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Abstract
Background. Colorectal cancer (CRC) remains a major source of cancer-related mortality, accounting for 
10% of all cancer-related deaths. DNA mismatch repair mechanism (MMR) responsible for correcting errors 
generated during DNA replication and its deficiency is associated with both hereditary and sporadic CRC. 
Single-nucleotide polymorphisms (SNPs) are the most common forms of genetic variation, and it has been 
shown that the SNPs in MMR genes may modify CRC risk.

Objectives. The aim of the study was to determine the relationship between gene polymorphism Glu39Gly 
(c.116G>A) of the hMSH6 gene and the modulation of the risk of sporadic colorectal cancer in the Polish 
population.

Material and methods. A total of 128 patients with resectable colorectal carcinoma as well as 189 sex-, 
age-, and ethnicity-matched control subjects without cancer history were enrolled in this study. Patients 
with a family history of CRC or inflammatory bowel diseases were excluded from this study. The DNA was 
isolated from peripheral blood lymphocytes of enrolled patients, and gene polymorphisms were analyzed 
by restriction fragment length polymorphism-polymerase chain reaction (RFLP-PCR).

Results. We observed that the genotype G/A variant of Glu39Gly (c.116G>A) genotype is associated with 
an increased risk of colorectal cancer (OR 1.65; 95% CI: 1.01–2.69; p = 0.44). The presence of A allele was 
also significantly higher in patients with CRC (OR 1.57; 95% CI: 1.04–2.38; p = 0.032). When comparing 
the prevalence of genotypes with clinical staging, genotype G/A and A allele were significantly less frequent 
in stage III–IV than in I (OR 0.3409; 95% CI: 0.124–0.939; p = 0.0375, and OR 0.4462; 95% CI: 0.201–0.991; 
p = 0.044, respectively).

Conclusions. These findings suggest that hMSH6 Glu39Gly polymorphism is  associated with the  risk 
of developing colorectal cancer in the Polish population, probably due to a defective mismatch repair sys-
tem. The presence of G/A genotype and A allele is, however, associated with less advanced disease.
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Introduction

Colorectal cancer (CRC) is the most common gastro-
intestinal malignancy. Only in the USA, around 13,449 
new cases are expected to be diagnosed with colorectal 
malignancy with the estimated mortality of about 49,190 
in 2016.1 In the past decade, there has been a significant 
general decrease in the incidence of CRC associated mor-
tality observed in Western countries.2 On the other hand, 
incidence rates are increasing among adults younger than 
50 years of age and in certain countries with historically 
low prevalence of CRC, e.g., Eastern Europe.1 Although 
often viewed as a single disease, CRC more accurately 
represents a constellation of heterogeneous subtypes that 
result from different combinations of genetic events and 
epigenetic alterations.3 Although the majority of CRCs 
are the results of chromosomal instability, approx. 15% 
of cancers develop via an alternative pathway character-
ized by defective function of the DNA mismatch repair 
(MMR) system.4 The MMR system recognizes and cor-
rects mismatched bases and small insertion-deletion 
loops generated during DNA replication. Highly con-
served series of proteins, including MSH2, MSH6, MSH3, 
MLH1, PMS2, PCNA, and EXO1 are involved in the MMR 
system, which operates functionally, forming 2 heterodi-
mers: hMSH2-hMSH6 and hMSH2-hMSH3. The rec-
ognition of mismatches and insertion-deletion loops are 
carried by these 2 heterodimers, respectively. This pro-
cess is coordinated by another heterodimer formed out 
of MLH1 and PMS2. Inefficient function of the MMR 
system leads to the accumulation of mutations, result-
ing from the inability to repair single nucleotide DNA 
mismatches, particularly in highly repeated sequences 
known as microsatellite instability (MSI). Germline mu-
tations in MMR genes or hypermethylation of the MLH1 
promoter lead to a deficient MMR system (MMR-D) and 
a high degree of MSI in genome, resulting in the devel-
opment of a variety of human cancers, e.g., endometrial 
or gastric cancer. MMR-D accounts for 15% of all CRCs, 
with 3% being associated with hereditary non-polyposis 
colorectal carcinoma (HNPCC), and the remaining 12% 
arise sporadically.5 Although the prevalence could vary 
between populations, it is clear that the MSI phenotype 
represents a clinically meaningful proportion of CRCs. 
On the other hand, lots of CRCs are sporadic and have 
a proficient MMR system with low-frequency MSI. It is, 
however, widely hypothesized that the heritable nature 
of CRC might be associated with the co-inheritance 
of multiple low-risk variants that may also further in-
teract with environmental factors.6,7 This hypothesis 
was supported by the identification of single-nucleotide 
polymorphisms (SNPs) localized in different genomic re-
gions that influence the risk of CRC.8 SNPs of MMR genes 
may alter the gene and protein expression pattern, thus 
modifying its efficacy and therefore the risk of developing 
CRC. The risk of CRC associated with each of the vari-

ants is individually low, but the combined effect of these 
variants could significantly contribute to disease develop-
ment, especially given the high prevalence of these vari-
ants in the general population.9 MSH6 Gly39Glu (116G>A) 
polymorphism (rs1042821) first described by Nicolaides, 
et al. has been investigated for the role in its development 
of both HNPCC and sporadic CRCs.10 The inactivating 
mutations of MSH6 in yeast and human tumor cell lines 
are associated with an impaired ability to repair single-
base mispairs and small insertion-deletion loops but 
not large insertion-deletion loops.11 This indicates that 
hMSH6 mutations are prone to be associated with a MSI-L 
phenotype than a MSI-H phenotype, which is more typi-
cal to sporadic CRC. MSI-L colorectal tumors have been 
proposed as possible candidates for hMSH6 mutations 
by Wu.12 Berndt and Campbell reported an association 
between MSH6 Gly39Glu (116G>A) polymorphism and 
the development of rectal and colon cancer.13,14 However, 
the results of further studies were conflicting.11,15 These 
reports prompted us to investigate a common poly-
morphism in the MSH6 gene of MMR system and their 
role in the susceptibility to sporadic colorectal cancer 
in the population of our region.

Material and methods

Test DNA was isolated from peripheral blood samples 
collected from 128 unrelated patients with confirmed 
CRC. Only patients with a resectable disease were en-
rolled into the study. Blood samples for the analysis were 
taken on the day of admission in both groups of patients. 
A detailed characteristic of the patients with the CRC 
is shown in Table 1. The control group consisted of 189 
patients hospitalized in the same surgical ward without 
any medical history of cancer, inflammatory diseases and 
diabetes. The reason for hospitalization was mostly be-
nign proctological disease or hernia. The analyzed and 
control groups members were age- and sex-matched. 

Detection of hMSH6 gene mutation

The DNA for genotyping was isolated from the blood 
samples of CRC patients using a commercial kit QIAamp 
DNA Blood Mini Kit for isolating high-molecular-weight 
DNA (Qiagen). Detection of Gly39Glu (c.116G>A ) poly-
morphisms of the hMSH6 gene was carried out by RFLP-
PCR analysis. Primers used for amplifications of the ana-
lyzed region are shown in Table 2. PCR products were 
generated using, in each reaction, a total volume of 20 µL 
containing 10 pM of each primer, 1 U Taq DNA poly-
merase (Qiagen), 0.2 mm of each dNTP, 1.5 mM MgCl2, 
and 50 mM KCl, 20 mM Tris-HCl (pH = 8.4), and 50 ng 
of genomic DNA. PCR amplification was performed 
in MultiGene TC9600-G termocycler (Labnet Interna-
tional, Inc., Edison, USA) under the following conditions: 
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initial denaturation at 1 cycle at 95°C for 5 min and am-
plification of 35 cycles (30 s at 95°C, 30 s at 55°C, and 30 s 
at 72°C), followed by a final cycle of 7 min at 72°C; 8 µl 
of PCR products was diluted in 2 µl of denaturation buf-
fer (95% formamide, 0.05% bromophenol blue, and 0.05% 
xylene cyanol) and was separated on a 1.5% polyacryla-
mid gel at 10 V/cm for 1 h at room temperature. The final 
products were visualized by ethidium bromide staining. 

Statistical analysis

The statistical analysis was conducted using STATISTI-
CA software v. 13 PL (StatSoft, Inc.). The resulting num-
ber of each genotype was compared with the expected 
value based on the Hardy-Weinberg equilibrium. The sig-
nificance of differences between the frequencies of alleles 
and genotypes between the groups was assessed using 
the χ2 test and the Fisher exact test. Odds ratio (OR) with 
corresponding confidence interval 95% (CI 95%) were cal-
culated during multivariate regression analysis.

Results

Distributions of genotypes and alleles in the CRC and 
control group are presented in Table 3. G allele has been 
used in our study as a reference in calculations. Accord-
ing to the Hardy-Weinberg χ2 analysis, the distribution 
of genotypes and alleles in CRC group and the control 
group was not consistent with H-W equilibrium (χ2 = 0.07, 
p = 0.786 and χ2 = 0.34, p = 0.558, respectively). No sig-
nificant difference in alleles or genotypes distribution was 
observed between age and sex groups (<60, >60, females, 
males). Risk of CRC was approximately 2-fold higher for 
the G/A genotype (OR 1.57; 95% CI: 1.04–2.38; p = 0.032) 

and A allele (OR 1.65; 95% CI: 1.01–2.69; p = 0.44). When 
comparing the prevalence of genotypes with clinical stag-
ing, genotype G/A and A allele were significantly less fre-
quent in stage III–IV than in I (OR 0.3409; 95% CI: 0.124–
0.939; p = 0. 0375, and OR 0.4462; 95% CI: 0.201–0.991; 
p = 0.044, respectively) (Table 4).

Table 1. Primers used for RFLP-PCR

Gene Direction Sequence

MSH6 Gly39Glu (116G>A) polymorphism (rs1042821)
forward 5’-GCG CTG AGT GAT GCC AAC AAG-3’

reverse 5’-CAG CAG GCG CTA CCG ATC TC-3’

Table 2. Clinical and pathological characteristics of the analyzed group 
of patients with colorectal cancer

Characteristic Patients
n (%)

Gender

male 54 (42)

female 74 (58)

Age

<60 years 40 (31)

>60 years 88 (69)

Localization

colon 65 (51)

rectum 63 (49)

Histology

adenocarcinoma tubulare 61 (47)

adenocarcinoma muccosinum 55 (44)

adenocarcinoma planoepitheliale 12 (9)

Grading

1 21 (17)

2 100 (78)

3 7 (5)

TNM Classification

I and II 62(48)

III and IV 66 (52)

Table 3. Genotypes and alleles distribution of Gly39Glu (c. 116G>A) polymorphism of hMSH6 gene in patients with colorectal cancer and in control group

Genotype
Allele

CRC patients
(n = 128)

number (frequency)

Control group
(n = 189)

number (frequency)
OR (CI 95%) p-value

additive model

G/G 80 (0.63) 137 (0.72) 1 Ref.

G/A 44 (0.34) 49 (0.26) 1.65 (1.01–2.69) 0.044

A/A 4 (0.03) 3 (0.02) 2.34 (0.51–10.73) 0.230

G 204 (0.8) 323 (0.85) Ref.

A 52 (0.21) 55 (0.15) 1.57 (1.04–2.38) 0.032
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Discussion

The existence of a link between human cancers and 
the MMR determines the relevance of investigations 
of the DNA mismatch repair system. The inheritance 
of variations in MMR genes may influence individual sus-
ceptibility to the development of colorectal cancer. While 
the presence of mutation in hMLH1 and hMSH2, leading 
to MSI-H CRCs is well described, this involves mostly tu-
mors developing in HNPCC.7,16 For sporadic CRCs, where 
MSI-L or MSI stable genotype is observed, it was suggest-
ed that impairment in MMR system efficiency may arise 
from other genes, whose alternations lead to the com-
plete loss of function of heterodimers.17,18 That is why 
hMSH6 was investigated for their possible role in tumor 
neogenesis in sporadic CRCs. hMSH6 form complex with 
hMSH2, that recognizes single-base mispairs and small 
(i.e., single-base) insertion-deletion loops.19 Mutations 
in MSH6 result in a partial loss of mismatch repair.20 
Human tumor cell lines with MSH6 mutations exhibit 
MSI primarily in mononucleotide and not in dinucleo-
tide repeats, which suggests its association rather with 
MSI-L CRCs. Parc, et al. identified 16 hMSH6 altera-
tions.11 Fifteen of these were germ-line changes and 1 was 
a somatic change. Only 2 of the 15 germ-line alterations 
led to a change in the primary sequence of the hMSH6 
protein: Gly39Glu and Leu395Val, both of which are re-
ported to be polymorphisms.10,21 By now, few studies in-
vestigated the association between the MSH6 Gly39Glu 
variant and the risk of sporadic colorectal cancer.13,14,21 
Berndt, et al. reported that homozygosity for the MSH6 
39Glu variant was associated with a more than triple risk 
of rectal cancer. However, no association was found be-
tween the MSH6 variant and colorectal cancer overall. 
Since the number of rectal cases in this study was small, 
the authors recommended interpreting the observed as-
sociation for rectal cancer with caution.13 Campbell, et al. 
analyzed whether MSH6 (Gly39Glu) polymorphisms were 
associated with the risk of colon cancer in the data from 
1,609 colon cancer cases and 1,972 controls. Male par-
ticipants heterozygous (G/A) or homozygous (A/A) for 

the MSH6 variant were at 27% increased risk of colon can-
cer, while no associations were observed among females. 
On the other hand, further association was not observed 
with MSI-negative status of CRCs. Additionally, this study 
observed effect modification between MMR variants 
and lifestyle factors that contribute to higher CRC risk  
overall.14

This is the first report concerning polymorphism Gly-
39Glu and the risk of colorectal cancer in the Polish pop-
ulation. In our study, GG genotype was more prevalent 
than the AA genotype. The presence of the MSH6 39Glu 
variant allele (A) was associated with the increased risk 
of colon cancer (OR 1.57; 95% CI: 1.04–2.38; p = 0.032) 
in the analyzed population. In contrast to the previous 
study, the homozygosity for A allele did not lead to a high-
er risk of CRC, but was observed in the cases of heterozy-
gosity (OR 1.65; 95% CI: 1.01–2.69; p = 0.44). Similar re-
sults concerning higher concentration of hMSH6 A allele 
in CRC cases were obtained in the study by Kolender (23% 
in colorectal cancer cases as compared to 15% in controls), 
although no formal statistical comparisons were made.21 
The presence of G/A genotype and A allele were more fre-
quently detected in early stage tumors, which can suggest 
the possible MSI-H phenotype. Though MSI status was 
not checked in our study, the linkage between hMSH6 
mutation and MSI status is now a matter of wide debate. 
The lack of a clear association with MSI positive or nega-
tive status raises many questions concerning the role 
of mutations in this gene on the development of MSI-L 
or MSI-H CRC, or broadly speaking in NHPCC and 
sporadic colorectal cancers. In comparisons to hMLH1 
or hMLH2, the observed mutations in hMSH6 do not 
cause lesser gene expression in healthy and cancerous 
tissues.22 Plaschke reported that only 3 out of 146 pa-
tients with sporadic cancer exhibited abnormal hMSH6 
expression, with 2 having germ-line mutations. However, 
possible missense mutations may be present that impair 
gene function without substantially affecting protein ex-
pression or resulting in the MSI-H phenotype.15 Wu et al. 
emphasized that an MSI-low phenotype cannot be consid-
ered an exclusion criterion for mutation testing of MMR 

Table 4. Genotypes and alleles distribution of Gly39Glu (c. 116G>A) polymorphism of hMSH6 gene in patients with colorectal cancer according to staging 
by American Joint Committee on Cancer

Genotypes/
alleles

Patients n = 128 II° vs I° III° vs I° III° vs II°

I°
(T1–2N0)

II°
(T3–4N0)

III° i IV°
(T1–4 

N1–2 M0 
i M1)

OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value

G/G 9 25 46 1 (ref) 1 (ref) 1 (ref)

G/A 11 15 18 0.5245 (0.1805–1.5236) 0.185 0.3409 (0.1238– 0.9391) 0.0375 1.472 (0.6495–3.336) 0.403

A/A 1 1 2 0.5 (0.0297–8.4166) 1 0.625 (0.0538–7.2605) 1 1.25 (0.1097–14.2383) 1

G 29 65 110 1 (ref) 1 (ref) 1 (ref)

A 13 17 22 0.5834 (0.605–1.3574) 0.538 0.4462 (0.2008–0.9914) 0.044 0.7647 (0.3785–1.545) 0.469
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genes in general.12 Still, we can suspect that a fair amount 
of sporadic cancers can arise in HNPCC-like families, 
in which, though not evident, the MSI-H phenotype and 
other MMR genes mutations may be present. The pos-
sible answers may also involve epigenetic or somatic 
changes whose impact on carcinogenesis is intensified 
by the presence of environmental factors such as smok-
ing or a Western diet. This idea of investigating the in-
teractions between environmental exposures and MMR 
polymorphisms is strengthened by findings of increased 
oxidative stress and DNA damage resulting from tobacco 
smoking as well as from a Western diet, alcohol and obe-
sity.23–26 However, for a better explanation of these phe-
nomena further research is warranted.
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