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Abstract The purpose of this study was to systematically evaluate the molecular profiles of different histologic
types of epithelial ovarian cancer before the disease has metastasized beyond the ovary. Stage 1
epithelial ovarian cancers were chosen for analysis of early genetic events associated with different
cell types. Allelotyping of 47 cases was performed using 224 polymorphic markers. Analysis with
Fisher’s exact test found markers specific for grade 3 tumors and clear cell histology. Hierarchal
clustering analysis using dChip software revealed that the pattern of allele loss in eight regions on
four chromosomes led to grouping of grade 3 tumors, endometrioid (grades 1 and 2) tumors, and
clear cell tumors. We conclude that ovarian cancer is a heterogeneous disease in which histologic
phenotypes correlate with distinct genetic patterns.� 2005 Elsevier Inc. All rights reserved.
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1. Introduction

Ovarian cancer is the most deadly gynecologic ma
nancy in the United States. It is estimated that 16,210 de
will be caused by ovarian cancer in the year 2005[1]. The vast
majority of ovarian cancers are carcinomas of the surf
epithelial type[2], and typically present at an advanc
stage with metastases beyond the ovary. Most patients
tially respond to treatment, but these cancers tend to recur
when they do, they are usually fatal. Many tumor suppres
genes are implicated in the behavior of ovarian cancer. Th
include theTP53 gene, which is associated with disea
metastasized beyond the ovary and appears to play a
chemotherapy resistance[3,4]. Additional tumor suppresso
genes implicated in ovarian cancer pathogenesis inc
CDKN2A (aliasp16), CDKN1A (aliasp21), CDKN1B (alias
p27), DOC2, andDPH2L1 (aliasOVCA1) [5–9].

Though our knowledge of the pathways important
ovarian cancer pathogenesis is growing, most investigat
of the genetic basis of ovarian cancer fail to consider
heterogeneity of the disease. According to World Hea
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Organization (WHO) criteria, epithelial ovarian cancers
divided into four major histologic subtypes[10]. Serous
carcinomas are the most common form of ovarian ma
nancy, with epithelial cells resembling those of the fallopi
tube. They comprise ~50% of primary epithelial ovari
cancers. Mucinous carcinomas are cystic tumors with locu
lined with mucin-secreting epithelial cells resembling eith
endocervical or colonic epithelium. They comprise ~10
of epithelial ovarian cancers. Endometrioid and clear c
lesions each account for ~10% of epithelial ovarian canc
These neoplasms are thought to arise from foci of endom
osis and endometriotic cysts within the ovary[11]. The clear
cell type of ovarian cancer has consistently been sho
to behave very differently from the more common sero
cancers. Other, less common cell types include Bren
mixed epithelial type, and undifferentiated carcinomas. E
subtype, with the exception of clear cell, is further divid
into three grades[12]. One of the challenges in performin
studies correlating molecular factors with clinical outcom
in ovarian cancer is collecting adequate specimens to acc
for the heterogeneity of tumor type.

Genetic research focusing on the molecular basis of dif
ent ovarian cancer histologies is further complicated
the fact that most patients present with advanced-s
disease. Study of these advanced cancers cannot isolate
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genetic events associated with pathogenesis. For this rea
the genetic exploration of less common stage I cance
where disease is limited to the ovary, may provide uniq
information.

The present study compared the allelotypes of differe
histologic subtypes of early ovarian cancer (before dissem
nation beyond the ovary), to gain insight into the correlatio
of genetic events and phenotype.

2. Materials and methods

2.1. Tissue samples

We collected a total of 47 surgically assessed stag
epithelial ovarian cancers from the Brigham and Women
Hospital and Massachusetts General Hospital in Bost
MA, and the Prince of Wales Hospital in Hong Kong. Th
internal review boards of the three institutions approv
the study. For all cases, formalin-fixed paraffin-embedd
samples were obtained from pathology archives, and
viewed by a pathologist. The cases comprised 14 sero
9 mucinous, 12 endometrioid, and 12 clear cell cance
Excluding clear cell histology, there were 12 grade 1, 1
grade 2, and 13 grade 3 cancers. There were two ser
cases of disease that were apparent only with microsco
evaluation, including one grade 1 (case 3317) and one gr
2 (case 7024). For each case in the study, normal tissue
also collected.

2.2. DNA isolation and allelotyping

Sections measuring 6µm were cut and mounted onto
plain glass slides. The tissue was stained with methyle
green, then deparaffinized using xylene, and rehydra
using serial ethanol solutions of 100, 95, and 70%. Tum
was isolated using laser capture microdissection of paraffi
embedded samples using the PixCell II capture microdiss
tion system (Arcturus Engineering, Mountain View, CA)
Approximately 5,000 tumor cells were collected per cas
these digested with proteinase K for 72 hours, then he
inactivated at 95�C for 10 minutes. Degenerate oligonucleo
tide primer–polymerase chain reaction (DOP-PCR) was us
for whole-genome amplification[13]. For each tumor speci-
men, normal tissue from the same patient was also proces

A total of 224 polymorphic markers spanning 23 chromo
somes (Applied Biosystems, Foster City, CA) were evaluat
for loss of heterozygosity (LOH) using standard PCR met
ods. Amplified PCR products were run on an ABI PRISM
310 automated DNA sequencer (Applied Biosystems). A
lelic products were assessed for peak height and peak a
using Genescan and Genotype software (Applied Bios
tems), and ratios of the areas of heterozygous normal a
tumor alleles were calculated. A 50% decrease in one all
was considered indicative of allele loss. For each ca
72–90% of alleles were informative, with frequency of LOH
ranging from 60–90%.
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2.3. Statistical analysis

Two statistical approaches were used to analyze the da
First, Fisher’s exact test with a false discovery rate (FDR
set at 1–5% to control for multiple comparisons was use
to identify markers specific for cell type and grade. Th
second statistical approach was a novel hierarchal cluster
performed using dChip software. This biostatistical packa
infers LOH from the data set and then performs a clusterin
analysis based on a chosen threshold LOH score, as
been previously described[14]. The software is available
online at http://www.dchip.org.

3. Results

3.1. Traditional analysis using Fisher’s exact test

The traditional Fisher’s exact test with the FDR set a
1% revealed three markers specific for grade 3 tumors
chromosome 17: D17S1795 (P � 0.000017), D17S787
(P � 0.000074) and D17S836 (P � 0.000081). For cell type
comparison, the same analysis method with an FDR of 5
revealed D11S901 (P � 0.000053) and D17S944 (P �
0.00039) to be significant markers for clear cell cancers.

3.2. Clustering analysis

Using the dChip software with a LOH score of�1.0, leads
to grouping of three distinct subtypes including 92% of grad
3 tumor; 100% of endometrioid tumors grades 1 and
and 58% of clear cell tumors (Fig. 1). Eight distinct regions
on four chromosomes defined this clustering pattern inclu
ing chromosome regions 5q13.3~5q21.2, 6p25.1~6p21
6q22.3~6q27, 13q12.11~13q31.3, 17p13.3, 17p13.
17p13.2, 17p13.1~17q11.2, and 17q23.2~17q24.2 (Table 1).
This analysis does not associate loss in specific regio
with distinct histologic subtypes; rather, these eight regio
together produce the clustering of different histologies.

4. Discussion

The present study clearly shows that ovarian cancer is
heterogeneous disease in which histologic phenotypes co
late with distinct genetic events. We draw this conclusio
from the evaluation of 47 Stage 1 ovarian cancer cas
in which disease is isolated to the ovaries. Our series
specimens included surgically assessed cases of serous,
cinous, endometrioid, and clear cell histologies. Althoug
advanced ovarian cancer is more than three times as comm
as Stage 1 cancer, we purposely excluded advanced ca
from this study, because the genetic fingerprint in widespre
disease is likely to be associated more with metastatic pot
tial than with early development of cancer. For example,
is known that theTP53 gene is more commonly overex-
pressed in metastatic ovarian cancer than in early ovar
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Fig. 1. The LOH map for the entire genome is shown (blue, LOH; yellow, no LOH; gray, uninformative; white, no data). Histopathologic descr
(C, clear cell; M, mucinous; E, endometrioid; S, serous) and grade (1, 2, and 3, with� for clear cell) are identified for each case. Along the right, the
shaded box shows a LOH score threshold of�1.0, represented by the red line. The blue line is the LOH score proportional to the frequency of LOH ac
all samples. Eight chromosomal regions with LOH reaching levels to the right of the red LOH score threshold define the clustering pattern show
top of the figure. The eight LOH regions are described in Table 1.
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cancer[3,4]. This is the first published study of ovarian cance
genetics in Stage I tumors only.

Allelotyping a cancer involves identifying regions where
one copy of a heterozygous marker has been lost. Loss
heterozygosity (LOH) is thought to be a vital componen
of the inactivation of tumor suppressor genes. To comple
the process, the opposing allele must also be lost or mutat
Not every site of LOH exposes a tumor suppressor ge
[15]. It is believed that LOH may also be a marker fo
genetic fragility, with cancers displaying allele loss at wea
points throughout the genome. These LOH patterns m
contribute to the overall phenotype of the tumor[16]. In the

Table 1
Summary of the eight regions that resulted in clustering of three
distinct histologic subtypes

No. Region Flanking marker 1 Flanking marker 2

1 5q13.3~5q21.2 D5S424 D5S433
2 6p25.1~6p21.2 D6S1574 D6S1610
3 6q22.3~6q27 D6S287 D6S281
4 13q12.11~13q31.3 D13S175 D13S265
5 17p13.3 D17S849 D17S831
6 17p13.3~17p13.2 D17S831 D17S938
7 17p13.1~17q11.2 D17S182 D17S1824
8 17q23.2~17q24.2 D17S957 D17S1816
f

d.
e

y

present study, we chose to analyze patterns of allele loss
different histologic types of tumors.

We used two statistical packages to analyze allele lo
patterns. The traditional Fisher’s exact test revealed speci
markers associated with grade 3 tumors and clear cell tumo
Our analysis involved screening of too few individual mark
ers (5–15 per chromosome) to find alleles linked to eac
subtype and grade. The dChip software is a cutting-edg
tool that facilitates the inference of regional LOH from ex-
isting data. Furthermore, this software defines several r
gions, rather than individual alleles, whose LOH patter
allows for clustering of cases.

Our data clearly show that tumor types have distinc
complex genetic fingerprints. The clustering groups ident
fied in our data set coincide with loss of alleles in eigh
different chromosomal regions leading to grouping of grad
3 tumors, endometrioid tumors (grades 1 and 2), and cle
cell tumors (Fig. 1). It is notable that 12 of 13 grade 3
tumors, regardless of histology, clustered together. Th
result complements the clinical observation that grade is
more relevant prognostic indicator than cell type.

Studies that fail to perform analyses accounting for ova
ian cancer variety may miss important characteristics o
different histologies. Ultimately, this may retard the ques
for biochemical markers and targeted treatments. As ovari
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cancer research enters the era of high-throughput technol
for evaluation of molecular characteristics, it is importa
to recognize the diversity of the disease. The genetic hete
geneity of epithelial ovarian cancer also has important clin
cal implications for strategies of early detection wit
biomarkers, prevention, and treatment.
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