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Abstract

Single nucleotide polymorphisms (SNPs) within binding sites of microRNAs (miRNAs)

could modify cancer susceptibility by changing the binding affinity of miRNAs on

their target mRNA 3ʹ‐untranslated regions (UTRs). MicroRNA‐21 (miR‐21) is

involved in the development of colorectal cancer. However, the relationship

between SNPs within the binding sites of miR‐21 and colorectal cancer risk has not

been widely investigated. A case‐control study including 1147 patients and 1203

controls was performed to evaluate the association of SNPs in miR‐21 binding sites

and colorectal cancer risk. Dual‐luciferase reporter assays and functional assays

were performed to evaluate the effects of miR‐21. The SNP rs6504593 C allele

conferred an increased risk of colorectal cancer compared with the T allele in an

additive model (odds ratio [OR] = 1.19, 95% confidence interval [CI] = 1.04‐1.36,
P = 0.011). Dual‐luciferase reporter assays demonstrated that the rs6504593 T

allele negatively post‐transcriptionally regulated IGF2BP1 by altering the binding

affinity of miR‐21. Additionally, colorectal cancer cells transiently transfected with

miR‐21 mimics promoted cell proliferation and suppressed apoptosis, whereas inhi-

bition of miR‐21 decreased cell growth. These data suggest that the miR‐21 binding
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site SNP rs6504593 in the IGF2BP1 3ʹ‐UTR may alter IGF2BP1 expression and con-

tribute to colorectal cancer risk.
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1 | INTRODUCTION

Colorectal cancer is one of the main causes of cancer‐related mortal-

ity in the United States. They are projected to be 140 250 new col-

orectal cancer cases and 50 630 deaths in 2018.1 In China,

colorectal cancer is also a public health concern due to the rapid

increase in morbidity in recent decades.2 Colorectal cancer is known

as a complex disease because of environmental and genetic factors

and their interactions. Despite enormous efforts that have been

devoted to exploring the pathogenesis of colorectal cancer, the pre-

cise etiology remains to be elucidated.

MicroRNAs (miRNAs) are endogenous, small non‐coding RNAs

(18‐23 nucleotides) that silence gene expression by binding to target

mRNA 3ʹ‐untranslated regions (3ʹ‐UTRs).3 Previously, a few studies

have reported that single nucleotide polymorphisms (SNPs) in

miRNA target sites can influence miRNA‐mediated gene regulation

and play an important role in tumorigenesis.4–6 MicroRNA‐21 (miR‐
21) was upregulated in various tumors including gastric cancer, col-

orectal cancer, malignant breast tumor and pancreatic carcinoma.7–11

Moreover, miR‐21 affected the processes involved in the progression

of colorectal cancer by directly targeting genes including RHOB,

PDCD4 and Cdc25A.12–16

Our previous study found that miR‐21 could be a valuable bio-

marker for the diagnosis of colorectal cancer,17 but the relationship

between SNPs within its binding sites and colorectal cancer risk has

not been investigated. Therefore, we aimed to investigate whether

genetic variants within the binding sites of miR‐21 could alter the

susceptibility of patients for colorectal cancer.

2 | MATERIALS AND METHODS

2.1 | Study population

We conducted a case‐control study including 1147 colorectal cancer

individuals and 1203 cancer‐free controls. In brief, the participants

were consecutively recruited from The First Affiliated Hospital and

Nanjing First Hospital of Nanjing Medical University beginning in

September 2010 and were histopathologically confirmed. The can-

cer‐free controls were randomly selected from individuals who par-

ticipated in physical examinations and were frequency‐matched by

age (±5 years) and sex. This study protocol was approved by the

Institutional Review Board of Nanjing Medical University. Previous

studies have described the detailed information of the study sub-

jects.18,19

2.2 | SNPs selection

We focused on both the miR‐21 target genes dataset and 3ʹ‐UTR
dataset using the UCSC browser (http://www.genome.ucsc.edu).

Using the algorithm TargetScan (http://www.targetscan.org/), we

selected 1920 miR‐21 target genes. We further identified 13 SNPs

within miR‐21 binding sites using the Chinese Han population in Bei-

jing (CHB) population of the 1000 Genomes Project. The following

were three criteria for inclusion: (a) SNPs located in miR‐21 binding

sites; (b) minor allelic frequency (MAF) ≥5%; (c) Hardy‐Weinberg

equilibrium (HWE) P > 0.05. Finally, in accordance with whether

miR‐21 target genes were previously reported to be related to can-

cer risk, five SNPs (rs2273847, rs6504593, rs1049109, rs6108 and

rs7337488) were enrolled as candidate SNPs.

2.3 | SNPs genotyping

Genomic DNA was isolated from venous blood lymphocytes using

the Qiagen Blood kit (Qiagen). Custom TaqMan SNP genotyping

assays were performed using the 384‐well ABI 7900HT Real‐time

PCR System (Applied Biosystems, Foster City, CA, USA). The

sequences of primers and probes were designed for each SNP geno-

typing (Table S1). The SNP analysis was carried out independently

by two persons in a blinded fashion. The call rates for all SNPs were

over 95%. Additionally, 5% random samples were selected to repeat

genotyping for quality control, and the concordant rate for each SNP

was 100%.

2.4 | Plasmid construction and luciferase reporter
assays

Two human colorectal cancer cell lines, HCT116 and SW620, were

purchased from Shanghai Institute of Biochemistry and Cell Biology,

Chinese Academy of Sciences (Shanghai, China). The reporter plas-

mid containing the sequence of the wild‐type or mutant insulin‐like
growth factor 2 messenger RNA binding protein 1 (IGF2BP1) 3ʹ‐UTR
was constructed and cloned into the NotI/XhoI restriction enzyme

sites of the psiCHECK‐2 vector (Promega). DNA sequencing was

used to confirm all the cloned sequences. For luciferase assays,

HCT116 and SW620 cells were seeded in 24‐well plates. After

12 hours, each well of cells was cotransfected with a luciferase vec-

tor encompassing the wild‐type or mutant IGF2BP1 3ʹ‐UTR frag-

ments and miR‐21 mimics using Lipofectamine 2000 (Invitrogen). At

24 hours after transient transfection, the Dual‐Luciferase Reporter
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Assay System (Promega) was used to measure the luciferase activity,

and the Renilla luciferase activity was normalized to Firefly luciferase

activity.

2.5 | Quantitative reverse transcription polymerase
chain reaction

Colorectal tumor tissues and their paired adjacent normal tissues were

collected from colorectal cancer subjects. The clinical characteristics

are provided in Table S2. Total RNA was extracted from colorectal

cancer cells and tissue specimens using TRIzol (Invitrogen) according

to the manufacturer's protocol. Reverse transcription was performed

with Primescript RT Master Mix (TaKaRa) and RNA PCR Kit (AMV)

(TaKaRa). Real‐time polymerase chain reaction (PCR) assay with SYBR

Green Master Mix reagent kit (TaKaRa) was performed using a 7900

Real‐time PCR system (ABI). The relative expression of miR‐21, ALPP
and IGF2BP1 normalized to U6 and ACTINB was calculated using the

2−ΔCt method. The primer sequences are listed in Table S1.

2.6 | The cancer genome atlas and eQTL analysis

We obtained miRNA and mRNA expression data and genotypic data

of colorectal samples from the cancer genome atlas (TCGA) data-

base. Expression quantitative trait loci (eQTL) analysis was per-

formed to evaluate the associations between SNP genotypes and

mRNA expression levels. Only samples that have miR‐21 rs6504593

genotyping data were included for eQTL analysis.

2.7 | Cell proliferation, apoptosis and cycle assays

HCT116 and SW620 cells were seeded into six‐well plates and tran-

siently transfected with miR‐21 mimics or inhibitor by Lipofectamine

2000 reagent (Invitrogen). For cell proliferation assay, the cells were

plated into 96‐well plates (4000 cells/well). At 12 hour intervals, Cell

Counting Kit‐8 (CCK‐8, Dojindo) reagent was added and incubated

at 37°C for 2 hours in a humidified incubator. The absorbance values

at 450 nm, which represented the number of cells, were measured

using an Infinite M200 spectrophotometer (Tecan). For cell apoptosis

assays, after 48 hours of transfection, cells were collected and

stained with the Annexin V apoptosis detection kit (BD Biosciences)

following the manufacturer's instruction manual. The percentage of

apoptotic cells was analyzed by flow cytometer (FACScan; BD Bio-

sciences). For cell cycle assays, at 48 hours after transfection, cells

were harvested, fixed with 75% ice‐cold ethanol at 4°C overnight,

and then stained with propidium iodide. The flow cytometer system

was used to count and compare the percentage of the cells in G0/

G1, S and G2/M phases. Each experiment was performed in tripli-

cate, and all experiments were performed three times independently.

2.8 | Statistical analysis

Student's t test for continuous variables and Pearson's χ2 test for

categorical variables were used to analyze the differences in the

distribution of demographic and clinical characteristics between col-

orectal cancer cases and controls. Hardy‐Weinberg equilibrium for

the selected SNP allele frequencies was evaluated using a goodness‐
of‐fit χ2 test in the control group. Multivariate logistic regression

analysis with adjustments for age, sex, smoking and drinking status

was used to evaluate the association of the selected SNPs with col-

orectal cancer risk by computing adjusted odds ratios (ORs) and 95%

confidence intervals (CIs). All experimental results are shown as the

mean ± SD, and the statistical comparisons between groups were

tested by t test, Mann‐Whitney U test and ANOVA. SAS 9.4.0 (SAS

Institute) was used for all the statistical analyses, and statistical sig-

nificance was set at P < 0.05.

3 | RESULTS

3.1 | Demographic and clinical characteristics of
subjects

The demographic and clinical characteristics of cases and controls

are presented in Table S3. No significant differences were detected

between colorectal cancer individuals and cancer‐free controls for

age (P = 0.751), gender (P = 0.116), smoking status (P = 0.097) and

alcohol drinking status (P = 0.113). However, a higher proportion of

family history of cancers was observed in colorectal cancer cases

than in controls (P < 0.001). Of all colorectal cancer cases, the fre-

quencies of low, intermediate and high histological grade were 7.4%,

76.7% and 15.9%, respectively. Additionally, 8.4%, 43.1%, 36.8% and

11.7% of colorectal cancer subjects were in Dukes A, B, C and D,

respectively.

3.2 | Association between selected SNPs and
colorectal cancer susceptibility

The baseline characteristics of the selected SNPs are summarized in

Table S4. The genotype frequencies of selected SNPs (rs2273847,

rs6504593, rs1049109 and rs6108), except rs7337488, were in

HWE among the controls (P > 0.05). Therefore, we chose these four

SNPs for further analysis. By multivariate logistic regression analysis

with adjustments for sex, age, drinking and smoking status, SNPs

rs6504593 and rs1049109 had a significant association with colorec-

tal cancer susceptibility in the additive model (OR = 1.19, 95% CI =

1.04‐1.36, P = 0.011 for rs6504593 in IGF2BP1 and OR = 1.23,

95% CI = 1.07‐1.41, P = 0.004 for rs1049109 in ALPP). Similar

results were observed in dominant and codominant models (Table 1).

3.3 | Stratification analysis of rs6504593 and
rs1049109

We further conducted stratification analysis by demographic charac-

teristics to assess the associations of rs6504593 and rs1049109

with colorectal cancer risk under a dominant model. For rs6504593,

subjects carrying the TC/CC genotype had an enhanced susceptibility

of colorectal cancer in subgroups of non‐smokers (P = 0.010), non‐
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drinkers (P = 0.013) and individuals with a family history of cancers

(P = 0.003), compared with the TT genotype (Table S5). For

rs1049109, we identified a significantly increased risk in subgroups

of older individuals (P = 0.001), females (P = 0.011), non‐smokers

(P = 0.012), non‐drinkers (P = 0.002) and individuals both with family

history of cancers (P = 0.026) and without family history of cancers

(P = 0.037) for carriers of the CT/TT genotype comparing with the

CC genotype (Table S6).

Furthermore, we evaluated the associations of rs6504593 and

rs1049109 with colorectal cancer risk stratified by clinical character-

istics. For rs6504593, the carriers of the TC/CC genotype had an

increased susceptibility for colon tumors (OR = 1.25, 95% CI = 1.02‐
1.53), intermediate or well‐differentiated histological grade colorectal

cancer (OR = 1.22, 95% CI = 1.02‐1.45 and OR = 1.39, 95% CI =

1.01‐1.90, respectively) and advanced stage cancer (Dukes C and D)

(OR = 1.24, 95% CI = 1.01‐1.52) (Table 2). For rs1049109, we iden-

tified a significantly increased risk for colon tumors (OR = 1.25, 95%

CI = 1.02‐1.53), intermediate histological grade colorectal cancer

(OR = 1.27, 95% CI = 1.06‐1.52) and early stage cancer (Dukes A

and B) (OR = 1.38, 95% CI = 1.13‐1.68) for carriers of the CT/TT

genotype (Table S7).

3.4 | miR‐21 and its target genes’ expression in
colorectal cancer tissues

We measured the expression of miR‐21 in colorectal tumor and adja-

cent normal tissues and found that miR‐21 expression was signifi-

cantly upregulated in tumor tissues compared to normal tissues

(P < 0.001) (Figure 1A). This result was consistent with the data

obtained from TCGA (P < 0.001) (Figure 1B). IGF2BP1 expression

showed no significant difference between colorectal cancer and

adjacent normal tissues (P = 0.177) (Figure 1C), whereas TCGA data

showed that IGF2BP1 expression in colorectal cancer tissues was sig-

nificantly higher than that in normal tissues (P < 0.001) (Figure 1D).

The expression level of ALPP in colorectal cancer and adjacent nor-

mal tissues was almost undetectable, which was supported by data

in TCGA. Therefore, IGF2BP1 was retained for further analysis.

Moreover, a negative association between IGF2BP1 and miR‐21
expression was discovered in both colorectal tumor tissues

(r = −0.348, P = 0.029) and normal tissues (r = −0.401, P = 0.010),

although no significant correlation was found by using TCGA data

(Figure S1).

3.5 | SNP rs6504593 interfere miR‐21 and IGF2BP1
3ʹ‐UTR interaction

To demonstrate whether rs6504593 regulates IGF2BP1 expression

by miR‐21, we performed dual‐luciferase reporter assays by con-

structing psiCHECK‐2 vectors containing wild‐type or mutated‐type
IGF2BP1 3ʹ‐UTR (Figure 2A). The specific binding sites of IGF2BP1

3ʹ‐UTR and miR‐21 were provided by bioinformatics tools (Fig-

ure 2B). The results indicated that constructs containing the

rs6504593 T allele significantly reduced luciferase activity compared

with the C allele in HCT116 and SW620 cells (P = 0.003 and

P = 0.012, respectively) (Figure 2C). These data suggested that miR‐
21 may directly target the IGF2BP1 3ʹ‐UTR with the rs6504593 T

allele.

TABLE 1 Association of selected SNPs with the risk of colorectal cancer in four genetic models

SNPs

Additive model Dominant model Recessive model Codominant modelb

OR (95% CI)ac P OR (95% CI)ac P OR (95% CI)ac P

het hom

OR (95% CI)ac P OR (95% CI)ac P

rs2273847 1.11 (0.98‐1.25) 0.108 1.09 (0.93‐1.29) 0.279 1.27 (0.97‐1.65) 0.085 1.05 (0.88‐1.25) 0.579 1.29 (0.98‐1.71) 0.070

rs6504593 1.19 (1.04‐1.36) 0.011 1.22 (1.03‐1.44) 0.019 1.34 (0.95‐1.89) 0.093 1.19 (1.00‐1.41) 0.053 1.43 (1.01‐2.03) 0.044

rs1049109 1.23 (1.07‐1.41) 0.004 1.28 (1.09‐1.51) 0.003 1.27 (0.87‐1.85) 0.224 1.27 (1.07‐1.51) 0.007 1.38 (0.94‐2.21) 0.099

rs6108 1.14 (0.98‐1.31) 0.087 1.51 (0.98‐2.32) 0.063 1.12 (0.94‐1.33) 0.207 1.44 (0.92‐2.25) 0.114 1.54 (1.00‐2.38) 0.052

CI, confidence interval; OR, odds ratio; SNP, single nucleotide polymorphism.
aAdjusted for age, sex, smoking and drinking status in logistic regression model.
bhet: heterozygote vs major homozygote; hom: minor homozygote vs major homozygote.

TABLE 2 Associations between rs6504593 genotype and clinical
characteristics of colorectal cancer

Variables

Genotypes

OR (95% CI)a PaTT, n (%) TC/CC, n (%)

Controls

(n = 1203)

735 (61.1) 468 (38.9) 1.00

Cases

(n = 1147)

646 (56.3) 501 (43.7) 1.22 (1.03‐1.44) 0.019

Tumor site

Colon 312 (55.8) 247 (44.2) 1.25 (1.02‐1.53) 0.034

Rectal 334 (56.8) 254 (43.2) 1.19 (0.97‐1.45) 0.092

Histological grade

Low 54 (63.5) 31 (36.5) 0.90 (0.57‐1.43) 0.666

Intermediate 496 (56.4) 384 (43.6) 1.22 (1.02‐1.45) 0.031

High 96 (52.7) 86 (47.3) 1.39 (1.01‐1.90) 0.042

Dukes stage

A + B 336 (56.9) 255 (43.1) 1.20 (0.98‐1.46) 0.081

C + D 310 (55.8) 246 (44.2) 1.24 (1.01‐1.52) 0.039

OR, odds ratio; CI, confidence interval.
aAdjusted for age, sex, smoking and drinking status in logistic regression

model.
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3.6 | eQTL analysis of IGF2BP1

To understand whether rs6504593 can regulate the expression of

IGF2BP1, we performed an eQTL analysis in TCGA data. We found

that rs6504593 genotypes had no influence on IGF2BP1 expression

in either colorectal cancer tissues or normal tissues (P = 0.705 and

P = 0.774, respectively) (Figure S2).

3.7 | Functional characteristics of miR‐21 in
colorectal cancer cells

The functional mechanism of miR‐21 was characterized after tran-

siently transfecting miR‐21 mimics or inhibitor into SW620 and

HCT116 cells. SW620 cells transfected with miR‐21 mimics signifi-

cantly increased cell proliferation (P = 0.004) and suppressed cell

apoptosis (P = 0.009) (Figure 3A,B). SW620 cells transfected with

miR‐21 inhibitor significantly decreased cell proliferation (P = 0.047)

and showed increased cell apoptosis (P < 0.001) (Figure 3A,B). Next,

HCT116 cells transfected with miR‐21 mimics significantly increased

cell proliferation (P = 0.012) but did not significantly induce cell

apoptosis changes (Figure S3A,B). HCT116 cells transfected with

miR‐21 inhibitor significantly decreased cell proliferation (P < 0.001)

and increased cell apoptosis (P = 0.046) (Figure S3A,B). In addition,

HCT116 and SW620 cells transfected with miR‐21 mimics did not

profoundly alter the cell cycle (Figure S4A,B).

4 | DISCUSSION

In this study, we investigated the association between genetic vari-

ants in miR‐21 binding sites and colorectal cancer susceptibility in a

case‐control study. Our finding shows that rs1049109 and

rs6504593 were new susceptibility SNPs for colorectal cancer,

which have not been reported in previous studies.

IGF2BP1, belonging to the family of RNA‐binding proteins, plays

key roles in many biological processes through binding to the key

motif in RNA structures.20 The abnormal expression of IGF2BP1 may

cause a series of diseases, including malignant tumors.21,22 Recent

research has reported that IGF2BP1 expression levels were upregu-

lated in many types of tumors, such as hepatocellular carcinoma,

renal cell carcinoma and cutaneous squamous cell carcinoma.23–25 In

our study, the expression of IGF2BP1 in colorectal cancer tissues,

including TCGA data, was almost concordant with previous stud-

ies.23–25 However, no significant difference was detected in our

paired colorectal tissues based on a Chinese population. The con-

flicting data may be caused by the different populations of these

two datasets. Moreover, studies have investigated the function of

IGF2BP1 in promoting cell proliferation, apoptosis and invasion in

various cancers.26,27

Accumulated evidence has shown that genetic variants within

binding sites of miRNA could affect susceptibility of various tumors

by changing the binding affinity of miRNAs on its target mRNAs 3ʹ‐
UTRs.25,28 Dual‐luciferase reporter assays indicated that miR‐21
directly targeted the IGF2BP1 3ʹ‐UTR in the study. The mutation

allele of rs6504593 reduced the binding of miR‐21 to the IGF2BP1

3ʹ‐UTR and increased IGF2BP1 expression, which leads to the initia-

tion of colorectal cancer. MiR‐21 has been reported to be upregu-

lated in various cancers, and it inhibited colorectal cancer cell

apoptosis and enhanced cell growth.12,14,29,30 Our experimental data

were almost identical to previously reported literature. Furthermore,

we found a significant negative correlation between miR‐21 and

IGF2BP1 expression, suggesting that miR‐21 could negatively regu-

late IGF2BP1. The relationship between rs6504593 genotypes and

relative IGF2BP1 expression was further analyzed, but we found no

significant association. Furthermore, the directed biological function

of the combination of miR‐21 and IGF2BP1 in colorectal cancer

should be conformed in the future to identify the functional relation-

ship between miR‐21 and IGF2BP1.

After stratification analysis of demographic characteristics, we

observed that the rs1049109 CT/TT genotype had an elevated risk

among older people, females, non‐smokers, non‐drinkers and individ-

uals both with and without a family history of cancers. Additionally,

the rs6504593 TC/CC genotype showed an increased susceptibility

among non‐smokers, non‐drinkers and individuals with a family his-

tory of cancers. These results indicated that the occurrence of col-

orectal cancer may be affected by epidemiological factors,

environmental exposures and genetic factors. Smoking and drinking

are considered risk factors for colorectal cancer,31–33 but they were

observed as protective factors in this study. The relatively small sam-

ple size after stratification analysis of smoking status and alcohol

F IGURE 1 The expression of miR‐21 and IGF2BP1 in human
colorectal cancer tissues. A, The expression of miR‐21 in colorectal
cancer tissues and adjacent normal tissues. B, The miR‐21
expression was analyzed from TCGA database. C, The IGF2BP1
expression levels were evaluated in colorectal cancer tissues and
their adjacent normal tissues. D, The IGF2BP1 expression levels were
analyzed from TCGA database. The miR‐21 and IGF2BP1 expression
levels were log2 transformed. The P value was calculated using
paired t test or Mann‐Whitney U test
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consumption may be the reason. Moreover, we conducted stratifica-

tion analysis by clinical characteristics. The results suggested that

the rs6504593 TC/CC genotype had an obviously increased

susceptibility in patients with Dukes C/D and that the genetic vari-

ants participate in the advanced stage of colorectal cancer. Addition-

ally, the subjects carrying the TC/CC genotype had an increased

F IGURE 2 Characterization and
functional analysis of the 3ʹ‐UTR of
IGF2BP1. A, Schematic representation of
reporter plasmids containing the IGF2BP1
3ʹ‐UTR, which was inserted downstream of
the Renilla luciferase gene in the
psiCHECK‐2 vector. B, Bioinformatics
predicted the binding site between miR‐21
and the IGF2BP1 3ʹ‐UTR. C, Luciferase
reporter assays was used to measure
rs6504593 T or C allele differences with
the presence or interference of miR‐21.
HCT116 and SW620 cells were transiently
cotransfected with constructs and miR‐21
mimics. *, P < 0.05.

F IGURE 3 Transient transfection with
miR‐21 mimics or inhibitor regulated
SW620 cell proliferation and apoptosis. A,
Cell proliferation activity was measured by
the CCK8 assay. *, P < 0.05. B, The level
of apoptosis was detected by flow
cytometry. All bars represent the mean
values ± SD. All results are representative
of triplicate experiments. The P value was
calculated by two‐sided t test. LR, early
apoptotic cells; UR, terminal apoptotic
cells.
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susceptibility to colorectal cancer in subgroups of colon tumor

patients and individuals with an intermediate or well‐differentiated
grade. It could be interpreted that different molecular mechanisms

resulted in different colorectal cancer grade and site, which caused

differences in the susceptibility to colorectal cancer.

5 | CONCLUSIONS

Here, we have demonstrated that the SNP rs6504593 was associ-

ated with colorectal cancer susceptibility. Moreover, the rs6504593

T allele negatively regulated the post‐transcription of IGF2BP1 by

altering the binding affinity of miR‐21. Furthermore, we found that

miR‐21 mimics promoted cell proliferation and suppressed apopto-

sis, whereas an inhibitor of miR‐21 decreased cell growth. Thus,

our study provides a novel view of miR‐21‐induced colorectal can-

cer development. The miR‐21 binding site SNP rs6504593 may be

used as a new potential biomarker for the diagnosis of colorectal

cancer.

ACKNOWLEDGEMENTS

This study was partly supported by National Natural Science Foun-

dation of China (81773516, 81803926, 81402750) and the Priority

Academic Program Development of Jiangsu Higher Education Insti-

tutions (Public Health and Preventive Medicine).

CONFLICT OF INTEREST

The authors declare no conflicts of interest.

AUTHOR CONTRIBUTIONS

Dongying Gu and Min Ni conceived and designed the experiments.

Lisheng Xie, Shuwei Li and Jing Jin wrote the paper. Lei He, Kaili Xu,

Lingjun Zhu, Mulong Du, Zhengdong Zhang and Meilin Wang con-

tributed reagents/materials/analysis tools. Yanqing Liu, Haiyan Chu

and Danni Shi recruited samples. All authors reviewed the manu-

script.

ORCID

Lingjun Zhu https://orcid.org/0000-0001-8033-1528

REFERENCES

1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2018. CA Cancer J

Clin. 2018;68:7‐30.
2. Chen W, Zheng R, Baade PD, et al. Cancer statistics in China, 2015.

CA Cancer J Clin. 2016;66:115‐132.
3. O'Connell RM, Rao DS, Baltimore D. microRNA regulation of inflam-

matory responses. Annu Rev Immunol. 2012;30:295‐312.
4. Song P, Zhu H, Zhang D, et al. A genetic variant of miR‐148a binding

site in the SCRN1 3'‐UTR is associated with susceptibility and prog-

nosis of gastric cancer. Sci Rep. 2014;4:7080.

5. Hang D, Zhou W, Jia M, et al. Genetic variants within microRNA‐
binding site of RAD51B are associated with risk of cervical cancer in

Chinese women. Cancer Med. 2016;5:2596‐2601.
6. Ding L, Jiang Z, Chen Q, et al. A functional variant at miR‐520a bind-

ing site in PIK3CA alters susceptibility to colorectal cancer in a Chi-

nese Han population. Biomed Res Int. 2015;2015:373252.

7. Yadav P, Mirza M, Nandi K, et al. Serum microRNA‐21 expression as

a prognostic and therapeutic biomarker for breast cancer patients.

Tumour Biol. 2016;37:15275‐15282.
8. Wang D, Fan Z, Liu F, et al. Hsa‐miR‐21 and Hsa‐miR‐29 in tissue as

potential diagnostic and prognostic biomarkers for gastric cancer. Cell

Physiol Biochem. 2015;37:1454‐1462.
9. Chen J, Wang X. MicroRNA‐21 in breast cancer: diagnostic and

prognostic potential. Clin Transl Oncol. 2014;16:225‐233.
10. Abue M, Yokoyama M, Shibuya R, et al. Circulating miR‐483‐3p and

miR‐21 is highly expressed in plasma of pancreatic cancer. Int J

Oncol. 2015;46:539‐547.
11. Nagao Y, Hisaoka M, Matsuyama A, et al. Association of microRNA‐

21 expression with its targets, PDCD4 and TIMP3, in pancreatic

ductal adenocarcinoma. Mod Pathol. 2012;25:112‐121.
12. Xiong B, Cheng Y, Ma L, et al. MiR‐21 regulates biological behavior

through the PTEN/PI‐3 K/Akt signaling pathway in human colorectal

cancer cells. Int J Oncol. 2013;42:219‐228.
13. Zhang J, Xiao Z, Lai D, et al. miR‐21, miR‐17 and miR‐19a induced

by phosphatase of regenerating liver‐3 promote the proliferation and

metastasis of colon cancer. Br J Cancer. 2012;107:352‐359.
14. Liu M, Tang Q, Qiu M, et al. miR‐21 targets the tumor suppressor

RhoB and regulates proliferation, invasion and apoptosis in colorectal

cancer cells. FEBS Lett. 2011;585:2998‐3005.
15. Chang KH, Miller N, Kheirelseid EA, et al. MicroRNA‐21 and PDCD4

expression in colorectal cancer. Eur J Surg Oncol. 2011;37:597‐603.
16. Wang P, Zou F, Zhang X, et al. microRNA‐21 negatively regulates

Cdc25A and cell cycle progression in colon cancer cells. Can Res.

2009;69:8157‐8165.
17. Du M, Liu S, Gu D, et al. Clinical potential role of circulating micro-

RNAs in early diagnosis of colorectal cancer patients. Carcinogenesis.

2014;35:2723‐2730.
18. Ma L, Zhu L, Gu D, et al. A genetic variant in miR‐146a modifies col-

orectal cancer susceptibility in a Chinese population. Arch Toxicol.

2013;87:825‐833.
19. Xue Y, Gu D, Ma G, et al. Genetic variants in lncRNA HOTAIR are asso-

ciated with risk of colorectal cancer.Mutagenesis. 2015;30:303‐310.
20. Moore MJ. From birth to death: the complex lives of eukaryotic

mRNAs. Science. 2005;309:1514‐1518.
21. Lukong KE, Chang KW, Khandjian EW, et al. RNA‐binding proteins

in human genetic disease. Trends Genet. 2008;24:416‐425.
22. Musunuru K. Cell‐specific RNA‐binding proteins in human disease.

Trends Cardiovasc Med. 2003;13:188‐195.
23. Gutschner T, Hammerle M, Pazaitis N, et al. Insulin‐like growth factor

2 mRNA‐binding protein 1 (IGF2BP1) is an important protumorigenic

factor in hepatocellular carcinoma. Hepatology. 2014;59:1900‐1911.
24. Kim T, Havighurst T, Kim K, et al. RNA‐binding protein IGF2BP1 in cuta-

neous squamous cell carcinoma. J Invest Dermatol. 2017;137:772‐775.
25. Huang X, Huang M, Kong L, et al. miR‐372 suppresses tumour prolif-

eration and invasion by targeting IGF2BP1 in renal cell carcinoma.

Cell Prolif. 2015;48:593‐599.
26. Gong F, Ren P, Zhang Y, et al. MicroRNAs‐491‐5p suppresses cell

proliferation and invasion by inhibiting IGF2BP1 in non‐small cell

lung cancer. Am J Transl Res. 2016;8:485‐495.
27. Rebucci M, Sermeus A, Leonard E, et al. miRNA‐196b inhibits cell

proliferation and induces apoptosis in HepG2 cells by targeting

IGF2BP1. Mol Cancer. 2015;14:79.

28. Zhou X, Zhang CZ, Lu SX, et al. miR‐625 suppresses tumour migra-

tion and invasion by targeting IGF2BP1 in hepatocellular carcinoma.

Oncogene. 2015;34:965‐977.

2018 | XIE ET AL.

https://orcid.org/0000-0001-8033-1528
https://orcid.org/0000-0001-8033-1528
https://orcid.org/0000-0001-8033-1528


29. Chan JK, Blansit K, Kiet T, et al. The inhibition of miR‐21 promotes

apoptosis and chemosensitivity in ovarian cancer. Gynecol Oncol.

2014;132:739‐744.
30. Haghpanah V, Fallah P, Tavakoli R, et al. Antisense‐miR‐21 enhances

differentiation/apoptosis and reduces cancer stemness state on

anaplastic thyroid cancer. Tumour Biol. 2016;37:1299‐1308.
31. Chao A, Thun MJ, Jacobs EJ, et al. Cigarette smoking and colorectal

cancer mortality in the cancer prevention study II. J Natl Cancer Inst.

2000;92:1888‐1896.
32. Slattery ML, Samowtiz W, Ma K, et al. CYP1A1, cigarette smoking,

and colon and rectal cancer. Am J Epidemiol. 2004;160:842‐852.
33. Peppone LJ, Reid ME, Moysich KB, et al. The effect of secondhand

smoke exposure on the association between active cigarette smoking

and colorectal cancer. Cancer Causes Control. 2010;21:1247‐1255.

SUPPORTING INFORMATION

Additional supporting information may be found online in the

Supporting Information section at the end of the article.

How to cite this article: Xie L, Li S, Jin J, et al. Genetic

variant in miR‐21 binding sites is associated with colorectal

cancer risk. J Cell Mol Med. 2019;23:2012–2019.
https://doi.org/10.1111/jcmm.14104

XIE ET AL. | 2019

https://doi.org/10.1111/jcmm.14104

