
Abstract. The present study analyzed single nucleotide
polymorphisms (SNPs) located at putative microRNA(
miRNA)-binding sites of the 3’-untranslated region (UTR) in
different genes and investigated their impact on the
susceptibility to colorectal cancer (CRC). Ninety-two SNPs
were selected using an in silico analysis of 3’-UTR SNPs in
an SNP database and their miRNA binding efficiency was
calculated using several miRNA databases and the HapMap
database. Two independent study sets were used: 380 healthy
controls and 371 patients with colorectal adenocarcinoma for
the discovery set, and 521 healthy controls and 524 patients
with colorectal adenocarcinoma for the validation set. The
SNP genotyping was performed using a Sequenom
MassARRAY. In addition, a luciferase assay was used to
investigate whether miR-370 modulated docking protein 3
(DOK3) gene expression when rs2279398G>A was included
in the DOK3 3’-UTR region. For the discovery set, 16 out of
92 SNPs were significantly associated with the risk of CRC
in at least one of the genetic models. The validation set
showed that among these 16 SNPs, DOK3 rs2279398G>A
was significantly associated with reduced risk of CRC in a

recessive model [adjusted odds ratio (aOR)=0.65, 95%
confidence interval (CI)=0.44-0.97, p=0.03]. In a combined
analysis, DOK3 rs2279398G>A was associated with a
significantly reduced risk of CRC in a co-dominant and
recessive model (aOR=0.84, 95% CI=0.73-0.96, p=0.012;
aOR=0.65, CI=0.49-0.88, p=0.004, respectively).
Significantly lower Renilla activity was also observed with
the rs2279398 AA construct when compared to the rs2279398
GG construct (p<0.001). DOK3 rs2279398G>A may affect
the expression of DOK3 by altering the miRNA binding
efficiency at the miRNA-binding sites of the 3’-UTR in DOK3,
thereby impacting CRC tumorigenesis. 

Colorectal cancer (CRC) is the third most common form of
cancer and the fourth most common cause of cancer deaths
globally (1). Since relapse following cancer surgery and
resistance to chemotherapy persist as major obstacles to
effective treatment, prognosis for CRC remains poor.
Therefore, the rising incidence of CRC and its poor prognosis
are pushing systematic approaches towards a more precise
identification of patients with a higher susceptibility of CRC
(2). While genetic factors play an important role and provide
valuable information on the etiology of both sporadic and
familial CRC, fewer than 6% of CRC cases can be explained
by rare, high-penetrance variants of the CRC susceptibility
genes identified to date (3, 4). 

MicroRNAs (miRNAs) are a class of short, single-strand
noncoding RNAs that play key roles in the regulation of
gene expression by translational repression or mRNA
degradation of the target, affecting critical functions in
various physiological processes (5, 6). Alterations of
miRNAs are involved in a wide range of human diseases,
and can also affect tumor development and progression by
regulating the expression of proto-oncogenes and tumor-
suppressor genes (7, 8). Recent reports have shown that the
expression of miRNAs is associated with the development
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or prognosis of CRC (9-11). Therefore, miRNAs are likely
to be highly useful as biomarkers in CRC. Single nucleotide
polymorphisms (SNPs) can occur in genes for the miRNA
biogenesis pathway, primary miRNA, pre-miRNA, or mature
miRNA sequences (12). Although the exact role of SNPs
detected in miRNA has yet to be clarified, our previous
studies demonstrated that specific SNPs are associated with
susceptibility to CRC and its prognosis (13-15). Importantly,
the predominant function of miRNAs is to regulate protein
translation by binding to complementary sequences in the 3’-
untranslated region (UTR) of target mRNAs, and thereby
negatively regulate mRNA translation (16). Thus,
polymorphisms of miRNA-binding sites in the 3’-UTRs of
target genes could potentially affect the efficiency of miRNA
binding to the target sites by altering the miRNA–mRNA
interaction and changing the expression of the miRNA
targets (12, 17, 18). However, these SNPs and their
relationship to the risk of CRC have not yet been fully
characterized as novel biomarkers for categorizing patients
with different genetic risks (19). Accordingly, the present
study analyzed 92 SNPs located at putative miRNA-binding
sites in the 3’-UTR of different genes and investigated their
impact on susceptibility to CRC in terms of altering the
miRNA-binding efficiency.

Patients and Methods
Study populations. A total of 371 patients who were histologically
confirmed to have sporadic CRC at the Kyungpook National
University Hospital (KNUH) in Daegu, Korea, were included in the
discovery set. The controls (n=380) were randomly selected from a
pool of healthy volunteers who visited the general health check-up
center at the hospital and were matched with the patients as regards
gender. For an independent validation set, a total of 524 patients and
521 controls were collected. This study was approved by the
Institutional Review Board of KNUH (KNUMCBIO_11-1002) and
written informed consent was obtained from all participants. The
genomic DNA samples from the patients with CRC and healthy
controls were provided by the National Biobank of Korea-KNUH,
which is supported by the Korean Ministry of Health, Welfare and
Family Affairs. All patients and controls were ethnic Koreans
residing in Daegu or the surrounding regions. The CRC diagnosis
and staging were determined according to the WHO classifications
and TMN classifications included in the 6th edition of the American
Joint Committee on Cancer (20). 

SNP selection and genotyping. A total of 12,877 polymorphisms in
the 3’-UTR of genes that may be affected by miRNAs were selected
from a public SNP database (http://www.ncbi.nlm.nih.gov/SNP) and
Ensemble data. To select all the potentially functional miRNA-
binding polymorphisms, this study used the miRNA target prediction
program miRanda algorithm version 3.1 (http://www.microrna.org/
microrna), where SNPs with minimum free energy (MFE) difference
<6 between two alleles were excluded when calculating the MFE for
all the possible miRNA and SNP complex sequences. As a result, a
total of 391 SNPs were collected with a minor allele frequency
(MAF) ≥0.1 from the HapMap JPT data in the public SNP database

and a Gibbs binding free energy (ΔG, kJ/mol) ≥5.7 kJ/mol in a
miRNA and RNA hybrid model. The selected 391 SNPs were
analyzed with a healthy control population using SEQUENOM’s
MassARRAY® iPLEX assay (SEQUENOM Inc., San Diego, CA,
USA), which eliminated 54 SNPs with a MAF <0.1. Among the
remaining 337 SNPs, 92 SNPs applicable to the SEQUENOM’s
MassARRAY were genotyped.

The genomic DNA was extracted from normal tissues using as
QIAamp® genomic DNA kit (Qiagen, Hilden, Germany) according
to the manufacturer’s protocol. The genotype analysis was performed
using SEQUENOM’s MassARRAY® iPLEX assay according to the
instructions of the manufacturer. To validate the genotyping,
approximately 5% of the cohort samples were randomly selected for
re-genotyping by another researcher using a sequencing method or
a restriction fragment length polymorphism assay, and the results
were 100% concordant.

Cloning of luciferase reporter gene and luciferase assay. In the in
silico analysis, since docking protein 3 (DOK3) gene expression
was affected by miR-370-binding efficiency, miR-370 was selected
using the MicroSNIPer program (http://epicenter.ie-freiburg.mpg.de/
services/microsniper/index.php). A luciferase assay was used to
investigate whether miR-370 modulated DOK3 gene expression
when rs2279398 was included in the DOK3 3’-UTR region. A 142-
bp fragment of the DOK3 3’-UTR region was synthesized using
polymerase chain reaction and cloned into the dual luciferase vector
psiCHECK2 (Promega, Madison, WI, USA). A forward primer with
an XhoI restriction site (5’- CCC CTC GAG ACA CAC GCC TGT
GTC CAC C -3’) and reverse primer with a NotI restriction site (5’-
CCG CGG CCG CTG CAG TGG GTT TGA GC -3’) were then
used to amplify the DOK3 3’-UTR region. DNA sequencing was
also used to verify that the clone sequences were all correct. Using
a 12-well plate, 293T cells (ATCC, Manassas, VA, USA) were
seeded in a Dulbeco’s modified Eagle’s medium supplemented with
10% heat-inactivated fetal bovine serum. The cells were then
transfected with psiCHECK2-DOK3 constructs containing the 3’-
UTR of DOK3 that included rs2279398G>A, in the presence of a
miR-370 mimic (Qiagen) using Effectene (Qiagen) transfection
reagent. After 48 hours, the cells were collected and cell lysates
prepared according to Promega’s instruction manual. The Renilla
luciferase activity was measured using a Lumat LB953 luminometer
(EG & G Berthhold, Bad Wildbad, Germany), and the results
normalized using the luciferase activity. All the experiments were
performed in triplicate.

Statistical analysis. The results for the patients and controls were
compared using Student’s t-test and the chi-square test for the
continuous variables and categorical variables, respectively. The
p-value for the luciferase assay was determined using Student’s t-
test. The Hardy–Weinberg equilibrium was tested by comparing
the observed and expected genotype frequencies using a χ2 test
with 1 degree of freedom. An unconditional logistic regression
analysis was used to calculate the odds ratios (ORs) and 95%
confidence intervals (CIs), with adjustment for age and gender. All
the analyses were performed using Statistical Analysis Software
for Windows, version 9.2 (SAS Institute, Cary, NC, USA). The
statistical significance of difference between the groups was
determined using Student’s t-test with the treatment and
experiment as factors. Differences were considered statistically
significant at p<0.05.
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Results

Characteristics of study populations. The descriptive
characteristics of the study participants are provided in Table
I. No significant differences were found between the patients
and the controls as regards the mean age and sex in the
discovery set and validation set, yet the mean age of the
patients in the discovery set was significantly higher than that
of the controls (p=0.006). The median age of patients with
CRC was 65 years, and 505 (56.4%) had colonic cancer and
385 (43.0%) had rectal cancer. The pathological stages after
surgical resection were as follows: stage I: n=148, 16.5%;
stage II: n=327, 36.5%; stage III: n=329, 36.8%; and stage
IV: n=91, 10.2%. Twenty percent of the patients had elevated
carcinoembryonic antigen levels.

Genotypic frequencies and their association with CRC risk.
For the discovery set, 16 of the 92 SNP genotypes were
significantly associated with the risk of CRC in at least one of
the genetic models (Table II). Meanwhile, for the validation
set, among these 16 SNPs, DOK3 rs2279398G>A was
significantly associated with reduced CRC risk in a recessive
model [adjusted odds ratio (aOR)=0.65, 95% CI=0.44-0.97,
p=0.033]. In the combined analysis, the A allele of DOK3
rs2279398G>A was associated with a significantly reduced
risk of CRC co-dominant and recessive models (aOR=0.84,
95% CI=0.73-0.96, p=0.012, aOR=0.65, CI=0.49-0.88,
p=0.004, respectively) (Table III). Finally, the subgroup
analysis according to the primary tumor site also revealed a

strong association of the A allele of DOK3 rs2279398G>A
with reduced risk of colonic cancer (Table IV).

Effect of DOK3 rs2279398G>A polymorphism on miR-370
binding. To verify whether the rs2279398G>A polymorphism
directly affected the miR-370-binding efficiency in DOK3 3’-
UTR, a Renilla luciferase reporter plasmid cloned
downstream to a segment of the DOK3 3’-UTR containing
rs2279398G>A was generated. Each construct, psiCHECK2:
rs2279398GG and psiCHECK2: rs2279398AA, was then co-
transfected into 293T cells with miR-370, and the Renilla
luciferase activity measured after 48 hours. As shown in
Figure 1, significantly lower Renilla activity was observed
using the rs2279398AA construct when compared to the
rs2279398GG construct (p<0.001), suggesting that the
rs2279398G>A polymorphism may affect DOK3 expression
by the direct binding of miR-370 to its 3’-UTR.

Discussion

A relatively large population-based study was used to
investigate the influence of 92 SNPs located at putative
miRNA-binding sites of the 3’-UTR of different genes on the
risk of CRC. As a result, the DOK3 rs2279398G>A
polymorphism was found to be associated with a significantly
lower risk of CRC under a co-dominant and recessive model
for the minor A allele. Therefore, these findings suggests that
the polymorphism at the miRNA-binding site of DOK3
(rs2279398) may be involved in CRC carcinogenesis and
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Table I. Characteristics of the study population.

Discovery set Validation set

Cases Controls p-Value* Cases Controls p-Value*
n (%) n (%) n (%) n (%)

Total 371 380 524 521
Gender Male 236 (63.6) 252 (66.3) 0.437 279 (53.2) 280 (53.7) 0.872

Female 135 (36.4) 128 (33.7) 245 (46.8) 241 (46.3)
Age, years Mean (range) 60.9 (30-87) 59.7 (26-84) 0.006 62.4 (24-86) 62.0 (28-86) 0.742

<61 201 (54.2) 168 (44.2) 309 (59.0) 302 (58.0)
≥61 170 (45.8) 212 (55.8) 215 (41.0) 219 (42.0)

Tumor site Colon 198(53.4) 307 (58.6)
Rectum 170 (45.8) 215 (41.0)
Other 3 (0.8) 2 (0.4)

Stage I 66 (17.8) 82 (15.6)
II 113 (30.5) 214 (40.8)
III 176 (47.4) 153 (29.2)
IV 16 (4.3) 75 (14.3)

CEA, unit (ng/mL) Mean (range) 7.5 (0.1-193.0) 14.4 (0.1-1042.0)
<7 75 (20.2) 102 (19.5)
≥7 296 (79.8) 422 (80.5)

CEA: Carcinoembryonic antigen. *Log-rank test. 
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Table II. Genotypes in the discovery and validation studies, and their association with the risk of colorectal cancer.

Discovery Validation Combined

aOR (95% CI) p-Value aOR (95% CI) p-Value aOR (95% CI) p-Value

PCSK4 rs1047854 (C>T)
CC 1.00 1.00 1.00
CT 0.85 (0.61-1.19) 0.342 1.30 (0.99-1.70) 0.061 1.09 (0.89-1.35) 0.405
TT 0.63 (0.41-0.96) 0.033 1.38 (0.95-1.99) 0.091 0.98 (0.74-1.29) 0.887
Dominant 0.78 (0.57-1.07) 0.121 1.32 (1.02-1.71) 0.037 1.06 (0.87-1.29) 0.550
Recessive 0.69 (0.47-1.01) 0.056 1.18 (0.85-1.65) 0.327 0.93 (0.73-1.19) 0.571
Co-dominant 0.80 (0.65-0.99) 0.037 1.20 (1.00-1.43) 0.049 1.01 (0.88-1.15) 0.919

FAM151A rs11206394 (G>C)
GG 1.00 1.00 1.00
GC 0.77 (0.57-1.05) 0.100 1.04 (0.81-1.35) 0.750 0.92 (0.75-1.12) 0.378
CC 0.30 (0.15-0.59) 0.001 0.94 (0.57-1.54) 0.800 0.60 (0.41-0.89) 0.011
Dominant 0.68 (0.51-0.92) 0.011 1.03 (0.80-1.31) 0.838 0.86 (0.71-1.04) 0.117
Recessive 0.33 (0.17-0.65) 0.001 0.92 (0.57-1.508) 0.743 0.62 (0.42-0.91) 0.016
Co-dominant 0.66 (0.51-0.84) 0.001 1.00 (0.82-1.22) 0.975 0.84 (0.72-0.98) 0.025

RAB24 rs1128287 (C>A)
CC 1.00 1.00 1.00
CA 0.65 (0.46-0.92) 0.015 0.93 (0.70-1.23) 0.599 0.80 (0.65-1.00) 0.051
AA 0.73 (0.48-1.09) 0.125 0.99 (0.70-1.41) 0.967 0.87 (0.67-1.14) 0.312
Dominant 0.68 (0.49-0.93) 0.017 0.95 (0.72-1.24) 0.683 0.82 (0.67-1.01) 0.067
Recessive 0.95 (0.67-1.34) 0.772 1.04 (0.77-1.41) 0.784 1.00 (0.80-1.26) 0.989
Co-dominant 0.84 (0.69-1.03) 0.092 0.99 (0.83-1.18) 0.917 0.92 (0.81-1.06) 0.243

IL16 rs1131445 (T>C)
TT 1.00 1.00 1.00
TC 1.22 (0.90-1.66) 0.200 1.40 (1.08-1.81) 0.010 1.33 (1.09-1.62) 0.004
CC 0.60 (0.35-1.04) 0.069 0.97 (0.60-1.57) 0.893 0.79 (0.55-1.13) 0.201
Dominant 1.09 (0.81-1.45) 0.584 1.33 (1.04-1.70) 0.025 1.23 (1.02-1.48) 0.034
Recessive 0.55 (0.32-0.93) 0.025 0.83 (0.52-1.32) 0.428 0.69 (0.49-0.98) 0.038
Co-dominant 0.94 (0.75-1.17) 0.567 1.16 (0.95-1.41) 0.146 1.06 (0.92-1.23) 0.436

TPRX1 rs12462695 (C>A)
CC 1.00 1.00 1.00
CA 0.93 (0.68-1.27) 0.638 1.01 (0.78-1.31) 0.934 0.98 (0.80-1.19) 0.833
AA 0.58 (0.35-0.96) 0.032 1.31 (0.86-1.97) 0.206 0.94 (0.68-1.29) 0.694
Dominant 0.85 (0.63-1.14) 0.269 1.06 (0.83-1.36) 0.619 0.97 (0.80-1.17) 0.757
Recessive 0.60 (0.37-0.97) 0.036 1.30 (0.88-1.92) 0.193 0.95 (0.70-1.28) 0.730
Co-dominant 0.82 (0.65-1.02) 0.070 1.10 (0.91-1.32) 0.327 0.97 (0.84-1.12) 0.694

RGS5 rs15049 (C>A)
CC 1.00 1.00 1.00
CA 0.72 (0.53-0.98) 0.037 0.94 (0.73-1.21) 0.625 0.85 (0.70-1.03) 0.099
AA 0.47 (0.28-0.80) 0.005 0.85 (0.54-1.36) 0.508 0.66 (0.47-0.94) 0.021
Dominant 0.67 (0.50-0.90) 0.007 0.92 (0.72-1.18) 0.524 0.81 (0.67-0.98) 0.030
Recessive 0.55 (0.33-0.91) 0.021 0.88 (0.56-1.38) 0.574 0.72 (0.51-1.00) 0.051
Co-dominant 0.70 (0.56-0.88) 0.002 0.93 (0.77-1.13) 0.460 0.83 (0.72-0.96) 0.011

C1orf177 rs17111100 (C>A)
CC 1.00 1.00 1.00
CA 1.37 (0.99-1.90) 0.062 1.13 (0.85-1.50) 0.394 1.23 (1.00-1.53) 0.056
AA 1.37 (0.89-2.12) 0.155 1.28 (0.90-1.82) 0.165 1.33 (1.02-1.75) 0.039
Dominant 1.37 (1.00-1.87) 0.049 1.17 (0.90-1.53) 0.242 1.26 (1.03-1.54) 0.026
Recessive 1.13 (0.77-1.66) 0.534 1.19 (0.88-1.61) 0.266 1.17 (0.92-1.48) 0.195
Co-dominant 1.20 (0.97-1.48) 0.093 1.13 (0.95-1.35) 0.162 1.16 (1.02-1.33) 0.027

CCDC17 rs2275085 (T>C)
TT 1.00 1.00 1.00
TC 1.47 (1.08-1.99) 0.015 1.07 (0.83-1.39) 0.599 1.23 (1.01-1.50) 0.041
CC 0.18 (0.06-0.53) 0.002 1.16 (0.75-1.81) 0.501 0.81 (0.55-1.19) 0.279
Dominant 1.26 (0.94-1.70) 0.129 1.09 (0.85-1.39) 0.498 1.16 (0.96-1.40) 0.132
Recessive 0.15 (0.05-0.45) 0.001 1.13 (0.74-1.73) 0.578 0.74 (0.51-1.07) 0.111
Co-dominant 0.99 (0.77-1.29) 0.960 1.08 (0.89-1.30) 0.444 1.04 (0.90-1.21) 0.583

Table II. Continued
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Table II. Continued

Discovery Validation Combined

aOR (95% CI) p-Value aOR (95% CI) p-Value aOR (95% CI) p-Value

DOK3 rs2279398 (G>A)
GG 1.00 1.00 1.00
GA 0.85 (0.62-1.17) 0.322 1.02 (0.78-1.32) 0.908 0.94 (0.77-1.15) 0.534
AA 0.60 (0.38-0.97) 0.036 0.66 (0.44-0.99) 0.044 0.63 (0.46-0.86) 0.004
Dominant 0.79 (0.59-1.06) 0.111 0.92 (0.72-1.18) 0.517 0.86 (0.71-1.04) 0.112
Recessive 0.65 (0.42-1.02) 0.060 0.65 (0.44-0.97) 0.033 0.65 (0.49-0.88) 0.004
Co-dominant 0.80 (0.65-0.99) 0.039 0.87 (0.73-1.05) 0.140 0.84 (0.73-0.96) 0.012

CYP4F8 rs2283606 (T>C)
TT 1.00 1.00 1.00
TC 0.58 (0.41-0.83) 0.002 0.85 (0.63-1.13) 0.262 0.73 (0.58-0.91) 0.005
CC 0.57 (0.21-1.61) 0.290 0.67 (0.32-1.43) 0.299 0.64 (0.35-1.17) 0.142
Dominant 0.58 (0.41-0.82) 0.002 0.83 (0.63-1.09) 0.179
0.72 (0.58-0.89) 0.002
Recessive 0.65 (0.24-1.82) 0.417 0.70 (0.33-1.48) 0.347 0.69 (0.37-1.26) 0.221
Co-dominant 0.63 (0.46-0.85) 0.003 0.84 (0.66-1.06) 0.145 0.75 (0.62-0.90) 0.002

TSGA2 rs2839531 (T>C)
TT 1.00 1.00 1.00
TC 1.62 (1.17-2.25) 0.004 0.88 (0.68-1.15) 0.349 1.11 (0.91-1.36) 0.308
CC 1.84 (0.90-3.76) 0.096 1.18 (0.64-2.19) 0.591 1.41 (0.89-2.24) 0.147
Dominant 1.65 (1.21-2.26) 0.002 0.91 (0.71-1.17) 0.474 1.14 (0.94-1.39) 0.178
Recessive 1.55 (0.77-3.14) 0.224 1.24 (0.67-2.27) 0.492 1.36 (0.86-2.15) 0.191
Co-dominant 1.50 (1.15-1.95) 0.003 0.96 (0.78-1.19) 0.717 1.14 (0.97-1.35) 0.110

NOD2 rs3135499 (C>A)
CC 1.00 1.00 1.00
CA 1.45 (1.07-1.99) 0.018 0.97 (0.75-1.25) 0.800 1.14 (0.93-1.39) 0.199
AA 2.22 (1.33-3.70) 0.002 1.37 (0.82-2.31) 0.234 1.70 (1.183-2.447) 0.004
Dominant 1.59 (1.18-2.12) 0.002 1.01 (0.79-1.30) 0.912 1.216 (1.01-1.47) 0.042
Recessive 1.88 (1.15-3.08) 0.012 1.39 (0.84-2.32) 0.203 1.61 (1.13-2.29) 0.008
Co-dominant 1.48 (1.18-1.84) 0.001 1.06 (0.87-1.30) 0.551 1.23 (1.06-1.42) 0.007

TPST1 rs3757417 (G>T)
GG 1.00 1.00 1.00
GT 0.60 (0.43-0.83) 0.002 0.87 (0.66-1.15) 0.325 0.74 (0.60-0.92) 0.006
TT 0.83 (0.35-1.95) 0.663 0.82 (0.39-1.75) 0.613 0.83 (0.47-1.47) 0.524
Dominant 0.62 (0.45-0.85) 0.003 0.86 (0.66-1.13) 0.290 0.75 (0.61-0.92) 0.006
Recessive 0.97 (0.41-2.27) 0.938 0.85 (0.40-1.81) 0.681 0.91 (0.52-1.59) 0.727
Co-dominant 0.69 (0.52-0.9) 0.009 0.88 (0.70-1.12) 0.294 0.80 (0.67-0.95) 0.012

LOH12CR1 rs3803098 (A>G)
AA 1.00 1.00 1.00
AG 0.65 (0.46-0.90) 0.010 1.05 (0.81-1.37) 0.718 0.86 (0.70-1.06) 0.158
GG 0.84 (0.42-1.65) 0.605 1.81 (0.85-3.86) 0.125 1.19 (0.72-1.96) 0.489
Dominant 0.67 (0.49-0.92) 0.012 1.10 (0.85-1.42) 0.476 0.89 (0.73-1.09) 0.265
Recessive 0.95 (0.49-1.87) 0.888 1.78 (0.84-3.78) 0.133 1.250 (0.76-2.05) 0.378
Co-dominant 0.76 (0.59-0.98) 0.037 1.14 (0.91-1.42) 0.272 0.95 (0.80-1.12) 0.517

WDR51A rs747343 (C>T)
CC 1.00 1.00 1.00
CT 1.24 (0.87-1.76) 0.238 1.07 (0.80-1.42) 0.662 1.13 (0.91-1.41) 0.273
TT 0.78 (0.51-1.19) 0.244 1.23 (0.87-1.74) 0.240 1.02 (0.78-1.33) 0.909
Dominant 1.08 (0.77-1.51) 0.657 1.12 (0.85-1.46) 0.432 1.10 (0.89-1.35) 0.394
Recessive 0.67 (0.47-0.96) 0.028 1.18 (0.88 1.59) 0.266 0.94 (0.75-1.18) 0.573
Co-dominant 0.89 (0.72-1.10) 0.297 1.11 (0.93-1.32) 0.250 1.01 (0.89-1.16) 0.836

GJB3 rs9118 (C>G)
CC 1.00 1.00 1.00
CG 0.79 (0.58-1.07) 0.126 1.10 (0.86-1.43) 0.447 0.96 (0.79-1.16) 0.657
GG 0.61 (0.37-1.00) 0.048 1.00 (0.65-1.54) 0.994 0.80 (0.58-1.11) 0.181
Dominant 0.74 (0.56-0.99) 0.045 1.09 (0.85-1.39) 0.511 0.93 (0.77-1.12) 0.412
Recessive 0.67 (0.42-1.08) 0.103 0.95 (0.63-1.44) 0.809 0.82 (0.60-1.12) 0.206
Co-dominant 0.78 (0.63-0.97) 0.025 1.04 (0.86-1.25) 0.692 0.92 (0.80-1.06) 0.231

aOR: Odds ratio adjusted for age and gender; CI: confidence interval.



could be useful as a marker for genetic susceptibility to CRC.
This result is worthy of note, since as far as we are aware,
there are no previous data on the association of a DOK family
polymorphism with CRC risk.

The 3’-UTR contains miRNA response elements and plays
a crucial role in gene expression by influencing the
localization, stability, export, and translation efficiency of
mRNA, contributing to gene regulation (5, 6). Therefore, a
polymorphism in the 3’-UTR of the gene can create as well
as destroy the miRNA-binding site and have a similar
influence on an SNP located within the miRNA seed region
(21). In particular, when considering that miRNAs play a
pivotal role in CRC initiation and development, it is
important to evaluate the CRC risk associated with such
SNPs. Several studies have already investigated the functional
effect of various polymorphisms on the miRNA recognition
sites on target genes and their association with CRC risk (22).
Landi et al. studied selected SNPs within putative miRNA
sites of genes known to be involved in CRC, and found that
two polymorphisms, namely rs17281995 in [cluster of
differentiation 86 (CD86)] and rs1051690 in [insulin receptor
(INSR)], were associated with an increased risk of CRC (23,
24). Moreover, another recent study found an association
between the SNPs in [replication protein A2 (RPA2)] and
[general transcription factor IIH subunit (GTF2H1)] of a 3’-
UTR involved in a DNA-repair pathway and the risk of rectal
cancer (25). However, such biological functions still need to
be experimentally verified through a functional study.

Interestingly, there are several important differences
between the data in the present study and that in previous
CRC association studies. Firstly, given the homogeneous
ethnic background of Korean patients, any potential
confounding effect due to ethnicity is likely to be small in the
current study. Moreover, the luciferase reporter assay revealed
that the DOK3 (rs2279398) polymorphism directly affected
gene expression and the risk of cancer. In addition, this study
included a relatively large number of patients. 

The significant finding from the present study is an
association between a DOK3 (rs2279398) polymorphism and
the risk of CRC. DOK3 is an adaptor protein that functions
in feedback loops to modulate tyrosine kinase signaling. The
activation of protein-tyrosine kinases induces tyrosine
phosphorylation of the target proteins, triggering molecular
interactions of the proteins. Therefore, the alteration of DOK3
can negatively regulate the rat sarcoma virus-extracellular
signal-regulated kinase (RAS-ERK) pathway, which is a
positive signaling cascade critical for cell activation
downstream of protein-tyrosine kinases (26). In a recent in
vitro study of the response of CRC cell lines to a combination
of 5-fluorouracil and radiotherapy, the authors reported that
DOK3 blocked the complex formation of downstream
molecules, thereby behaving as an inhibitor of the RAS
signaling pathway (27). Therefore, given these results, the

rs2279398 polymorphism located in the 3’-UTR of the DOK3
gene may influence miRNAbinding efficiency and thus
potentially modulate tumor suppression. In fact, a recent
phase III trial demonstrated that the addition of cetuximab, a
monoclonal antibody that targets the epidermal growth factor
receptor (EGFR), to chemotherapy significantly increased
survival in patients with metastatic CRC (28). However, an
anti-EGFR treatment may not be optimal for CRC, and
interpreting the exact therapeutic effect of such a treatment is
apparently difficult in patients with a V-Ki-ras2 Kirsten rat
sarcoma viral oncogene homolog (KRAS) mutation.
Therefore, the current results may also provide essential SNP
data to explain the precise biological significance of cancer
development, as well as treatment resistance in patients with
CRC. Similarly, Zhang et al. have reported that the KRAS 3’-
UTR polymorphism can predict the cetuximab responsiveness
in patients with wild-type KRAS with CRC treated with
cetuximab monotherapy (29). Yet despite increasing evidence
that DOK3 plays important roles in several aspects of
tumorigenesis, it is still unclear whether the DOK3
(rs2279398) polymorphism itself alters the protein expression.
Notwithstanding, the current study provides explicit evidence
that the rs2279398 polymorphism is associated with a
significantly lower risk of CRC under a co-dominant and
recessive model for the minor A allele. 

To date, several risk factors have been associated with a
higher incidence of CRC (30). The modifiable risk factors of
CRC include smoking, physical inactivity, being
overweight/obese, eating processed meat, and drinking
alcohol excessively. The presence of polyps and hereditary

ANTICANCER RESEARCH 36: 3353-3362 (2016)
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Figure 1. Renilla/luciferase assay of miRNA suppression with docking
protein 3 (DOK3) rs2279398G>A polymorphism. 293T cells were co-
transfected with miR-370a and a psiCheck2 plasmid containing DOK3
3’-UTR with the rs279398GG or rs2279398AA polymorphism. Each bar
represents the mean±s.e.m. renilla luciferase activity normalized to
firefly luciferase activity. p-Value was determined using Student's t-test.
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diseases also considerably increases the risk of CRC. More
recently, based on the extensive study of genetic alterations
in CRC, tumorigenesis has been identified as a multistep
process that involves the accumulation of mutations in tumor-
suppressor genes and oncogenes such as adenomatous
polyposis coli (APC), p53, and KRAS (31).

The present study also showed that patients at high risk for
developing CRC might be identified by genetic testing for
specific polymorphisms. This finding can potentially benefit
patients through the identification of the DOK3
polymorphism, enabling the early detection of disease and
providing information for appropriate treatment strategies.
However, even though the present data identified certain gene
variants as statistically significant risk factors, these results
should be interpreted cautiously. First of all, when
considering the multiple comparison issue, the possibility of
a type I error cannot be ruled-out in the analysis of individual
SNPs. Therefore, additional studies with larger sample sizes
are required. Secondly, the present finding that the DOK3
polymorphism itself alters the protein expression still needs
to be confirmed. In addition, gene interactions with
environmental and lifestyle factors can also affect the
relevance of different variants in cancer susceptibility. And
last but not least, the current results do not conclusively
reveal the exact role of the DOK3 polymorphism in CRC
tumorigenesis or its relationship with the RAS-ERK pathway. 

The current findings indicate that genetic variations of
DOK3 may influence the risk of CRC. However, since the
exact mechanism and function of these gene variants have not
yet been fully defined, the present findings need to be
confirmed in further studies with other populations in order
to clarify the association between these polymorphisms and
the risk of CRC.
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