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Single-nucleotide polymorphisms inside microRNA
target sites influence the susceptibility to type 2
diabetes

Xu Zhao1, Qing Ye1, Kang Xu1, Jinluo Cheng2, Yanqin Gao3, Qian Li4, Juan Du1, Hui Shi1 and Ling Zhou1

MicroRNAs (miRNAs) negatively regulate target gene expression by binding to 30-untranslated region of target mRNA. Single-

nucleotide polymorphisms (SNPs) that reside in the miRNA target sites can affect the bindings of miRNAs to mRNAs.

Compelling evidence has shown that miRNAs contribute to the etiology of type 2 diabetes (T2DM). We hypothesized that SNPs

in diabetes-related miRNA target-binding sites could be associated with the risk of T2DM. We selected 10 SNPs on miRNA-

binding sites by using bioinformatics software. Genotypes of T2DM patients (n¼1017) and normal controls (n¼1059) were

analyzed by TaqMan assay. The variant genotypes rs1366600CC and TC/CC in the insulin receptor (INSR) gene, rs2292899GA

in the acyl-CoA synthetase 1 (ACSL1) gene and rs11724758AA in the fatty-acid-binding protein 2 (FABP2) gene were

associated with T2DM (adjusted odds ratios (ORs) (95% confidence intervals)¼2.03 (1.02–4.01), 1.28 (1.04–1.57), 1.22

(1.004–1.49) and 0.76 (0.58–0.997), respectively). The analysis stratified by age, gender, waist circumstance and living

habits also revealed these genotypes’ effect. Furthermore, crossover analysis indicated those who exposed to both environmental

factor and putative risk genotypes did have the highest risk of T2DM. A cumulative effect of SNPs rs1366600, rs2292899

and rs11724758 was observed with individuals carrying 2, 3 and 4–6 risk alleles having a gradually increased risk of T2DM

(OR¼1.52, 1.81 and 2.28, P for trend o0.001). Our result suggested that INSR rs1366600, ACSL1 rs2292899 and FABP2

rs11724758 could influence the susceptibility to T2DM in Chinese Han population, most likely through their effects on the

specific miRNA-binding sites and functional characterizations of three genes are needed.
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INTRODUCTION

Diabetes mellitus is the most common metabolic disorder worldwide.
In developed countries, diabetes is already the leading cause of
blindness, renal failure and lower limb amputations, and is a major
risk factor for cardiovascular disease and stroke.1 The prevalence of
diabetes has grown rapidly during the past 10 years in China and
reached 9.7%. It is currently affecting 92.4 million adults in our
country, including type 2 diabetes (T2DM) accounting for 90% of
cases.2 T2DM is caused by defects in insulin action and insulin
production. There are strong evidences that an adverse genetic
background together with environmental factors could impair
insulin sensitivity in target tissues and insulin secretion from
pancreatic b-cells.1

The recent breakthrough discovery of a new family of naturally
endogenous, small (B22 nucleotides), non-coding but functional
RNAs have been proven to have significant roles in a wide spectrum
of diseases including T2DM.3 Considerable data suggest that miRNAs

has a direct role in insulin secretion and production, pancreatic islet
development, insulin action and indirectly control glucose and lipid
metabolism.4 Generally, miRNA exerts its function through binding
to mRNA 30-untranslated region (30-UTR) and negatively regulating
gene expression by cleavage or translational repression of mRNA.3

Single-nucleotide polymorphisms (SNPs) that reside in the
microRNA (miRNA) target site can affect the binding of miRNA
to mRNA, which can either create illegitimate-binding sites or
abolish existing-binding sites.5 Recent studies have indicated that
polymorphisms in miRNA target sites can affect gene and protein
expression and lead to influence the risk of certain human diseases,
including Tourette’s syndrome and cancers.6–8 However, gene
polymorphisms in miRNA-binding sites have not been reported to
be associated with susceptibility of T2DM. In the present case–control
study, we investigated the effect of 10 potentially functional poly-
morphisms within the eight diabetes-related miRNAs target sites on
T2DM risk.
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MATERIALS AND METHODS

Subjects
This study included 1017 T2DM patients and 1059 T2DM-free controls. All

subjects were biologically unrelated ethnic Han Chinese from Nanjing City and

surrounding regions in Jiangsu Province, China. The patients were consecu-

tively recruited between March 2008 and August 2010 from the diabetes

inpatient or outpatient clinic of three affiliated hospitals of Nanjing Medical

University (The Affiliated Changzhou Second Hospital of NJMU, the Third

Affiliated Hospital of NJMU and the Affiliated Nanjing First Hospital of

NJMU) without the restrictions of age and sex. A diagnosis of T2DM required

either a fasting plasma glucose X7.0mmol l�1 (126mgdl�1) or a 2-h glucose

of X11.1mmol l�1 (200mgdl�1) after an oral glucose tolerance test. All the

patients were tested by glutamic acid decarboxylase autoantibodies (GAD) and

islet cell antibodies (ICA512) (performed by the clinical laboratories in the

three affiliated hospitals) to exclude patients with type 1 diabetes. T2DM-free

controls were randomly selected from the physical examination center within

the same geographical area and the period when the cases were recruited.

Controls were non-diabetic as determined by an oral glucose tolerance test,

which was performed according to World Health Organization criteria. These

control subjects were frequency-matched to the cases on the basis of age

(±5 years), sex and residential area. After informed consent was obtained,

each subject was personally interviewed by trained interviewers using a

standard questionnaire to collect information on demographic data and

environmental exposure history, including tobacco smoking and drinking.

Those who reporting at least one cigarette per day were defined as current

cigarette smokers, otherwise they were considered as non-smoker. Total alcohol

intake was expressed as the sum of millimeters of alcohol per week from wine,

beer, cider and spirits. An approximately 5ml venous blood sample was

collected from each subject after the interview.

Measurements
Weight, height and waist circumstance (WC) were measured by trained

personnel and body mass index (in kgm�2) was calculated. Blood pressure

was measured on the right arm after a 10-min rest using a standard

sphygmomanometer of appropriate cuff size. After an overnight fast, venous

blood samples were drawn and promptly centrifuged, and the serum was

stored at �20 1C. All samples were run in the same assay. Blood sugar was

measured in the laboratories in the three affiliated hospitals of NJMU with the

glucose oxidase method. Total cholesterol, high-density lipoprotein cholesterol,

low-density lipoprotein cholesterol and triglycerides were determined in the

three affiliated hospitals by an enzymatic colorimetric method (Au5400,

Olympus, Tokyo, Japan). DNA was extracted from peripheral blood by the

use of proteinase K and phenol/chloroform. This study was approved by the

Research Ethics Committee of Nanjing Medical University.

SNP selection
We first obtained 21 diabetes-related miRNAs (miR-375,9,10 miR-96,11 miR-

9,12 miR-30d,10,13 miR-34a,10,14 miR-146a,10 miR-126,15 miR-let-7b,16 miR-7,17

miR-21,15 miR-29a,10,18 miR-143,19 miR-99a,20 miR-132,20 miR-24,15 miR-

20b,15 miR-130a,21 miR-410,21 miR-200a,21 miR-124a,10,11,22 miR-17-5P20)

through an extensive mining of bioinformatics according to previously

reported literatures and miRBase database (http://www.mirbase.org/search.

shtml). The Patrocles database (http://www.patrocles.org/Patrocles_targets.

htm)23 and PolymiRTS database (http://compbio.uthsc.edu/miRSNP/)24 were

first used to predict and identify potentially functional polymorphisms within

miRNA-binding sites. Then we used the TargetScan25 and miRanda26

algorithms to further identify putative miRNA-binding sites within the 30-
UTR of each candidate gene and used the ensemble genome browser 64

(http://asia.ensembl.org/index.html) to search for the SNPs in the miRNA-

binding seed region.The SNPs in miRNA target sites that appeared in at least

two of above four prediction algorithm were selected. All SNPs were filtered by

using the criteria that minor allele frequency of X0.05 in the Chinese Han

population identified from the National Center for Biotechnology Information

dbSNPs database (http://www.ncbi.nlm.nih.gov/), and the candidate genes

where the selected SNPs located in were connected with the molecular

mechanisms of T2DM according to the literature. Eventually, 10 SNPs

(Table 1) were selected for subsequent association analyses.

Genotyping assay
Genomic sequences were obtained from the Hapmap database (http://

www.hapmap.org/). A 50-Nuclease TaqMan assay (Applied BioSystems, Foster

City, CA, USA) was used to genotype the polymorphisms in 384-well plates on

ABI PRISM 7900HT Sequence Detection system (Applied BioSystems). The

primers and probes of TaqMan assays were designed using Primer Express

Oligo Design software v2.0 (Applied BioSystems) and were available upon

request as TaqMan Pre-Designed SNP Genotyping Assays. PCR reactions were

performed in a 5-ml reaction mixture containing 5 ng DNA, 2.5ml 2* TaqMan

Universal PCR Master Mix and 0.083ml 40* Assay Mix. The primer sequences

Table 1 MiRNAs with altered expression in T2DM and SNPs chosen for genotyping

miRNA Function SNP ID Target gene MAF Allele Chromosome Algorithm

miR-20b Plasma level of miR-20b was

lower in diabetic subjects15

rs1366600 INSR 0.142 T4C 19p13.3-p13.2 Patrocles targets & miRSNP.

Database & microRNA.org

miR-9 Exert a negative control on

insulin release12

rs17767794 PDP2 0.192 G4C 16q22.1 Patrocles targets &

miRSNP.Database

rs3824926 SLC37A2 0.183 T4C 11q24.2 miRSNP.Database & TargetScan

miR-132 Have a role in obesity related

impaired insulin sensitivity20

rs2295491 TRIB3 0.159 G4A 20p13-p12.2 miRSNP.Database

& microRNA.org

rs11724758 FABP2 0.378 G4A 4q28-q31 Patrocles targets & miRSNP.

Database & TargetScan

miR-34a Serum level of miR-34a was

higher in diabetic subjects10

rs2292899 ACSL1 0.366 G4A 4q35 miRSNP.Database & TargetScan

miR-96 Affect insulin exocytosis11 rs1048956 RNLS 0.451 A4G 10q23.31 Patrocles targets & microRNA.org

miR-200a Have a role in glucose stimulated

insulin secretion21

rs405729 GSTA4 0.329 G4A 6p12.1 PolmiRTS & Patrocles

miR-410 Involved in the regulation of

insulin secretion21

rs41281467 PRKCE 0.050 C4T 2p21 PolmiRTS & Patrocles

miR-29a Control insulin signaling in target

tissues of insulin action18

rs41275748 AKT2 0.083 A4C 19q13.1-q13.2 miRSNP.Database &

microRNA.org

Abbreviations: MAF, minor allele frequency; miRNA, microRNA; SNP, single-nucleotide polymorphism; T2DM, type 2 diabetes.
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used were shown in (Supplementary Table S1). The PCR conditions were:

50 1C for 2min, 95 1C for 10min, 95 1C for 15 s and then 60 1C for 1min; forty

cycles of real-time PCR were performed. Individual genotype identification

was performed by SDS software 2.0 (ABI). Each plate contained two samples

from the same individual as positive controls and two blank samples as

negative controls for the genotyping quality confirmation. There was 100%

consistency in a 5% sample of duplicate testing. All the genotyping assays were

done without knowing the subjects’ case and control status.

Statistical analysis
Differences between cases and controls in demographic characteristics, risk

factors and genotype frequencies were evaluated by two-sided w2-square test

(for categorical variables) or Student’s t-test (for continuous variables). Hardy–

Weinberg equilibrium was assessed by a goodness-of-fit w2 test to compare the

observed genotype frequencies with the expected ones among the controls.

Associations between gene genotypes and risk of T2DM were estimated by

computing odds ratios (ORs) and their 95% confidence intervals (CIs) from

unconditional logistic regression analyses with adjustment for age, gender and

WC. We carefully controlled the potential influence of multiple comparisons

using the thousand times permutation test by using Stata11.0 software (version

9.2; StataCorp LP, College Station, TX, USA). The gene–environmental

interaction was assessed with crossover analysis by using Stata11.0 software.

WCX85 cm for men or WCX80 cm for women was defined as abdominal

obesity. All of the statistical analyses were performed with SPSS18.0 software

(Version 18.0, SPSS Inc., Chicago, IL, USA). All tests were two sided and the

criterion for significance was set at Po0.05.

RESULTS

Basic characteristics
The characteristics of the cases and controls enrolled in this study
are shown in Table 2. There was no significant difference in the
distribution of age and gender between the cases and controls. Of the
selected characteristics, significant differences existed between cases
and controls for blood pressure, waist circumference, body mass
index, total cholesterol, triglycerides, high-density lipoprotein choles-
terol, low-density lipoprotein cholesterol and fasting plasma glucose.

Logistic regression analysis for the association between SNP
genotypes in miRNA target sites and T2DM
The genotype distribution for all the SNPs did not show any deviation
from the Hardy–Weinberg equilibrium (all P40.05 in controls). The
logistic regression analysis revealed that rs1366600CC homozygote

was associated with a significant risk effect for T2DM, compared with
the rs1366600TT wide-type homozygote (adjusted OR¼ 2.03; 95%
CIs¼ (1.02–4.01)). When assuming a co-dominant allele effect, the
combined TC/CC variant genotype was associated with a significantly
increased risk of T2DM compared with GG genotype (adjusted
OR¼ 1.28; 95% CIs¼ (1.04–1.57)). Likewise, compared with
rs2292899GG wild-type genotype, the variant genotype GA was
associated with an increased risk of T2DM (adjusted OR¼ 1.22;
95% CIs¼ (1.004–1.49)). However, the variant genotype AA of
rs11724758 was associated with a significantly reduced risk of
T2DM compared with the GG genotype with adjusted OR and
95% CIs of 0.76 (0.58–0.997). After inspection by the thousand times
permutation test, the frequency distribution of those three sites
genotyped between the case group and control group still contained
statistical differences (Table 3). The remaining seven SNPs did not
show significant difference in the associations of T2DM
(Supplementary Table S2).

Stratified analysis of miRNA target SNP genotypes with T2DM
susceptibility
In stratification analyses, we found the association between
rs1366600CC genotype and T2DM risk was significant among the
elderly (age 455) (adjusted OR¼ 2.54; 95% CI¼ (1.06–6.07)) and
non-drinkers (adjusted OR¼ 2.36; 95% CIs¼ (1.08–5.16)). Similarly,
rs1366600CT increased the risk of T2DM in the elderly (455 years
old) and abdominal obesity people (adjusted ORs¼ 1.35, 1.59; 95%
CIs¼ (1.02–1.79), (1.15–2.19), respectively). We only observed a
higher risk of T2DM in the normal WC people who carried the
rs2292899GA genotype (P¼ 0.025; adjusted OR¼ 1.38; 95%
CIs¼ (1.04–1.82)). There was more pronounced decrease in T2DM
risks among males, elderly (age 455), smokers and drinkers carrying
rs11724758AA genotype (adjusted ORs¼ 0.64, 0.57, 0.54, 0.43; 95%
CIs¼ (0.44–0.93), (0.39–0.82), (0.33–0.90), (0.23–0.78), respectively)
(Table 4). There was no significant difference in the magnitude of the
associations between the remaining seven SNPs and T2DM in subjects
with different age, gender, abdominal obesity, smoking, drinking
(data not shown).

Crossover analysis in assessing gene–environmental interaction
Rs1366600, rs2292899 and rs11724758 which had significant associa-
tions with the risk of T2DM in the single-locus analysis were,
respectively, assessed the gene–environmental interaction by crossover
analysis. The dominant models of rs1366600, rs2292899 and
rs11724758 were defined as Gþ . Rs1366600TT, rs2292899GG,
rs11724758GG were defined as G�. Abdominal obesity was defined
as the Eþ and the normal WC was defined as E�. In the analysis of
rs1366600 and rs2292899, subjects who only carried the environ-
mental risk factor or putative risk genotype had the increased risk
of T2DM (adjusted ORs¼ 2.17, 1.32, 2.73; 95% CIs¼ (1.75–2.68),
(1.01–1.72), (2.04–3.67), respectively), while those who exposed to
both environmental factor and genotype factors (putative risk
genotypes) had the highest risk of T2DM (adjusted ORs¼ 3.56,
3.04; 95% CIs¼ (2.61–4.87), (2.31–3.99), respectively). Nevertheless,
the subjects with abdominal obesity exposed to rs11724758GA/AA
variant genotype (putative protective genotype) had an increased risk
of T2DM (adjusted OR¼ 2.24; 95% CI¼ (1.71–2.95)), while the
abdominally obese subjects exposed to rs11724758GG genotype
(putative risk genotype) had the highest risk for T2DM (adjusted
OR¼ 2.62; 95%CI¼ (1.92–3.58)) (Table 5).

Table 2 Baseline characteristics of individuals between the case and

control groups.

Variables Case (n¼1017)

Control

(n¼1059) P-value

Sex (male:female) 556:461 543:516 0.121

Age (years) 56.80±12.21 56.69±12.45 0.831

Systolic pressure (mmHg) 137.00±20.43 127.09±18.44 o0.001

Diastolic pressure (mm Hg) 84.23±11.48 79.26±10.80 o0.001

Waist circumference (cm) 87.24±10.06 82.20±9.81 o0.001

BMI (kg m�2) 24.89±3.55 24.14±3.27 o0.001

Total cholesterol (mmol l�1) 5.15±1.34 4.97±0.91 o0.001

Triglyceride (mmol l�1) 2.57±2.67 1.61±1.11 o0.001

Fasting plasma glucose (mmol l�1) 11.03±3.98 5.12±0.62 o0.001

HDL-C (mmol l�1) 1.15±0.44 1.39±0.35 o0.001

LDL-C (mmol l�1) 2.77±0.98 2.53±0.86 o0.001

Abbreviations: BMI, body mass index; HDL-C, high-density lipoprotein cholesterol; LDL-C,
low-density lipoprotein cholesterol.
Data are presented as means±s.d.
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Assessing gene–gene combined effect on T2DM risk
We then analyzed the cumulative effect of three SNPs (rs1366600,
rs2292899 and rs11724758) alleles and risk of T2DM. These three loci
were evaluated together by the number (0–6) of putative risk alleles
(rs1366600 C, rs2292899 A and rs11724758 G). Compared with the
reference group (0–1), a significant increased risk of T2DM was
detected as the number of risk alleles increased (P for trend o0.001,
Table 6). Furthermore, compared with the reference group (0–1),
individuals carrying two or more risk alleles still had a 1.70-fold
increased risk for T2DM.

DISCUSSION

Recent studies1,4 demonstrated that SNPs located within miRNA-
binding sites are likely to affect the expression of the miRNA targets
that may contribute to the susceptibility to human diseases. In short,
an SNP may either abolish or weaken a miRNAs target or create a
perfect sequence match to the seed of a miRNAs.5 Abelson et al.6

showed that the var321 in the human SLITRK1 gene 30-UTR replaces
a G: U wobble base pair with an A: U Watson–Crick pairing and
strengthens an existing miR-189 target site, further amplifying the
down regulation of SLITRK1, which leads to Tourette syndrome.
Mishra et al.7 demonstrated that a 30-UTR 829C-T in the human
dihydrofolate reductase leads to a decrease in the miR-24-binding site
resulting in dihydrofolate reductase overexpression and methotrexate
resistance. We used different algorithms to predict SNPs in diabetes-
related miRNA target sites located on 30-UTRs of the genes involved

in the development and progression of T2DM. In this study, 10 SNPs
were eventually selected and genotyped, and we found significant
associations between three SNPs (rs1366600, rs2292899 and
rs11724758) and the risk of T2DM in Chinese Han population with
a moderate sample size of 1017 T2DM cases and 1059 T2DM-free
controls.
In the single-locus analyses, rs1366600CC, TC/CC of insulin

receptor (INSR) gene contributed an independently increased risk
for T2DM compared with rs1366600TT (adjusted P¼ 0.031, 0.011,
respectively). The association was more evident in elderly subjects
(carrying CC, TC/CC genotypes), non-drinkers (carrying CC geno-
type) and the abdominally obese (carrying TC genotype). The SNP
rs1366600 was located on 30-UTR of the INSR gene. The INSR gene
encodes protein having direct role in insulin signaling pathway and is
implicated in the insulin signal transduction and insulin sensitivity
modulation. Some polymorphisms localized mainly on coding region
of the INSR gene had shown correlation with insulin resistance (IR)
and T2DM.27 Rare evidence showed the correlation of SNPs on
30-UTR of the INSR gene with increased risk to IR or T2DM. For
example, Malodobra et al.27 showed that G/G genotype of rs3745551
on 30-UTR of the INSR gene dominated in IR diabetic patients and
had effect on insulin resistant phenotype development. Thus far, there
has been little focus on the association between the SNP rs1366600
and the risk of T2DM. The SNP rs1366600 of INSR gene was
predicted to be located on binding site of miR-20b seed. Zampetaki
et al.15 observed lower plasma level of miR-20b in diabetic subjects of

Table 3 The distribution of genotypes in the case and control group

Cases Controls

P-

Crude Adjusta

Pa- Pb-
dbSNPs Genotypes N (%) N (%) value OR (95% CI) OR (95% CI) value value

rs1366600 1008 1052

TT 733 (72.7) 804 (76.5) N/A 1 1 N/A N/A

TC 248 (24.6) 234 (22.2) 0.150 1.16 (0.95–1.43) 1.23 (0.99–1.52) 0.061 0.052

CC 27 (2.7) 14 (1.3) 0.025 2.12 (1.11–4.07) 2.03 (1.02–4.01) 0.042 0.031

TC/CCc 275 (27.3) 248 (23.5) 0.053 1.22 (1.00–1.48) 1.28 (1.04–1.57) 0.023 0.011

T allele 1714 (85.0) 1842 (87.5) N/A 1

C allele 302 (15.0) 262 (12.5) 0.018 1.24 (1.04–1.48)

Additive model 0.019 1.24 (1.04–1.48) 1.28 (1.06–1.54) 0.010

rs2292899 1011 1052

GG 377 (37.3) 430 (40.9) N/A 1 1 N/A N/A

GA 503 (49.7) 483 (45.9) 0.070 1.19 (0.99–1.43) 1.22 (1.004–1.49) 0.045 0.043

AA 131 (13.0) 139 (13.2) 0.608 1.08 (0.82–1.42) 1.13 (0.84–1.51) 0.416 0.414

GA/AAc 634 (62.7) 622 (59.1) 0.095 1.16 (0.97–1.39) 1.20 (0.997–1.45) 0.054 0.047

G allele 1257 (62.1) 1343 (63.8) N/A 1

A allele 765 (37.9) 761 (36.2) 0.268 1.07 (0.95–1.22)

Additive model 0.262 1.08 (0.95–1.22) 1.10 (0.96–1.26) 0.151

rs11724758 1012 1049

GG 361 (35.7) 348 (33.2) N/A 1 1 N/A N/A

GA 507 (50.1) 519 (49.5) 0.539 0.94 (0.78–1.14) 0.92 (0.75–1.12) 0.403 0.401

AA 144 (14.2) 182 (17.3) 0.044 0.76 (0.57–0.99) 0.76 (0.58–0.997) 0.048 0.035

GA/AAc 651 (64.3) 701 (66.8) 0.233 0.90 (0.75–1.07) 0.88 (0.72–1.10) 0.173 0.152

G allele 1229 (60.7) 1215 (57.9) N/A 1

A allele 795 (39.3) 883 (42.1) 0.066 0.89 (0.79–1.01)

Additive model 0.062 0.89 (0.78–1.006) 0.88 (0.77–1.004) 0.057

Abbreviations: CI, confidence interval; N/A, not applicable; OR, odds ratio.
The bold values indicate positive results.
aAdjusted for age, sex and waist circumstance.
bThousand times permutation test.
cAnalyzed under dominant model.
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the Bruneck study, indicating the important role of miR-20b in
diabetes. In present study, we predicted that the variant allele C of
rs1366600 in 30-UTR of the INSR gene may cause a loss of the binding
site for the miR-20b by algorithms and identified that it is associated
with higher diabetes risks. However, how the miRNA regulates the
expression of target gene INSR and the exact biological mechanism of
the effect that the SNP has on miRNA binding needs further research.
We hypothesized that the SNP rs1366600 in miR-20b target site can
have an effect on INSR gene expression, further to change the
function of the receptor. Although normal insulin secretion continues,
the receptor cannot react to the existing insulin, ultimately leading to
IR or T2DM.
We also found that the acyl-CoA synthetase 1 (ACSL1)

rs2292899GA heterozygote genotype was associated with a signifi-
cantly increased risk of T2DM. The association between higher risk of
T2DM and rs2292899GA was more evident in the normal WC
subjects (Table 4). The association between T2DM and rs2292899AA
homozygotes was not showed in present study, but the A was
considered as risk allele. This was due to the insufficient sample size
and rs2292899AA contributed an increased risk for T2DM compared
with rs2292899GG (adjusted OR¼ 1.13, despite P¼ 0.416). The SNP
rs2292899 was located on 30-UTR of the ACSL1 gene. ACSL1, the
major acyl-CoA synthetase of adipocytes, is involved in peroxisome
proliferator-activated receptor signaling pathway. Peroxisome prolif-
erator-activated receptors have been identified as the key regulators of
fatty acid and lipoprotein metabolism, glucose homeostasis, cellular
proliferation/differentiation and the immune response. Although
ACSL1 clearly has an important role relevant to lipid metabolism
and fatty-acid-induced insulin resistant, rare studies to date have
investigated the association between genetic variants of ACSL1 and
T2DM.28 The SNP rs2292899 of ACSL1 gene was predicted to be
located on binding site of miR-34a seed. Expression of miR-34a
increased in the b-cell line MIN6B1 or pancreatic islets after exposed
to palmitate in islets of diabetic db/dbmice. Elevated miR-34a resulted
in sensitization to apoptosis and impaired nutrient-induced insulin
secretion.14 Kong et al.10 showed that hypertriglyceridemia as one of
the characteristic blood lipid abnormalities in diabetes could favor the
onset of diabetes via higher serum level of miR-34a. The variant allele
A of rs2292899 on 30-UTR of the ACSL1 gene was predicted to cause a
loss of the binding site for the miR-34a by algorithms and identified
that it could cause higher diabetes risks. How the SNP located on
miRNA binding affects the target gene ACSL1 expression eventually
leading to T2DM also needs to study further.
In this study, we found the variant genotype AA of rs11724758

compared with the GG genotype was associated with a significantly
decreased risk of T2DM (adjusted P¼ 0.035). In the stratified
analyses, we similarly found that there was pronounced decrease in
T2DM risk in males, elderly (age 455), smokers and drinkers
carrying rs11724758AA genotype. The SNP rs11724758 was on 30-
UTR of the fatty-acid-binding protein 2 (FABP2) gene. The FABP2
involved in peroxisome proliferator-activated receptor signaling path-
way has an important role in intracellular transportation of dietary
long-chain fatty acids and fat absorption.29 It has been reported that a
polymorphism at codon 54 of the FABP2 gene, changing G to A
(Ala54Thr), is associated with high IR, fasting insulin concentrations
and involved in the development of T2DM.29 But no evidence
indicates any association between rs11724758 and T2DM. We
predicted rs11724758 located in binding site of miR-132 seed.
Klöting et al.20 performed a global miRNA gene expression assay in
different fat depots of overweight and obese individuals and found
that the expression of miR-132 had a role in the link between adiposeT
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tissue dysfunction and the development of obesity-associated
disorders including T2DM. We hypothesize that the variant allele A
of rs11724758 on 30-UTR of the FABP2 gene may cause loss of the
binding site for the miR-132. Likewise, further functional studies are
needed to validate the hypothetically functional mechanism.
The crossover analysis of the genetic polymorphisms of three genes

and environmental risk factor (abdominal obesity) indicated that,
subjects who exposed to both the abdominal obesity and putative risk
genotypes (rs1366600TC/CC and rs2292899GA/AA) had higher risk
of T2DM than those who exposed to single environmental factor or
genotype factor. This may be attributed to the gene–environmental
interaction that the risk effect of these two putative risk genotypes
could be strengthened by the abdominal obesity. In addition, we
found the carriers with potential protective genotype (rs11724758GA/
AA), who did expose to the abdominal obesity, had a decreased risk
effect for T2DM compared with those who exposed to the abdominal
obesity and potential risk genotype. This may be ascribed to that the
potential protective genotype could decrease the effect of abdominal
obesity factor on risk of T2DM.
Importantly, a cumulative effect was observed when the genotypes

of rs1366600, rs2292899 and rs11724758 were combined to be
analyzed with T2DM risk. Although in different signaling pathway,
mutations in the INSR, ACSL1 and FABP2 genes are connected with
IR and have a significant role in the pathogenesis of T2DM. Results
from the study of Ning et al. demonstrated that insulin and insulin
signaling induced IR through interactions with fat, which was in turn
likely caused by the excessive accumulation of activated long-chain
acyl-CoAs in mitochondria. It indicated that fat may not be able to

induce IR without insulin,30 while ACSL1 and FABP2 genes have a
major role in fatty acid and lipoprotein metabolism.
In conclusion, our results suggest the rs1366600 of INSR gene,

rs2292899 of ACSL1 gene and rs11724758 of FABP2 gene in miRNA-
binding sites had significant associations with T2DM risk in Chinese
Han population. The mechanism which caused T2DM susceptibility
by subtle gene regulation is still not fully appreciated and clear.
Further functional studies are necessary to verify whether the miRNA
regulates the expression of target gene by binding to predicted target
sequences.
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