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Abstract: Microsatellite instability (MSI) due to defects in DNA mismatch repair genes may be involved in the
development of a subset of human ovarian carcinomas. The role of one such gene, hMSH6, in ovarian cancer is
not well documented. We investigated the expression of hMSH6 protein in different histotypes of ovarian
carcinoma and the associations between loss of hMSH6 protein and tumor grade, disease stage, familial history
of cancer and patient survival. We stained an ovarian carcinoma tissue microarray consisting of formalin-fixed,
paraffin-embedded tissue samples from 322 patients with an anti-hMSH6 antibody and scored the results
semiquantitatively as negative or positive. Twelve cases were excluded owing to loss of cores during staining.
Absence of hMSH6 protein was noted in 20 of 230 serous carcinomas (8.7%), in 7 of 16 clear cell carcinomas
(43.7%), in 4 of 34 endometrioid carcinomas (11.7%), in 1 of 14 malignant mixed Mullerian tumors, 2 of 6
mucinous carcinomas, O of 2 transitional cell carcinomas and in O of 8 undifferentiated carcinomas. Loss of
hMSH®6 protein was not associated with survival, patient age, tumor grade, or disease stage but was associated
with clear cell, mucinous and endometrioid carcinoma histology (P<0.007). These findings indicate that loss of
hMSHG expression in ovarian carcinoma is more common in certain histologic subtypes, particularly in clear cell,
endometrioid, and mucinous carcinoma, suggesting that loss of hMSH6 function may participate in the
pathogenesis of these subtypes of cancer. Loss of hMSH6 expression did not predict survival and was not
associated with disease stage, tumor grade, patient age or family history of cancer.
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Introduction

The presence of microsatellite instability (MSI),
changes in the patterns of polymorphic di- or
trinucleotide repeat segments distributed
throughout the genome, reflect abnormalities
in DNA mismatch repair genes (e.g., hMLH1,
hMSH2, hPMS1, hPMS2, or hMSH®6) and
impair a cell’s ability to repair errors produced
during DNA replication. Germline mutations in
these genes (most often hMLH1 and hMSH?2),
and the resultant increase in MSI levels, have
been associated with the colonic, endometrial,
or gastric carcinomas that develop in
individuals with hereditary nonpolyposis colon
carcinoma (HNPCC) [1]. Young women with
HNPCC are also at higher risk of developing
ovarian carcinoma [2], an observation that
provides indirect evidence that MSI may have
a role in the genesis of ovarian cancer.

Most primary ovarian carcinomas are of four
morphologic types: serous, mucinous, endo-
metrioid, and clear cell. Several studies
indicate that different histologic types of
ovarian adenocarcinomas probably represent
distinct disease entities that involve different
molecular pathways [3]. For example, high-
grade serous adenocarcinomas often have
p53 gene mutations, whereas K-ras activation
is more common in serous tumors of low
malignant  potential, low-grade  serous
carcinomas, or mucinous adenocarcinomas [4,
5]. Understanding the molecular basis of each
morphologic type and its biological behavior is
important and will eventually lead to the
development of more specific and effective
treatments for ovarian cancer [6].

The first evidence that mutations in hMSHG6
could be involved in the development of
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colorectal cancer came from the description of
such mutations in two cell lines, HCT-15 and
MT1, derived from tumors displaying MSI,
primarily as mononucleotide repeats [7].
Germline mutations of hMSH6 were then
reported in two Japanese families with atypical
HNPCC that lacked mutations in hMSH2 or
hMLH1; one of these families experienced a
predominance of endometrial and ovarian
carcinomas [8, 9]. The microsatellite
sequences found in the hMSH6 gene may
predispose microsatellite-unstable tumors to
replication errors. Currently, the frequency of
hMSHG6 expression in ovarian carcinoma and
how this correlates to the clinical setting is
largely unknown. Our goal was to study the
frequency of the expression of hMSH6 by
immunoperoxidase techniqgue in tissue
microarrays in a large cohort of patients with
primary ovarian carcinoma and correlate these
findings  with  various clinicopathologic
variables including survival.

Materials and Methods
Patients

Subjects were 322 patients with primary
epithelial ovarian cancer who had undergone
initial surgery at The University of Texas M. D.
Anderson Cancer Center between 1990 and
2000 and for whom tissue samples and
medical records were available. Tumors of low
malignant potential, nonepithelial ovarian
carcinomas, and benign lesions were
excluded. Follow-up was updated through June
2005 by reviewing medical records and the
U.S. Social Security Index. Demographic and
survival data were entered into a
comprehensive database for linking with
histopathologic data (described below).
Histopathologic diagnoses were based on
World Health Organization (WHO) criteria [10]
and grade based on Gynecologic Oncology
Group [11] criteria. Serous carcinomas were
graded according to a two-tier (low-grade and
high-grade) system proposed by Malpica et al
[12]. For statistical analysis grade 2 and grade
3 endometrioid ovarian carcinomas were
grouped as “high grade” and grade 1 tumors
as “low grade”. Disease was staged according
to the International Federation of Gynecology
and Obstetrics (FIGO) system [13-17]. Disease-
specific survival time (overall survival) was
reported as time since diagnosis or treatment,
and only deaths from ovarian cancer were
counted. The use of tissue blocks and chart
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review was approved by the appropriate
institutional review boards at M. D. Anderson
Cancer Center.

Construction of Tissue Microarrays

Tissue microarray blocks were constructed as
previously described [18]. Tumor samples
were arranged randomly. For each case, two
replicate 1-mm core-diameter samples were
collected, and each was placed on a separate
recipient block. The final tissue microarray
consisted of 4 blocks, the first two (1a and b)
containing duplicates of 164 spots and the
second two (2a and b) containing duplicates of
158 spots, with samples spaced 0.5 mm
apart. Five-micrometer sections from each
block were obtained and stained with H&E to
confirm the presence of tumor and to assess
tumor histology.

Sample tracking was based on coordinate
positions for each tissue spot in the block; the
spots were transferred onto tissue microarray
slides for staining. This sample tracking
system was linked to a Microsoft Access
(version 97) database containing
demographic, clinicopathologic, and survival
data, thereby allowing rapid links between
histologic data and clinical features. The array
was read according to the given tissue
microarray map; each core was scored
individually, and results are presented as the
means of the two replicate core samples.

Immunohistochemical Analysis

Tissue microarray slides were subjected to
immunohistochemical staining as follows.
After initial deparaffinization, endogenous
peroxidase activity was blocked with 0.3%
hydrogen peroxide. Deparaffinized sections
were microwaved in 10 mM citrate buffer (pH
6.0) to unmask the epitopes. The slides were
then incubated with anti-nMSH6 antibody (BD
Transduction Laboratories) in a 1:300 dilution
for 1 hour at room temperature, followed by
incubation with  biotin-labeled secondary
antibody (1:40) for 20 minutes and then with a
1:40 solution of streptavidin:peroxidase for 20
minutes. Slides were then stained for 5
minutes with 0.05% 3',3-diaminobenzidine
tetrahydrochloride that had been freshly
prepared in 0.05 M Tris buffer at pH 7.6
containing  0.024% H202 and then
counterstained with hematoxylin, dehydrated,
and mounted. All of the dilutions of antibody,
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biotin-labeled secondary antibody, and
streptavidin-peroxidase = were made in
phosphate-buffered saline (pH 7.4) containing
1% bovine serum albumin. The primary
antibody was raised against clone 44 of the
MSHG6 gene. It is highly specific and sensitive
immunohistochemically, which led to an
extensive usage investigating microsatellite
instability in different organs and systems [30,
31, 37, 38]. Colon carcinoma tissue sections
obtained form our archives were used as a

positive control. Negative controls were
treatments in which the primary antibody was
replaced with phosphate-buffered saline. All
controls gave satisfactory results.

The immunostained slides were reviewed by 2
pathologists (J.Z., D.R) who followed the tissue
microarray map to record a score for each
sample. Each reviewer was blinded as to the
other’s assessment and to the
clinicopathologic information; scoring
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Figure 1 Representative pictures of immunostains using antibody against hMSH6: serous carcinoma positive (A)
and negative (B), endometrioid carcinoma positive (C) and negative (D), and clear cell carcinoma positive (E) and

negative (F) (200x).
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Figure 2 Kaplan-Meier overall survival curves according to hMSH6 expression in ovarian carcinoma.

discrepancies were resolved by a third
pathologist (J.L.). Staining for hMSH6 was
graded as follows: Negative (no cells stained),
weakly positive (less than 25% of cells
stained), or strongly positive (more than 26%
cells stained). For statistical analysis patients
exhibiting weak and strong positive staining
were grouped together. Means of the results
from the two replicate core samples from each
tumor specimen were considered for each
case.

Statistical Analyses

Differences in proportions were evaluated by
the x2 or Fisher’'s exact tests as appropriate.
Disease-specific survival rates were calculated
by the method of Kaplan and Meier and
compared by using log-rank tests. A Cox
proportional hazards regression model was
used for the multivariate analysis of survival.
SAS Language Reference, Version 8 (1999)
was used for the statistical analyses (SAS
Institute Inc.,, Cary, NC). Results were
considered statistically significant at the P <
0.05 level.

Results
A total of 310 cases were analyzed, as 12
were lost during the staining process.

Examples of positive and negative stains of
different histotypes are shown in Figure 1.
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hMSHG6 protein was not expressed in 34 cases
(11%). Loss of expression was proportionally
more frequent in clear cell carcinomas
(43.8%), mucinous carcinomas (33.3%) and
endometrioid carcinomas (11.8%) compared
to the other histotypes (Table 1). The high rate
of absence of hMSH6 protein expression
among clear cell carcinoma was statistically
different compared to serous carcinoma (p =
0.0001) and endometrioid carcinoma (p =
0.02) (Table 2). No correlations were found
between hMSHG6 expression and patient age,
tumor grade, disease stage, or family history of
cancer (Table 1). The 14 hMSH6 negative
cases with familial history of cancer were
divided as follows: 5 had a history of breast
carcinoma, 1 of colorectal and the rest of
other types of cancer related history. Overall
survival seemed to have been better among
patients whose tumors did not express hMSH6
protein, but this apparent difference was not
statistically significant (p=0.083) (Figure 2).

Discussion

In the present study we found that hMSH6
protein expression was absent in 11% of the
cases. This loss of expression was associated
with some of the ovarian carcinoma histotypes
(clear cell, mucinous and endometrioid) and
with a trend to better survival. We could not
demonstrate any significant correlation with
any of the other known clinical variables
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Table 1 hMSH®6 staining according to clinical characteristics
hMSHG6 staining results

Negative Positive Total

Tumor Histotype
Serous adenocarcinoma 20(8.7%) 210(91.3%) 230
Endometrioid adenocarcinoma 4(11.8%) 30(88.2%) 34
Malignant mixed Mullerian tumor 1(7.1%) 13(92.9%) 14
Clear cell carcinoma 7(43.8%) 9(56.3%) 16
Poorly differentiated carcinoma 0(0%) 8(100%) 8
Mucinous adenocarcinoma 2(33.3%) 4(66.7%) 6
Transitional cell carcinoma 0(0%) 2(100%) 2

Disease State
I 5(16.1%) 26(83.9%) 31
Il 5(20.0%) 20(80.0%) 25
I 19(9.7%) 176(90.3%) 195
v 5(8.5%) 54(91.5%) 59
P value 0.30

Tumor Grade
Low 1(9.1%) 10(90.9%) 11
High 33(11.1%) 266(89.0%) 299
P value 0.83

Patient Age (mean)(years) 55.1 59.2
P value 0.64

Family History of Cancer
Yes 14(11.2%) 111(88.8%) 125
No 20(10.9%) 163(89.1%) 183
Unknown 0(0%) 2(100%) 2
P value 0.91

Total 34(11%) 276(89%) 310

Table 2 P values for the correlation between different histotypes

TCC? MC PDC ccC MMMT EC
SC 0.4 0.18 0.82 0.0001 0.77 0.79
EC 0.52 0.45 0.72 0.02 0.96
MMMT 0.24 0.41 0.77 0.06
CCC 0.66 0.96 0.08
PDC 1 0.32
MC 1

aTCC, transitional cell carcinoma; SC, serous carcinoma; EC, endometrioid carcinoma; MMMT,
malignant mixed Mullerian tumor; CCC, clear cell carcinoma; PDC, poorly differentiated carcinoma;
MC, mucinous carcinoma

related to ovarian carcinoma prognosis or The occurrence of MSI in ovarian carcinoma
family history of cancer. remains unclear. Increasing evidence suggests
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that MSI, mainly at hMSH2 and hMLH1, might
be associated with certain histologic types of
ovarian carcinoma, being more common in
endometrioid, mucinous, and clear cell types
than in serous carcinoma [19-21, 22].
Previous studies have reported that 10% to
17% of ovarian carcinomas display MSI, but if
the analyses are limited to endometrioid
ovarian cancer, then the prevalence of MSI
increases to 30% to 50% of cases [19, 20, 23-
25]. Also, MSI was frequently found in 38% of
mucinous adenocarcinoma and 14% of clear
cell carcinomas [21, 26]. Consistently, most of
the studies report a relatively low frequency of
MSI in ovarian serous carcinomas (0-13%) [19-
21, 27]. In contrast, some studies could not
find such association with ovarian carcinoma
histotypes [24]. In most of these studies MSI
was assessed using different kinds of
microsatellite  markers and with the
demonstration of only one locus, which is no
longer considered adequate for MSI positive
criteria. Currently, an MSI criterion was
standardized with the use of 2 mono-
nucleotide repeats (BAT26 and BAT25), and 3
dinucleotide repeats (D5S346, D2S123 and
D17S250) known as the National Cancer
Institute panel [28]. Subsequently this panel
was adapted for use in ovarian cancer [29].
This may partially explain the controversial
frequency of MSI observed in these studies.
The use of PCR-based methods to detect MSI
is relatively expensive and time consuming,
which may limit the number of cases that can
be analyzed. Immunohistochemical analysis
offers an alternative method for assessment of
MSI status and has proved to be both highly
sensitive and highly specific for identifying MSI
as a result of the inactivation of the hMSH1,
hMSH2, and hMSH6 genes [26]. Moreover,
the use of tissue microarrays provides the
ability to assess hundreds of cases under
identical testing conditions [18].

Only two reports have analyzed the frequency
of mutations in the hMSH6 gene in ovarian
carcinomas but only in the clear cell and
endometrioid histotype. The first report from
Gras et al describes a low frequency of hNMSH6
mutation in a mixed group of patients with
clear cell and endometrioid carcinoma [22].
The second report corresponds to our previous
study of pure endometrioid ovarian
carcinomas where we found that the genetic
alterations in the polynucleotide tracts of the
mismatch repair genes hMSHG6 is infrequent
[30]. To our knowledge no reports have been
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published on any clinical associations between
ovarian cancer and hMSH6 gene expression.
In the present study we found that lack of
hMSHG6 expression was more common in clear
cell carcinoma, endometrioid carcinoma, and
mucinous carcinoma than in  serous
carcinoma, an observation that represents
further evidence that genetic derangements
may play a role in ovarian carcinoma
histogenesis.

The frequency of hMSH6 germline mutations
has been evaluated in various population-
based studies of sporadic colorectal cancer,
familial non-HNPCC, classical HNPCC, early-
onset colorectal cancer, and colorectal tumors
with low levels of MSI [31, 32, 33-36].
Abnormalities of hMSH6 in association with
HNPCC may indicate an increased risk of
having an atypical HNPCC phenotype,
characterized by late-onset colorectal cancer
and frequent extracolonic tumors, particularly
endometrial cancers [31-36]. In the present
study we found that only 14 cases had a
documented familial history of cancer in those
lacking hMSHG6 protein expression, suggesting
that the lack of hMSH6 expression does not
correlate with a familial history of cancer.

In our present study we found a trend towards
better survival among patients whose tumors
did not express hMSH6. However, this
correlation did not reach  statistical
significance. The importance of these findings
is still a matter of speculation.

Conclusions

These results underscore the importance of
identifying the correct HNPCC-associated
tumors and genes toward the recognition of
affected families that may develop ovarian
carcinoma as well as appropriate clinical
surveillance. We found negative hMSHG6
protein expression in several histologic
subtypes of ovarian carcinoma, particularly in
clear cell, endometrioid, and mucinous
carcinoma, suggesting that loss of hMSH6
function may participate in the genesis of
these subtypes of cancer. However, loss of
hMSH6 protein expression did not predict
overall survival, and it was not associated with
disease stage, tumor grade, patient age or
family history of cancer.

Please address all correspondences to Jinsong Liu,
MD, PhD, Department of Pathology, Unit 85, The
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University of Texas M. D. Anderson Cancer Center,
1515 Holcombe Blvd, Houston, TX 77030. Tel: 713-
745-1102; Fax: 713-563-1848; Email:
jliu@mdanderson.org
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