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ABSTRACT 

Background:Mismatch repair MMR deficiency is a crucial biomarker in colorectal carcinoma 

(CRC) with the diagnosis, prognosis, and treatment significance of the MMR deficiency. MMR 

deficiency testing has become universally recommended to allow for Lynch syndrome screening and 

for the identification of the candidates for immune checkpoint inhibitor therapy. This study aims to 

evaluate the incidence of MMR protein expression in Iraqi patients with colorectal carcinoma and 

study their association with clinicopathological parameters. Methods: The retrospective cross-

sectional study consisted of 34 patients histopathologically confirmed with primary colorectal 

carcinoma and these patients underwent surgical resection between January 2024 to December 2025 

in Al-Warith International Cancer Institute, Karbala, Iraq. The immunohistochemistry expression for 

MLH1, PMS2, MSH2, and MSH6 genes were assessed using formalin-fixed, paraffin-embedded 

tissue sections. The correlation between the MMR and clinicopathological factors was analyzed using 

Fisher’s exact test or Fisher-Freeman-Halton exact test, as appropriate. Results: dMMR protein 

expression was identified in 4 out of 34 patients (11.8%), whereas 30 out of 34 patients (88.2%) 

showed proficient MMR expression. The most frequent MMR protein deficiency pattern was the 

MLH1/PMS2 deficiency, while the second most frequent was the MSH2/MSH6 deficiency, and only 

1 out of 34 patients had MSH6 deficiency alone. There was a statistically significant correlation 

between dMMR expression and the location of the tumor (P = 0.009) and tumor grade (P = 0.035). 

No correlation was found between MMR protein expression and age, sex, cancer staging, histological 

type or lymph node involvement. No statistically significant correlation was observed with age, sex, 

tumor staging, histological type, or lymph node involvement. Conclusion: The incidence of dMMR 

in the studied Iraqi population was comparable to that proposed in earlier regional and international 

studies. Despite the existence of a relationship between the site of the tumor and its grade, it is 

necessary to mention that these findings should be taken into account with reservation due to the 

small number of participants and need for further validation. 
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INTRODUCTION 

     Colorectal carcinoma (CRC) is one of the 

three most prevalent tumor kinds worldwide.  In 

2020, the number of recorded cases was roughly 

1.9 million.  CRC commonly affects those 65 to 

74 years of age.  It ranks as the second most 

common contributor to tumor-related 

mortalities [1]. Only 5–10% of colorectal 

carcinomas are thought to be inherited, but 
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incidental colon cancers tend to be more 

prevalent.  Hereditary nonpolyposis colorectal 

cancer (HNPCC), a highly prevalent inherited 

cancer of the colon, is caused by microsatellite 

instability (MMR) (DNA mismatch repair 

genes) [2,3]. Mismatch repair proteins are 

nuclear kinases that are essential for detecting 

and correcting mistakes, remove insertion-

deletion circuits and base-base disparities that 

arise in multiply cells during DNA replication 

process [4]. At least five distinct MMR proteins, 

including MSH2, MLH1, MSH6, PMS1, and 

PMS2, are needed to accomplish this. MMR 

gene mutation or silencing is demonstrated by 

molecular research, however, analyses using 

immunohistochemistry reveal whether gene 

expression of proteins is present or not [5]. 

Changes in the span of neutral, repeating 

microsatellite motifs across the entire genome 

are the main contributors of microsatellite 

instability (MSI) [6,7].  

    Colorectal cancers (CRCs) who exhibit 

inefficient mismatch repair (dMMR) along with 

elevated microsatellite instability (MSI-H) 

constitute a distinct subset of malignancies. 

Microsatellite stable (MSS) and competent 

mismatch repair (pMMR) CRCs have different 

genetic, clinical and pathological features than 

MSI-H/dMMR CRCs [8]. Because MSI-H CRC 

has certain clinical characteristics (being 

younger age, right-sided placement, mucinous 

or signet ring morphology, and heavy 

lymphocytic infiltration), cautious assessment 

of tumor histological features may assist in 

recognize them in alongside with IHC 

identification of MMR protein. This is despite 

the fact that the PCR-mediated amplification 

method of microsatellite cycles is still the 

premier method for detecting MSI, but it is not 

relevant in habitual histopathology clinics in our 

nation due to financial issues [7]. Therapeutic 

responses for MSI-H/dMMR and pMMR/MSS 

CRCs are varying due to their distinct an 

etiology, clinical and pathological features [9]. 

    Given that MSI-H/dMMR CRCs tend to be 

more immunogenic and respond more 

effectively to immune therapy than 

pMMR/MSS CRCs, this is particularly relevant 

for immune checkpoint blocking [10–12]. 

Numerous clinical trials assessing the benefits 

of neoadjuvant immunotherapy in individuals 

with initial stages of disease have been initiated 

as a result of the discovery that MSI-H/dMMR 

may be a biochemical indicator for the 

effectiveness of immune therapy for those with 

colorectal cancer [13]. Numerous ongoing 

studies are also looking into the effectiveness of 

immunotherapy when combined with 

complementary therapies (such as 

chemotherapeutic agents and radiation) [14–

17]. 

    Neoadjuvant immunotherapy, either by itself 

or in conjunction with other treatment 

modalities, may offer patients with early-stage 

colorectal cancer (CRC), particularly those with 

MSI-H/dMMR CRC, novel approaches to 

therapy [18]. Microsatellite instability (MSI) 

and mismatch repair (MMR) detection rates in 

medical settings are still insufficient, 

particularly among populations at greatest risk, 

in spite of the significance of MSI-H/dMMR 

and pMMR/MSS state in therapeutic decisions 

[19,20]. With deficient MSI and MMR essays 

many patients with MSI-H/dMMR CRC may 

prohibited from being identified as candidates 

for immunotherapy [21,22]. Failing to 

differentiate both MSI-H/dMMR and 

pMMR/MSS CRCs could also result in 

disparities in CRC diagnostic and predictive 

properties due to variations in their 

epidemiological, genetic, morphological and 

histological aspects [23]. This study aims to 

assess the incidence of mismatch repair proteins 

(MMR) expression in patients with colorectal 

carcinoma in Karbala province and their relation 

to the clinicopathological parameters as age, 

sex, histological subtypes, T stages, grades, 

location of the tumor and lymph-nodes 

involvement. 

 

MATERIALS AND METHODS 

    The cross-sectional retrospective study 

involved 34 consecutive eligible patients 

diagnosed with primary colorectal carcinoma by 

histopathology and operated on during the 

period from January 2024 to December 2025 at 

Al-Warith International Cancer Institute in 

Karbala, Iraq. Even though the duration of this 

study was for two years, the patients involved in 

this study were those fulfilling all the predefined 

inclusion criteria including complete 

clinicopathological information, availability of 

adequate formalin fixed paraffin embedded 

tissues and no neoadjuvant therapy prior to 
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surgery. The histopathological diagnosis of all 

cases was confirmed by two pathologists. Five 5 

μm-thick slices were extracted from paraffin 

embedded tissue blocks, all of them have been 

examined with IHC for MMR proteins, while 

the first had been treated with hematoxylin and 

eosin stain.   

     For immunohistochemical analysis of 

Mismatch repair proteins, four monoclonal 

antibodies were used to detect MMR proteins  

[MSH6 (Clone: EP49), MSH2 (Clone: RED2),  

MLH1 (Clone: GM011) and PMS2(EP51)) 

Rabbit Monoclonal Antibodies-Pathnsitu 

Biotechnologies] expression on tissue sections 

according to CAP regulations, any nuclear 

staining, whether evenly or unevenly 

distributed, is regarded as "proficient no lack of 

expression", whereas just the total lack of 

nuclear staining is recognized as " deficient-loss 

of expression", assuming the internal checks are 

valid. [20] Whenever nuclear staining for the 

minimum of a single protein was absent, the 

tumor was classified as dMMR.  Positive 

internal checks included cells from stromal 

tissues, lymphocytes, and nearby native colonic 

epithelium as seen in Fig.1A-E and Fig.2 [7]. 

accordingly, all cases then were classified as 

MMR proteins proficient or MMR proteins 

deficient and the percentage of each class was 

evaluated. Additionally, the percentage of 

immunohistochemical expression of each MMR 

protein (MSH6, MSH2, MLH1, and PMS2) was 

assessed separately for all cases.  

Inclusion criteria:  

    Patients with histopathologically evaluated 

with primary colorectal carcinoma who 

underwent surgical resection between January 

2024 to December 2025 were included in this 

study. Only those patients with complete 

clinical and pathological information and 

having adequate formalin-fixed paraffin-

embedded tissues were considered for 

immunohistochemical staining.  

Exclusion criteria: 

    In case of clinicopathological information 

was not available or incomplete, tissue blocks 

were unavailable or unsuitable for 

immunohistochemical examination, or the 

surgical samples were obtained after 

neoadjuvant chemotherapy or radiotherapy, the 

samples excluded from the study. 

Statistical analyses: Statistical analyses of the 

data were done using IBM SPSS Statistics 

(Version 16; IBM Corporation, Armonk, New 

York, USA). Descriptive statistics for 

categorical variables are defined as frequency 

and percentage. Since only four patients were 

found with dMMR protein expression, many 

contingency tables had fewer than five as the 

expected cell count. Thus, Fisher’s Exact Test 

was used for 2 × 2 contingency table while 

Fisher-Freeman-Halton Exact Test was used for 

contingency tables that exceed 2 × 2. All 

statistical tests were two-sided and statistical 

significance level was set at P < 0.05. 

 

RESULTS 

    The current study involving 34 patients 

diagnosed with colorectal carcinoma. The mean 

age (47.9 ± 15.7 years) and a range of (13-71 

years). Of all cases, there were 19 (55.9%) males 

and 15 (44.1%) females. All the patients were 

grouped into two categories, those younger than 

fifty years were 18 (52.9%) and those who are 

older forming 16 (47.1%). Concerning the 

location of the malignancy, most of the tumors 

were recto sigmoidal 27 (79.4%), 5 (14.7%) 

cases detected on the descending colon with 2 

(5.8%) on the ascending part.  

      Regarding the histopathological type of 

malignant neoplasm, Mucinous 

adenocarcinoma was detected in 3 (8.8%) of 

total sample, while non mucinous type was seen 

in the majority of the cases 31 (91.2%). In the 

majority of cases the tumor invades the 

muscularis propria to the peri colorectal tissues 

(T3) 17 (50%) followed by those that invades 

through the visceral peritoneum (T4) 12 

(35.3%), show no lymph node metastasis 14 

(41.2%) followed by those with metastasis in 1-

3 regional LN (N1) 13 (38.2%) and of 

intermediate grade (GII) 26 (76.5%). The clinic-

pathological characteristics of the collected 

sample were presented in Table 1.  
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Table 1: The Clinic-Pathological Parameters of Patients with Colorectal Carcinoma. 

Clinic-pathological parameters Number Percentage 

Age 
< 50 18 52.9% 

> 50 16 47.1% 

Sex 
Males 19 55.9% 

Females 15 44.1% 

Location 

Recto-sigmoid 27 79.4% 

Ascending colon 2 5.8% 

Descending colon 5 14.7% 

Histological type 
Mucinous AC8.8 3 ٭% 

Non mucinous AC91.2 31 ٭% 

T٭ stage 

T1 0 0% 

T2 5 14.7% 

T3 17 50% 

T4 12 35.3% 

Tumor grades 

G1 (well differentiated) 5 14.7% 

G2 (Moderately differentiated) 26 76.5% 

G3 (Poorly differentiated) 3 8.8% 

LN involvement 

N0 14 41.2% 

N1 13 38.2% 

N2 7 20.6% 

AC٭: adenocarcinoma, T٭: tumor size 

 

     For the total cases, mismatch repair proteins 

expression was examined by 

immunohistochemistry and was detected to be 

proficient (nuclear staining, whether evenly or 

unevenly distributed) in 30 (88.2%) cases and 

deficient with total loss of nuclear staining in 4 

(11.8%) cases. The rates of expression of each 

of four proteins MLH1, PMS2, MSH2 and 

MSH6 sequentially were as 32 (94.1%) 

proficient, 2 (5.9%) deficient for each of 

MLH1 and PMS2 with 33 (97.1%) proficient, 

1 (2.9%) deficient for MSH2 and 32 (94.1%) 

proficient, 2 (5.9%) deficient for MSH6 as 

seen in Table 2.  

     Table 3 shows the relationships of the 

MMR protein expression with the clinical-

pathological parameters of the patients with 

colorectal carcinoma. On the basis of exact 

Fisher/Fisher-Freeman-Halton tests, there 

were significant relationships between the lack 

of MMR proteins expression and tumor site (P 

= 0.0094) and tumor grade (P = 0.0351). 

Specifically, 3/4 dMMR cases (75%) were 

found in the descending colon. Similarly, out 

of the total four dMMR cases, 2 cases (50%) 

were Grade 1 (well-differentiated) tumors. 

However, there was no statistical significance 

between the MMR status and the variables 

including age (P = 0.105), sex (P = 0.613), 

histology (P = 1.000), T-stage (P = 1.000), or 

LN involvement (P = 0.829). The correlations 

of expression pattern of individual MMR 

proteins are shown in Table4. Concurrent loss 

of MLH1 and PMS2 was found in 2/4 dMMR 

cancers, and there was a statistically significant 

correlation between the expressions of MLH1 

and PMS2 (P = 0.001). On the other hand, 

there were no statistically significant 

correlations between MLH1-deficiency and 

MSH2-deficiency (P = 0.8) or MSH6-

deficiency (P = 0.7).  

    There was a statistically significant 

correlation between the MSH2 and MSH6 

deficiency (P = 0.001), as both MSH2 and 

MSH6 deficient in one of the cancers. Overall, 

among the four dMMR tumors, two cases 

exhibited concurrent loss of MLH1/PMS2, one 

MSH2/MSH6 co-deficient, and one MSH6 

deficient as indicated in Table 4. 
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Table 2: Immuno-Histochemical Expression of MMR Proteins in Colorectal Carcinoma. 

 

 

Table 3: Association between MMR proteins expression and clinicopathological features of the 

studied patients 

Clinicopathological 

characteristic 
Category 

Proficient, n 

(%) (n = 30) 

Deficient, n 

(%) (n = 4) 

Original 

χ² P value 

Exact P 

value* 

Age 
<50 years 14 (46.7) 4 (100.0) 

0.040 0.105 
>50 years 16 (53.3) 0 (0.0) 

Sex 
Male 16 (53.3) 3 (75.0) 

0.400 0.613 
Female 14 (46.7) 1 (25.0) 

Tumor location 

Rectosigmoid 26 (86.7) 1 (25.0) 

0.004 0.009 
Ascending colon 2 (6.7) 0 (0.0) 

Descending 

colon 
2 (6.7) 3 (75.0) 

Histological type 

Mucinous 

adenocarcinoma 
3 (10.0) 0 (0.0) 

0.500 1.000 
Non-mucinous 

adenocarcinoma 
27 (90.0) 4 (100.0) 

T stage 

T1 0 (0.0) 0 (0.0) 

0.600 1.000 
T2 5 (16.7) 0 (0.0) 

T3 15 (50.0) 2 (50.0) 

T4 10 (33.3) 2 (50.0) 

Tumor grade 

G1, well 

differentiated 
3 (10.0) 2 (50.0) 

0.030 0.033 
G2, moderately 

differentiated 
25 (83.3) 1 (25.0) 

G3, poorly 

differentiated 
2 (6.7) 1 (25.0) 

Lymph node 

involvement 

N0 13 (43.3) 1 (25.0) 

0.700 0.821 N1 11 (36.7) 2 (50.0) 

N2 6 (20.0) 1 (25.0) 

*Exact p-values were calculated using Fisher’s exact test for 2 × 2 tables and the Fisher–Freeman–

Halton exact test for tables with more than two categories. Values in bold are statistically significant 

at P < 0.05. 

MMR proteins Number Percentage 

Total - MMR 
Proficient 30 88.2% 

Deficient 4 11.8% 

MLH1 
Proficient 32 94.1% 

Deficient 2 5.9% 

PMS2 
Proficient 32 94.1% 

Deficient 2 5.9% 

MSH2 
Proficient 33 97.1% 

Deficient 1 2.9% 

MSH6 
Proficient 32 94.1% 

Deficient 2 5.9% 
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Table 4: The Statistical Association Between MMR Proteins 

 

 

DISCUSSION 

     In the current study, expression of 

Mismatch Repair (MMR) proteins was 

evaluated in a cohort of Iraqi patients 

diagnosed with colorectal carcinoma, along 

with their correlation with clinicopathological 

parameters. Deficiency in MMR (dMMR) was 

noted in 11.8% of the samples, which is similar 

to the findings in previous studies from the 

Middle Eastern population and other 

populations [24]. There were significant 

correlations between dMMR and the location 

of the tumors and tumor grades but there were 

no correlations with age, gender, type of 

histology, T stages, or lymph nodes.  

    The mean age of the patients in the current 

study was 47.9 ± 15.7 years old, and more than 

half of the subjects were less than 50 years old. 

The mean age was lower compared to those 

data reported in Western countries where 

colorectal carcinoma typically occurs after 60 

years of age [25,26]. Indeed, our findings were 

generally consistent with other findings in the 

Iraqi literature, as well as in other neighboring 

Middle Eastern countries [27,28]. However, 

since there was no significant association 

between the age of patients and the presence of 

dMMR using Fisher's Exact test, our results 

did not support an independent relationship 

between younger age and MMR deficiency in 

this cohort. There was also a predominance 

male frequency accounting 55.9% of the study 

subjects. This is consistent with previous 

regional and international studies as well as the 

recognized modest male predominance of 

colorectal carcinoma [29,30]. There was no 

statistically significant correlation found 

between the sex of the patients and their MMR 

status. 

    Most tumors of the current study were 

located in the rectosigmoid region, whereas a 

small number of patients had an ascending 

colonic tumor. This predominance of distal 

tumors was in line with some other 

publications from Iraq [31]and the nearby 

countries [32]. At the same time, there was a 

statistically significant association between the 

presence of dMMR and tumor location. Most 

cases of dMMR tumors were localized in the 

descending colon. These findings do not match 

the previous reported results in which the 

pathologists showed the majority of dMMR 

colorectal carcinomas are located on the right 

side [9,33]. Given that only four dMMR 

tumors were identified in the present cohort, 

this finding should be interpreted cautiously 

because the subgroup analysis is susceptible to 

random variation and limited statistical power. 

 

MMR proteins 
MLH1 

P value 
Proficient Deficient 

 

PMS2 

Proficient 32 0 
 ٭0.001

Deficient 0 2 

 

MSH2 

Proficient 31 2 
0.8 

Deficient 1 0 

 

MSH6 

Proficient 30 2 
0.7 

Deficient 2 0 

 

 
MSH2 

 ٭0.001
Proficient Deficient 

MSH6 
Proficient 32 0 

Deficient 1 1 

 significant statistical relation, P-value <0.05٭
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       Non-mucinous adenocarcinoma 

represented the predominant histological 

subtype in the present cohort, whereas 

mucinous adenocarcinoma accounted for only 

a small proportion of cases. Although 

mucinous histology has frequently been 

associated with dMMR tumors in previous 

studies [34], no significant association was 

identified in the present investigation. This 

finding may reflect the limited number of 

dMMR cases and should be interpreted 

cautiously.  Most Tumors were classified as T3 

or T4, suggesting that the majority of cases 

presented with advanced cancer [35]. 

Likewise, the majority of patients had regional 

lymph node involvement. These observations 

in parallel with previous studies in Iraq and 

other countries and probably result from late 

diagnosis of the cancer in most patients due to 

the lack of colorectal cancer screening 

programs [36–38]. However, T stage and 

lymph node involvement did not have any 

significant relation to MMR status.  

    The majority of tumors were moderately 

differentiated Grade2. Although the presence 

of dMMR had a statistically significant 

relationship with the tumor grading, this is 

inconsistent with many of previous studies 

where the presence of dMMR had a 

relationship with poorly differentiated tumors 

[39]. Because this correlation was based on 

only 4 dMMR tumors, it should be interpreted 

cautiously. This observed distribution may 

reflect random variation resulting from the 

limited sample size rather than a true biological 

difference. Therefore, validation in larger 

sample size is required.  

    Taken all together, the prevalence of dMMR 

observed in this study (11.8%) is similar to the 

frequency of about 10-15% that is seen for 

sporadic colorectal carcinoma globally and is 

in agreement with other studies conducted in 

Iraq and surrounding countries [40,41]. The 

commonest loss of proteins observed in this 

study involved MLH1/PMS2 and 

MSH2/MSH6 loss occurring together while 

one patient had loss of only MSH6. This is in 

line with the function of the heterodimers and 

with what was reported in earlier studies 

[42,43]. 

 

     Identification of dMMR tumors from a 

clinical point of view is important due to the 

diagnosis, prognosis, and treatment 

significance of the MMR deficiency. MMR 

deficiency testing has become universally 

recommended to allow for Lynch syndrome 

screening and to identify patients who may 

benefit from immune check point inhibitor 

therapy. MMR testing in all patients with 

colorectal carcinoma has become widely 

suggested for Lynch syndrome screening as 

well as the determination of candidates for 

immune checkpoint inhibitor therapy. While 

molecular diagnosis of MSI was not possible 

in the current study, immunohistochemical 

analysis still represents an easily affordable 

test, especially in resource-poor regions. 

 

LIMITATIONS 

    This study has several limitations.  First, a 

relatively small sample size, especially small 

dMMR cases (n = 4), decreased statistical 

power and made difficult detection of any 

other potential clinicopathological 

correlations; second, this study was 

retrospective in one center that might influence 

generalizability of results for other 

populations; third, MMR status determination 

was based on immunohistochemistry alone, 

without molecular confirmation of MSI status. 

Fourth, due to unavailability of MLH1 

promoter methylation analysis and germline 

genetic analysis it was impossible to 

differentiate between sporadic dMMR tumors 

and those related to Lynch syndrome. Thus, the 

present findings should be interpreted with 

caution and validated in larger sample size, 

multicenter studies with molecular biology 

analyses. 

 

CONCLUSION 

    The current study showed that deficient 

MMR protein expression was found in a subset 

of Iraqi population patients with colorectal 

carcinoma and was significantly associated 

with tumor grade and location. However, these 

findings should be interpreted carefully 

because of the relatively small sample size, and 

limited number of dMMR cases. Larger 

multicenter studies with molecular MSI testing 

and genetic analyses are important to validate 

these observations and further characterize the 
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clinicopathological significance of MMR 

deficiency in the Iraqi population. 
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Figure1: Conventional colonic adenocarcinoma, (A) from 53 years old female, grade II, (H &E, 

X10). The pictures show proficient Miss Match Repair (MMR) status by immunohistochemistry with 

intact nuclear expression of MLH1 (B), PMS2 (C), MSH2 (D) and MSH6 (E). 

Figure2: Colonic adenocarcinoma, (A) from 57 years old male, grade III, (H &E, X10). The pictures 

show deficient Mis-Match Repair (MMR) status by immunohistochemistry with lost nuclear 

expression of MLH1 (B), PMS2 (C), retained nuclear expression MSH2 (D) and MSH6 (E). 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 


