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ABSTRACT
Sporadic colorectal cancer (sCRC) is one of the most commonly diagnosed cancers worldwide, but few
genetic markers have been identified and used for its early detection. MicroRNAs are diverse cellular
regulators in cancer pathogenesis that bind to the 30-untranslated region (30-UTR) of their target mRNAs, and
variants within the miRNA target sites on sCRC-related genes may influence its pathogenesis. To investigate
this possibility, we used a bioinformatical method to screen SNPs for putative changes in miRNA recognition
sites within the 30-UTR of sCRC-related genes. The rs11466537 single nucleotide polymorphism was predicted
to modify the regulation of hsa-miR-1193 on the Transforming Growth Factor b Receptor II (TGFBR2) gene.
Additionally, luciferase reporter assays indicated that hsa-miR-1193 bound the T allele more strongly than the
A allele of rs11466537 (with A being the less frequent variant), and real time-polymerase chain reaction and
western blot analysis showed that TGFBR2 is significantly repressed by hsa-miR-1193. Furthermore,
overexpression of hsa-miR-1193 promoted HT-29 cell proliferation, while the loss of hsa-miR-1193 inhibited
the process. Finally, the rs11466537 genotyping result revealed that the frequency of A allele carriers was
1.5% in the control blood samples, but 0 in the sCRC patients’ normal colon tissue samples. Our results
demonstrated that hsa-miR-1193 may be involved in sCRC tumourigenesis at least in part by suppression of
TGFBR2, and the A allele of rs11466537 disturbed the regulation of hsa-miR-1193 on TGFBR2.
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Introduction

Sporadic colorectal cancer (sCRC), accounting for approximately
80% of colorectal cancer (CRC), is the leading cause of cancer
mortality worldwide and is often diagnosed at a late stage.1,2

Recently, genetic markers have been increasingly applied for
screening sCRC due to their non-invasive nature.3 The develop-
ment of sCRC may be attributed to the presence of various com-
mon or rare genetic variants in multiple genes, but they are
largely unidentified and display variable penetrance.4 These var-
iants are thought to act cumulatively to increase the risk of
sCRC and presumably to anticipate its onset. Therefore, investi-
gating new loci related to sCRC is a hot topic for researchers.

miRNA, a genetic regulator, can depress mRNA translation by
binding to the 30-UTR of its target genes.5 Dysregulation of miR-
NAs is involved in many types of diseases including CRC.6 Wu
et al. found that miR-32 promotes CRC cell proliferation by sup-
pression of the phosphatase and tensin homolog gene.7 The func-
tion of miRNA may be affected not only by miRNA expression
level but also the presence of single nucleotide polymorphisms
(SNPs) within the 30-UTR of mRNAs. SNPs of miRNA target sites
were reported to be associated with lung and breast cancers, etc..6,8

The T allele of rs696 within the 30-UTR ofNFkBIAwas reported to
increase CRC susceptibility.9 However, until now, SNPs in the 30-
UTRs of candidate genes related to sCRC have not been largely
identified.

We adopted a systematic screening approach to find func-
tional SNPs in the 30-UTRs of sCRC-related genes. In addition,
through a series of experiments, we determined that the A allele
of rs11466537 in the 30-UTR of TGFBR2 disturbed the
inhibitory effect of hsa-miR-1193 on the TGFBR2 gene and
may be a protective factor for sCRC.

Results

Prediction of SNPs that modify miRNA binding in
the 30-UTR of sCRC-related genes

A schematic illustration of the gene selection was shown in
Fig. 1. A list of possible functional SNPs in the 30-UTR of 31
sCRC-related genes and a complete gene list are given in
Table 1 and Table S3, respectively. As shown in Table 1, only
9 SNPs were in the seed region of target miRNA and had a
reported minor allele (1–10%). Among these 9 SNPs,
rs11466537 was located at the target sequence of hsa-miR-
1193. Hsa-miR-1193 is predicted to downregulate the T allele
more strongly than the A allele in rs11466537 (with A the less
frequent variant), as the A allele forms a weaker seed site for
hsa-miR-1193 binding (Fig. 2). Similarly, compared with the
G allele of rs746978, the minor T allele appeared to have
weaker binding with hsa-miR-3200–5p. Furthermore, the
MFE change of rs746978 (G>T, SMAD3) and rs11466537
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(T>A, TGFBR2) were above 3 kcal mol¡1. According to our
defined criteria, we inferred that these 2 SNPs might signifi-
cantly change the regulation of target miRNA; thus, we
selected them for further functional studies.

miRNA differentially regulates the allelic variants

To test our prediction, a dual-luciferase reporter was used for
gene expression. TGFBR2 30-UTR fragments from rs11466537
were cloned into the pmiR vector to compare luciferase activi-
ties between the 2 alleles of rs11466537. Hsa-miR-1193
mimics and vectors containing the different rs11466537 alleles
were co-transfected into hela cells to measure luciferase activ-
ity. The T allele exhibited significantly reduced luciferase
activity versus the A allele for rs11466537 (Fig. 3A) when co-
transfected with hsa-miR-1193 mimics. This result is consis-
tent with the Fig. 2 showing that target site SNPs affect
TGFBR2 regulation. The rs11466537 allele of TGFBR2 may
potentially modify its interaction with hsa-miR-1193. How-
ever, no miRNA-mediated repression was evident in rs746978
of SMAD3 (Fig. 3B).

Expression of miR-1193 in CRC cell lines

We first analyzed the expression level of hsa-miR-1193 in CRC
cell lines. The result showed that miR-1193 was expressed in
HCT116, HT-29, SW480 and LoVo from higher level to lower
level in order (Fig. 4).

TGFBR2 is repressed by hsa-miR-1193

Based on reported TGFBR2 activity10 and our has-miR-1193
expression level in the sCRC cell lines and the microsatellite
stability of HT-29,11 the HT-29 cells were selected to per-
form the gain and loss of function experiments. According
to the results of a dual-luciferase reporter assay, we assayed
the endogenous TGFBR2 mRNA and protein expression in
HT-29 colon cancer cells transfected with mimics or inhibi-
tors of hsa-miR-1193. After transfection with 100 nM hsa-
miR-1193 mimics in the cells, TGFBR2 mRNA levels were
repressed significantly, while upon inhibition of miRNA,
the transcript levels of endogenous TGFBR2 increased

Figure 1. A schematic illustration of the gene selection

Table 1. Screening results of polymorphisms in miRNA target sites of sCRC-related genes SNPs (minor allele frequencies of 1–10%) were screened from the 30-UTR
regions of 31 sCRC-related genes. SNPs were selected based their occurrence within the miRNA seed region and their influence on miRNA targeting. miRNA recognition
sites were perfect reverse complements to the seed region of miRNA sequences. The bold letters show polymorphisms in the recognition site. MFE change indicates the
minimum free energy hybridization differences of the minor allele minus the major allele of the SNP. The symbol “C” indicates that a higher energy cost will be gained
by miRNA binding with the minor allele, and “-” indicates a smaller cost gained. �SNP sites with MFE change higher than 3 kcal mol¡1 were considered for further
research.

Candidate genes SNPs in 30UTR Variation Minor frequencies in Chinese miRNA miRNA recognition sites MFE change

SMAD3 rs746978 G>T T:0.089 hsa-miR-3200-5p CTCAGAT C5.9�

hsa-miR-452-3p CAGATGA 0
TGFBR2 rs6550008 A>G G:0.012 hsa-miR-338-3p ATGCTG ¡0.3

rs11466537 T>A A:0.018 hsa-miR-1193 CCATCCC C4.6�

MLH1 rs1558529 T>C C:0.058 hsa-miR-3149 ATATGAA ¡2.5
MLH3 rs12588766 G>A A:0.012 hsa-miR-3920 UTGAG C0.1
EPDR1 rs2722280 C>T T:0.081 hsa-miR-483-5p TCGTCTT C1.4
INSR rs1051690 A>G G:0.023 hsa-miR-136-5p AATGGAG 0
CD4 rs28990971 G>A A:0.023 hsa- miR-1225-5p GTGCCCA 0
TP53 rs4968187 C>T T:0.047 hsa- miR-601 CTAGACC C1.7

Figure 2. Bioinformatics prediction of rs11466537 within miR-1193 (A) TGFBR2 is a
predicted target of miR-1193 and rs11466537:T>A is just located at the comple-
mentary sequence (B) Predicted secondary structure of duplex formation between
miR-1193 and 30-UTR of TGFBR2 by RNAhybrid. rs11466537: T>A changes the
MFE, with ancestral form of ¡27.5 kcal/mol and variant form of ¡22.9 kcal/mol.
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(Fig. 5A). Densitometric analysis of the western blots of
TGFBR2 normalized to GAPDH showed a significant
decrease in protein level with the hsa-miR-1193 mimics. In
contrast, we observed an increase in TGFBR2 protein when
the cells were transfected with hsa-miR-1193 inhibitors
(Fig. 5B). Representative pictures of TGFBR2 expression
were shown in Fig. 5C. The influence on the mRNA level is
consistent with that on the protein level.

Hsa-miR-1193 promoted CRC cell proliferation

The overexpression of hsa-miR-1193 in HT-29 cells signifi-
cantly enhanced cell proliferation ability at 48 h after transfec-
tion compared with that of the negative control (P < 0.001)
(Fig. 6A). In contrast, the hsa-miR-1193 inhibitor dramatically
restrained HT-29 cell growth at 72 h after transfection
compared with negative control (inhibitor-NC) transfected
cells (P < 0.001) (Fig. 6B). The observations suggested that
hsa-miR-1193 played an important role in promoting the cell
growth of CRC cells. These results were consistent with previ-
ous studies showing that TGFBR2 inhibits cell proliferation.12

Association of rs11466537 with sCRC

Normal colon tissue samples from sCRC patients and blood
samples from individuals without cancer were sequenced for
their rs11466537 genotype. There were 3 heterozygous

Figure 3. Effects of target site SNPs on luciferase reporter activity and miRNA targeting. Hela cells were cotransfected with mimics (or mimics-NC) and the pmiR vectors
with SNP allele flanking sequences. After 24 h, the luciferase activity was measured by the ratio of firefly and Renilla luciferase signals. The results were expressed as the
signal level relative to luciferase activity. (A) The effect of the variant allele of rs11466537 (B) The effect of the variant allele of rs746978. Data were expressed as the
means of 3 measurements from 3 independent transfection experiments with 6 assays and the bars represented the SD of the mean. NC: negative control. NS: no signifi-
cance between the 2 groups. �P < 0.05

Figure 4. qRT-PCR of hsa-miR-1193 expression in CRC cell lines. Data were the
means of 3 measurements and the bars represented SD of the mean.

Figure 5. Alteration of hsa-miR-1193 changed TGFBR2 mRNA and protein expres-
sion. (A) In HT-29 cells, TGFBR2 mRNA levels were repressed significantly by hsa-
miR-1193 mimics. Upon inhibition of hsa-miR-1193, transcript levels of
endogenous TGFBR2 increased. (B) Quantitative analysis showed that TGFBR2 pro-
tein expression in HT-29 cells transfected with hsa-miR-1193 mimics decreased
compared with the mimics-NC. TGFBR2 protein increased in hsa-miR-1193 inhibitor
transfected HT-29 cells compared with inhibitors-NC. (C) Representative pictures of
TGFBR2 protein expression as detected by western blot. NC: negative control.
��P < 0.01, ���P < 0.001.

CANCER BIOLOGY & THERAPY 409



genotype carriers, and the frequency of the A allele carriers was
1.5% in the control group, but the A allele was not found in the
sCRC patients (Table 2). Because the A allele of rs11466537
may weaken the inhibitory effect of hsa-miR-1193 on TGFBR2,
we hypothesized that this SNP may be a protective marker for
sCRC.

Discussion

Our findings first demonstrated that hsa-miR-1193 negatively
regulated TGFBR2 in CRC cells. Moreover, we found that the
presence of rs11466537-A in the miRNA target site may disrupt
the regulation of hsa-miR-1193 on TGFBR2 and might weaken
the sCRC risk. The frequency of rs11466537-A carriers in our
non-cancer group was 1.5%, but it was not found in the sCRC
group.

There are extremely limited experimental methods for
miRNA target discovery. Thus, numerous miRNA target pre-
diction algorithms have appeared. Because they now all require
stringent seed pairing, the current predictions by TargetScan,
PicTar and EMBL have a high degree of overlap.13 These meth-
ods were developed to identify putative gene targets and score
possible recognition sites according to specific-base pairing
rules and conservational analysis.14 In addition, they can also
predict that a variant in the miRNA target site could change
these miRNA–gene interactions. Now, these algorithms can be
performed conveniently and quickly to find new miRNA tar-
gets.15 However, these predictions frequently yield false-posi-
tive candidates, and experimental validation of the predicted
miRNAs is essential to understand miRNA regulation fully.16

Thus, we combined the predicted results from RegRNA and
the RNAhybrid database with a luciferase reporter to screen

possible functional SNPs in the miRNA target sites of the
30-UTRs of 31 sCRC-related genes.

Based on the presence of SNPs modifying miRNA-binding
(with an MFE change above 3 kcal mol¡1.), the A allele of
rs11466537 formed a weaker seed site for hsa-miR-1193 bind-
ing of TGFBR2 compared with the T allele. Moreover, through
the dual-luciferase reporter assay, miRNA-mediated repression
was evident only in TGFBR2 and the A allele of rs11466537
weakened the repression. The rs11466537 SNP located in the
hsa-miR-1193 binding site of the 30-UTR of TGFBR2 disrupted
its regulation.

The transforming growth factor-b (TGF-b) signaling path-
way plays a role of tumor suppresser in normal and early can-
cer cells. But it contributes to promote tumor progression,
invasion in the stage of cancer.17 Genetic variants and inactiva-
tion of TGF-b receptor, such as TGFBR2, lead to depress the
inhibition of early tumor cell proliferation and increase the syn-
thesis of DNA. This results in the accumulation of further
mutations and drives tumor progression. With a variety of car-
cinogenic factor and the accumulation of mutations, the cell is
out of control in the late stage of tumor. Downregulation of
TGFBR2, has been reported to be associated with many types
of human tumors, including CRC.12,18 It was reported that
genomic instability and DNA mismatch repair (MMR) system
deficiency may contribute to the high frequency of TGFBR2
mutations.19 In 70–90% of colorectal cancers with microsatel-
lite instability (MSI),TGFBR2 is frameshift mutated at both
alleles.20 This mutation affect TGFBR2 protein activity and
allow the cancer cells scape the growth suppressive effects of
TGF-b.10 Since the MSI cell line HCT116 harbors biallelic
TGFBR2 frameshift mutations ,21 it is not suitable for study of
the regulation of TGFBR2. However, all MMR proficient HT29
stable cell lines did not show any frameshift mutations of
TGFBR2.10 Based on reported TGFBR2 activity10 and our has-
miR-1193 expression level in the sCRC cell lines and the
microsatellite stability of HT-29 ,11 finally, the HT-29 cells were
selected to perform the gain and loss of function experiments.
Hsa-miR-1193 has not been researched previously; thus, it is
essential to explore its regulation of TGFBR2 and CRC cell
function.

We demonstrated that hsa-miR-1193 negatively regulated
TGFBR2 at both the transcriptional and translational level, and

Figure 6. Effects of the gain and loss of hsa-miR-1193 on cell proliferation (A) Transfection with hsa-miR-1193 mimics promoted HT-29 cell proliferation compared with
negative control mimics at different time points. (B) Transfection with hsa-miR-1193 inhibitors impeded HT-29 cell proliferation compared with the corresponding control
at different time points. ��P < 0.01, ���P < 0.001. Data were expressed as the means of 3 OD measurements and the bars represented the SD of the mean. The viable
cell number was evaluated as the absorbance value at 450 nm.

Table 2. The distribution of rs11466537 genotypes in the sCRC and normal
populations.

Subject

Gene SNP_ID Genotype sCRC (n D 150) Normal (n D 200)

TGFBR2 Rs11466537 TT 150 197
TA 0 3
AA 0 0
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it promoted CRC cell growth. In addition, we determined that
the presence of rs11466537-A in the miRNA target site dis-
rupted hsa-miR-1193 regulation of TGFBR2 and ultimately
weakened sCRC risk. Most human genome research has
focused on identifying pathogenic mutations. However, a rela-
tively unexplored but important area is the research of genetic
factors that play important roles in maintaining a healthy
body.22 Many individuals with environmental risk factors
remain well, such as obese smokers without cardiovascular dis-
ease. Therefore, protective genetic factors cannot be ignored in
disease prediction and prevention. Accordingly, our results
were finally tested in sCRC patients and non-cancer individu-
als, and there were 3 rs11466537-A carriers in the non-cancer
control group but zero in sCRC group. The result is consistent
with our in vitro studies. Thus, we assumed that the A allele of
rs11466537 might be a protective marker for sCRC.
rs11466537 was defined as a rare variant with the minor allele
frequency (MAF) less than 0.05.23 Under such circumstances,
almost all phenotypes in the samples were homozygotes for the
common allele. Very few individuals were minor allele carriers.
Association testing with a single rare variant has limited power
even in very large samples because only a small percentage of
study subjects carry the mutation.24 Association analyses could
be done for a set of rare variants not for a single rare variant
using a Combined Multivariate and Collapsing (CMC)
method.25 In this paper, only a SNP rs11466537 was found.
With the discovery of more rare loci in TGFBR2, the clinical
significance of rs11466537 may be defined in future.

The present study had some limitation. False negative results
might appear through our prediction criteria. It is undeniable
that the SNPs with an MFE change less than 3 kcal mol¡1 may
also influence miRNA targeting, and functional experimental
validation for those SNPs was necessary in further studies.

Conclusions

Our results demonstrated that hsa-miR-1193 may be involved
in sCRC tumourigenesis at least in part by the suppression of
TGFBR2, and the A allele of rs11466537 disturbed the regula-
tion of hsa-miR-1193 on TGFBR2. Therefore, hsa-miR-1193
represents a potential candidate for miRNA-based therapy
against CRC.

Materials and methods

Selection of SNPs in the miRNA target site of sCRC-related
genes

We (1) screened all SNPs with a reported minor allele (1–10%)
in HapMap, (2) identified all mature miRNAs with seed regions
(nucleotides 2–7 or 8) containing the candidate SNPs, and (3)
identified all seed sites within the candidate genes’ 30-UTRs.
We choose 2 databases OMIM and Ensembl to search the
related genes. 1016 records were shown using OMIM (http://
www.ncbi.nlm.nih.gov/Omim/) when searching colon cancer
genes with known sequences before February 2017. 547 colon
cancer-related genes were generated in ensembl (http://asia.
ensembl.org/index.html). 87 colon cancer genes were found in
both OMIM and Ensembl. Then we carefully reviewed all the

articles of the 87 genes through PubMed database based on one
of the following criteria26: (1) author provided evidence of gene
expression or variants frequency differences in case control
studies or survival analyses. (2) author provided evidence of the
relationship between the gene and colon cancer cell prolifera-
tion or metastatic behavior in vitro or in vivo. The frequencies
of SNPs in the 30-UTRs of genes were obtained from the Hap-
Map database. The sequence of a certain mature miRNA was
obtained from miRBase. The RegRNA integrated web server is
capable of predicting functional RNA motifs (http://regrna2.
mbc.nctu.edu.tw). When the SNP locus is in the ‘seed’ region of
a miRNA, the stability of the mRNA-miRNA interaction may
be altered by this polymorphism.27 RNAhybrid (http://bibiserv.
techfak.uni-bielefeld.de/rnahybrid) predicts the secondary
structure and minimum free energy (MFE) of the entire micro-
RNA:mRNA duplex. When the change in MFE was higher
than 3 kcal mol¡1, we determined that miRNA targeting might
be modified by this SNP.

Cell lines

Hela, LoVo, HCT116, SW480, HT-29 cells were obtained from
ATCC (Rockville, MD). All cells were recovered and confirmed
by morphological characteristics and tested for various genetic
markers in one month. Hela, SW480, HT-29 and HCT116 cells
were cultured in Dulbecco’s modified Eagle’s medium
(DMEM) (Hyclone, USA), while LoVo cells in RPMI 1640
Medium Modified, supplemented with10% fetal bovine serum
(Gibco, UK) at 37�C in 5% CO2, respectively.

Dual-luciferase reporter assay

The dual-luciferase reporter system enabled simultaneous
monitoring of the correlation between miRNA and polymor-
phism in the miRNA target site within cells. The flanking
sequences containing the SNP alleles were amplified by poly-
merase chain reaction (PCR) and cloned into the pmiRGLO
Dual-Luciferase miRNA Target Expression Vector (Promega,
USA). All primers specific to the DNA sequences were enumer-
ated in Table S1. Restriction site insertion was necessary for
ligation of the pmiR Vector. Enzymatic digestion was per-
formed using NheI and SalI for rs11466537 and XbaI and DraI
for rs746978. Mutant primers were designed to introduce
mutations into the DNA fragments through amplifying the
plasmid template (KOD -Plus- Mutagenesis Kit, Japanese). In
the reporter assay, Hela cells were seeded on 24-well plates and
incubated overnight. A total of 2 £ 105 cells were transfected
with 1 mg of pmiR-SNP-wt or pmiR-SNP-mut and 100 nM
hsa-miR-1193 mimics or negative control mimics (mimics-
NC) using Lipofectamine� 2000 (Invitrogen, USA). After
transfection for 24 h, luciferase activity was determined using
the Dual-Glo� Luciferase Assay (Promega, USA) according to
the manufacturer’s instructions. All tests were repeated in
triplicate.

Quantitative real-time PCR and western blotting

To analyze the expression of hsa-miR-1193 in CRC cell lines,
LoVo, HCT116, SW480, HT-29 human colon cancer cells were
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cultured and harvested at 70% density for RNA purification.
2 mg of RNA (100 ng microRNA) was used to synthesize
microRNA cDNA with the First Strand microRNA cDNA Syn-
thesis Kit (Sangon, China). SYBR Premix Ex TaqTM II kit
(TAKARA, Japan) was used to perform Quantitative real-time
PCR (qPCR) on the CFX96 Touch Real-Time PCR Detection
System (Bio-Rad, USA). PCR reactions were performed in a
total volume of 25 ml. The amplification conditions were 95 �C,
5 min for initial denaturation, 40 cycles of 95 �C, 5 s and 60 �C,
30 s, with a melt curve reaction of 60 �C to 95 �C. We calcu-
lated the transcript levels by normalization to U6. The special
sequences of hsa-miR-1193 were amplified with the forward
primer 50- TCGCTAGGGATGGTAGACCG- 30 and the uni-
versal reverse primer in microRNA cDNA Synthesis Kit. The
hsa-miR-1193 levels of cancer cell lines were determined using
the formulas 2¡DCt.

The HT-29 cell line was selected to perform the gain and
loss of function experiments. HT-29 cells at 50% density were
transfected with 100 nM miRNA mimics or inhibitors, respec-
tively, using 10 ml of Lipofectamine� 2000 transfection agent
per well of a 6-well plate. Cells were harvested 72 h after trans-
fection for western blot and at 48 h for RNA purification. 1 mg
of RNA was used to synthesize cDNA with the PrimeScriptTM

RT Reagent Kit with gDNA Eraser (Takara, Japan). TGFBR2
specific mRNA was amplified with the primers listed in
Table S2. We calculated TGFBR2 transcript levels by normali-
zation to GAPDH. For western blot analysis, the cells were
washed with 1 £ PBS and lysed in RIPA buffer with 1 £ Prote-
ase Inhibitor Cocktail (Roche Applied Science). 20 mg of total
protein was loaded per lane. Anti-TGFBR2 (L21, SC-400, 1:500
dilution; Scbt), anti-GAPDH (#2118, 1:2000), and anti-rabbit
(#7054, 1:5000) antibodies were used.

Cell proliferation assay

The specific miRNA mimics, inhibitors, and negative controls
(100 nM) were transfected using 2 ml of Lipofectamine� 2000
transfection agent per well in a 24-well plate. At 48 h after
transfection, cells were seeded at 3 £ 103 cells per well on 96-
well plates and then incubated overnight. A 10 ml quantity of
Cell Counting Kit-8 solution (CK04–500, Dojindo) was added
to the corresponding test wells and incubated for 4 h. The
absorbance was measured at a wavelength of 450 nm at 12, 36,
60 and 84 h. All experiments were performed in triplicate.

Evaluation of the relationship between SNP genotypes
and sCRC

Normal colon tissue samples of patients diagnosed with sCRC
were collected at the Tangdu Hospital of the Fourth Military
Medical University from 2012 through 2014. Normal colon tis-
sue was cut 5 cm from the tumor and these served as the nor-
mal formalin-fixed paraffin-embedded tissues from the biopsy
samples of 150 sCRC patients. The age of the patients ranged
from 50 to 80 years, with an average age of 60 y. According to
the geographic locations and age-sex composition of the patient
population, 200 blood samples were obtained from control
individuals at the medical center of the Shaanxi Provincial Peo-
ple’s Hospital from 2012 through 2014. The individuals in the

control group had no history of any prior cancer before and
during the study period. Moreover, none obtained tumor-
related treatment. All the participants were fully informed and
gave a verbal consent. All procedures performed in studies
involving human participants were in accordance with the ethi-
cal standards of the institutional and/or national research com-
mittee and with the 1964 Helsinki declaration and its later
amendments or comparable ethical standards.

DNA was isolated from the blood of the controls and the
formalin-fixed paraffin-embedded colon tissue of the patients
using the DNeasy Blood and Tissue kit (Qiagen). Segments of
the SNP flanking sequences were amplified using Taq DNA
polymerase and DNA primers specific to this sequence (Sup-
plementary Table 1). PCR products were purified using PAGE
and sequenced to genotype the SNP alleles of these subjects.
Sequence data were imported to Sequencher� version 5.4
(Gene Codes, USA) for alignment, and the SNP genotypes were
determined by 2 independent individuals. The frequencies of
the allele carriers were calculated in both case and control
groups.

Statistical analysis

All statistical analyses were performed by SPSS 16.0 (SPSS Inc.,
USA). A t-test was used to calculate significance between 2
groups for continuous variables. Experimental data were pre-
sented as the mean value § the standard deviation (SD). Statis-
tical significance was accepted at a value of P < 0.05.
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