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Abstract

to reduce the incidence and mortality of colorectal cancer.

Context: The incidence of colorectal cancer has significantly increased in Iran during the last decade. Accumulating evidence sug-
gests that there is a significant correlation between genetic variations such as polymorphisms and colorectal cancer. Therefore,
identification of critical polymorphisms related to colorectal cancer can contribute to find individuals at high risk of CRC.
Evidence Acquisition: The focus of this review was on published articles in English about the association between different single
nucleotide polymorphisms and colorectal cancer in the Iranian population. Evidences were gathered by searching online medical
databases including Google scholar, Pubmed, Scopus and Science Direct.

Conclusions: Various single nucleotide polymorphisms of critical genes indicated significant association with colorectal cancer in
the Iranian population. New polymorphism markers for high risk individuals have been recognized through further investigations
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1. Context

Colorectal cancer (CRC) is one of the most common
cancers worldwide with increasing trends of incidence
in Eastern countries such as Iran (1-3). Although Asian
countries traditionally experience low incidence of CRC,
theirrapid rise in incidence was significant compared with
western populations in the last decade (4). Based on the an-
nual reports of the Cancer Institute, colorectal cancer has
been identified as the third and the fifth most common
cancer in Iranian females and males, respectively (5, 6).
Changes in lifestyle and environmental factors along with
genetic predispositions lead to this considerable surge of
incidence (4). Three forms of CRC include sporadic, famil-
ial and hereditary. Overall, 25% of cases have positive fam-
ily history of disease; however, CRCs frequently occurs spo-
radically without family history (7). There are four clas-
sified groups of sporadic CRC including; hypermutated,
non-hypermutated, CpG island methylator phenotype and
elevated microsatellite alterations at tetranucleotide re-
peats with metastatic behavior (7, 8). Two forms of hered-
itary CRC include familial adenomatous polyposis (FAP)
and hereditary non-polyposis colorectal cancer (HNPCC).
Familial Adenomatous Polyposis and HNPCC occur due to
inherited mutations and are observed in about 1% and 5
to 7% of CRC cases, respectively (9). It is now clear that
accumulation of genetic and epigenetic alterations leads

to dysregulation of the homeostatic functions and conse-
quently neoplastic transformation of CRC (10). In this re-
gard, molecular carcinogenesis of colorectal cancer has
been extensively investigated around the world such as
Iran and its pathogenesis has been far better known than
any other cancer (6).

2. Evidence Acquisition

A search of Google scholar, Pubmed, Scopus and Sci-
ence Direct was performed. All studies on the associa-
tion between various single nucleotide polymorphisms
and colorectal cancer in the Iranian population were re-
trieved and reviewed for this review article.

3. Results

3.1. Single Nucleotide Polymorphism (SNP)

During the sequencing process of the human genome,
it became clear that the amount of genetic variation is
much greater than prior estimations (11). There are dif-
ferent types of variations including microsatellites, vari-
able nucleotide repeats, and complete copies of genes or
regions of a chromosome. However, the most frequent se-
quence variation in the human genome (more than 90%)
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is single nucleotide polymorphisms (SNPs). Single Nu-
cleotide Polymorphism is the stable replacement of a sin-
gle base at a specific position in the genome with a fre-
quency of about one in 1000 bp (12, 13). These SNPs may
occur within coding or non-coding sequences and also in-
tergenic regions. Although most of the SNPs are silent
(synonymous) and do not modify the protein sequences,
some of them change the amino acid sequence of proteins
(non-synonymous) as well as gene expression and func-
tions through influencing promoter/enhancer/silencer ac-
tivity and also mRNA stability. Therefore, they may play
an important role in genome evolution and also diversity
among individuals such as susceptibility to disorders or
drug response. Recognition and evaluation of numerous
genetic variations may result in better understanding of
their effects on gene function and health of individuals.
Knowledge improvement in this area provides a starting
point for finding new SNP markers, which can be effec-
tively used in personalized medicine (13). In this regard, ex-
tensive studies have been conducted around the world to
find the potential relationship between genetic variations
and different disorders such as colorectal cancer. This re-
view focused on published articles, which studied the cor-
relation between different SNPs in Iranian populations and
colorectal cancer incidence. Table 1 summarizes the results
of 55 studies from 2007 to 2016.

3.1.1. DNA Repair Genes

The association between polymorphisms of several
DNA repair genes and CRC has been investigated in Ira-
nian populations. In this regard, Khatami et al. (14)
demonstrated a significant correlation between O6-
methylguanine DNA methyltransferase (MGMT) SNPs
(Arg128Glin, Gly160Arg and Pro58Ser) and sporadic CRC in
Tehran. Three different studies evaluated exonuclease 1
(EXO-1) SNPs. Montazer Haghighi et al. (15) indicated the
correlation between Leu/Leu genotype of EXO-1(Pro757Leu)
and reduced risk of CRC. However, based on two other
studies, rs1047840 and rs1635498 had no significant cor-
relation with CRC (16, 17). The association between SNPs
of MutL homolog 1 (MLHI), including rs1799777 (16) and
151799977 (17), and CRC was significant. However, no signif-
icant relationship was observed for rs2286940 of this gene
(17). X-ray repair cross-complementing protein 1 (XRCC1)
(18), DNA-dependent protein kinase catalytic subunit
(DNA-PKcs or XRCC7) (19) and xeroderma pigmentosum
group D (XPD) (20) are three other DNA repair genes,
which have been evaluated. However, the only significant
gene among them was XRCC7 (rs7003908), which was
investigated by Saadat et al. in Shiraz (19).

3.1.2. Immune System Related Genes

According to the results obtained from different stud-
ies, it has been demonstrated that there may be signifi-
cant correlations between SNPs of several genes involved
in the immune system and CRC incidence. This signifi-
cant relationship was observed for Programmed cell death
protein 1 gene (PD1.5 and PD1.3) (21, 22), cluster of differ-
entiation 86 (CD86) (23), nucleotide-binding oligomeriza-
tion domain-containing protein 2 (NOD-2) (24), Transform-
ing Growth Factor beta 1 (TGF- 1) (-509 C/T) (25), Inter-
leukin 17 (IL-17) (26) and IL-18 (-137 G/C) (27) (A A signifi-
cant association was also shown between IL-16 TG geno-
type (rs11556218) and 1.75 fold increased risk of CRC (P =
0.005) and inverse association between II-16 CC genotype
(rs4778889) and CRC in male subjects (P = 0.045) (28). In
another study in Shiraz, Mojtahedi et al. (29) indicated an
association between Forkhead box P3 (FoxP3 or scurfin) C-
2383T SNP and metastatic CRC. No correlation was observed
for SNPs of some other genes such as, tumor necrosis factor
alpha (TNF-«) (238 GJA) (30), stromal cell-derived factor-1
(SDF-1c) (G801A) (31), IL-18 (-607C/A) (27), IL-22 (rs1179251) (34),
1L-23 (1511209026, 151088967) (26), TGF- 51 (-800 G/A) (25), C-C
chemokine receptor type 4 (CCR4) (152228428) (32), C-C mo-
tif chemokine 22 (CCL22) (rs4359426) (32) and cytotoxic T-
lymphocyte-associated protein 4 (CTLA-4) (-1722T/C, -1661A/G,
+49A/G and -318C/T) genotypes (33).

3.1.3. Oncogenes and Tumor Suppressor Genes

Given the critical role of the oncogenes and tumor sup-
pressor genes, their SNPs may play an importantrole in var-
ious cancers, such as CRC. In this regard, SNPs of three tu-
mor suppressor genes including tumor protein p53 (p53)
(34, 35), cyclin-dependent kinase inhibitor 2A (CDKN2A or
p16) (36) and Axin2 (2) were investigated in Iranian pop-
ulations. Conflicting results were obtained in two sepa-
rate studies for p53 (Arg72Pro). Although Doosti et al. (35)
found a significant association between p53Arg/Arg geno-
type and susceptibility to CRC among the populations of
Isfahan and Chaharmahal Va Bakhtiari; however Mojta-
hedi et al. (34) found that this correlation was not signif-
icant in a sample from Shiraz. No relationship was also ob-
served between CDKN2A (rs11515) in microRNA binding site
(36) and Axin2 (Pro50Ser) SNPs (2), and CRC. On the other
hand, an evaluation in Tehran by Azimzadeh et al. (36)
demonstrated no correlation between microRNA binding
site polymorphism located in oncogene serine/threonine-
protein kinase (c-RAF or RAF-1) and CRC.

3.1.4. Other Genes

Polymorphisms of some other genes have been eval-
uated in CRC patients and normal Iranian population.
For instance, SNPs of DNA Methyltransferase 3B (DNMT3B)
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(37, 38), glutathione s-transferase theta-1 (GSTTI) (39),
matrix metalloproteinase-1 (MMP-1) (2G/2G) (40), MMP-
3 (5A[5A) (41), methylene tetrahydrofolate reductase
(MTHFR) (C677T) (42, 43), Vitamin D Receptor (VDR) (Apal)
(44), multiple drug resistance 1 (MDR1) (G2677I/A) (45),
epidermal growth factor (EGF) (rs6983267) (46), cyclooxy-
genase 2 (Cox-2) (-765G > C) (47), insulin receptor (INSR)
(rs1799817) (48) and mothers against decapentaplegic
homolog 7 (SMAD7) (rs4464148) (49) showed a significant
correlation with CRC. However, this association was not
observed for other genes such as leptin receptor (LEPR)
(50), prostaglandin E2 receptor 4 (PTGER4) (36), integrin
beta 4 (ITGB4) (36), cytochrome P450 2E1 (CYP2E1) (39),
Insulin-like growth factor 1 (IGF1) (48, 51), insulin-like
growth factor-binding protein 3 (IGFBP3) (48, 51), parathy-
roid hormone (PTH) (52), calcium-sensing receptor (CaSR)
(52), prostaglandin-endoperoxide synthase 2 (PTGS2 or
COX-2) (53) and DNMTI (14).

3.1.5. Meta-analysis studies

There are several studies in the meta-analysis related to
some of the genes mentioned above. As mentioned above,
according to Iranian studies, MMP1/MMP3 (40, 41), GSTTI
(39), MTHER (42, 43), EGF (rs6983267) (37) and TGF/31 (25) in-
dicated significant relationships with CRC. Similar results
were obtained by other meta-analysis reports, based on
50, 23, 71 and 33 case-control studies, for MMP1| MMP3 (54),
GSTTI (55), MTHER (56) and EGF (57), respectively. Another
meta-analysis demonstrated similar results for TGF- 81 us-
ing 4440/6785 cases/controls (58). No significant associa-
tion was observed for MDRirs1045642 (C3435T) SNP by Sama-
nianetal. (45)and these results were confirmed by Wang et
al. (59), in a meta-analysis of 34 case-control studies. How-
ever, Khedri et al. (60) found it significant in Mashhad.
Inconsistency can be also observed between the results of
some studies in the meta-analysis and Iranian population.
For instance, in the Iranian population Apal and BsmI SNPs
of VDR gene showed significant and non-significant corre-
lations in CRC, respectively (44, 61). However, quite oppo-
site results were achieved in a meta-analysis based on 23
case-control studies by Yong-Heng Bai et al. (62).

4. Conclusions

Polymorphisms of different crucial genes have been
evaluated in CRC patients and the normal population.
However, as illustrated in Table 1, most Iranian studies have
been undertaken in Tehran and a smaller number of re-
searches have been done in other cities like Shiraz, Isfa-
han, Mashhad, Chaharmahal Va Bakhtiari and Neyshabur.
Given the extent of the Iranian population and possible ge-
netic differences among them, investigations in different
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cities can be extremely helpful for a better understanding
of the association between variations of these genes and
colorectal cancer in Iran. On the other hand, due to con-
tradictory results, further investigations are required to
obtain more accurate and comprehensive results and also
find new potential biomarkers for colorectal cancer.
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