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ABSTRACT

Background: Considering the increasing incidence and mortality of colorectal cancer, MLH1
plays a critical role as an essential component of the DNA mismatch repair (MMR) system,
ensuring genomic stability during cell division. Impairment of MLH1 function contributes to
an increased susceptibility to colorectal cancer development. Objective: This study aimed to
investigate the relationship between protein expression status and the demographic and
histopathological characteristics of patients with colorectal cancer (CRC) and evaluate its
impact on overall survival.

Methodology: Tissue samples preserved in paraffin were obtained from 100 patients
diagnosed with colorectal cancer in the Thi-Qar Governorate, Irag. Corresponding clinical and
pathological data, including demographic and histopathological features, were collected to
assess their relationship with MLH1 protein expression.

Results: MLH1 protein expression was lost in 14% of the patients (14/100). Loss of
expression was significantly associated with age < 50 years (P = 0.007), whereas no
significant correlation was observed with sex or family history. Furthermore, MLH1 loss was
significantly associated with the tumor histological type (P = 0.02), tumor location (P =
0.005), and T-stage (P = 0.006). Survival analysis using Kaplan—Meier curves and log-rank
test revealed no significant difference in overall survival between patients with intact MLH1
expression and those exhibiting loss of expression (P = 0.197).

Conclusion: The results demonstrated an increased rate of MLH1 loss of expression in
patients younger than 50 years, across different tumor types, as well as in right-sided colon
tumors and advanced stages of colorectal cancer, with no statistically significant association
observed with overall survival.
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INTRODUCTION

Colorectal cancer is one of the most prevalent malignancies worldwide and
the third leading cause of cancer-related mortality globally. It is one of the most
common malignant tumors affecting the digestive system (1). Colorectal cancer
is a malignant neoplasm arising from the epithelial cells lining the colon and rec-
tum through their transformation from normal to cancerous glandular cells (2).
It is generally estimated that approximately 90% of colorectal cancers are
acquired factors and are often related to lifestyle and dietary habits, while
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approximately 10% of these causes are due to inherited
genetic predisposition (3). Three main pathways can
arise and progress in cancer: chromosomal instability
(CIN), microsatellite instability (MSI), and serrated
pathways (4). The CIN pathway is characterized by
mutations in tumor suppressor genes and oncogenes
that drive adenoma — carcinoma sequences, such as
APC, KRAS, and TP53. APC are among the most
frequent mutations in approximately 80% of sporadic
colorectal cancer cases (5). This pathway (MSI)
represents 15% of colorectal cancer pathways and is
characterized by recurrent mutations in new DNA base
pairs, resulting in a hypermutator phenotype. This, in
turn, is attributed to genetic and hereditary changes in
MMR systems (6). One of the main causes of colorectal
cancer is problems in the functioning of the mismatch
repair system. Based on the relationship between the
problems that occur in MMR and the causes that lead
to them, colorectal cancer has been classified into
different groups. The first group refers to sporadic
colorectal cancer that suffers from a deficiency in
mismatch repair caused by high methylation of the
promoter region of the MLH1 gene, which leads to
functional silencing of this gene in tumors that are
affected by the methylation pattern of CPG islets (7).
The second group of inherited colorectal cancers
suffer from a deficiency in mismatch repair genes,
which results mainly from Lynch syndrome and is
characterized by germline mutations in one or more of
the basic mismatch repair system genes MLH1, PMS2,
MSH2, or MSH6 (8,9).

MATERIAL AND METHOD
Sample Collection

The current study included (100) samples of forma-
lin-fixed and paraffin-embedded colon and rectal can-
cer tissue samples. Samples were collected from
patients undergoing surgical intervention at Imam
Hussein Teaching Hospital in Thi-Qar Governorate, Iraqg,
between 2023 and 2025. Demographic data (age, sex,
and family history) were obtained from the patient
records at the Oncology Center of the Thi-Qar
Governorate Health Department, Iraq. Histological
variables (tumor type, tumor location, tumor grade,
tumor stage, and lymph node metastases) were
obtained by re-evaluation of the histological sections
using routine staining by a histopathologist. The collec-
tion of samples and data related to the research was
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approved by the Scientific Research Ethics Committee
of the Thi-Qar Health Department/Ministry of
Health/Irag (Approval No. 34/2025, Approval Date
1/20/2025).

Immunohistochemically Staining

Formalin-fixed, paraffin-embedded tissue sections
were cut at 4 um thickness and mounted on positively
charged glass slides, deparaffinized in xylene, and
rehydrated through graded alcohol solutions. Antigen
retrieval was performed using EnVision™ FLEX Target
Retrieval Solution,(Tris/EDTA buffer, pH 9; Dako,
Denmark) in a conventional oven.Endogenous
peroxidase activity was blocked using EnVision™ FLEX
Peroxidase Blocking Reagent.The sections were then
incubated with a ready-to-use mouse monoclonal
anti-MLH1 antibody (Clone IR079,Dako,Denmark)
according to the manufacturer's instructions. Immuno-
reactivity was detected using the EnVision™ FLEX
HRP/DAB Detection System (Dako, Denmark) and
visualized with  3,3'-diaminobenzidine  (DAB)
chromogen. The slides were counterstained with
hematoxylin,dehydrated,mounted,and examined
using a Leica ICC50 light microscope.

MLH1 immunoreactivity was evaluated by an expe-
rienced pathologist using a semi-quantitative scoring
system based on staining intensity and the proportion
of positive tumor cells; only nuclear staining was
considered positive. The staining intensity was scored
as 0 (none), 1 (weak), 2 (moderate), and 3 (strong). The
proportion of positive tumor cells was scored as 0
(none), 1 (<1%), 2 (1-10%), 3 (10-33%), 4 (33-66%),
and 5 (66—100%). The final immunoreactivity score was
calculated as the sum of the intensity and proportion
scores. Cases with scores of 0-2 were classified as
negative, whereas those with scores of 3-8 were
classified as positive.

Statistical Analysis

An independent-samples t-test was used to
compare continuous variables between study groups,
with statistical significance set at P < 0.05. All statistical
analyses were performed using the SPSS software.
Survival analysis was performed using the Kaplan-
Meier method to estimate disease-free survival (DFS).
Differences in survival between patients with intact
MLH1 expression and those with loss of expression
were assessed using the log-rank test.
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RESULTS
Clinical and Pathological Characteristics

The results showed that The mean age of the
patients was (55.70 + 14.20) years. The patients were
categorized into two age groups: those aged 50 years
or older (n =67, 67%) and those younger than 50 years
(n = 33, 33%). Regarding sex distribution, males
comprised 64% of the cohort, while females accounted
for 36%, as summarized in table 1.

Determining the Expression Status of MLH1
Protein in Colorectal Cancer Patients

MLH1 protein expression was positive in 86% of the
cases, whereas 14% of the cases exhibited loss of
expression, with a statistically significant difference
between the two groups, as illustrated in fig. 1.

The Relationship Between MLH1 Protein
Expression Status and Demographic
Characteristics

Loss of MLH1 protein expression was more frequent
in patients aged < 50 years than in those aged > 50 years,
with a statistically significant association between
expression status and age group. The frequency of MLH1
loss was also higher in males than in females; however,
this difference was not statistically significant, and no
significant association was observed between MLH1
expression status and family history, as most cases of
MLH1 loss occurred in patients without a positive
family history (table 2).

The Relationship Between MLH1 Protein
Expression Status and Histological Variables

A significant association was observed between
MLH1 protein expression status and histopathological
tumor type. Loss of MLH1 expression was most
frequently observed in conventional adenocarcinomas,

Table 1 - The clinical and pathological characteristics of colorectal
cancer patients.

Demographics criteria Patients N (%)
Age Groups

Lessthan50 (<50) 33 (33%)
~More than 50 (= 50) 67 (67%)
Sex

Mae 64 (64%)

Female 36 (36%)

¥¢=51.84 p<0.001*

Count (%)

Positive

MLH1 expression

Negative

Figure 1 - The expression status of MLH1 in CRC patients
with colorectal cancer.

followed by mucinous adenocarcinomas, whereas no
loss of expression was detected in signet-ring cell
carcinomas.

A significant association was observed between the
MLH1 protein expression status and tumor location.
Loss of MLH1 expression was most frequently detected
in right-sided colon tumors, followed by left-sided
colon tumors, whereas rectal tumors exhibited the
lowest frequency of MLH1 loss. In contrast, no
significant association was found between MLH1
expression status and tumor differentiation, although
all cases of MLH1 loss were identified in moderately
differentiated tumors. Furthermore, MLH1 protein
expression status was significantly associated with
tumor stage, with loss of expression occurring
predominantly in advanced-stage tumors, particularly
in T3 and T4 lesions.

No significant association was found between the

Table 2 - Association between MLH1  Variable Categories MLH1 Negative MLH1 Positive 1
protein expression status and N (%) N (%) (P-value)
demographic variables in patients  Age group <50 9(57.1) 4 (30.2) 7.97
with colorectal cancer. > 50 5 (42.9) 2 (69.8) (0.007)*
Sex Female 6 (42.9) 30 (34.9) 0.33
Male 8 (57.1) 56 (65.1) (0.564)
Family history No 12 (85.7) 2 (72.1) 1.28
Yes 2 (14.3) 4 (27.9) (0.281)
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Table 3 - The relationship between  Variable Categories MLH1 Negative ~ MLH1 Positive Ve
the expression status of MLH1 N (%) N (%) (P-value)
and histological variables in patients  Tumor type Conventional adenocarcinoma 8 (57.1) 71 (82.6) 7.06(0.02)*
with colon and rectal cancer. :Mucmous adenocarcinoma 6(42.9) 12 (14.0)
Signet ring adenocarcinoma 0(0.0) 3(3.5)
Site of tumor Rectum 1(7.1) 17 (19.8)  10.59(0.005)*
o Right site 10(71.4) 22 (25.6)
o Left site 3(21.4) 47(54.7)
Tumor grade el differentiation 0(0.0) 6 (7.0) 0.785(0.809)
_Moderate differentiation 14(100.0) 75 (87.2)
Poor differentiation 0(0.0) 5(5.8)
Tumor Stage o T2 1(7.1) 5(5.8) 9.09(0.006)*
o T3 7(50.0) 74(86.1)
T4 6 (42.9) 7(8.1)
Lymphatic metastasis NO 10 (71.4) 56 (65.1) 1.14(0.609)
N 2(14.3) 22 (25.6)
N2 2 (14.3) 8(9.3)
MLH1 protein expression status and lymph node - = = =
metastasis. Although the loss of MLH1 expression H -HNeg:l‘it:"
was more frequently observed in tumors without = 0.8 ?;:Sggit‘ir:e-nensumd
lymph node involvement, the distribution of MLH1 ; 0.6 “ Posifive-censored
expression status across lymph node categories did @ 04
not reach statistical significance (table 3). E 0'2
Effect of MLH1 Protein Expression Status 0.0 ==

on Disease-Free Survival

Patients with positive MLH1 protein expression
exhibited longer overall survival than those with
loss of expression. However, this difference was not
statistically significant according to the log-rank test.
Accordingly, no significant association was observed
between MLH1 expression and overall survival in the
present study (table 4, fig. 2). The histopathology and
IHC results are shown in fig. 3.

DISCUSSION

The study results showed that the mean age of
patients with CRC was 55 years . These findings are
consistent with those reported in Baghdad (55 years)

0.00 1000 20.00 30.00 40.00

Time (month)

Figure 2 - The Kaplan-Meier curves for disease-free survival
according to the expression status of the MLH1 protein.

(20), Iran (56 years) (11), and Jordan (53 years) (12).
However, they are inconsistent with the findings of a
study conducted in Poland, which reported a higher
mean age at diagnosis of 65 years (13). Overall, a
mean age of 55 years at diagnosis may be considered
relatively early on a global scale, particularly when
compared with some Arab and Western populations
Differences in the age at diagnosis between
populations may reflect variations in demographic
characteristics, genetic background, environmental

Table 4 - The relationship between ~ MLH1 DFS Mean Survival [Estimate + SE(95% CI)]
disease-free survival and MLH1 Censored N(%) Events N(%) Total
protein expression status. Negative 6(42.9) 8(57.1) 14 1450 + 0.93 (12.68-16.32)
Positive 38(44.2) 48(55.8) 86 1996+ 095 (18.10-21.81)
Log-rank »* (p-value) 1.66(0.197)

*Significant difference at p-value <0.05. SE: Standard error. Cl: Confidence Interval. Events: (Recurrence +Death),

Censored: (Recovery)
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Figure 3 - (a, b) The loss of MLH1 protein
expression in colon and rectal cancer
tissues (red arrow); (c, d) Positive
expression of MLH1 protein in colon
and rectal cancer tissues (green arrow).
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exposures, and lifestyle factors (14).

The results indicated a 14% Loss of MLH1
expression among colorectal cancer cases, and loss of
MLH1 expression has been reported to be associated
with epigenetic silencing of the MLH1 gene in colo-
rectal cancer (15,16). The observed frequency in the
present study is consistent with previous reports of
comparable rates, including 13% (17), 12% (18), and
7.7% (19), whereas a higher rate of 22% was reported
in another study (20).

The results also indicated that MLH1 loss was more
prevalent among patients aged < 50 years. These
findings are consistent with those of previous studies
(21,22), which reported a higher frequency of MLH1
loss of expression in younger age groups. In contrast,
other studies (23,24) have demonstrated that MLH1
loss of expression is more common in patients older
than 50 years. The increasing incidence of colorectal
cancer among younger individuals has been reported in
several populations worldwide; however, the factors
underlying this trend remain incompletely understood
(25).

In terms of sex, a higher frequency of MLH1
expression was observed in males. These findings are
consistent with those of previous studies (26,27),
which reported a greater proportion of MLH1 loss of
expression in males than in females. In contrast, other
studies (28,29) have demonstrated that the loss of
expression is more frequent in females. The association
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between sex and MLH1 expression status remains
inconsistent across studies, suggesting that multiple
factors may influence this relationship (30).

Regarding family history, the majority of MLH1 loss
cases were observed in patients without a positive
family history. This observation is in agreement with
the predominance of sporadic colorectal cancer cases
reported in the literature. Most colorectal cancers
occur sporadically, whereas a smaller proportion are
associated with hereditary syndromes involving
mismatch repair deficiency (31). These findings are
consistent with those reported in (32), which
demonstrated no significant association between
protein expression status and family history.

With respect to histopathological variables and
MLH1 protein expression status, the results showed
that the highest number of MLH1 loss cases occurred in
conventional adenocarcinomas. These findings are
consistent with those reported previously (33,34),
which demonstrated that the majority of MLH1 loss
cases were observed in conventional adenocarcinoma.

The frequency of MLH1 protein loss is higher in
adenocarcinomas. Previous studies have reported an
association between MMR deficiency, including MLH1
loss, and mucinous histology in colorectal cancer
(35,36).

In terms of tumor location, MLH1 expression was
more prevalent in right-sided colon tumors. Right-sided
colorectal cancers have been reported to exhibit

Surgery, Gastroenterology and Oncology, 31, 2 Suppl, 2026
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distinct molecular characteristics, including a higher
frequency of MMR deficiency and microsatellite
instability, whereas left-sided tumors are more
commonly associated with chromosomal instability
and alterations in genes such as TP53 and KRAS (37).
These findings are consistent with those reported in
(34), which demonstrated a higher prevalence of MLH1
loss in right-sided tumors but differed from the findings
of (38), which indicated that loss of expression was
more common in left-sided colon tumors.

In terms of tumor differentiation, the results
indicated that all cases of MLH1 expression loss were
observed in moderately differentiated tumors. This
finding is consistent with the distribution of tumor
grades in the present study. Similar results were
reported by (34), who found that most cases of MLH1
loss occurred in moderately differentiated tumors. In
contrast, other studies (39) have reported a higher
frequency of MLH1 loss in poorly differentiated
tumors.With respect to tumor stage, MLH1 loss of
expression was predominantly observed in stage T3
and T4 tumors. Similar findings were reported by (41),
who demonstrated that the majority of MLH1 loss
cases occurred in T3 and T4 tumors. The predominance
of advanced tumor stage in the present cohort should
be considered when interpreting these findings (40).
In lymphatic metastasis, MLH1 expression was pre-
dominantly observed in tumors without lymph node
metastasis (NO). These findings are consistent with
those reported in (34), which demonstrated that most
cases of MLH1 loss occurred in the non-metastasized
group. Previous studies have reported an association
between MMR deficiency and reduced lymph node
involvement in a subset of colorectal cancers (42). In
terms of disease-free survival, no significant difference
was observed between patients with positive MLH1
expression and those with loss of expression. These
findings are consistent with those reported in (43),
which similarly found no statistically significant
difference in survival among colorectal cancer patients
according to MLH1 expression status.

CONCLUSION

The maijority of colorectal cancer cases occurred in
older patients and males, with 14% exhibiting loss of
MLH1 protein expression. A higher rate of MLH1 loss
was observed in patients younger than 50 years, con-
ventional adenocarcinoma, right-sided colon tumors,
and stageT3 tumors. No significant difference in overall
survival was detected between patients with MLH1
expression and those with loss of expression.
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