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KEYWORDS ABSTRACT:
Introduction: Gastric cancer (GC) is a common global malignancy influenced by both genetic and

M.lcrosa.télht environmental factors. In India, it is the fifth most common cancer in men and seventh in women, as per WHO's
e instability, Globocan 2018 data. Esophageal and periampullary cancers are also among the more prevalent types. MMR
Mismatch genes maintain genomic stability, and microsatellite instability (MSI)—well-studied in colorectal cancer—
repair also plays a role in GC. MSI-positive and MSI-stable GC differ in clinical behaviour. MSI testing may aid in
protein, diagnosis and guide personalised treatment for GC at any stage.
Gastric Objectives: To study MSI status in adenocarcinomas of the esophagus, gastroesophageal junction, gastric, and
CRINEI, periampullary regions and their clinical and histopathological correlation.
MSI-H,
MSI-L/ Methods: A total of 47 cases were included in this study. Histology and immunohistochemistry for MMR
MSS protein were studied using standard protocols. Results were categorised and compared in various groups- MSI
’ status, age, sex, tumour location, and histological subtype. They were analysed and compared using the chi-
square test for categorical variables, and t-tests or one-way ANOV A were applied for continuous variables, as
appropriate.
Results: A total of 47 specimens from excisional biopsies and resections of upper GI tract adenocarcinomas
were analysed. MSI status was as follows: MSI-H status 27 cases (57.4%), MSI-L 09 cases (19.1%) and MSS
11 cases (23.4%). In this study, 16 out of 19 periampullary cancer cases showed moderately differentiated
adenocarcinoma, with 81.2% displaying intestinal morphology. MSI-H was observed in 68.4% (13 cases).
Conclusions: Studies have shown that IHC is a surrogate procedure for molecular expression of the MMR
gene with sensitivity and specificity. This study highlights the detection of the expression of the MMR gene
using IHC and its clinicopathological association.
1. Introduction MMR genes are important for maintaining genomic

stability. Microsatellite instability plays a role in
carcinogenesis and has been studied widely in colorectal
cancers. Recent studies have shown its role in GC.
Microsatellite instability and microsatellite-stable GC
show distinct features and clinical behaviour. The
microsatellite instability (MSI) test could be appropriate
for diagnosing GC regardless of the tumour stage. It may
help give every patient the most precise and effective
treatment (1,2,5,7).

Gastric cancer (GC) is a prevalent malignancy around the
globe. It is a disease influenced by multiple factors,
including environmental and genetic elements, greatly
impacting its development and progression. In India,
stomach cancer ranks as the fifth most frequently
diagnosed cancer in men and the seventh in women,
based on data from the World Health Organisation's
Globocan report of 2018. Oesophageal cancer holds the
position of the sixth most common cancer, while
periampullary cancer stands at thirteenth in terms of Multiple retrospective studies and prospective clinical
overall prevalence (1). trials have demonstrated distinct differences between

gastric cancers (GCs) with microsatellite stability and

those with microsatellite instability. MMR genes
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comprise the proteins MLH1, PMS2, MSH2 and MSH6.
MSI (Microsatellite instability) testing, which utilises
IHC markers, has become the standard practice for
colonic adenocarcinomas; it assists in providing targeted
treatment for these patients. MSI testing might be
suitable for inclusion as a standard of care in upper
gastrointestinal adenocarcinomas, viz. oesophagus,
gastro-oesophageal junction, gastric, and periampullary
adenocarcinomas (3,5,4,6,10).

Microsatellite instability (MSI) studies on oesophageal
and periampullary adenocarcinomas are even fewer than
those of gastric adenocarcinomas. Therefore, it is
worthwhile to study the MSI status of upper
gastrointestinal ~ adenocarcinomas in the Indian
population.

This study aims to assess the role of Microsatellite
instability =~ (MSI) in  upper  gastrointestinal
adenocarcinoma and its correlation with age, sex,
location of tumour and histological subtype of gastric
adenocarcinomas.

2. Objectives

The primary objective is to study MSI status in
adenocarcinomas of the esophagus, gastroesophageal
junction, gastric, and periampullary regions.

Secondary objectives were to correlate MSI status with
age, sex, tumour location and histological subtypes of
gastric adenocarcinomas. And to do a clinicopathological
correlation of gastric adenocarcinomas with MMR
protein expression.

3. Methods

The study was conducted in the department of Pathology,
Bharati Vidyapeeth (Deemed To Be University) Medical
College, Bharati Hospital and Research Centre, Pune. It
was a cross-sectional, retrospective, and prospective
study of 47 cases diagnosed with oesophageal,
gastroesophageal junction, gastric and periampullary
adenocarcinomas over a period from May 2021 to
October 2024.

All endoscopic biopsies and resected specimens of
esophageal, gastroesophageal junction, gastric and
periampullary  adenocarcinomas  (e.g.,  Whipple
resection), paraffin blocks of retrospective cases were
included. Cases with a history of neoadjuvant
chemotherapy were excluded.
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Immunohistochemistry (IHC) was conducted on the
appropriate tissue sections utilising antibodies targeting
MLH1, MSH2, MSH6, and PMS2. Each IHC run
included both positive and negative controls to verify the
accuracy and reliability of the staining procedure.

Data analysis was conducted using SPSS (Statistical
Package for the Social Sciences), version 25.0. Results
were presented in both table and graph formats.
Comparative analyses were performed using the chi-
square test for categorical variables, and t-tests or one-
way ANOVA were applied for continuous variables, as
appropriate.

4. Results

This cross-sectional study uses immunohistochemistry
markers to assess MMR protein expression in upper
gastrointestinal ~ adenocarcinomas. It  categorises
adenocarcinomas based on MSI status into MSI-H and
MSS/MSI-L, and examines the clinicopathological
correlation between gastric carcinomas and MMR
protein expression.

47 cases of upper GI carcinomas, including biopsies and
resections, were studied. The patients' average age was
57 (range 24-78), with 26 males (55.4%) and 21 females
(44.6%), a male-to-female ratio of 1.24:1. (Table no.2)

The most common symptom was abdominal pain.
Jaundice occurred in 21.3% of cases, while 14.9% had
both pain and jaundice. Dysphagia was seen in 19.2%,
vomiting and anorexia in 12.7%, and weight loss in
10.6% of cases. The commonest site of adenocarcinoma
was the D2 part of the duodenum (periampullary region)
in 19 cases (40.4%), followed by 07 cases each (14.9%)
in the pylorus and stomach body. (Table no.2)

There were 30 cases (63.8%) of moderately
differentiated adenocarcinomas, 12 cases (25.5%) of
poorly differentiated adenocarcinomas, and 05 cases
(10.6%) of well-differentiated adenocarcinomas. (Table
no.2)

As per the Lauren classification for the gastric
adenocarcinoma, out of 24 cases (51.1%) from the
gastric region, 05 cases showed intestinal morphology
(20.9%) and 19 (79.1%) cases showed diffuse type
morphology.

In 19 cases (40.4%) from the periampullary region, a
light microscopy study showed intestinal-type
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morphology in 14 cases (73.7%), pancreatobiliary type
morphology seen in 03 cases (15.8%), and 2 cases
showed mucinous areas (10.5%). 4 cases (8.5%) from the
esophageal region showed diffuse type morphology.

The upper GI tract adenocarcinomas were classified
using MSI status into MSI-H and MSS/MSI-L. The
majority of the patients were classified as MSI-H, 27
cases (57.4%), followed by MSS, 11 cases (23.4%) and
MSI-L, 09 cases. (Table no.1)

Out of a total of 47 cases, 36 cases (76.6%) had a loss of
1 or more of the MMR gene proteins, and 11 cases
(23.4%) had intact expression. These include: MLH1
only (sporadic)- 01 cases (02%), MLH1 and PMS2 (Type
1)- 06 cases (12.7%), PMS2 only (Type 2)- 02 cases
(04%), MSH2 and MSH6 only (Type 3)- 05 cases
(10.6%), Loss of MSH6 (Type 4)- 07 cases (14.8%),
pPMMR- All antibodies are intact in 11 cases (23.4%).

The study found no significant link between MMR
expression and age (cut-off 50 years). Loss of MSH6 was
more common in males (14.8%), though not statistically
significant (p = 0.30). MLHI and MSH2 showed no
gender difference, while PMS2 loss was more frequent
in females (42.8%).

MMR expression was associated with tumour
differentiation, notably MSI-H in  moderately
differentiated intestinal-type adenocarcinomas (p =
0.01). (Table no.1)

5. Discussion:

Upper GI cancer is a major global health challenge, with
variations in its molecular features significantly affecting
prognosis and treatment responses. Microsatellite
instability (MSI), which signifies impaired DNA MMR,
has become an important biomarker in gastric cancer,
affecting tumour characteristics, treatment choices, and
patient outcomes. This research sought to assess the
occurrence of MSI in gastric cancer cases along with its
pathological and clinical importance (10).

Two studies (MAGIC 2017, ARTIST 2019) in Asia and
Europe reported a median age of 59 years (range 20-85)
with male predominance. Similar findings were noted by
Tetsuya Ito et al. (2021) in a Japanese hospital-based
study and in this study (8).

In the comparison of the MSI-high subgroup and the
MSS/MSI-low subgroup, the median ages were 66 and
58 years, respectively, with intestinal-type histology
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present in 67.5% of the MSI-high subgroup compared to
43.2% in the MSS/MSI-low subgroup (both P < .001),
while gastric tumour localisation was noted in 96.7%
versus 91.3% (P = 0.056).

The present study showed 79.1% of cases of gastric
adenocarcinoma with a diffuse type of morphology,
which is more in comparison to the other two studies by
Elizabeth C. Smyth et al. and Rosalba Micelia et al.

MSI-H gastric cancers show better prognosis than MSS,
likely due to higher neoantigen load and stronger
immune response. Reduced lymph node metastasis also
suggests less aggressive disease, highlighting MSI-H as
a favourable prognostic marker.

Studies by Zhu L. and Choi Y. (May 2015) found MSI-
H linked to better survival in gastroesophageal
adenocarcinoma, especially in the intestinal subtype.
However, no significant prognostic value was seen in
diffuse or signet-ring cell types, possibly due to the small
sample size (111cases) (9).

In the present study we found a maximum number of
cases of loss of MSH6 only, followed by loss of MLH1
and PMS2 where Elizabeth C. Smyth et al. and Tetsuya
Ito et al. found a similar result with maximum cases of
loss of MLH1 and PMS2.

Conclusion:

This cross-sectional study investigates the expression of
MMR proteins in the upper gastrointestinal tract through
immunohistochemistry ~ while categorising gastric
adenocarcinomas based on their MSI status into MSI-H
and MSI-L, along with examining their
clinicopathological relationships regarding subtype, age,
and gender.

A total of 47 specimens from excisional biopsies and
resections of upper GI tract adenocarcinomas were
analysed. Most of the cases of moderately differentiated
adenocarcinomas  (63.8%) followed by poorly
differentiated adenocarcinomas (25.5%). The overall
most common morphology seen was the intestinal type
(42.5%). MSI-H status 27 cases (57.4%), MSI-L 09 cases
(19.1%) and MSS 11 cases (23.4%).

This study found that 16 of the 19 periampullary patients
had moderately differentiated adenocarcinoma, with
intestinal morphology in 81.2% of the cases. MSI-H
status was found in 13 cases, i.e. 68.4% of cases.

Studies have shown that IHC is a surrogate procedure for
molecular expression of the MMR gene with sensitivity
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and specificity. This study showed that the majority of
moderately differentiated adenocarcinoma cases were
situated in the periampullary area and had intestinal
morphology with MSI-H status. Our study showed a
maximum number of cases with loss of MLHI
expression.

This study highlights the detection of the expression of
the MMR gene using IHC and its clinicopathological
association. H&E Images and data charts are as follows.

Image 1: Well-differentiated adenocarcinomas (H&E
20X)
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Image 3: Poorly differentiated adenocarcinomas (H&E
20X)

Table No. 1: Correlation between age, gender, tumour
type and its histological subtype with MSI status.

Image 2: Moderately differentiated adenocarcinomas
(H&E 20X)

' "n’
{3., \‘éf \‘J’
i ,..“*!’h; i\‘w “4?. 4
i i?’ﬁ';"¥ &b’ |
%

K

v‘ v'".' 0 ¢ ; ‘Vh' -:" :
: O \,3\:.”;?" J’yﬁg‘ﬂf 9'%b ed@
" edn af‘:rmuﬁa G, R “' N
‘:% /’j E;..»’ F '9’.;‘(3\? “‘h"‘\@ ”'
i: A IS N
G 4@‘}" %\‘ﬁa&ﬂ @

3% 5,“‘
;s,»

i
Y
a‘e?
Uy
,,2‘

1045

Table No. 1 MSI status Tot | p
M (M [Ms |2 VZI
SI |SI |s B
H |L
Age group | <50 8 2 10 | I5 |05
years 01
>50 19 |7 6 32
years
Total 27 19 11 | 47
Gender female 13 |2 6 21 |03
male 14 |7 5 26 01
Total 27 19 11 |47
Degree of | Moderat | 20 | 6 4 30 | 0.1
differentia | ely 23
tion Pooly |6 |1 |5 |12
well 1 2 2 5
Total 27 19 11 | 47
Histologic | Intestin | 5 0 6 11 | 0.0
al subtype | al 1

Diffuse | 14 |3 3 20

Mixed 8 6 2 16

Total 27 |9 11 | 47



http://www.jchr.org/

Journal of Chemical Health Risks

www.jchr.org

JCHR (2025) 15(4), 1042-1047 | ISSN:2251-6727

alth Risks

Table no.2: Correlation between age, sex, degree of differentiation, tumour location, and histological features with MMR
gene expression patterns.

Table No. 2 MLH1 MSH2 MSH6 PMS2
Intact Loss | Intact Loss | Intact Loss | Intact Loss
Age group <50 years 08 07 08 07 08 07 11 04
>50 years 23 09 19 13 13 19 24 08
P value 0.211 0.69 0.41 0.90
Gender Male 16 10 14 12 11 15 23 03
Female 15 06 13 08 10 11 12 09
P value 0.47 0.57 0.71 0.014
Degree of | Moderately 18 12 15 15 12 18 21 09
differentiati | differentiated
on in upper
GI Well- 04 01 04 01 03 02 04 01
. differentiated
adenocarci
noma Poorly 09 03 08 04 06 06 10 02
differentiated
p value 0.50 0.34 0.64 0.64
Site of | Periampullary | 13 06 09 10 10 09 11 08
tumour region
Stomach 11 07 10 08 10 10 14 04
Gastroesopha | 03 03 04 02 01 05 06 00
geal junction
Oesophagus 04 00 04 00 02 02 04 00
Histologica | Intestinal type | 12 08 12 08 10 10 14 06
1 subtype
Diffuse type 09 02 08 03 06 05 09 02
Mixed type 10 06 07 09 05 11 12 00
p value 0.44 0.31 0.40 0.76
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