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Abstract: Objective: To identify patients with endometrial cancer with potential Lynch-related DNA mismatch repair 
(MMR) protein expression defects and to explore the role of these defects in screening for LS. Methods: Endometrial 
cancers from 173 patients recruited to the Nanchong Central Hospital were tested for MMR (MLH1, MSH2, PMS2, 
and MSH6) protein expression using immunohistochemistry (IHC). Results: In the 173 tumor tissue samples, the 
expression loss rates of MSH6, MSH2, PMS2 and MLH1 protein were 16.18% (28/173), 12.14% (21/173), 7.51% 
(13/173) and 5.78% (10/173), respectively. The total loss rate of MMR protein was 29.89% (27/87). There were 
19 patients with a family history of cancer, of which 18 patients demonstrated loss of expression of MMR protein. 
In the 22 abnormal MMR patients without family history, five families were found to have Lynch-associated cancer 
(colorectal cancer, endometrial cancer, ovarian cancer, stomach cancer) after follow-up for two years. Conclusion: 
MMR proteins play an important role in the progress of endometrial cancer. The routine testing of MMR proteins in 
endometrial cancer can contribute to the screening of LS families, especially small families.
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Introduction

Lynch syndrome (LS), also known as hereditary 
non-polyposis colon cancer (HNPCC), is an 
autosomal dominant syndrome that predispos-
es patients to multiple malignancies including 
colorectal cancer (CRC), endometrial cancer 
(EC), and ovarian cancer. Women with LS have 
an estimated lifetime colon cancer risk of 40% 
to 60%; however, they also carry a lifetime risk 
of 42% to 60% for developing endometrial can-
cer [1]. LS is caused by a genetic mutation in 
one of several DNA mismatch repair (MMR) 
genes such as MLH1, MSH2, MSH6 or PMS2. 
MMR gene defect leads from loss of the corre-
sponding normal alleles in the tumors of carri-
ers to loss of MMR function and results in an 
accumulation of mutations in (coding and non-
coding) microsatellites in such tumors (so-
called microsatellite instability; MSI) [2]. The 
frequency of LS-associated genetic mutations 
in endometrial cancers has been found to be 
1.8% [3] to 2.1% [4], which is similar to the fre-
quency of LS in colorectal cancer [5]. 

The identification of individuals with LS is 
extremely important because they can benefit 
from life-saving intensive cancer surveillance 
[6]. There are many ways to improve the identi-
fication of this syndrome as described by Vasen 
HF et al [7]. At present, many criteria have been 
proposed to identify LS mainly based on stud-
ies relevant to CRC. Similar recommendations 
for triage patients with EC at risk for LS are 
absent. There are many ways to analyze MMR 
genes associated with LS, and the most effec-
tive way to identify LS is to test for MMR genetic 
mutations. It is difficult to perform clinical tests 
for genetic mutations abroad because of the 
time and cost. However, immunohistochemical 
staining (IHC) is simple, low cost, and can be 
used to detect the loss of MMR protein expres-
sion and determine the identity of the mutated 
gene. IHC testing of MMR proteins plays an 
important role in screening LS. With this back-
ground, the aim of this study was to analyze the 
loss of MMR protein expression in EC by IHC, 
and to provide some clues to identify LS. 
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Material and methods

Collection of tumor specimens and data

Tumor specimens from 173 cancers of the cor-
pus uteri or the endometrium were collected 
between 2008 and 2012 from patients at 
Nanchong Central Hospital, Nanchong, 
Sichuan, China. The patients were informed of 
the study goals and gave their written consent 
to participate in this study. Tumor specimens 

were sent to the department of pathology for 
pathological examination and diagnosed as EC 
by pathologists. The grade and stage of the 
tumors were taken from the pathologists’ 
reports. Clinical and surgical data were ab- 
stracted from the medical record.

Immunohistochemistry 

IHC analysis of MLH1, MSH2, MSH6, and PMS2 
was performed on formalin-fixed, paraffin-

Figure 1. A. Positive expression of MMR in normal endometrium (SP, ×200); B. Negative expression of MLH1 in 
endometrial cancer (SP, ×200); C. Positive expression of PMS2 in endometrial cancer (SP, ×200); D. Positive expres-
sion of MSH6 in endometrial cancer (SP, ×200).
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embedded tissue sections as described previ-
ously [8]. The MLH1, MSH2, MSH6, and PMS2 
antibodies were provided by SANTA CRUZ, and 
3, 3’-diaminobenzidine (DAB) was made in 
China. 

Analysis of immunoreactivity. The analysis of 
stained tumor samples was performed by two 
independent pathologists (TZR and WCL). The 
MMR proteins were positive in the normal 
endometrium, but these MMR proteins were 
negative (lacked protein expression) after 
undergoing genetic mutation. Negative expres-
sion of a MMR protein was defined as the com-
plete absence of nuclear staining in all tumor 
cells. Cases that had only focal weak staining 
or an uninterpretable staining pattern were re-
reviewed together with a second pathologist, 
and the 2 pathologists came to an agreement 
on the interpretation of the immunoreactivity in 
the tumor cell. The presence of an internal 
positive control in the form of normal 
endometrium, stromal cells, and lymphocytes 
was a requirement in all cases (Figure 1A).

Statistical analysis 

Data were analyzed using SPSS 11.5 statistical 
software for Windows. Qualitative variables 
were compared using the χ2 test. P values less 
than 0.05 were considered statistically sig- 
nificant.

Results

Clinical and pathological data of the 173 EC 
patients

The mean age of the 173 patients was 53 years 
(range, 28-77 years). There were 19 patients 
with a family history of cancer according to the 
diagnostic criteria for LS (Table 1). There were 
three families that met the Amsterdam II crite-
ria, five families that fulfilled Revised Bethesda 
guidelines, and 11 families met the China 2003 
criteria. The other 154 patients were sporadic 
cases. Most of the ECs had endometrioid his-
tology (131/173, 75.7%), and 42 cases were 
non-endometrioid cancers (24.3%) including 
serous cancer, clear cell cancer, carcinosarco-
ma and mixed tumors. One hundred forty-two 
patients (82.1%) had myometrial invasion, and 
22 patients (12.7%) had lymph node metas- 
tasis. 

Lack of MMR protein expression in EC

Of the 173 patients, 41 showed loss of expres-
sion at least one MMR protein on IHC (overall 
prevalence of abnormal IHC (23.70%). The most 
common MMR defect identified was MSH6 in 
28 patients (16.18%). MSH2 was identified in 
21 patients (12.14%), PMS2 in 13 patients 
(7.51%), and MLH1 in 10 patients (5.78%). 
Overall, in the abnormal IHC group, loss of 
MSH2/MSH6 (21 of 41) was more frequent 

Table 1. Amsterdam II, Revised Bethesda, and China 2003 Criteria
The Amsterdam  
II criteria

1. At least three relatives with a Lynch-associated cancer (colorectal, endometrial, small bowel, ureter, or renal pelvis cancer)

2. One should be a first-degree relative of the other two

3. At least two successive generations should be affected

4. At least one should be diagnosed at 50 years of age

5. Familial adenomatous polyposis (FAP) should be excluded in the colorectal cancer case(s) if any

6. Tumors should be verified by pathological examination

Revised Bethesda  
guidelines

1. Colorectal cancer diagnosed at 50 years of age

2. Presence of synchronous, metachronous colorectal or other Lynch-associated cancers (endometrial, ovarian, stomach, 
pancreas, small bowel, biliary

tract, ureter and renal pelvis, glioblastoma as seen in Turcot syndrome, sebaceous gland adenomas and keratoacanthomas 
in Muir-Torre syndrome)

3. Colorectal cancer with microsatellite instability-high tumor histology diagnosed at 60 years of age

4. Colorectal cancer diagnosed in one or more first-degree relatives with a Lynch-associated cancer, with one cancer diag-
nosed at 50 years of age

5. Colorectal cancer diagnosed in two or more first- or second-degree relatives with Lynch-associated cancers, regardless of 
age

China 2003  
Criteria

Colorectal cancer diagnosed in two or more first- or second-degree relatives with Lynch-associated cancers by pathological 
examination, and at least one accorded with the following:

    (1) At least one should be multifocal colorectal cancer (including adenomas);

    (2) At least one patient with colorectal cancer diagnosed at < 50 years of age;

    (3) At least one patient with a Lynch-associated parenteral malignant tumor (gastric cancer, endometrial cancer, small 
bowel cancer, renal pelvis or ureter cancer, ovarian cancer, liver cancer).
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than loss of MLH1/PMS2 (10 of 41). MMR-
deficient cases showed solitary MSH6 loss 
(seven of 41), and solitary PMS2 loss (three of 
41) (Figure 1B-D). 

Women with loss of MMR expression were 
more likely to be younger (< 50 years) (P = 
0.011), more likely to have high-grade tumors 
(P = 0.003), had deeper myometrial invasion (P 
= 0.008) and had positive lymph nodes metas-
tasis (P = 0.002) compared to women with 
intact expression (Table 2).

Lack of MMR protein expression in cancer 
family history

Only 19 women (11.0%) had a documented 
family history of any Lynch-related tumor in a 
first-degree relative (FDR). Eighteen of these 
patients showed loss of at least one MMR pro-
tein on IHC, 13 of whom showed to loss of 
MSH2/MSH6 protein expression, and 5 of 
whom had loss expression of MLH1/PMS2 pro-
tein expression. Of the 19 patients with a family 
history of cancer, 14 patients were diagnosed 

authors have suggested that EC be treated the 
same as CRC in the Bethesda Guidelines [9, 
10]. In fact, with regard to LS, the risk of devel-
oping EC is very high and equals or even 
exceeds the risk of CRC in female gene carriers 
[11]. In our study, approximately 23.7% of EC 
patients showed abnormal expression of MMR 
protein by IHC, and the rate of IHC abnormality 
is similar to the 29% number reported by 
Buchanan DD [12]. Our study confirmed that 
29.6% of abnormal MMR proteins were found 
in women aged 50 years old or younger. It was 
reported that loss of MMR protein expression 
was identified in 26% of EC patients 50 years 
old or younger [13]. However, in patients young-
er than 50 years of age, abnormal expression 
of MMR protein was also observed in our study. 
Garg K [14] found 21 (62%) older (≥ 50 years) 
patients who showed loss of at least one MMR 
protein. If an age cut-off of 50 years old had 
been selected for LS screening, 60% of patients 
would have been missed [15]. In fact, others 
have described that 25% of LS patients do not 
meet the standard screening criteria, such as 
the Amsterdam, Bethesda, and SGO criteria, 

Table 2. Clinicopathologic features by MMR protein expres-
sion 
Characteristic Case Lose Normal P
Ages
    ≤ 30 2 0 2 7.523 0.057
    31~40 34 10 24
    41~50 79 24 55
    ≥ 50 58 7 51 6.527 0.011
Histology
    Endometrioid cancer 131 34 97 11.972 0.003
        FIGO grade 1 66 12 54
        FIGO grade 2 38 8 30
        FIGO grade 3 27 14 13
    Nonendometrioid cancer 42 7 35 2.366 0.500
        Serous cancer 15 4 11
        Clear cell cancer 21 3 18
        Carcinosarcoma 4 0 4
        Mixed tumors 2 0 2
Depth of invasion
    Endometrium 31 4 27 9.733 0.008
    Superficial muscle 87 16 71
    Deep muscle 55 21 34
Lymph node metastasis
    Positive 22 11 11 9.642 0.002
    Negative 151 30 121

as EC at age 50 or younger, and five 
patients were diagnosed with EC prior 
to age 50. There were 22 patients 
(14.30%) who showed loss of at least 
one MMR protein expression of all 
154 sporadic cases. The 22 patients 
were followed up for two years; five 
families were found to have Lynch-
associated cancer (colorectal cancer, 
endometrial cancer, ovarian cancer, 
stomach cancer) during the follow-up 
period. After collecting complete clini-
cal information and doing systemic 
clinical detection, the five families 
were diagnosed with LS.

Discussion 

In women, the most frequent extra-
colonic tumors in LS are endometrial 
cancers (EC), and mutations in DNA-
MMR genes are known to be associ-
ated with the inheritance of LS. The 
current LS guidelines (including 
Bethesda Guidelines) identify CRC 
patients who should be evaluated for 
MMR defects. The guidelines do not, 
however, make specific recommenda-
tions about screening EC patients’ 
tumors for MMR defects. Several 
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where age is a prominent factor (cut-off age 50) 
[16]. Therefore, it is unfeasible that mutant 
MMR proteins are only detected in the younger 
(≤ 50 years) patients. One study showed that 
the endometrial cancer-related HNPCC may 
mostly be high-grade endometrioid cancer and 
be more likely to have muscular infiltration and 
lymph node metastasis [17]. In our study, endo-
metrial cancer patients with abnormal MMR 
protein showed more high-grade, and frequent 
lymphovascular space invasion compared with 
the group with normal IHC results. Similar find-
ings have been noted in other studies [8, 14, 
18].

In our study, 18 patients with a family history of 
cancer were found to have a loss of MMR pro-
tein expression. However, one family with a his-
tory of cancer did not have abnormal MMR pro-
tein expression, potentially due to MLH1 pro-
moter methylation, which causes the normal 
expression of MMR protein. At the same time, 
22 patients with no family history were 
observed to have a loss of MMR protein expres-
sion in sporadic EC. The family members of 
patients with sporadic EC with abnormal MMR 
protein were followed for two years, and five 
families included members who were diag-
nosed with LS during the follow-up period. 
Generally, personal or family history suggestive 
of LS has also been proposed as a means of 
identifying patients at risk of LS [19], but as 
many as 70% of patients with known genetic 
mutations do not meet the Amsterdam criteria 
or Bethesda Guidelines [20]. Therefore, 
although young patient age and family and per-
sonal histories of LS-associated cancers are 
reasonable criteria to select patients for 
enhanced screening, they are insufficient. 
Because endometrial cancers are numerous in 
patients 50 years of age and older, it becomes 
important to stratify this population into small-
er risk groups to restrict IHC testing to a mean-
ingful subset of patients [14]. Thus, detecting 
MMR proteins in EC by immunohistochemistry 
is an efficient method to screen for LS, espe-
cially if endometrial cancer is the first occur-
rence of cancer in the LS family. Meanwhile, 
we should follow patients who have lost expres-
sion of MMR proteins. Recent studies have sug-
gested that all patients with endometrial can-
cer should be tested for loss of MMR protein 
expression, regardless of age and the family 
history of the individual [3]. Immunohistoch- 

emical detection of MMR protein expression is 
a simple and economic process, and another 
advantage is that the detection of abnormal 
MMR protein can guide MMR genetic mutation 
testing. The absence of protein expression 
based an immunohistochemistry can lead to 
sequence analysis of one or two genes [21]. 
Therefore, immunohistochemical detection of 
MMR protein plays an important role in screen-
ing for LS.

Although IHC has been widely used in clinical 
pathological diagnosis and basic research, 
there is still a certain difficulty in judging MMR 
protein expression. Loss of MMR protein 
expression requires an intact loss expression 
in the tumor cell nucleus. It is necessary to 
identity the positive expression of an internal 
standard, such as mesenchymal cells, lympho-
cytes, or normal endometrium. Even positive or 
weakly positive expression of a focal cell nucle-
us, represents normal MMR protein expres-
sion. In most cases, repeat dyeing may be 
effective. If it cannot solve, the results should 
be interpreted as suspicious or inconclusive. In 
addition, because most occurrences of EC hide 
a multitude of intraepithelial lymphocytes, it 
can be difficult to distinguish infiltrating lym-
phoid cell nucleus expression from the expres-
sion of the tumor cell nucleus, and can there-
fore easily lead to false negative results. 
Therefore, the identification of abnormal MMR 
protein expression requires more than two 
pathologists to make the decision.

In conclusion, loss of MMR proteins expression 
can be observed in EC patients, and IHC detec-
tion of MMR protein can help to screen for LS 
families. However, we still need to continuously 
attempt to develop a suitable MMR protein IHC-
staining method, and at the same time, we also 
need a professional pathologist to perform an 
exact analysis of the IHC result. With the fur-
ther research and the improvement of immuno-
histochemical staining techniques, convention-
al immunohistochemical detection of MMR pro-
tein expression in endometrial cancer is likely 
to be an important screening method of LS, 
similar to CRC.
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