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Oz

Amacg

Mide kanserinde MLH1, PMS2, MSH6, MSH2'in im-
minhistokimyasal ekspresyonlari ile klinikopatolojik
parametrelerin arasindaki iliskiyi degerlendirmeyi
amacladik.

Gerec ve Yontem

Yuzlg primer mide adenokarsinom ve timorsiz 27
mide mukozasina ait doku mikroarray (DMA) kesit-
lerine immunhistokimyasal uygulama yapildi. Tum
markerlar nikleer boyanma acisindan degerlendiril-
di. Markerlardan herhangi birinde negatiflik eksiklik
olarak kabul edildi. Daha sonra hatall eslesme gen-
lerinde eksiklik var (IMMR) ve hatali eslesme gen-
leri saglam (pPMMR) olmak lizere 2 alt grup arasinda
karsilastirma yapildi.

Bulgular

Histopatolojik olarak intestinal ve intestinal olmayan
alt tiplerinden, MSH2'nin intestinal grupta intestinal
olmayan gruba gore ekspresyonunda anlamli kayip
g0Ozlendi. PMS2 ekspresyonu tagl yuzuik hicreli kar-
sinomda diger alt tiplere gore anlamli olarak ytksek-

ti. Ayrica MLH1 ve PMS2 ekspresyonlarinin kaybi-
nin orta/kétl diferansiye timérlerde, iyi diferansiye
timorlere gore daha yiiksek oldugunu gozlemledik.
MLH1, MSH6, PMS2 ekspresyon kaybi ve dMMR
olan olgularda pMMR’li olgulara gore perindral in-
vazyon anlamli sekilde daha yuksekti. Kemoterapi/
radyoterapi alan ve almayan gruplar karsilastirildi-
ginda dMMR ve pMMR arasinda anlamli fark yoktu.
MLH1, MSH2, MSH6, PMS2 ekspresyonlari ile sag-
kalim arasinda anlamli iliski bulunmadi.

Sonug

Perinéral invazyon ile MLH1, MSH6 ve PMS2 eks-
presyon kaybi arasinda anlamli iliski bulduk. PMS2
ekspresyonu tasl yizik hicreli karsinomda diger alt
tiplere gore anlaml olarak yuksekti.

Anahtar Kelimeler: Mide adenokarsinom, MLH1,
PMS2, MSH6, MSH2

Abstract
Objective

We aimed to evaluate the correlation between the
immunohistochemical expressions of MLH1, PMS2,
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MSH6, MSH2 and clinicopathological parameters in
gastric carcinoma.

Matherials and Methods

Immunohistochemistry was performed on the tis-
sue microarray (TMA) sections of 103 primary gast-
ric adenocarcinoma and 27 gastric mucosal tissue
samples without tumor. All markers were evaluated
for the presence of nuclear staining. Negative exp-
ression in any of the markers was accepted as a
deficiency. Then, the comparison was made betwe-
en the two subgroups as; deficient mismatch repair
(dMMR) and proficient mismatch repair (PMMR).

Results

The histopathological subtypes as intestinal and
non-intestinal, the intestinal group showed signifi-
cant deficient expression of MSH2 compared with
the non-intestinal group. PMS2 expression was sig-
nificantly higher in the other subtypes than signet ring
cell carcinoma. Also, we observed that the loss of

Introduction

Gastric cancer (GC) is one of the major health
problems which is the leading third cause of cancer-
related deaths (1). Although the incidence has been
declining, it is still the fourth most common cancer (2).
GC may be sporadic, familial or hereditary. Most of
them are sporadic, but 5-10% have APC (antigen-
presenting cell promotor 1B) mutation. Hereditary
GC with germline mutations like CDH1 (cadherin
1) or CTNNAL1 (catenin alfa) may be observed (3).
Many genetic mutations are detected in GC, but their
role is undetermined (4). Four subtypes have been
identified in the molecular level by genomic analysis.
These are microsatellite instability (MSI), Epstein Barr
Virus (EBV) positivity, chromosomal instability, and
genomic stability (3).

Microsatellite instability, a subtype of genetic instability,
is the sequence repeating in different lengths (5).
The mismatch repair (MMR) genes associated with
Lynch Sendrome (LS) consists Human mutL homolog
1 (MLH1), human mutS homolog 2 (MSH2), human
mutS homolog 6 (MSHG6), postmeiotic segregation
increased 2 (PMS2), and epithelial cellular adhesion
molecule (EPCAM). The MSI phenotype was found
to be related with better survival in stage Il GC (10).
2-4% of colorectal carcinomas are associated with
LS (6-9). In addition to colon cancers, endometrium,
small intestine, ureter and renal pelvis related tumors
were more common in LS cases compared to normal
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MLH1 and PMS2 expressions were higher in mode-
rately/poor differantiated tumors than the well diffe-
rantiated ones. Perineural invasion was significantly
higher in patients with loss of MLH1, MSH6, PMS2
expression and dMMR compared to patients with
pMMR. There was no significant difference betwe-
en dMMR and pMMR when compared the groups
who received chemotherapy/ radiotherapy and who
did not. There was not found significant relationship
between MLH1, MSH2, MSH6, PMS2 expressions
and survival.

Conclusion

We found a significant relationship between peri-
neural invasion and the loss of expression of MLH1,
MSH6 and PMS2. PMS2 expression was also signifi-
cantly higher in the other subtypes of GC than signet
ring cell carcinomas.

Keywords: Gastric adenocarcinoma, MLH1, PMS2,
MSH6, MSH2

population (8). The same was observed in pancreas,
ovary and stomach (8).

The molecular classification of GC is needed urgently.
These classifications will play an important role in
the diagnosis and treatment of the GC. DNA MMR
genes (MLH1, PMS2, MSH2, MSH6), which are MSI
genes can be evaluated by the immunohistochemical
methods (3).

The purpose of our study was to evaluate the
correlation  between the immunohistochemical
expressions of MLH1, PMS2, MSH6, MSH2 and
clinicopathological parameters which may affect the
treatment and prognosis of GC.

Materials and Methods

Patients And Tissue Samples

We studied samples of 103 primary gastric
adenocarcinoma patients who underwent CT imaging
and gastrectomy between 2007-2019 in our hospital.
Enough number of patients from both gender were
included to the study. The resection materials from
GC patients that had sufficient clinical and pathological
data were re-evaluated. Non-tumoral materials from
patients were assigned as control group. Non tumoral
patients were numbered and 27 patients were
selected using computerized randomization method.

4-5 um-thick sections of Hematoxylin &Eosin stained



slides obtained from the formalin-fixed blocks of
all of the tissue samples were re-evaluated and
optimal blocks were selected. All of the cases
were histopathologically confirmed as gastric
adenocarcinoma according to the World Health
Organisation (WHO) classifications of tumors of
Digestive System 2019 version (11). The gastric
adenocarcinoma primary tumor (pT) was determined
using the College of American Pathologists (CAP)
2017 version (12).

Gastric adenocarcinoma cases were re-evaluated
retrospectively for histopathological subtype, tumor
localization, lymphovascular invasion, perineural
invasion, lymph node metastasis, treatment effects
and pT stage according to TNM classification. Also,
slides stained for C erb-B2 were re-evaluated. Clinical
findings such as age, gender, metastasis, disease-free
survival, overall survival, adjuvant therapy, recurrence
were analyzed via the hospital’s information system.

According to the radiological evaluation tumor
localizations were classified into three groups: 1;
fundus, cardia, 2; greater and lesser curvature, corpus,
3; antrum, pylorus. Tumor diameter was divided into
groups according to <5 cm and >5 cm in diameter.

The clinicopathological features of GC cases were
summarized in Table 1.

Ethics committee approval was obtained for the study
by report no. 199285 on 03.12.2019 at Suleyman
Demirel University Local Ethics Committee.

Immunohistochemistry

The tissue microarray (TMA) blocks were constructed
from the selected paraffin blocks manually. Briefly,
suitable areas were marked on standard H&E stained
slides. To increase representative focus due to tumour
heterogeneity from each case two representative
2 mm diameter tissue cores were punched from
the original block and inserted into a new recipient
paraffin block manually. The resection materials of the
patients that underwent gastrectomy for non-tumoral
conditions were assigned as control group. In addition,
normal colon mucosa was used as a positive control.
A manual TMA Builder (Labvision, Thermo Fisher
Scientific) instrument was used for the construction of
these TMA’s. The sections with a thickness of 4 pm
of TMA blocks were used for immunohistochemistry
by streptavidin biotin peroxidase tecnique for
MLH1, PMS2, MSH6, MSH2. The sections were
deparaffinized in xylene and dehydrated in descending
dilutions of ethanol. Antigen retrieval was achieved
by heat treatment at 98°C in citrate buffer (pH= 6.0)
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for 20 minute. The immunostaining was performed
using DAKO Omnis Autostainer™ (Santa Clara,
USA). Endogenous peroxidase activity was blocked
by 20 minute of incubation with 0.3% hydrogen
peroxidase. Slides were tested with MSH6 (Dako,
FLEX Monoclonal Rabbit, Anti-Human, clone EP49,
the cellular staining pattern is predominantly nuclear,
ready to use, catolog number: IR086), MSH 2 (Dako,
FLEX Monoclonal Mouse, Anti-Human, clone FE11,
the cellular staining pattern is predominantly nuclear,
ready to use, catolog number: IR085), PMS2 (Dako,
FLEX Monoclonal Rabbit, Anti-Human, Clone EP51,
the cellular staining pattern is predominantly nuclear,
ready to use, catolog number: IR087), MLH1 (Dako,
FLEX Monoclonal Mouse, Anti-Human, clone ESO05,
the cellular staining pattern is predominantly nuclear,
ready to use, catolog number: IR079).

Evaluation Of Inmunohistochemical Staining

All  immunohistochemically stained slides were
evaluated by pathologists, blinded to the clinical and
histopathological findings. Positive staining for MLH1,
MSH2, MSH6, PMS2 was determined according to
the presence of nuclear staining regardless of the
percentage. Negative staining was identified as loss
of expression in all of the tumor cells (13).

The comparison analysis was made for the
expression of each of the 4 immunohistochemical
stains. Negative expression in any of MLH1, PMS2,
MSH6, MSH2 markers was accepted as a deficiency.
Then, the comparison was made between the two
subgroups, deficient mismatch repair (dMMR) and
proficient mismatch repair (pMMR).

Statistical Analysis

Statistical analysis was performed using SPSS 21
(Armonk, New York). The normality of continuous
data was tested using Kolmogorow smirnov test or
Shapiro-Wilk test. Continious data were compared
using independent sample t test or Mann-Whitney-U
test. Categoric data were compared using Pearson
Chi-square test. Fisher's exact test was used when
expected value problem occurred. A p value<0.05
was regarded as statistical significant. Kaplan Meier
analysis was used for survival analysis. Log rank test
was used for comparison of survival data.

Results

The cases of GC, 33 (32%) were under 60 years old
and 70 (%68) were over 60 years old. Most of the
patients were male (64.1% vs 35.9%). The distrubition
of the tumors localisation were as follows: fundus and
cardia: 28.3%, greater, lesser curvature and corpus:
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27.2%, antrum and pylorus: 16.5%. In %81 of cases
GC shows LVI and %65 were PNI. Intestinal type
tumor was observed in %70.9 of GC. Cer B2 score
was 0 (%64.1) in most of the cases (Table 1).

When expressions of MLH1, MSH2, MSH6, PMS2 in
gastric adenocarcinoma cases were evaluated;

MLH1 expression: All of the nonneoplastic gastric
tissue showed dense MLH1 nuclear expression
(Figure 1A). Gastric adenocarcinomas with positive
and negative MLH1 immunoexpression were shown
in Figures 1B and 1C, respectively.

There was a significant relationship between MLH1
expression and perineural invasion and diferantiation
of the tumors (p=0.01, p=0.005, respectively) (Table
2). MLH1 negativity was higher in moderately/poorly
differentiated adenocarcinomas and also tumors with
perineural invasion.

MLH1, PMS2, MSH6 and MSH2 In Gastric Cancer

Considering other clinicopathological parameters
of GC cases, no statistically significant correlation
was found between MLH1 expression and the
variables such as gender, age, tumor localisation,
lymphovascular invasion, histopathologic subtype,
Cerb B2 score and TNM of GC group (p>0.05) (Table
2).

MSH2 expression: All of the nonneoplastic gastric
tissue showed dense MSH2 nuclear expression
(Figure 2A). Gastric adenocarcinomas with positive
and negative MSH2 immunoexpression were shown
in Figures 2B and 2C, respectively.

There was a significant relationship between MSH2
expression and histologic type of GC (p=0.02) (Table
2). MSH2 negativity was significantly higher in
intestinal type gastric carcinoma compared to other
histologic types (p=0.02).

Figure 1
MLH1 immunoreactivity; Non-neoplastic gastric tissue diffuse nuclear positive
(A), gastric adenocarcinoma strong nuclear positive (B), gastric adenocarcinoma negative (C) (x40)

Figure 2
MSH2 immunoreactivity; Non-neoplastic gastric tissue diffuse nuclear positive
(A), gastric adenocarcinoma strong nuclear positive (B), gastric adenocarcinoma negative (C) (x40)
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Considering other clinicopathological parameters MSH6 expression: All of the nonneoplastic gastric
of GC cases, no statistically significant correlation tissue showed dense MSH6 expression (Figure 3A).
was found between MSH2 expression and the other Gastric adenocarcinomas with positive and negative

variables (p>0.05) (Table 2). MSHG6 immunoexpression were shown in Figures 3B
and 3C, respectively.
Clinicopathological features of GC cases
n(%) n(%)
Age Cerb B2
<60 33 (32) Score 0 66 (64.1)
>60 70 (68) Score 1 4(3.9)
Gender Score 2 2(1.9)
Female 37 (35.9) Score 3 12 (11.7)
Male 66 (64.1) pT
Tumours localisation 1 6 (5.8)
Group 1 58 (56.3) 2 10 (9.7)
Group 2 28 (27.2) 3 60 (58.3)
Group 3 17 (16.5) 4 27 (26.2)
Lymphovascular Invasion (LVI) pN
Positive 81 (78.6) 0 15 (14.6)
Negative 22 (21.4) 1 14 (13.6)
Perineural Invasion (PNI) 2 35 (34)
Positive 65 (63.1) 3 39 (37.9)
Negative 38 (36.9) pM
Histopathologic subtype 0 75 (72.8)
intestinal 73 (70.9) 1 27 (26.2)
The other 30 (29.1)

pT: Primary tumour, pN: Regional lymph nodes, pM: Distant metastasis

Figure 3
MSH6 immunoreactivity; Non-neoplastic gastric tissue diffuse nuclear positive
(A), gastric adenocarcinoma strong nuclear positive (B), gastric adenocarcinoma negative (C) (x40)
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in GC cases

MLH1, PMS2, MSH6 and MSH2 In Gastric Cancer

The distribution of MLH1, PMS2, MSH6, MSH2 expressions according to the clinicopathological features

MLH1 expression MSH2 expression MSH6 expression PMS2 expression
Negative Positive = Negative Positive Negative Positive ® Negative Positive =

(n%) (n%) (n%) (n%) (n%) (n%) (n%) (n%)
Gender
Female 12(32.4) | 25(37.9) 0.58 10 (32.3) 27 (37.5) 0.61 5(31.3) 32(36.8) 0.67 12 (31.6) 25 (38.5) 0.48
Male 25(67.6) | 41(62.1) 21 (67.7) 45 (62.5) 11 (68.8) 55 (63.2) 26 (68.4) 40 (61.5)
Age 64+13 65+13 0.70 61+11 66+14 0.12 59+14 65+13 0.91 65+13 64+13 0.85
Tumor
Localisation
Group 1 8(21.6) 9 (13.6) 0.272 7 (22.6) 10 (13.9) 0.508 3(18.8) 14 (16.1) 0.711 8 (21.1) 9 (13.8) 0.194
Group 2 17 (45.9) | 41(62.1) 17 (54.8) 41 (56.9) 10 (62.5) 48 (55.2) 17 (44.7) 41 (63.1)
Group 3 12(32.4) | 16 (24.2) 7 (22.6) 21 (29.2) 3(18.8) 25 (28.7) 13 (34.2 15 (23.1)
Lvi
Negative 6(16.2) 16(24.2) 0.34 8 (25.8) 14(19.2) 0.47 2 (12.5) 20 (23) 0.51 5(13.2) 17(26.2) 0.12
Positive 31(83.8) | 50(75.8) 23 (74.2) 58(80.6) 14 (87.5) 67 (77) 33(86.8) 48(73.8)
PNI
Negative 8 (21.6) 30(45.5) 0.01 10 (32.3) 28(38.9) 0.52 2 (12.5) 36(41.4) 0.02 7 (18.4) 31(47.7) 0.003
Positive 29 (78.4) | 36(54.5) 21 (67.7) 44(61.1) 14 (87.5) 51(58.6) 31 (81.6) 34(52.3)
Histology
Intestinal 25(67.6) | 48(51.6) 0.09 23 (74.2) 50(50.5) 0.02 12 (75) 61(53.5) 0.10 24 (63.2) 49(53.3) 0.30
Other 12(32.4) | 45(48.4) 8 (25.8) 49(49.5) 4 (25) 53(46.5) 14 (36.8) 43(47.7)
SRCC 10 (27.0) | 14 (15.1) 6 (19.4) 25 (80.6) 2 (12.5) 22 (19.3) 12(31.6) 12 (13.0)

0.112 0.883 0.512 0.013

Other 27 (73.0) | 79(84.9) 25 (80.6) 81 (81.8) 14 (87.5) 92 (80.7) 26 (68.4) 80 (87.0)
Cerb B2
Score 0 27(87.1) | 39(73.6) 16 (66.2) 50 (83.3) 10 (90.9) 56 (76.7) 27 (87.1) 39 (73.6)
Score 1 1(3.2) 3(5.7) 0.458 3(12.5) 1(1.7) 0.08 0(0) 4 (5.5) 0.400 1(3.2) 3(5.7) 0.192
Score 2 0(0) 2(3.8) 0(0) 2(3.3) : 0(0) 2(2.7) ’ 0(0) 2(3.8)
Score 3 3(9.7) 9 (17) 5(20.8) 7 (11.7) 1(9.1) 11 (15.1) 3(9.7) 9 (17)
Differantiation
Well 7(18.9) | 31(47.0) | 0.005 14 (45.2) 24(333) | 0.254 5(31.3) 33(37.9) 0.611 6 (15.8) 32 (49.2) 0.001
Moderately-Poor | 30 (81.1) | 35 (53.0) 17 (54.8) 48 (66.7) 11 (68.8) 54 (62.1) 32 (84.2) 33 (50.8)
pT
1 1(2.7) 5 (7.6) 2 (6.5) 4 (5.6) 0(0) 6 (6.9) 0(0) 6(9.2)
2 3(8.1) 7 (10.6) 0.55 3(9.7) 7(9.7) 0.32 2 (12.5) 8(9.2) 0.78 3(7.9) 7(10.8) 0.17
3 24 (64.9) 36(54.5 21(67.7) 39(54.2) 12 (75) 48(55.2) 26(68.4) 34(52.3)
4 9 (24.3) 18(27.3) 5(16.1) 22(30.6) 2 (12.5) 25(28.2) 9(23.7) 18(27.7)
pN
0 5 (13.5) 10(15.2) 6 (19.4) 9 (12.5) 2 (12.6) 13(14.9) 4(10.5) 11(16.9)
a, 7(18.9) 7 (10.6) 0.63 3(9.7) 11(15.3) 0.47 1(6.3) 13(14.9) 0.78 6 (15.8) 8(12.3) 0.87
2 13(35.1) | 22(33.3) 12 (38.7) 23(31.9) 6 (37.5) 29(33.3) 15 (39.5) 20(30.8)
3 12 (32.4) | 27(40.9) 10 (32.3) 29(49.3) 7 (43.8) 32(36.8) 13 (34.2) 26(40)
pM
0 29(80.6) | 46(69.7) 0.23 22 (71) 53(74.6) 0.69 13 (81.3) 62(72.1) 0.55 29(78.4) 46(70.8) 0.40
1 7 (19.4) 20(30.3) 9 (29) 18(25.4) 3(18.8) 24(27.9) 8 (21.6) 19(29.2)

MLH1: MutL Protein Homolog 1, MSH 2: Muts Protein Homolog 2, MSH6: (Muts Protein Homolog 6,
PMS2: Postmeiotic Segregation Increased 2, SRCC: Signet ring cell carcinoma

There was a significant relationship between MSH6
expression and perineural invasion positivity (p=0.02)
(Table 2). MSH6 negativity was significantly higher in
patients with perineural invasion compared to patients
without perineural invasion.

Considering other clinicopathological parameters
of GC cases, no statistically significant correlation
was found between MSH6 expression and the other
variables (p>0.05) (Table 2).

PMS2 expression: All of the nonneoplastic gastric
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tissue showed dense PMS2 expression (Figure 4A).
Gastric adenocarcinomas with positive and negative
PMS2 immunoexpression were shown in Figures 4B
and 4C, respectively.

There was a significant relationship between PMS2
expression and perineural invasion, differantiation
and histopathologic subtype of GC (p=0.003,
p=0.001, p=0.013; respectively) (Table 2). Loss of
PMS2 expression was significantly higher in patients
with perineural invasion and higher in moderately/
poorly differentiated carcinoma compared to well



differentiated carcinoma. PMS2 expression was
significantly higher in other histologic types compared
to SRCC.

Considering other clinicopathological parameters
of GC cases, no statistically significant correlation
was found between PMS2 expression and the other
variables (p>0.05) (Table 2).

The relation of dAMMR, pMMR expressions with the
clinicopathological features of GC cases shows
that perineural invasion was significantly higher in
patients with dAMMR compared to patients with pMMR
(p=0,019). There was no statistically significant
difference between dMMR and pMMR groups
regarding as gender, tumor diameter, localisation,

Siileyman Demirel Universitesi Tip Fakdltesi Dergisi

differentiation, histopathology, tumor type, Cerb-B2
score, LVI, TNM classification and treatment effect of
adjuvant radiotherapy and chemotherapy (p>0.05)
(Table 3).

MLH1, PMS2, MSH6, MSH2 expressions and
postoperative survival of GC patients shows that no
significant difference was found in MLH1, MSH2,
MSH6 and PMS2 positive and negative patients in
terms of overall survival. Although better survival was
observed in dMMR patients no significant difference
was found between dMMR and pMMR groups
(p>0.05) (Figure 5, 6). MLH1, MSH2, MSH6 and
PMS2 had no effect on overall survival (HR: 3.8, 1.3,
1.6, 1.7 respectively, p>0.05) (Table 4).

Figure 4
PMS2 immunoreactivity; Non-neoplastic gastric tissue diffuse nuclear positive
(A), gastric adenocarcinoma strong nuclear positive (B), gastric adenocarcinoma negative (C) (x40)
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Figure 5
Kaplan Meier Survival analysis in patients with showing
MLH1, MSH2, MSH6, PMS2 positivity and negativity
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Figure 6
Kaplan Meier Survival analysis of GC patients with dAMMR
and pMMR positivity and negativity
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Table 3 The distribution of MLH1, PMS2, MSH6, MSH2 expressions according to the clinicopathological features
in GC cases

dMMR pMMR P dMMR pPMMR P
Gender LVI 10
Female 17 (35.4) 20 (36.4) | 0.920 No (20.8) 12 (21.8) | 0.903
Male 31 (64.6) 35 (63.6) Yes 38 43 (78.2)
(79.2)
Tumor Diameter PNI 12
<5cm 12 (25.0) 19 (34.5) | 0.292 No (25.0) 26 (47.3) | 0.019
>5cm 36 (75.0) 36 (65.5) Yes 36 29 (52.7)
(75.0)
L pT 2(4.2)
Tgr:iool:‘;olcallsatlon 1 3(6.3) 4(7.3)
Group 2 11 (22.9) 6(10.9) | 0.174 2 31 7(12.7) | 0.494
Group 3 23 (47.9) 35 (63.6) 3 (64.6) 29 (52.7)
14 (29.2) 14 (25.5) 4 12 15 (27.3)
(25.0)
Differentiation PN 7@
0 8 (16.7) | 8(14.5)
Well 14 (29.2) 24 (43.6)
0.163 1 18 6(10.9) | 0.574
Moderately 18 (37.5) 12 (21.8)
Poorly 16 (33.3) 19 (34.5) 2 (€79 S (e
’ ' 3 15 24 (43.6)
(31.3)
Histopathology pM 35
SRCC 13 (27.1) 11 (13.4) | 0.053 0 (74.5) | 40(72.7) | 0.843
Other 35 (72.9) 71 (86.6) 1 13 15 (27.3)
(25.5)
Type of tumor
intestinal 33 (68.8) 40 (54.8) Radiotherapy 38
Papillary 0 (0) 2 (3.6) 0.499 No (79.2) | 42(76.4) | 0.733
Signet Ring Cell 13 (27.1) 11 (20.0) Yes 10 13 (23.6)
Mucinous 2(4.2) 2 (3.6) (20.8)
Cerb-B2
Skor 0 31 (79.5) 35 (77.8) Chemotherapy 27
Skor 1 3(7.7) 1(2.2) 0.623 No (56.3) | 34(61.8) | 0.566
Skor 2 0 (0) 2 (4.4) Yes 21 21 (38.2)
Skor 3 5(12.8) 7 (15.6) (43.8)

SRCC: Signet ring cell carcinoma
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Table 4 Cox regression analysis in predicting the overall survival of GC patients

Overall survival

HR 95% CI P
MLH1 expression
Negative Reference
Positive 3.8 0.48-31.1 0.134
MSH2 expression
Negative Reference
Positive 1.3 0.27-6.36 0.734
MSH6 expression
Negative Reference
Positive 1.6 0.20-13.1 0.620
PMS2 expression
Negative Reference
expression Positive 1.7 0.35-8.49 0.472
PNI
Negative Reference
Positive 0.8 0.23-2.81 0.751

MLH1: MutL Protein Homolog 1, MSH 2: Muts Protein Homolog 2, MSH6: (Muts Protein Homolog 6,

PMS2: Postmeiotic Segregation Increased 2

Discussion

Multiple alterations of oncogenes and tumor
suppressor genes plays a role in the development
of gastric adenocarcinoma (14). Despite that,
the progression mechanism of the multiple gene
mutations to the carcinogenesis in GC has not been
fully understood (14). MMR genes are necessary for
the genome to be copied accurately in cell proliferation
and if there is a deficiency, mutation risk increases
by 100 times compared with a healthy cell (14, 15).
Base mismatch, genomic repair defects caused by
MMRS (mistmach repair genes) mutation can lead to
an increase in the genome instability which can be
observed in gastric, endometrial, and ovarian cancers
(16).

MLH1 and MSH2, the microsatellite instability genes,
were found higher in both female and male patients
with GC. No significant correlation has been identified
with MSH6 (17, 18). MLH1, MSH2, PMS2, MSH6
mutations were found to demonstrate dominancy in
male patients with Lynch syndrome in another study
(19). MSI was detected in 15-33% of sporadic GC (2,
20). There are many studies in the literature showing
that MSI was higher in older patients (2, 21, 22). In
our study there was no significant difference between

loss of MLH1, MSH2, PMS2, MSH6 expressions and
age and gender of the GC patients. We also didn't find
a significant difference in dMMR and pMMR groups
between the age and gender of the patients.

Yamamoto et al. (23) found that gastric tumors with
MSI, advanced age, female gender, distal localization
were associated with good prognosis (23, 24). In our
study, we didn't observe a significant relationship
between the tumor localization and loss of expressions
of MLH1, MSH2, PMS2, MSH6.

Arai et al. (25) demonstrated that poorly-differentiated
tumors were less common than the well-differentiated
tumors among the GC in the early stage with MSI,
but there was no significant difference among the GC
in advanced stage (25). We didn't find a significant
relationship between tumor stage (pT stage) and loss
of expression of MLH1, MSH2, PMS2, MSH6.

Hirotsu et al. (26) observed positive expression for
MLH1, MSH2, PMS2, MSH®6 in the signet cell gastric
adenocarcinoma when compared with the non-
signet cell tumors. In another study, they found the
percentage of signet cell carcinoma with dAMMR as
33% (27). We did not find any significant difference
in terms of histopathology between the patients
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with dMMR and pMMR. But only PMS2 expression
was significantly higher in other histologic subtypes
compared to in signet ring cell carcinoma.

Arai et al. (25) suggested that MSI may be associated
with specific histological subtypes and that GC with
MSI may be originated from differentiated type
carcinomas causing histological diversity during tumor
progression. In our study, we didn't find a significant
difference in dMMR-pMMR between the well,
moderately, poorly differentiated tumors. Moderately/
poorly differantiated tumors demonstrated a significant
loss of expression of MLH1, PMS2 compared with
the others. However, such a relation was not found
regarding the expression of MSH2, MSH6.

In another study, no significant relationship was found
between MLH1 expression and stage of lymph node
metastasis in the MSI+ tumors by PCR method (28).
Likewise, we observed no significant difference among
metastatic lymph node stages and the expression
of MLH1, MSH2, MSH6, PMS2, and dMMR-pMMR
groups.

There is limited data in the literature investigating the
relation between the immunohistochemical expression
of MLH1, MSH2, MSH6, PMS2 and perineural
invasion of gastric adenocarcinoma. We observed a
significant correlation with the loss of MLH1, MSH6,
PMS2 expressions and perineural invasion in the
gastric adenocarcinoma cases, whereas there was no
association with MSH2 and patients with perineural
invasion compared to patients without perineural
invasion was significantly higher in dMMR.

Seo et al. (2) found no significant difference in
MSI between the lymphovascular invasion groups
(positive, negative, unknown). Also, we didn’t find
a significant difference in the expression of MLH1,
MSH2, MSH6, PMS2, and dMMR-pMMR between
the positive and negative lymphovascular invasion
groups.

Kim et al. (29) found that GC with peritoneal metastasis
had higher pMMR than the GC with lung, bone, lymph
node, liver, cranial, and other metastasis. In our study,
there was no significant difference in the expressions
of MLH1, MSH2, MSH6, PMS2, and dMMR-pMMR
between the groups regarding distant metastasis.

Cerb B2 is a protooncogene in the epidermal growth
factor receptor family showing an 8-56% alteration in
the expression of GC (30). In the literature, there is
limited data for the evaluation of CerbB2 score and
MSIin GC. We found no significant difference between

496

MLH1, PMS2, MSH6 and MSH2 In Gastric Cancer

the CerbB2 score and dMMR-pMMR groups (0-3).
The limitation of our study was that the evaluated
tissue samples may have not represented all of the
tumor, because of using the tissue microarray method.
Therefore, we may have observed false negativity
than expected in our study.

Conclusion

Gastric adenocarcinoma may present with different
histopathological subtypes and clinical findings.
There are many factors in a routine histopathological
analysis that can affect prognosis. We found a
significant relationship between perineural invasion
and the loss of expression of MLH1, MSH6 and
PMS2. Also, we observed that the loss of MLH1
and PMS2 expressions were higher in moderately/
poor differentiated tumors than the well differentiated
ones, and PMS2 expression was also significantly
higher in the other subtypes of GC than signet ring
cell carcinomas. According to these findings we
suggest that the mentioned genes may contribute to
the differentiation and aggressive behaviour of GC.
In addition, none of the MMR genes had an effect on
overall survival and prognosis of GC in our study.
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