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Genetic Polymorphism of Mismatch Repair Genes and Susceptibility to Prostate Cancer
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Purpose: Mismatch repair (MMR) is one of the DNA repair systems that correct mispaired bases during DNA 
replication errors. Polymorphisms in genes can increase susceptibility to the development of prostate cancer 
(PCa). In this study, we investigated mutL homolog 1 (MLH93- )1G>A (rs1800734) and mutS homolog 3 (MSH3) 
(rs26279) polymorphisms with the risk of PCa.

Materials and Methods: In this study of Iranian population, 175 histopathologically confirmed (PCa) patients and 
230 benign prostate hyperplasia (BPH) as the controls were recruited. The genotypes of MLH1 and MSH3 were 
determined by polymerase chain reaction and restriction fragment length polymorphism (PCR-RFLP) method.

Results: There was no significant difference of MLH1 (P = 0.4) and MSH3 (P = 0.5) genotype distributions among 
PCa cases and controls. And also patients with PCa were not significant differences compared to those without in 
stage of cancer, grade of tumor, perineural invasion, and vascular invasion. 

Conclusion: Our results did not show adequate evidence for any significant association of MLH1 and MSH3 
polymorphisms and PCa .
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INTRODUCTION	

Prostate cancer (PCa) is the most commonly diag-
nosed malignancy among aging males after skin 

cancer and is the sixth leading cancer resulting in mor-
tality in males (1). Although the reason of PCa is still 
unclear, epidemiological studies have suggested that it 
is a multifactorial disease with a genetic basis(2). There 
are a number of studies being carried out to identify 
biomarkers in patients with high risk of adverse PCa 
outcomes(3). DNA repair systems reduce any risks con-
ferred by mutations from risk factors, including etio-
logic and environmental leading to exit somatic muta-
tions that may be important for initiation of late onset 
diseases(4). A highly conserved mismatch repair (MMR) 
functions to boost replication accuracy by correcting 
and deleting base pair mismatch during DNA replica-
tion(5). The MMR system consists of seven mismatch 
repair genes, including MSH2, MSH3, MSH6, MLH1, 
PMS1, PMS2, and MLH3. The heterodimers which are 
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formed by MSH2-MSH6 (MutSα) and MSH2-MSH3 
(MutSß) mismatch repair complexes identify mispaired 
bases. The function of MutSα complex is to investigate 
and repair the base-base and insertion/deletion (I/D) 
mispairs. MutSα is also likely to be associated with 
another heterodimer of MLH1 and PMS2 (MutLα) (6). 
Defects in this MMR pathway result in a considerable 
rate of mutation or genetic instability, which in turn 
leads to variation in genes that regulate cell prolifer-
ation and death(7). Numerous mutations and polymor-
phisms have been distinguished in MMR genes(8). Ge-
netic polymorphisms of mutL homolog 1 (MLH1) have 
a detrimental effect on the MMR capacity and cancer 
risk. The MLH1 gene, which is located on chromosome 
3p contains 19 exons and it is shown to cover a region 
of up to 100 kilo bases (kb)(9). The MLH1 -93G>A 
(rs1800734) polymorphism is closely linked to sever-
al cancers, including tobacco-related oral carcinoma, 
colorectal, and lung cancer (10-12). The mutS homolog 3 
(MSH3) protein acts as one of the important compo-
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nents of the mismatch repair system, which is encoded 
by the MSH3 gene and located on chromosome 5q in 
humans. It possesses 1137 amino acid residues with the 
molecular mass of approximately 128 kilodaltons (kDa) 
(13). Currently, scientists have reported at least 180 sin-
gle nucleotide polymorphisms (SNPs) in MSH3 gene. 
Among all of these SNPs, rs26279 G>A polymorphism 
is frequently investigated and has been recently thought 
to be carcinogenic. Some studies showed that this pol-
ymorphism is associated with the risk of different types 
of cancer, including breast cancer, colorectal cancer, 
bladder cancer, PCa and ovarian cancer (14-18).
Considering the importance of MLH1 and MSH3 in 
the carcinogenic process, several case-control studies 
have been patients in patients in order to investigate the 
possible correlation between mentioned two polymor-
phisms and the risk of PCa.

METHODS
Sample collection
This case-control study consisted of 175 patients with 
PCa and 230 controls with benign prostatic hyperplasia 
(BPH). The patients were selected between February 
2010 and April 2015 from the department of urology 
of Shahid Labbafinejad Medical center, Tehran, Iran. 
Written informed consent was obtained from all of the 
participants and details of the consent form was ap-
proved by the ethics committee.
 Demographic and clinical data were collected, includ-
ing age, body mass index (BMI), history of PCa in 
1st-degree relatives, blood group, total and free pros-
tate-specific antigen (PSA) level, staging and grading 

by questioners.
Open laparoscopic or radical prostatectomy was used 
to determine the tumor stage, grade, vascular and peri-
neural invasion. 
Tumor stage and tumor grade were determined by TNM 
staging (pathologic tumor stage, nodal invasion, metas-
tasis) and the Gleason scoring (GS >7, GS ≤ 7) system, 
respectively (19,20).
The control group with BPH had to fulfill the following 
inclusion criteria for decreasing the likelihood of misdi-
agnosed prostate cancer:
1) Either serum PSA < 4.0 ng/mL or pathological re-
ports of no malignancy of transrectral ultrasound-guid-
ed prostate biopsy if there was a serum PSA > 4.0 ng/
mL. 
2) Normal digital rectal examination. 
3) Negative pathological report of malignancy in resect-
ed prostatic tissues from open surgical prostatectomy. 
The exclusion criteria for patients with PCa were a fam-
ily history of PCa in the control group, consuming any 
PSA decreasing medication, hormone therapy, orchiec-
tomy and non-adenocarcinoma of the prostate. 
DNA extraction and Genetic analysis 
Peripheral blood samples from BPH and PCa were col-
lected before surgery in a tube containing EDTA, and 
DNA extraction was performed by using DNGTM plus 
DNA extraction kit (Cinnagen, Iran) and maintained 
at +4°C. The rs1800734 polymorphism of MLH1 and 
rs26279 polymorphism of MSH3 genes was deter-
mined using polymerase chain reaction and restriction 
fragment length polymorphism (PCR-RFLP) methods. 
PCR was performed in a total 50µl reaction volume 
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Table 1. Demographic and behavioral characteristics of cases and controls

Factor 			   Prostate cancer		  Healthy individuals	 P-value

Smoking status
No	 No (%) 		  71 (57.72)			  108 (81.82)	 < 0.0001
Yes	 No (%)		  52 (42.28)		 	 24 (18.18)		                
Having 3 or more sons older than 40
≤ 2 	 No (%)		  72 (98.63)			  103 (94.50)	 0.1
>2 	 No (%)		  1 (1.37)			   6 (5.5)	                  
History of marriage
No     	 No (%)		  2 (1.94)			   0		  0.2
Yes	 No (%)		  101 (98.06)		  130 (100)	                 
Family history
No	 No (%)		  93 (87.74)	      		  125 (98.43)           	 0.001
Yes	 No (%)		  13 (12.26)	  		  2 (1.57)             
Age        mean (SD)		  62.38 (7.59)		  70 (8.64)		  0.0001
BMI         mean (SD)		  24.87(2.88)		  24.74(3)		  0.6

Gene (Polymorphism)	 Genotypes 	 Cases No (%)	 Controls No (%)	 P-value	 Crude OR(95% CI)   AdjustedOR(95% CI) 	

		
	 AA		  29 (16.76)		 29 (12.61)			  1
MLH1 (rs 1800734)		  AG		  83 (47.98)		 122 (53.04)	 0.4	 0.68 (0.38-1.22)	 0.71 (0.30-1.72)			 
			   GG 		  61 (35.26) 		 79 (34.35)			  0.77 (0.42-1.43)	 0.69 (0.28-1.68)			 
									       
MSH3 (rs26279)		  AA		  82 (47.40)		 99 (43.04)			  1	
			   AG 		  81 (46.82) 		 112 (48.70) 	 0.5	 0.87 (0.58-1.31)	 0.71 (0.36-1.38)			 
			   GG		  10 (5.78)		  19 (8.26)			   0.63 (0.28-1.44)	 0.24 (0.06-0.97)			 
					   

MLH1, mutL homolog 1; MSH3, mutS homolog 3

Table 2. Crude and adjusted associations between different polymorphisms and prostate cancer.
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containing 2mM MgCl2, 25 mM KCl, 5 mM Tris-
HCl (pH 8.4), 0.23 mM each of deoxyribonucleotide 
triphosphate (dNTP), and 1 unit of Taq polymerase. 
The primers used for amplification of MLH1 were for-
ward 5’ - TTT CAG CTT TCA GGC ACA GTT – 3' 
and reverse primer 5’ - CCT TCC AGC TCT TTT GAC 
TT – 3’. The polymorphic site of the MSH3 gene was 
amplified by the use of each primer: forward primer, 
5’ - TTT CAG CTT TCA GGC ACA GTT – 3’, and 
reverse primer, 5́ - CCT TCC AGC TCT TTT GAC 
TT – 3'. The cycling condition for MLH1 and MSH3 
were 95°C for 5min of one cycle; 95°C for 1 min ,58°C 
(MLH1) and 55°C (MSH3) for 1min and 72°C for 1min 
for 35 cycles and final elongation cycle of 72°C for 
5min.
After PCR, RFLP method was used for MLH1 and 
MSH3 with PvuII and HhaI restriction enzymes, re-
spectively (Thermo V scientific), and PCR products 
were digested at 37°C for 16 hr. 
The three genotypes were identified according to 
their size for both genes: MLH1 AA (373bp), GG 
(285+88bp), and AG (373+285+88bp), MSH3 AA 
(200bp), GG (151+49bp) and AG (200+151+49bp).
Statistical analysis
Categorical variables were compared between cases 
and controls using Chi-square test. The comparison of 
continues variables was conducted by Mann–Whitney 
U test and independent t-test. Crude and adjusted (ad-
justed for age, family history of PCa and smoking sta-
tus) logistic regression models were used to investigate 
the association between genotypes and PCa. All data 
analyses were performed using STATA ver.11 soft-
ware. P-value less than 0.05 were considered statisti-
cally significant.

RESULTS
Totally 405 subjects were recruited in the study, includ-
ing 230 (56.79%) healthy subjects and 175 (43.21) pa-
tients suffering from PCa. Mean (SD) age of them was 
66.57 (9.01) years.
Frequencies of smoking habit (42.28% vs. 18.18% re-
spectively; P < 0.0001) and familial history of cancer 
(12.26% vs. 1.57% respectively; P = 0.001) were high-
er among prostatic cancer patients compared to healthy 
subjects. In addition, these patients were significantly 
younger than controls (mean age: 62.38 vs. 70 respec-
tively; P = 0.0001). No significant differences were 
found between two groups regarding marital status (P 
= 0.2), having more than 40-year-old son (P = 0.1) and 
mean BMI (P = 0.6) (Table 1).
As illustrated in Table 2, frequencies of AG and GG 
genotypes of MLH1 polymorphism among patients 
with and without PCa were 47.98% vs. 53.04% and 
35.26% vs. 34.35%, respectively (P = 0.4). Corre-
sponding figures for AG and GG genotypes of MSH3 
polymorphism were 46.82% vs. 48.70% and 5.78% vs. 
8.26% respectively (P = 0.5).
Crude and adjusted odds ratios between the presence of 
AG genotype of MLH1 polymorphism and developing 
PCa were 0.68 (P = 0.2) and 0.72 (P = 0.4), respectively. 
Corresponding odds ratios for GG genotype were 0.77 
(P = 0.4) and 0.69 (P = 0.4), respectively. Crude and 
adjusted odds ratios representing the effect of different 
genotypes of MSH3 polymorphism on developing can-
cer were 0.87 (P = 0.5) and 0.71 (P = 0.3) respectively, 

for AG genotype and 0.63 (P = 0.3) and 0.24 (P = 0.04), 
respectively for GG genotype (Table 2).
G allele of MLH1 polymorphisms was observed among 
59.25% and 60.88% of cases and controls, respectively 
(P = 0.6). The odds ratio between the presence of this 
allele and PCa was 0.93 (P = 0.6). Moreover, 29.19% of 
cases and 32.61% of controls carried G allele of MSH3 
polymorphism (p = 0.3). The odds ratio between the 
presence of this allele and PCa was 0.85 (P = 0.3).
Polymorphisms and staging of cancer
The frequencies of different genotypes of MLH1 poly-
morphism among patients with initial stages of cancer 
compare to those with advanced stages were 40.54% vs. 
68% respectively for AG genotype and 37.84% vs. 24% 
respectively for GG genotype (P = 0.1). Correspond-
ing figures for genotypes of MSH3 polymorphism 
were 48.65% vs. 52% respectively for AG genotype 
and 5.41% vs 4% respectively for GG genotype (P = 
1) (Table 3).
Polymorphisms and grading of tumor
Table 3 represents that 45.87% of low tumor grade 
patients and 45.87% of high tumor grade patients had 
AG genotype of MLH1 polymorphism. Corresponding 
rates for GG genotype were 28.13% and 39.45% re-
spectively (P = 0.3). Moreover, AG and GG genotypes 
of MSH3 polymorphism among patients with lower 
grade of the tumor were 45.31% and 9.38% respective-
ly, while these genotypes were carried by 47.71% and 
3.67% of patients with high-grade tumor respectively 
(P = 0.3) (Table 3).
Polymorphisms and perineural invasion of cancer
Among patients who developed perineural invasion, 
frequencies of AG and GG genotypes of MLH1 poly-
morphism were 50% and 31.43%, respectively, while 
corresponding frequencies for those without invasion 
were 41.67% and 31.43% Respectively (P = 0.8). In 
addition, 42.86% and 41.67% of patients with and with-
out perineural invasion had AG genotype respectively, 
while, this genotype was presented among 8.57% and 
8.33% of patients with and without perineural invasion 
respectively (P = 1) (Table 3).
Polymorphisms and vascular invasion of cancer
Only AG genotype of MLH1 polymorphism was 
found among patients with vascular invasion of the tu-
mor (88.89%). Presence of AG and GG genotypes of 
this polymorphism was observed among 47.06% and 
35.29% of patients without vascular invasion respec-
tively (P = 0.7). The frequencies of the AG genotype of 
MSH3 polymorphism among patients with and without 
vascular invasion were 55.56% and 41.18% respective-
ly. GG genotype was observed only among patients 
without vascular invasion of the tumor (P = 0.4) (Table 
3). 

DISCUSSION 
PCa is one of the most common malignancy in males 
and leading causes of cancer mortality. There are few 
studies that are investigated the relationship between 
the MLH1 rs1800734 and MSH3 rs26279 polymor-
phisms and risk of PCa. MMR deficiency has been re-
ported to be associated with increased risk of several 
types of cancer (21). Until now, there are a large num-
ber of publications have demonstrated investigated 
the association of MLH1 and MSH3 polymorphisms 
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and cancer susceptibility. MSH3 rs26279 and MLH1 
rs1800734 polymorphisms are most widely studied 
for their association with cancer risk among those ge-
netic variations. However, the results of these studies 
were controversy. Berndt et al. and Muniz-Mendoza et 
al. founded that MSH3 rs26279 and MLH1 rs1800734 
polymorphisms have been extensively investigated for 
their correlation with the risk of colorectal cancer(14,22). 
In contrast, Smith et al. did not observe any significant 
association between MSH3 rs26279 polymorphism and 
the risk of breast cancer(17). Chen H et al. reported that 
there was not persuasive evidence showing that SNPs 
of rs1800734 were related to colorectal cancer suscep-
tibility(23).
In this study, we realized that GG genotype of MSH3 
polymorphism was significantly less common among 
patients with PCa compared to patients with BPH. Ad-
ditionally, we observed that there was not a remarkable 
relationship between presence of MLH1 and MSH3 pol-
ymorphisms and different characteristics of the tumor. 
Although homozygote and heterozygote genotypes of 
MLH1 polymorphism decreased the odds of developing 
PCa approximately 30%, these effects were not statis-
tically significant. Therefore, this polymorphism is not 
a protective factor for PCa. Among different genotypes 
of MLH3 polymorphism, only homozygote genotype 
showed a significant association with PCa, so that the 
presence of this genotype caused a 76% decrease in the 
odds of cancer. The considerable change between crude 
and adjusted estimates indicates that factors such as 
age, family history of PCa and smoking status can con-
found this association. To assess the effect of MLH1 
and MSH3 polymorphisms on different characteristics 
of PCa, we compared the frequencies of various gen-
otypes of these polymorphisms between patients with 
different stages, grades and invasions of cancer. It was 
observed that patients with advanced phases of cancer 
and invasive situation of the tumor had higher rates 
of MLH1 polymorphism. However, these differences 
were not statistically significant. Genotypes of MSH3 
polymorphism were relatively different among patients 
with various stages and grades of the tumor, although 
still, these differences were not significant. Therefore, 
these two polymorphisms cannot be considered as pro-
tective or risk factors for progression of the PCa.
A meta-analysis, which was done by Xu JL et al. sug-
gested that MLH1 -93G >A polymorphism could be 
a possible biomarker of cancer susceptibility(24). In a 
study which was carried out by Hiroshi Hirata et al. for 
the first the association of MSH3 gene polymorphisms 
in PCa was reported. These results suggested that the 
MSH3 polymorphism may be a risk factor for PCa (15). 
Ting Wang et al. indicated that the MLH1 -93G>A pol-
ymorphism could contribute to individual susceptibility 
to colorectal cancer and act as a risk factor for microsat-
ellite instability-colorectal cancer(25). 
A pooling analysis of hMLH1 polymorphisms revealed 
that hMLH1 polymorphisms may be associated with 
cancer risk, especially in Asians(26).
A meta-analysis in 2015 showed that MSH3 rs26279 
variant is associated with an increased risk of overall 
cancer(27).
According to our result, the MLH1 and MSH3 poly-
morphisms did not show any significant association 
with prostate cancer. We also found an association of 
smoking habits and familial history of cancer among 

prostatic cancer patients. In addition, these patients 
were significantly younger compared to healthy sub-
jects.  Moreover, investigations should be carried out to 
detect the exact effects of such genetic factors on devel-
oping PCa and its severity.
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