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Abstract
Objectives—To define patterns of aberrant DNA methylation, p53 mutation and Her-2/neu
overexpression in tissues from benign (N=29), malignant (N=100), and border line malignant ovaries
(N=10), as compared to normal (N=68) ovarian tissues. Further, to explore the relationship between
the presence of genetic and epigenetic abnormalities in ovarian cancers, and assess the association
between epigenetic changes and clinical stage of malignancy at presentation and response to therapy.

Methods—The methylation status of 23 genes that were previously reported associated with various
epithelial malignancies was assessed in normal and abnormal ovarian tissues by methylation specific
PCR. The presence of p53 mutation (N=82 cases) and Her-2/neu overexpression (N=51 cases) were
assessed by DNA sequencing and immunohistochemistry, respectively.

Results—Methylation of four genes (MINT31, HIC1, RASSF1, and CABIN1) was significantly
associated with ovarian cancer but not other ovarian pathology. Her-2/neu overexpression was
associated with aberrant methylation of three genes (MINT31, RASSF1, and CDH13), although
aberrant methylation was not associated with p53 mutations. Methylation of RASSF1 and HIC1 was
more frequent in early compared to late stage ovarian cancer, while methylation of CABIN1 and
RASSF1 was associated with response to chemotherapy.

Conclusion—DNA methylation of tumor suppressor genes is a frequent event in ovarian cancer,
and in some cases is associated with Her-2/neu overexpression. Methylation of CABIN1 and
RASSF1 may have the utility to predict response to therapy.
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Introduction
Early stage ovarian cancer (OC) is highly curable, with a 5-year survival of 90% for women
presenting with disease limited to the ovary [1]. Unfortunately, at present most women have
advanced stage disease at the time of initial diagnosis, and despite aggressive treatment, have
poor 5-year survival rates (10–20%) [1]. Developing strategies for early diagnosis and
improved treatment of OC will likely require gaining insights into the molecular pathogenesis
of OC which presently remains largely undefined [1]. In general, progression to cancer is
associated with loss of function of genes regulating tumor suppression, DNA repair, apoptosis,
and gain in function of oncogenes that facilitate development of malignancy. Complete loss
of function of a gene generally requires changes in both copies of the gene, either as a result
of the acquisition of heritable changes in DNA sequence (genetic mutations or loss/deletion),
and/or through acquisition of “epigenetic” changes (heritable changes in gene expression not
related to alterations in the primary nucleotide sequence) such as DNA hypermethylation [2].
Both pathways play a role in most sporadic cancers. Previous studies have examined mutations
in a large number of OCs and shown that 5–10% of familial OC contain mutations of BRCA1,
BRCA2 and mismatch repair genes (hMSH2 or hMLH1), with up to 50% of sporadic OC
containing p53 mutations. Further, 10–20% of sporadic OC have been described as having
overexpression of Her-2/neu [3]. Such changes have been shown to play a central role in the
pathogenesis of OC [1] and to influence responses to therapy [4]. Fewer data are available
concerning epigenetic changes associated with OC. Aberrant DNA methylation of a few genes,
which are commonly methylated in many other cancers [2], has been reported to be present in
OC cell lines and in a small number of primary OCs examined thus far. However, studies of
OC associated changes in methylation have been limited by the examination of only a small
number of genes, and by the lack of inclusion of adequate numbers of normal ovarian tissue
controls [5–11], making it difficult to interpret the significance of reported findings.

Although it is well established that both genetic and epigenetic alterations play important roles
in ovarian cancer tumorigenesis, little is known about whether these two pathways interact and
collaborate during tumor development. Several recent studies of colon and non-small-cell lung
cancers have reported specific associations between genetic and epigenetic changes [12,13].
For example, methylation of five genes (CDKN2A, MINT1, MINT2, MINT31 and MLH1)
has been associated with mutations of BRAF in colon cancer [14], and methylation of
CDKN2A has been associated with K-ras mutations in non-small-cell lung cancer [12]. This
has not yet been examined in the case of OC.

To gain further insight into the relationship between genetic and epigenetic changes in sporadic
OC cancer and response to therapy, we examined stored tissues samples from women with and
without primary OC for the presence of p53 mutations, Her-2/neu overexpression, and DNA
hypermethylation of 23 genes frequently hypermethylated in other epithelial malignancies
[5,15–27]. All tissues from women with OC were obtained prior to treatment.

Materials and Methods
Collection of clinical specimens

Ovarian tissues and associated clinical information from 207 women, including 68 with normal
histology, 29 with benign ovarian disease (including serous cystadenoma, serous
cystadenofibroma, mucinous cystadenoma, endometriosis, and simple cyst), 10 with serous
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carcinoma of low malignant potential (LMP) and 100 with ovarian carcinoma were obtained
from the ovarian SPORE tissue bank as approved by the Institutional Review Board of the
Fred Hutchinson Cancer Research Center (Table 1). These tissues had been originally collected
from women undergoing ovarian-related surgery for one of the following reasons: pelvic mass,
uterine fibroids, cervical-related diseases, or endometrial-related diseases (with malignant,
benign or normal ovaries) and were placed in 1 ml Specimen Transport Media (STM) (Qiagen,
Valencia, CA). Of the 100 patients with OC, 91 subsequently received carboplatin-paclitaxel
chemotherapy. Patients were followed for 5 years after surgery and survival information was
extracted from their medical records. Among patients who received chemotherapy, responsive
cases were defined as those who had a progression-free survival of at least 6 months after the
completion of chemotherapy. Non-responsive cases were defined as patients who progressed
through, had persistent disease at the completion of chemotherapy, or had recurrent disease
within 6 months after the chemotherapy. None of the study subjects had a family history of
breast cancer and/or OC, or BRCA1 germ-line mutations. Some of the demographic data were
missing because earlier questionnaires did not effectively capture those specific data (Table
2).

DNA isolation from ovarian tissue and examination for methylation by methylation specific
PCR (MSP)

Ovarian tissues collected in STM were digested with proteinase K at 37°C overnight. Genomic
DNA was isolated from 200 µl of digested tissue using the QIAamp blood DNA mini kit
(Qiagen, Valencia, CA). DNA concentration was determined with the Picogreen dsDNA assay
(Molecular Probes, Eugene, OR). One microgram of genomic DNA was bisulfite modified
using Intergen’s CpGenome DNA modification kit (Chemicon International, Temecula, CA)
[28]. Briefly, genomic DNA was modified by sodium bisulfite, desulfonated with NaOH,
purified and resuspended in TE (10 mM Tris,0.1 mM EDTA, pH 7.5). Human sperm DNA
and in vitro methylated (using SssI CpG methyltransferase) human sperm DNA were converted
with sodium bisulfite along with clinical DNA samples, and used as unmethylated (U) and
methylated (M) control DNA respectively. Primers specific for methylated DNA were
designed for each of the 23 genes examined (MINT31, HIC1, RASSF1, APC, BRCA1, CDH1,
TERC, CDH13, CABIN1, RARB,SYK, DAPK1, CDKN2B, ERBB2, MLH1, CDKN2A,
GSTP1, PRDM2, CPG15G2, BIRC5, TES, TP73 and ESR1) (Table 3). Hot start PCR was
performed using AmpliTag Gold (Applied Biosystems, Foster City, CA) and the following
parameters, 95°C for 5 min; 35 cycles of 95°C for 45 sec, Ta°C for 45 sec (Table 3), 72°C for
1 min; 72°C for 10 min. PCR products were analyzed on a 2% agarose gel containing ethidium
bromide. Methylation of a specific gene was considered to be present if both the specimen and
the M control DNA, but not the U control DNA, were amplified. The methylation index (MI)
was calculated by dividing the number of genes methylated in each sample by the number of
genes examined.

p53 mutation analysis
Adequate material was available from 82 of the cases of OC examined above for aberrant
methylation to carry out additional analyses for p53 mutations. There were no significant
differences in frequency of methylation between OC cases with and without material available
for p53 analyses (data not shown). Because mutations in exons 2, 3 and 11 are known to be
exceedingly rare in OC [29], we sequenced exons 4–10 of the p53 gene. DNA isolated from
OC tissue was amplified in separate PCR reactions for p53 exons 4–10 [29]. PCR products
were purified and sequenced with Big Dye Terminator chemistry (Perkin-Elmer, Boston, MA)
and run on an ABI 3100 DNA sequencer (Applied Biosystems, Foster City, CA). Sequencing
data were analyzed with Sequencher software (Gene Codes Corporation, Ann Arbor, MI). All
mutations were confirmed in two separate sequencing reactions.
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Immunohistochemical analysis of Her-2/neu overexpression
Material was available from 51 of the cases of OC for immunohistochemical analysis of Her2/
neu overexpression. There was no significant difference in the frequency of methylation
between OC cases with and without material available for Her2/neu overexpression analyses
(data not shown). Four-micron sections of formalin fixed paraffin embedded tissue were cut
and placed on Superfrost Plus microscope slides (VWR, San Francisco, CA). The tissue
sections were deparaffinized and rehydrated through graded alcohols. Endogenous peroxidase
activity was blocked by incubation in 3% H2O2. Antigen retrieval was carried out with 0.01M
citrate buffer pH 6.0 and microwave heat induction. Approximately 100 µl of the primary rabbit
polyclonal antibody (diluted 1:8,000) (DakoCytomation Carpinteria, CA) or antibody diluent
lacking the primary antibody was applied to each slide. The slides were washed, and a
biotinylated anti-rabbit antibody (diluted 1:500) (Vector Laboratories Burlingame, CA) was
applied. After a second wash, the avidin-biotin-peroxidase complex (Vector Laboratories
Burlingame, CA) was applied. Color development was accomplished by incubation in
diaminobenzidine with 3% H2O2 as a substrate, and nickel chloride enhancement. The slides
were counterstained with methyl green, dehydrated through graded alcohols, cleared in xylene,
and coverslipped with permanent mounting media. All cases were reviewed and scored without
knowledge of other laboratory or clinical results. A case was scored as positive for Her-2/neu
overexpression if it exhibited a staining intensity of 2+ to 3+ with circumscribed membrane
staining in more than 10% tumor cells, but not in normal tissues. A case was scored as negative
for Her-2/neu overexpression if staining was absent, staining intensity was 1+ or less, or if
circumscribed membrane staining was absent regardless of staining intensity. Each batch of
slides was run with a known tissue lacking Her-2/neu overexpression as the negative control
and a known tissue with Her-2/neu overexpression as the positive control.

Statistical analysis
All statistical analyses were conducted using SAS version 9.1 (SAS Institute Inc., Cary, NC).
Pearson’s chi-square tests were used in univariate analyses to compare dichotomous variables
and Student’s t-tests were used to compare continuous variables. Multivariable logistic
regression, adjusting for age, was used to determine differences in methylation frequency of
each gene in women with OC and those with normal or benign histology. In that analysis, p-
values and 95% confidence intervals were adjusted to take into account multiple comparisons
by setting the false discovery rate (FDR) equal to 0.05, using PROC MULTTEST [30] and
subsequently recalculating confidence intervals [31]. In order to assess the potential importance
of gene methylation by biologic mechanism, genes shown to be more frequently methylated
in cancers compared to controls were grouped into eight non-mutually exclusive biologic
pathways, including apoptosis (DAPK1 and HIC1), cell adhesion and invasion/metastasis
(CDH13, APC, CDH1), cell cycle control (RASSF1, APC, CDKN2B), cell proliferation/
differentiation (RARB, SYK, ERBB2), DNA repair/detoxification (BRCA1, HIC1), calcium
and MAPK signal transduction (MINT31), signal transduction and chromatin modification
(CABIN1), and cellular senescence (TERC). Logistic regression was additionally used to
determine differences in methylation frequency of each gene in OC patients in relation to
clinical stage, response to chemotherapy and p53 mutation status or Her-2/neu overexpression,
and odds ratios (OR) and 95% confidence intervals were calculated based upon test-based
methods. Differences in MI between clinical and pathologic variables were assessed using
Quasi-Poisson regression modeling, to take into account overdispersion potentially induced
by the clustering of methylation of multiple genes in the same subject [32]. Kappa statistics
were used to evaluate gene-specific concordance. A two-sided 0.05 test level determined
statistical significance for all analyses.
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Results
Subjects with ovarian carcinoma were significantly older (62.1 vs. 54.9, p<0.001; Table 3) and
were more likely to be menopausal (94% vs. 59%, p<0.001) compared to those subjects with
normal ovarian tissues (i.e. normal pathology) and benign (serous cystadenoma, serous
cystadenofibroma, mucinous cystadenoma, endometriosis, and simple cyst) ovarian disease.
Most subjects were Caucasian (91%), had at least one pregnancy (84%) and had a history of
birth control usage (63%); these rates did not differ between women with ovarian carcinoma
and with normal histology or benign disease. No study subjects reported a family history of
breast cancer or OC.

Association of gene hypermethylation and OC
Overall, the prevalence of methylation for each of the genes examined varied from 0% to
88.7%. Seven genes (MLH1, CDKN2A, GSTP1, PRDM2, BIRC5, TES and TP73) were rarely
methylated (0–1.6%) while two genes (ESR1 and CpG15G2) were frequently methylated
(42.7% and 88.7% respectively) in all ovarian tissues regardless of histological diagnosis (data
not shown), and were therefore excluded from further analysis. On average, tissues from OCs
had a higher MI than did tissues from normal ovaries and ovaries with benign pathology (0.18
vs. 0.07, p<0.001) (LMP tissue samples were excluded from the analysis), with methylation
of four genes (MINT31, HIC1, RASSF1, and CABIN1) occurring significantly more often in
OC tissues than in normal or benign ovarian tissues, with odd ratios ranging from 4.1 to 20.4
(Table 4). The remaining genes (APC, BRCA1, CDH1, TERC, CDH13, RARB, DAPK1, SYK,
CDKN2B, and ERBB2) all had increased rates of methylation in cancer compared to normal/
benign tissues, but these differences did not attain statistical significance after adjustment for
multiple comparisons. A representative gel electrophoresis of MSP analysis of these genes was
presented in Figure 1.

A number of genes (MINT31, APC, CDH1, SYK, CDH13, and RARB) showed increased
frequency of methylation in ovarian tissues with benign pathology (n=29) as compared to
normal tissues (n=68), but again, these differences were not statistically significant. Although
SYK methylation was detected in only 1 (1%) of 67 normal tissues and in 6 (6%) of 97 OC
tissues, it was detected in 4 (14%) of 29 benign ovarian tissues (2 serous cystadenoma, 1 serous
cystadenofibroma and 1 benign cyst). As regards to LMP tumors (n=10), methylation of
MINT31 was present in 40% of LMP tumors, but only in 10% of normal ovarian tissues
(OR=5.8, 95% CI=1.3–26). Methylation of the other genes examined did not differ between
LMP tumors and normal tissues. All of the genes examined, except MINT31, SYK, and
CDKN2B, appeared to be more common in ovarian cancerous tissues as compared to LMP
tumors, although this increase was significant only for RASSF1 (OR=7.0, 95% CI=1.1–∞)
(data not shown).

Aberrant methylation of multiple genes was noted in 60 of 78 (77%) OC tissues. In order to
assess whether, within a cancerous tissue sample, certain genes were usually methylated
independently or concordantly, we analyzed the methylation status of all gene pair
combinations. A number of genes within a sample tended to be concurrently hypermethylated.
For example, these eight gene pairs were frequently methylated in the same cancerous tissues:
MINT31 and RASSF1A (kappa=0.45), MINT31 and HIC1 (kappa=0.41), RASSF1A and APC
(kappa=0.31), RASSF1A and HIC1 (kappa=0.29), RASSF1A and CABIN1 (kappa=0.27),
CDH1 and BRCA1 (kappa=0.27), and CABIN1 and APC (kappa=0.26). In contrast, six gene
pairs tended to be discordantly methylated (kappa between 0 and −0.1) and were often not
methylated in the same cancerous material, including BRCA1 and CDKN2B, CDH1 and
CABIN1, BRCA1 and HIC1, RASSF1A and CDKN2B, CABIN1 and BRCA1, and CABIN1
and CDKN2B.
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In order to assess whether downregulation of specific pathways via methylation was especially
important in the development of ovarian cancer, we combined various genes by known biologic
pathways. The 14 genes which were aberrantly methylated more frequently in OC tissues are
part of eight non-mutually exclusive biologic pathways. Genes in all of these eight basic
pathways tended to be more frequently methylated in cancerous tissues as compared to normal
ovarian tissue, including the apoptosis pathway (methylated in 12% of normal or benign tissue
compared to 37% of tumor tissues; OR=4.2, 95% CI=1.9–9.2), cell adhesion and invasion/
metastasis pathways (23% vs. 42%; OR=2.3, 95% CI=1.2–4.5), cell cycle control (12% vs.
44%; OR=5.6, 95% CI=2.6–12.3), cell proliferation/differentiation (11% vs. 16%, OR=1.5,
95% CI=0.6–3.7), DNA repair/detoxification (20% vs. 49%; OR=3.7, 95% CI=1.9–7.3),
calcium and MAPK signal transduction (14% vs. 42%; OR=4.3, 95% CI=2.1–9.1), signal
transduction and chromatin modification (3% vs. 14%; OR=5.1, 95% CI=1.3–23.2), and
cellular senescence (8% vs. 17%; OR=2.3, 95% CI=0.9–6.1). Interestingly, within the cell
cycle control pathway, RASSF1 tended to be methylated concordantly with APC but
discordantly CDKN2B, while within the DNA repair/detoxification pathway, BRCA1 and
HIC1 were often discordantly methylated. However, clear patterns of methylation
concordance/discordance were not identified between any specific pathways.

Association of gene hypermethylation to cancer stage and response to chemotherapy
Subjects presenting with early, as compared to subjects presenting with late stage disease had
a similar mean MI (p=0.34). Similarly, subjects who responded to therapy, as compared to
subjects who did not respond to therapy had a similar mean MI (p=0.57) (Table 5). However,
methylation of only a few specific genes was significantly associated with stage of disease and
response to therapy. Methylation of HIC1 and RASSF1 was more frequent in women
presenting with early stage diseases (stage I and II) as compared to late stage diseases (stage
III and IV) (OR=0.3, 95% CI=0.1–0.8 and OR=0.4, 95% CI=0.1–1.0, respectively), while
methylation of BRCA1 and RARB were somewhat more frequent among women presenting
with late stage disease. Women who responded to therapy had significantly higher frequencies
of CABIN1 hypermethylation (OR=0.1, 95% CI=0.02–0.97) and had moderately higher
frequencies of RASSF1 hypermethylation (OR=0.4, 95% CI=0.2–1.1).

Association of genetic alterations and gene hypermethylation in OC
Mutations in exons 4–10 of p53 were detected in 50% (41/82) of the OC cases while Her-2/
neu overexpression was detected in 23.5% (12/51) cases (Table 6). Thirty-one (66%) of the 47
cancer analyzed for both p53 mutations and Her-2/neu overexpression had at least one of these
alterations present, while 5 (11%) had both p53 mutation and Her-2/neu overexpression.
Subjects with p53 mutations, as compared to wildtype, had a similar mean MI (p=0.78), and
the presence of p53 mutations was not significantly associated with DNA methylation of any
specific genes. However, aberrant methylation of BRCA1 and CDKN2B tended to be
somewhat more frequent in cancers having a p53 mutation, as compared to tumors with
wildtype p53, and methylation of HIC1 was somewhat more frequent in tumors without p53
mutations (OR=0.4, 95% CI=0.2–1.04).

On the other hand, subjects with Her-2/neu overexpression had a significantly higher MI than
women without Her-2/neu overexpression (p=0.04). Methylation of MINT31, RASSF1 and
CDH13 was significantly more frequent in OCs with, as compared to those without Her-2/neu
overexpression (OR=6.0, 95% CI=1.4–26, OR=11.6, 95% CI=2.5–53, and OR=22.2, 95%
CI=2.6–∞, respectively).
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Discussion
We examined normal and abnormal ovarian tissues for the presence of abnormal CpG island
promoter methylation of 23 genes, as well as for p53 mutations and overexpression of Her-2/
neu. Four genes (MINT31, HIC1, RASSF1, and CABIN1) were significantly more frequently
methylated in OC tissue than in tissue from normal ovaries or ovaries with benign disease while
a number of other genes, including APC, BRCA1, CDH1, and CDKN2B, were somewhat more
likely to be methylated in OC tissue, although these differences did not reach statistical
significance after adjustment for multiple comparisons. The frequency of hypermethylation of
five of these genes in OC tissues (MINT31, 42%; RASSF1, 34%; CDH1, 18%; HIC1, 34%;
APC, 22%) was similar to frequencies reported in previous studies. Methylation of MINT31
has been reported in 54% [15], RASSF1 in 10%–50% [5,20,33–36], and CDH1 in 26%–42%
[20,35,37], HIC1 in 16–35% [15,20,36], and APC in 18%–22% [20,35] of OC cases.

In contrast to most previous studies, this study included examination of DNA methylation of
a large number of normal ovarian tissues from women without OC (N=68) as well as tissues
from OCs (N=100), permitting a direct assessment of the risk of OC associated with gene
specific DNA hypermethylation. This is important both for understanding the pathogenesis of
OC as well as for assessment of the potential of aberrantly methylated genes as biomarkers for
OC. Of the over 90 studies that have previously reported on aberrant methylation in OC, most
have not included tissue from women without OC [10,36,38–41]. In the largest study (n=215)
of methylation in OC reported, no normal controls were included [40]. Further, in some studies,
“normal” tissue controls consisted of adjacent non-cancerous tissue obtained from women with
OC [5,15,39,42–44]. Only three studies have included normal tissues from women without OC
[20,35,45].

In our study, methylation of MINT31, HIC1, RASSF1A, APC, or BRCA1 each identified a
large percentage (>20%) of OC cases and also had high specificity (>85%) for OC, while
CDH1, TERC, CDH13, or CABIN1 were less sensitive, each identifying 14–18% of OC cases,
while remaining specific (>90%). Rathi et al [20] similarly reported hypermethylation of
RASSF1A, HIC1, CDH1 (E-cadherin), APC, and CDH13 (H-cadherin) in 18–41% of 49 OC
tissue and 15% of 39 nonmalignant tissues. Makarla et al [35] detected hypermethylation of
CDKN2A (p16), CDH1 (E-cadherin), CDH13 (H-cadherin), RASSF1A, and APC in 22–30%
of 23 OC cases but in less than 15% of 23 benign cystadenomas and 16 normal tissues. Most
recently, Tam et al. [45] detected high rates of hypermethylation of HIC1 (52%), MINT31
(51%), APC (47%) in 89 OC tissues, while hypermethylation of these three genes was less
frequent in 19 benign tumors (21%, 16%, and 26%, respectively) and 16 normal ovarian tissues
(13%, 0%, and 25%, respectively).

This study is unique as it is the first to examine the relationship between genetic alterations
and DNA methylation in OC. Interestingly, within tumor specimens, hypermethylation of three
different genes (MINT31, RASSF1 and CDH13) was associated with overexpression of Her-2/
neu. Recently, several studies of other cancers have noted associations between methylation
of specific loci and genetic mutations (38,39,21), with methylation of CDKN2A associated
with K-ras mutations in non-small-cell lung cancer [12], methylation of 5 genes (CDKN2A,
MINT1, MINT2, MINT31 and MLH1) associated with mutations of BRAF in colon cancer
[14], and methylation of CDH13, PGR and HSD17B4 associated with overexpression of Her-2/
neu in breast cancer [13]. The mechanistic relationship between such mutations and epigenetic
changes is unclear. Whether the existence of such associations is associated with specific OC
histologic subtypes or a specific clinical course is unknown, although such associations have
been proposed for NSCLC [12], colon [14] and breast cancers [13].

Feng et al. Page 7

Gynecol Oncol. Author manuscript; available in PMC 2009 November 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



In the present study we found that (after adjusting for stage of disease) methylation of CABIN1
was strongly associated with responsiveness to chemotherapy. A number of previous studies
have examined associations between hypermethylation of specific genes or global methylation
patterns and response to chemotherapy. Methylation of hMLH1 [46], MCJ [38], IGFBP3
[10], p16 [47] and BRCA1 [48] have been associated with poor response to platinum-based
chemotherapy and poor survival. Wei et al examined the overall pattern of methylation and
found that, as compared to drug-sensitive cell lines, drug-resistant OC cell lines had increased
number of methylated loci, and identified a group of OCs associated with poor survival [25].
Clearly, whether methylation of any of these genes can predict therapy responsiveness and
survival needs further investigation.

Our study has a number of limitations. We used a qualitative MSP assay to assess aberrant
methylation, which does not allow for quantitative of methylation and may be associated with
a lack of specificity [49]. However, if conventional MSP lacks specificity, the potential non-
specificity of the MSP assay would most likely have resulted in non-differential
misclassification, and thus may have attenuated our study risk estimates. Therefore, due to
misclassification, the relationship between aberrant methylation and ovarian cancer may be
stronger than what we observed. Due to the qualitative nature of our assay, we could not assess
the possibility that aberrant methylation of the genes studied is also at lower levels in normal
as compared to OC tissues, as methylation quantity cannot be determined in the present study.
This limitation is common to most previous studies as well. However, while quantitative MSP
may be more sensitive under many conditions, conventional MSP may be more sensitive to
detect methylation changes in samples with limited amount of DNA without losing specificity
[50]. Another potential weakness of this study is that the tissues analyzed included both ovarian
surface epithelial cells as well as underlying ovarian stromal cells. However, while previously
it was widely assumed that the pathogenesis of OCs was limited to changes in the ovarian
surface epithelial cells, several studies have demonstrated that similar changes also occurred
in adjacent stromal cells during the pathogenesis of epithelial OC. For example, SPARC has
been reported to be up-regulated in stroma adjacent to epithelial OC [51]. COX2 and iNOS
expressing macrophages were not only present in OC associated stroma, but also in stroma
associated with benign tumors [52]. Further, similar genetic alterations were detected in both
epithelial and stromal cells of OC [53,54]. Thus far there has not been a study examining
epigenetic changes in stromal cells in ovaries containing benign or malignant ovarian
neoplasia. In the present study, we were not able to determine whether the aberrant methylation
had occurred in epithelial or stromal cells. However, identifying the cell of origin of DNA
hypermethylation will enhance our understanding the tumorigenesis of OC. Further, if changes
in stromal cells are shown to be important in the early pathogenesis of OC, the use of
histologically normal tissue adjacent to OC would make identification of such early epigenetic
changes impossible.

Recent research shows that DNA methylation studies not only identify potential biomarkers
for cancer diagnosis and prognosis, but also provide insight for tumorigenesis. Our current
study confirms that this is also the case for ovarian cancer: DNA methylation is frequent in
ovarian cancer, and certain methylation is associated with chemosensitivity. We also provide
evidence for the complex interplay between genetic and epigenetic changes during
tumorigenesis. Future studies are warranted to determine whether this interaction implies
causal effect, or merely tumor specific association.
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Figure 1.
Representative gel electrophoresis of methylation specific PCR (MSP) on ovarian tissue
samples. Lane 1: molecular marker; lane 2: no template control; lane 4: human sperm DNA as
unmethylated DNA control; lane 6: in vitro SssI methylated human sperm DNA as methylated
DNA control; lane 3, 5, 7–16: clinical sample 1–12. CDKN2A(U) assay detects unmethylated
gene copies, while the remaining gene assays detect individual methylated gene copies.
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Table 1
Clinical features of malignant OCs and nonmalignant benign ovarian tissues

Tissue diagnosis No.

Normal ovarian tissue 68

Non malignant pathology (Benign) 29

   Serous cystadenoma 7

   Serous cystadenofibroma 9

   Mucinous cystadenoma 5

   Endometriosis 3

   Simple cyst 5

Neoplasia of Low Malignant Potential (LMP) – Serous 10

Malignant Neoplasia 100

   Serous adenocarcinoma 73

   Mucinous adenocarcinoma 5

   Clear cell adenocarcinoma 6

   Endometrioid adenocarcinoma 4

   Undifferentiated cancer 12

FIGO Stage

    I 19

    II 2

    III 69

    IV 10

Chemotherapeutic responsea

    Responsive 60

    Non-responsive 31

a
Only 91 patients underwent chemotherapy.
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Table 2
Demographics of study population

Normal
(n=68)

Benign
(n=29)

LMP
(n=10)

Cancer
(n=100)

Age (mean years ± sd)* 53.1 ± 11.8 59.0 ± 14.7 39.1 ± 9.1 62.1 ± 12.3

    <50 12/67 (40) 8/29 (28) 9/10 (90) 17/100 (17)

    50–59 21/67 (31) 11/29 (38) 1/10 (10) 26/100 (26)

    ≥60 19/67 (28) 10/29 (34) 0/10 (0) 57/100 (57)

Caucasian** 34/39 (87) 5/5 (100) 4/5 (80) 66/71 (93)

Ever Birth Control*** 29/39 (74) 2/5 (40) 5/6 (83) 42/74 (57)

Ever Pregnant*** 34/39 (87) 4/5 (80) 5/6 (83) 61/74 (82)

Menopause****

   Pre Menopause 8/35 (23) 0/4 (0) 3/6 (50) 3/69 (4)

   Possible Menopause 7/35 (20) 1/4 (25) 0/6 (0) 1/69 (1)

   Natural Menopause 6/35 (17) 2/4 (50) 1/6 (17) 25/69 (36)

   Due to HRT 5/35 (14) 1/4 (25) 2/6 (33) 20/69 (29)

   Due to Surgery 8/35 (23) 0/4 (0) 0/6 (0) 18/69 (26)

   Due to Medical TR 1/35 (3) 0/4 (0) 0/6 (0) 2/69 (3)
*
Missing 1 subject’s age

**
Missing 87 subject’s race

***
Missing 83 subject’s birth control and pregnancy status

****
Missing 93 subject’s menopausal status
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