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Implication of expression of MMR proteins and clinicopathological characteristics in 
gastric cancer  

Abstract 
Introduction Microsatellite instability (MSI), referred to as variations at microsatellite loci, at 
mismatch repair (MMR) genes leads to the formation of an aberrant MMR system that fails 
to rectify errors occurring during DNA replication. MMR deficiency can be assessed by 
immunohistochemical analysis of the expression of mismatch repair proteins in the target 
tissues. 
Methods We investigated the expression of four key MMR proteins (MLH1, MSH2, MSH6, and 
PMS2) in formalin-fixed paraffin-embedded (FFPE) tumor and normal tissues obtained from 
thirty gastric cancer (GC) patients. The association of clinicopathological features with MMR 
status was also analyzed. 
Results A total of 12 (40%) GC patients exhibited loss of expression of MMR proteins, 
including loss of MLH1 and PMS2 in 3 cases and loss of MSH2 and MSH6 in 4 cases. 
Univariate analysis showed an association of loss of MMR protein expression with moderately 
differentiated GC. However, there was no statistically significant association between loss 
of MMR protein expression with gender, tumor location, depth of invasion, lymph node 
metastasis, WHO classification, lympho-vascular invasion, and infection with H. pylori. 
Conclusion Our results implicate the role of mismatch repair proteins in gastric tumorigenesis. 
The MMR protein status is an important aspect of tumorigenesis and can be prescribed for the 
screening of GC.
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Introduction

Gastric cancer (GC) is the fifth most common malignancy in 
the world and the third leading cause of cancer-related deaths 
[1, 2]. In India, GC is the fifth most common cancer in men, 
sixth most common in women [3] and the second leading cause 
of cancer-related mortality [4]. A multitude of factors has been 
found associated with the onset and progression of GC, including 
gender, age, infection with Helicobacter pylori and Epstein-Barr 
Virus (EBV), dietary habits, smoking, consumption of alcohol, 
and red meat [5]. Diagnosis of gastric cancer at an early stage 
is problematic as it remains asymptomatic till advanced stages. 
Therefore, screening of the disease at an early stage has always 
been an objective of GC management.
  Microsatellites, popularly known as Simple Sequence Repeats 
(SSRs), are short iterations of 1-6 base long units. Instability 
at microsatellite locus is caused by loss of mismatch repair 
machinery, replication errors, or polymerase slippage. Over the last 
two decades, Microsatellite Instability (MSI) has been investigated 
widely for its implication in different cancers. In 1997, a panel 
of five microsatellite markers consisting of two mononucleotide 
repeats (BAT25 and BAT26) and three dinucleotide repeats 
(D2S123, D5S346, and D17S250) was recommended by the 
National Cancer Institute for the evaluation of Lynch syndrome 
[6]. MSI accounts for 22% of the tumors and has been classified as 
one of the subgroups of gastric cancers by TCGA [7]. Mismatch 
repair genes rectify mistakes that occur in the genome by DNA 
exonuclease proof-reading ability. Mutations in these genes hamper 

the correction work in the genome, which leads to the increase in 
mutation rate and contributes towards oncogenesis. Instability in 
these genes affects cancer initiation and progression by changing 
their expression [8]. The major proteins involved in the DNA 
mismatch repair mechanism are MLH1, MSH2, MSH6, and PMS2 
[9, 10].  MSI has earlier been reported in various cancers like 
colorectal, endometrial, ovarian, and gastric cancer [11-13]. 
  Loss of MMR protein expression has been recorded in up to 
30% of GC cases [14-18]. In the present study, we have reported 
the expression of four mismatch repair proteins, MLH1, MSH2, 
MSH6, and PMS2 in GC using an immunohistochemical staining 
procedure in Indian population along with the association of 
clinical parameters of GC patients with loss of expression of 
mismatch repair proteins.

Materials and methods

Sample collection

Tumor and adjacent normal tissue samples from thirty GC patients 
were included in the study. All tissue samples were pathologically 
examined, and the diagnosis of gastric cancer was confirmed in 
the department of pathology, Govind Ballabh Pant Hospital, New 
Delhi. Written consent was taken from all the participants. The 
clinical parameters of all patients were recorded.

Immunohistochemistry
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Figure 1. Immunohistochemical staining for the detection of mismatch repair (MMR) proteins in gastric cancer (GC) (a) Loss 
of nuclear expression of MLH1 (DAB; x20); (b) Intact nuclear expression of MLH1 (DAB; x10); (c) Loss of nuclear expression of 
PMS2 with adjacent mucosa as control (DAB; x40); (d) Intact nuclear expression of PMS2 (DAB; x10).



Thirty paraffin-embedded sections (2 µm) of histologically 
confirmed gastric cancer along with normal tissues were obtained 
on poly L-lysine coated blocks. Briefly, the tissue sections were 
deparaffinized at 60ºC for 20 min and rehydrated twice with 
xylene and thrice with acetone for 5 min each.  Antigen retrieval 
was carried out with Tris-EDTA buffer at 98ºC for 20 min, 
followed by 3X TBS wash for 2 min each. The tissue sections were 
incubated with H2O2 for 20 min followed by 3X TBS wash for 
2 min each. Later, protein block was added, and the tissue slides 
were incubated overnight with 1:100 diluted mouse monoclonal 
anti-MLH1antibody (Thermo Scientific, USA), 1:10 diluted mouse 
monoclonal anti-MSH2 antibody (Thermo Scientific, USA), ready 
to use rabbit monoclonal anti-MSH6 antibody (DAKO, USA) and 
ready to use rabbit monoclonal anti-PMS2 antibody (DAKO, USA) 
of human origin at 4ºC.
  The next day, the slides were washed 3X with TBS saline for 
2-3 min each and coated with primary antibody amplifier Quanto 
(Thermo Scientific, USA) for 15 min. Again, 3X wash was given 
with TBS for 2 min each. Then, a secondary antibody (HRP 
polymer Quanto, Thermo Scientific, USA) was added for 1 h, 
followed by 3X washing with TBS for 2 min. The color was 
developed using DAB as a chromogen for 10 min. Finally, the 
slides were washed with distilled water and mounted with DPX. 
GC tissue sections not treated with anti-MLH1, anti-MSH2, anti-
MSH6, and anti-PMS2 were used as negative controls. MLH1, 
MSH2, MSH6, and PMS2 protein expression were counted as 
positive if epithelial cells showed immunopositivity in the nucleus. 
The slides were independently screened by two pathologists.

Statistical analysis 

Data recorded were statistically analyzed by using the Statistical 
Program for Social Sciences (SPSS) version 25.0 (SPSS Inc., 
Chicago, IL, USA).  The association between clinicopathological 
parameters of GC patients and MMR protein expression was 
analyzed by student t-test or χ2 test. A p ≤ 0.05 was considered a 
criterion for statistical significance.

Results

Immunohistochemistry 

Out of 30, in total, 12 (40%) GC patients exhibited the loss of 
expression of one or more MMR proteins investigated in the 
present study. Representative immunohistochemical sections of 
all the four proteins with loss and intact expression are shown in 
Figure 1 (MLH1 and PMS2) & Figure 2 (MSH2 and MSH6). 
Briefly, 16.7% loss of expression was observed in MLH1, MSH2, 
and PMS2, while MSH6 showed a loss in 30% cases. All the 
observed combinations of loss of expression are given in Table 1. 
  We analyzed clinicopathological features associated with MSI 
tumor phenotypes. There was no difference in MMR-positive 
and MMR-negative GC patients with respect to age (59.28 ± 
12.65, 62.58 ± 9.5, p= 0.067). All MMR negative gastric cancer 
patients were 60 years old and above except two patients. Only 
one female patient was present in the group who was MMR 
negative. Out of twelve, nine MMR negative tumors were located 
in the cardia, fundus, and body. The depth of invasion, according 
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Figure 2. Immunohistochemical staining for the detection of mismatch repair proteins (a) Loss of nuclear expression of MSH2 
(DAB; x20); (b) Intact nuclear expression of MSH2 (DAB; x10); (c) Loss of nuclear expression of MSH6 with adjacent normal 
mucosa (DAB; x20); (d) Intact nuclear expression of MSH6 (DAB; x20). 



to TNM classification, was T1 for one case and T2 for another, 
seven cases of T3, and three cases of T4 in MSI tumors. Lymph 
node metastasis was seen in 75% of MMR negative tumors. There 
was no metastatic tumor in the group studied for MMR protein 

expression. One tumor was well-differentiated; nine tumors were 
moderately differentiated, while two were poorly differentiated. 
Haematoxylin and eosin-stained sections of well-differentiated, 
moderately differentiated, and poorly differentiated tumors are 
represented in Figure 3.  Lymphocytic invasion was present 
in nine MMR negative tumors. One case of papillary, 4 cases 
of tubular, 4 cases of poorly cohesive adenocarcinomas were 
categorized histologically by WHO classification.  One MMR 
negative case showed positive H. pylori infection (Figure 4). 
Univariate analysis for association of clinicopathological features 
and MMR protein expression is summarized in Table 2.
  Loss of MMR expression exhibited predominant association 
with moderately differentiated type in the histology of GC. 
However, gender, tumor location, depth of invasion, lymph node 
metastasis, WHO classification, lympho-vascular invasion, and H. 
pylori infection were not associated with negative MMR protein 
immunohistochemical expression.

Discussion

The expression of proteins implicated in mismatch repair 
mechanism has always been an area of interest for cancer 
researchers. MSI in MMR proteins has been unveiled in various 
studies from different regions of the world, shedding light on 
the expressional analysis of MMR proteins including four major 
proteins- MLH1, MSH2, MSH6, and PMS2 [17-20]. Microsatellite 
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Figure 3. Haematoxylin and Eosin (H&E) stained photomicrograph showing histology of tumor tissues (a) well-differentiated 
adenocarcinoma of stomach showing the presence of tumor-infiltrating lymphocytes (Magnification x400) (b) H&E stained 
photomicrograph showing moderately differentiated adenocarcinoma of stomach showing the presence of tumor-infiltrating 
lymphocytes (Magnification x200) (c, d) H&E stained photomicrograph showing poorly cohesive adenocarcinoma of stomach and 
presence of tumor-infiltrating lymphocytes (Magnification x200 and x400,  respectively).

Figure 4. Giemsa staining of gastric tumor tissue section 
showing infection with Helicobacter pylori.
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instability panel of five markers given by Bethesda has been found 
associated with expression MMR protein (MLH1 and PMS2) in 
88% cases, indicating a strong correlation between MMR protein 
expression and underlying genetic mutation at microsatellite 
loci [19]. Up to 100% concordance between genetic testing at 
microsatellite loci by PCR and MMR protein expression has been 
reported in other studies also [6, 21, 22].   
  The work presented here explored the prevalence of loss of MMR 
proteins in gastric cancer. The percentage (40%) of patients who 
revealed the loss of one or more MMR proteins is relatively high 
as compared to other studies demonstrating varying degree (5.6%-
30%) of defective MMR expression all over the world in GC [15, 
16, 18, 22]. This observation suggests demographic and genetic 
factors prevailing in human populations contribute towards these 
variations. We have analyzed loss of expression in 5 cases (16.7%) 
in MLH1, MSH2, and PMS2 and 9 cases (30%) in MSH6. PMS2 
forms a heterodimer with MLH1 only while MLH1 binds with 
other MMR proteins. Therefore, loss of MLH1 expression leads 
to loss of PMS2 expression.  Similarly, MSH2 and MSH6 form a 
heterodimer, and loss of MSH2 expression leads to loss of MSH6 
expression. Out of all the cases of MMR protein loss, 25% showed 
loss of MLH1 and PMS2; 33.33% showed loss of MSH2 and 
MSH6; 16.7% showed isolated loss of PMS2, and 8.3% showed 
loss of MSH6. Our study contradicted the observation found in 
most of the related studies that loss of MLH1-PMS2 is prevalent 
over MSH2-MSH6 loss [18, 23, 24]. Also, previous studies have 

suggested the predominance in the loss of expression of MLH1 
protein over MSH2 protein [15, 17, 25]. However, we observed 
comparable cases of loss of both MLH1 and MSH2 protein. The 
loss of MSH6 was found to be present in 75% of MMR negative 
cases, indicating the significance of the protein among MMR 
negative GC. One of our earlier reports on gastric cancer also 
suggested MSH6 gene as an important target for microsatellite 
instability. This study reinforces the role of MSH6 in the 
occurrence of gastric cancer [26]. Correlation between different 
clinical features and loss of MMR protein expression in GC has 
been analyzed.  In gastric cancer, various clinicopathological 
features, including old age, gender, histological type, intestinal 
type, advanced lymph node stage, tubular and papillary WHO 
classification, have been found associated with MMR protein 
deficiency [17-20]. In our study, we found an association of MMR 
loss with the moderately differentiated type of histological tissue, 
which was concordant to another study in GC [20]. Univariate 
analysis showed that there was no statistically significant 
association with other selected clinical features in this study. 
  Out of the twelve cases of negative MMR, ten were of age 60 
years or older; eleven were males; nine were located in the upper 
and middle region of the stomach. Depth of invasion and lymph 
nodes were on the higher stage in the majority of cases with MMR 
negative expression. Lymphovascular invasion was seen in 75% of 
the cases. Only one out of the 5 cases with H. pylori was found to 
be MMR negative which is different from the findings stating that 

Table  1. Expression of MMR proteins (MLH1, MSH2, MSH6 and PMS2) in 30 GC patients.

MSI status No. of patient (%)

MSS 18 (60.0)

MSI 12 (40.0)

Loss of MLH1 5 (16.7)

Loss of MSH2 5 (16.7)

Loss of MSH6 9 (30.0)

Loss of PMS2 5 (16.7)

Loss of MLH1 and MSH2 1 (3.3)

Loss of MLH1 and MSH6 3 (10.0)

Loss of MLH1 and PMS2 3 (10.0)

Loss of MSH2 and MSH6 4 (13.3)

Loss of MSH2 and PMS2 1 (3.3)

Loss of MSH6 and PMS2 2 (6.7)

Loss of MLH, MSH2, MSH6 1 (3.3)

Loss of MSH2, MSH6, PMS2 1 (3.3)

Loss of MSH6, PMS2, MLH1 1 (3.3)

Loss of PMS2, MLH1, MSH2 0 (0)

MSS: Microsatellite stable; MSI: Microsatellite instability; MLH1: Human Mutl homolog 1; MSH2: Human MutS homolog 2; 
MSH6 : Human MutS homolog 6; PMS2: PMS1 homolog 2; GC: gastric cancer; MMR: mismatch repair.
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Helicobacter pylori modulate the MMR expression in ~88% of the 
GC patients [27-29]. This decline in the outcome may be due to the 
small population size. 
  To the best of our knowledge, this is the first study reporting 
expression of MMR proteins in GC in the Indian population. Our 
results suggest that expression of MMR plays a crucial role in 
gastric tumorigenesis as the incidence of loss was quite high in the 
study, which emphasizes the screening of these proteins to be used 
as a routine procedure. The loss of expression of MSH6 has been 
found in three-fourth of patients with MMR negative status in the 
population studied. The moderately differentiated tumor tissues 
could be used for better prognosis. This study targeted a small 
population of GC patients emphasizing the role of screening MMR 
proteins in India, which needs to be explored in large population 
size to envisage the prognosis. Our results indicate that MMR 
expression plays a crucial role in the tumorigenesis of patients 
diagnosed with gastric cancer.
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