions, glassware, and plasticware should be sterile.

2.1. Preparation of Samples
2.1.1. Touch Slide Preparation for Interphase Cell Analysis

1. Hanks balanced salt solution (HBSS).
2. Fixative: Methanol: glacial acetic acid (3:1).

2.1.2. Disaggregated Cell Preparation
for Metaphase and Interphase Analysis

1. Culture medium: 100 mL RPMI-1640, 20 mL heat inactivated fetal bovine serum (FBS),
1 mL L-glutamine (200 mM), 1 mL 10,000 U/mL penicillin, and 10,000 pg/mL strepto-
mycin solution.

2. Collagenase IA (250-300 U/mL in RPMI-1640 medium) (Sigma, St. Louis, MO).

3. Trypsin-EDTA (0.25% Trypsin, | mM EDTA): 2.5 g Trypsin, and 0.38 g EDTA.4Na/L in
HBBS without Ca** and Mg**.

4. 10 pg/mL KaryoMAX Colcemid Solution (Gibco, BRL, Gaithersburg, MD).

5. Hypotonic solution: 0.075M KCI (5.59 g/L of distilled H,O).

2.1.3. Preparation of Paraffin-Embedded Tissue and Pretreating Slides

1. Hemo-De clearing agent (Fisher Scientific, Pittsburgh, PA).

2. 0.2 N hydrochloric acid (HCI).

3. Protease solution: add 160 mg of powdered pepsin in prewarmed 40 mL of 0.9% NacCl,
pH 2.0, at 37°C to a final concentration 4 mg/mL or 1200 U/mL (made fresh daily).

4. 1.0M NaSCN solution: 81.07 g sodium thiocyanate in H,O.

5. 2X SSC, pH 7.4 wash buffer: 3M sodium chloride, 1M sodium citrate.

2.2. Hybridization Reagents
2.2.1. Denaturing and Hybridization

Probes (either direct or indirect labeled probes maybe used). Obtain from commercial
manufacturer such as Vysis, Inc., Downers Grove, IL, or Oncor, Inc., Gaithersburg, MD.

HER2/neu (ERBB-2) DNA probe (17g11.2-q12).
Chromosome 17 alpha-satellite probe.

70% Formamide/2X SSC, pH 7.0.

Hybridization buffer: 4X SSC, 20% Dextran sulfate.
70, 85, and 100% ice-cold ethanol.

NS

2.2.2. Postwashes and Signal Detection

50% Formamide in 2X SSC, pH 7.0.

2X SSC, pH 7.0.

2X xSSC/0.1% NP-40.

Avidin-FITC (Oncor).

Antidigoxigenin-rhodamine (Boehringer or Oncor).

4X SSC/0.1% Tween-20, pH 7.0.

4’ 6-Diamidino-2 phenylindole dihydrochloride (DAPI)/antifade solution (150 ng/mL or
600 ng/mL).

8. 1X PBD: 120 mM sodium chloride, 2.7 mM potassium chloride, 0.05% Tween-20.

N hAE WD =
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3. Methods
3.1. Preparation of the Specimen

In the operating room or pathology laboratory, tumor material (15-50 g) is placed in
sterile Hanks balanced salt solution (HBSS) or isotonic saline and maintained at room
temperature. The tumor is then transported to the cytogenetics laboratory where, in a
laminar flow hood, it is transferred to a Petri dish containing a small amount of sterile
HBSS or culture medium.

3.1.1. Touch Slides

1.

A »

With sterile forceps, remove tissue from the Petri dish and cut off a small piece with a
sterile blade. With forceps, take the tissue piece, blot off excess solution, and apply gently
to areas on treated slides (see Note 1). Try to roll the tissue so that large clumps of tissue
are not deposited onto the slide. The cells transferred to the slide should barely be visible.
Air-dry for a few minutes.

Fix the cells for 20 min in methanol : glacial acetic acid fixative.

Transfer slides to fresh fixative for an additional 20 min.

Air-dry slides.

3.1.2. Disaggregated Cells

1

2.

Under sterile conditions, mince a portion of the tissue sample in a small Petri dish (35 or
60 mm) into pieces small enough to pass into a Pasteur pipet.

The minced tissue pieces are then treated with 1-2 mL of either trypsin/EDTA 1 h, or
collagenase Ia for 4-16 h, at 37°C for disaggregation.

. Transfer the disaggregated cells to a sterile 15-mL plastic centrifuge tube containing about

10 mL of sterile HBSS. Allow any remaining tissue pieces to settle to the bottom for a few
minutes and transfer the cell rich upper solution to a fresh sterile centrifuge tube.

Wash cells twice in HBSS by centrifugation at 400g for 10 min, discard supernatant
each time.

Resuspend cells in 2.0 mL HBSS for interphase (Subheading 3.1.2., step 1) and/or
metaphase (Subheading 3.1.2., step 2) studies.

3.1.2.1. INTERPHASE

1.
. Discard supernatant and resuspend in 10 mL of hypotonic solution for 15 min.

Spin down 1 mL of disaggregated cells at 400g for 10 min.

Spin down cells, discard supernatant, and resuspend in 5 mL methanol : glacial acetic acid
(3:1) fixative.

After 15 min repeat step 3.

After an additional 15 min, spin down the cells, discard the supernatant, and resuspend the
cells in about 1 mL of fresh fixative.

Place one drop of the suspended cells onto a treated glass slide and allow it to dry.
Check the cell density on the slide using phase contrast microscope and adjust cell concentra-
tion if needed. The cells should be spread apart, but not so far apart as to make study difficult.

3.1.2.2. METAPHASE

1.

Place several drops of the disaggregated cells (from Subheading 3.1.2.) into a sterile T25
culture flask and add 5.0 mL of culture medium. Final concentration of cells should be
approximately 10° cells/5SmL

Incubate at 37°C in a humidified, 5% CO, incubator for 48-96 h.
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3. To begin harvest, add Colcemid to a concentration of 0.01 pg/mL. Continue culturing for
1-4 h at 37°C.
4. Take off the culture medium and place in a 15-mL plastic centrifuge tube. Put 1.0 mL of
0.25% trypsin/EDTA into culture flask and incubate at 37°C for 5-10 min.
Take off the trypsin/EDTA and detached cells and place in the plastic centrifuge tube.
Centrifuge the cells at 400g for 5 min and discard the supernatant.
7. Gently resuspend pelleted cells in 5-7 mL of hypotonic solution. After 15 min, the cells
are centrifuged at 400g for 5 min and the supernatant is discarded.
8. The pelleted cells are slowly resuspended in methanol: glacial acetic acid fixative to a
total volume of 10 mL for 20 min.
9. Repeat step 8.
10. The cells are then resuspended in about 1.0 mL of fresh fixative and one drop is dropped
on cold (4°C) wet slides. Blowing gently on the freshly dropped slides sometimes improves
metaphase chromosome spreading.

3.1.3. Paraffin Slides

3.1.3.1. SAMPLE PREPARATION

oW

Cut 5 um paraffin sections using a microtome.

Float the sections on a protein-free (triple distilled) water bath at 40°C.
Mount a tissue section in the center of a treated slide (see Note 1).

4. Air-dry the slides and bake overnight at 56°C.

W=

3.1.3.2. PRETREATMENT OF PARAFFIN SLIDES

1. Immerse slides in Hemo-De clearing agent (Fisher Scientific) for 10 min at room tempera-
ture three times.
2. Dehydrate slides in 100% EtOH for 5 min twice at room temperature.
3. Air-dry slides.
4. Put slides in 0.2 N HCI for 20 min.
5. Putslides in distilled water for 3 min.
6. Putslides in 2X SSC for 3 min.
7. Put slides in 1.0M sodium thiocyanate solution at 81°C for 20 min.
8. Put slides in distilled water for 1 min.
9. Putslides in 2X SSC for 3 min two times.
10. Put slides in protease solution at 37°C for 10 min.
11. Inactivate pepsin by rinsing slides in 2X SSC for 5 min twice.
12. Dry slides on a 45°C slide warmer for 5 min.
13. Immerse slides in the 10% Formalin for 10 min at room temperature.
14. Rinse slides in 2X SSC for 5 min twice.
15. Dry slides on a 45°C slide warmer for 5 min.

3.2. FISH Summary and Principle

FISH involves the precise annealing of a single-stranded DNA probe to a comple-
mentary target DNA sequence. The hybridization of the probe with the cellular DNA
site is visualized by fluorescence microscopy using a probe either indirectly or directly
labeled with a fluorophore.

3.2.1. Probe Preparation and Denaturation

Because it is certainly possible to make and label your own probes for FISH studies,
we have found it very convenient to purchase commercially prepared probes. High-
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quality direct- and indirect-labeled probes are available from a number of manufactur-
ers. A direct-labeled probe has the fluorochrome already attached to it. An indirect-
labeled probe has a hapten (e.g., biotin or digoxigenin) attached to it. After
hybridization has taken place, fluorochrome-labeled antibodies to the hapten are used
for probe detection. The amount of probe and hybridization buffer needed depends on
the target area to be studied. For studying a 22 x 22-mm coverslip area, you need 10 uLL
of probe mixture. For a 22 X 40-mm coverslip area, 20 UL of probe mixture is needed.

3.2.1.1. INDIRECT LABELING PROBE (SUCH As THAT FROM ONCOR, INC.)

1.

Prewarm vial chromosome 17 o satellite (biotin labeled) probe at 37°C for 5 min.

2. Vortex and centrifuge for 2-3 s.

3.

b

If area to study is 22 x 22 mm, add 0.5 puL of chromosome 17 o satellite probe to 5 L. of
hybridization buffer in a microcentrifuge tube. Increase this amount for as many slides as
you are going to study.

Vortex and centrifuge 2-3 s.

Denature the probe at 73°C for 5 min. Immediately put in ice bath until use.

The HER2/neu (digoxigenin labeled) probe is already denatured. Take 5.0 uL of
prewarmed HER2/neu probe and 5.5 uL of denatured chromosome 17 o satellite probe
and mix well by vortex. Centrifuge for a few seconds. Proceed with hybridization (see
Subheading 3.2.3.).

3.2.1.2. DiRecT LABELING PROBE (sucH As THAT FRom VYSIS, INnc.)

1.

2.
3.

hd

Prewarm HER2/neu (Spectrum Orange labeled) and chromosome 17 o satellite (Spectrum
Green labeled) probes at 37°C for 5 min. These probes can sometimes be purchased premixed.
Vortex and centrifuge 2-3 s.

If the study area is 22 x 22 mm, add 0.5 uL. HER2/neu probe, 0.5 UL chromosome #17 o
satellite probe, 2 UL purified H,O, and 7 uL. LSI hybridization buffer to a microcentrifuge
tube and mix (according to Vysis, Inc., directions). Increase this amount for as many
slides as you are going to study.

Vortex and centrifuge 2-3 s.

Denature probe mixture in a 73 + 1°C waterbath for 5 min.

Place tube in a 45°C water bath until ready to apply probe to target DNA (see
Subheading 3.2.3.).

3.2.2. Slide Denaturation for FISH

1.

Place specimen slides in 70% formamide/2X SSC, pH 7.0, at 73 £ 1°C for 4 min.

2. Dehydrate specimen slides in a series of 1 min ice-cold EtOH washes (70, 85, 100%) to

3.

4.

maintain the denatured state in the specimen.

Dry slides by touching the bottom edge of the slides to a paper towel and wipe the under-
side of the slides dry.

Place slides on a 45-50°C slide warmer to evaporate remaining EtOH.

3.2.3. Hybridizing

1.

2.
3.

Apply 10 uL of probe mixture to target area on each slide and cover with a 22 X 22 mm
glass coverslip. (Or apply 20 pL of probe mix and cover with a 22 X 40 mm glass coverslip.)
Seal coverslip with rubber cement.

Incubate slides at 37°C for 12—16 h in a prewarmed humidified chamber. To prevent dry-
ing of the slides, it may prove best to support the slides over damp paper towels in a sealed
small plastic box placed in an incubator or humidified incubator.
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3.2.4. Posthybridization Wash

1. Prewarm three glass Coplin jars containing 40 mL of 50% formamide/2X SSC pH7.0, in a
45°C water bath for 30 min.

2. Prewarm 40 mL of 2X SSC and 40 mL of 2X SSC/0.1% NP-40 in two glass Coplin jars in
a 37°C water bath for 30 min.

3. Carefully remove the rubber cement from the cover slips and place the slides in the 50%
formamide/2X SSC. Agitate lightly for a few seconds and the cover slips should come
free from the slides. If the cover slips do not float free, carefully remove cover slip from
the slide.

4. After 5 min, pass the slides to the second 50% formamide/2X SSC Coplin jar for an addi-
tional 5 min.

5. Pass slides to third Coplin jar for 5 min.

6. Immerse slides in Coplin jar containing warm 2X SSC. Agitate slides for 1-3 s. Remove
slides after 2 min.

7. Immerse slides in Coplin jar containing 2X SSC/0.1% NP-40 for 5 min.

8. Put slides in 1X PBD. Slides can be kept in 1X PBD at room temperature for several
minutes or in the refrigerator for several days.

3.2.5. Detection and Counterstaining
3.2.5.1. DeTECTION OF INDIRECT LABELING PROBES

1. Place 15 uL of Fluorescein-labeled Avidin and 15 pL of Rhodamine-labeled Anti-
Digoxigenin into a microcentrifuge tube. Mix and vortex.

2. Remove the slide from 1X PBD (see Subheading 3.2.4., steps 1-8) and blot excess fluid
from the edge.

3. Apply the 30 uL mixed detection reagent to the slide and cover with a plastic cover slip.
There is no need to attempt to seal this cover slip.

4. Incubate the slide at 37°C for 5-20 min in a prewarmed humidified chamber.

5. Carefully remove the plastic coverslip and immerse the slide in 40 mL of 4X SSC/0.1%
Tween-20 for 2 min at room temperature, three times.

3.2.5.2. FLUORESCENCE COUNTERSTAINING

1. Remove slide from the 4X X SSC/0.1% Tween-20 and blot the excess fluid from the edge.

2. Apply 10 pL DAPI/antifade counterstain to the target area of slide and apply a 22 X 22-mm
glass cover slip (20 pL if using a 22 X 40-mm cover slip).

3. Carefully press out air bubbles and take off excess DAPI/ antifade with a paper towel.

Seal cover slip with rubber cement.

5. Itis best to analyze slides immediately, but the slides can be stored at —20°C in the dark. If
the signal is strong it may be visible for several months.

3.3. Score FISH Results

Slides may be viewed using a epifluorescence ultraviolet (UV)-equipped microscope
and a triple bandpass filter unit (see Notes). There is no single accepted method of
scoring FISH studies at the present time. Several investigators (14,15) have used the
method outlined here. Figure 1 graphically describes the scoring procedure. Figure 2
shows examples of HER2/neu and chromosome 17 o satellite dual color FISH. Photo-
graphs were taken with Kodak Ektachrome 400 film and a Zeiss MC 100 Autoexposure
Camera. Exposure times varied from about 30 to 120 s. These photographs were not
enhanced in any way.

=
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Fig. 1. Schematic representation of HER2/neu and chromosome 17 alpha satellite FISH

scoring. Large circles represent nucleii, gray dots represent HER2/neu gene signals, and black
signals are chromosome #17 centromeres.

1.

Count 100-200 single, nonoverlapping, well-defined nuclei from different quadrants of
the slide. This helps minimize any problem there might be from variation in hybridization
efficiency or probe detection. If studying paraffin tissue samples it would be useful to
compare a companion hematoxalin/eosin (H&E) stained slide to assist in selecting tumor
regions to analyze.

Only count cells that have at least one chromosome 17 centromere (green) and/or one
HER?2/neu (red) signal to assure that there was nuclear probe penetration.

Record the number of HER2/neu and centromeric signals counted in each cell. A 2 X 2 table
showing the number of oncogene and centromere copies per cell can easily be constructed.
It is common to report the average oncogene amplification ratio (14,15). To calculate this
value, the ratio of HER2/neu signals to centromere 17 copies was calculated for each cell
in a particular sample. Then, the average of these ratios was computed to create the ampli-
fication ratio for that particular sample. A sample with an amplification ratio between 1.5
and 2.0 is considered moderately amplified, and a ratio exceeding 2.0 is highly amplified.
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Fig. 2. Examples of HER2/neu (red) and chromosome 17 o satellite (green) dual-color FISH.
Photographs were taken with Kodak Ektachrome 400 film. (A) Normal metaphase spread with
2—#17 centromeres and 2 —HER2/neu oncogenes. (B) Ovarian cancer cell line (SKOV-3)
metaphase spread. Arrow points to chromosome #17 with amplified amount of HER2/neu. (Cell
line kindly provided by Dr. A. Berchuck, Duke University.) (C) Paraffin-embedded ovarian
cancer tissue. Lower left cells show amplified HER2/neu and polysomy of 17; upper right cells
with 2 copies of HER2/neu and disomy 17. (D) Two ovarian cancer cells with polysomy 17 and
multiple copies of HER2/neu. One centromere has a small cluster of oncogene nearby.

5. An individual cell is said to be amplified if there are twice as many HER2/neu signals as
chromosome 17 centromeres. In some samples, cells will have as many as 20-30 copies of
the oncogene with the distribution being either “clustered” or “dispersed.” The “clus-
tered” pattern is generally ascribed to the presence of an HSR, whereas the “dispersed”
pattern is ascribed to the presence of double minutes. The presence of even a small per-
centage of such cells in a tissue sample may prove to be of clinical importance.

6. Documentary photographs can be made with 400 ASA Ektachrome film.

4. Notes

1. You must use treated slides because the harsh solutions strip the cells/tissue away. Slides
may be treated by dipping them in a saline solution of 1.0 mL 3-Aminopropyl
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triethoxysilane (Sigma A 3648) and 49.0 mL of acetone, rinsing twice in distilled water, and
then dried. Alternatively, many kinds of treated slides can be purchased from manufacturers.
Because the temperatures of the solutions and the timing are so critical, we have found it
best to work with only four slides at a time. Placing more slides in a Coplin jar at one time
appears to alter the temperature sufficiently enough to disturb results.

Because many FISH studies use propidium iodide as the counterstain, DAPI is best for
dual color FISH. It may prove useful to use the more dilute DAPI when studying paraffin
samples.

If at completion of the procedure you find no signal or a weak signal, 1) check the tem-
peratures and pH of all solutions; 2) the denaturing temperature may be too low; 3) the
hybridization temperature may be too low or the length of time too short; 4) if using
paraffin samples, and the cell morphology/DAPI stain poor, fix the sample longer; or
5) the filters may be damaged or old.

We have found it possible to redenature and use slides that had been FISH studied before.
By carefully documenting the location of previously studied cells, we have been able to
study the same cells with the same or other probes.
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Chromosome Microdissection for Detection
of Subchromosomal Alterations by FISH

Xin-yuan Guan and Jeffrey M. Trent

1. Introduction

Chromosome microdissection is a recently developed molecular cytogenetic tech-
nique that has become increasingly important as a bridge connecting cytogenetics to
molecular genetics. After a decade of effort, this approach has been developed into a
useful and reproducible approach for several purposes, including 1) the isolation of
DNA from any cytogenetically recognizable region which can be used to generate DNA
microclone libraries for molecular analysis and positional cloning (1,2); 2) the genera-
tion of fluorescence in situ hybridization (FISH) probes for whole chromosome paint-
ing probes (3), and chromosome arm painting probes (4) for cytogenetic study;
3) combined with FISH, microdissection has been applied to detecte virtually any kind
of visible chromosome rearrangements (5,6); and more recently, 4) microdissection
combined with hybrid selection has been applied to identify genes associated with
homogeneously staining regions (HSRs) in human cancers (7,8).

The process of chromosome microdissection technique includes two parts: micro-
dissection of a target chromosomal region under a microscope using a finely drawn
glass needle and subsequent amplification of the dissected DNA fragments with a
degerate oligonucleotide primer by polymerase chain reaction (PCR). Briefly,
5-10 copies of target chromosomeal region are microdissected with glass needle and
transfered to a PCR tube containing collection solution. Microdissected DNA frag-
ments are then treated with Topoisomerase I and amplified by PCR. FISH with labeled
microdissected PCR products is then routinely used in this protocol to evaluate the
experimental result.

2. Materials
2.1. Preparation of Metaphase Chromosome
1. Complete RPMI-1640 medium (100 mL) (store at 4°C): Mix 81 mL RPMI-1640 medium,
15 mL heat inactivated fetal calf serum (FCS), 1 mL glutamine (200 mM), 1 mL penicillin/
streptomycin (10,000 U/mL), and 2 mL phytohemagglutinin (PHA) (Murex Biotech Ltd.,

Dartford, England).
2. Carnoy’s fixative solution: 3:1 methanol and glacial acetic acid, freshly prepared.
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3.

2.2.

2.3.
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22 x 60-mm glass cover slip: The glass cover slip should be washed with detergent and
stored in methanol and dried with clean tissue wiper before dropping the metaphase
spreads.

Trypsin working solution (0.005% trypsin): Dilute 0.05% trypsin (Gibco/BRL,
Gaithersburg, MD) with Hank’s balanced salt solution (HBSS) without calcium and mag-
nesium (Gibco/BRL), freshly prepared.

Giemsa stain working solution: Dilute 1 mL Giemsa stock solution (BDH Chemicals Ltd.,
Poole, England) in 50 mL 0.01M sodium phosphate balance solution (pH 7.0).

Microdissection and Topoisomerase | Treatment

Microdissection glass needle: Prepare glass needle by pipet puller using glass capillary
tube (1.2-mm wide and 4-in in length) from World Precision Instruments (WPI, Sarasota FL).
Pipet puller: Recommend the Kopf needle/pipet puller, model 750. Use the patch program
to prepare fine, closed point needles. The width of the needle’s point is about the width of
a chromosome. Prior to use, glass needles are irradiated with UV light for 5 min
(Straalinker 2400, Strategene, La Jolla CA).

Collection solution (50 pL): Mix 5 uL 10X Topo I buffer (40 mM Tris-HCI, pH 7.5,
20 mM MgCl,, 50 mM NaCl), 5 pL 10X dNTP (2 mM each, Pharmacia LKB, Piscataway,
NJ), 1 puL UNI primer (50 pM) (5’-CCGACTCGAGNNNNNNATGTGG), 1 uL
Topoisomerase I (10 U/uL, Promega Corp., Madison, WI), and 38 uL dH,O, prepare
fresh, aliquot 5 UL each into 0.5-mL tubes and place tubes on ice.

Amplification of Dissected DNA

PCR reaction mixture (50 uL): Mix 5 uL. 10X PCR buffer (100 mM Tris-HCI,
pH 8.4, 20 mM MgCl,, 500 mM KCl, 0.1 mg/mL gelatin), 5 pL. 10X dNTP (2 mM each),
1 uL UN1 primer (50 uM), 0.4 uL. AmpliTaq LD (5 U/uL, Perkin Elmer, Norwalk,

CT),

2.4.
1.

and 38.6 pL dH,0.

Fluorescent In Situ Hybridization (FISH)

Denaturing solution (50 mL): Mix 35 mL formamide, 5 mL 20X SSC, and 10 mL. dH,O
thoroughly and place in a glass coplin jar. This solution can be repeatly used for several
months.

Hybridization mixture (10 pL): Mix 7 uL hybridization buffer (70% formamide, 2X SSC,
10% dextran sulfate), 1-2 pL labeled probe (about 100 ng), 1 tL. Human Cot I DNA
(1 ng/uL) (Gibco/BRL), and 0-1 uL dH,O.

PNM buffer (100 mL): Mix 95 mL 0.1M sodium phosphate, 0.1 mL NP40, 20 mg sodium
azide, and 5 g nonfat dry milk. Incubate the mixture in a 37°C water bath for 2 h and shake
several times during the period to allow all of the milk go into the solution. Leave the
solution at room temperature for 1 d, followed by spinning in a table top centrifuge at
2,000g for 20 min to pellet the solids. Transfer the supernatant to another bottle and stored
at 4°C until used.

3. Methods

3.1.
1.

2.
3.

Preparation of Metaphase Chromosome

Add 0.5 mL peripheral blood to 4.5 mL complete RPMI-1640 medium and culture for
64-68 h at 37°C.

Add 25 pL colcemid (10 pg/mL) to the culture medium and incubate at 37°C for 20 min.
Transfer the cells to a 15-mL centrifuge tube and centrifuge at 250g for 5 min and then
carefully discard the supernatant.
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4.

10.

Resuspend and incubate the remaining cell pellet in 10 mL of hypotonic solution (0.075M
KCl) in a 37°C water bath for 18 min. Centrifuge at 250g for 5 min and then remove the
supernatant, leaving 0.2-0.5 mL to resuspend cell pellet.

Resuspend the remaining cell pellet thouroghly but gently in 8 mL freshly prepared
Carnoy’s fixative and place on ice for a minimum of 2 h (see Note 1). Centrifuge at 250g
for 5 min and then remove the supernatant carefully.

Wash the cells twice with 5 mL Carnoy’s fixative by centrifuging at 250g for 5 min.
Resuspend the cell pellet in 0.5-1.5 ml Carnoy’s fixative to obtain a lightly opaque cell
suspension before preparing slides.

Drop 2-3 drops of cell suspension onto a clean cover slip (22 x 60 mm) held at 45° angle,
allowing the cell suspension to run down the length of the coverslip. Do not blow the slide
to avoid contamination.

Keep the prepared coverslips in a sterile container at room temperature for 3—10 d prior to
banding.

Standard G-banding with trypsin-Giemsa (GTG) was performed prior to microdissection
(9). Briefly, treat the slide with trypsin working solution at room temperature for 1-2 min.
Transfer the slide to Giemsa working solution for 6 min at room temperature, then rinse
the slide with distilled water and air-dry (see Note 2).

All above steps should be performed under sterile conditions.

3.2.

1.

3.3.

. An initial 5-8 cycles of PCR (denaturation at 94°C for 1 min, annealing at 30°C for

Microdissection and Topoisomerase | Treatment

Find the target chromosome under an inverted microscope fitted with a stage that can be
freely rotated to allow positioning of any chromosome perpendicular to the axis along
which the glass needle is moved. If possible, the microscope should reside on a massive
stand to dampen out vibration.

Dissect the target chromosomal region with glass needles controlled by a hydraulic micro-
manipulator (Narishige, Japan) attached to the inverted microscope.

. Pick up the dissected DNA fragment with the needle by positioning the tip of the needle

directly above the DNA fragment and then moving the needle down and lightly touching
the fragment. The DNA fragment will be held to the tip by electrostatic forces and then is
transfered into a 5 uL collection solution by touching the needle tip to the fluid.

After the desired number of dissected DNA fragments (5-10 copies) are collected, the
collection solution is covered with a drop of mineral oil. Before the amplification of
microdissected DNA, the DNA is treated with Topoisomerase I to relax the very tight
DNA coiling which has been shown to dramatically enhance the recovery of
sequences from dissected DNA (10). Incubate the collection solution containing dissected
DNA fragments at 37°C for 1 h, and then terminate the reaction by heating to 96°C for
10 min.

Amplification of Dissected DNA

2 min, and extension at 37°C for 2 min) are conducted by adding approx 0.3 U of
Sequenase (US Biochemicals, Cleveland, OH) at 30°C each cycle [Sequenase (13 U/uL) is
diluted 1 to 8 in enzyme dilution buffer (US Biochemicals), and 0.2 puL is added to 5 pLL
reaction mixture].

Following this preamplification step, a conventional PCR reaction catalyzed by Tag DNA
polymerase is performed in the same tube. 50 uL. PCR reaction mixture is then added and
the reaction is heated to 95°C for 3 min followed by 30 cycles at 94°C for 1 min, 1 min at
56°C, 2 min at 72°C, with a 5 min final extension at 72°C.



250 Guan and Trent

3. Add 2 pL of above PCR products into another 50 uL PCR reaction mixture and perform
20 PCR cycles identical to that described above.

4. The success of the process can be judged at this point by agarose gel analysis of 5 uLL of
the amplified PCR products. The size distribution of PCR products is in the size range of
200 to 600 base pairs (see Note 3).

3.4. FISH

1. Prepare FISH probe by the addition of 2 pL of second round PCR products into a 50 uL
PCR reaction mixture identical to that described above except for the addition of 20 uM
Biotin-16-dUTP (Boehringer Mannheim GmbH, Germany) for final concentration. The
PCR reaction is continued for 15-20 cycles of 1 min at 94°C, 1 min at 56°C, and 2 min at
72°C, with a 5 min final extension at 72°C.

2. Remove unincorporated Biotin-16-dUTP from the product by centrifuging on a Bio-gel
P6 filtration column (Bio-Rad, Hercules, CA) following the manufacture’s instruc-
tions. Briefly, resuspend the settled gel, snap off the tip and place the column in a
2.0-mL microcentrifuge tube, allow the excess packing buffer to drain by gravity and
discard the drained buffer, centriguge the column for 2 min at 1000g to remove the
remaining packing buffer, place the column in a clean 1.5-mL microcentrifuge tube,
load sample directly to the center of the column and centrifuge the column for 4 min
at 1,000g.

3. Recover the probe by precipitation with 1/10 volume of 3M sodium acetate (pH 5.2) and
2 volumes of ethanol for 10 min at 4°C and centrifugation at 10,000g for 15 min at 4°C.
Resuspend the probe in 40 uL TE buffer (10 mM Tris-HCI, 1 mM EDTA, pH 7.5).

4. Hybridization of the FISH probes is based upon the procedure described previously (11).
Briefly, for each hybridization, about 100 ng labeled probe (2 uL) is mixed in 10 pL
hybridization mixture, which is denatured at 75°C for 5 min followed by 20 min incuba-
tion at 37°C.

5. Denature a slide bearing metaphase spreads for 2 min at 70°C in denaturing solution, then
dehydrate the slide through a series of 70, 85, and 100% ethanol.

6. Place the hybridization mixture on the slide previouly denatured and cover with a
22 x 22-mm cover slip, seal with rubber cement, and incubate the slide at 37°C overnight
in a humidified container.

7. After hybridization, the cover slip is removed and the slide is processed through a series of
three washes in 50% formamide, 2X SSC, 1 wash in 4X SSC, 0.1% NP40 (Calbiochem,
La Jolla, CA) and 1 wash at 4X SSC, all at 45°C, for 5-10 minutes each.

8. Hybridization involving only directly labeled probes can be analyzed at this point.
Hybridization involving biotin labeled probe is then treated with 40 uL FITC-conjugated
avidin (5 pg/mL) (Vector Laboratories, Burlingame, CA) in PNM buffer for 20 min at
room temperature. The slide is then washed three times in 4X SSC, 0.1% NP40 and one
time in 4X SSC at room temperature 2 min each.

9. The fluorescence signal is then amplified by treating the slide with 40 puL antiavidin anti-
body (5 pg/mL) (Vector Laboratories) in PNM buffer for 20 min at room temperature.
The slide is then washed three times in 4X SSC, 0.1% NP40 and once in 4X SSC at room
temperature 2 min each.

10. The slide is usually treated with one more layer of FITC-conjugated avidin identical to
that described above.

11. The slide is dehydrated through a series of 70%, 85%, and 100% ethanol washes and air-
dried. Counterstain the slide with 40 uL antifade solution (Vector Laboratories) contain-
ing DAPI (0.5-1 pg/mL) or propidium iodide (0.5 pg/mL). The slide is then cover slipped
and examined with an epi-fluorescence microscope equipped with appropriate filters.
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4. Notes

1. The cell pellet can be stored in Carnoy’s fixative at —20°C for at least a couple of years.

No obvious effect of glacial acetic acid in Carnoy’s fixative is observed in our micro-
dissection experiments.

The cover slip with metaphase chromosomes has to be used within a month if it is kept at
room temperature. However, the cover slip with metaphase chromosomes is still good for
microdissection after 6 mo if it is stored at —20°C.

DNA contamination is a critical problem in the amplification of microdissected DNA.
Since the initial amount of dissected material is exceedingly small (in the range of 103 to
10-'% g/fragment), even minute amounts of contaminating DNA can overwhelm the
microdissected DNA leading to useless amplification products. The contaminated DNA
may derive from a glass needle which touches DNA other than the target DNA, or from
DNA introduced into the collection drop from the air when the tube is repeatedly opened
and closed, or frequently from one of the reagents which has been contaminated with
extraneous DNA. Therefore, all reagents used for microdissection should be tested for
contamination, as well as their efficiency prior to any microdissection experiment. The
test is carried out by using the aforementioned PCR reaction using UN1 primer with
0.1 ng total DNA as a positive control with no added DNA as negative control. After
40 cycles (94°C for 1 min, 56°C for 1 min, 72°C for 2 min), the purity of the tested PCR
reagents can be checked by agarose gel analysis of PCR products. If the positive control
produces extensive products in the size range of 200 to 600 bp, while the negative control
produces little or no visible high molecular weight products, the tested reagent is suitable
for microdissection. Otherwise, it is necessary systematically to replace each reagent untill
a negative blank is obtained. This is critical for success. After all PCR reagents are con-
firmed suitable for the amplification of microdissected DNA, Topo I and Sequenase
should also be tested following the protocol described above. To diminish the impact of
contamination, all glassware for the preparation of reagents should be washed and auto-
claved twice before use. Water with highest purified grade should be filtered through a
0.22-micron filtration unit, then autoclaved twice for 40 min before use. Likewise, salts
solutions must be prepared from reagents of the highest available purity, and filtered and
autocalved in the same fashion as the water.
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Quantitation of FISH Signals in Archival Tumors

Amanda D. Watters and John M. S. Bartlett

1. Introduction

The term interphase cytogenetics was first used in 1986 by Cremer (1,2) to describe
detection of chromosomal alterations using in sifu techniques in interphase nuclei. This
was a distinct advantage over conventional analyses as solid tumors could now be stud-
ied (2,3) and the possibility of applying the technique to specimens received in a diag-
nostic laboratory realised (4). The nonradioactive in situ method, fluorescence in situ
hybridization (FISH), has been widely applied to study chromosomal rearrangements,
malignancies, and chromosome mapping (4).

Despite numerous reports of chromosomal aberrations (5-12), there is wide varia-
tion in methods employed to quantify results. Correlation of results between studies
and laboratories is hampered by poor application or description of techniques for scor-
ing gene or chromosomal copy number. Without precise and accurate methods for quan-
tifying signals in FISH sections, the diagnostic potential of this technique is unlikely to
be fully realized.

There are a number of central principles embodied in current approaches to scoring
FISHed tissue sections or touch preparations, which do not apply to extracted nuclear
preparations.

It is essential that only nonoverlapping nuclei are scored, and thus for highly dense
tissues increasingly thin tissue sections may be required (7). In addition, scoring should
be limited to signals with similar intensity of fluorescence. Dual observer scoring is a
valuable method of achieving close concordance of results and validation of what is
otherwise a purely objective interpretation of results (5). A minimum number of nuclei
should be scored to provide an accurate representation of the tissue make up, between
200-500 nuclei per tumor area assess is recommended (6,8,9,11).

Performing FISH in a true in situ context, without disruption of tissue, undoubtedly
provides a more accurate and relevant interpretation of signal copy number. It must be
remembered that tissue sections are limited by the phenomenon of nuclear truncation,
making it essential that 1) control genes are used for loss of signals or signal amplifica-
tion, and 2) that some correction [such as that described by Pahplatz (13)] for this
artefact is applied.

From: Methods in Molecular Medicine, Vol. 39: Ovarian Cancer: Methods and Protocols
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Finally, a consensus on the scoring of aneusomic cell populations is required.
Whereas some reports reflect only aneusomic populations representing >20% of nuclei
scored (8,9), others are less stringent (6,11), resulting in higher frequencies of
aneusomies. Wolman et al. (12) warned of the problems associated with thin tissue
sections and diagnosing a monosomy. Losses, particularly in touch preparations may
indicate failed hybridization and large numbers of nuclei need to be scored to be confi-
dent of the result. They suggest a cut-off of 45%. A study by Visscher et al. (I4) com-
pared whole nuclei in suspension with tissue sections and concluded that signal loss
was largely a result of nuclear truncation. All such methods employ arbitrary cut-offs
and all ignore large proportions of the data set, particularly normal nuclei.

In view of the time-consuming nature of manual scoring, a number of automated
systems have been developed; however, apart from specialized applications, these
remain developmental (10,11,15). There remains a wide variation in methods for quan-
tifying the results of FISH. In order to apply the technique to a diagnostic setting a clear
protocol is required. We have used FISH to assess chromosomal copy number in rou-
tine histology sections from solid, archival tumours with probes to repeat sequences
around the centromere and have developed a rigorously quality-controled quantitation
method (16), which is outlined below using normal tissues as a reference for
normosomic signals. We believe this circumvents previous variations in methodology
and provides straightforward guidelines.

2. Materials

1. Pepsin (Fluka, UK): Prepare a 10% w/v stock solution in 0.2 N HCI, aliquot and store
at —20°C for up to 4 mo. Prepare fresh 0.4% pepsin in 0.2 N HCI.
2. 20 x SSC pH 7.0: 175.3 g sodium chloride, 88.2 g sodium citrate, made up to 1 L with
distilled water.
3. Hybridization buffer: 50% formamide, 2X SSC, 0.5 mg/mL salmon sperm DNA, 2%
dextran sulphate (All Sigma, UK).
4. PNT is 0.1M phosphate buffer, pH 8.0 and 0.05% Tween.
5. PNTB is PNT with 10% blocker (Boehringer, UK).
6. 4,6-diamidino-2 phenylindole-2 hydrochloride (DAPI) (Sigma) 200 ng/mL in Antifade
mounting medium (Vectashield) (Vectorlabs, UK).
7. “Streck” Molecular Biology Fixative (MBF) (Alphalabs, UK).
8. Repeat sequence probes (Appligene Oncor, UK), dilute as recommended in hybridization
buffer.
9. Sheep anti digoxigenin (Boehringer, UK) 1 pg/mL in PNTB.
10. Rabbit antisheep (Stratech, UK) dilute 18 pg/mL in PNTB.
11. FITC labeled donkey antirabbit (Stratech) dilute 3 pg/mL in PNTB.
12. In situ hybridization block (e.g., Misha Unit, Hybaid, UK).
13. 50% Formamide (Fluka) 1X SSC posthybridization wash.
14. 2X SSC posthybridization wash.
15. Epifluorescence microscope.

3. Methods
3.1. Pretreatment of Slides

1. Prepare tissue sections (5—6 WM thick) on silane-treated glass slides (Sigma).
2. Dewax slides in two changes of 100% xylene, 10 min each.
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3.4.

. Identify regions for analysis by FISH using adjacent haematoxylin and eosin stained slides

Rehydrate sections in two changes of 100% methanol, 5 min each. Leave to air-dry (see
Note 1).

Prewarm sufficient 0.2 N HCl for all sections to 37°C. Immediately prior to use add pepsin
t0 0.4%.

Treat sections with 0.4% pepsin in 0.2 N HCI at 37°C for 45 min. Replace pepsin/HCI
with fresh prewarmed 0.4% pepsin after 30 min.

Rinse 5 x with distilled water.

Stain nuclei with 200 ng/mL. DAPI (4,6,-diamidino-2 phenylindole-2 hydrochloride,
Sigma) in Vectashield (Vector Labs).

Assess the extent of the digestion (see Note 2), extend/curtail digestion as appropriate. If
digestion needs to be shortened start digestion again with fresh sections.

Dehydrate slides through 70% and 100% alcohol, 2 min each. Leave to air-dry.

In Situ Hybridization

Rinse slides in 2X SSC, 1 min at room temperature.

Postfix in molecular biology fixative (Alphalabs) for 10 min at room temperature.
Dehydrate through 70 and 100% alcohol for 2 min each. Leave sections to air-dry.
Apply relevant repeat sequence probe (Appligene Oncor) diluted 1:10 in hybridization
mixture giving a final probe concentration of 10 ng/mL, cover with glass cover slips and
seal with rubber cement (Halfords, UK). Tissue and probe are simultaneously denatured on a
Misha (Shandon, UK) unit for 5 min at 72°C and hybridized overnight at 37°C (see Note 3).

Posthybridization Washes

Prewarm sufficient 50% formamide/1X SSC and 2X SSC for posthybridization washes to
42°C (or use Misha wash station).

Immerse slides in posthybridization wash in 50% formamide, 1X SSC at 42°C for 20 min.
Immerse slides in 2X SSC respectively at 42°C for 20 min (see Note 4).

Place slides in PNT at room temperature for 2 min.

Block nonspecific tissue binding with PNTB at room temperature for 10 min (see Note 5).
Apply sheep antidigoxigenin (Boehringer) for 45 min at room temperature.

Rinse in PNT, for 10 min.

Apply rabbit antisheep Fab fragments (Stratech, for 20 min at room temperature.

Repeat step 7 (see Note 6).

Apply FITC donkey antirabbit (Stratech) for 40 min at room temperature.

Rinse in PNT, for 20 min.

Dehydrate in 70 and 100% alcohol 2 min each.

Air-dry slides and mount in antifade with 200 ng/mL DAPI added.

Seal with nail varnish and store in the dark. Signals are stable for up to 8 wks.

Visualize the signals using an epifluorescence microscope such as the Leica, DMLB (see
Notes 7 and 8).

Quantitation of Hybridization Signals

and mark areas to be scored on an enlarged photocopy (200%) of the section (see Note 9).
Analyze 1-3 tumor areas, depending on the section size (see Note 11).

Count signals for each chromosome in 200 nonoverlapping nuclei in the control and
carcinoma sections using a multichannel counter (see Note 10). The number of signals
(0 to >4) observed in each individual nucleus are recorded.
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Table 1
Scoring Results

Number of signals I0V?
Chromosome  Observer? 0 1 2 3 >4 %

10 A 5 61 133 0 1
B 4 48 143 5 0 2.79

11 A 7 46 146 1 0
B 33 45 148 4 0 3.46

9 A 18 139 43 0 0
C 30 109 60 0 0 3.06

9 A 12 154 34 0 0
C 27 117 56 0 0 3.10

17 A 1 45 153 1 0
D 11 47 140 1 0 6.52

17 A 4 13 71 12 0
D 0 21 69 10 0 1.39

17 A 4 54 91 43 7
C 0 21 94 73 12 18.35

17 A 2 32 74 48 44
C 1 4 34 48 63 24.86

“Examples of scoring results as assessed by independent observers (A-D).
bI0V= interobserver variation.

4. Enter number of signals/nucleus on a spreadsheet (see Table 1). Calculate MCCN (mean
chromosomal copy number) and percentage of cells with 0,1,2, and so on, signals, and
interobserver (see Note 12 and Table 2). MCCN is essentially the total number of signals
observed divided by total number of nuclei scored.

4. Notes

1. Two control sections are included in every FISH run: a positive, which is treated exactly
as the test sections and a negative, where the probe is missed out and hybridization mix
only applied. This controls for hybridization efficiency and nonspecific staining. The use
of control material is further referred to in Note 9.

2. When assessing the nuclei for extent of digestion, the staining intensity resulting from the
intercalation of DAPI with DNA in the nucleus is a good indicator. Nuclei that stain grey
to grey/blue are underdigested and, once the cover slip is removed, can be reintroduced to
a fresh batch of pepsin/HCI for up to 15 min. Nuclei that stain blue with clearly visible
nuclear borders are suitably digested. Where nuclear borders are lost these sections are
over digested and are discarded. The digestion is repeated with different sections for
30 min. It is important to examine areas from different parts of the slide when dealing with
thin sections that have been formalin fixed and paraffin processed, as there will inevitably
be variations in the fixation effects and therefore in the effect of pepsin digestion. If the
digestion of at least two-thirds of the tumor is acceptable, then these slides will be suitable
for hybridizing.

3. The concentrations of formamide and/or probe may need to be altered if hybridization
efficiency is not optimal for example if weak nonspecific hybridization is observed.

4. An alternative is a nontoxic high temperature (72°C) 2X SSC wash for 5 min.
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Table 2
Normal Values for 2 Chromosomes?

MCP TCP/PCP MCCN
chromosome 7 323% £ 4.7% 0.00% 1.63 £0.07
range 27.2% —41.0% 1.51-1.73
chromosome 17 34.1% £ 7.2% 0.00% 1.61 £0.08
range 25.0% —44.7% 1.47-1.72

“This table shows the mean figures for the results of 10 sections of control bladder tissue used to estab-
lish disomic values. MCP (monosomic cell population), TCP (trisomic cell population), PCP (polysomic
cell population), and MCCN (mean signal to nuclear ratio). Figures are Represented, + SD.

10.

1.

12.

The addition of Tween and blocking agent will reduce nonspecific binding of probe par-
ticularly to collagen (17).

Use of Fab fragmented antibodies reduces background staining (17).

Microscope filters, which are appropriate to the specific fluors, are essential. We use a
triple band-pass filter system that allows the combination of FITC and DAPI to be visualized.
A 100-W mercury arc lamp and a x40 objective are used to view the sections. Scoring is
performed with either a x40 or a x100 objective.

Most conventional photocopiers will produce an adequate image of a stained slide for use
as a template and permanent record of the area scored.

As mentioned in Note 1, control sections should always be included, preferably on a sec-
tion of tissue similar to that being assessed. Where possible, use a morphologically nor-
mal block of mucosa, although a carcinoma is perfectly acceptable, providing the tissue
has previously been assessed for ploidy and found to be diploid or at least disomic for the
probes being used. An additional control for hybridization is inherent in the tumors being
assessed, as the cases are observed in situ and hybridization of surrounding nontumor
areas can clearly be visualized. We have frequently noted that stromal areas in particular
hybridize with a greater degree of efficiency than mucosa.

The technique of scoring was initially established by two observers using control sections
and repeatedly assessing specific fields. The numbers of nuclei per field were between
50 and 100 and a clear baseline for scoring criteria was then confirmed. Nonoverlapping
nuclei only were scored. Small nuclei with no signals were ignored, if these were within
an area of good hybridization. Split signals, if very close together, were scored as one and
if signals with weak intensity were seen together with very bright ones, only the brightest
were recorded. See Notes 5 and 6 regarding nonspecific staining. Once established, the
technique was then applied to both control and tumor sections. Interobserver variation
(IOV) has been low indicating good concordance of scoring, apart from areas of trisomy
or polysomy where IOV does tend to be consistently higher. However, as the raw data
shows (Tablel) there are significant numbers of nuclei with three or more signals scored
by each observer and these tumors can be said with confidence to be exhibiting trisomy or
polysomy, based on the criteria stated in Note 12.

Chromosome copy number was assessed in two distinct ways. MCCN: The mean chromo-
somal copy number represented the total number of hybridization signals/total number of
nuclei. This was used as a measure of overall chromosome copy number. To define more
accurately monosomy, trisomy, and polysomy the percentage of cells with 0-1, 23, and
>4 signals was calculated representing the Monosomic Cell Population (MCP 0-1 signals/
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Fig. 1. Photomicrographs of FISH results using repeat sequence probes. Magnification
throughout is x 1000, hybridization signals show a green fluorescence (FITC) and nuclei a blue
fluorescence (DAPI). (A) Disomy demonstrated using a classical satellite probe for chromo-
some 9. (B) Monosomy demonstrated using a classical satellite probe for chromosome 9.
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Fig. 1. (continued) (C) Trisomy/tetrasomy demonstrated using an alpha satellite probe for
chromosome 17. (D) Polysomy demonstrated using an alpha satellite probe for chromosome 8.

cell), Trisomic Cell Population (TCP =3 signals/cell), and Polysomic Cell Population
(PCP 24 signals/per cell). Normal ranges for MCCN and MCP were defined as the mean
2> 3 x SD (for normal values), tumors outwith these ranges were scored as abnormal. For
trisomic or polysomic cell populations, abnormality was defined as 210% of cells with at
least 3 or 4 hybridization signals per nucleus, respectively. MCCN could never be two for
disomic cell populations because of nuclear truncation and this must be taken into account
when analyzing the results. This is particularly important when scoring a monosomy, as
discussed by Wolman (12) and Bartlett et al. (16) who addressed this problem in their
paper on monosomy of chromosome 9.
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Comparative Genomic Hybridization for the Analysis
of Unbalanced Chromosomal Abnormalities
in Ovarian Tumors

Lucy J. Curtis

1. Introduction

Comparative genomic hybridization (CGH) is a powerful technique for the quantita-
tive detection of changes in chromosome copy number (I-3). It offers an advantage
over conventional cytogenetic techniques in the analysis of tumor karyotypes through
its utilization of DNA as the material of study, thus avoiding the problems associated
with obtaining good quality metaphases from tumor material. Though CGH is not sen-
sitive to balanced chromosomal rearrangements and changes in DNA ploidy, it can be
sensitive to twofold differences in chromosome copy number, making identification of
mono- and trisomic karyotype straightforward. Furthermore, deletions and amplifica-
tions as small as 2 Mb can be detected, and identification of such regions by CGH
analyses of ovarian cancers (4—6) have already contributed to the identification of the
putative oncogene PIK3CA (7).

The CGH method comprises several steps. First, slides of normal metaphases are
made for use as templates. Genomic DNA is extracted from both normal and tumor
tissues and whole genome probes are created by labeling DNA with either digoxigenin
or biotin, respectively, by nick translation. Normal and test probes are hybridized
simultaneously, along with Cot-1 DNA to suppress binding to repetitive sequences,
onto denatured metaphases and, after incubation, detection is carried out by the addi-
tion of streptavidin-coupled fluorescein and antidigoxigenin-rhodamine. Analysis
requires a system comprising an epifluorescence microscope, filter wheel, camera, and
appropriate software. The entire procedure is relatively lengthy, and time can be saved
by purchasing ready-made items and kits such as metaphase slides, nick translation and
hybridization kit, and control DNA. Although an excellent alternative in many ways,
they may be prohibitively expensive for many laboratories. The following method is a
low-cost procedure that consistently produces results of high quality.

2. Materials
Water used in solutions is distilled and deionized.

From: Methods in Molecular Medicine, Vol. 39: Ovarian Cancer: Methods and Protocols
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2.1. Metaphase Preparation from Peripheral Lymphocytes

1. Medium for lymphocyte culture: RPMI medium (Dutch modification, Life Technologies
Ltd., Bethesda, MD) supplemented with 10% heat-inactivated fetal bovine serum, 2 mM
L-glutamine and 0.5% phytohemagglutinin-M (see Note 1), (PHA, Life Technologies,
Ltd). Filter through a 0.2-um filter. Medium keeps for 2—-3 wk at 4°C once made up. If
recurrent problems with bacterial infection are encountered, 1% penicillin (5000 IU/mL)/
streptomycin (5000 pg/mL) solution can be added. Note that both bovine serum and blood
represent potential biological hazards must be handled and disposed of accordingly.

2. Hypotonic solution: 2.796 g potassium chloride in 500 mL water (0.075M).

3. Fixative: 150 mL methanol and 50 mL glacial acetic acid, made fresh (see Note 2) and
cooled for at least 20 min in a —20°C freezer before use.

4. Clean slides: Prepare good quality microscope slides (e.g., “Select,” Chance-Propper,
Fisher Scientific) in advance by soaking overnight in a solution of 5% detergent (e.g.,
Decon 90, Fisher Scientific, Pittsburgh, PA), rinsing for several minutes with tap water
and soaking overnight in ethanol containing 0.1% hydrochloric acid. Slides can be stored
in ethanol until needed (see Note 3).

2.2. Extraction of Genomic DNA
2.2.1. Extraction of Genomic DNA from Blood

1. Lysis buffer: 0.1M Tris-HCI pH 8.0, 20 mM sodium chloride and 1 mM EDTA (ethylene-
diaminetetraacetic acid, disodium salt), sterilize by autoclaving, and add 4% sodium
dodecyl sulphate (SDS).

2.2.2. Extraction of Genomic DNA from Frozen Tissue

1. TE: 10 mM Tris-HCI pH 8.0 and 1 mM EDTA, sterilize by autoclaving.
2. TE-9 SDS/pK: 500 mM Tris-HCI pH 8.0, 20 mM EDTA and 10 mM sodium chloride,
sterilize by autoclaving, and add 1% SDS and 0.5 mg/mL proteinase K.

2.3. Nick Translation

1. Nick translation buffer: 0.5M Tris-HCI pH 7.5, 0.1M magnesium sulphate, 1 mM
dithiothreitol and 500 pg/mL bovine serum albumin fraction V.

2. dNTP mix: 0.5 mM dATP (deoxyadenine triphosphate), 0.5 mM dGTP (deoxyguanine
triphosphate), 0.5 mM dCTP (deoxycytosine triphosphate), and 0.4 mM dTTP
(deoxythymidine triphosphate).

3. Agarose gel: 1.5 g agarose in 150 mL 1X TBE buffer (10X TBE buffer stock: 107.8 g
Tris, 55 g boric acid and 7.44 g EDTA in 1 L water, pH 8.3), boil and add 200 ng/mL
ethidium bromide.

2.4. Hybridization

Prepare the following stock solutions:

1. 20xSSC: 3M sodium chloride and 0.3M trisodium citrate, pH 7.0; also prepare stock solu-
tion of 4X, 2X and 0.1X SSC.

2. Deionised formamide: Add 10 g deionising resin beads (AG501-X8[D] resin, 20-50 mesh,
Bio-Rad Laboratories Ltd., Richmond, CA) per 100 mL formamide, mix for 1 h and filter
through Whatman No.1 paper to remove the beads. Beads can be used twice. Stored
at —20°C.

3. CGH buffer: mix together 200 uL 20X SSC, 40 pL 50% Dextran sulphate and 200 pL
water. Store at 4°C.
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4. Proteinase K (pK) buffer: 20 mM Tris-HCI pH 7.5 and 2 mM calcium chloride.
Prepare the following fresh solutions, in Coplin jars, for processing up to 10 slides:

5. 50 mL RNase A solution: 10 pg/mL RNase A in 50 mL 2X SSC, also 50 mL 2X SSC for
rinsing.

6. 50 mL pK solution: 100 ng/mL proteinase K in pK buffer, also 50 mL pK buffer for rinsing.

7. 50 mL 70% formamide solution: 35 mL deionised formamide, 5 mL 20X SSC and 10 mL
water.

8. Ethanol series: 100 mL 70% ethanol (50 mL at room temperature and 50 mL on ice),
50 mL 90% ethanol, and 50 mL 100% ethanol at room temperature.

2.5. Detection

Prepare the following stock solutions:

1. Tween solution: 0.1% Tween-20 (Fisher Scientific Ltd.) in 4X SSC.

2. DAPI/antifade solution: 0.75 pg/mL 4’-6-diamidino-2-phenylindole (DAPI, Sigma Diag-
nostics Ltd., St. Louis, MO) in antifade solution (Vectashield, Vector Laboratories Ltd.,
Burlingame, CA).

Prepare the following fresh solutions, for processing up to 10 slides:

1. Washes: 150 mL 50% deionized formamide/2X SSC, 150 mL 2X SSC and 150 mL
0.1X SSC.

2. Blocking buffer: 0.5 g dried skimmed milk in 10 mL 4X SSC. Warm to dissolve, aliquot
into Eppendorf tubes and centrifuge at 8000g for 15 min at 4°C. Carefully remove clean
supernatent from precipitate and surface debris and place in a clean tube.

3. Fluorescein/rhodamine solution: 5 pg/mL fluorescein-avidin DN (Vector Laboratories
Ltd.) in 1 mL blocking buffer. Centrifuge at 8000g for 15 min at 4°C and remove
supernatent to a clean tube. Add 1 ng/mL antidigoxigenin rhodamine (Sigma Diagnostics
Ltd.) and place at 4°C protected from light. Make fresh.

2.6. Analysis of CGH

Analysis of CGH requires the following equipment: a good quality epifluorescence
microscope fitted with a 50- or 100-W mercury lamp (depending on microscope type)
and a x63 or X100 objective (and also, preferably, a lower power objective for scan-
ning), a filter set comprising single-band exciters for DAPI, FITC, and rhodamine,
polychroic mirror and triple bandpass emission filter, a monochrome charged couple
device (CCD) camera, and appropriate software. Software must be capable of identify-
ing and segmenting chromosomes, providing a quantitative assessment of fluorescence
imbalances, and averaging this over several chromosomes. Such software is commer-
cially available and, furthermore, suppliers are willing to provide all system compo-
nents. We use the Vysis QUIPS Imaging Software, a Zeiss Axioskop 20 microscope
fitted with both X100 and x40 Plan Neofluar oil immersion objectives, a Chroma Tech-
nology 83000 filter set, and a Photometrics SenSys cooled CCD camera.

3. Methods
3.1. Metaphase Preparation from Peripheral Lymphocytes (see Note 3)

1. Collect adult blood in an anticoagulant (lithium heparin or sodium heparin) vacutainer
and mix well (see Note 4). Add 0.8 to 10 mL medium, swirl to mix, and incubate in an
atmosphere of 5% CO, at 37°C for 71 h (see Note 5).
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2. Add colcemid to a final concentration of 0.1 pg/mL, swirl to mix and incubate at 37°C for
55 min (see Note 6). Prewarm hypotonic solution to 37°C and place fixative at —20°C.

3. Transfer the culture to a 15-mL centrifuge tube and spin at 500g for 5 min to pellet cells.

4. Remove the supernatent and discard into disinfectant solution (e.g., Presept, Surgikos

Ltd.). Loosen the pellet by gentle tapping and resuspend in 10 mL prewarmed hypotonic

solution. Invert gently to mix and incubate in a 37°C water bath for 8 min.

Centrifuge at 500g for 5 min to pellet cells.

6. Carefully remove the supernatent, place the tube onto a vortexer set at a low “shake”
speed and add cold fixative one drop at a time (see Note 7). The pellet should darken
immediately. After addition of 20 or so drops the pellet is fixed, and fixative can be added
in larger volumes. Make the final volume up to 10 mL.

7. Centrifuge at 500g for 5 min, remove the supernatent and resuspend the cells in 10 mL
cold fixative. Repeat. The pellet should now be white (see Note 8).

8. Centrifuge at 500g for 5 min and remove the supernatent. For making slides immediately,
resuspend the pellet in a few drops of fixative such that a milky solution is produced. For
storage, resuspend in 10 mL fixative. Metaphases can be stored indefinitely at —20°C, and
are good for CGH for up to two years.

9. Polish slides with a soft lint-free cloth (see Note 9). Cool slides 2-3 at a time in a —20°C
freezer for about 2 min, remove one at a time and immediately use one drop of metaphase
solution from a height of 10-60 cm (see Note 10). Allow to dry and check spreading on a
phase contrast microscope at 100x magnification. Adjust the concentration of the
metaphase solution such that at least 2—6 metaphases are present in one field of view.

10. Mark the positions of each drop with a diamond pencil. Store at room temperature in a
vacuum desiccator for 3—10 d before use (see Note 11).

b

3.2. Extraction of Genomic DNA
3.2.1. Extraction of Genomic DNA from Blood

Normal DNA for counterhybridization can be obtained from several sources, but
blood is usually the most convenient.

1. Collect 10 mL fresh blood in 1% EDTA to prevent clotting. Lyse in an equal volume of
lysis buffer, mix, and leave at room temperature for 30 min.

2. Add an equal volume of water-saturated phenol and mix thoroughly. Centrifuge at 1000g
for 20 min.

3. Remove the top layer into a clean tube and add a half volume (~10 mL) of 7.5M ammo-
nium acetate and twice the volume (~40 mL) of cold isopropanol. Leave this at —20°C for
at least 1 h to precipitate the DNA.

4. Centrifuge at 1000g for 30 min carefully invert the tube to drain the pellet. Add proteinase
K as in Subheading 3.2.2., step 1 and proceed as for frozen tissue.

3.2.2. Extraction of Genomic DNA from Frozen Tissue

1. Chop frozen tissue into small pieces in 0.5 mL TE-9 SDS/pK and incubate for 48 h at
48°C, mixing occasionally.

2. Add an equal volume of water-saturated phenol, mix by vortexing and centrifuge at 8000g
for 2 min. Remove the top layer to a clean tube and repeat (see Note 12).

3. Remove the top layer again and add to it an equal volume of a 24:1 solution of chloro-
form: isoamyl alcohol, mix by vortexing, and centrifuge again.
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4.

5.

3.3.
. Make up DNase solution: Add 1 pL. 10 U/uL DNase (RNase-free, Boehringer-Mannheim

3.4.

Remove the top layer once again and add to it 0.5 vol of 7.5M ammonium acetate and
2 vol of ethanol, mix by inversion, and leave —20°C for at least 1 h to precipitate the DNA.
Centrifuge at 8000g at 4°C for 20 min, drain the supernatent and either dry the pellet on a
vacuum centrifuge or invert the tube and air dry. Once dry, resuspend in 250 pL TE, allow
at least 3 h at 4°C for the DNA to dissolve, and measure the optical density (OD) on a
spectrophotometer at a wavelength of 260 nm.

Nick Translation of Control and Test DNA

Ltd. Mannheim, Germany) to 12 mL ice-cold water and mix by gentle inversion (see Note 13).
On ice, mix together: 2 g normal DNA or 2 ug test DNA (see Note 14), 8 uL dNTP mix,
4 pL nick translation buffer, 0.8 nmol digoxigenin-11-dUTP (for normal) or biotin-
16-dUTP (for test), 1 uL diluted DNase and 10 U DNA polymerase I. Make up to 40 uL
with water. Mix gently, pulse-spin to collect the mixture, and incubate for 1 h at 16°C.
Replace the reactions on ice. Remove 10 pL and check the fragment size by electrophore-
sis on a 1% agarose gel against a suitable molecular weight marker such as 1 kb ladder
(Life Technologies Ltd.). For optimum results, fragments should appear as a smear of
between 300 and 3000 bp. If fragments are larger, add another 1 uL diluted DNase, incu-
bate for a further 10-30 min, and check fragment size again. If fragments are much smaller
than 300 bp, the labeled DNA must be discarded. When the fragment size is approximately
correct, stop the reactions by addition of 1-2 pL. 200 mM EDTA/1% SDS.

Clean biotin-labeled DNA through an appropriate spin column, such as Microspin S-200
HR (Pharmacia Biotech Ltd. Uppsala, Sweden), to remove unincorporated nucleotides
and small fragments of DNA. Digoxigenin-labeled DNA does not require cleaning prior
to use. Store at —20°C.

Hybridization

The following protocol is a modification of the method of Kallioniemi et al. (1).

1.

Prepare labeled probes for hybridization (see Note 15) by mixing together: 500 ng
digoxigenin-labeled normal genomic DNA, 500 ng biotin-labeled test DNA, 15 puL (15 pg)
human Cot-1 DNA (Life Technologies Ltd.) and 100 UL ice-cold ethanol (see Note 16).
Place at —70°C for at least 20 min, or at —20°C overnight, and dry on a vacuum centrifuge.
Lyophilized probe can be stored at 4°C indefinitely. Approximately 1 h before use, resus-
pend the probe in 7.5 L. CGH buffer, vortex thoroughly to mix, and leave at room tem-
perature to dissolve. At this point, also prepare a moist hybridization chamber at 37°C
(see Note 16).

Place slides into RNase A solution at 37°C for 1 h. Rinse with 2X SSC at 37°C.

Rinse slides with pK buffer at 37°C, place into pK solution at 37°C for 2.5 min, and rinse
with pK buffer again (see Note 17).

Dehydrate slides by placing sequentially into 70, 90, and 100% ethanol for 2 min each
air-dry.

Denature probe by adding to it 7.5 pL deionised formamide, vortex thoroughly to mix and
pulse-spin to collect. Place at 70°C for 5 min then immediately at 37°C for 30-60 minutes
while continuing with the slide denaturation protocol.

Prewarm slides to approximately 70°C on a hotplate for about 2 min. To denature chromo-
somal DNA, place slides in 70°C formamide solution for 3 min (see Note 18). Plunge
them immediately into ice-cold 70% ethanol and leave for 5 min. Meanwhile, clean a
sufficient number of small (22 X 22mm) cover slips with ethanol.
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7. Dehydrate as in step 4 and air-dry. Use the denatured slides as soon as possible.

8. Warm the slides and coverslips to 37°C on a hotplate. Add each probe to a metaphase,
avoiding bubbles (see Note 19), and seal a coverslip on top with rubber solution (e.g.,
Cow Gum). Allow to hybridize at 37°C for 48 h in moist hybridization chamber.

3.5. Detection

1. Carefully remove the rubber solution from the slides. Wash three times with 50%
formamide solution at 45°C for 3 min, allowing the coverslips to float off in the first wash.
Do not allow the slides to dry out until the detection process is complete.

2. Wash slides three times with 2X SSC at 45°C for 3 min, then three times with 0.1X SSC at
45°C for 3 min. Place into 4X SSC/Tween solution for about 2 min at room temperature.

3. Remove slides and drain, but do not allow them to dry. Add 100 pL blocking buffer to
each metaphase and leave for 5 min. Add more if necessary to prevent the slide from
drying. Meanwhile, clean a sufficient number of large (22 x 40mm) cover slips with ethanol.

4. Place 100 pL fluorescein/rhodamine solution to a large cover slip, drain blocking buffer

from slide, and place it carefully onto the cover slip. Gently squeeze the coverslip to

remove any bubbles. Note that from now on the slides must be protected from light as far
as is reasonably practicable to prevent bleaching of the fluorochromes. Incubate at 37°C
for 30 min in the hybridization chamber.

Wash with SSC/Tween solution at 37°C for 2 min, allowing the cover slips to float off.

6. Drain, leave to dry, and mount in 35 pLL DAPI/antifade solution (Vectashield, Vector
Laboratories Ltd.). Seal the edges of the cover slips with nail varnish and store protected
from light at 4°C (see Note 20).

3.6. Analysis of CGH

As yet there is no standardized procedure for the analysis of CGH. We use the fol-
lowing guidelines.

b

1. Check slides by eye first. Good quality slides display even, nongrainy hybridization and
blue coloration of centromeres and heterochromatic regions. Briefly check that both the
normal/normal and tumor/normal controls and show the expected pattern of chromosomal
gains and losses.

2. Analyze the normal control first. Karyotype (see Note 21) between five and ten metaphase
spreads and generate green/red ratios for all undamaged and nonoverlapping chromo-
somes. Create an average profile and ensure that the observed standard deviation for all
euchromatic areas is within the range from 0.85 to 1.15. Do not use any batch of slides
where the variation of the normal control is outwith these values. Blocking of probe bind-
ing in centromeric and heterochromatic regions by Cot-1 means that even small variations
in the proportion green and red signals in these regions can result in large fluctuations of
the green:red ratio. These regions must therefore be excluded from analysis.

3. Analyze further samples in the same manner, setting the cutoff point for positive scoring
of gains and losses at a ratio which must be greater than the maximum variation of the
normal control. We find that this can be as low as 1.125 and 0.875, respectively. Exercise
caution in the interpretation of chromosome regions 1p32-pter, 16p, 19, and 22 as repeti-
tive DNA in these areas has been reported to lead to aberrant results (2). In our hands,
chromosome 19 is the only one of these regions which occasionally presents such problems.

4. Notes

1. PHA is added to stimulate lymphocyte growth. The manufacturer is unable to assign weight/
volume values for PHA, but the final concentration used here is approximately 10 pg/mL.
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2.

10.

Acid/alcohol fixation of metaphases both “fixes” the DNA and protein content of the
nucleus and dehydrates it. When cells are dropped onto slides, the energy of rehydration
allows them to spread. It is particularly important that fixative is made fresh, because it
absorbs water during standing and through the process of esterification.

Laboratories without ready access to tissue culture facilities may prefer to purchase
metaphase slides. Slides of excellent quality can be purchased from Vysis U.K. Ltd.,
though we currently find them prohibitively expensive for large-scale use.

We use male blood for making metaphases for CGH, because the use of female metaphases
preclude analysis of the Y chromosome. It is best to use blood on the day of collection,
though it can be stored for up to 3 d at 4°C before use if necessary.

25cm? plastic tissue culture flasks, or glass or plastic universal containers are convenient
for this purpose. We find it convenient to set up four flasks at a time for simultaneous
harvest, because our bench centrifuge holds four tubes. Larger volumes can be obtained
by setting up multiples of four flasks and staggering the harvest. Avoid increasing the
volume of blood culture and harvesting in tubes larger than those recommended since this
can cause difficulties with fixation. As an alternative to growing cells in an atmosphere of
5% CO,, cultures can be maintained in a normal atmosphere with the lids tightly sealed.
Colcemid prevents spindle formation, arresting cells in mitosis and enriching for cells in
metaphase. However, longer exposures result in shortening of chromosomes, eventually
making them unsuitable for CGH. A balance must be struck between maximizing the
number of metaphases and producing chromosomes of suitable length. An incubation of
55 min in colcemid works well in our hands.

Constant mixing of the entire cell pellet is essential in order to prevent cells clumping on
addition of fixative. Insufficient mixing invariably results in the production of poor qual-
ity metaphases, which are unsuitable for CGH. Mixing must, however, be done gently;
metaphases are quite delicate at this stage and vigorous agitation results in breakage and
scattering of chromosomes. As an alternative to shaking on a vortexer, the cells can be
agitated by repeatedly flicking the tip of the tube. This is done by first flicking the tip of
the tube to resuspend the pellet and then applying one drop of fixative to the mouth of the
tube from a pastette as the tube is held almost horizontal. The tube is brought upright and
the pellet flicked repeatedly so that the cells are moving as the fixative comes into contact
with them. This is repeated until several drops of fixative have been added, after which
larger volumes can be added to bring the final volume up to 10 mL.

If the pellet contains a brown residue, then mixing during the fixation step has not been
adequate. Metaphases are very unlikely to be of high enough quality for CGH and should
be discarded.

Slides must be very clean in order to facilitate spreading. Test this by breathing on them;
if condensation evaporates evenly then they are clean, but if streaks are apparent return
the slides to ethanol and polish them again.

Good metaphase spreads should be largely free from cytoplasm and spread sufficiently to
eliminate most chromosomal overlaps while maintaining the metaphase intact. There are
no hard and fast rules as to how this is achieved; trial and error are often required to
determine optimal conditions for obtaining good spreads, and dropping height, slide
humidity, slide temperature, and metaphase concentration may need to be altered. Too
concentrated a solution of metaphases will impede spreading. In addition, because spread-
ing is partly humidity-dependent, placing slides in the freezer immediately prior to use
usually produces enough condensation to spread the metaphases well, but spreading can
also be improved by increasing dropping height. Conversely, if metaphases are broken,
dropping height should be decreased or slides should be used at room temperature instead
of chilled.
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11. Although we obtain best CGH results after slide storage for around 1 wk in a desiccator,
others successfully store slides in sealed bags at —20°C for many weeks. The latter method
allows the production of large batches of slides which can then be batch tested for suitabil-
ity for CGH. Many investigators advocate batch testing of slides; we find this to be
unecessary. Rather, we find batch testing of each blood culture harvest to be necessary
because, in our hands, variation between individual harvests appears to be the factor most
affecting the quality of CGH results.

12. Occasionally, the phenol and aqueous layer invert. This is easy to see when the phenol
used contains a coloring such as hydroxyquinoline. It can be remedied by adding water to
the mixture (a volume approximately equal to half that of the aqueous layer is usually
sufficient), vortexing, centrifuging, and proceeding as usual.

13. The DNase concentration in this nick translation method is much lower than in protocols
where DNA is labeled for purposes other than CGH. This is because, for CGH, maintain-
ing a fragment size of between 300 and 3000 base pairs is critical to obtaining smooth
hybridization. Even slight inaccuracies of measurement caused by variations between
pipets can result in differences in DNase concentration large enough to significantly
affect fragment size. It is therefore essential that each investigator determines their own
optimum DNase dilution for nick translation before embarking on large numbers of
reactions. Dilution factor must be adjusted such that nick-translated DNA is not less than
300-3000 base pairs in length after a 1 h reaction.

14. We use 2 ug DNA in order to allow for further size checks if necessary. Where only small
amounts of DNA are available, the nick-translation reaction can easily be scaled down to
utilize 1 pg, which is sufficient for the protocol presented here, or as little as 500 ng. In the
latter case, hybridizations can be scaled down to utilize as little as 100 ng of each probe,
though we have found this to produce less satisfactory results. Alternatively, probes can
be generated from as little as 50 pg by degenerate oligonucleotide PCR (8).

15. Each experiment should include a normal control (digoxigenin-labeled normal DNA
vs biotin-labeled normal DNA) and also, if possible, a control sample with known chro-
mosomal abnormalities. Characterised tumor-derived DNA of this type can be purchased
from Vysis U.K. Ltd. The sex chromosomes in a hybridization of normal male vs normal
female DNA can also serve as a useful control.

16. A moist hybridization chamber can be created from a plastic box with dampened tissues in
the bottom, preferably with a sealed lid. Floating the box into a waterbath at 37°C ensures
that it will not dry out.

17. Some protocols dispense with proteinase K treatment altogether; we find that it enhances
the quality of hybridization when used with care. The 2.5 min incubation is used for slides
7-10 d old and should be reduced to 1 min for 3-d-old slides. Care must be taken not to
overdigest, as this leads to loss of chromosome morphology.

18. Formamide temperature is critical to denaturation and should be carefully controlled. Too
little denaturation results in poor probe hybridization, whereas too much damages chro-
mosome morphology and precludes adequate DAPI-banding. Formamide must be heated
in a fume hood, in which it cools rapidly when uncovered, so it is important to minimize
temperature loss by keeping to a minimum the time in which the solution and water bath
are uncovered. Addition of slides, even when prewarmed, causes a drop in temperature
and it is therefore sensible to denature no more than two at once.

19. The best way to avoid bubbles while adding the probe to the metaphase is to place the
probe solution onto a cover slip, invert the slide and gently place it onto the probe. This
usually avoids the risk of damaging the metaphase by squeezing out bubbles.
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20. Slides can be stored in this way for several months.
21. Current software for automatic karyotyping claims to achieve correct identification of

over 90% of chromosomes. In practice, unless DAPI banding is excellent, its efficiency is
often significantly less. It is essential that karyotypes are checked by an experienced
cytogeneticist to correct errors made by the automated karyotyper.
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Molecular Genetics of Ovarian Cancer

A Technical Overview

William Foulkes and Andrew N. Shelling

1. Introduction

This chapter is an overview, from a technical perspective, of the approaches that can
be used to analyze genetic changes in ovarian cancers. Traditional gene localization
methods are discussed, followed by a section on gene identification techniques. Once a
putative disease-associated gene has been cloned, mutations have to be identified and
analyzed. There are numerous mutation detection methods, and the most common ones
are outlined. In the penultimate section, the role of immunohistochemistry as a surro-
gate method for mutation analysis is considered. Finally, the possible use of functional
assays is discussed. The number of techniques used in the molecular analysis of ova-
rian cancer is immense, and it is beyond the scope of this book to describe all of these
methods. However, the most important methods have been outlined in this overview
chapter, and many are described in detail in the following chapters.

Molecular genetic abnormalities in ovarian cancer can be broadly divided into
changes occurring in three different classes of genes. The most widely investigated
class are tumor suppressor genes. The classical example is RB-1, the retinoblastoma
gene that was found to be altered in hereditary retinoblastoma (1), and is also mutated
in nonhereditary (sporadic) retinoblastoma. In the latter case, mutations are present
only in the retinoblastoma cells, and not in any other cells in the body. Therefore,
unlike germ-line mutations, these somatic mutations cannot be transmitted to the off-
spring of the person with retinoblastoma. This is important not only because the risk of
second cancers for affected children is absent, but also because future children will not
be at increased risk of retinoblastoma. Other tumor suppressor genes include APC, the
gene responsible for familial adenomatous polyposis and VHL, the gene responsible
for von-Hippel Lindau disease. In both of these cases, mutations in the relevant genes
in the sporadic counterparts of the hereditary tumors are very common, if not manda-
tory. This latter rate-limiting role has led to the use of the term “gatekeeper” for these
types of tumor suppressor genes. More relevant to ovarian cancer are the breast and
ovarian cancer susceptibility genes, BRCAI and BRCA2, which were identified in 1994
(2) and 1995 (3), respectively. These two genes illustrate an interesting and novel aspect
of tumor suppressor gene function. Despite being the two most important breast and
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ovarian cancer genes thus far identified, somatic mutations in BRCA/ and BRCA?2 are
infrequently in breast (4,5) or ovarian cancers (5-7). This suggests they do not act as
gatekeepers, but as “caretakers” of the genome, which is supported by evidence that
both gene products bind to the human homolog of Rad51, a yeast DNA repair gene (8).
Interestingly, an inverse relationship between germ-line and somatic mutations exists
for ovarian cancer: Li-Fraumeni syndrome, caused by mutations in 7P53, rarely fea-
tures ovarian cancer, whereas 50% or more of serous ovarian cancers display muta-
tions in the same gene (9).

Our knowledge about the role of DNA repair genes in human cancer was, for some
time, limited to rare inherited recessive disorders such as xeroderma pigmentosa. How-
ever, in the last five years it has become clear that mutations in a broad class of genes,
the mismatch repair (MMR) genes, are responsible for a much commoner hereditary
cancer syndrome, hereditary nonpolyposis colorectal cancer (HNPCC). In this syn-
drome, colorectal cancer is the most common cancer observed in families. Endometrial
adenocarcinoma is the second most frequently observed cancer. Ovarian cancer is seen
in a small minority of individuals from HNPCC kindreds: the lifetime risk for a female
carrier of a mutation in one of the five genes thus far implicated in HNPCC is not more
than 10%. Interestingly, sporadic ovarian cancers do not commonly show microsatellite
instability (MSI), a hallmark feature of tumors occurring in HNPCC kindreds. The
mismatch repair genes (MLHI, MSH2, MSH6, PMS1, and PMS2) can be viewed as
caretakers rather than gatekeepers of the genomes. It seems that somatic mutations in
these genes are not rate-limiting steps in carcinogenesis, but rather lead to genome-
wide instability with mutations in numerous genes, particularly in those with runs of
monotonous repetitive sequences, such as A, or CA,,), where n>~8.

The final group of genes to be discussed in this introductory section are the
oncogenes. This class of genes was the first to be unequivocally linked to carcinogen-
esis by assays that transfected DNA from human tumors to mouse 3T3 cells. Following
transformation, the resultant cells were capable of causing tumors in nude mice. When
the DNA segments responsible for this transformation were cloned, they were found to
be cellular homologs of viral oncogenes such as H (Harvey) ras. The cellular oncogenes
that were capable of causing cancer differed from their normal counterparts (so-called
proto-oncogenes) either by minor sequence variation, by being overexpressed in the
tumor, by gene amplification or by other mechanisms. More than 50 oncogenes have
now been identified in human cancers and they possess very diverse functions.
Oncogenes are commonly altered in ovarian cancer; ERBB2 (also known as c-erbB2 or
neu), MYCC (also known as C-MYC), and the RAS family of oncogenes have been the
most intensively studied and differences have been noted. For example, ERBB?2 is ampli-
fied and/or overexpressed in a subset of serous ovarian carcinomas (10), whereas codon
12 RASK mutations appear to be more common in mucinous ovarian carcinomas (11).

2. Traditional Approaches to Gene Localization
(See Chapters 33 and 40.)

2.1. Meiotic Linkage

Some genetic mutations that predispose to cancer are directly inherited by children
from their parents. These types of mutations (germ-line mutations) in cancer suscepti-
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bility genes are important: for example, mutations in BRCAI or BRCA2 account for
5-10% of cases of ovarian cancer. Since 1987, when the locus for familial adenomatous
polyposis (FAP) was localized to chromosome 5q, a score of cancer susceptibility loci
have been identified using linkage analysis (12). The principle of linkage analysis was
developed experimentally by Mendel and later by Morgan and Sturtevant, who con-
structed the first linkage map in 1913. The first definite evidence of linkage in humans
was obtained by studying a pedigree where color blindness and hemophilia were seen
in male family members. This occurs because the two responsible loci are sufficiently
close together on the X chromosome that random assortment in meiosis does not occur
and the loci, along with their resulting diseases, remain together in the next generation.
If one of the two diseases here is replaced with an anonymous marker (see below) the
proximity of the marker to the disease locus can be measured by seeing how often
the disease and the marker appear in the same person. The closer the two loci, the less
likely they are to be separated by meiosis. The likelihood that the marker is linked to
the disease can be expressed as a lod score, (logarithm of odds): the higher the lod
score, the more likely that the marker is close to the locus. Traditionally, a lod score of
3(1000:1 in favor of linkage) at a recombination fraction of 0 is accepted as proof that
the marker is truly physically close to the locus.

The problem is how to distinguish between different versions of the marker. Pro-
teins are not very polymorphic, which hampered earlier work. It was the identification
of restriction fragment length polymorphism’s (RFLPs) that permitted the identifica-
tion of the location of the first cancer susceptibility genes in 1987. Linkage analysis
was used by Narod and colleagues (14) to demonstrate linkage of markers on chromo-
some 17 to breast and ovarian cancer occurring in large pedigrees with at least one case
of ovarian carcinoma. At that time, Southern blotting followed by radioactively labeled
DNA probe hybridization (see below) was used to identify the alleles used in linkage
analysis. The polymorphisms revealed by these techniques, known as RFLPs are
biallelic and in general are not very “informative.” That is, it is not possible to distin-
guish the parent of origin of most alleles, as the two alleles are identical (e.g., 2,2,
which is termed homozygous and not 1,2, which is termed heterozygous). For example,
an RFLP marker with allele frequencies of 0.35 for allele a and 0.65 for allele » would
result in heterozygosity, ab (and therefore be useful as a marker) only 46% of the time.
Therefore, over half of the time, the marker would be uninformative for linkage.

These problems were partially overcome in the late 1980s by the utilization of
minisatellite markers (also known as variable number of tandem repeats, or VNTRS).
These markers are made up of multiple-repeated simple units. The number of repeat
units is extremely variable between unrelated individuals, some with >90% heterozy-
gosity. The problem is that most of these types of markers are located at the telomeric
ends of chromosomes and this limits their usefulness, as ideally, markers should be
equally distributed throughout the genome. Since the early 1990s, linkage analyses
have become much easier with the use of highly polymorphic microsatellite markers,
utilizing PCR technology. In comparison to previous existing techniques, microsatellite
analysis has the following advantages: it is easier and faster to perform, it is more
informative, the markers have a more even distribution throughout the genome, the
analysis requires less DNA and can be performed using archival tissue such as micro-
scope slides or paraffin blocks (see Chapter 31).
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The localization of BRCAI and BRCA2 by linkage analysis and their subsequent
identification has permitted predictive testing. Now, unaffected individuals who are
mutation carriers can be enrolled into risk reduction programs and can be offered
screening that might lead to earlier cancer detection and treatment of disease. This is
particularly pertinent in ovarian cancer, where the prognosis is poor.

2.2. Cytogenetics and Comparative Genomic Hybridization
(See Part IV-Cytogenetics, Chapters 22-29.)

2.2.1. Background

In common solid tumors, chromosomal abnormalities are complex and it is difficult
to identify specific karyotypic changes that are consistently present for a particular
type of cancer. It has often been difficult to identify with certainty the chromosomal
origins of markers, subtle translocations, or complex chromosomal rearrangements.
The majority of ovarian carcinomas appear to be aneuploid and contain a variety of
structural chromosomal abnormalities. Various nonrandom alterations have been iden-
tified including changes to chromosomes 1, 3, 6, 9, 11, 12, 17, and 19. There is a
great deal of speculation as to whether these chromosomal abnormalities play a signifi-
cant role in tumorigenesis, or whether they are random events related to increased cell
division.

2.2.2. Flow-Cytometry

It is possible to determine evidence of major cytogenetic changes by measurement
of the DNA content of tumor cells using flow cytometry. Polyploidy and/or aneuploid
peaks of DNA content are common in ovarian cancer. In general, early stage tumors
tend to be diploid, while advanced tumors tend to be aneuploid. Tumor ploidy has been
shown in several studies to be an independent prognostic variable and an important
predictor of survival.

2.2.3. Fluorescence In Situ Hybridization

The use of fluorescence in situ hybridization (FISH) and other chromosome painting
techniques are useful in detecting chromosomal rearrangements. FISH involves
hybridization of biotin- or digoxigenin-labeled DNA probes to denatured metaphase
chromosomes or interphase nuclei fixed in situ to a microscope slide. These probes are
visualized by microscopy with fluorochrome-conjugated reagents. Minor variations in
hybridization and washing conditions permit the use of a variety of probes, and these
can be categorized by their complexity. Whole chromosome paints can be used on
metaphase chromosomes, and are useful for the analysis of translocations and particu-
larly of complex cytogenetic rearrangements. Centromere probes consist of chromo-
some-specific sequences. These sequences, composed of highly repetitive human
satellite DNA, provide strong hybridization signals, and are valuable in detecting aneu-
ploidy of specific chromosomes. Locus specific probes are usually cloned DNA
sequences covering a specified human chromosomal region. The use of a combination
of these types of probes has allowed the mapping of changes on specific chromosomes,
and at a finer level, to smaller chromosomal regions (14). The use of FISH in the analy-
sis of ovarian cancers has been hampered by problems associated with the preparation
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of high-quality cytological specimens. Despite time-consuming karyotype and FISH
analysis, some changes are too complex to identify clearly. Furthermore, the identifi-
cation of chromosomal abnormalities is quite crude, especially at the nucleotide level,
and may only serve to identify chromosomal areas that deserve further analysis, for
example, by allele loss studies.

2.2.4. Comparative Genomic Hybridization

Comparative genomic hybridization (CGH) is a DNA- and FISH-based procedure
that enables direct chromosomal visualization of genomic imbalances in tumor DNA.
The method involves hybridization of labeled tumor DNA mixed with normal DNA
onto normal metaphase cells to identify regions of genomic copy number imbalance in
the tumor DNA. Consistent genomic changes have been demonstrated for several dif-
ferent types of primary tumors, and provide opportunities to correlate them with etio-
logic and clinical features of tumors. CGH findings further provide starting points for
positional cloning strategies to isolate unidentified genes involved in tumorigenesis.
CGH has confirmed previously identified chromosomal abnormalities, and more sig-
nificantly, has revealed many previously unsuspected regions of gain, loss or amplifi-
cation of DNA (15). Limitations of CGH are a reflection of its ability to only detect
genetic aberrations that involve loss or gain of DNA sequences. Balanced translocation
or inversions are not detectable by CGH, nor are point mutations and small intragenic
rearrangements. Small deletions will not be observed, as the lower size limit of detec-
tion has been estimated to be approximately 20-30 Mb in primary tumors (16), effec-
tively the size of an average chromosomal band.

2.2.5. Multicolor FISH

Multicolor FISH (M-FISH) or spectral karyotyping (SKY) is a newly developed
technique allowing the global analysis of human chromosome abnormalities (17). A
pool of chromosome painting probes, each differently labeled with fluorescent dye, are
hybridized to the tumor cell DNA, and analyzed by spectral imaging that allows the
unique display of all human chromosomes in different colors. In combination with
conventional karyotype analysis, M-FISH greatly increases the resolution of numerical
and structural chromosomal aberrations.

2.3. Microcell Fusion and Chromosome Transfer

(See Chapter 37.)

Chromosomes that contain putative tumor suppressor genes may be identified by the
technique of microcell fusion where a hybrid cell containing a normal chromosome is
fused to a malignant cell line. The use of this technique has lead to the suppression of
tumorgenicity in several malignant cell lines by the introduction of a specific chromo-
some containing tumor suppressive information for that tumor type (18). To allow for
transfer and selective retention of single specific chromosomes, dominant selectable
markers, such as the bacterial neo gene are integrated into individual human chromo-
somes. Most studies have shown that the transfer of a chromosome with an intact
tumor suppressor gene has a tumor suppressing effect, whereas the transfer of irrel-
evant chromosomes has no such effect. However, in some experiments, the irrelevant
control chromosome has also lead to tumor cell line growth suppression. Several chro-
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mosomes containing putative tumor suppressors (e.g., chromosome 3 and 11) have
been identified in ovarian cancer (19).

Attempts have been made to further sublocalize chromosomal regions by selection
and transfer of reduced hybrids, however, this is technically very difficult, as each
subfragment must contain telomeres, a centromere, and the selectable marker. There is
considerable technical difficulty in creating a panel of individual chromosomal
subfragments, and even with these panels, gene localization is crude. Nonetheless, the
identification of a suppressing chromosomal fragment is valuable functional proof of
the presence of a tumor suppressor gene, and may also indicate the relative strength of
the gene’s suppressive qualities, at least in that particular cell line. Yeast artificial chro-
mosomes (YACs) have also been used effectively as minichromosomes or small chro-
mosomal regions. However, it is has proven to be technically difficult to introduce
Y ACs into human cells. The methods involved are complex, and require carefully main-
tained cell-culture conditions, as well as highly skilled personnel. The absence of
recent publications using this method might suggest that other methods of gene local-
ization, such as allele loss studies, may be technically more feasible.

2.4. Loss of Heterozygosity

(See Chapters 33, 34, and 40.)

The loss or inactivation (by mutation) of normal growth regulation may lead to tumor
progression. Because the loss of these genes results in cancer, they could be said to
normally function as “tumor suppressors.” The phrase “tumor suppressor gene” was
first used in the context of experiments where the introduction of whole chromosomes
or chromosomal fragments led to the reversion of a tumorigenic phenotype, or tumor
suppression. Later, the work of Cavenee and White showed that loss of heterozygosity
(LOH) was an important mechanism in human cancers. LOH does not imply a loss of
chromosomal material (although this does often occur), but rather the loss of variation
at a locus such that only one parental allele is represented in the tumor. Tumor suppres-
sor genes are recessive at the cellular level: one remaining normal copy is sufficient to
suppress tumorigenesis. In this case, the remaining allele is not normal, but contains a
mutation of some type, usually at the nucleotide level (such as a point mutation or a
small deletion). If only a mutated allele is present in the tumor when heterozygous
markers corresponding to this locus are tested, only one parental allele will be observed
and heterozygosity will be reduced to homozygosity, hence the name LOH. The
absence of the two normal alleles of a tumor suppressor gene may be enough to pro-
mote, if not initiate, cancer. The search for LOH is now widely accepted as a means of
identifying genes involved in the etiology of hereditary and sporadic tumors. Frequent
LOH at specific loci may suggest that these loci normally suppress ovarian tumorigen-
esis. It is often difficult to decide upon a meaningful level of LOH, but the figure of
35% is generally accepted as representing a level of loss that is worth investigating
further with more detailed mapping studies. It appears that for ovarian cancer, loss
of heterozygosity for a single marker on a chromosome arm frequently equates with
loss of heterozygosity of all informative markers on that arm. LOH studies have
shown quite variable results between different groups, often making it difficult to
clearly identify regions of interest. Some reasons for these variable results are outlined
in Table 1.
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Table 1
LOH: Some Reasons for Discordant Findings in Different Studies

Small number of tumors studied

Small number of chromosomal arms evaluated

Different loci on chromosomal arms tested in different studies

Many loci uninformative (where RFLPs have been used)

Different histopathological subtype, stage, grade, and incidence of prior treatment in the
tumors

Genetic differences in the study population

Different methods in selecting tumor material away from normal tissue

Over the past five years, microsatellite markers have completely replaced RFLPs as
the preferred method of detecting LOH, and now whole genome LOH scans are per-
missible using multiple, regularly spaced markers. To prevent false negatives with sen-
sitive PCR-based techniques, it may be necessary to microdissect samples carefully
(see Chapter 31). Microsatellite markers permit the utilization of samples from a vari-
ety of sources, such as paraffin-embedded tissues, frozen sections, touch preparations
direct from tumors, flow-sorted ovarian tumor cells and cell lines. A blood sample, or
normal tissue nearby to the tumor may be required as a source of nontumor DNA. It has
been shown that the use of fluorescent primers and automated sequencing machines
can give better results and a higher throughput than radioactive-based manual proce-
dures (20). However, misreads of gels is a common problem with automated systems.
With all methods, there can be difficulties in interpretation as a result of stutter/shadow
bands from polymerase slippage.

Complete loss of one allele should be distinguished from allelic imbalance, which
could be artefactual (nonmalignant tissue in specimen, differential amplification of
alleles) or real (amplification of one allele, or LOH at the other allele). It is important to
note this, as complete LOH can only be caused by LOH itself, whereas allelic imbal-
ance can have several causes.

3. Old and New Methods of Gene Identification
3.1. Southern Blotting

This widely used technique of transferring DNA from liquid form to a solid support
was devised by Ed Southern when he was at Edinburgh University. The generation of
large amounts of restriction endonucleases permitted their wide use in molecular biol-
ogy. Their ability to digest DNA into numerous fragments is based on the multiple
occurrence of simple recognition sites (such as GAATTC digested by EcoRI) through-
out the genome. Once genomic DNA has been digested into small fragments (the
majority being <50 kb in size) and loaded into the wells of an agarose gel, it is possible
to size fractionate by electrophoresis as DNA is a charged molecule. After depurination
with hydrochloric acid, the fractionated DNA can then be transferred and fixed onto a
filter (originally nitrocellulose, now nylon) that is then ready to be hybridized with a
radioactively labeled DNA probe. The probe is treated thermally or chemically so that
the two strands separate and thus can hybridize to the complementary DNA present on
the filter. This technique is extremely simple and is the basis of many other techniques
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such as Northern and Western blotting. Southern analysis has been used to study copy
number for amplified oncogenes, it has formed the basis of much of the initial work on
loss of heterozygosity (see Subheading 2.4.), and it can be used to detect small, but
crucially important deletions and insertions in cancer susceptibility genes. Southern
blotting would have correctly identified BRCA/ if families with genomic deletions
including BRCA I (which are known to exist) had been screened with probes close to or
within this gene.

3.2. Pulsed Field Gel Electrophoresis

This technique is derived from Southern blotting, but instead of using a constant
current to fractionate the endonuclease-digested fragments, a pulsed current from a
series of geometrically organized multiple electrodes is applied to a low percentage
(fragile!) agarose gel. The origin of the current changes from one electrode to another
in a set (but variable) spatiotemporal pattern. This results in high molecular weight
DNA entering the gel in a snake-like manner (21). The conditions are very flexible,
allowing the separation of different sized DNA fragments. Very large fragments of
human genomic DNA, suitable for examination by pulsed-field gel electrophoresis
(PFGE), can be produced by digesting genomic DNA with restriction endonucleases
that are methylation-sensitive and require an eight basepair recognition site. These
so-called rare cutters (e.g., Notl, Sacll, and BssHII) can be used to build up a “long
range map” using probes separated by up to 1 Mb that can hybridize to the same frag-
ment. The relevance of the methylation sensitivity of the endonucleases resides in the
observation that the 5' end of genes tend to be CG-rich. Genes are often associated with
CpG islands, particularly if multiple rather than single rare cutter sites are present at
the island in question. These “CpG islands” can be identified by PFGE. The identifica-
tion of NF1, NF2, WT'1, and VHL all relied heavily on the use of PFGE, although it is
perhaps a less-popular technique now than it was a decade ago.

3.3. Representational Difference Analysis (RDA)

The basis of this technique is that small differences between otherwise very similar
genomes can be detected by hybridization of one genome against the other (22). Two
very similar genomes would be the typical “normal-tumor pair” used in LOH studies
(see Subheading 2.4.), so this technique resembles a genome scan for regions of
homozygous deletion.

A brief outline of the technique is as follows:

Step 1: ligation of small restriction endonuclease fragments (such as those produced
by Bgl/ll) to oligonucleotide adaptors and subsequent PCR.
Step 2: reiterative hybridization/selection.

The two genomes are called “driver” and “tester.” If tumor DNA is used as a driver,
then normal DNA “tests” for the presence of sequence. If sequences are missing from
the driver, there will be a loss of restriction fragments. When the products are run out
on agarose gels, no bands will be seen in the samples with homozygous deletions.

This technique is useful only if the loss of a tumor suppressor gene is by homozy-
gous deletion. Previous techniques such as cosmid hybridization with competition were
limited to the investigation of rather small, previously well-mapped intervals, whereas
RDA makes no assumptions about where the deletions may lie. In practice, this tech-
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nique has been used to identify several genes of relevance to ovarian cancer, in particu-
lar BRCA2, where RDA detected a homozygous deletion on chromosome 13q in an
84-yr-old woman with localized pancreatic cancer (23). Interestingly, BRCA2 was later
found to be located entirely within this deletion. RDA has also been used to identify a
somatically deleted gene on chromosome 18q known as DPC4 (24), that was later found
to be mutated in the germ-line of patients with the inherited cancer syndrome, juvenile
polyposis (25). RDA is one of the most successful new techniques for gene identification.

3.4. Differential Display Reverse Transcriptase—
Polymerase Chain Reaction (DDRT-PCR)

(See Chapter 50.)

DDRT-PCR has been used successfully to identify genes that are differentially
expressed in tissues or cell lines. The basis of this method is to amplify the specific
mRNA species following reverse transcription-PCR (RT-PCR). It uses combinations
of arbitrary primers with anchored cDNA primers and generates fragments that origi-
nate mostly from the poly(A) tail and extend upstream. The bands that are found to be
differentially expressed are amplified prior to direct use in methods to confirm differ-
ential expression by an independent RNA analysis technique (Northern blotting, RNase
protection, and/or nuclear run-on). The bands can also be amplified for cloning and
sequencing. Under the appropriate conditions, the pattern of fragments derived from
one type of cell is reproducible and can be compared with that of another cell type (26).
Application of the technique is complicated by the appearance on non-reproducible bands,
perhaps as many as 20-40% of the total number. It appears that DDRT-PCR is not a
totally quantitative method, as even dramatic differences on DDRT-PCR may not cor-
relate to expression levels. The nonreproducible bands are probably from a variety of
sources, including imperfect annealing of primers to mRNA sequences, and contami-
nation of RNA samples with chromosomal DNA. DDRT-PCR offers many advantages
over previous techniques such as subtractive or differential hybridization libraries,
including the ease of operation, the requirement for only small amounts of RNA, the
simultaneous display of more than two RNA populations, and the ability to measure
both increased and decreased gene expression.

3.5. One-Dimensional Genome Scanning

(See Chapter 39.)

This new technique is a comparative one that uses a modification of Southern blot-
ting, followed by hybridization with a probe with <2000 repetitive elements (such as
RTLV-H) which can then detect amplifications, deletions, and other alterations.
Genomic DNA from lymphocyte and tumor sources can be compared lane by lane. Not
only is a “whole genome snapshot” provided, but the aberrant fragments can be directly
cloned and evaluated. This technique has not yet received wide acceptance, possibly as
a result of the special equipment required. However, it certainly could gain importance
if technical modifications permitted the use of standard equipment.

4. Mutation Screening by Fragment Analysis
4.1. Single Strand Conformation Polymorphism (SSCP)

(See Chapter 35.)
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Fig. 1. Example of a SSCP gel showing two bands in the normal lane, and the two extra
variant bands in the mutant lane. Gel courtesy of Kirstine Francis-Thickpenny.

This technique has become the most widely used mutation screening test in ovarian
cancer genetics (see Fig. 1) for an example. This is because it is simple, inexpensive,
robust, and can detect up to 70-80% of all mutations in a given fragment. Numerous
modifications such as differing concentrations of polyacrylamide, glycerol, or TBE
and different visualization methods (ethidium bromide, silver-staining) have been made
to the original protocol of Orita et al. (27). They all depend upon the principle that
single DNA strands of a pair have different mobilities in a nondenaturing gel, even if
their sequences do not differ. This permits the visualization of at least two, and some-
times four or more, bands in the wild-type situation. When sequence variants are
present, new bands appear on the gel, which indicate the presence of a change in the
test DNA. These sequence variants can be easily characterized either by cutting
the variant band directly from the dried gel and DNA sequencing, or by direct sequenc-
ing with the original primer pairs used for the SSCP. It is often recommended that
fragments not larger than 250 bp be analyzed by SSCP. In our laboratory, the addition
of 5% glycerol, and 0.5X TBE to the gel mix results in a high detection frequency when
the gels are run at room temperature overnight. Every laboratory will develop their
own inventory of modifications that seem to slightly improve the detection of poten-
tially important sequence variants.

4.2. Protein Truncation Test (PTT)

This test for mutations is also known as IVSP (for in vitro-synthesized protein),
which is a more informative name, but the acronym PTT seems to have stuck. Itis a particu-
larly useful mutation screening technique for genes such as APC and BRCA 1/2 because

1. >80% of all reported mutations result in a truncated protein and are detectable by PTT.

2. These genes all possess one very large exon which permits examination of 50% or more of
the total exonic DNA in assays using primers within these large exons. Therefore, they do
not require RNA.
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In general, however, it is preferable to have RNA as the starting material as other
exons cannot be readily examined without this.

The PTT technique relies on the use of a T7 promoter sequence and a consensus
sequence for eukaryotic translation initiation, which are both incorporated into a pri-
mary or nested PCR amplification. These reactions can be carried out using commer-
cially available in vitro transcription/translation kits, and the products are visualized
on a SDS-PAGE gel. The main problems with PTT are the presence of multiple bands
because of cryptic translation initiation sequences in the fragment to be analyzed. PTT
is an expensive test, and problems arise owing to the difficulty to identify variants
because of the instability of the mutant mRNA.

4.3. Cleavase Fragment Length Polymorphism (CFLP)

This new method of mutation detection is one of most sensitive enzyme-based tech-
niques and relies upon the fact that the cleavase enzyme recognizes DNA molecules
differing by a single base pair. The slow cooling after denaturation encourages the
development of DNA hairpins that are recognized by cleavase if they differ from wild-
type hairpins by as little as one base pair. Upon electrophoresis, the fragment carrying
the mutation, which has been cleaved, will run as two smaller fragments and these can
be easily distinguished. A cleavase fingerprint can be detected using fragments as large
as one kilobase, and normal and tumor DNA samples can be compared very easily lane
by lane. The technique is quick, inexpensive, and detects up to 95% of all mutations.

4.4. Heteroduplex Analysis (HA)

Heteroduplex formation is the basis of a number of different techniques discussed
here. In its simplest form, HA relies upon the use of different polyacrylamide gel
matrices to detect homo- and heteroduplexes in double-stranded normal and tumor
DNA fragment pairs (usually <300 base pairs), when run side by side. Alternatively,
germ-line DNA from patients who may be carriers of mutations in cancer susceptibility
genes could be studied. The main drawback is the lack of sensitivity. Multiplex HA has
been used to detect germ-line BRCAI mutations in women with ovarian cancer (28),
but the results of this study suggest that the method does not detect more than 70% of
all possible mutations.

4.5. Denaturing Gradient Gel Electrophoresis (DGGE)

This is a nonradioactive technique that separates DNA fragments according to their
melting temperature. When electrophoresed through a linearly increasing gradient of
denaturants, DNA fragments remain double stranded until they reach a concentration
of denaturants equivalent to a melting temperature (¢,,) that causes the lower-tempera-
ture domains of the fragment to melt. This causes the DNA to branch and the mobility
of the fragment is markedly decreased. Single basepair changes in the lower #,, domain
can result in DNA fragments melting at a slightly different concentration of denatur-
ants, in turn resulting in a band shift. When modified by the addition of a 40-50 base
pair GC rich “clamp,” using PCR, higher 7,, domains become available for analysis, as
the GC clamp has a higher ¢,, than any test fragment. This enables detection of almost
100% of mutations (27). It is therefore an attractive technique, but its wholesale adop-
tion by researchers has been limited by several important drawbacks:
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Special equipment is required.

GC clamps have to be added, results in greater oligonucleotide costs.
A melting map has to be plotted for each fragment.

The choice of primers is critical, requiring careful design.

b

Newer techniques based on a mixture of older techniques like SSCP and DGGE,
such as conformation sensitive gel electrophoresis (CSGE) (29) are more likely to
become widely used. In this radioactive technique, heteroduplexes are formed by heat-
ing the samples to 98°C for 10 min, after which the temperature is slowly dropped to
65°C and held at 60°C for 15 min before being allowed to slowly return to room tem-
perature (over at least 30 min). Samples are then electrophoresed through 6% poly-
acrylamide gels overnight at 4 W.

4.6. Chemical Cleavage (CCM)

This technique theoretically detects 100% of mutations as it is based on the chemical
reaction of hydroxylamine with mismatched cytosine (for CG) and osmium tetroxide
with thymidine (for AT). After cleavage of modified mismatch heteroduplexes with
piperidine, samples are denatured by heating and loaded onto denaturing urea gels.
Mismatches show up as new bands, as the piperidine cleaves at the mismatch and
thereby creates a smaller fragment on electrophoresis (30). Large fragments can be
analyzed, and newer methods have now been introduced, which obviate the need for
toxic chemicals like osmium tetroxide. These two factors make CCM an attractive
option, particularly if large fragments can be multiplexed.

5. Direct Mutation Identification
5.1. Allele-Specific Oligonucleotide Hybridization (ASO)

This method is particularly valuable in identifying common mutations, or for con-
firming known mutations within a family. Radiolabeled allele-specific oligonucleotide
(ASO) probes are hybridized to dot blots containing PCR-amplified DNA products.
The “normal” or wild-type oligonucleotide probe is designed to precisely match the
normal DNA sequence. It hybridizes only to the wild-type sequence and not to an
imperfect complementary sequence in which there are one or more mismatches as a
result of a base change. The “mutant” probe will bind only to DNA sequences that
differ from the “normal” sequence by a specific base pair changes. Differential wash-
ing allows mutations to be detected. Detection by ASO is direct and is less subject to
errors or misinterpretations than other methods. Problems encountered are one of two
types: the specific hybridization signal is too low or the background hybridization is
too high. Adjusting the hybridization and wash temperatures can usually overcome
these problems. Its main limitation is that it can only detect a single mutation at a time.

5.2. Amplification Refractory Mutation System (ARMS)

This direct mutation identification method is also known as allele-specific amplifi-
cation. It is ideally suited to detecting mutations where it is very important to include
an internal negative control, such as detecting specific BRCAI mutations in a family
where a mutation has already been identified. The negative control ensures that the
absence of a mutation is not incorrectly interpreted as a negative result in situations
where the amplification simply did not occur. This method is often favored by service
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laboratories, often they test only a specific mutation. Furthermore, the technique is
suitable for automation.

Briefly, two sets of primers are used. One set to amplify only the mutated allele and
the other to amplify only the normal allele. This is achieved by using one primer that
mismatches with its wild-type target sequence by only one nucleotide (and therefore
anneals to the mutant allele) at the 3' end of the primer. These primers will not amplify
the DNA to which they anneal. If they are carefully designed, all four primers can be
used in one PCR amplification. It is useful to create a large flanking fragment that
should be present in all individuals, whether wild-type or not.

Although this method has been used to detect known mutations in BRCAI (31), in
our hands, we have had problems getting repeatable results when all four primers are
added to the same reaction. If two reactions have to be used, the advantage of ARMS is
somewhat lost.

5.3. DNA Sequencing

DNA sequencing is the technique for determining the exact order of nucleotides in a
DNA sequence. The method most widely used is the Sanger dideoxy method, which
utilizes the controled interruption of DNA polymerase mediated replication of single
stranded template DNA. In addition to the four deoxy-ribonucleoside triphosphates
(which are radioactively labeled), the incubation mixture contains a 2’-3’-dideoxy
(ddNTPs) analog of one of triphosphates. The incorporation of the ddNTP blocks fur-
ther growth of the new chain because it lacks the 3’-hydroxyl terminus needed to form
the next phosphodiester bond. Fragments of various lengths are produced in which the
ddNTP is at the 3" end. Four such sets of chain-terminated fragments (one for each
ddNTP) are then separated by electrophoresis in a polyacrylamide gel, and the base
sequence is read from the autoradiograph.

DNA sequencing is usually the necessary final step of all mutation detection strate-
gies, as it defines the location and nature of the changes. However, DNA sequencing
can also be used as a direct method of mutation detection. Direct sequencing refers to
the direct sequence analysis of PCR products without prior subcloning into sequencing
vectors and can be the primary method of mutation detection. The use of automation
and new fluorescence detection technology will make this method faster and more
accurate. However, DNA sequencing tends to be laborious, expensive and generates
excessive information. Difficulties are frequently experienced in identifying heterozy-
gotes in automated systems. Fluorescent peaks may be partially hidden, and not identi-
fied by sequence recognition programs.

5.4. DNA Chip Technology

Techniques are now available for direct analysis of gene mutations by high-density
arrays of oligonucleotides. It is possible to synthesize more than 90,000 oligonucle-
otides in situ on silicon chips, to represent all possible nucleotide substitutions
and common mutations for each gene. The target gene sequence is fragmented into
50-100 nucleotides, fluor labeled, and hybridized to the chip. Computer assisted com-
parison of the hybridization pattern of the target sequence vs the wild-type sequences,
results in the detection of mutations from two types of signal. First, the gain of
signal resulting from new hybridization by the mutant fragment, and second, the loss
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of signal resulting from the loss of the wild-type signal. Analysis is computer based
and uses a confocal scanning microscope fitted with an argon laser to read the data
from the chip (32).

Chip technology to scan entire genes for mutations is expected to be the technology
of the future, because of its high specificity, speed, and ability to be automated. How-
ever, this may be several years away, as many technical limitations still need to be
addressed, including sequence-dependent variability in hybridization efficiency. In
addition, chips continue to be expensive and are only produced in limited numbers, the
equipment and software is expensive, and significant expertise is required. Direct
sequencing is still required to confirm the result.

6. Somatic and Germ-Line Mutations
in Ovarian Cancers that Show Microsatellite Instability

(See Chapter 41)

It is well recognized that human neoplasms are the end result of a multistep process,
in which accumulation of several genetic alterations can take place. At least three types
of cancer-related genes have been recognized; tumor suppressor genes, oncogenes, and
mismatch repair genes. The accumulation of mutations within these genes is associated
with the development of a variety of cancers. Microsatellite instability (MSI) or repli-
cation error (RER) is widely accepted as an indicator of loss of DNA mismatch repair
activity in human tumor cells. This is because of mutations in the four mismatch repair
genes that result in HNPCC: hMSH2, hMLHI, hPMS1, hPMS2, on human chromo-
somes 2p, 3p, and 7p. The recently identified AMSH6 on chromosome 2 may not be
associated with MSI. It has yet to be determined whether all of these genes confer an
increased risk of ovarian cancer.

MSI has been observed in a wide variety of sporadic cancer. However, it has been
difficult to accurately assess the contribution of MSI to sporadic cancer, including ova-
rian cancer (33). This is for several reasons.

1. In some of these studies, it has been difficult to determine whether tumor-associated MSI
is in fact owing to the presence of a germ-line mutation in a mismatch repair gene. How-
ever, the proportion of familial ovarian cases (<10%) that are a result of HNPCC is low,
and thus the percentage of ovarian carcinomas in general that could be attributed to muta-
tions in these genes is less than 1%.

2. There have been considerable experimental differences between different studies, and
indeed, there has not been a consensus on how to define MSI. In the past, different groups
have not only used different numbers of microsatellites, but have used different
microsatellites. The variable use of criteria has been controversial, and if research is to be
compared from different laboratories, the definitions need to be standardized. Recent
meetings have outlined a set of loci and frequency of MSI. Some consider that genetic
instability in ovarian tumors may have previously been underestimated (34) and that stan-
dard PCR-based assays are not sufficiently sensitive to reproducibly detect instability of
polymorphic microsatellites from most sources.

3. MSI seems to be associated with a certain histological type and stage of tumor. Therefore,
the results may be quite different from different studies, depending on the particular tumor
samples studied.

To avoid these complications, some studies have looked directly at the expression of
mismatch repair genes, rather than looking at the observed phenotype (MSI). Gene
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expression (Northern analysis) and protein expression (Western analysis) can be used.
Immunohistochemistry (IHC) is also possible (see Chapter 42). As well, functional
tests have been reported (see Subheading 8.).

7. Immunohistochemistry as a Surrogate for Mutation Analysis

(See Chapter 42.)

Immunohistochemistry (IHC) is used to measure protein expression in both fresh and
archival paraffin-embedded tissues, making use of suitable monoclonal antibodies. It is one
of a few techniques that can be reliably used with archival tissues, and which is relatively
fast. Measurement is subjective, but is sufficient to give an estimation of protein expression.
We focus on two genes that have been studied in detail by IHC in ovarian cancer.

7.1. TP53

Mutations in the 7P53 tumor suppressor gene are one of the most common genetic
alterations in human cancer, and such mutations are frequent in ovarian cancer. The
methods most often used to detect mutations in 7P53 include DNA sequencing, SSCA
and IHC (35). Point mutations within 7P53 frequently cause conformational changes
that stabilize and extend the half-life of the mutant TP53 proteins, causing them to
accumulate in the nucleus and effectively leading to relative overexpression. The accu-
mulated mutant protein in the nucleus can be detected immunohistochemically, serv-
ing as a rapid and effective means of screening for 7P53 mutations. The small amounts
of TP53 present in normal cells are not detectable. Consequently, IHC-detected TP53
protein has generally been assumed to indicate an underlying 7P53 mutation. Although
this has been validated in some earlier studies, not all studies are in agreement, and this
has lead to some caution over the simplistic interpretation of TP53 IHC. Detection of
overexpression of TP53 protein alone, in the absence of 7P53 mutation may be mis-
leading, as stabilization of TP53 may be a transient phenomenon.

Both methods seem to identify different groups of patients, with approximately 90%
overlap. It is interesting that in some studies, IHC has proven to be more effective in
defining patients with poor prognosis, whereas in others, the reverse is true. Even if the
true mutation status is not revealed by IHC, it has been suggested that this method-
ological approach may provide information more reflective of the functional status of
the TP53 protein than that proved by molecular biological techniques such as complete
DNA sequencing.

Itis difficult to determine why some DNA sequence-defined 7P53 mutations are not
detected by IHC. In some cases, premature truncations and large deletions or insertions
could lead to complete absence of protein. Other possible explanations include changes
in or loss of antibody epitope, or the presence of mutations that cause reduced stability
of the mutated protein.

7.2. Mismatch Repair Protein

(See Chapter 42.)

Mismatch repair proteins, such as AMLHI and hMSH?2 studied by IHC show that
loss of protein staining corresponds very closely with loss of function as measured by
MSI. This method may offer a more direct approach toward identifying loss of protein
expression, however, as shown in 7P53, this may not always correlate with loss of
function or with the presence of a mutation in the gene whose product is under study.
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8. Functional Assays for Mutated Genes

Mutations can be detected and identified by several methods and several combina-
tions of methods, and usually confirmed by DNA sequencing. However, DNA sequence
data will not distinguish whether a variant is a polymorphism or a disease causing
mutation. Some biologically relevant mutations are expected to alter gene function, so
an assay that detects the functional consequence of a missense mutation would be valu-
able to help distinguish rare polymorphisms from cancer-causing mutations.

Yeast-based functional assays have been developed, whereby gene PCR products
are cloned directly into yeast expression vectors in vivo, used to transform appropriate
yeast hosts, and subsequently tested for transcriptional activity in a simple growth
assay. Assay systems have been developed for the detection of missense mutations,
such as in 7P53 and BRCAI (36-38). These assays have identified that growth sup-
pression is not observed in neutral polymorphisms, but is abolished or diminished by
frameshift, nonsense, or disease-associated missense mutations.

In a variation of this assay, known as the stop codon assay, it is possible to test for
truncating mutations. For genes such as APC and BRCAI, truncating mutations pre-
dominate. The PCR-amplified coding sequence is inserted by homologous recombina-
tion into the yeast URA fusion protein, and transformants are assayed for growth in the
absence of uracil. If the target fragment has a truncation mutation, the fusion protein will not
be produced and selection on URA-medium will identify whether URA was expressed.

The advantages of a functional assay are immediately apparent: the absence of gels,
toxic or radioactive chemicals, the ability to analyze quite large DNA fragments, and
arelatively fast assay time (45 d to get an answer). These methods will only work for
a limited number of genes that will also function in yeast. It is not always obvious that
an abnormality in a yeast assay implies an abnormality in humans, particularly for
missense mutations. Work with yeast can prove to be problematic to those not familiar
with yeast genetics. In addition, there is a need to construct a new vector for each gene
you wish to study.

9. Conclusions

In this introductory chapter we have provided a brief overview of the technical
aspects of ovarian cancer genetics, without providing too much practical detail as this
will be found in the relevant chapters. Molecular genetic techniques have advanced
very rapidly, and it is difficult, if not foolish, to predict from where the next advance
will come. However, the basic principles of careful collection and recording of speci-
mens, full collaboration with pathology colleagues, and good laboratory practice still
form the basis of any successful ovarian cancer genetics project.

A recent significant development in the genetic analysis of ovarian cancer is the
rapid emergence of DNA microarray technology in the analysis of gene expression. A
recent supplement to Nature Genetics (Volume 21, January 1999) was devoted to
“microarray” technology. The application of this technology has the potential to make
a substantial increase in our understanding of the genes involved in the development of
ovarian cancer, and thereby provide new targets for drug design and gene therapy.
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Extraction of DNA from Microdissected Archival Tissues

James J. Going

1. Introduction

Many modern analytical methods require little material, which has made feasible
biochemical and molecular analyses of small tissue fragments, even individual cells,
by microdissection of histological sections (1,2). Polymerase chain reaction (PCR) can
potentially be applied to the analysis of single DNA molecules, as in the analysis of
single haploid cells, such as spermatozoa (3). This sensitivity requires careful attention
to technique and proper controls to avoid false positive or other spurious results.

Microdissection techniques used by different research groups are diverse, and recent
papers explore different techniques (4—7). This chapter presents a technique of histo-
logical microdissection applicable to a variety of tissues.

Microdissection can be applied to paraffin or frozen sections of human and animal
tissues, depending on availability, but in human studies, it may be necessary to work
with formalin-fixed paraffin-embedded archival tissues. Although fixed tissues have
disadvantages, particularly degradation of nucleic acids after fixation, which may make
successful PCR amplification less easy, better preservation of tissue morphology com-
pensates. This may be important, as one purpose of histological microdissection is to
bring together molecular and morphological analysis of the same cells. Fixed tissue
sections may be easier to handle than unfixed tissues during microdissection. This chap-
ter will concentrate on fixed tissues.

2. Materials
All reagents should be of molecular biology quality.

1. Proteinase K from Tritirachium album (Sigma, St. Louis, MO), 20 mg/mL stock solution.
Store 50-uL aliquots at —20°C; thaw and dilute to 1 mL with digestion buffer containing
1% Tween to give working stock solution of proteinase K, 1 mg/mL for tissue digestion to
release DNA.

2. Proteinase K digestion buffer, pH 8.3. (TRIS-HCI, 2.2 g/L; TRIS base 4.4 g/L; EDTA
0.37 g/L; separate batches of the buffer should be prepared detergent-free and containing
1% Tween).

3. Leica model ‘M’ mechanical micromanipulator (other micromanipulators may be
suitable).

From: Methods in Molecular Medicine, Vol. 39: Ovarian Cancer: Methods and Protocols
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4. 0.5-mm diameter tungsten wire for dissection needles (or ready-made needles); bacterio-
logical loop holders for mounting needles in micromanipulator.
5. Facility for electrolytic sharpening of tungsten needles (see Subheading 3.5.).

3. Methods
3.1. Section Cutting

Careful clean techniques should be used when cutting sections for PCR analysis.

1. Use a new part of the microtome blade to cut each section, to avoid possible carryover of
DNA from one tissue block to sections of the next.

2. Ribbons of sections should be floated out on a clean water bath and no buildup of section
debris permitted.

3. Glass slides upon which sections are mounted should be scrupulously clean. Dry mount
sections at 56°C for 2 h (see Note 1).

3.2. Dewaxing and Staining Sections

Dewax sections completely prior to microdissection.

1. Immerse 67 uM sections in a slide rack for 10 min in xylene. Drain surplus xylene thoroughly
from the sections to minimize carryover of dissolved wax and transfer to a second xylene bath
for 2 min. Avoid breathing xylene vapor and be aware of the fire hazards of organic solvents.

2. Take sections through two baths of 99% industrial methylated spirits to remove xylene
and a third bath of 95% industrial methylated spirits.

3. Transfer sections to distilled or deionised water of a satisfactory standard for preparing
PCR reagents. Stain by immersion for 30 s in 0.05% w/v toluidine blue in distilled water
(see Note 2).

4. Wash in distilled water (see Note 3).

5. After dissection, dehydrate and mount slides with a cover slip to provide a permanent
record of the dissection (see Note 4).

3.4. Microdissection Tools

Successful dissection can be carried out freehand using sterile, curved, scalpel blades
or sterile hypodermic needles, with or without a dissecting microscope.

1. Take a section for dissection from the water bath immediately before it is needed, drain it,
and blot any surplus water from around the section with a disposable, lint-free tissue (do
not touch the section).

2. Stroke the edge of the scalpel blade decisively across the section to remove a strip of
tissue, the width of which varies with the angle between blade and section (see Note 5).

3. For more precise dissection with the micromanipulator, an electrolytically sharpened tung-
sten needle is ideal (Fig. 1). This tool consists of 25 mm of tungsten wire, 0.5 mm in
diameter, sharpened and polished electrolytically to a fine point (tip radius several microns).

4. Mount the needle in a collet-type bacteriological loop holder.

5. Mount the loop holder in the tool holder of the micromanipulator and angle it downward
25°-30°.

3.5. Making and Maintaining Tungsten Microneedles

Tungsten needles can be obtained ready-made as “ohmic probe needles,” but are
easily fabricated from plain 0.5 mm tungsten wire (obtainable from suppliers of equip-
ment for electron microscopy). This requires an electrolytic cell (see Note 6).
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Fig. 1. Microdissection (stills from a video). Frame 1: the needle is placed at the periphery
of an island of carcinoma cells (colonic carcinoma, paraffin section, toluidine blue stain).

o

Obtain ~10 cm of platinum wire (e.g., from an old electrophoresis apparatus) and make a
circular loop in it, just small enough to fit inside a standard 20-mL universal container,
with a “tail” 2-3 cm long.

Drill a 1-mm hole in the side of universal container near the base and thread the platinum
wire tail through it, with the loop neatly placed at the base of the container. Seal the hole
inside and out with an epoxy resin glue, e.g., Araldite.

Almost fill the cell with 0.1M potassium hydroxide (KOH; 1.2 g in 20 mL) in water
(caution: KOH is caustic).

Connect the platinum wire cathode to the negative (—) terminal of a standard 9-V radio
battery (dry cell), and make the tungsten wire, mounted in its bacteriological loop holder,
the anode (+). Ensure that the cell cannot fall over, spilling caustic electrolyte solution.
Complete the circuit by dipping 5-10 mm of the tungsten wire vertically into the KOH
solution. Hydrogen bubbles appear at the platinum cathode and nascent oxygen removes
tungsten from the anode, which sharpens to a fine, polished point. New needles are made
this way and damaged needles refurbished. If sharpening does not occur, check polarity.
Straighten bent needles by rolling firmly between glass slides, then polish/resharpen.
Rinse needles with distilled water from a wash bottle after sharpening or resharpening to
remove droplets of KOH electrolyte.
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8. Store prepared needles in a covered Petri dish with the blunt end pressed lightly into a ring
of modelling clay or similar. Handle with fine forceps.

3.6. Performing Microdissection

1. Retrieve the slide to be dissected from distilled water and dry the back of the slide and
around the section, using a clean, disposable, laboratory tissue.

2. Place the section on the microscope stage (see Note 7) and cover with a pool of proteinase
K lysis buffer (without detergent) from a disposable sterile Pasteur pipet with a rubber
bulb pipet filler. Spread the pool of buffer until it extends 3—4 mm beyond all edges of the
section and is as deep as possible without spillage.

3. Center the area of cells in the section to be retrieved for subsequent analysis in the micro-
scope field at an appropriate magnification.

4. Using the coarse motion controls of the micromanipulator, place the needle over the area
to be dissected.

5. Lower the needle gently at the edge of the area to be dissected until its tip just touches the
slide. Stop lowering the needle when a small lateral deflection of the needle tip occurs (see
Note 9).

6. Microdissection techniques vary for different specimens. In general, attempt by blunt dis-
section to develop cleavage between groups of cells. Work around the area to be dis-
sected, developing a split between the area to be kept and the area to be removed (Fig. 2).
Then use the point of the needle gradually to undermine the area to be recovered, pushing
and pulling with the tip and side of the needle until the area to be retrieved has been peeled
from the slide and floats freely in the buffer pool (Fig. 3).

7. If it is not clear whether the fragment is still attached to the section, gently agitate of the
slide. Attached fragments do not move freely.

8. Sometimes a tissue fragment remains attached by a few strands of collagen; a second
tungsten needle in a bacteriological loop holder, used freehand, will often detach it.

3.7. Retrieving Dissected Fragments

1. Bring the tip of the pipet close to the fragment to be retrieved, and capture the fragment by
suddenly releasing the pipet plunger, dragging fragment and a fixed volume of buffer into
the pipet tip (see Note 8).

2. Expel the captured specimen into a labeled microcentrifuge tube, ready for further pro-
cessing (see Note 9).

3. Check that the microdissected specimen is actually in the tube. It helps if the fragment is
easily seen with the naked eye. Use a magnifying lens or the microscope to be certain.
Toluidine blue-stained fragments are easy to see; unstained fragments may be practically
invisible.

3.8. Extracting DNA: Proteinase K Digestion

In a fixed specimen, nucleic acids are present in a dense array of crosslinked pro-
teins. Proteinase K digestion appears effectively to release them and make them avail-
able for subsequent PCR.

1. Add an equal volume of proteinase K digestion buffer pH 8.3 containing 1 mg/mL of
proteinase K and 1 mg/mL proteinase K to each specimen tube.

2. Digest microdissected specimen in proteinase K (final concentration 500 pg/mL), at 37°C
overnight in a water bath or incubator (digestion can continue over a weekend without
detriment).
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Fig. 2. Frame 2: about half of the island of tumor cells has been separated from the glass
slide.

3. Heat specimens in a PCR block (95°C for 10"), to inactivate PK.

Spin the specimen down by brief centrifugation.

5. Specimens are stable at room temperature for subsequent DNA PCR. Store for longer
periods at 4°C or —20°C.

6. Accurate labeling is crucial (see Note 10).

3.9. DNA Purification after PK Digestion

The 25-uL or 50-uL sample remaining after PK digestion of a microdissected tissue
fragment contains only small quantities of nucleic acids (DNA, RNA). One thousand
cells contain about 6 ng of DNA, and will contain, at most, 2000 copies of an
amplifiable DNA sequence; only 1000 copies of each of two different alleles. An
attempt to purify such quantities of DNA or RNA risks losing the specimen, although
techniques have been described. Such purification does not obviously improve subse-
quent PCR amplification. Carefully optimize your PCR using the unpurified digest
before you conclude that such purification is essential. Several published microdissec-
tion studies using the techniques described here have employed 1-uL aliquots of sample

&
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Fig. 3. Frame 3: the whole island is completely detached, shown by slight rotation with
respect to the position it occupied in the section. The sample is ready for collection, proteinase
K digestion, and further analysis.

as template (8-11). Strategies such as hot start, touchdown, nested, or real-time PCR
may to help to obtain good PCR results by decreasing amplification of spurious products.

Techniques exist for whole-genome amplification of DNA from small samples, even
single cells (12-14), to expand the template pool available for subsequent PCR analy-
sis. The possibility of introducing artifacts should be considered, but with appropriate
controls may be used for projects with scanty material.

3.10. Frozen vs Paraffin Sections

Frozen sections are less easy to microdissect than paraffin sections. Unfixed are less
robust than fixed tissues, and stand up not as well to the manipulation necessary to
detach the specimen.

3.11. Analysis of RNA from Microdissected Material

RNA from unfixed tissue may be more suitable for analysis than RNA from fixed
tissue; but RNA in unfixed tissue may be more susceptible to degradation, and RT-PCR of
RNA from microdissected fixed tissue fragments can be achieved. Rather than
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performing the microdissection in a guanidinium-containing buffer, which removes
toluidine blue from the section, perform microdissection in distilled water and transfer
fragments subsequently to RT-PCR buffers.

4. Notes

1.

Drying influences the firmness with which sections adhere to the slide, and ease of dissec-
tion. In general slides coated with poly-L-lysine or treated with silanes should be avoided.
It may be difficult to detach tissue from such slides. Conventional 3—4 pum histological
sections are a compromise between ease of cutting, depth of staining, and visibility of
cytological detail. For histological microdissection, slightly thicker sections (6—8 um)
contain more nucleic acid per unit area, and slightly increased thickness does not usually
cause interpretation problems. Over 10 um poorer visualization of cells is a disadvantage.
Cut and dried sections should be stored in dust-free conditions. There appears to be no
need to store them in a refrigerator or freezer. Disposable latex gloves should be worn for
all manipulations to reduce contamination.

Staining reveals tissue structure, but unstained sections may be dissectable, especially if a
serial haematoxylin and eosin section is available for reference. Staining often makes
dissection easier. Toluidine blue staining is easy and does not appear to interfere with
subsequent PCR, although this should be verified for particular applications.

Stained sections can be stored in distilled water until dissection. Refrigeration at 4°C in
water overnight causes some destaining and sections may lift from the slide. Stained sec-
tions can be stored dry, but it is best not to dewax and stain more sections than can be used
in a single dissecting session.

A serial haematoxylin and eosin section shows what has been removed. A magnified pho-
tocopy or digital image of such a serial section can be annotated on hard copy or digitally
to record the dissection. Photocopy histological sections through an acetate sheet to avoid
scratching the photocopier glass or smearing it with mounting medium.

A scalpel blade vertically in contact with the section will remove a narrow strip of tissue.
The blade at a flatter angle will remove a wider strip. Tissue so removed can often be
rolled into a small ball or “pill,” picked up on the tip of the scalpel blade or sterile hypo-
dermic needle, and transferred to a microcentrifuge tube for further processing. Tissue is
most easily handled when damp, but without excess water, in which dispersed tissue frag-
ments are hard to retrieve or too dry and brittle. Static electricity may be troublesome.

. Bacteriological loop holders and tungsten wire are inexpensive. Either prepare enough

needles in advance to use a new needle for each microdissection if necessary or briefly
repolish the needle between samples, which exposes a new tungsten surface. The risk of
DNA carryover on the needle from one specimen to the next appears largely theoretical.
In a study of ras mutation in colorectal carcinomas (10), no false positives were detected
in the analysis of several hundred separate microdissected normal and tumor tissue
samples.

. Any microscope can be used if there is enough space between objective and stage for

access to the specimen. Ordinary or inverted standard microscopes can be used, but a
stereo dissecting microscope with relatively high maximum magnification (up to x120) is
ideal.

12.5 or 25 uL capture volumes work well. The pipet should be nearly vertical to minimize
the risk of damaging the section. Use a Gilson-type pipet with a wide-bore polypropylene
tip. Such tips are in many manufacturer’s catalogs, or cut the end off an ordinary pipet tip.
Steady your hand, holding the pipet, against your fist resting on the microscope stage. The
fragment may be hard to retrieve if it lies flat on the section or slide. Briskly expelling
buffer toward the fragment will usually lift the fragment to a level from which it may
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easily be recovered. Retrieval of dissected fragments without damage to the section is
easier from a deep pool of buffer. The buffer should not contain detergent such as Triton X-100
which, by reducing surface tension, prevents the formation of a deep standing pool of buffer.
If the specimen adheres to the inside of the pipet tip, it can sometimes be dislodged by
repeated indrawing and expulsion of buffer. It may be picked out with a needle, or cut off
the pipet tip and place that, with the tissue fragment, in the tube for subsequent digestion.
Sticking can usually be avoided by coating pipet tips before use with a silicone such as
Sigmacote. Draw (e.g., 50 uL) of Sigmacote into the tip, expel it again, shake off any
excess, and allow to dry. Coat tips 1 hr or 2 before you need them. Collect microdissected
fragments for further processing in 500-pL tubes with screw-on lids sealed with rubber
O rings. The O ring prevents loss of specimen volume by evaporation during subsequent
processing and 500-pL tubes fit most PCR thermal cycling blocks for heating to inactivate
proteinase K after the digestion process is complete.

Labeling must survive overnight incubation in the water bath and subsequent heat inacti-
vation in the PCR thermal cycler block, the wells of which often contain oil traces which
may dissolve even “permanent” marker pen inks. Write specimen numbers on the lid of
the container as well. Typing correction fluid on the lid gives a white surface on which
graphite pencil is permanent. If you label the lid you must not transpose lids. Do not open
more than one specimen tube at a time, and replace the lid at once.
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RFLP Molecular Analysis of the Urokinase-Type
Plasminogen Activator Gene

Bernd Muehlenweg, Andreas Schnelzer, Beyhan Tirkmen, Ernst Lengyel,
Ute Reuning, Henner Graeff, Manfred Schmitt, and Viktor Magdolen

1. Introduction

Several cell biological studies have shown that the invasiveness of a variety of
tumors depend on the regulated expression of proteolytic enzymes that degrade the
surrounding extracellular matrix and dissociate cell-cell and/or cell-matrix attach-
ments. One such enzyme, the serine protease urokinase-type plasminogen activator
(uPA), converts enzymatically inactive plasminogen into the widely acting protease
plasmin, which degrades several extracellular matrix components and also activates
proenzyme forms of matrix metalloproteases. Thus, uPA is a central molecule in peri-
cellular proteolysis (I-4). uPA (as well as other factors of the plasminogen activator
system, the cell surface-associated uPA receptor [uPAR], and the plasminogen activa-
tor inhibitor type-1 [PAI-1]) is an important prognostic factor predicting relapse-free
and/or survival in patients with a variety of solid malignant tumors including ovarian
cancer; in all cases, high levels of uPA are associated with a poor prognosis (4-6).

In view of the important role of uPA, uPAR, and PAI-1 for tumor cell spreading, it is
tempting to speculate that alterations in these genes may be a cause for the develop-
ment or the progression of cancer. Therefore, we analyzed whether the genes encoding
these factors are altered in ovarian cancer (7,8). In the case of uPA, a so-far unknown
mutation in codon 121 (located in the kringle domain of uPA) has been identified
resulting in a proline to leucine exchange. This exchange creates an Alu I restriction
site thus making restriction fragment length polymorphism (RFLP) analyses possible.

In the present paper, we describe the basic protocols for the handling of tumor tis-
sue, RNA and DNA preparation, polymerase chain reaction (PCR) amplification and
RFLP analysis using molecular analysis of the uPA gene as an example. These proto-
cols can be used for the analyses of any other given gene.

2. Materials

Ovarian cancer tissue specimens from primary tumors or metastases were obtained
at surgery (8). In order to obtain undegraded RNA, it is important to freeze the samples
as fast as possible in liquid nitrogen or less preferably at —80°C. In most cases, it is not
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possible to freeze the tissue immediately because the tissue specimens are examined by
the pathologist after surgery. Under these circumstances the tissue must stay on ice
prior to freezing for not longer than 30 min.

2.1. Isolation of Genomic DNA

1. QIAamp™ Blood and tissue kit (Qiagen, Chatsworth, CA).
2. Blood collection tube containing citrate solution.

2.2. RNA Extraction from Tissue

TRIzol Reagent (Gibco, Life Technologies, Bethesda, MI).

Chloroform (ultrapure, Merck, Rahway, NJ).

Isopropanol (ultrapure, Merck).

75% Ethanol:25% Di-ethyl-pyrocarbonate (DEPC-) treated water (Sigma).
RNAse-free water (Sigma).

Nk WD =

2.3. DNase-I Digestion

RNase-Inhibitor, 10 U/uL; Gibco, Life Technologies).

2. DNase-I 100 U/uL; (DNase-I amplification grade, RNase free; Gibco, Life Technolo-
gies), with buffer and 25 mM EDTA.

3. Random hexamer primer: p(dN)s, 50 A,g, U in 200 pL RNase free water (Roche,

Mannheim, Germany).

—

2.4. Reverse Transcription

—

Superscript-II RNase H™-Reverse transcriptase and buffer (Gibco, Life technologies).

2. dNTP mixture, 10 mM each of dATP, dCTP, dGTP, dTTP (Amersham, Arlington
Heights, IL).

3. 5X first strand synthesis buffer (250 mM Tris-HCI, ph 8.3, 375 mM KCI, 15 mM MgCl,,
supplied with superscript-Il RNase H™-Reverse transcriptase.

4. 100 mM DTT.

2.5. Polymerase Chain Reaction

1. uPA Primers 10 pmol/uL: uPA-up: 5-GCC TCA GAG TCT TTT GGC -3’, uPA-down:
5’-CTG ATG CTC TTC AGC TGG -3".

2. dNTP-PCR mixture, 2.5 mM each of dATP, dCTP, dGTP, dTTP (Amersham).

3. GeneAmp"' PCR Buffer: (100 mM Tris-HCI, pH 8.3, 500 mM KCI, 15 mM MgCl,, 0.01%
(w/v) gelatin; Perkin Elmer, Norwalk, CT) and AmpliTaq Gold.

2.6. Restriction Fragment Length Polymorphism

Phenol: chloroform:isoamylalchohol (P:C:I; 24:1:1; v/v/v).

4M lithium chloride (LiCl).

Glycogen: 20 mg/mL in water.

Alu I restriction enzyme (10 U/uL, Promega, Madison, WI) with Core buffer B.
TBE Buffer: Tris-Borate-EDTA Buffer (Sigma, St. Louis, MO).

3. Methods
3.1. Isolation of Genomic DNA
3.1.1. Extraction from Tissue

Nk WD =

Preparation of high molecular weight genomic DNA is performed as described in
detail in the handbook of the QIAamp® Blood and Tissue Kit (Qiagen).
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Fig. 1. PCR amplification of uPA gene probes using genomic DNA or total RNA isolated
from ovarian cancer tissue as template. (A) Genomic DNA and (B) total RNA isolated from
three different ovarian cancer tissues (lanes 2,3,4); lane 1, 1 kb ladder (PeqLab). Genomic
DNA (C) and cDNA obtained by reverse transcription of total RNA (D) were used as template
for PCR amplification using primers directed to exon 5 (uPA-down) and exon 7 (uPA-up) of
the uPA gene (lanes 2,3,4); lane 1, 100 bp ladder (PeqLab). The PCR products differ in
size because of the presence of intronic sequences in the genomic DNA (for details see Fig. 2A
and B).

1. 25 mg of each ovarian cancer tissue (0.5 cm?) is cut into small pieces and incubated at
55°C in 180 uL buffer ATL (= Tris/HCI-buffer, pH 8.3, containing a detergent) and 20 puL
of proteinase K (18 mg/mL) until the tissue is completely lysed.

2. 200 pL of buffer AL (= aqueous solution of guanidine hydrochloride) is added to the
sample and the sample is incubated at 70°C for 10 min.

3. After addition of 210 pL ethanol, the sample is mixed thoroughly by vortexing and is then
applied to a QIAamp spin column and centrifuged for 1 min at 6000g in a microfuge.

4. The spun column is washed twice by centrifugation (1 min, 6000g) with 500 UL of buffer
AW (= Tris-buffered saline).

5. The genomic DNA is subsequently eluted by centrifugation (1 min, 6000g) with 200 uLL
of a basic buffer (10 mM Tris-HCI, pH 9.0).

6. The quality and quantity of the purified DNA is determined by measuring the absorbance at
260 and 280 nm (see Note 1, ratio A,gy»50 should be between 1.7 and 1.9) and by gel electro-
phoresis using a 0.8—1% (w/v) agarose gel stained with ethidium bromide (Fig. 1A).

3.1.2. Extraction from Peripheral Blood

In order to analyze, whether detected mutations represent de novo tumor-specific
mutations, the results obtained with genomic DNA derived from tumor tissue have to
be compared to those using genomic DNA from normal cells, e.g., from peripheral
blood. Therefore, we also routinely isolate DNA from blood samples. For this, we first
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prepare a so-called buffy coat (which is a leukocyte enriched fraction of whole blood)
and then isolate genomic DNA from the buffy coat.

1. 5 mL of venous blood is collected in a tube containing 0.5 mL citrate solution.

2. The sample is centrifuged for 20 min at 4500g at room temperature (RT).

3. After centrifugation, three layers are visible. The intermediate layer representing the buffy
coat is isolated.

4. 25 pL proteinase K (18 mg/mL) and 200 pL of buffer AL (= aqueous solution of guani-
dine hydrochloride) are added to 200 puL of buffy coat and the mixed sample is subse-
quently incubated at 70°C for 10 min.

5. Further steps are identical as described in steps 3—6 for isolation of genomic DNA from
tumor tissue (Subheading 3.1.1., see Note 1).

3.2. RNA Extraction from Tissue

There are several commercially available kits for total RNA isolation based on the
original method of Chomczynski and Sacchi (9), using guanidinium thiocyanate as
denaturing agent. The use of reagents such as TRIzol offers several advantages: The
brief protocol reduces the risk of contamination and degradation through RNases.
Moreover, TRIzol can be used to extract RNA, DNA as well as proteins from the same
sample (10).

1. Cool a ceramic mortar and the pestle with liquid nitrogen (always leave some nitrogen in
the mortar).

2. Transfer about 100 mg of the frozen tissue sample from the vial to the mortar.

3. After evaporation of the nitrogen, homogenize the tissue sample into a fine powder.

4. Add 1 mL of TRIzol Reagent (4°C; Gibco, Life Technologies) to the frozen powder. Let

the TRIzol reagent freeze in the cold mortar without adding any nitrogen.

Homogenize and mix the frozen TRIzol reagent with the tissue powder.

6. Allow thawing of the mix. During this process (which can last up to 45—-60 min), carefully
stir the thawing mixture. Transfer the thawed, viscous solution into a RNase-free 2 mL
microfuge tube (the solution can now be stored at —20°C).

7. Incubate the homogenate at RT for 5 min to permit complete dissociation of the nuclear
protein complexes.

8. Add 200 pL of chloroform and vortex the tube vigorously for 15 s. Incubate the tube for
3 min at RT.

9. Centrifuge at 12,000g for 10 min at 4°C and transfer the aqueous phase into another
RNase-free tube (the organic phase should be saved if isolation of DNA or protein is
desired).

10. Add 500 uL of isopropanol and mix by inverting the tube several times (do not vortex).

11. Incubate the sample for 10 min at RT and centrifuge the tube at 12,000g for 10 min at 4°C.

12. Carefully remove the supernatant (the RNA has formed a gel-like pellet which can be
hardly seen).

13. Wash the pellet once with 1 mL of 75% EtOH/25% DEPC-treated H,O; vortex briefly and
centrifuge the tube again at 7,500g for 5 min at 4°C. Carefully remove the supernatant.

14. Invert the tube to dry the pellet at RT (do not dry the pellet completely as solubility will
decrease dramatically).

15. Dissolve the RNA pellet in RNase-free H,O (30-100 uL).

16. Determine the RNA content by a photometrical measurement at A = 260 nm (see Note 1).
If the Ajgp/g0 ratio is <1.6, the RNA is not resuspended properly or degraded (11).

hd
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17. As a control, analyze the RNA preparation by gel electrophoresis (1% w/v agarose;
5-10 pg total RNA per lane) as shown in Fig. 1B. The comb and the tray for pouring the
gel should be incubated overnight in 0.5 N NaOH and subsequently washed in DEPC-
treated H,O.

18. RNA dissolved in H,O can be stored for up to 1 yr at —80°C. For longer storage, keep the
RNA ethanol-precipitated at —80°C.

3.3. DNase-I Digestion

Without DNase-I digestion, you run the risk of getting false positive results during
PCR amplification because of genomic DNA contamination. This is especially true if
in the PCR two primers are used, which target sequences within a single exon or if
processed pseudogenes of the target gene are present in the genomic DNA (12).

1. For DNase-I digestion of total RNA add: x uL. RNA (1 pg), (6-x) uL RNase-free H,O,
1 uL RNase-Inhibitor (10 U/uL; Gibco, Life Technologies), 1 uL. DNase-I (100 U/uL;
DNase-I amplification grade, RN Ase-free; Gibco, Life Technologies), 1 pL. 10X DNase-
buffer (supplied with DNase I). Incubate the microfuge tube at RT for 15 min.

2. Add 1 uL EDTA (25 mM, supplied with DNase I) to stop the reaction, mix by pipetting up

and down (total 10 pL).

Heat the tube to 70°C for 10 min to denature DNase I.

4. After 4 min, add 1 puL random primer (p(dN)g, 50 Aygy U in 200 pL. RNase-free H,O;
Boehringer Mannheim) to the reaction mix, to make sure that all primers are single-stranded.
This is important for efficient annealing in the subsequent reverse transcription reaction.

5. After 10 min, place the tube on ice (total volume 11 uL).

W

3.4. Reverse Transcription

The reverse transcriptase Superscript-II-RT, a type of Moloney murine leukemia
virus (MMLV) reverse transcriptase, synthesizes high yields of full length cDNAs
because of a point mutation in the RNase H-domain (H"). After initial RNA-dependent
DNA synthesis, the mRNA is, in contrast to other reverse transcriptase reactions, not
hydrolyzed and functions more than once as a template. However, amplification of
some PCR targets over 1 kbp may require the removal of the mRNA complementary to
its cDNA by addition of RNase H.

1. For reverse transcription add to 11 pL reaction mix (see Subheading 3.3., step 5.): 4 uL
of 5X first strand synthesis buffer, 2 uL DTT (100 mM), 1 uL. dNTP-mix (10 mM), 1 uL.
reverse transcriptase (see Note 2).

2. Place one drop (30 uL) of mineral oil (Sigma) on top of the reaction mix (19 uL total
volume) to minimize evaporation and risk of contamination.

3. Incubate the reaction mix in the thermocycler (e.g., Perkin Elmer GeneAmp® PCR Sys-
tem 2400) performing following steps: 1) 10 min, 25 °C; 2) 10 s, 30°C; 3) 10 s, 35°C;
4) 50 min, 42°C.

4. Cool the microfuge tube on ice (probes may be stored at —20°C).

3.5. Polymerase Chain Reaction (PCR)

1. For the PCR-reaction mix: 2 uL template (cDNA or genomic DNA), 5 uL primer uPA-up,
5 uL primer uPA-down, 5 uL ANTP-PCR mixture (2.5 mM), 5 uL. GeneAmp®PCR buffer,
0.2 uL. AmpliTaq Gold™ (5 U/uL), 27.8 uL. H,O (see Note 3).

2. Briefly vortex the PCR mixture and run the following program on the thermal cycler:
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Activation of

Taq Polymerase 94°C 9 min
Amplification 10 cycles 94°C 45s
37°C 45 s
72°C 45 s
20 cycles 94°C 45s
54°C 45 s
72°C 45 s

Extension 72°C 7 min

3. Asacontrol, visualize 10 pL of the amplified PCR mixture on a 1-2 % (w/v) agarose gel
stained with ethidium bromide (see Notes 4—-6). Examples of amplification of genomic
DNA and cDNA, respectively, are depicted in Figs. 1C and D.

3.6. Restriction Fragment Length Polymorphism (RFLP)

1. Extract the PCR-amplified DNA with 1 vol phenol:cholorform:isoamylalcohol (P:C:I)
(24:1:1) and separate the phases via centrifugation at 12,000g for 3 min at RT.

2. Transfer the aqueous phase into a new microfuge tube and precipitate the DNA by adding
10%-vol. 4 M LiCl, 1 uL glycogen (20 mg/mL) per 100 pL PCR-mixture (to facilitate
DNA precipitation) and 2 vol. EtOH 100%.

3. Leave the mixture on ice for 20 min.

4. Centrifuge the mixture for 20 min (4°C, 12,000g), decant EtOH, dry the pellet, and resus-
pended the pellet in 20 uL H,O.

5. To 17 puL of the DNA solution, add 2 pLL Alu I digestion buffer and 1 pL (10 U) Alu 1.
Digest the DNA with Alu I overnight at 37°C and repeat steps 1-3.

6. After resuspending the pellet in 10-20 uL. H,O, the sample is visualized using a 8% TBE-
polyacrylamide or by a 1-2% (w/v) agarose gel stained with ethidium bromide (examples
are shown in Fig. 2, see Note 7).

4. Notes

1. In the present paper, we describe methods for isolating both DNA and RNA from ovarian
cancer tissue and peripheral blood. The typical yields from 25 mg ovarian cancer tissue or
250 uL buffy coat, respectively, range between 20 and 40 pg of genomic DNA. The yield
of RNA is between 1 and 10 pg/mg tissue, depending on tissue origin and quality.

2. The random hexamers used as primers for reverse transcription are oligodeoxynucleotides
(6-mers) exhibiting extended sequence diversity to ensure that at least some oligodeoxy-
nucleotides will anneal to the template and serve as primers for reverse transcription.
Different oligodeoxynucleotides will bind randomly to different sequences, leading to
high copies of the template. Thus, all parts of the sequence should be copied in equal
amounts if each random primer is present at equal concentration.

3. Using primers from different exons (exon 5 and 7 in the case of the analysis of the Pro/
Leul12] polymorphism, which is encoded by exon 6 of the uPA gene), an amplification of
a processed pseudogene with genomic DNA as template can be ruled out without further
controls. However, to exclusively analyze transcribed genes, e.g., by PCR or by Northern
blots (qualitatively and quantitatively), the preparation of high-quality mRNA is neces-
sary. For this, it is an absolute requirement that the tissue has been handled appropriately,
otherwise the mRNA will be more or less degraded. After reverse transcription, the cDNA
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Fig. 2. Detection of the Prol21Leu exchange in uPA by restriction fragment length poly-
morphism (RFLP). Localization of the Alu I sites in the exon-6 containing amplicons using
primers uPA-down/uPA-up and genomic DNA (A) or cDNA obtained by reverse transcription
of total RNA (B), respectively, as template. Alu I digestion of exon6-containing PCR products
derived from genomic DNA (C) or total RNA (D), respectively, of three different ovarian can-
cer tissues. Lane 1, sample of a tumor tissue containing both allels; lane 2, sample of a tumor
tissue homozygous for the Leu21 allel; lane 3, sample of a tumor tissue homozygous for the
Prol2] allel; lane 4, 100 bp ladder (PeqLab). The small DNA fragments appearing after Alu 1
digestion of each PCR-derived DNA fragment (69 bp and 12 bp in the case of genomic DNA-
derived PCR products; 12 bp in the case of cDNA-derived PCR products) are not shown.
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can be used in an identical manner as the genomic DNA. An aliquot of the DNase-treated
RNA sample should be subjected to PCR amplification (without reverse transcription) to
control for the absence of DNA-derived products.

In some cases, the described PCR protocol does not yield a visible band after PCR ampli-
fication (e.g., when mRNA of the target gene is low expressed and, therefore, the yield of
cDNA is low). Therefore, a nested PCR with internal primers of the generated (nonvisible)
amplification fragment has to be performed (12).

If large amounts of so-called primer-dimers are present, DNA fragments should be gel-
purified prior to RFLP or sequence analysis. The freeze-squeeze method described by
Tautz and Renz (13) yields DNA which is an excellent template for DNA sequencing (and
RFLP analysis). However, other commercially available kits for gel purification of DNA
fragments may also be used.

Sequence variants can be easily detected by direct DNA sequencing of the PCR products.
In our hands, DNA sequencing reactions are carried out using cycle sequencing (50-200 ng
DNA per reaction, depending on fragment size), and the individual reactions are loaded
on an ABI Model 377 Sequencer (8).

. RFLP analysis is a powerful tool for initial screening of a series of probes for genomic

mutations. However, new methods and instruments are emerging which allow an
extremely high throughput genotyping and PCR product quantification. The LightCycler
(developed by Idaho Technology and Roche), for example, is a rapid thermal cycler
(performing 30 PCR cycles in less than 20 min) combined with a microvolume fluorim-
eter allowing genotyping with melting peaks (14).
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PCR Microsatellite Analysis of LOH in Ovarian Tumors

Jayne Devlin and Margaret A. Knowles

1. Introduction

The “two-hit” theory of tumor suppressor gene (TSG) inactivation predicts that loss
of function is a result of two separate genetic events, one affecting each allele (7). One
hit is commonly a deletion of part of, or the entire allele sequence and can be detected
by loss of heterozygosity (LOH) analysis in which “normal” DNA is compared with
tumor DNA at various loci. At heterozygous loci, the two alleles in normal DNA are
observed as separate bands; if an allele has been lost in a tumor, one of the bands is
absent in the tumor DNA. Such deletions are termed LOH and indicate a likely site of
a TSG. When LOH occurs, it is predicted that the retained allele is nonfunctional either
because of a point mutation or a microdeletion. The next step in testing the authenticity
of the putative suppressor gene is to look for small genetic alterations in the retained
allele.

Mapping genes by LOH relies on normal DNA being heterozygous for alleles under
test. Highly polymorphic markers are therefore vital to the success of genetic mapping
projects. The most commonly used polymorphic markers in mapping and linkage stud-
ies are the microsatellites; the most popular being the (dC-dA)n dinucleotide repeats,
which are distributed at high density throughout the genome (2). Microsatellites are
relatively short DNA fragments, usually less than 100 basepairs. This together with
the fact that they are usually embedded in unique sequence DNA means that they can
be readily amplified by PCR using appropriately designed primers and so many samples
can be typed very rapidly. It is also possible to amplify sequences from formalin-fixed
paraffin-embedded tissue from archival samples; normal DNA can be obtained from
tissue adjacent to the tumor when no blood is available.

In order to identify the chromosomes that harbor putative TSGs, allelotypes are con-
structed. Large numbers of tumors are screened for LOH using a small number of
microsatellite markers on each autosomal chromosomal arm. The arms which are most
frequently involved in deletions are the likely sites for TSGs. High-density deletion
mapping is then performed on specific chromosome arms to build up a deletion profile
and further define the regions of loss. Large numbers of tumors often show LOH at all
informative loci on a chromosome and this usually represents monosomy. Generally
very few tumors have small terminal or interstitial deletions and are therefore very
valuable in deletion-mapping studies. Tumors of different histology or differentiation

From: Methods in Molecular Medicine, Vol. 39: Ovarian Cancer: Methods and Protocols
Edited by: J. M. S. Bartlett © Humana Press, Inc., Totowa, NJ

307



308 Devlin and Knowles

states can be compared to see whether the same TSG is inactivated. In addition, dele-
tion maps from a second tumor that recurs can be compared with the original to deter-
mine whether it is “genetically similar.”

The standard protocol for microsatellite typing tumors using radioactive procedures
is detailed below. There are various modifications to this protocol involving nonradio-
active methods (3).

2. Materials
2.1. DNA Extraction

1. Lysis buffer A: 0.32M sucrose, 10 mM Tris-HCI1 pH 7.5, 5 mM MgCl,, 1% Triton-100,
autoclave before use and store at 4°C.

Lysis buffer B: 0.075M NacCl, 0.024M EDTA pH 8.0, store at room temperature.

Lysis buffer B containing 0.1% SDS and 100 pg/mL proteinase K.

Lysis buffer B containing 1% SDS and 170 pg/mL proteinase K.

TE Saturated Phenol

1:1 Phenol: chloroform

TE: 10 mM Tris, 0.5M EDTA pH 8.0.

2.2. End Labeling

1. Oligonucleotide primer (CA or F) strand (Research Genetics), supplied at 200 uM, dilute
with water and use at 10 uM. Store at —20°C.

2. 73?P -dATP (Amersham, Arlington Hts., IL).

3. T4 polynucleotide kinase (Promega, U.K.). Enzyme is diluted to 1 U/uL in 50 mM Tris-HC1
pH 8.0 before use as concentrated enzyme can often result in lower levels of incorporation.

Nk wD

2.3. Polymerase Chain Reaction

1. Oligonucleotide primer (GT or R) strand, (working concentration and storage temperature
as for CA strand; see Subheading 2.2.).

2. Tagq polymerase (supplied with buffers and separate magnesium chloride solution).

3. 2 mM dNTP stock (2 mM each dATP, dCTP, dTTP, dGTP).

2.4. Gel Electrophoresis

1. 10% ammonium persulphate, make fresh.

2. Loading buffer: 95% formamide, 10 mM EDTA pH 8.0, 0.05% xylene, 0.05% bromophe-
nol blue, and store at room temperature.

3. 10X TBE: IM Tris-HCI, 0.9M boric acid, 0.01M EDTA, pH 8.3.

4. Gel fix: 10% methanol, 10% glacial acetic acid in water, make up fresh.

3. Methods
3.1. DNA Extraction

3.1.1. From Leukocytes

High molecular weight DNA is prepared from blood leukocytes. A 10-mL venous
blood sample from each patient is collected in EDTA tubes from which leukocyte DNA
is prepared.

1. Lyse red cells in 40 mL lysis buffer A on ice for 10 min.

2. Centrifuge at 1500g for 15 min at 4°C to separate the white cells. Discard supernatant.

3. Resuspend and lyse cell pellet in 2.8 mL lysis buffer B, containing 0.1% SDS and 100 pg/mL
Proteinase K, at 55°C for 2-4 h.
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4. Add an equal volume of phenol, mix slowly for 15 min and spin at 5000g for 15 min.
5. Use alarge bore pipet to transfer the upper aqueous phase to a fresh tube taking care not to
disturb the organic layer.
6. Add an equal volume of phenol:chloroform (1:1) mix slowly for 15 min and spin at 5000g
for 15 min.
7. Transfer the upper aqueous phase to a fresh tube and add an equal volume of chloroform
mix slowly for 15 min and spin at 5000g for 15 min.
8. Transfer the upper aqueous phase to a fresh tube.
9. Adjust to 0.3M with 5M sodium acetate and precipitate with two volumes of ice-cold
absolute ethanol.
10. Centrifuge at 15,000g for 30 min to pellet DNA. Carefully discard supernatant.
11. Wash pellet in 70% ice-cold ethanol and recentrifuge. Discard supernatant.
12. Completely dry the pellet and resuspend in TE for 1-2 h at room temperature.
13. Quantitate DNA at OD 260 nm using a spectrophotometer and dilute and aliquot to
5-10 ng/uL.

3.1.2. From Tumor Samples

Tumors are collected and stored at —70°C until processing. They are then finely
minced with a razor blade and the DNA extracted.

1. Lyse minced tumor tissue in lysis buffer B containing 1% SDS and 170 pug/mL proteinase K.
2. The remainder of the DNA extraction is as the leukocyte method, Subheading 3.1.1.,
steps 4-13.

3.2. Radiolabeling of (CA) Strand Primers

y3?P -dATP is used to end-label one of the primers, generally the CA strand primer.
At all stages where radioactivity is involved, screw-top Eppendorf tubes are used. This
protocol for microsatellite typing is designed for the large-scale typing of tumors. The
volumes of master mixes given are for 96 samples; PCRs are carried out in 96-well
plates so that 48 blood-tumor pairs can be typed in one reaction.

1. Prepare a tube containing 5 UL T4 polynucleotide kinase 10x buffer, 20 uL. DNA primer,
CA strand, 10 uL y3%P -dATP, 11 uL water, and 4 uL. T4 polynucleotide kinase.

2. Incubate at 37°C for 45 min.

3. Place at 68°C for 15 min to inactivate the enzyme. The labeled primer can either be kept
on ice until used or at —20°C in a 1-cm thick perspex box for 3—4 d.

3.3. Polymerase Chain Reaction

The PCR protocol employs a “hot start” approach. The MgCl, concentration most
often used is 1.5 mM. However, sometimes 1 mM or 2 mM are preferred for some
primer pairs (see Note 1). In addition, the melting temperature (7m) of primer pairs
varies depending on nucleotide composition. The 7m of most primers should be >55°C
but, this should be calculated and adjusted and the annealing temperature optimized for
each pair. It is possible to amplify more than one microsatellite sequence in one reac-
tion mixture. Such duplex or multiplex reactions are useful when resources are limited.
The volume of water in the master mix must be adjusted to allow for the increase in
primer volume. It is necessary to check that allele sizes of the different microsatellites
do not overlap as this leads to confusion in scoring. In addition, some primer combina-
tions do not work so it is best to perform a trial before starting large-scale typing.
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1. Mastermix is prepared for 100 reactions to allow for minor losses in pipeting. Prepare a
tube containing: 125 pL 10X Tagq buffer, 100 uL dNTP mix (2 mM stock), 20 puL cold
primer, GT strand, 37.6 pL 50 mM MgCl,, 817.4 uL water. Keep on ice. (If carrying out a
duplex reaction reduce the amount of water in the mastermix by the appropriate volume).

2. Add 1 pL (5-10 ng) DNA into wells of a 96-well dish. It is possible to store the plates at
—20°C at this stage for later use.

3. Prepare Taq polymerase by diluting the enzyme to 1 U/uL with 1xTagq buffer. It is best
to prepare enough enzyme for 1.5 X number of wells. Prepare a tube containing: 15 puL.
10X buffer, 4.5 uL MgCl,, 100.5 uL water, and 30 uL Tag polymerase. Keep on ice.

4. Spin down hot primer mix from Subheading 3.2. and add to master mix. Vortex briefly,
spin down, add 10 uL master mix to each well and then a drop of mineral oil.

5. Transfer plate to PCR machine and denature at 95°C for 10 min. Toward the end of this
period begin to add 1 UL of enzyme to each well and mix well by pipetting up and down.
It may be necessary to pause the program at 95°C to complete the addition of the enzyme.

6. Then perform 27 cycles of 95°C for 1 min, 55°C (or appropriate annealing temperature)
for 1 min, 72°C for 1.5 min followed by a final extension of 72°C for 10 min. At this stage
the samples can either be prepared for loading onto the gel (Subheading 3.4.) or alterna-
tively the plate can be placed in a 1-cm thick perspex box and stored at —20°C for up to a
week before loading.

3.4. Gel Electrophoresis

Before pouring the gel, it is necessary to ensure that the plates are thoroughly cleaned
and free from grease as this will affect the even running of the gel.

1. Wash both glass plates with detergent and rinse well. Clean the larger back plate with
ethanol. Cover the shorter front plate with a thin film of neat ‘Silane’ (y Metha-
cryloxypropyltrimethoxysilane), allow to dry. Wash with water and then ethanol.

2. Using 0.4-mm spacers, clamp plates together and seal with tape or rubber casting foot.

3. Prepare a 6% polyacrylamide sequencing gel. Into a 200-mL beaker, add 80 mL Sequa-
Gel-6 monomer solution (National Diagnostics), 20 mL SequaGel-6 buffer reagent, and
800 UL 10% ammonium persulphate.

4. Mix and pour using a 50-mL syringe. Insert shark’s tooth comb with flat edge toward gel

to form a well and secure with bulldog clips.

Cover with Saran Wrap and allow to set for 45 min. The gel can be stored 1-2 d at +4°C.

6. Clear any unpolymerized acrylamide from the top of the gel using a scalpel, and gently
remove the combs. Untape the plates and transfer to the gel system. Prerun gel at 60 W for
30 min with 1X TBE as running buffer. The plates should be warm to touch (45-50°C).

7. Add 10 uL loading buffer to each sample in the 96-well plate.

8. Denature samples at 80°C for 6 min and place immediately on ice. Fill a large perspex box
with hinged lid with ice and place the plate in this. The lid can be used as a shield while
loading the samples.

9. Wash top of gel with buffer and insert comb to form wells. Load 3 uL sample and run at
60 W for approximately 2 h depending on the expected size of PCR product. The remain-
der of the samples can be stored at —20°C for up to a week and rerun if necessary.

10. Remove gel from the gel system and place in a large plastic tray. Carefully prise the upper
short plate off the gel. Pour a generous amount of fixative onto the gel and leave for 5 min.
Drain off the excess fixative and spread 3MM paper over the gel. Peel back carefully and
place on top of two sheets of blotting paper. Cover with Saran Wrap and cut around the gel.

11. Dry at 80°C for 1-1.5 h using a vacuum drier. Place the dried gel in a cassette, expose to
X-ray film and place at —70°C overnight. Depending on the intensity of bands, a further
exposure may be necessary.

hd
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Tumor 1 Tumor 2 Tumor 3
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Fig. 1. Typical results of microsatellite typing of tumors. Informative deletion maps can be

constructed with the results of LOH analysis using only a small number of markers. [J Reten-
tion of heterozygosity, B Loss of heterozygosity. See text for interpretation.

12. X-ray film can be developed by using either an automatic X-ray film processor or manu-

ally. In the latter procedure, developer and fixer are diluted appropriately in deionized
water according to the manufacturer’s instructions. Place film in developer for 3 min,
wash for 1 min in deionized water, transfer to fixer for 3 min, and then rinse in deionized
water. Allow film to dry and score (see Notes 2-5).

The results of LOH analysis of critical tumors, i.e., those with terminal or interstitial

deletions are usually presented as deletion maps. These chromosome maps give detailed
information of losses and retentions of heterozygosity at each microsatellite locus along
a particular chromosome. Figure 1 shows specimen results from a typical microsatellite
typing of a chromosome performed in a series of tumors. Tumor 1 has a large terminal
deletion with retention of heterozygosity at locus D and loss of all distal loci. Tumors 2
and 3 have smaller interstitial deletions, with losses between loci A and F and loci B
and F respectively. Taking data from all three tumors into account, it is possible to
localize a potential TSG to between loci B and D.

4. Notes

1.

Occasionally, nonspecific bands of various sizes appear in both blood and tumor DNA
lanes, indicating that PCR is not optimal. Optimize PCR conditions to yield a specific
product by adjusting the concentration of MgCl,, by adding 10% DMSO or altering the
annealing temperature of the PCR reaction.

Extra shadow bands are often present below the main allele signal even after PCR optimi-
zation (see Note 1). These are artifacts of PCR. These stutter bands or truncated products
are thought to be the result of polymerase slippage during the primer elongation step and
are less common when amplifying trinucleotide and tetranucleotide repeats.

Often the tumor DNA does not show a clear loss at a particular locus, but the relative
intensities of the two alleles in the tumor sample differ from those in the blood. This
pattern of banding is commonly termed allelic imbalance and results from differences in
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Fig. 2. Autoradiographs showing the pattern of LOH in ovarian tumors. Tumor 9 has an
interstitial deletion on chromosome 9: retention of IFNA and HXB and LOH of D9S53. In
tumor 7, the banding pattern of D9S103 indicates the presence of contaminating normal DNA
in the tumor sample.

dosage of the two alleles. This may indicate underrepresentation of one allele (LOH) with
signal from the second allele derived from contaminating normal cell DNA in the sample
or overrepresentation of one allele (Fig. 2, Tumor 7). Overrepresentation may indicate the
presence of multiple copies of an entire chromosome or local DNA amplification. Accu-
rate estimation of allele dosage can be made using Southern blotting and RFLP markers
followed by phosphoimager analysis.

In some incidences an element of caution is needed in interpreting autoradiographs. A
faint retention of heterozygosity signal from tumor template compared with normal DNA
may be an indication of a homozygous deletion in tumor DNA. This apparent retention
signal can be explained by the presence of small quantities of contaminating normal tissue
in a tumor sample that can contribute disproportionately to the PCR product. Therefore,
the number of PCR cycles must be restricted when testing for homozygous deletions. At a
locus where homozygous deletion is suspected, duplex PCRs are set up using two sets of
primers, one for the marker in question and another for an adjacent informative marker
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Fig. 3. Autoradiographs showing the pattern of LOH and homozygous deletion in bladder
tumors. Duplex PCRs were carried out in tumors 9 and 11 using D9S162 and IFNA and in
tumor 15 using D9S171 and D9S126.

that serves as an internal control. The ratio of intensity of signal from blood and tumor
lanes is compared for both markers. If the signals from both are similar at the control locus
then it is likely that the tumor has a homozygous deletion at the test locus. Figure 3
illustrates the pattern of homozygous deletion in bladder tumors. In tumor 9, the much
weaker signal for IFNA from the tumor template, compared with the blood, indicates
homozygous deletion of this locus. Similarly, tumors 11 and 15 have homozygous dele-
tions of IFNA and D9S736, and D9S171, respectively.

5. Amplification of tumor DNA sometimes produces additional bands that are not present in
the normal DNA. The difference in size is a result of changes in the number of repeat units
in the microsatellite and results from microsatellite instability. This phenomenon was first
described in colorectal cancer as a result of deficient mismatch repair (MMR) and has
recently been observed in a variety of sporadic cancers (4). Mutations in MMR genes
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decrease the capacity of the cell to correct errors during DNA replication. Microsatellite
instability is much more common in tri- and tetranucleotide repeats than in dinucleotide
repeats. This discrepancy may be explained by the underreporting of instances of
microsatellite instability in dinucleotides because of masking of novel alleles by
“stutters”—strand slippage products common to dinucleotide repeats.
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Molecular Genetic Analysis of Flow-Sorted
and Microdissected Ovarian Tumor Cells

Improved Detection of Loss of Heterozygosity

Edwin C. A. Abeln and Willem E. Corver

1. Introduction

Study of loss of heterozygosity (LOH) is widely used to identify chromosomal loca-
tions of putative tumor suppressor genes. In this type of analysis, DNA extracted from
tumor tissue is compared with constitutive DNA from the same patient by the use of
polymorphic DNA markers (1). This approach has two intrinsic limitations. First,
tumor specimens with a high fraction of nonneoplastic cells have to be excluded from
this analysis because LOH in tumor cells may be undetectable, because of the low
concentration of tumor DNA. This may lead to a selection bias, which affects the
representativity of the results. A second limitation is that the analysis of DNA
extracted from homogenized tumor samples may obscure the presence of intratumor
genetic heterogeneity.

In this chapter we describe a method to overcome this limitation: dissociation of
tumor specimens followed by specific staining of cellular macromolecules (proteins
and/or DNA) and flow-cytometric cell sorting. This approach has several advantages:
1) Over 50% of the ovarian malignancies are DNA aneuploid, which provides a select-
able marker for neoplastic cells; 2) different macromolecules can be stained simulta-
neously—specific tumor markers can be used, which makes it possible to recognize
subpopulations of tumor cells; and 3) the speed of the current generation flow-
cytometric sorters allows the analysis of large numbers of cells or nuclei. Hereby very
small (sub) populations can be isolated from a large number of cells. Disadvantages of
the sorting approach are the facts that original histology is lost and that tumors have to
be dissociated directly after surgery although sorting of nuclei is possible from paraf-
fin-embedded specimens (2) and from frozen specimens (3).

We have investigated the possibility to perform molecular genetic (LOH) analysis
on flowsorted tumor cells (4,5). The specific genetic analysis of specified tumor cell
subpopulations may contribute to the understanding of the sequence of molecular-
genetic events in the progression of solid tumors.
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2. Materials

2.1.

1.

2.2.

. mAbs directed against surface antigens [e.g., antiepithelial cell adhesion molecule

b

2.3.

—_

Isolation of Cells from Solid Ovarian Tumors

For DNA-flow-cytometry: Tumor specimens should be fixed in buffered formalin and
embedded in paraffin, the usual standard preservation in pathology laboratories (see Note
1). For multiparameter flow cytometry: fresh tumor tissue is used. Nonneoplastic tissue
for isolation of normal DNA, this may be blood or normal tissue adjacent to the tumor.
Collagenase Type IA and IV (Sigma, St. Louis, MO), hyaluronidase type V (Sigma),
trypsin (GibcoBRL, Gaithersburg, MD), DNase I, type II (Sigma). A mixture of enzymes
can be prepared in DMEM, without FCS, and stored in the freezer. Aliquots of 10 mL are
suitable. The mixture contains: 0.05% collagenase type IA, 0.1% collagenase type IV,
hyaluronidase type V (0.05%), and 0.001% DNase I, type II. Avoid repeatedly freezing
and thawing.

2.5% trypsin stock solution (GibcoBRL) stored at —20°C.

Staining of Cellular Proteins

(Ep-CAM), clone Ber-Ep4 (DAKO, Santa Barbara, CA)], directed against intermediate
filaments (e.g., antikeratin or vimentin, DAKO) or directed against nuclear associated
proteins [e.g., anti-Ki-67 (clone Ki-67, DAKO), antiproliferating cell nuclear antigen
(PCNA, clone PC10, DAKO)].

FITC or RPE conjugated goat antimouse IgG or IgG subclass specific secondary reagents
(e.g., Southern Biotechnology Associates, Birmingham, AL).

Phosphate-buffered (PBS, pH 7.4) paraformaldehyde (PF, E.M. grade, methanol-free, e.g.,
Merck, Rahway, NJ), freshly prepared from 8X stock solution (8.0% PF).

Lysolecithin from egg yolk (Sigma), stock solution 10 mg/mL, dissolved in 100% metha-
nol and stored in the freezer.

Phosphate-buffered paraformaldehyde/lysolecithin solution (80-160 pg/mL).

PBS containing 0.5% bovine serum albumin (PBA) (BSA fraction V, Sigma), pH 7.4.
Store at 4°C.

DNA Staining
RNase (Sigma), 10X stock dissolved in PBS, stored at —20°C.

2. 100 mM propidium iodide (Molecular Probes, Eugene, OR), made from 1M 10X stock

2.4.
. FACStar flow cytometer flow sorter FACSstar (Becton Dickinson, Mountain View, CA)

2.5.
. DNA extraction buffer: 10 mM Tris-HCI, pH 9.0; 1.5 mM MgCl,; 50 mM KCI; 0.01%

solution dissolved in PBS, stored at —20°C (see Notes 2 and 3, about DNA stains).

Special Equipment

equipped with an Argon-ion laser (Coherent, Innova 90) giving a light emission of 300
mW at 488 nm and with Lysis 2.0 software (see Note 4).

Sheath fluid (e.g., Becton Dickinson/Pharmingen or Beckmann/Coulter) or (much
cheaper) phosphate-buffered saline (PBS): 150 mM NaCl (e.g., Merck), 1.165 mM
Na,HPO,.2H,0 (Merck), and 0.234 mM KH,PO, (Merck). This solution must be pre-
pared in highly purified H,O, filtered over a 0.22-um filter. A 10X stock solution of 10 L
(100 L of sheath fluid) is easily prepared and can be stored at room temperature, pH 7.5
after dilution.

DNA Extraction and PCR

gelatin; 0.1% Triton X100, 0.5% proteinase K.
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2. 10X nucleotide mix: 2 mM each dGTP, dTTP, dATP, and 25 mM dCTP (Pharmacia,
Uppsala, Sweden).

3. Loading buffer 0.3% xylenecyanol (Sigma); 0.3% bromphenol blue (Sigma); 10 mM
EDTA pH 8.0; 90% (v/v) formamide.

4. 6.5% polyacrylamide gel containing 7M urea (29:1 acrylamide:bisacrylamide) and run-
ning buffer 0.5 X TBE.

3. Methods

Preparation of cells for flow cytometry is essentially as described in Chapter 56 by
Corver and Cornelisse to which reference can be made for further details. The tumor
sample which is going to be processed for flow-cytometric analysis should be weighed
before dissociation to allow monitoring yield and viability of the tumor cells obtained
from the specimen using the Trypan blue method.

3.1. Isolation of Cells from Solid Ovarian Tumors

1. Fill a flat polystyrene box with ice and put a Petri dish on top of it.
2. Weigh the tumor sample (Petri dish included) and weigh an empty Petri dish. Subtract the
results (= sample weight). Put the sample with the Petri dish on ice.
3. Moisture the tissue with 1.0 mL of standard pre-cooled (4°C) culture DMEM-medium,
without FCS.
4. Cut the tumor sample into fragments of approximately 1-2 mm? using scalpel blades. Use
a pair of tweezers to fix the tumor sample to Petri dish bottom.
5. Incubate fragments overnight at 4°C with 10 mL of DMEM (GibcoBRL), without FCS,
per 1.0 g tissue, containing the enzyme mix.
6. Next day, dissociate tumor chunks at 37°C using an incubator.
7. After 2 h of incubation, add trypsin to a final concentration of 0.25%.
8. After 15 min of incubation at 37°C, gently pass the suspension several times through a
1.5-mm syringe needle and filter over a nylon sieve with a pore size of 100 mm.
9. Put the suspension on ice (4°C) and add FCS to a final concentration of 20% to block
proteolytic activity.
10. Spin cells down at 250g for 5 min. A centrifuge with cooling facility (4°C) is preferred.
11. Vortex the cell pellet gently and add medium dropwise. The volume can range from about
1 to 10 or more mL, depending on the size of the cell pellet.
12. Count the cells using the Trypan blue method applying a hemocytometer (Biirker) cham-
ber. Adjust the cell concentration to 1 X 10%mL and store cells on ice (4°C) until further
preparation.

3.2. Staining of Cellular Proteins
3.2.1. Staining of Surface Proteins (one parameter, no fixation)

1. Use 0.5-1 x 10° cells per test tube and spin cells down for 5 min at 250g. [A cooled
centrifuge (4°C) is preferred.]

2. Discard the supernatant or other medium by turning the test tubes upside down in one stroke.
Keep the tubes upside down and place the tubes in a tube rack containing a tissue, placed on
the bottom of the tube rack. The last drop of supernatant will be taken up by the tissue.

3. Turn the tubes again, add 1.0 mL of cold PBA, vortex gently and spin cells down at 250g,
for 5 min.

4. Discard the PBA in the same way as described by step 2.

5. Add 100 puL of diluted monoclonal antibody (MADb) (e.g., Ber-Ep4, DAKO) to the cells,
vortex gently, and incubate for 30 min on ice (4°C) (see Note 5).
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6. Add 1.0 mL of cold PBA to the cells, vortex, and spin cells down (250g, 5 min, 4°C).

7. Repeat step 6 and add 100 pL of diluted secondary reagent, e.g., goat antimouse Ig-FITC
(DAKO) (see Note 5).

8. Vortex gently and put the cells on ice for 30 min (4°C).

9. Repeat step 6 twice.

10. Add 0.5 mL of ice-cold PBA containing PI at a final concentration of 1.0 uM to the cells,
vortex gently and store the cells on ice (4°C). Low concentrations of PI allow good dis-
crimination between dead and viable cells (see Note 2).

11. Cells are ready for flow-cytometric analysis after 30 min.

Note: Steps 6-8 can be omitted when direct labeled antibodies are applied.

3.3. DNA Staining

1. Add 0.5 mL of 0.1% RNase (in PBA) containing 100 uM of PI.

2. Vortex gently and incubate the cells for 30 min at 37°C using a water-heated incubator.

3. Put the cells on ice (4°C). Cells are ready for flow cytometric analysis after 30 min (see
Note 6).

3.4. Flowcytometric Sorting of Cells and Nuclei

Cells/nuclei are sorted directly in 1.5-mL microfuge tubes.

. Electronic doublet discrimination should be used to omit the sorting of cell aggregates.
The FL2 pulse area must be plotted against the peak pulsewidth, which enables discrimi-
nation of singlets from doublets because the latter have a wider peak pulsewidth (6,7).

3. Two fractions can be sorted simultaneously. A minimum of 1000 cells per fraction should

be sorted.

4. DNA should be isolated directly after sorting or the fractions should be stored at —20°C.

3.5. DNA Isolation from Sorted Cells or Nuclei

1. Adjust the titer of the sorted cells or nuclei to 50 nuclei or cells per uL by adding DNA
extraction buffer.

2. Incubate overnight at 56°C.

3. Incubate 10 minutes at 100°C to inactivate proteinase K.

4. Use directly or store at —20°C.

3.6. Detection of LOH
3.6.1. Polymerase Chain Reaction (PCR)

1. Make for n reactions 1.1z times PCR master mix containing 7 UL sterile water, 1.5 uL. 10X
PCR-buffer (Sphaero Q, HT Biotechnology LTD, Cambridge, UK), 1.5 uL dNTP-mix,
1.5 UL BSA-solution (10%), 1.5 UL primer mix (1 uM of each primer), 0.1 uL 3*P-[y]-dCTP,
and 0.05 UL Super Tag DNA polymerase (Sphaero Q) per reaction (see Notes 7 and 8).

2. Fill out the microtiter plate with 2 uL. of the DNA solution. Samples should be arranged in
couples of normal-DNA and tumor-DNA next to each other.

3. Add 13 pL of the PCR master mix to each well.

Add 1 drop of mineral oil (Sigma-Aldrich, Zwijndrecht, The Netherlands).

5. Run the following PCR program: 5 min 95°C followed by 33 cycles (1 min 94°C, 2 min
primer 55°C, 1 min 72°C) and a final extension of 6 min at 72°C.

DN =

=

3.6.2. Polyacrylamide Gel Electorphoresis

1. Add 1 drop (=10 uL) of loading buffer to each well of the microtiter plate.
2. Denature the samples by heating for 5 min at 95°C
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Snap cool the samples to 0°C on ice to prevent renaturation.

Load 2.5 uL on the polyacrylamide gel.

Run the samples for 2 h at 90 W.

Dry the gel under vacuum at for 2 h at 80°C.

Expose an X-ray film. Usually overnight exposure is sufficient (see Notes 9 and 10).

NownkEwWw

4. Notes

1. Nonbuffered formalin may be acidic and will cause serious random degradation of DNA.
Longer fixation times will, in these cases, yield shorter DNA fragments which will
decrease the chance at successful amplification during PCR. DNA isolated from archival
specimens is known to exist as shorter molecules owing to degradation. Effects of fixative
and retention time are reviewed by Greer et al. (8).

2. Paraformaldehyde (PF) is a water-soluble chemical protein crosslinker. An 8% stock can
be prepared easily by dissolving 8 g of PF in distilled water heated to 60°C, while stirring.
Use a safety cabinet. Avoid evaporation. Add a few drops of 1M NaOH dropwise under
constant swirling until the solution clears. Cool the solution down using running cold tap
water. Filter the solution over a paper filter and store it at 4°C. A 1% PF working solution
can be made by diluting the 8% PF stock in PBS. The pH should be between 7.2 and 7.4.
The stock solution can be stored for several weeks at 4°C. A short fixation with PF [5 min
on ice (4°C)] is sufficient for crosslinking membrane-bound proteins and stabilizing the
cells for permeabilization without significant loss of membrane antigen staining. PF is
unstable in solution and should be freshly prepared, because formic acid is gradually
formed during storage. Discard the stock solution if pH drops below 7.2.

3. Propidium iodide (PI) is the most commonly used DNA stain for flow cytometric analysis
of DNA content. This intercalating dye has a relative high affinity to both dsDNA and
dsRNA, requiring RNase treatment of the cells before analysis. It has a broad excitation
spectrum making it suitable for both UV excitation and visible blue light excitation. The
latter is one of the reasons why PI is a very popular DNA stain, because almost all modern
bench-top flow cytometers are equipped with the blue 488-nm Argon-ion laser, allowing
PI excitation. A disadvantage of the use of PI is the broad orange to red emission spec-
trum, requiring substantial compensation. This makes the combination of PI with other
fluorochromes emitting in the orange range, e.g., RPE, of the spectrum less appropriate.
However, proteins which are highly expressed, e.g., intermediate filaments like keratin
and vimentin, and stained using RPE conjugated reagents can be easily detected in clinical
samples, which were also stained for DNA-ploidy analysis using high concentrations of
PI. Also, spectral overlap of RPE/PI positive cells into the green fluorescence channel can
not entirely be corrected for using hardware compensation facilities. 7-Amino-actinomy-
cin-D (7-AAD, Molecular Probes) is frequently used as an alternative for PI for measure-
ments of multiple cellular proteins in combination with DNA-ploidy analysis using single
laser excitation. This G-C specific DNA dye has a larger “Stokes” shift (difference
between excitation wavelength and maximum emission wavelength) than PI, allowing a
better discrimination between RPE and 7-AAD fluorescent signals. However, Brockhoff
and coworkers clearly demonstrated that 7-AAD also shows considerable spectral overlap
with RPE and that PI is still in favor because of the low CV’s of the DNA-histogram peaks
and good stoichiometry of DNA binding. These findings were confirmed in our laboratory.

4. Flexibility in choice of DNA stain increases using flow cytometers with double (or more)
excitation capability. Recently, PARTEC and Becton Dickinson introduced bench-top
flow cytometers capable of double excitation using a 488-nm Argon-ion laser line and a
Mercury-Arc lamp (UV excitation) or a 488-nm Argon-ion laser line in combination with
ared diode laser (approximate excitation: 635 nm.), respectively. The Mercury Arc-lamp
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Table 1
Microsatellite Markers for Detection of LOH

Chromosomal Primer 1 Primer 2
Marker Location 5 -3 5 -3
D1S103 1q32-qter ACGAACATTCTACAAGTTAC TTTCAGAGAAACTGACCTGT
D3S11 3p21-pl4 TTTCAGAGAAACTGACCTGT GTACACCATCATGAGGAGTCTGG
GLUT2 3q26-q26.3 TCCGTCAGCAGCTATTCTAG CAAATAGTCCTCATGCAGAA
D4S230 4pter-pl5 TAGGAATAGGAAACAAATGCA TTAGGATGCTGACTTCACCA
D6S105 6p22 GCCCTATAAAATCCTAATTAAC GAAGGAGAATTGTAATTCCG
IGF2R 6q25-q27 CTGGTGAATTCAAACAACCT TTTTCTCTGACACCTCAACT
D6S251 6q13-g21.1 TTCCTAACCAGGTTTCAATG ATATTTTTAAAGTAAGTTGCAC
D11S875 1lpter-pl1.2  ACTGTCCTCTCATCCTACTG TACAGAGCTGAGTTTGTAGC
DI11S35 1122 ACAATTGGATTACTACTAGC TGTATTTGTATCGATTAACC
D17S513 17pl3 TTCACTTGTGGGCTGCTGTC TAAGAAAGGCTCCCACAAGCA
D17S579 17ql2-q21 CAGTTTCATACCAAGTTCCT AGTCCTGTAGACAAAACCTG
46E6 17q23-q24 TTCATGGGGCTTACTGTGTTC TAGCACTCTGCCTTCCAACATAC
D17S250 17q11.2-q12 AAAAGGAAGAATCAAATAGAC ATATATTTAAACCATTTGAAAG
D17S520 17pl2 GGAGAAAGTGATACAAGGGA TAGTTAGATTAATACCCACC
D18S40 18p11.2-p11.3 CAAGATAGATGCATTTTCCAGT CATCCAAAGGGTGAATGTGT
D18S35 18ql1-ql12 AGCTAGATTTTTACTTCTCTG CTGGTTGTACATGCCTGAC
D18S34 18ql1 CAGAAAATTCTCTCTGGCTA CTCATGTTCCTGGCAAGAAT
MBP 18q22-qter GGACCTCGTGAATTACAATC ATTTACCTACCTGTTCATCC
DXS453  Xpl.23-q21.1 GCCCCTACCTTGGCTAGTTA AACCTCAGCTTATACCCAAG
XS454 Xq21.1-g23 AGAAGACATAAGGATACTGC GATCCCAACTATTTCTTTCT

can be used for excitation of DAPI (2,4 diamidino-6-phenylindole, Molecular Probes),
allowing analysis of multiple proteins and DNA with minimal spectral crossover prob-
lems. DAPI is a DNA specific dye with excellent DNA binding characteristics. The red
diode laser can be used for the excitation of TO-PRO-3 Iodide (TP3, Molecular Probes), a
recently developed DNA dye. Its usefulness as DNA dye has already been proven in clini-
cal samples stained for two cellular proteins and DNA, analyzed by a double-excitation
flowcytometer. Instead of a FACSstar, other sorters may be used as well. The advantage
of a droplet sorter is that the volume of the sorted fractions remains relatively small even
if very small subpopulations are sorted.

. One of the major drawbacks of flow cytometry is the lack of visual control of the stained
cells being analyzed. mAbs, which are going to be used for flow-cytometric analysis,
must be carefully selected, especially mAbs directed against intracellular antigens. Stain-
ing for intracellular antigens is sensitive to nonspecific binding of mAbs (e.g., p53). None-
theless, many antibodies suitable for immunohistochemistry can also be used for flow
cytometry. However, the MAb must comply with certain criteria. The antibody must be
titrated using cells expressing the target protein (positive control) and cells lacking the
protein of interest (negative control). Cells must also be cultured on cover slips or spotted
on glass sections allowing microscopically examination of protein localization using the
same fixation, permeabilization, and staining procedure used for flow cytometry. Results
should be compared to data from literature or the signals should at least be localized at the
expected site of the cell. Standard immunohistochemistry on tissue section can contribute
to verification of the antibody (e.g., antikeratin antibodies should not react with the stro-
mal compartment of a tumor). Western blotting must confirm the expected size of the
protein of interest.
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6.

10.

A prolonged storage of the cells at 4°C in the presence of PI will improve the CV’s of the
DNA histograms peaks. Stained and PF fixed, lysolecithin permeabilized cells can be
stored for several days at 4°C without significant loss of cell surface fluorescence (author’s
observations).

. The loading buffer contains some water to help the buffer pass the oil layer on top of the

PCR reaction.

Some useful microsatellite primers that give easy interpretable banding patterns are listed
in Table 1 (primer sequences were retrieved from Human Genomic Data Bank from the
Johns Hopkins University School of Medicine, Baltimore, MD).

The use of amplification screens may shorten the needed exposure time. However, it also
results in broader bands, which hampers the interpretation. Therefore, longer exposures
without screens are preferable.

LOH can be scored by visual comparison of the intensity of alleles of constitutional and
tumor DNA on autoradiograms (9-11). Owing to the applied enrichment steps, this is
usually easy. In some cases, despite the selection of specific cells, heterogeneity may still
be present and can cause less easy interpretable bands. In those cases, densitometry is
advisable.
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SSCP and Sequence Analysis
of p53 Mutations in Ovarian Tumors

Anil K. Sood and Richard E. Buller

1. Introduction

The p53 tumor suppressor gene encodes a 53-kD nuclear phosphoprotein and is the
most commonly altered gene in human cancers (1). There are a large variety of meth-
ods currently employed for detection of alterations in the p53 gene. The reported
abnormalities in p53 have been detected with a variety of techniques including immu-
nohistochemical staining (IHCS) as a primary screening modality and less frequently
single-strand conformation polymorphism (SSCP) screening. However, certain muta-
tions such as frameshift mutations may not be detectable by IHCS, and most studies
using SSCP have limited their search to exons 5-8 (2). As shown previously by our lab,
this strategy can lead to underreporting of the true frequency of p53 null mutations (3).
We routinely perform a complete evaluation of the p53 open reading frame (exons
2—-11) using SSCP analysis with an estimated sensitivity of over 90% (3). This approach
significantly enhances the detection of null mutations, especially insertion/deletion
type mutations.

Single-strand conformation polymorphism analysis (SSCP) was introduced in 1989
by Orita et al. and provides rapid analysis of genes of interest (4). The DNA segment of
interest is amplified by polymerase chain reaction (PCR), the strands of the PCR prod-
uct are separated by denaturation, then submitted to gel electrophoresis under
nondenaturing conditions. Each individual strand may self-anneal and fold to achieve
the most thermodynamically stable conformation. Electrophoretic differences occur
with as little as a single base change if the amplimer is not too large. There is no single
recipe for SSCP that is adequate for screening various regions of the p53 gene. Opti-
mally, these parameters are determined for each new pair of amplimers. We present
different SSCP methods for different exons to obtain optimal mutation detection.

Direct sequencing is a powerful technique that enables search for mutations in a
defined fragment of DNA rapidly. Tumor DNA with suspicious migratory patterns on
SSCP analysis can be sequenced to identify the specific mutation. The general approach
to sequencing includes: 1) amplification of the desired double-stranded DNA template;
2) purification of the PCR product to remove residual primers, nucleotides, and salts;
and 3) use the purified DNA as a template for the sequencing reaction using a single
end-labeled forward- or reverse-primer.

From: Methods in Molecular Medicine, Vol. 39: Ovarian Cancer: Methods and Protocols
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2. Materials
2.1. Single-Strand Conformation Polymorphism (SSCP)

These reactions can be run on either nondenaturing polyacrylamide gels or Mutation
Detection Enhancement (MDE™) gels. The specific types of gels will be specified for
each exon under methods.

v-[3?P] ATP (10 mCi/mL, Amersham, Arlington Heights, IL).

Tag DNA Polymerase (5 U/uL, with buffers included, Boehringer Mannheim, Germany).
dNTP (2 mM each dATP, dCTP, dGTP & dTTP).

Dilution buffer (0.1% SDS, 10 mM EDTA, pH 8.0).

SSCP loading dye for polyacrylamide gels: 95% formamide, 20 mM EDTA, 0.05% bro-
mophenol blue, and 0.05% xylene cyanol

SSCP loading dye for MDE gels: 95% formamide, 10 mM NaOH, 0.25% bromophenol
blue, and 0.25% xylene cyanol.

7. The polyacrylamide gels are 6% nondenaturing gels with or without 5% glycerol.

For MDE, gels the prepared material is provided by FMC Bioproducts (Rockland, ME).

9. The gel buffer for polyacrylamide gels is 1X TBE with or without 5% glycerol. 0.6X TBE
buffer is used for the MDE gels. (10X TBE: Dissolve 242 g Tris-base, 123.4 g boric acid,
and 14.88 g EDTA in 4 L of dH,O, pH 8.3).

Nk WD =

o
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2.2. Labeling Reaction for Primers

1. Polynucleotide kinase (PNK) and buffer: 70 mM Tris-HCI (pH 7.6), 10 mM MgCl,, 5 mM
dithiothreitol.

2. Fix solution (for polyacrylamide gels): 15% acetic acid/15% methanol (v/v). This solution
can be stored at room temperature and reused 5—6 times.

2.3. Sequence Analysis

1. Fmol® DNA Sequencing System (Promega Corporation, Madison, WI) which includes:
Sequence grade T4 PNK. Sequence grade T4 PNK buffer (10X): 500 mM Tris-HCL, pH
7.5 at 25°C, 100 mM MgCl,, 50 mM dithiothreitol, 1 mM spermidine. Sequence grade Taq
polymerase

2. 5X reaction buffer: 250 mM Tris HCI, pH 9.0 at 25°C, 10 mM MgCl,.

3. Stop solution: 95% formamide, 10 mM NaOH, 0.05% bromophenol blue, 0.05% xylene
cyanol.

4. Loading dye for agarose gel: 0.25% bromophenol blue, 0.25% xylene cyanol, and 30%
glycerol.

5. Gels: 8M urea, 8% polyacr