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Abstract MicroRNAs (miRNAs) play an important role in
the pathogenesis of neoplasm. Single nucleotide polymor-
phisms (SNPs) within miRNAs can change their phenotype
and function. We attempted to analyze the relationship be-
tween two SNP loci in miRNAs and colorectal cancer (CRC)
in Chinese Han population. We genotyped the polymorphism
of two commonmiRNA SNPs, miR-146a (rs2910164 G > C)
and miR-499 (rs3746444 T > C), in a case–control study of
276 CRC cases and 373 healthy controls using polymerase
chain reaction–restriction fragment length polymorphism
(PCR-RFLP). The genotypes and allele frequencies of the
two SNP loci were first compared between patients and con-
trols and then further analyzed among subgroups of patients
with different clinicopathological profiles. The rs2910164 CG
genotype was significantly associated with a decreased risk of
CRC [CG versus GG, odds ratio (OR)=0.567; 95 % confi-
dence intervals (CIs)=0.338–0.952; p =0.031]. No significant
differences of miR-499 genotype and allele distribution were
detected between patients and controls. Comparison between
groups divided by clinicopathologic features showed that the
polymorphism of miR-146a was associated with the degree of
tumor differentiation (p =0.014), and the G allele of
rs2910164 trended to a mature differentiation (OR=0.553;
95 % CI=0.315–0.971; p =0.038). MiR-146a (rs2910164 G
> C) polymorphism is associated with CRC susceptibility and
histological differentiation in Chinese Han population.
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Introduction

Colorectal cancer (CRC) is a common gastrointestinal cancer.
Its incidence ranks after lung cancer in malignant tumors in
the western developed countries and after gastric and esoph-
ageal neoplasm in China. The American Cancer Society esti-
mated that, in 2012 only, approximately 143,460 new cases of
CRC were diagnosed, and 51,690 people died from CRC in
the USA [1]. While liver metastasis is the main cause of death
for CRC, the prognosis of all advanced CRC patients with or
without metastasis is very poor. Epidemiological evidences
suggest that risk factors for colorectal neoplasm include a
positive family history, excessive meat consumption, smoking
status, alcohol consumption, and certain environmental expo-
sures. Moreover, host susceptibilities in molecular pathways
have an implication for CRC screening, treatment, surveil-
lance, and prevention [2].

MiRNAs regulate a variety of biological and patho-
logical processes related to carcinogenesis and tumor progres-
sion by translational repression or degradation of target
mRNAs [3, 4]. Since Michael et al. first described the roles
of miRNA in CRC [6], more emerging evidences have shown
that the dysregulation of miRNAs is present in CRC, includ-
ing overexpression, silencing, and/or switching off [6–10]. As
the most common genetic marker, single nucleotide polymor-
phisms (SNPs) located in pre-miRNAs or miRNAsmay affect
the expression and function of miRNAs and eventually con-
tribute to the susceptibility of cancer development [11, 12]. A
large number of studies had highlighted several associations
between SNPs in miRNAs and the risk of CRC [13–18].
However, controversial experimental data were obtained.
For example, Chae et al. reported that miR-146a rs2910164
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polymorphism of genotype CCmay contribute to a higher risk
of CRC [15], whereas Hezova et al. [17] failed to find any
significant association between rs2910164 and CRC. There-
fore, more valuable replication studies about the possible
association between SNPs and CRC risk are still urgently
needed. In order to investigate the effect of genetic polymor-
phism in miRNAs on CRC risk, we genotyped two miRNA
SNPs, miR-146a (rs2910164 G > C) andmiR-499 (rs3746444
T > C), and assessed their associations with risk of CRC in the
present case–control study (276 CRC patients and 373 con-
trols) in Chinese Han ethnic population.

Material and methods

Study population

Two hundred seventy-six patients with CRC and 373 normal
control subjects were recruited into the current study. The
diagnosis of CRC was made in accordance with the clinical
criteria and histopathological confirmation. The samples of
the healthy controls without a history of any medical illness
were collected from a physical examination population. Both
of cases and controls were collected in the same period from
April to August 2010. The participants with blood relationship
were excluded. Written Informed consents were obtained
from all included individuals, and this study was approved
by the Ethical Committee of West China Hospital, Sichuan
University.

Genotyping of SNP loci

Genomic DNAwas extracted from the peripheral blood of all
participants using the Chelex-100 procedure. The SNP geno-
types of miR-146a and miR-499 gene were determined using
polymerase chain reaction–restriction fragment length poly-
morphism (PCR-RFLP) and DNA sequencing analysis. The
primers described previously [11] were used in this study. The
thermal condition for miR-146a rs2910164 PCR reaction
consisted of 94 °C for 5 min, followed by 40 cycles of
94 °C for 30 s, 60 °C for 20 s, and 72 °C for 20 min, with a
final extension at 72 °C for 5 min. Both miR-146a and miR-
499 SNP loci were amplified in a PCR reaction system with a
total of 25 μl PCR reaction mix, and miR-146a SNP PCR
reaction system includes 2.0 μl genomic DNA, 1.5 μl MgCl2
(25 mmol/l), 2.5 μl 10× buffer, 2.0 μl deoxynucleotide tri-
phosphate (dNTP) (2.5 mmol/l), 0.14 μl Taq polymerase
(0.7 U), 1.0 μl DMSO, and 2.5 μl primers (2 pmol/l). For
miR-499 SNP, the reaction system consisted of 2.0 μl geno-
mic DNA, 1.5 μl MgCl2 (25 mmol/l), 2.5 μl 10× buffer, 2.0 μl
dNTP (2.5 mmol/l), 0.14 μl Taq polymerase (0.7 U), and 5.0 μl
primers (2 pmol/l). The thermal condition for miR-449 SNP
(rs3746444 T > C) PCR reaction consisted of 94 °C for 5 min,

followed by 40 cycles of 94 °C for 30 s, 62 °C for 20 s, and
72 °C for 20 min, with a final extension at 72 °C for 5 min.
After the PCR amplification, 5-μl PCR products were added
onto a 2 % agarose gel, stained with ethidium bromide, and
subjected to electrophoresis at 150 V for 30 min. In the mean-
time, 2.5-μl PCR products of miR-146a locus were digested
with restriction enzyme SacI (Fermentas, USA) at 37 °C over-
night. PCR products of miR-499 locus were digested with
restriction enzyme BcII (Fermentas, USA) at 56 °C overnight.
Five microliters of the resultant products was also subjected to a
3 % agarose gel electrophoresis at 150 V for 1 h. The gels were
photographed under ultraviolet light with Gel Doc (Bio-Rad,
USA). Some of the PCR products were randomly selected for
DNA sequencing through the ABI 3130 sequencing system
(ABI, USA) to validate the results.

Tumor marker tests

Electrochemiluminescence (ECL) was used for the quantita-
tive determination of human serum carcinoembryonic antigen
(CEA) and CA19-9. The test was conducted automatically by
ROCHE-E170 with commercial kits (F. Hoffmann-La Roche
Ltd., Switzerland), according to the manufacturers' instruc-
tions. The quality control (Bio-Rad, USA) and result audit
were done by an experienced medical technologist. All assays
were performed in the College of American Pathologists
(CAP) certified lab.

Statistical analysis

Statistical analyses were performed with SPSS software (ver-
sion 13.0; SPSS, Inc., USA). The allelic and genotype fre-
quencies of the SNP loci were calculated by direct count. Chi-
square (χ2) test was used to compare allele/genotype frequen-
cies between groups and Hardy–Weinberg equilibrium of
genotype distribution. Odds ratio (OR) and 95 % confidence
intervals (CIs) were calculated using logistic regression. F test
and nonparametric test were used for the comparison of the
serum level of tumor markers. Statistical significance was
established at an alpha level of 0.05.

Results

Demographic characteristics of CRC patients

We analyzed the polymorphism of two SNP loci, miR-146a
(rs2910164 G > C) and miR-499 (rs3746444 T > C), in 276
CRC patients (65.2 % male and 34.8 % female) and 373
healthy controls (67.8 % male and 32.2 % female) from
Chinese Han ethnic population. Table 1 provided the demo-
graphic characteristics of CRC patients and controls. There
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were no significant differences in age, sex, smoking status,
and drinking status between the patients and the controls.

Definition of miR-146a and miR-499 SNP genotypes

With the specific primers, PCR amplification generated a 147-
bp product for miR-146a SNP locus. Following enzyme Sac I
digestion, the product gave rise to two smaller fragments with
a size of 125 and 22 bp, respectively. According to the
specificity of the enzyme-targeting sequence, the length poly-
morphism was defined as follows: one band (147 bp, no

digestion) = genotype GG, two bands (125+22 bp, complete
digestion) = genotype CC, and three bands (147+125+22 bp,
partial digestion) = genotype CG.

The length of PCR product of miR-499 SNP locus before
enzyme digestion was 146 bp. After digestion with BcII, two
smaller fragments were observed with a size of 120 and 26 bp,
respectively. The length polymorphism was defined as fol-
lows: one band (146 bp, no digestion) = genotype CC, two
bands (120+26 bp, complete digestion) = genotype TT, and
three bands (146+120+26 bp, partial digestion) = genotype
CT. For confirmatory purpose, PCR products before enzyme
digestion were randomly selected for DNA sequencing.

MiR-146a and miR-499 gene polymorphisms in patients
and normal controls

Based on the above definition of the genotype for miR-146a
and miR-499 SNPs, the genotype distributions and allele
frequencies of the two SNPs were counted, calculated, and
summarized in Table 2. The genotype frequencies of miR-
146a and miR-499 SNPs in patients and normal control group
were all in accordance with the Hardy–Weinberg equilibrium
(p >0.05).

The overall distributions of the genotype and allele of miR-
146a SNP were not significantly different between patients
and controls (p >0.05). However, the heterozygote CG
showed about 1.76-fold decrease risk of developing CRC
(OR=0.567; 95 % CI=0.338–0.952; p =0.031) when com-
pared to the homozygote genotype GG in the miR-146a
rs2910164. That is to say, genotype GG was significantly
associated with a high risk of CRC. The genotype and allele
frequencies of miR-499 SNP distributed similarly in patients
and controls (p >0.05).

MiRNA polymorphism and tumor markers

Tumor markers, CEA and CA19-9, have been widely used for
CRC diagnosis. It has been found that the serum level of these
two markers also have a great value in assessing the tumor
stage and differentiation [19, 20]. Thus, we further determined
the relationship between the two SNP loci and serum levels of
CEA and CA19-9 in CRC patients. As shown in Table 3,
neither CEA nor CA19-9 showed significant difference
among patients with genotype of two studied SNP loci.

MiR-146a polymorphism and clinicopathological
characteristics

Pathologic stage is the most accurate predictor of clinical
outcomes of CRC patients. To determine whether there was
any association between miR-146a SNP and certain clinico-
pathological characteristics, we further divided CRC patients
into subgroups according to the differentiation degree,

Table 1 The demographics of CRC cases and controls

Parameters Controls,
n =373 (%)

CRC patients,
n =276 (%)

p value

Age 59.8±14.2 59.98±11.50 >0.05

Sex

Male 253 (67.8) 180 (65.2) 0.485

Female 120 (32.2) 96 (34.8)

Smoking status

Never 262 (70.2) 189 (68.5) 0.630

Ever 111 (29.8) 87 (31.5)

Drinking status

Never 213 (57.1) 162 (58.7) 0.685

Ever 160 (42.9) 114 (41.3)

Histological differentiation (n =185)

Well 1 (0.540)

Moderately 132 (71.4)

Poorly 52 (28.1)

Morphology type (n =138)

Ulcerative 105 (76.1)

Elevated 33 (23.9)

Level of tumor markers

High CEA (n =270) 141 (52.2)

High CA19-9 (n=142) 54 (38.0)

Adenocarcinoma (n =231) 210 (90.9)

Metastasisa (n =244) 167 (68.4)

Invasiveness (n =149)

Submucosa 6 (4.02)

Tunica muscularis 29 (19.5)

Tunica adventitia 93 (62.4)

Peripheral tissue 21 (14.1)

Tumor stage (n=233)

I 17 (7.30)

II 48 (20.6)

III 77 (33.0)

IV 91 (39.1)

High tumor markers were defined as a serum CEA level of >3.4 ng/ml or
CA19-9 level of >22 U/ml
aMetastasis includes lymph node and distant metastasis, and tumor stage
was obtained according to the TNM classification criteria
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morphology type, invasiveness, and tumor pathologic stage.
Comparison of the miR-146a polymorphism among the sub-
groups of CRC patients was summarized in Table 4. It was
found that both genotype and allele distributions were signif-
icantly different in the two differentiation types (p =0.014 and
0.038, respectively), and the G allele trended to a mature
differentiation (OR=0.553, 95 % CI=0.315–0.971). We did
not find any significant association between miR-146a SNP
and other characteristics of CRC, such as morphology type,
invasiveness, and tumor stage (p =0.722, 0.516, and 0.655,
respectively).

Discussion

The identification of genetic factors responsible for suscepti-
bility to CRC is necessary to understand carcinogenesis and
discover effective prevention and therapeutic approaches. In
the present study, we examined the possible association be-
tween polymorphism of two SNP loci in microRNA genes
(miR-146a rs2910164 G > C and miR-499 rs3746444 T > C)
and risk of CRC in Chinese Han population. The main finding
of the study was that the genetic polymorphism of SNP
rs2910164 G > C in miR-146a gene was associated with the
susceptibility and differentiation of CRC, as well.

MiR-146a rs2910164 can affect the production of mature
miRNA through a change from G:U pair to C:U mismatch in
the stem region of miR-146a [15–18]. Previous studies have
shown that the abnormal expression of miR-146a is present in
a variety of human malignancies, such as breast cancer [21]
and pancreatic cancer [21]. Jazdzewski et al. found that the
rs2910164 SNP could reduce mature miR-146a expression
and affect target mRNA binding, and the SNP status affected
target genes expression [22]. Shen et al. demonstrated that this
variation in the pre-miR-146a resulted in an increased expres-
sion of mature miRNAs in breast cancer [23] and decreased
expression in hepatocellular carcinoma [24] and PTC [22].
Tang et al. reported that miR-146a could target interferon
(IFN) regulatory factor 5 and may directly repressed the
activation downstream of type I IFN [25]. Further study by
Paik et al. demonstrated that miR-146a acted as a tumor
suppressor to downregulate NF-κB activity via targeting

Table 2 Polymorphisms of SNPs
miR-146a rs2910164 and miR-
499 rs3746444 in CRC patients
and controls

N/A not available, OR odds ratio,
CI confidence interval

Polymorphism Patient, n (%) Control, n (%) χ2 p OR 95 % CI

rs2910164 G > C (n=200)

Genotype

CC 84 (42.0) 142 (38.1) 5.413 0.067 N/A N/A

CG 82 (41.0) 187 (50.1)

GG 34 (17.0) 44 (11.8)

CG vs. GG 4.667 0.031 0.567 0.338–0.952

CC vs. GG 1.007 0.316 0.766 0.454–1.291

Allele

G 150 (37.5) 275 (36.9) 0.045 0.832 1.028 0.799–1.321

C 250 (62.5) 471 (63.1)

rs3746444 T > C (n=211)

Genotype

CC 5 (2.40) 10 (2.70) 0.214 0.899 N/A N/A

CT 49 (23.2) 81 (21.7)

TT 157 (74.4) 282 (75.6)

CT vs. TT 0.162 0.688 1.087 0.725–1.629

CC vs. TT 0.037 0.847 0.898 0.302–2.674

Allele

C 59 (14.0) 101 (13.5) 0.045 0.833 1.038 0.734–1.467

T 363 (86.0) 645 (86.5)

Table 3 Serum levels of tumor marker in patients with different geno-
types of two studied miRNA SNP loci

CEA (ng/ml) CA19-9 (U/ml)

miR-146a

CC 32.7±107.6 173.9±350.0

CG 53.6±182.6 66.9±177.4

GG 67.5±197.9 78.3±216.8

F (p value) 0.68 (0.508) 0.807a

miR-499

CC 16.43±29.8 239.4±329.9

CT 58.1±205.6 134.1±314.9

TT 47.1±156.8 94.7±233.6

F (p value) 0.175 (0.839) 0.521 (0.595)

a For heterogeneity of variance, nonparametric test was used
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TRAF6 [26]. Therefore, we postulate that the polymorphism of
rs2910164G > C predisposes to CRC via target selection and/
or alteration of the expression of miRNAs. It may affect tumor
immune response and, ultimately, the progression of CRC.

Our findings showed that rs2910164 GC genotype con-
ferred a significantly reduced risk of CRC. Recently, several
studies from worldwide yielded conflicting results as to the
association between miR-146a rs2910164 and the susceptibil-
ity of CRC. Chae et al. [15] reported that the rs2910164 CC
genotype in Korean showed significant susceptibility toward
CRC when compared with the health control. A study from
Europe did not found any significant association of miR-146a
rs2910164 with CRC [17]. Besides, rs2910164 G allele has
different frequencies among different populations (i.e., 0.763
in European and 0.535 in Chinese). These results suggest that
the disaccord among current studies may be ascribed to eth-
nicity differences, and genetic variant may have different roles
in various ethnic backgrounds. Ma et al. [16] demonstrated
that the GC/CC genotype of miR-146a rs2910164 was asso-
ciated with a decreased risk of CRC and reduced susceptibility
in intermediately differentiated CRC in Chinese population.
These findings were basically consisted with our results. On
the contrary, another study of Chinese population from Si-
chuan Province displayed opposite results [18]. Lv et al. [18]
reported that the rs2910164 GC genotype was associated with
an increased risk of CRC. Possible explanations for the disac-
cords may be different case choices and/or limited sample
size. The participants in our study were mainly advanced male
CRC patients with ulcerative morphology, while patients in
Lv's research were in a relatively mild condition. They may be
in different etiologies and disease statuses. Further, both of the
two Chinese studies supported that individuals with

rs2910164 C allele had a protective effect in Chinese popula-
tion, but this was not obvious in our study population. Above
all, the miR-146a variant rs2910164 related to the susceptibil-
ity to CRC, nevertheless, has not yet been fully understood,
large-scale and well-designed prospective studies are neces-
sary to illuminate these problems.

Subsequently, in the analysis of histological differentiation,
miR-146a SNP had a significant effect on CRC histological
differentiation. Genotype GG and allele G were associated
with a better differentiation. Mechanistic considerations of the
SNP contributing to phenotypic changes were limited to
protein-coding genes, while polymorphisms in miRNAs
genes, namely, via nonprotein-coding RNA intermediaries
interfering with the biological processing of miRNAs and/or
target selection of miRNAs, have effects on phenotypes of
human diseases [27]. Because of a relatively small sample size
after stratifying by differentiated degree, further studies are
still needed to validate these findings.

MiR-499 may play important roles in regulating different
senescence induction mechanisms [28]. The miR-499
rs3746444 polymorphism manifests a change from A:U pair
to G:U mismatch in the stem structure of pre-miR-499. Two
meta-analyses supported the view that the miR-499
rs3746444 polymorphism was associated with breast cancer,
and the C allele could increase cancer susceptibility in Asian
[29, 30]. Liu et al. pointed out that overexpression of miR-
499-5p promoted cell migration and invasion in CRC by
targeting FOXO4 and PDCD4 [31]. Vinci et al. from Italy
[14] demonstrated that the GG frequency of miR-499
rs3746444 was connected to a reduced miR-499 expression
and a significant higher risk of CRC. Our data revealed a lack
of associa t ion between the miR-499 rs3746444

Table 4 Clinicopathologic features and polymorphism of miR-146a in CRC patients

Parameters Genotype, n (%) p value Allele, n (%) p value OR (95 % CI)

CG CC GG C G

Differentiation

Well 0 (0) 0 (0) 1 (100) 0 (0) 2 (100)

Moderately 33 (33.5) 39 (41.9) 21 (22.6) 0.014 111 (57.8) 81 (42.2) 0.038 0.553 (0.315–0.971)
Poorly 19 (47.5) 19 (47.5) 2 (5.00) 57 (71.3) 23 (28.7)

Morphology

Ulcerative 31 (40.8) 32 (42.1) 13 (17.1) 0.722 95 (62.5) 57 (37.5) 0.414 1.310 (0.685–2.503)
Elevated 10 (40.0) 9 (36.0) 6 (24.0) 28 (56.0) 22 (44.0)

Metastasis 54 (45.4) 47 (39.5) 18 (15.1) 148 (62.2) 90 (37.8)

Invasiveness

S and T 9 (39.1) 8 (34.8) 6 (26.1) 0.516 25 (54.3) 21 (45.7) 0.453 0.778 (0.404–1.500)
T and P 30 (34.9) 37 (43.0) 19 (22.1) 104 (60.5) 68 (39.5)

Tumor stage

I and II 16 (35.6) 20 (44.4) 9 (20.0) 0.655 56 (62.2) 34 (37.8) 0.847 1.050 (0.638–1.728)
III and IV 53 (43.4) 48 (39.3) 21 (17.2) 149 (61.1) 95 (38.9)

S Submucosa, T tunica muscularis, P peripheral tissue
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polymorphism and the colorectal cancer risk in Chinese pop-
ulation. It was coincided with the previous study from China
[18]. Although our results did not indicate any significant
relationship between miR-499 rs3746444 and risk of CRC,
we believe that our work will improve the understanding of
the miRNAs involved in CRC onset and progression.

Further analysis showed that neither CEA nor CA19-9 was
significantly different among patients with genotype of two
studied SNP loci, suggesting that miR-146a and miR-499
SNPs may have no impact on CEA and CA19-9 serum level
after surgery.

In conclusion, we confirmed that the genetic variants
rs2910164 G > C of miR-146a was associated with CRC
susceptibility and tumor differentiation. However, miR-499
SNP rs3746444 was neither associated with CRC nor with
tumor maker. Our findings suggest the miR-146a rs2910164
variant as a biomarker in CRC onset and progression. Further
larger population-based prospective and functional studies are
warranted to validate our findings.
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