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ABSTRACT

Introduction: Mismatch Repair (MMR) proteins are essential
in correcting DeoxyRibo Nucleic Acid (DNA) replication errors,
including point mutations, to maintain genetic stability. Among
atleast seven MMR proteins in humans, four- MLH1 (MutL
homolog 1), MSH2 (MutS homolog 2), MSH6 (MutS homolog
6), and PMS2 (Postmeiotic segregation increased 2) are most
significant in cancer biology, particularly in Colorectal Carcinoma
(CRC), gastric, endometrial, and ovarian cancers. Deficiencies
in these genes can lead to Microsatellite Instability (MSI), which
promotes tumourigenesis.

Aim: The present study done to assess the expression of MMR
proteins and their association with clinicopathological features in
solid tumours like colon, liver, stomach, gall bladder and others.

Materials and Methods: The present retrospective and
comparative study was conducted at a North Indian Cancer
Centre at Jaipur, Rajasthan, India for three years, 55 cases
of various solid tumours were examined for the expression of
MMR proteins using immunohistochemistry. The cases were
categorised into two groups: proficient (normal expression
of MMR proteins, low MSI probability) and deficient (loss of
MMR proteins, high MSI probability). The immunophenotypic
expression was analysed in relation to clinical and pathological

parameters by tabulating the data in Microsoft Excel sheet and
statistical analysis was done by using the Statistical Package
for Social Sciences (SPSS) statistics software windows version
22.0 released 2013.

Results: Results showed that 8 (14.5%) out of 55 patients had
a loss of MMR protein expression. Of these cases, 5 (62.5%)
displayed a combined loss of MLH1 and PMS2, while 3 (37.5%)
showed a combined loss of MSH2 and MSH6. All cases with
MMR deficiency were located proximal to the splenic flexure
and exhibited mucinous differentiation along with high levels
of Tumour-infiltrating Lymphocytes (TILs). The mean age in
the proficient group (59.4 years) was higher compared to the
deficient group (54.5 years), with males {5 (62.5%) in MMRd
and 25 (53.2%) MMRp} being more commonly affected than
females {3 (37.5%) in MMRd and 22 (46.5%) in MMRp} in both
groups. Adenocarcinoma was the predominant histological type
in both groups {5 (62.5%) in MMRd and 30 (63.8%) in MMRp}.

Conclusion: The study highlights the importance of MMR protein
testing, particularly for CRC patients aged around 50 years with
low-grade tumours. However, given the limited sample size,
larger studies are needed to further explore the relationship
between MMR protein deficiencies and clinicopathological
features in various cancers.
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INTRODUCTION

The MSI is a form of genomic instability, arises due to defects in
MMR genes, such as MLH1, PMS2, MSH2, and MSH6, which fail to
correct replication errors in microsatellite regions, leading to the MSI
phenotype. MSI represents a major molecular alteration in CRC [1,2].
Mutations associated with MMR deficiency result in chromosomal
alterations, translocations, and the development of MSI, CpG Island
Methylator Phenotype (CIMP), and Chromosomal Instability (CIN)
[3]. Identifying tumours with MSl is crucial as these patients have a
better prognosis and show different responses to chemotherapy [4].
In India, the prevalence of the MSI subtype among all colon cancers
is about 30%, which is roughly double that of the Western population,
indicating different molecular pathogeneses [5,6]. The objective of
the present study was to evaluate the expression of MMR proteins
in various solid tumours and to study their relationship with different
clinicopathological features. Additionally, a comparative analysis
was conducted to evaluate any statistically significant correlation
between various parameters and the loss of these proteins.

MATERIALS AND METHODS

The present retrospective, non-randomised, observational, and
comparative study was conducted on patients with various solid

tumours, either primary or metastatic. The study was carried out
at Mahatma Gandhi Medical College Jaipur, Rajasthan, India, over
a three-year period from 2021 to 2023. Immunohistochemistry
(IHC) for MMR proteins was performed on a Ventana automated
platform (Ventana Benchmark Gx). Food and Drug Administration
(FDA)-approved antibodies were used for performing IHC for MMR
proteins (MLH1- Clone M1; MSH2 - Clone G219-1129; MSH6- Clone
SP93; PMS2- clone A16-4) using an Horseradish Peroxidase (HRP)
detection system.

Inclusion criteria:

e All cases of solid cancers (with or without neoadjuvant therapy)
in which MMR studies were done as per the clinician request.

e Al types of specimen like trucut biopsy, punch biopsy and
resection specimen etc.

Exclusion criteria: Solid cancers in which MMR protein IHC was
not done.

Study Procedure

All cases in which MMR proteins were analysed by the IHC were
listed. There clinical and pathological data (Age, sex, site of tumour,
histologic type, histologic grade, TIL, Lymphovascular Invasion (LVI),
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T stage, N stage and metastatic status) were retrieved from Medical
Record Department of the hospital.

These cases were categorised into two groups: 1) no loss of nuclear
expression of MMR proteins (low probability of MSIH, proficient);
and 2) loss of nuclear expression of MMR proteins (deficient).

STATISTICAL ANALYSIS

The data was analysed through the SPSS statistics software windows
version 22.0 released 2013. Armonk, NY: IBM Corp. Appropriate
statistical tests like Pearson’s Chi-square test and Mann-Whitney
Test were applied to establish the significant association between
different variables.

RESULTS

All the demographic and clinical findings for the study population
has been listed in [Table/Fig-1]. The present study included 55
cases of various solid tumours, consisting of 30 resection (Colon-
15, Stomach-5, Oesophagus-4, Gall bladder-6) and 25 small biopsy
specimens. 47 cases showed intact MMR protein expression

Group
MMR MMR
proficient deficient
n=47 n=8
Variables n (%) n (%) p-value
Male 25 (53.2%) | 5 (62.5%)
Gender 0.625
Female 22 (46.8%) | 3(37.5%)
Resection 22 (46.8%) | 7 (87.5%)
Specimen 0.033
Biopsy 25 (63.2%) | 1(12.5%)
Proximal to spleenic flexure | 4 (8.51%) | 8 (100.0%)
Distal to spleenic flexure 15 (31.91%) 0
Liver 2 (4.3%) 0 (0.0%)
Stomach 8 (17.0%) 0 (0.0%)
Site
Oesophagus 5 (10.6%) 0 (0.0%)
Gall bladder 8(17.0%) 0 (0.0%)
Mullerian tract 1(2.1%) 0 (0.0%)
Others 4 (8.5%) 0 (0.0%)
Primary 39 (83.0%) | 8 (100.0%)
Tumour type 0.587
Metastasis 8(17.0%) 0 (0.0%)
Well differentiated 20 (44.4%) | 4 (50.0%)
Tumour
grade Moderatly differentiated 17 (37.8%) | 4 (60.0%) | <0.597
differentiation
METentaton 1 poory differentiated 8(17.8%) | 0(0.0%)
Adenocarcinoma NOS 30 (63.8) 5 (62.5)
Adenocarcinoma with
mucinous differentiation 0 3(37.9)
, ) Endometriod carcinoma 5(10.6) 0
Histological 0.188
diagnosis Squamous cell carcinoma 3 (6.38) 0 '
Metastatic adenocarcinoma 6 (12.8) 0
Signet ring cell carcinoma 2(4.2) 0
Serous carcinoma 1(2.12) 0
T1 5 (22.7%) 0 (0.0%)
Tumour T2 5(22.7%) 2 (28.6%) 0,646
stage T3 8 (36.4%) 4(57.1%) '
T4 4 (18.2%) 1(14.3%)
NO 19 (86.4%) | 7 (100.0%)
Node stage N1 2 (9.1%) 0 (0.0%) 1.00
N3 1(4.5%) 0 (0.0%)
Metastasis M1 1(9.1%) 0(0.0%) 0077
stage MO 10 (90.9%) | 4 (100.0%)
TIL (>50%) 5(10.6)% 5 (62.5)% <0.05

[Table/Fig-1]: Association of MMR protein with other clinical variables.

TIL: Tumour infiltrating lymphocytes
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(proficient group) and loss was found in eight cases (deficient group)
[Table/Fig-2]. The most common loss was the combined loss of
MLH1 and PMS2, observed in 5 cases (62.5%), and followed by
the combined loss of MSH2 and MSH®6 in 3 cases (37.5%) [Table/
Fig-3]. The distribution and comparison of various clinicopathological
parameters including age, sex, site of tumour, histologic type,
histologic grade, TIL, LVI, T stage, N stage and metastasis between
the two groups are provided in [Table/Fig-1]. However, on statistical
analysis no significant association was found between the above
parameters and MMR status. Except TILs (p-value <0.05). High TILs
were significantly associated with MMR protein deficient group.
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[Table/Fig-2]: H&E 40x adenocarcinoma colon; intact nuclear staining of MLH1
and PMS2; Loss of nuclear staining of MSH2 and MSH6.

H&E: Haematoxylin and eosin

[Table/Fig-3]: H&E 40X adenocarcinoma colon; intact nuclear staining of MSH2
and MSHS; loss of nuclear staining of MLH1 and PMS2.

On analysis, gender distribution was similar in the groups, with
25 (63.2%) males and 22 (46.8%) females in the MMR proficient
group, and 5 (62.5%) males and 3 (37.5%) females in the MMR
deficient group (p=0.625). Males were more involved than females
in both groups. Mean age of the patient was 54.8 years in deficient
group which is slightly lower than proficient group (59 years). In the
deficient group, the colon (proximal to the splenic flexure) was the
primary site in all eight cases (100%), while in the proficient group, it
is seen in only 19 cases (40.4%).

Histopathological examination showed an equal distribution of
well 4 (50%) and moderately 4 (50%) differentiated tumours in the
deficient group, with no cases found to be poorly differentiated. However,
in the proficient group, the majority of cases were well-differentiated
(44.4%). In the deficient group, adenocarcinoma NOS was found in 5
(62.5%) cases and adenocarcinoma with mucinous differentiation was
found in 3 (37.5%) of cases. Mucinous differentiation was not found
in the proficient group, however, this association was not statistically
significant (p=0.188). MMR protein-deficient cases were mostly found
in the T3 pathological stage 4 (57.14%) without any nodal involvement
(NO), followed by T2 2 (28.6%) and T4 1 (14.3%) stages. The proficient
group showed a random distribution across various stage.

DISCUSSION

Defects in MMR genes leads to accumulation of mutations which
are not repaired which further leads to MSI. Hence, status of MMR
protein in tumour cells is directly related to MSI status. These
mutations can be sporadic or germline. MMR deficiency is associated
with good prognosis and these patients have better stage adjusted
survival compared to MSS tumours. The present study showed
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loss of MMRp in eight cases (14.54%). As compared to studies by
Ismael NE et al., 22 (42.3%) [7], Faghani M et al., 22 (28.9%) [8] and
Kumar A et al., 52 (29%), the percentage of MMRp loss was low
[9]. While similar results were found by Chauhan S et al., (15.4%)
and Singh C et al., 14 (14%) [4,10]. This variability might be due to
low cohort size. As per the Western literature, MSIH is found more
commonly in sporadic cancers. Right sided colon cancer was the
most common site for MSI deficient tumours. In the present study,

present study showed combined loss of MLH1 and PMS2 5 (62.5%)
in maximum cases while MSH2 and MSHE loss was seen in 3 (37.5%)).
Ismael NE et al., (2007) [7] showed MLH1 and PMS2 combined loss
in 7 (30.8%) cases [3]. Kumar A et al., (2018) found combined loss
of MSH2+MSH®6 seen in 6 (11.5%) cases along with isolated loss of
PMS2 in 5 (9.6%) patients [9]. Singh C et al, 2021 also found loss
of MSH2+MSH®6 in 3 (21.4%) cases [10]. MMR colorectal cancers
have predilection for the right colon. In a study by Arora S et al., [2]
10 (66.7%) and Chauhan S et al., [4] 3 (75%) show more incidence of
MSI deficient tumours in right-sided colon cancer. The present study
also showed similar results. But Kanth VV et al., had more incidence
of MSI positive tumours in rectum 37 (40.7%) [5]. MMR deficient
colorectal cancers are known to have increased intratumoural and
peritumoural lymphocytes. In the present study, MMR deficient cases
show significant association with high TILs (p-value <0.05), similar to
Singh C et al., (p-value=0.002) [10]. But is Ismael NE et al., showed
no significant association with TILs (p-value is 0.789) [7].

Adenocarcinoma, NOS 5 (62.5%) was the predominant type in
deficient group while 3 (37.5%) of deficient cases showed mucinous
differentiation. Li C et al., (2020) also found that MSI (p<0.001)
is associated with a mucinous histology [11]. As per the Western
literature mucinous, medullary and signet ring cell types are more
commonly associated with MMR deficiency. There was no case of poor
differentiation in the deficient group in the present study. However, as
per the literature, MMR deficiency is more commonly associated with
poorly differentiated adenocarcinoma. Various studies have shown
various association of MMR deficient status to metastasis [12-15]. In
the present study, deficient cases show no distant metastasis.

Limitation(s)

The present study had few limitations. Owing to small sample size, the
results were variable in some parameters like histological grade etc.
Also, patients follow-up of treatment and further survival were not taken
which might have added more to the clinical relevance of the results.

CONCLUSION(S)
The present study showed that middle aged males, mucinous
histology, moderate differentiation, T3 stage and NO nodal stage
and proximal colon site tumours are more commonly found in
MMR protein deficient tumours. Deficient cases were significantly
associated with high TILUs. Integrating IHC based MMR protein
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expression with other clinical and pathological factors allows us
to more accurately select patients who will benefit from immune
checkpoint inhibitors. Because of the limited number of patients,
statistical significance of the association was not established.
Hence, larger cohort studies are recommened.

REFERENCES

[1] Yuan L, ChiY, Chen W, et al. Immunohistochemistry and microsatellite instability
analysis in molecular subtyping of colorectal carcinoma based on mismatch
repair competency. Int J Clin Exp Med. 2015;8(11):20988-21000. Published
2015 Nov 15.

[2] Arora S, Adhikari N, Rathi AK, Singh K, Sakhuja P. Microsatellite instability in
colon cancer: A single center experience from North India. Journal of Cancer
Research and Therapeutics. 2022;18(3):656-60. Doi: 10.4103/jcrt.jcrt_423_21.

[3] Dariya B, Aliya S, Merchant N, Alam A, Nagaraju GP. Colorectal cancer biology,
diagnosis, and therapeutic approaches. Crit Rev Oncog. 2020;25(2):71-94. Doi:
10.1615/CritRevOncog.2020035067. PMID: 33389859.

[4] Chauhan S, Kumar S, Singh P, Husain N, Masood S. Microsatellite instability
in sporadic colorectal malignancy: A pilot study from northern India. Asian Pac
J Cancer Prev. 2021;22(7):2279-88. Doi: 10.31557/APJCP.2021.22.7.2279.
PMID: 34319053; PMCID: PMC8607093.

[5] Kanth VV, Bhalsing S, Sasikala M, Rao GV, Pradeep R, Avanthi US, et al.
Microsatellite instability and promoter hypermethylation in colorectal cancer in
India. Tumour Biol. 2014;35(5):4347-55. Doi: 10.1007/s13277-013-1570-9.
Epub 2014 Jan 10. PMID: 24408015.

[6] Ariyannur P, Menon VP, Pavithran K, Paulose RR, Joy RA, Vasudevan DM.
Molecular pathogenesis of microsatellite instability-high early-stage colorectal
adenocarcinoma in India. Drug Metab Pers Ther. 2024;39(3):125-35. Doi:
10.1515/dmpt-2024-0033. PMID: 39042905.

[7] Ismael NE, El Sheikh SA, Talaat SM, Salem EM. Mismatch repair proteins and
microsatellite instability in colorectal carcinoma (MLH1, MSH2, MSH6, and
PMS2): Histopathological and immunohistochemical study. Open Access Maced
J Med Sci. 2017;5(1):09-13.

[8] Faghani M, Fakhrieh Asl S, Mansour-Ghanaei F, Aminian K, Tarang A, et al. Mismatch
repair proteins and microsatellite instability in colorectal carcinoma: Histopathological
and immunohistochemical study. Gastroenterol Res Pract. 2012;2012:01-07.

[9]1 Kumar A, Jain M, Yadav A, Kumari N, Krishnani N. Pattern of mismatch repair
protein loss and its clinicopathological correlation in colorectal cancer in North
India. S Afr J Surg. 2018;56(1):25-29. PMID: 29638089.

[10] Singh C, Sharma A, Sharma A. MSH2, MSH6, MLH1 & PMS2 correlation with
clinicopathological features in colorectal carcinoma: An experience from a tertiary
care oncology center. Int J Sci Res. 2021;08-13. Doi: 10.36106/ijsr/7503204.

[11] Li C, Liu F, Huang D, Wu Y, Wang Z, Xu Y. The correlation between DNA
mismatch repair status and the clinicopathological and molecular features of
Chinese sporadic colorectal cancer. Transl Cancer Res. 2020;9(1):137-44.

[12] Frey DM, Droeser RA, Viehl CT, Zlobec |, Lugli A, Zingg Ut al. High
frequency of tumour-infilttrating FOXP3+ regulatory T ce lIs predicts improved
survival in mismatch repair-proficient colorectal cancer patients. Int J Cancer.
2010;126(11):2635-43. Doi: 10.1002/ijc.24989.

[18] Jin Z, Sanhueza CT, Johnson B, Nagorney DM, Larson DW, Mara KC, et al.
Outcome of mismatch repair-deficient metastatic colorectal cancer: The mayo
clinic experience. Oncologist. 2018;23(9):1083-91.

[14] Zannier F, Angerilli V, Spolverato G, Brignola S, Sandona D, Balistreri M, et
al. Impact of DNA mismatch repair proteins deficiency on number and ratio
of lymph nodal metastases in colorectal adenocarcinoma. Pathol Res Pract.
2023;243:154366. Doi: 10.1016/}.prp.2023.154366.

[15] Saberzadeh-Ardestani B, Jones JC, Hubbard JM, McWiliams RR, Halfdanarson TR,
Shi Q, et al. Association between survival and metastatic site in mismatch repair—
deficient metastatic colorectal cancer treated with first-line Pembrolizumab. JAMA
Netw Open. 2023;6(2):230400. Doi: 10.1001/jamanetworkopen.2023.0400.

PARTICULARS OF CONTRIBUTORS:

ONOO PN

NAME, ADDRESS, E-MAIL ID OF THE CORRESPONDING AUTHOR:
Shikha Goyal,

Jagatpura, Jaipur, Rajasthan, India.

E-mail: goyalshikha_5@yahoo.com

AUTHOR DECLARATION:

e Financial or Other Competing Interests: None

* Was Ethics Committee Approval obtained for this study? No

* Was informed consent obtained from the subjects involved in the study? Yes

For any images presented appropriate consent has been obtained from the subjects.

Assistant Professor, Department of Oncopathology, Mahatma Gandhi Medical College and Hospital, Jaipur, Rajasthan, India.
Assistant Professor, Department of Oncopathology, Mahatma Gandhi Medical College and Hospital, Jaipur, Rajasthan, India.
Third Year Resident, Department of Oncopathology, Mahatma Gandhi Medical College and Hospital, Jaipur, Rajasthan, India.
Second Year Resident, Department of Oncopathology, Mahatma Gandhi Medical College and Hospital, Jaipur, Rajasthan, India.
Second Year Resident, Department of Oncopathology, Mahatma Gandhi Medical College and Hospital, Jaipur, Rajasthan, India.
Assistant Professor, Department of Oncopathology, Mahatma Gandhi Medical College and Hospital, Jaipur, Rajasthan, India.
Assistant Professor, Department of Oncopathology, Mahatma Gandhi Medical College and Hospital, Jaipur, Rajasthan, India.
Professor, Department of Oncopathology, Mahatma Gandhi Medical College and Hospital, Jaipur, Rajasthan, India.

PLAGIARISM CHECKING METHODS: Wanfetal]
e Plagiarism X-checker: Feb 10, 2025

e Manual Googling: Jul 14, 2025

e iThenticate Software: Jul 16, 2025 (8%)

ETYMOLOGY: Author Origin

EMENDATIONS: 6

Date of Submission: Feb 06, 2025

Date of Peer Review: Apr 29, 2025

Date of Acceptance: Jul 18, 2025

Yes Date of Publishing: Mar 01, 2026

Journal of Clinical and Diagnostic Research. 2026 Mar, Vol-20(3): EC20-EC22


http://europeanscienceediting.org.uk/wp-content/uploads/2016/11/ESENov16_origart.pdf

