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ABSTRACT

Objective: To determine the immunohistochemistry-based frequency of mismatch repair protein (MSH-2, MSH-6, MLH-1 &
PMS-2) deficiency in prostate cancer.

Study Design: Cross-sectional study.

Place and Duration of Study: Department of Histopathology, Armed Forces Institute of Pathology, Rawalpindi Pakistan, from
Jan 2021 to Jul 2022.

Methodology: The characteristics and clinical data of 82 prostatic cancer patients who had transurethral resection of the
prostate and surgical resections were examined. MLH-1, MSH-2, PMS-2, and MSH-6 antibodies were utilized during immune-
histochemical staining. The status of each patient's mismatch repair deficit was established once the results were assessed.
Results: In the study, mean age of presentation was 70.90£8.36 years. Most common histological type was acinar
adenocarcinoma, 67(81.70%). Out of 82 patients with prostatic carcinoma, 17(20.73%) patients had lost their
immunohistochemistry staining for MMR proteins. Nonetheless, no mismatch repair deficit was found in the 65(79.27%)
remaining instances. One patient had a simultaneous loss of all four antibodies, two had loss of MLH-1, three had loss of
MSHS-2, eleven had loss of PMS-2, and twelve had loss of MSH-6.

Conclusion: The frequency of mismatch repair deficiency in our community's prostate cancer patients was reported to be
34.1%, which may be utilized as a base for genetic testing to track the effectiveness of treatment and forecast the overall
survival rate for patients with prostate cancer. Studies are also needed to explain the MMR protein’s genetic role in cancer
formation, together with the signaling pathway.
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INTRODUCTION

In 2020, prostate cancer accounted for
approximately 191,930 new cases and 33,330 fatalities

While radical prostatectomy for localized
prostate cancer frequently results in a cure, tumor
recurrence following the operation still poses a

in the United States, making it the most commonly
diagnosed malignancy among males.! Together,
prostate, lung, and colorectal carcinoma account for
42% among all cases recorded in males, while prostate
cancer accounts for one out of every five occurrences.?
Prostate cancer is the second-highest common
malignancy in males among Pakistani males, as
indicated by the annual cancer registry data issued by
Shaukat Khanum Memorial Cancer Hospital and
Research Centre.? Pakistan has a comparatively low
age-adjusted occurrence of prostate cancer in
comparison to other Asian nations (5.3 per 100,000);
however, more instances are being recorded.*
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significant therapeutic issue. It's significant because
the tumor's Gleason grade and pre-operative blood
levels of prostate-specific antigen (PSA), can reliably
determine the course of illness.> Likewise, multi-
genomics techniques have discovered possible
molecular indicators that might be beneficial for the
early recognition of localized prostate cancer and
making decisions on its management.®

The highly conserved biological system that is
called DNA mismatch repair (MMR) primarily
maintains genomic integrity. MMR's specificity is
mostly derived from base-base mismatches and
insertion/deletion mispairs created during DNA
replication and recombination. It corrects errors
caused by DNA replication and acts as a DNA damage
sensor. The most popular complexes include MLH-1
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and PMS-2, which, along with MSH-2 and MSH-6,
respectively, create MutS and MutL.” Moreover, recent
research has linked the risk of developing prostate
cancer to MMR insufficiency, specifically
abnormalities in the MSH-2 or MSH-6 gene?
Programmed death ligand 1 (PD-L1), a PD-1 ligand,
exhibits immunoreactivity or MMR deficiency have
both been linked to favorable responses to anti-
programmed cell death protein 1 (PD-1) therapy as
well as to PD-L1 protein expression in tumors,
suggesting that MMR deficiency may serve as a
biomarker for the immune checkpoint inhibitor.” The
newest endorsement of Pembrolizumab, an
immunotherapy-based PD-1 inhibitor therapeutic,
through the U.S. Food and Drug Administration
(FDA) for individuals with MSI or MMR deficiency
who have advanced or incurable solid neoplasms, may
have made this research area particularly pertinent.10

The primary objective of the current study was to
conduct a  thorough  evaluation of  the
immunohistochemical (IHC) expression levels of four
key mismatch repair (MMR) proteins —MSH?2, MSH6,
MLH1, and PMS2—in prostate cancer tissues. This
analysis aims to assess the potential relationships
between these protein expressions and various
pathological features of prostate cancer, such as tumor
grade and stage, as well as their implications for
tumorigenesis and  treatment responses. By
understanding the expression patterns and functional
roles of these MMR proteins, the study aims to
provide valuable insights into the molecular
mechanisms underlying prostate cancer progression. It
may offer guidance for personalized therapeutic
strategies.

METHODOLOGY

This cross-sectional study was conducted from
January 2021 to June 2022 at the Histopathology
Department of the Armed Forces Institute of
Pathology (AFIP) in Rawalpindi, Pakistan. Employing
the WHO sample size tool, the sample size was
established. Keeping probability of mismatch repair of
32% in previous study, confidence interval of 95% and
margin of error 5%.1!

There were 82 participants in the actual sample.
A convenience sampling approach was used for
selection of study participants. Radical prostatectomy,
core biopsy, and transurethral resection of the prostate
(TURP) were used to obtain specimens. Age at onset,
gender, family history of illness, and smoking habits
(smokers versus non-smokers) were all contributing

variables documented in the institutional tumor

registry portion.

Inclusion Criteria: All diagnosed cases of prostate
cancer with age ranging from 55-85 years were chosen.

Exclusion Criteria: Patients with insufficient prostate
cancer diagnostic records were eliminated.

For 82 patients, formalin-fixed paraffin-
embedded tissue sections of the neoplasms and the
corresponding normal tissues were prepared. Utilizing
representative tissue blocks, immunohistochemical
staining was performed using the Dakoen Vision
process with antibodies against MLH-1, MSH-2, PMS-
2, and MSH-6. For immunohistological staining in
each instance, a specific representative block with a
conserved tumor morphology was selected. The four
MMR proteins, MLH-1 (monoclonal mouse anti-
human antibody, clone ES05), PMS-2 (monoclonal
rabbit anti-human antibody, clone EP51), and MSH-2
(monoclonal mouse anti-human antibody, clone FE11),
were stained (all supplied by Agilent Dako, Glostrup,
Denmark). The obtained slides were evaluated by two
pathologists-in-consultation after the immunohisto-
chemical method was used under the established
procedure (Dako Auto stainer Link 48, Detection Kit
K8002, Agilent Dako).

A positive internal control includes the nuclear
positivity of the respective MMR protein within the
benign prostatic epithelium, lymphocytes, stromal
cells, and endothelial cells. Each batch also contained a
positive external control involving healthy colonic
tissue. Nuclear reactivity was divided into two
groups: expression loss and expression retention. A
decrease in expression was thought to have occurred if
there was no nuclear reactivity (negative in all tumor
cells). Comparatively, tumor cells were regarded to
have preserved expression if each antibody stained the
nucleus at least 1% of the time (positive in tumor
cells). MMR deficiency was defined as the loss of one
or all MMR proteins, whereas MMR proficiency was
defined as the presence of retained MMR proteins.
Records were kept of patient information, as well as
pertinent information and biopsy numbers.

The status of each patient's mismatch repair
deficit was established once the results were analyzed.
The patients were split into four groups: individuals
with a positive mismatch repair deficiency status (lack
of expression in at least one MMR gene), coupled loss
of expression, loss of expression of each of the four
antibodies, and those lacking absence of expression
(mismatch repair deficiency status negative). The

Pak Armed Forces Med ] 2025; 75(4):680



MMR Protein Expression in Prostate Cancer

factor of age is a quantitative variable that was
analyzed using mean and standard deviation, whereas
baseline categorical variables like gender and
expression of MSI markers were analyzed
descriptively using frequencies and percentages.

RESULTS

In this study, out of 82 patients, the mean age was
calculated and found to be 70.90+8.36 years. Most
common histological type was acinar adenocarcinoma
in 67(81.7%) of the patients, followed by ductal
adenocarcinoma in 11(13.4%) and 2(2.4%) cases with
neuroendocrine differentiation, and 1(1.22%) case of
mixed ductal and acinar adenocarcinoma and acinic
cell adenocarcinoma each. The most typical Gleason
score was 7, which was observed in 40(48.8%) of the
instances, followed by Gleason scores of 9 in 19(23.2%)
and 8 in 13(15.9%). Among these 82 cases, 21(25.6%)
were in grade Group-2, followed by 19(23.2%) cases of
grade Group-3 and 5 each and 13(15.9%) cases were
grade Group-4.

In 17(20.73%) of the 82 patients, there was a loss
of immunohistochemical staining for MMR proteins.
Loss of immunohistochemical expression of individual
markers was observed in the following cases: MSH-6
in 12(14.6%), MSH-2 in 3(3.7%), PMS-2 in 11(13.4%),
and MLH-1 in 2(2.4%) cases. One patient (1.22%)
experienced the simultaneous loss of all four anti-
bodies, two (2.43%) had the paired loss of MLH-1 and
PMS-2, and three (3.67%) had the paired loss of MSH-2
and MSH-6. Yet, in 65(79.27%) instances, there was no
loss of MMR protein immunohistochemical staining.
These findings were tallied and displayed in Table-1.

Table-I: Frequency of Loss of MMR Proteins (MLH-1, PMS-2, MSH-2,
and MSH-6) in Prostate Cancer Cases (n=82)

of all four antibodies, while the combined loss of
MLH-1 and PMS-2 was found in two patients, the
combined loss of MSH-2 and MSH-6 in three cases,
and the loss of MLH-1 alone in two patients. However,
in 65 cases, there was retained expression of MMR
proteins on immunohistochemistry.

Defects in MMR proteins have recently been
linked in males with prostatic cancer associated with
Lynch syndrome and spontaneous instances.
Immunohistochemistry is frequently used in
colorectal, endometrial, and even prostatic cancer
around the world to detect MMR proteins. Yet there
isn't any regular assessment for MMR proteins found
in prostatic adenocarcinoma in Pakistan.’

Prostatic cancer and MMR protein deficiency are
related, according to Pakistani research. In a study by
Javeed et al., the MSH-2, MSH-6, MLH-1, and PMS-2
proteins' immunohistochemical expression in terms of
their deficit was assessed either individually or
collectively, in prostatic cancer. This study found that
MSH-2, MSH-6, and PMS-2 loss occurs at low
frequencies (12.20%, 2.70%, and 12.20%, respectively);
they are not statistically significant. MLH-1 did not
suffer a loss.’? This nearby concentration in our
populace had equivalent outcomes, about a joint loss
of MSI proteins in 28.1% though in our review
consolidated loss of MSI in 30% cases.

Table-II: Comparison of Current and Previous Studies on Mismatch
Repair Deficiency and Patterns of Antibody Expression Loss
Combined and

Frequency| Loss of Antibody |Isolated Loss of
Author Year of MSI Expression Antibody
Expression

MLH-1, PMS-2, MSH-2
& MSH-6 MSH-2 & MSH-6

12 0
Javeed etal. 20221 BI% | o, 1220%, 12.20% & in1%

Frequency of 2.70% respectively
Patterns Loss of MMR MLH'léIPMSS '2’6MSH'2 All four MMR
Proteins Sharma etal.’® |2020 | 32.7% 0.9% 121\/3[)%H_2 7% & proteins in 0.9%
Combined Loss of all 4 MMR Proteins 1(1.22%) 16.8% respectivel cases
- .8% respectively
Combined Loss of PMS-2 & MLH-1 2(2.43%) MLI-L, PMS-2, MSH-2
Combined Loss of MSH-2 & MSH-6 3(3.67%) Albero- 2019 . & MSH-6
MLH-1 2(243%) Gonzalez etals [ 2019 | 571% | 59, 50, g9, & 421% -
PMS-2 11(13.4%) respectively
MSH-2 3(3.67%) *MSI - Microsatellite Instability
MSH-6 12(14.6%) MMR - Mismatch Repair
No Loss of MMR Immunohistochemical Stainin 65(79.27%) PMS - Post Meiotic Segregation
g

*MMR - Mismatch Repair

PMS - Post Meiotic Segregation

MLH - MutL Homolog

MSH - Melanocyte-Stimulating Hormone

DISCUSSION

In this study, 15(18.2%) out of the 82 patients had
lost immunohistochemistry staining for MMR
proteins. Out of 82 cases, only one patient had the loss

MLH - MutL Homolog
MSH - Melanocyte-Stimulating Hormone

A global investigation conducted by Sharma et
al., examined the relationship between the loss of
expression of certain proteins and various clinico-
pathological characteristics in tissue microarrays
consisting of 220 radical prostatectomy specimens. The
researchers used immunohistochemical staining to
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assess the presence of MLH-1, MSH-2, MSH-6, and
PMS-2. The results revealed a loss of these proteins in
the following percentages of prostate tumors: 2(0.9%)
had a loss of MLH-1, 6(2.7%) had a loss of MSH-2,
37(16.8%) had a loss of MSH-6, and 27(12.3%) had a
loss of PMS-2. Overall, there was a loss of at least one
mismatch repair (MMR) protein in 50(22.7%) of the
cases, as summarized in Table-II1.13 The reasons for
focusing on a specific segment of the Pakistani
population are similar to those observed in
international studjies.

Another worldwide investigation, Albero-
Gonzalez et al., examined 200 prostate cancer patients'
immunohistochemistry expression of MSH-2, MSH-6,
MLH-1, and PMS-2. MSH-2 loss of nuclear expression
was seen in 8% of cases, MLH-1 loss in 5%, PMS-2 loss
in only 2%, and MLH-1 loss in 30% of cases. In 42.1%
of the instances, MSH-6 expression was higher
compared to baseline levels, as shown in Table-II.14
Mismatch repair deficiency was not associated with
any factors in past international research; however,
This study does not support that conclusion.

The function of anti-PD-1 and PD-L1 for therapy
purposes in the case of colorectal carcinoma, as well as
other cancers linked to MSI, is well documented and
acknowledged by the US Food and Drug
Administration.’> The function of anti-PD-1 and PD-
L1, on the other hand, is yet to be demonstrated,
mainly due to a lack of proof in the case of prostate
cancer.16

The role of targeting PD-1 and PD-L1 in therapy
objectives is notable and recognized, especially in
colorectal cancer and other MSI-related malignancies,
by the US Food and Drug Administration. In fact, for
prostate cancer, the role of anti-PD-1 and PD-L1
remains unclear, mainly due to a lack of data.l”
Clinical trials examining PD-1/PD-L1 inhibitors
should be encouraged in patients with prostate cancer
to support further research.18

The purpose of this study was not to assess

mismatch repair protein immunohistochemistry,
which is a standard test used to determine
microsatellite instability (MSI) status in many
pathology  laboratories  for  prostate  cancer.

Additionally, our validation collection does not
include data on responses to pembrolizumab or other
clinical outcomes. Since the samples are not part of an
ongoing prospective series, the design of our study
does not allow for the evaluation of either positive or
negative predictive values. Finally, we did not assess

the total mutational burden, which is a newly
identified biomarker associated with MMR gene
mutations and susceptibility to immune checkpoint
inhibitors.

CONCLUSION

The frequency of mismatch repair deficiency among
individuals with prostate cancer in the study population was
found to be 34.1%, which may be utilized as a base for
genetic testing to track the effectiveness of treatment and
forecast the overall survival rate for prostate cancer patients.
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