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DNA mismatch repair-related protein loss as a prognostic
factor in endometrial cancers
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Objective: Recent investigations have revealed DNA mismatch repair (MMR) gene mutations are closely related with carcino-
genesis of endometrial cancer; however the impact of MMR protein expression on prognosis is not determined. Correlations
between MMR-related protein expression and clinicopathological factors of endometrial cancers are analyzed in the present
study.

Methods: A total of 191 endometrial cancer tissues treated between 1990 and 2007 in our hospital were enrolled. Immuno-
reactions for MSH2, MLH1, MSH6, and PMS2 on tissue microarray specimens and clinicopathological features were analyzed
retrospectively.

Results: Seventy-six cases (40%) had at least one immunohistochemical alteration in MMR proteins (MMR-deficient group).
There were statistically significant differences of histology, International Federation of Gynecology and Obstetrics (FIGO) stage,
and histological grade between MMR-deficient group and the other cases (MMR-retained group). Response rate of first-line
chemotherapy in evaluable cases was slightly higher in MMR-deficient cases (67% vs. 44%, p=0.34). MMR-deficient cases had
significantly better progression-free and overall survival (OS) compared with MMR-retained cases. Multivariate analysis revealed
MMR status was an independent prognostic factor for OS in endometrial cancers.

Conclusion: MMR-related proteins expression was identified as an independent prognostic factor for OS, suggesting that MMR
was a key biomarker for further investigations of endometrial cancers.

Keywords: Biological Markers; Carcinogenesis; DNA Mismatch Repair; Endometrial Neoplasms; Multivariate Analysis;
Retrospective Studies

INTRODUCTION

Endometrial carcinoma is the most common gynecologic
malignancy in Japan with approximately 9,000 to 10,000 cases
annually, and the number of patients has been consistently
increasing [1,2]. Japanese endometrial cancer cohorts differ
from typical American or western European cohort in terms of
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body mass index (BMI). According to a report from the Organi-
sation for Economic Co-operation and Development (OECD),
the prevalence of obesity (BMI >30) varies nearly 10-fold in
OECD countries: 4.1% in Japan, 24.8% in United Kingdom, and
36.5% in United States [3]. However, there was no significant
difference in frequency of type Il endometrial cancers: 13% in
Japan, 12% to 17% in America or Europe [4-6]. DNA mismatch
repair (MMR) gene mutations have been thought to be crucial
to tumorigenesis of endometrial cancers [7,8]. Approximately
20% to 30% of endometrial cancers have loss of MMR function;
3% to 5% of these attribute to germline mutation, and the
remainder arises due to epigenetic methylation of the MLH1
promoter region causing microsatellite instability (MSI) [9-11].
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MSI could cause DNA synthetic errors at the region includ-
ing proto-oncogenes, tumor suppressor genes, and genes
responsible for apoptosis such as K-ras, PTEN, TGFBRII, BAX
[7]. Subsequently, these secondary genetic alterations may
modify the responses to treatment modalities, in addition to
causing neoplastic transformation [12,13]. It has been recog-
nized that sensitivity to anticancer drugs can be modulated
by MMR status in vitro [14]. Also, modulations of sensitivity
to antineoplastic agents have been explained by the status
of MMR genes in several human cancers. In colorectal cancer,
MSI-high cases had better prognosis than MSI-low or MS
stable cases in not only early stage but also advanced stage
[15-17]. Also, good correlations between MSI status and MMR-
related protein expression by immunohistochemistry (IHC)
was observed [18,19].

Recent reports suggested that MMR-deficient endometrial
cancers are related with unfavorable outcome in women 40
years of age and younger [20,21]. However, the impact of
MMR status on prognoses of endometrial cancers has not
been determined. Some reports included non-endometrioid
cancers, and concluded that MMR-deficient endometrial
cancers had better prognoses than MMR-retained cases [22].
Other reports analyzing endometrioid histology only showed
no difference in survival outcomes [23,24]. Although a meta-
analysis including all histologic subtypes suggested that there
was no impact of MMR status upon prognoses in endometrial
cancers [25], the conclusions were not based upon multivari-
ate analyses.

In this study, we aimed to investigate correlations between
MMR-related protein expression and clinicopathological
features in endometrial cancer using IHC.

MATERIALS AND METHODS

After obtaining Institutional Review Board approval, 191
surgically resected endometrial cancer tissues between 1990
and 2007 in our institution were enrolled and tissue microar-
ray (TMA) was prepared for evaluation. 1.5-mm cores were
punched from formalin-fixed paraffin-embedded donor blocks,
and inserted into a recipient block. All specimens were cutoff
4-um-thick sections. Duplicate cores were obtained from each
sample. Immunoreactions for MSH2, MLH1, MSH6, and PMS2
were examined on TMA specimens. Mouse monoclonal anti-
body for MSH2 (D219-1129, dilution 1:80, BD Pharmingen, San
Jose, CA, USA), MLH1 (G168-15, dilution 1:80, BD Pharmingen),
MSH®6 (44, dilution 1:200, BD Transduction Labs, San Jose, CA,
USA), and PMS2 (A16-4, dilution 1:50, BD Pharmingen) were
used.
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Sections were deparaffinized and boiled in an autoclave
at 121°C for 15 minutes in 0.01 mol/L citrate buffer (pH 6.0)
for detection of MSH2, MLH1, and PMS2 or warmed in a hot
water at 80°C for an hour in 0.01 mol/L citrate buffer (pH 6.0)
for detection of MSH6, and then allowed to cool at room
temperature. Endogenous peroxidase was blocked using
0.3% hydrogen peroxidase added to methanol. The slides
were incubated at 4°C overnight with primary antibodies and
then reacted with a dextran polymer reagent combined with
secondary antibodies and peroxidase (Dako Envision+System-
HRP Labelled Polymer, Dako North America Inc., Camarillo,
CA, USA) for an hour at room temperature. Specific antigen-
antibody reactions were visualized with 0.2% diaminoben-
zidine tetrahydrochloride and hydrogen peroxidase, and
counterstaining was performed using Mayer hematoxylin.
Stromal cells and lymphocytes in the sections were served
as built-in positive controls. As negative controls, sections
without the primary antibodies were used.

The immunostaining was evaluated in areas with well-
preserved tissue morphology and without necrosis or artifacts.
For all of the four markers detection, a nuclear immunoreac-
tion was taken into account for evaluation. The lesions were
considered as positive for each marker if tumor cells in the
interest area showed immunoreactive intensity stronger than
or equal to positive controls. The lesions were considered
as negative for each marker if tumor cells showed complete
loss of immunoreaction. The assignment of immunoreaction
was performed independently by two observers (MK and
MM), and any discrepancies between the two observers were
resolved by conferring over a multiviewer microscope. Cases
that at least one of four proteins was judged as negative were
assigned to MMR-deficient cases and the remainder cases
were assigned to MMR-retained cases.

For the entire period of enrollment of the patients, primary
surgery included a simple abdominal hysterectomy, bilateral
salpingo-oophorectomy, and peritoneal washing cytology.
Lymph node dissection/sampling and/or omentectomy were
undergone in the cases that had deep myometrial invasion
judged intraoperative inspection, and those that had type |l
histology by preoperative biopsy. Adjuvant chemotherapy
was considered for the patients that had intermediate-high
risk factors. Chemotherapy regimen was mainly cyclophos-
phamide, adriamycin, and cisplatin until 2004, and taxane and
platinum combination since 2005. Adjuvant radiotherapy was
not usually performed during this period; however, four cases
received radiotherapy by physician’s choice.

Clinicopathological factors including progression-free
survival (PFS) and overall survival (OS) were compared in
two groups. Statistical analyses were performed using Stat
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Table 1. Patient characteristics according to MMR-related protein
expression

MMR-retained  MMR-deficient

Characteristic cases (n=115) cases (n=76)

p-value

Age (yr) 60 (34-86) 58 (38-84) 0.11
BMI (kg/m?) 22.8(15.8-33.7) 23.3(16.8-323) 0.76
Sync'hronous 0.35
ovarian cancer
Yes 2 4
No 113 72
Metachronous colon/ 0.09
gastric/ovarian cancer
Yes 2 6
No 113 70
Histology 0.01
Endometrioid 98 70
Non-endometrioid 17 6
Serous 9 1
Clear-cell 6 0
Others
FIGO stage 0.03
/11 86 66
/v 29 10
Grade 0.01
1/2 87 69
3 28 7
Lymph node dissection 0.94
Yes 101 67
No 14 9
Residual tumor 0.65
Yes 16 9
No 99 68
Adjuvant chemotherapy 0.33
Conventional 43 20
platinum-based
therapy
Taxane and platinum 9 2
combination therapy
Others 1 0
None 63 54
Adjuvant radiotherapy 0.92
Yes 2 2
No 113 74

Values are presented as median (range).
BMI, body mass index; FIGO, International Federation of Gynecology
and Obstetrics; MMR, mismatch repair.
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Mate IV software (ATMS, Tokyo, Japan) and Statview ver. 5
(SAS Institute Japan Ltd., Tokyo, Japan). The t-test and chi-
square test were used for comparison of characteristics of two
groups. Kaplan-Meier method and log rank test were used for
survival analyses. Prognostic significance was analyzed by Cox
proportional hazard model using variables as shown below:
age, BMI, histology (endometrioid vs. non-endometrioid),
grade (grade1/2 vs. grade 3), International Federation of
Gynecology and Obstetrics (FIGO) stage (I/1l vs. llI/IV), residual
tumor (no vs. yes), and MMR status (deficient vs. retained). The
differences at p-value less than 0.05 were considered to be
statistically significant.

RESULTS

Among 191 cases evaluated, frequencies of MMR-related
protein loss were observed in 53 cases (28%) by MLH1, 25
cases (15%) by MSH2, 27 cases (14%) by MSH6, and 37 cases
(19%) by PMS2, respectively. A total of 76 cases (40%) were
judged as MMR-deficient status. Patient characteristics accord-
ing to MMR status was shown in Table 1. Loss of expression
status about MMR-related proteins was shown in Table 2.
There were statistically significant differences of FIGO stage,
histology, and grade between two groups. On the other hand,
there were no significant differences in age, BMI, frequencies
of residual tumor, lymph node dissection, synchronous ovar-

Table 2. Profile of MMR-related protein loss in MMR-deficient endo-
metrial cancers (n=76)

M'\g?;t‘zf;ed MLH1 MSH6 MSH2  PMS2 ’;‘;’é:sf
Single protein loss Loss 1
Loss 7
Loss 7
Loss 1
Double protein loss Loss Loss 20
Loss Loss 5
Loss Loss 5
Loss Loss 3
Loss Loss 2
Loss Loss 1
Triple protein loss Loss Loss Loss 7
Loss Loss Loss 4
Loss Loss Loss 1
All protein loss Loss Loss Loss Loss 2
No. of cases 53 25 27 37 76

MMR, mismatch repair.
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ian cancer, and metachronous colon/gastric/ovarian cancer.

A total of 75 cases received adjuvant chemotherapy, and
assessment using Response Evaluation Criteria in Solid Tumor
was possible in 18 MMR-retained cases and six deficient cases
(Table 3). Although there was no significant difference of

Table 3. Tumor response of adjuvant chemotherapy in evaluable cases

MMR-retained ~ MMR-deficient

RECIST assessment cases (n=18) cases (n=6) p-value
Complete response 0 2
Partial response 8 2
Stable disease 8 1
Progressive disease 2 1
Response rate, n (%) 8 (44) 4 (67) 0.34

MMR, mismatch repair; RECIST, Response Evaluation Criteria in Solid
Tumor.
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response rate between two groups (8/18 [44%] vs. 4/6 [67%],
p=0.34), two cases that achieved complete response (CR)
were MMR-deficient cases.

Five-year PFS was 92% in MMR-deficient patients, and 78%
in MMR-retained patients (p=0.013), and 5-year OS was 94%
in MMR-deficient patients, and 78% in MMR-retained patients
(p=0.009) (Fig. 1). PFS and OS rates were not affected by the
amount of MMR protein loss. Five-year PFS rates were 88% in
single protein loss, 97% in double protein loss, 92% in triple
protein loss, 100% in four protein loss. Five-year OS rates were
92% in single protein loss, 97% in double protein loss, 92% in
triple protein loss, and 100% in four protein loss, respectively.

In multivariate analyses, MMR-deficient status was identified
as an independent better prognostic factor for OS in endome-
trial cancers (hazard ratio, 0.24; 95% confidence interval, 0.08
to 0.70; p=0.008) (Table 4).

Table 4. Multivariate analysis for progression-free survival and overall survival

Progression-free survival

Overall survival

Variable - -
Hazard ratio 95% Cl p-value Hazard ratio 95% Cl p-value
Age (continuous variable) 1.05 1.00-1.10 0.03 1.06 1.02-1.11 <0.01
BMI (continuous variable) 1.01 0.92-1.11 0.84 0.95 0.86-1.06 0.37
Histology (non-endometrioid vs. endometrioid) 1.21 0.47-3.08 0.68 1.61 0.59-4.39 0.35
FIGO stage (Ill/IV vs. I/1l) 6.37 1.71-23.8 0.01 6.58 1.75-24.3 <0.01
Histological grade (grade 3 vs. 1/2) 1.51 0.61-3.75 0.37 1.09 0.41-2.92 0.85
Residual tumor (yes vs. no) 6.59 2.10-20.7 <0.01 8.51 2.57-28.2 <0.01
MMR status (MMR- deficient vs. MMR- retained) 0.49 0.19-1.28 0.14 0.24 0.08-0.70 <0.01

BMI, body mass index; Cl, confidence interval; FIGO, International Federation of Gynecology and Obstetrics; MMR, mismatch repair.
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Fig. 1. Kaplan-Meier survival curves of all cases according to mismatch repair (MMR) status. (A) Progression-free survival (PFS) curve of MMR-
retained cases (dotted line) and MMR-deficient cases (solid line). Five-year PFS was 92% in MMR-deficient patients, and 78% in MMR-retained
patients (p=0.013). (B) Overall survival (OS) curves of MMR-retained cases (dotted line) and MMR-deficient cases (solid line). Five-year OS was
94% in MMR-deficient patients, and 78% in MMR-retained patients (p=0.009).
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DISCUSSION

In this study, frequencies of MMR-related protein loss were
14% to 28% of endometrial cancers and 40% of enrolled cases
were judged as loss of MMR expression. Previous reports inve-
stigating expression of MMR-related proteins using IHC have
shown that approximately 16% to 45% of endometrial cancer
had MMR-deficient status [20,21,26]. The frequency of MMR-
deficient status as observed in the present study was almost
similar to the previous reports, suggesting there was no ethnic
difference of frequency in MMR-related endometrial cancers.
In current study, 70 of 76 MMR-deficient cases (92%) had
endometrioid histology. According to Japanese gynecologic
oncology committee, Lynch syndrome-related endometrial
cancers in Japan were characterized by early-staged, well-
differentiated, endometrioid cancer with favorable outcome
[27]. On the other hand, six cases (8%) with non-endometrioid
histology consisted of two cases with mucinous carcinoma,
two cases with mixed type carcinoma, one case with serous
carcinoma, and one case with undifferentiated carcinoma.
Previous reports have documented that approximately 67% to
94% of MMR-deficient endometrial cancers had endometrioid
histology, and the remainders had non-endometrioid histol-
ogy including serous, clear-cell, undifferentiated carcinoma,
and carcinosarcoma [20,21,22,26]. The fraction of type Il endo-
metrial carcinoma in current study was also almost the same
as previous reports.

Resnick et al. [28] reported that subgroup of patients with
non-endometrioid cancer and MMR-deficient had improved
survival after adjuvant radiotherapy, suggesting that MMR-
deficient status might provide predisposition to be sensitive
to adjuvant radiotherapy. Only four cases received adjuvant
radiotherapy in current study, and we could not conclude the
sensitivity to radiotherapy according to MMR status.

In the present study, MMR-deficient status was identified
as a better prognostic marker for OS. A previous meta-
analysis showed that the deficiency in MMR was related to
worse trends in PFS and OS, although the differences were
not significant [25]. Heterogeneity regarding with histology,
and adjuvant treatment could possibly lead to other results.
Actually, a meta-analysis alerted that there was a marked inter-
study heterogeneity in the estimates of OS and PFS between
studies [25]. Remarkably, the majority of patients with high-
to-intermediate risk received postoperative chemotherapy
as adjuvant chemotherapy in the present study, which might
lead to a significant better OS in the patients with MMR-
deficient cases.

The Gynecologic Oncology Group study 122 showed the
superiority of PFS by chemotherapy with doxorubicin plus
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cisplation in patients with stage Ill-IV endometrial cancers,
compared with radiation therapy [29]. In addition, the Japanese
Gynecologic Oncology Group study suggested a survival
advantage of chemotherapy in the patients with high-to-inter-
mediate risk group (stage IC, >70 years of age, grade 3, stage |,
or positive washing cytology with >50% myometrial invasion)
[30]. As a result, adjuvant chemotherapy was often used for
the endometrial cancer patients with high-to-intermediate risk
group in the Japanese Gynecologic Oncology Group [31]. Al-
though there was no significant difference, response rate was
higher in MMR-deficient cases compared with MMR-retained
patients: 67% vs. 44%. Of note, two cases that achieved CR
were MMR-deficient patients. The significance of MMR-related
protein expression might be contributed by higher abundance
of patients that received adjuvant chemotherapy. Additionally,
response to second-line or third-line chemotherapy might be
modulated by MMR status. Selection of drugs according to
MMR status could possibly increase overall response rates for
primary and/or recurrent endometrial cancers.

In conclusion, significant improvement of OS was observed
in MMR-deficient cases compared with MMR retained cases.
MMR-deficient status was an independent prognostic factor
for OS in endometrial cancers. Although further analyses are
needed to confirm the results, MMR status could be a key
biomarker for predicting response of primary chemotherapy
and prognoses in endometrial cancers.
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