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ABSTRACT: One of the molecular routes of colorectal carcinogenesis is the lack of mismatch repair (MMR)
proteins, which may have substantial clinical consequences in predicting therapy success. This study aimed to
analyze the expression of the MutL homolog 1 (MLH1), MutS homolog 2 (MSH2), and MutS homolog 6 (MSH6) in a
cohort of 91 colorectal cancer (CRC) patients, and to evaluate the relationship between patient clinicopathological
characteristics and immunoexpression of these biomarkers. In this study, we obtained the highest scores of the
MLH1 immunoexpression in non-mucinous tumors, moderately differentiated lesions, and in stage IV. The highest
values of the MSH2 and MSH6 scores were observed in mucinous tumors, and poorly differentiated lesions, in
stages lI-1ll, and stages llI-1V, respectively. To improve the stratification criteria for targeted oncological therapy and
to predict patient outcomes, markers used may help evaluate the aggressiveness of lesions.
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Introduction

Colorectal cancer (CRC) is a serious global
public health concern, accounting for the
second-leading cause of cancer-related mortality
in industrialized nations and the sixth to seventh-
largest cause of cancer-related mortality in
developing countries. CRC is one of the most
frequent neoplasias globally, attracting the
attention of doctors, scientists, and society in
general [1,2].

CRC molecular classification has received a
lot of attention and scientific development in
recent years [3].

There are mutations in tumor suppressor
genes and oncogenes causing CRC. Colorectal
carcinogenesis occurs via multiple routes,
including chromosomal instability (CIN),
microsatellite instability (MSI), and CpG island
methylation (CIMP), with some overlap. MSI is
most commonly seen in both hereditary
non-polyposis and sporadic CRC [4-8].

MSI is utilized as a molecular marker to
detect a faulty deoxyribonucleic acid (DNA)
mismatch repair (MMR) system. The MMR
pathway, which is involved in the pathogenesis
of inherited and sporadic cancer, is one of the
best-known molecular pathways. The MMR
system helps maintain DNA homeostasis and
plays a role in repairing certain types of errors

that occur during DNA replication when
dividing somatic cells [9].

MSI tumors are distinguished by a rapid
accumulation of mutations caused by a
deficiency MMR system [10].

Six MMR genes are now known: MutL
homolog 1 (MLH1), MutS homolog 2 (MSH2),
MutS  homolog  3(MSH3), postmeiotic
segregation increased 1 (PMS1), postmeiotic
segregation increased 2 (PMS2), and MutS
homolog 6 (MSH6) [11].

MSI is marked by the fact that MLH1 is
negative and that the immunomarking positivity
is normal because it refers to the normal
expression of other proteins in tumor cells.

Although DNA testing is still the benchmark
of excellence in the diagnosis of MSI, the
College of American Pathologists (CAP)
recommends immunohistochemistry (IHC) with
a four-antibody panel for initial evaluation, a
panel that includes MLH1, MSH2, MSH®6, and
PMS2, which determines whether or not protein
is present or not products.

This study aimed to analyze the expression of
MLH1, MSH2, and MSHS6, in a cohort of CRC
patients, evaluated in the Craiova Reference
Center, and to evaluate the relationship between
patient clinicopathological characteristics and
immunoexpression of these biomarkers involved
in CRC progression and invasion.
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Material and Methods

We conducted a retrospective study including
91 patients who underwent surgical resection for
CRC, being diagnosed, admitted, and evaluated
in the Surgical and 2nd Internal Medicine Clinic,
the Clinical Emergency County Hospital
Craiova, between October 2020 and October
2022.

Patients aged 18 years or older with a
confirmed diagnosis of colon or rectal cancer
supported by a histopathological (HP) result
containing information on tumor type, grading,
and classification in the pathological tumor-
node-metastasis (pTNM) system were eligible
for the study. Patients with benign colorectal
pathology or patients with no pathological data
were considered exclusion criteria.

In the Compartment of Pathology of the
Clinical Emergency Hospital Craiova, HP, and
IHC studies were carried out.

Specimens of the colon or rectum with 10%
buffered formalin were used to represent the
biological material, processed using the
traditional histological approach, and stained
with Hematoxylin-Eosin (HE). The lesions were
identified using the most recent classification for
tumors of the digestive system published by
specific commissions of the World Health
Organization (WHO) [12].

In this study, the immunoexpression of the
MLH1, MSH2, and MSH®6, was followed to the
patient clinicopathological characteristics.

For IHC processing, 3um serial sections were
made from the paraffin blocks selected during
the HP investigation and applied to slides treated
with poly-L-lysine. The slides were then dried
for 12 hours at laboratory temperature.

Afterward, the sections were deparaffinized
in a benzene bath, thermostated at 58°C, for
1 hour, then passed through two benzene baths
for 10 minutes each. Rehydration was carried
out by successively passing the sections through
4 alcohol baths with decreasing concentrations:
absolute alcohol, 96%, 80%, and 70%, for
10 minutes/bath, and from the last bath they
were placed in distilled water for 10 minutes.

The IHC study was of the type with
enzymatic detection wusing the Labelled
Streptavidin-Biotin2 System (LSAB) technique
as a working method. The LSAB technique
involves the optimal mixing of avidin and
biotylinated peroxidase, prepared 30 minutes
before use.

The result of the IHC reactions consisted of
the visualization of the investigated antigens

with the help of DAB chromogen (code 3467,
Dako), by coloring them brown.

The obtained sections were examined with a
Nikon Eclipse 90i microscope, equipped with a
5-megapixel color camera with cooling,
apochromatic plane objectives. The images were
acquired at different magnifications using the
dedicated Nikon NIS-Elements software.

For each antibody used, we performed in
tandem the positive external control on normal
tissues that contain the investigated target
antigen (positive sections), and the negative
external control, which were processed under the
same conditions as the lesional specimens.

The monoclonal antibodies used in this study
(along with the clone, their source, and the
dilution used) were against the MLH1 (Dako,
clone NCH38, 1:50 dilution), MSH2 (Abcam,
clone SC7893, 1:40 dilution), and MSH6 (Dako,
clone 6G11, 1:50 dilution).

For the semiquantitative quantification of the
analyzed markers, we used a scoring system, the
final staining score (FSS), adapted based on data
from the literature, which evaluated the intensity
of the reactions and the percentage of marked
cells (for each case was analysed 10 microscopic
field).

The reactions were considered: intense (score
3), moderate (score 2), and weak (score 1), and
the positivity threshold of the reaction was 5%
immunostained tumor cells, according to which
we established four groups, to evaluate the
percentage of labeled cells: score 1 (5-25%
cells), score 2 (26-50% cells), score 3 (51-75%
cells), and score 4 (over 75% cells). The FSS
had values from 1 to 12 and, at intervals 1-4, a
low score is set, medium for a score of 6-8, and
high if the score was 8-12.

Microsoft Excel was used to manage and
process data collected from medical documents
for patients. GraphPad Prism 5 trial version (San
Diego, CA, USA) was used to analyze the data
statistically. Categorical data were reported as a
percentage and compared using the Chi-squared
or Fisher's Exact test. The difference between
the groups was assessed using one-way ANOVA
for parametric variables and the Kruskal-Wallis
test for non-parametric variables. The statistical
threshold was 5%, and for p<0.05 values, the
results were considered significant.

The ethical aspects of the scientific research
were respected, based on the patients' informed
agreement. The Ethics Committee of the
University of Medicine and Pharmacy of
Craiova, No. 257/09.11.2023, approved the
study.
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Results

The total number of 91 patients consisted of
39 (42.86%) females and 52 (57.14%) males,
aged between 30-89 years, and meantSD of
68.06+9.39 years. In our study, we had only
three (3.30%) patients, males, under the age of
50.

Tumors were identified on the left colon in
52 patients (57.14% of the total), while tumors
on the right colon were found in 38 (42.86%).
Cases of tumors on the right side of the colon
(25 cases, 27.47%) predominated in the female
group, while cases of tumors on the left side of
the colon (38 cases, 41.76%) predominated in
the male group.

Among the 91 samples of colon
adenocarcinoma, 14.29% (13 patients) of the
tumors identified were mucin-producing colloid
adenocarcinomas and for two (2.21%) patients
we evidentiated signet ring cell adenocarcinoma
(Table 1).

Depending on the tumor grade, most of the
tumors were represented by moderately (G2, 53
tumors, 58.24%), and poorly differentiated
tumors (G3, 36 tumors, 39.56%) (Figure 1).

According to the tumor stage of CRC [13],
most of the patients were tumor stage Il with a
percentage of 46.71 (34 cases).

Figure 1. Colon adenocarcinoma (col HE): A. G1-well-differentiated adenocarcinoma with subserosal
invasion, (x4); B. G2-moderately differentiated adenocarcinoma with invasion into the serosa and adjacent
adipose tissue, (x4); C. G3-poorly differentiated adenocarcinoma, (x20); D. Mucinous adenocarcinoma,
with mucus stains and cells in a "signet ring" with invasion into the muscularis propria, (x20).

Immunoexpression of MLH1

MLH1 was identified in 71 cases (78.02%)
of investigated colorectal adenocarcinoma,
with localization at the nuclear level. The
negative cases belonging to 16 non-mucinous
tumors and 5 mucinous  colorectal
adenocarcinoma (of high grade, most of them
in stage | tumor).

In our study group, for the whole lot
analyzed, the mean  percentage  of
immunolabeled cells was 45.35+17.52, the
intensity of IHC reactions was considered
variable, and an FSS with a mean value of
4.39.

The strongest reactions were reported in
non-mucinous adenocarcinomas, with the mean
percentage of immunolabeled cells of
59.32+15.6, variable intensity, and a mean FSS
value of 6.78 (Figure 2 A,D).

Mucinous  colorectal — adenocarcinomas
showed a mean percentage of immunolabeled
cells of 10.3+15.4, weak and moderate
intensity of the reactions and the FSS having a
mean value of 2.00.

We discovered that the G2-moderately
differentiated lesions had greater scores, a
mean percentage of immunolabeled cells of
61.18+14.75, with moderate intensity and a
mean FSS value of 7.26 (Figure 2B).
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Poorly-differentiated tumors had a mean mean percentage of 38.5£41.5 immunolabeled
percentage of immunolabeled cells of cells, the intensity was predominantly weak
67.6+31.6, variable intensity and a mean FSS and moderate and the mean FSS value was
value of 6.8. High- dlfferentlated tumors had a 4.41.
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Figure 2. MLH1 immunohistochemical staining in colon cancer:
A. mucinous adenocarcinoma (x20); B. G2 non-mucinous colon adenocarcinoma (x20);
C. G3 non-mucinous colon adenocarcinoma (x20); D. mucinous adenocarcinoma (x20).

Table 1. The relation between the HP parameters and the expression of the MLH1, MSH2, and MSH6

Parameters/ No. Cases/ p-value FSSm MLH1 FSSm MSH2 FSSm MSH6

HP type Non-Mucinous (68) 6.78 8.00 7.74
Mucinous (23) 2.00 11.40 10.00

p-value p<0.0001 0.002 0.056

Tumor grade G1(18) 6.80 8.50 7.50
G2 (30) 7.26 9.07 9.03

G3 (43) 4.41 11.00 11.25

p-value 0.005 0.006 0.043

Tumor stage 1(19) 5.75 6.53 7.07
11 (26) 7.05 9.85 7.96

111 (34) 5.20 9.53 8.58

IV (12) 7.88 7.00 9.56

p-value 0.024 0.058 0.055

Note: MLH1: MutL homologue 1; MSH2: MutS homologue 2; MSH6: MutS homologue 6; Tumor grade: G1-well differentiated,;
G2-moderately differentiated; G3-poorly differentiated; HP: Histopathological; FSSm: Final staining score mean values; p-value
<0.05 was considered statistically significant.

In terms of tumour stage, stage | predominantly moderate, and mean FSS values
adenocarcinomas showed a mean percentage of of 7.05, 5.20, and 7.88, respectively (Table 1).
immunolabeled cells was 45.81+21.22, the MLH1 immunoexpression was statistically
intensity of IHC reactions was considered associated with HP type (p<0.0001, y2 test),
moderate, and a mean FSS value of 5.75. In the tumor grade (p=0.005, Kruskal-Wallis test),
other stages |IlI, IIl, and IV, the mean and tumor stage (p=0.024, Kruskal-Wallis
percentage of immunolabeled cells was test). The highest FSS mean values of MLH1
57.35+18.71, 44.72+22.6, and 60.55+24.37, were recorded for non-mucinous tumors,
with  the intensity of the reactions moderately differentiated lesions, and in

stage V.
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Immunoexpression of MSH2

MSH2 was identified in 91.21% (83 cases)
of investigated colorectal adenocarcinoma, the
immunohistochemical staining being present at
the nuclear level in the tumor cells. The
negative cases belonging to 6 non-mucinous
tumors and 2 mucinous tumors, with well
differentiated grade, in stage | tumor.

In our study group, for the whole lot
analyzed, the mean  percentage  of
immunolabeled cells was 78.27+17.39, the
intensity of IHC reactions was considered
variable, and an FSS with a mean value of
9.70.

The strongest reactions were reported in
mucinous adenocarcinomas, with a mean
percentage of immunolabeled cells of
81.11+14.13, variable intensity, and a mean

Non-mucinous adenocarcinomas showed a
mean percentage of 97.8+14.5 immunolabeled
cells, variable intensity and a mean FSS value
of 8.00.

We discovered that the G3-poorly
differentiated lesions had greater values, a
mean percentage of immunolabeled cells of
79.21+13.76 with intense intensity of reactions
and a mean FSS value of 11.00 (Figure 3C).

In cases of moderately differentiated, the
mean percentage of immunolabeled cells was
95.6+£20.8, the reactions were predominantly
intense and a mean FSS value of 9.07.
High-differentiated adenocarcinomas presented
a mean percentage of 85.7+35.6 labeled tumor
cells, the reactions were intense and moderate,
and thee mean FSS value was 8.5.

Figure 3. MSH2 immunohistochemical staining in colon cancer:
A. G2 non-mucinous colon adenocarcinoma (x20); B. G1 non-mucinous colon adenocarcinoma (x10);
C. G3 non-mucinous colon adenocarcinoma (x10); D. G2 non-mucinous colon adenocarcinoma (x4).

For tumor stages Il and Ill, the mean
percentage of marked cells was 75.81+21.22,
and 68.65+20.77, the intensity of reactions was
intense, and mean FSS values of 9.85 and 9.53,
respectively (Table 1).

In  tumor stages | and IV, the
immunomarking was identified in all tumor
cells, the intensity was variable and moderate,
and the mean FSS values of 6.53, respectively
7.00.

MSH2 immunoexpression was statistically
associated with HP type (p=0.002, y2 test),
tumor grade (p=0.006, Kruskal-Wallis test),
instead, in relation to tumor stage, borderline
significant values were recorded (p=0.058,
Kruskal-Wallis test). The highest FSS mean
values of MSH2 were recorded for
mucinous tumors, poorly differentiated
lesions, and in stages II-111.
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Immunoexpression of MSH6 74.33%17.45, intense intensity of reactions, and
MSH6 was identified in 85 cases (93.41%) mean FSS value of 10.00 (Figure 4A,D).
of investigated colorectal adenocarcinoma, the Non-mucinous adenocarcinomas presented
immunohistochemical staining being present at a mean percentage  of  97.8+14.5
the nuclear level in the tumor cells. The immunomarked tumor cells, variable intensity
negative cases belonging to 6 non-mucinous and the mean FSS value was 7.74.
tumors, of moderate and high differentiated We discovered that the G3-poorly
adenocarcinomas, included in stage I. differentiated lesions had greater values, a
In our study tumors, the mean percentage of mean percentage of immunolabeled cells
immunolabeled cells was 61.77+14.89, of 81.44+18.23, with intense intensity of
the reactions presented intense intensity of reactions, and a mean FSS value of 11.25
reactions, the FSS having a mean value of 8.87 (Figure 4C).
(Table 1). Moderate and well differentiated tumors
The strongest reactions were reported in had a mean percentage of 95.6+20.8 and
mucinous adenocarcinomas, with a mean 89.2+31.4 immunolabeled tumor cells, variable
percentage of immunolabeled cells of intensity of reactions and the mean FSS value
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Figure 4. MSH6 immunohistochemical staining in colon cancer:
A. G1 mucinous colon adenocarcinoma (x20); B. G1 non-mucinous colon adenocarcinoma (x10);
C. G3 non-mucinous colon adenocarcinoma (x20); D. G1 mucinous colon adenocarcinoma (x20).

In terms of tumour stage, stage IV for stage | and 111 tumors, and 7.96 for stage Il
adenocarcinomas showed a greater mean tumors.
percentage of immunolabeled cells of MSH6 immunoexpression was statistically
75.11+23.46, the intensity of reactions was associated with tumor grade (p=0.043,
intense, and a mean FSS value of 9.56. Tumors Kruskal-Wallis test), instead, in relation to HP
classified in stage | and Il presented a mean type and tumor stage, borderline significant
percentage of immunolabeled cells of values were recorded (p=0.056, %2 test, and
89.6+30.9 and 92.8+26.7, and for stage Il the p=0.055, Kruskal-Wallis test, respectively).
immunomarking was present in all tumor cells, The highest FSS mean values of MSH6 were
the intensity of reactions of was variable for all recorded for mucinous tumors, poorly
stages. The mean FSS value was 7.07, and 8.58 differentiated lesions, and in stages I11-1V.
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Discussion

CRC has long been regarded as a single
illness with distinct clinical stages and
phenotypes described by neoplastic cell
differentiation grade and structural growth
pattern [14].

Several studies have shown that MLH1 and
MSH2 play an important role, with mutations
in both genes resulting in complete loss of
function  leading to  tumor  growth
predominantly located in the proximal colon,
and in sporadic MSI-positive  tumors,
hypermethylation was considerably more
common [15-17].

Because gene mutation is the primary cause
of decreased MLH1 and MSH2 expression,
detecting those two genes is vital for
understanding the etiology of sporadic CRC since
they are the most important components of the
MMR system.

IHC was employed in this investigation
to detect MLH1, MSH2, and MSH6
immunoexpression in all patients who had
undergone surgery since it was more accurate,
quicker, and less expensive than other methods
of detecting MMR status. As a result, IHC
staining for MMR is now routinely performed
in practically all institutions following surgery in
the pathology department.

In our study, we aimed to analyze the
expression of the MLH1, MSH2, and MSH6 in a
cohort of CRC patients, and to evaluate the
relationship between patient clinicopathological
characteristics and immunoexpression of these
biomarkers.

Methylation of the MLH1 promoter was
frequently detected in elderly female patients,
some of whom were often older than 70 years
[18].

In our study, out of a total of 91 patients, there
were 39 (42.86%) female patients with an
average age of 69.05+9.32 years.

We identified in most cases with colorectal
adenocarcinoma the MLH1 (71 cases,
78.02%), the MSH2 (83 cases, 91.21%), and
the MSH6 (85 cases, 93.41%). These findings
are consistent with those reported by other
authors [19-23]. Zhao et al. [20], observed in a
study that the MLH1, MSH2, and MSHG6
expression was at 70.7, 71.7, and 33.7% of
stage Il colon cancer tissues, respectively.
Also, the MLH1, MSH2, and MSH6
expression was higher in stage Il tumors, at
90.2, 80.3, and 60.7% respectively.

In our study, we observed that the MLH1,
MSH2, and MSH6 immunoexpression had a
mean FSS value of 7.05, 9.85, and 7.96 in

stage Il, and 7.88, 7.00, and 9.56 in stage IV
colon cancer tissues, and revealed a significant
association in relation to the tumor stage. The
differences in immunoexpression between
tumor stages were statistically significant for
all biomarkers investigated. There were
significantly higher values in stage Il and 1V
non-mucinous tumors than in stage | and Il
tumors (mean FSS value of 7.05 and 7.88 vs.
5.75 and 5.20, p<0.05, y2 test) for MLH1,
significantly higher in stage Il and Il non-
mucinous tumors, than in stage | and 1V tumors
(mean FSS value of 9.85 and 9.53 vs. 6.53 and
7.00, p<0.05, 2 test) for MSH2; significantly
higher in stage Il and IV non-mucinous
tumors, than in stage | and Il tumors (mean
FSS value of 8.58 and 9.56 vs. 7.07 and 7.96,
p<0.05, %2 test) for MSH6. A study published
by Zhao et al. communicated similar
expressions for MLH1 and MSH6 and were
significantly higher in stage Il colon cancer
than in stage II tumors (¥2=8.225 and 10.798,
respectively; p<0.05) [20].

Our results indicate that the highest values
of the MLH1 scores are observed in non-
mucinous tumors, and moderately
differentiated lesions, in contrast to the MSH2,
and MSH6 scores that have the highest values
in mucinous tumors and poorly differentiated
lesions. These results are in line with a number
of previous studies. Lanza et al. [25], for
example, found that individuals with
MLH1/MSH2-positive ~ carcinomas  were
younger, had tumors in the right colon, had
infrequent nodal metastases, were bigger, and
had poorly differentiated or mucinous
histology. An MMR expression system was
found in 15% of stage Il and I1l colon cancers
in another study by Sinicrope et al [26], and the
MMR phenotype was substantially linked with
higher tumor stage, proximal site, poor or
undifferentiated histology, female sex, and
older age. The MLH1 and MSH6 protein
expression was found to be substantially
related to big, poorly differentiated tumors with
extraserosal invasion and uncommon lymph
node metastases in Zhao et al.'s study [20].

Our statistical study of the
immunoexpression of MLH1, MSH2, and
MSH6 demonstrated a strong association with
HP type (p<0.05, %2 test), regarding the type of
adenocarcinomas, the strongest reactions were
observed in mucinous tumors. Previous studies
have shown the same results, the isolated
expression of MLH1 or MSH2 was associated
with mucinous differentiation [27-30].
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Conclusions

In this study, we obtained the highest scores
of the MLH1 immunoexpression in non-
mucinous tumors, moderately differentiated
lesions, and in stage IV.

The highest values of the MSH2 and MSH6
scores were observed in mucinous tumors,
poorly differentiated lesions, and in stages
I1-111, and stages Il1-1V, respectively.

To improve the stratification criteria for
targeted oncological therapy and to predict
patient outcomes, markers used may help
evaluate the aggressiveness of lesions.

Acknowledgments

This study is part of the PhD thesis of Alina
Elena Ciobanu from the University of
Medicine and Pharmacy of Craiova, Craiova,
Romania.

Conflicts of interest
The authors declare no conflict of interest.

References
1. Bray F, Laversanne M, Weiderpass E,
Soerjomataram I The ever-increasing

importance of cancer as a leading cause of
premature death worldwide. Cancer, 2021,
127(16):3029-3030.

2. Deaths by Cause, Age, Sex, by Country and by
Region, 2000-2019, 2020, World Health
Organization (WHO) [online]. Available at:
https://www.who.int/data/data-collection-
tools/who-mortality-database [Accessed 01.09.
2023].

3. Guinney J, Dienstmann R, Wang X, de Reynies
A, Schlicker A, Soneson C, Marisa L, Roepman
P, Nyamundanda G, Angelino P, Bot BM, Morris
JS, Simon IM, Gerster S, Fessler E, De Sousa E
Melo F, Missiaglia E, Ramay H, Barras D,
Homicsko K, Maru D, Manyam GC, Broom B,
Boige V, Perez-Villamil B, Laderas T, Salazar R,
Gray JW, Hanahan D, Tabernero J, Bernards R,
Friend SH, Laurent-Puig P, Medema JP,
Sadanandam A, Wessels L, Delorenzi M, Kopetz
S, Vermeulen L, Tejpar S. The consensus
molecular subtypes of colorectal cancer. Nat
Med, 2015, 21(11):1350-1356.

4. Ryan E, Sheahan K, Creavin B, Mohan HM,
Winter DC. The current value of determining the
mismatch repair status of colorectal cancer: a
rationale for routine testing. Crit Rev Oncol
Hematol, 2017, 116:38-57.

5. Cunningham D, Atkin W, Lenz HJ, Lynch HT,
Minsky B, Nordlinger B, Starling N. Colorectal
cancer. Lancet, 2010, 375(9719):1030-1047.

6. Ogino S, Nosho K, Kirkner GJ, Kawasaki T,
Meyerhardt JA, Loda M, Giovannucci EL, Fuchs
CS. CpG island methylator phenotype,
microsatellite instability, BRAF mutation and
clinical outcome in colon cancer. Gut, 2009,
58(1):90-96.

7.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Shi C, Washington K. Molecular testing in
colorectal cancer: diagnosis of Lynch syndrome
and personalized cancer medicine. Am J Clin
Pathol, 2012, 137(6):847-859.

Parc Y, Gueroult S, Mourra N, Serfaty L, Fléjou
JF, Tiret E, Parc R. Prognostic significance of
microsatellite instability determined by
immunohistochemical staining of MSH2 and
MLH1 in sporadic T3NOMO colon cancer. Gut,
2004, 53(3):371-375.

Jascur T, Boland CR. Structure and function of
the components of the human DNA mismatch
repair system. Int J Cancer, 2006, 119(9):2030-
2035.

Pawlik TM, Raut CP and Rodriguez-Bigas MA.
Colorectal carcinogenesis: MSI-H versus MSI-L.
Dis Markers, 2004, 20(4-5):199-206.

Peltomaki P. DNA mismatch repair and cancer.
Mutat Res, 2001, 488(1):77-85.

Classification of Tumours, Digestive system
tumors, 5th edition, vol. 1, International Agency
for Research on Cancer (IARC) Press, Lyon,
France, 2019, World Health Organization (WHO)
[online]. Available at:
https://publications.iarc.fr/Book-And-
ReportSeries/Who-Classification-Of-
Tumours/Digestive-System-Tumours-2019
[Accessed 01.09. 2023].

Weiser MR. AJCC 8th edition: colorectal cancer.
Ann Surg Oncol, 2018, 25(6):1454-1455.
Bosman FT, Carneiro F, Hruban RH, Theise ND.
WHO classification of tumors of the digestive
system. In: Bosman, F. T.; Carneiro, F.; Hruban,
R. H.; Theise, N. D. (Eds): WHO classification of
tumors of the digestive system, IARC Press,
2010, Lyon, 417

Romiti A, Roberto M, Marchetti P, Di Cerbo A,
Falcone R, Campisi G, Ferri M, Balducci G,
Ramacciato G, Ruco L, Pilozzi E. Study of
histopathologic parameters to define the
prognosis of stage Il colon cancer. Int J
Colorectal Dis, 2019, 34(5):905-913.

Soliman NA, Morsia DF, Helmy NAH.
Immunohistochemical Expression of MMR
Proteins with Clinicopathological Correlation in
Colorectal Cancer in Egypt. Open Access Maced
J Med Sci, 2019, 7(10):1608-1617.

Stomka M, Stasikowska O, Wagrowska-
Danilewicz M, Danilewicz M, Matecka-Panas E.
Diagnostic and prognostic values of repair
protein hMLH1, hMSH2 and protein CD34
immunoexpression in sporadic colorectal cancer.
Pol Merkur Lekarski, 2010, 29(174): 351-356.
Goshayeshi L, Ghaffarzadegan K, Khooei A,
Esmaeilzadeh A, Rahmani Khorram M,
Mosannen Mozaffari H, Kiani B, Hoseini B.
Prevalence and clinicopathological
characteristics of mismatch repair-deficient
colorectal carcinoma in early onset cases as
compared with late-onset cases: a retrospective
cross-sectional study in Northeastern Iran. BMJ
Open, 2018, 8(8):e023102

562

10.12865/CHSJ.49.04.11



Current Health Sciences Journal

Vol. 49, No. 4, 2023 October-December

19.

20.

21.

22.

23.

Melincovici CS, Bosca AB, Susman S, Cutas A,
Marginean M, llea A, Moldovan IM, Jianu EM,
Neag MA, Bulboaca AE, Mihu CM. Assessment
of mismatch repair deficiency, CDX2, beta-
catenin and E-cadherin expression in colon
cancer: molecular characteristics and impact on
prognosis and survival - an
immunohistochemical study. Rom J Morphol
Embryol, 2020, 61(3):715-727.

Zhao L. Mismatch repair protein expression in
patients with stage Il and Ill sporadic colorectal
cancer. Oncol Lett, 2018, 15(5):8053-8061.
Hashmi AA, Ali R, Hussain ZF, Faridi N, Khan
EY, Bakar SMA, Edhi MM, Khan M. Mismatch
repair deficiency screening in colorectal
carcinoma by a four-antibody
immunohistochemical panel in  Pakistani
population and its correlation with
histopathological parameters. World J Surg
Oncol, 2017, 5(1):116.

Rios-Valencia J, Cruz-Reyes C, Galindo-Garcia
TA, Rosas-Camargo V, Gamboa-Dominguez A.
Mismatch repair system in colorectal cancer.
Frequency, cancer phenotype, and follow-up.
Rev Gastroenterol Mex (Engl Ed), 2022,
87(4):432-438.

Wang SM, Jiang B, Deng Y, Huang SL, Fang
Mz, Wang Y. Clinical significance of
MLH1/MSH2 for stage II/lll sporadic colorectal
cancer. World J Gastrointest Oncol, 2019,
11(11):1065-1080.

25.

26.

27.

28.

29.

30.

Lanza G, Gafa R, Maestri |, Santini A, Matteuzzi
M. Cavazzini L. Immunohistochemical pattern of
MLH1/MSH2 expression is related to clinical and
pathological features in colorectal
adenocarcinomas with microsatellite instability.
Mod Pathol, 2002, 15(7):741-749.

Sinicrope F, Foster NR, Sargent DJ, Thibodeau
SN, Smyrk TC, O'Connell MJ; North Central
Cancer  Treatment  Group. Model-based
prediction of defective DNA mismatch repair
using clinicopathological variables in sporadic
colon cancer  patients. Cancer, 2010,
116(7):1691-1698.

Karahan B, Argon A, Yildinm M, Vardar E.
Relationship between MLH-1, MSH-2, PMS-2,
MSH-6 expression and clinicopathological
features in colorectal cancer. Int J Clin Exp
Pathol, 2015, 8(4):4044-4053.

Wang SM, Jiang B, Deng Y, Huang SL, Fang
Mz, Wang Y. Clinical significance of
MLH1/MSH2 for stage II/lll sporadic colorectal
cancer. World J Gastrointest Oncol, 2019,
11(11):1065-1080.

Kang S, Na Y, Joung SY, Lee SI, Oh SC, Min
BW. The significance of microsatellite instability
in colorectal cancer after controlling for
clinicopathological factors. Medicine (Baltimore),
2018, 97(9):e0019.

Jung SH, Kim SH, Kim JH. Prognostic impact of
microsatellite instability in colorectal cancer
presenting with mucinous, signet-ring, and poorly

24.Kim JC, Cho YK, Roh SA, Yu CS, Gong G, Jang differentiated cells. Ann Coloproctol, 2016,

SJ, Kim SY, Kim YS. Individual tumorigenesis 32(2):58-65.

pathways of sporadic colorectal

adenocarcinomas are associated with the

biological behavior of tumors. Cancer Sci, 2008,

99(7):1348-1354.

Corresponding Author: Daniela Ciobanu, Department of Internal Medicine,
University of Medicine and Pharmacy of Craiova, Romania, e-mail: eladal92@yahoo.com

10.12865/CHSJ.49.04.11

563



	Original Paper
	Immunoexpression of Mismatch Repair Proteins in a Cohort of Colorectal Cancer Patients
	Introduction
	Material and Methods
	Results
	Immunoexpression of MLH1
	Immunoexpression of MSH2
	Immunoexpression of MSH6

	Discussion
	Conclusions
	Acknowledgments
	Conflicts of interest
	References



