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Background: Insulin receptor (INSR), insulin receptor substrate (IRS) and glucose trans-
porter 4 (GLUT4) play important roles in the insulin resistance pathway. The microRNA
(miRNA or miR) involved in INSR, IRS or GLUT4 could be associated with the develop-
ment of type 2 diabetes (T2DM).

Methods: The aim of this study was to investigate the association of T2DM with 12 single
nucleotide polymorphisms (SNPs) in 7 miRNAs (miR-195, miR-126, miR-144, miR-155,
miR-21, miR-93 and miR-222) involved in the insulin resistance pathway. A total of 1593
subjects with T2DM and 1656 nondiabetic subjects were genotyped. Then, the associations
of these SNPs with the development of T2DM and individual metabolic traits were eval-
uated, such as fasting plasma glucose (FPG) and glycosylated haemoglobin (HbA1C).
Results: Our data showed that the C allele of 151292037 in miR-21 could increase the risk of
developing T2DM (P =0.002, OR = 1.17; 95% CI: 1.06-1.29). In addition, the T allele of rs13137
in miR-21 could be a risk factor for T2DM (P = 0.003, OR = 1.16; 95% CI: 1.05-1.28). According
to inheritance mode analysis, compared with the T/T-T/C genotype, the C/C genotype of
151292037 showed a risk effect in T2DM in the recessive mode (P = 0.001, OR = 1.35; 95% CI:
1.13-1.63). For rs13137, compared with the A/A-A/T genotype, the T/T genotype also showed
arisk effect in T2DM in the recessive mode (P =0.001, OR = 1.35; 95% CI: 1.13-1.62). Moreover,
in the nondiabetic group, compared with the rs78312845 A/G (FPG = 5.177+0.488mmol/L;
HbA1C = 5.147+0.293%) and A/A genotypes (FPG = 5.155+0.486mmol/L; HbAIC = 5.136
+0.299%), the G/G genotype (FPG = 4.887+0.482mmol/L; HbA1C = 4.960+0.397%) was asso-
ciated with lower FPG (P = 0.012 and 0.019) and HbA1C (P = 0.008 and 0.011).

Conclusion: Our results revealed that rs1292037 and rs13137 in miR-21 were associated with
T2DM susceptibility in a Han Chinese population. Moreover, the rs78312845 in miR-195 con-
tributed to the level of FPG and HbA1C in nondiabetic group in the Han Chinese population.
Keywords: polymorphisms, T2DM, insulin resistance, Chinese population, microRNA

Introduction
Diabetes mellitus (DM) has received attention due to its high global prevalence and its
severe complications, which lead to high mortality and disability. In China, approxi-
mately 140.9 million people had diabetes in 2021, which has the largest numbers of
adults with diabetes aged 2079 years.' Type 2 diabetes (T2DM), which accounts for 90—
95% of all diabetes cases, is triggered by insulin resistance in peripheral tissues.”
Adipose tissue and the liver are considered the major insulin-responsive
tissues.” In adipocytes and hepatocytes, insulin receptor (INSR), insulin receptor
substrate (IRS) and glucose transporter 4 (GLUT4) are involved in one of the
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classic insulin resistance signalling pathways.”* The bind-
ing of insulin to INSR stimulates IRS and triggers protein
kinase C (Akt), and the translocation of GLUT4 promotes
the uptake of glucose. The impairment of any molecule in
insulin signalling could have detrimental effects on insulin
action, therefore insulin resistance and
T2DM.>*

MicroRNAs (miRNAs or miRs), which are derived

from endogenous hairpin structured transcripts of the gen-

leading to

ome, contribute to mRNA posttranscriptional regulation.’
The differential expression of miRNAs among diseases
provides evidence that miRNAs play an important role in
diseases, such as T2DM.®'* The miR-195 targeted the
INSR in hepatocyte and was upregulated in the hypergly-
cemic rat liver.'>'® The miR-126 and miR-144 targeted
the IRS in adipocyte and were regulated in T2DM
subjects.®*'*1771% The miR-155 impaired the insulin sen-
sitivity by targeting INSR and GLUT4 in adipocyte, and
lower expression in men with obesity.”*' The miR-21,
miR-222 and miR-93 were proved to target the GLUT4 or
its translocation in adipocyte.''"**** The expression of
miR-21 was shown to be decreased in T2DM subjects,*

1014 9nd metabolic

obese T2DM subjects,'* obese subjects
syndrome subjects.” The miR-222 was upregulated in the
hyperglycemic rat adipose tissue and the miR-222 expres-
sion was increasing in response to hyperglycemia in 3T3-
L1 adipocyte.”> The miR-93 expression was upregulated
in polycystic ovary syndrome with intrinsic insulin resis-
tance, and in non-polycystic ovary syndrome women with
insulin resistance.""

Moreover, single nucleotide polymorphisms (SNPs) in
miRNAs could have an effect on not only the expression
of miRNAs but also target gene mRNA degradation, trans-
lation and expression,”** which could cause diseases, such
as T2DM.*> Therefore, SNPs in miRNAs that regulate
insulin resistance by targeting INSR, IRS, Akt and
GLUT4 not only change the quantity and quality of
microRNAs but also influence the binding between
microRNAs and target genes, which are involved in insu-
lin resistance in adipocytes and hepatocytes.'''®* For
example, in 2019, Zhang et al reported that the
rs13137T/T genotype had miR-21
(P=0.027), and such lower miR-21 level was associated

lower levels

with T2DM, obese nondiabetic and metabolic syndrome
subjects.”"!314-2

In 2019, we investigated the twelve SNPs in 9 miRNAs
(rs10459194 in miR-135a-2, rs10993081 and rs7045890 in

let-7d, rs2296616 in miR-107, rs2402959 and rs6965643

in miR-96, rs24168 in miR-29a, rs3745453 in miR-23a,
1s4636297 in miR-126, rs8089787 and rs9948906 in miR-
133a-1 and rs999885 in miR-106b) in 784 T2DM subjects
and 846 no-diabetic subjects, and our results have identi-
fied the associations of the rs3745453 of miR-23a target-
ing to GLUT4 and the rs2402959 of miR-96 targeting to
IRS with T2DM.?” Therefore, in the current study, we
investigated the associations of 12 SNPs in 7 miRNAs
(rs78312845 in miR-195, rs2297537 and rs2297538 in
miR-126, rs28448745 in miR-144, rs1547354 in miR-
155, rs1292037 and rs13137 in miR-21, rs1527423 in
miR-93 and rs2858061, rs34678647, rs2858060 and
rs2745709 in miR-222) with T2DM in a Han Chinese
population. Moreover, we evaluated the association of
these SNPs with individual metabolic traits in the nondia-
betic (NDM) group.

Materials and Methods

Ethics Statement

This study was approved by the Institutional Review
Boards of the Affiliated Hospital of Yunnan University
and the Ethical protocol approval number was 2016043.
The protocol used in this investigation was in accordance
with the principles expressed in the 1975 Declaration of
Helsinki, which was revised in 2008. All participants
provided written informed consent.

Subjects

A total of 1593 subjects (990 males and 603 females) who
were diagnosed with T2DM at the affiliated Hospital of
Yunnan University from January 2017 to November 2018
were recruited into this study. The diagnosis of T2DM was
in accordance with the World Health Organization criteria
published in 1999 and American Diabetes Association
(ADA) guidelines in 2017.% In brief, the criteria for inclu-
sion of T2DM group was the T2DM subjects with fasting
plasma glucose >7.0mmol/L or 2-hours postprandial
plasma glucose>11.Ilmmol/L or a random plasma gluco-
se>11.1mmol/L. The criteria for exclusion of T2DM group
was: (DThe islet beta-cell function was evaluated by mea-
surement of fasting insulin and C peptides level and glu-
cose-load insulin and C peptides level to exclude subjects
with type 1 diabetes; (@)The islet cell autoantibodies and
glutamic acid decarboxylase autoantibodies were detected
to exclude subjects with latent autoimmune diabetes in

.28

adults; (®Gestational women were not included;

(®)Specific types of diabetes were excluded by history
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illness, such as glucocorticoid induced diabetes. The NDM
group included 1656 subjects (1048 males and 608
females) with no family history of diabetes mellitus who
were undergoing routine health check-ups at the affiliated
Hospital of Yunnan University. Subjects with diabetes
were excluded from the NDM group. In addition, subjects
with prediabetes were excluded from the NDM group
(subjects with fasting plasma glucose (FPG) greater than
6.1 mmol/L and/or glycosylated haemoglobin (HbA1C)
greater than 5.7%). In addition, subjects with hypertension
or coronary heart disease were excluded from the NDM
group. All participants (T2DM and NDM) self-reported
being ethnically Han.

Laboratory Measurements

Venous blood samples were collected in the morning after
the subjects had fasted for 12 hours. Fasting plasma glu-
cose (FPG) was assayed using the glucose oxidase
method. Total cholesterol (TC), high-density lipoprotein
cholesterol (HDL-C), triglycerides (TG) and low-density
lipoprotein cholesterol (LDL-C) were determined by enzy-
matic methods. HbA1C was determined by immunoturbi-
dimetry. All laboratory measurements were performed on
a HITACHI 7600-020 Automatic Analyzer.

miRNA Selection and SNP Genotyping

A total of twelve SNPs in the seven miRNAs (miR-195, miR-
126, miR-144, miR-155, miR-21, miR-93 and miR-222)
were selected for genotyping, as the miRNAs play an impor-
tant role in the insulin resistance pathway by directly targeting
INSR, IRS or GLUT4. Genomic DNA was obtained from
EDTA anticoagulated whole blood of the subjects using
a QIAamp Blood Mini Kit. The probes and primers used
for genotyping were all purchased from ABI (http:/www.
appliedbiosystems.com). The twelve SNPs were genotyped

using the TagMan fluorescent quantitative PCR method with
the QuantStudio™ Real-Time PCR instrument. The total
PCR volume was 5 pL, and the reaction conditions were 95
°C predenaturation for 10 minutes, 40 cycles of 95 °C dena-
turation for 15 seconds, 60 °C annealing for 1 minute, and
finally 60 °C extension for 5 minutes. Deionized water was
used to replace template DNA as a negative control. The data
were analysed by TagMan Genotyper Software (Version
1.3.1). To identify the accuracy of SNP genotyping using
the TagMan assay, samples with each genotype of the twelve
SNPs were sequenced. Then, different genotypes samples
were used as positive sample in each TagMan assay.

Statistical Analysis

The age and glucose and lipid parameters of the subjects
enrolled in the present study are expressed as the mean
+standard deviation. The analyses of the age, sex and clin-
ical metabolic parameter differences between the T2DM and
NDM groups were calculated. The Hardy-Weinberg equili-
brium (HWE) of each SNP in both the T2DM and NDM
groups, the allele and genotype frequencies of the SNPs, the
differences in allele and genotype frequencies between the
T2DM and NDM groups and the odds ratios (ORs) with
associated 95% confidence intervals (Cls) of allele-specific
risks were calculated by SHEsis software.””*® The associa-
tion between each SNP and T2DM was analysed for mode
of inheritance using SNPStats after adjusting the sex and

age.’!

Linkage disequilibrium (LD) measures involving
these SNPs for all individuals in the current study were
calculated using SHEsis.?* " If there is a strong linkage
between SNPs (D’ > 0.7), the frequencies of the haplotypes
constructed using these SNPs were calculated, and associa-
tion of haplotypes with T2DM were evaluated.”*>° The
Akaike information criterion (AIC) and Bayes information
criterion (BIC) were used to determine the best fit model for
each SNP. Bonferroni correction was performed for multiple
comparisons, and the significance threshold was set at
P<0.004 (0.05/12). Analysis of variance (ANOVA) was
used to compare the differences in metabolic traits between
the three genotype groups and these 12 SNPs in the NDM
group. Bonferroni correction was used to compare the dif-
ferences in metabolic parameters between three genotypes in
the NDM group, and the significance threshold was set at
P<0.05. Power-analysis was performed using power and
sample size calculations.’” Statistical analyses were per-
formed using SPSS 21 (Chicago, IL) and GraphPad
Prism 7.00.

Results

Subject Characteristics

Table 1 lists the clinical characteristics and glucose and lipid
metabolic parameters of the enrolled subjects. The age of the
T2DM group was 58.014+12.233 years old (male 57.726
+12.497 and female 58.488+11.781, respectively) and was
58.192+11.543 years old (male subjects 58.385+11.405 and
female 57.860+11.780, respectively) in the NDM group. In
T2DM, there was 990 males and 603 females. In the NDM
group, there was 1048 males and 608 females. There were
no age or sex differences between the T2DM and NDM
groups. In NDM group, the TC, HDL-C, TG, LDL-C, FPG,
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Table | Clinical Characteristics and Glucose and Lipid Metabolic Parameters of the Subjects Enrolled in the Present Study (Data are

the Mean * SD)

NDM T2DM P value

N 1656 1593

Age (years) 58.192+11.543 58.014+12.233 0.671
Sex (M/F) 1048/608 990/603 0.263
Age (M; years) 58.385+11.405 57.726+12.497 0.215
Age (F; years) 57.860+11.780 58.488+11.781 0.354
Total cholesterol (mmol/L) 4.897+1.020 4817+1.118 0.037
Triglycerides (mmol/L) 1.712+1.149 2.458+2.085 <0.001
High-density lipoprotein-cholesterol (mmol/L) 1.339£0.355 1.085+0.284 <0.001
Low-density lipoprotein-cholesterol (mmol/L) 3.080+0.890 2.808+0.959 <0.001
Fasting plasma glucose (mmol/L) 5.156+0.487 8.136+2.624 <0.001
Glycosylated haemoglobin (%) 5.135+0.300 9.064+2.703 <0.001

and HbA1C were 4.897+1.020mmol/L, 1.712+1.149mmol/
L, 1.339+0.355mmol/L, 3.080+0.890mmol/L, 5.156
+0.487mmol/L and 5.135+0.300%. In T2DM group, the
TC, HDL-C, TGs, LDL-C, FPG, and HbA1C were 4.817
+1.118mmol/L, 2.458+2.085mmol/L, 1.085+0.284mmol/L,
2.808+0.959mmol/L, 8.136+£2.624mmol/L and 9.064
+2.703%. Significant differences were observed in glucose
and lipid metabolic parameters (TC, HDL-C, TGs, LDL-C,
FPG, and HbA1C) between the T2DM and NDM groups
(Table 1). Specifically, the T2DM group had lower TC and
LDL-C than the NDM group, as antihyperlipidemic agents
were prescribed at the diagnosis of T2DM.

Association of the Twelve SNPs with

T2DM

The allele and genotype frequencies for 8§ SNPs in miRNAs
located in autosomal chromosomes are listed in Table 2. The
genotype frequencies for SNPs were in HWE for the T2DM
and NDM groups (P>0.05), except for rs1547354 in the
T2DM group (P=0.05). As shown in Table 2, rs78312845
in miR-195, rs2297537 and rs2297538 in miR-126,
rs28448745 in miR-144, rs1547354 in miR-155 and
1s1527423 in miR-93 showed no association with T2DM
(P>0.05). However, the allelic and genotypic distribution of
rs1292037 and rs13137 in miR-21 showed significant differ-
ence between the NDM and T2DM groups (P<0.004). The
C allele of 151292037 in miR-21 could increase the risk of
developing T2DM (P=0.002, OR=1.17; 95% CI: 1.06—1.29),
and the T allele of rs13137 in miR-21 could also be a risk
factor for T2DM (P=0.003, OR=1.16; 95% CI: 1.05-1.28)
(Table 2). For miR-222 located on the X chromosome, the
allele and genotype frequencies of four SNPs (rs2858061,

1s34678647, rs2858060 and rs2745709) in miR-222 in the
T2DM female and NDM female groups are listed in Table 3.
The four SNPs in miR-222 showed no association with
T2DM (P>0.05).

Mode of Inheritance Analysis
Table 4 and Supplement Table 1 present the results of

analyses conducted to determine the mode of inheritance
for the twelve SNPs. To compare each inheritance model
(codominant, dominant, recessive, overdominant and log-
additive) to the most general model, the AIC and BIC
were calculated to identify the inheritance model that
best fit the data.®’ The model with the smallest AIC and
BIC values expected
entropy.®! The best fit inheritance model with the lowest
AIC for rs1292037 and rs13137 in miR-21 was recessive.
For rs1292037, the C/C genotype showed a risk effect in
T2DM (P=0.001, OR=1.35; 95% CI: 1.13-1.63). For
rs13137, the T/T genotype showed a risk effect in T2DM
(P=0.001, OR=1.35; 95% CI: 1.13-1.62).

corresponds to the minimal

Association of the Haplotypes of the
miR-126, miR-21 and miR-222 Gene
SNPs with T2DM

According to the LD value (D’>0.7), we constructed the
haplotypes in miR-126, miR-21 and miR-222. For
1s2297537 and rs2297538 in miR-126, the LD value was
0.963 for rs2297537-rs2297538. For rs1292037 and rs13137
in miR-21, the LD value was 0.995 for rs1292037-rs13137.
For 1s34678647, 152745709 and rs2858060 in the miR-222,
the LD value was 0.714 for rs34678647 and rs2858060, 0.889
for rs34678647 and rs2745709, and 0.984 for rs2745709 and
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Table 2 Comparison of Genotypic and Allelic Distribution of Eight SNPs Among Six microRNAs Between T2DM Group and NDM

Group
SNPs Alleles/Genotypes T2DM NDM Chi? P value Odds Ratio
n(Freq) n(Freq) [95% CI]
rs78312845 A 2748(0.863) 2907(0.878) 3.320 0.068 0.87 [0.76-1.01]
G 438(0.137) 405(0.122)
AIA 1183(0.743) 1276(0.771) 3.460 0.178
AIG 382(0.240) 355(0.214)
GIG 28(0.018) 25(0.015)
H-w 0.656 0.957
rs2297537 C 2589(0.813) 2652(0.803) 0.936 0.333 1.06 [0.94-1.20]
G 597(0.187) 650(0.197)
C/IC 1063(0.667) 1065(0.645) 2.568 0.277
CIG 463(0.291) 522(0.316)
G/G 67(0.042) 64(0.039)
H-w 0.069 0.997
rs2297538 G 2757(0.865) 2875(0.869) 0.147 0.701 1.03[0.89-1.87]
A 429(0.135) 435(0.131)
GIG 1197(0.751) 1257(0.760) 0518 0.772
AIG 363(0.228) 361(0.218)
AIA 33(0.021) 37(0.022)
H-w 0.376 0.070
rs28448745 C 2153(0.676) 2271(0.686) 0.735 0.391 1.05[0.94-1.16]
A 1033(0.324) 1041(0.314)
ciC 723(0.454) 788(0.476) 1.976 0.372
A/C 707(0.444) 695(0.420)
AIA 163(0.102) 173(0.104)
H-w 0.610 0.284
rs|1547354 G 2744(0.861) 2862(0.865) 0.157 0.692 1.03[0.89-1.19]
A 442(0.139) 448(0.135)
G/G 1191(0.748) 1238(0.748) 1.637 0.441
AIG 362(0.227) 386(0.233)
AIA 40(0.025) 31(0.019)
H-w 0.050 0.886
rs1292037 T 1802(0.566) 1997(0.603) 9.155 0.002 1.17[1.06-1.29]
C 1382(0.434) 1315(0.397)
T/T 522(0.328) 593(0.358) 11.438 0.003
crT 758(0.476) 811(0.490)
Cc/IC 312(0.196) 252(0.152)
H-w 0.218 0.353
rs|3137 A 1801(0.565) 1992(0.601) 8.740 0.003 1.16 [1.05-1.28]
T 1385(0.435) 1320(0.399)
AIA 520(0.326) 588(0.355) 11.257 0.004
AT 761(0.478) 816(0.493)
T/T 312(0.19¢) 252(0.152)
H-w 0.264 0.258
rs1527423 A 2566(0.805) 2677(0.808) 0.086 0.769 0.98 [0.87—1.11]
G 620(0.195) 635(0.192)
AIA 1027(0.645) 1085(0.655) 1.244 0.537
AIG 512(0.321) 507(0.306)
G/G 54(0.034) 64(0.039)
H-w 0312 0.620
Abbreviations: SNP, single nucleotide polymorphisms; T2DM, type 2 diabetes; NDM, nondiabetic.
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Table 3 Comparison of Genotypic and Allelic Distribution of Four SNPs in microRNA-222 Between T2DM Group and NDM Group

in Female Subjects

SNPs Alleles/Genotypes T2DM NDM Chi? P value Odds Ratio
n(Freq) n(Freq) [95% CI]
rs285806 | G 962(0.799) 948(0.780) 1.369 0.242 0.89 [0.73-1.08]
C 242(0.201) 268(0.220)
GIG 389(0.646) 367(0.604) 2.943 0.230
CIG 184(0.306) 214(0.352)
o/e 29(0.048) 27(0.044)
H-w 0.235 0.550
rs34678647 G 976(0.811) 978(0.804) 0.157 0.692 1.04 [0.85-1.28]
T 228(0.189) 238(0.196)
GIG 404(0.671) 400(0.658) 0.279 0.870
GIT 168(0.279) 178(0.293)
TT 30(0.050) 30(0.049)
H-wW 0.026 0.084
rs2858060 C 966(0.801) 950(0.781) 1.428 0.232 1.13[0.93-1.37]
G 240(0.199) 266(0.219)
c/IC 388(0.643) 369(0.607) 1.737 0.420
CIG 190(0.315) 212(0.349)
GIG 25(0.041) 27(0.044)
H-W 0.775 0.619
rs2745709 C 742(0.615) 736(0.605) 0.254 0.614 1.04 [0.89-1.23]
T 464(0.385) 480(0.395)
Cc/IC 232(0.385) 220(0.362) 0.868 0.648
crT 278(0.461) 296(0.487)
TIT 93(0.154) 92(0.151)
H-w 0.520 0.642

Abbreviations: SNP, single nucleotide polymorphisms; T2DM, type 2 diabetes; NDM, nondiabetic.

1s2858060. Our results showed that only rs1292037-rs13137
haplotype in miR-21 was associated with T2DM. The
1s1292037C-rs13137T haplotype was a risk factor for the
development of T2DM (P=0.003, OR=1.16; 95% CI:1.05—
1.28) and the 1s1292037T-rs13137A haplotype was
a protective factor of T2DM (P=0.003, OR=0.86; 95%
CIL:0.78-0.95) (Table 5). The rs2297537-rs2297538 and
rs34678647-rs2745709-rs2858060 haplotypes were not asso-
ciated with the T2DM (Data not shown).

Association Between Genotype and

Metabolic Traits

In the NDM group, compared with the A/G genotype,
rs78312845 in the miR-195G/G genotype was associated
with lower FPG (P=0.012) and HbAIC (P=0.008) after
Bonferroni correction (Figure 1). Similarly, compared with
the A/A genotype, rs78312845 in the miR-195 G/G genotype
was also associated with lower FPG (P=0.019) and HbA1C
(P=0.011) after Bonferroni correction (Figure 1). No signifi-
cant associations between the other eleven SNP genotypes

were observed with metabolic traits in the NDM groups (data

not shown).

Discussion

The association of SNPs in miRNAs with diseases has
been widely studied in different diseases, such as cancer,
metabolic diseases and sepsis. Here, based on the key role
of miRNAs targeting INSR/IRS/GLUT4 in hepatocytes
and adipocytes, we investigated the associations of 12
SNPs in 7 miRNAs that mediated in the insulin resistance
pathway by targeting INSR, IRS or GLUT4 and found that
rs1292037 and rs13137 in miR-21 were associated with
T2DM susceptibility in a Han Chinese population.

The overexpression of miR-21 has been reported to
improve insulin sensitivity by increasing the phosphory-
lation of Akt in insulin-resistant adipocytes, therefore
increasing GLUT4 translocation.”” In addition, miR-21
was aberrantly downregulated or decreased in person
with T2DM, obese nondiabetic and metabolic syndrome
subjects.”'*'* These results indicated that lower miR-21
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Table 4 Different Inheritance Models of rs1292037 and rs13137 in microRNA-21 Between NDM Group and T2DM Group
SNPs Models Genotypes NDM T2DM OR (95% CI) P value AIC BIC
n(Freq) n(Freq)
rs1292037 Codominant TT 593 (0.358) 522 (0.328) 1.00 0.004 4499.6 4530.0
TIC 811 (0.490) 758 (0.476) 1.06 (0.91-1.24)
c/iC 252 (0.152) 312 (0.196) 1.40 (1.14-1.72)
Dominant TIT 593 (0.358) 522 (0.328) 1.00 0.072 4505.5 4529.9
Tic-cic 1063 (0.642) 1070 (0.672) 114 (0.99-1.32)
Recessive T-T/C 1404 (0.848) 1280 (0.804) 1.00 0.001 4498.2 4522.5
C/C 252 (0.152) 312 (0.196) 1.35 (1.13-1.63)
Overdominant T/T-C/IC 845 (0.510) 834 (0.524) 1.00 0.450 4508.2 4532.5
TIC 811 (0.490) 758 (0.476) 0.95 (0.83-1.09)
Log-additive — — — 1.16 (1.05-1.28) 0.003 4499.8 4524.2
rs|3137 Codominant AIA 588 (0.355) 520 (0.326) 1.00 0.004 4501.2 4531.6
AT 816 (0.493) 761 (0.478) 1.05 (0.90-1.23)
T 252 (0.152) 312 (0.196) 1.40 (1.14-1.71)
Dominant A/A 588 (0.355) 520 (0.326) 1.00 0.087 4507.3 4531.6
ATTIT 1068 (0.645) 1073 (0.674) .14 (0.98-1.31)
Recessive AA-AIT 1404 (0.848) 1281 (0.804) 1.00 0.001 4499.7 4524.0
TT 252 (0.152) 312 (0.196) 1.35 (1.13-1.62)
Overdominant A/A-TIT 840 (0.507) 832 (0.522) 1.00 0.400 4509.5 4533.9
AT 816 (0.493) 761 (0.478) 0.94 (0.82-1.08)
Log-additive —_ —_ — 1.16 (1.05-1.28) 0.003 4501.7 4526.0

Abbreviations: T2DM, type 2 diabetes; NDM, nondiabetic; AIC, Akaike information criterion; BIC, Bayesian information criterion.

Table 5 Haplotype-Analysis of rs1292037-rs13137 in the microRNA-2| Between T2DM Group and NDM Group

rs1292037-rs13137 T2DM n(Freq) NDM n(Freq) Chi? P value Odds Ratio [95% CI]
CT 1374.98(0.432) 1314.00(0.397) 8.848 0.003 1.16 [1.05-1.28]
TA 1792.98(0.563) 1991.00(0.601) 8.848 0.003 0.86 [0.78-0.95]

Note: All those frequency<0.03 will be ignored in analysis.
Abbreviations: T2DM, type 2 diabetes; NDM, nondiabetic.

expression was associated with T2DM. In the current
study, we found that the T allele and T/T genotype of
rs13137 could be risk factors for the development of
T2DM. In 2019, Zhang et al reported that individuals
with the rs13137T/T genotype in miR-21 had lower
miR-21 levels in plasma than individuals with the
rs13137A/A genotype.”® Thus, the reason the rs13137
T allele and T/T genotype were associated with T2DM
in the current study could be that rs13137 influences the
level of miR-21 and that the T allele and T/T genotype
lead to lower miR-21 levels, which are associated with
T2DM. The rs13137 could change the miR-21 level,
which influences insulin sensitivity and is associated
with T2DM. In the current study, we also observed that
another SNP in miR-21, rs1292037, was associated with
T2DM, and the rs1292037C allele was a risk factor for
T2DM. Although miR-21 is an important insulin meta-
bolic molecule, few studies have paid attention to the

association of rs1292037 with T2DM. In 2020, Li et al
reported that the rs1292037C allele and C/C genotype in
miR-21 were strongly associated with elevated suscept-
ibility to coronary heart disease (CHD) in a Chinese Han
population.>® Notably, subjects with T2DM accounted for
167 (38.30%) of 436 patients with CHD and 152
(32.27%) of 471 healthy controls in the study by Li
et al. These results indicated that rs1292037 could be
associated with both CHD and T2DM. Moreover, our
results showed that only rs1292037-rs13137 haplotype
in miR-21 was associated with T2DM. The rs1292037C-
rs13137T haplotype was a risk factor for the development
of T2DM and the rs1292037T-rs13137A haplotype was
a protective factor of T2DM. The haplotypes results were
also consistent with the single SNP results, which indi-
cated that the association between haplotypes and T2DM
could provide powerful evidence in evaluating the genetic
preposition in T2DM.
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Figure | The genotype of rs78312845 in microRNA-195 with fasting plasma glucose (FPG) (mmol/L) and glycosylated haemoglobin (HbAIC)(%) in the nondiabetic group
(NDM) group. (A) rs78312845 in the microRNA-195G/G genotype was associated with lower FPG than the A/G and A/A genotypes (P=0.012 and P=0.019). (B)
rs78312845 in the microRNA-195G/G genotype was associated with lower HbAIC than that in the A/G and A/A genotypes (P=0.008 and P=0.011).

miR-195 was observed to be upregulated in hyperglycae-
mic rat livers and to be involved the hepatic insulin signalling
pathway by targeting the 3’'UTR of INSR and repressing the
expression of INSR in hepatocytes.'>'® In the current study,
our results showed that in nondiabetic groups, compared with
the A/G and A/A genotypes, the rs78312845G/G genotype in
miR-195 was associated with lower FPG and HbA1C. FPG is
mainly derived from hepatic gluconeogenesis, and elevating
hepatic gluconeogenesis contributes to impaired fasting
glucose.** Activation of the insulin/INSR/AKT/GLUT insu-
lin signalling pathway suppresses hepatic gluconeogenesis.*
Thus, the reason of the rs78312845G/G genotype associating
with lower FPG and HbA1C could be rs78312845G/G gen-
otype influence the miR-195 levels, which decreased the
repression of INSR and suppressed hepatic gluconeogenesis.

One limitation of the current study is that a relatively
moderate sample size may limit its statistical power; the
statistical power for the effect of the rs1292037 and
rs13137 in miR-21 was 0.595 and 0.528 respectively,
which was relatively moderate. The other limitation is
that we did not test the level of these miRNAs and
INSR, IRS, and GLUT4 in plasma among our samples.
Thus, we were unable to analyse the relationship between
these SNPs genotypes and level of these miRNAs, INSR,
IRS, and GLUT4 in plasma. A larger population and the
association between SNPs genotypes and level of these

miRNAs, INSR, IRS, and GLUT4 should be investigated
in future studies.

Conclusions

In the current study, our data showed that rs1292037 and
rs13137 in miR-21 were associated with T2DM (P=0.002
and P=0.003, respectively). The C allele of 151292037 in
miR-21 could increase the risk of T2DM (P=0.002,
OR=1.17; 95% CI: 1.06-1.29), and the T allele of
rs13137 in miR-21 could also be a risk factor for T2DM
(P=0.003, OR=1.16; 95% CI: 1.05-1.28). Furthermore, the
rs1292037C-rs13137T haplotype in miR-21 was asso-
ciated with the risk of T2DM (P=0.003, OR=1.16; 95%
CI:1.05-1.28), and the rs1292037T-rs13137A haplotype in
miR-21 was the protection factor of T2DM (P=0.003,
OR=0.86; 95%  CI:0.78-0.95). Moreover,  the
rs78312845G/G genotype in miR-195 was associated
with lower FPG and HbAIC in the nondiabetic groups
(P<0.05). In the future, functional studies of rs1292037
and rs13137 of miR-21 and rs78312845 in miR-195
should be investigated.

Abbreviations

T2DM, type 2 diabetes; SNP, single nucleotide polymorph-
isms; NDM, nondiabetic; INSR, insulin receptor; IRS, insu-
lin receptor substrate; GLUT4, glucose transporter 4; FPG,
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fasting plasma glucose; TC, total cholesterol; HDLC, high-
density lipoprotein cholesterol; TG, triglycerides; LDL-C,
low-density lipoprotein cholesterol; OR, odds ratio; AIC,
Akaike information criterion; BIC, Bayesian information
criterion.
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