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Abstract: Type 2 diabetes mellitus (T2DM) and diabetic nephropathy (DN) seriously impact the prognosis and survival of patients. Abundant studies suggest that single nucleotide polymorphisms (SNPs) within regulatory regions
of miRNAs modulate progression of various diseases including DM and DN. However, evidence for exploring the
mechanism in DM and DN are still insufficient. This study was performed to discuss the association of SNPs in
the regulatory region of hsa-miR-34a with DM or DN susceptibility in the southwest Chinese Han population. Three
SNPs (rs12128240, rs2666433, rs6577555) in miR-34a were analyzed in the T2DM patients with or without DN
and normal controls. RT-qPCR was performed to measure expression of miR-34a. Real-time PCR was used for
amplification of SNPs. MiR-34a was over-expressed in T2DM and DM patients. Both the distribution of GG genotypes and the G allele frequency of rs2666433 were significantly different between the T2DM and control groups
(P=0.009, P=0.008 respectively). Univariate analysis with additive and recessive models for rs2666433 polymorphisms showed an association with DM (P=0.023; P=0.009 respectively), and a stronger association was found
in an additive model (P=0.001) when compared with DN. After adjustment for clinical covariates, the GG genotype
was still significantly different for the recessive model (OR 2.297; CI 1.031-5.121; P=0.042) in T2DM by multivariate analysis. In conclusion, our study demonstrates that a potential variant rs2666433 in the miR-34a regulatory
region may significantly associate with the occurrence of T2DM.
Keywords: diabetic nephropathy, polymorphism, type 2 diabetes

Introduction
Diabetes mellitus (DM) is a disease that is
universally epidemic andis induced by a combination of genetic and environmental factors,
which destroy both the insulin sensitivity and
insulin secretion, and result in a damaged balance of intracorporal glucose [1]. The human
population with diabetes is about 180 million in
the world and Chinese adults with diabetes
number more than 100 million [2]. It is estimated that the number of diabetics will increase
worldwide to 366 million in 2030 [3]. Diabetic
nephropathy (DN), one of the most common
diabetic microangiopathies, is a leading cause
of end-stage renal disease. Research has revealed that the diabetic nephropathy prevalence epidemiologically reaches about 30%-

40% of hospitalized patients with diabetes [4].
Further research isurgently needed for better
treatments for DM and DN. However, the mechanism of type 2 diabetes mellitus (T2DM) and
DN is not fully clear.
MicroRNA (miRNA) is a class of endogenous,
small (21 to 24 nucleotides in length), singlestranded, non-coding but functional RNAs. They
are seen as the important regulatory factors
that mainly regulate gene expression through
posttranscriptional mechanisms. Abundant research has indicated that single-nucleotide
polymorphisms (SNPs) within miRNAs are associated with the risk of various diseases, such as
hepatocellular carcinoma [5], gastric adenocarcinoma [6], and so on. However, little has been
known about the SNPs within miRNAs associated with T2DM and DN.

Variation in MiR-34a is associated with diabetes
In this study, we found that miR-34a was significantly up-regulated in T2DM from the previous miRNA expression profiling studies [7-22].
Also, our result showed that miR-34a was over-expressed in DN patients by real-time PCR.
Moreover, three SNPs (rs12128240 C>T, rs6577555 A>C, rs2666433 G>A) in the regulatory region of miR-34a were selected as the
candidate SNPs by bioinformatics prediction.
Furthermore, we found that the genotype frequency of the rs266433 polymorphism (P<
0.05) was dramatically different in T2DM. The
GG genotype was significantly different in the
recessive model (OR 2.297; CI 1.031-5.121;
P=0.042) by multivariate analysis. In univariate
analysis, the additive model and the recessive
model of rs2666433 were statistically different (P=0.023, P=0.009, respectively). We also
show a connection with DN by the univariate
analysis in the additive model (P=0.001). Therefore, our data indicate that miR-34a may participate in T2DM and DN, and a potential variant rs2666433 in miR-34a regulatory region
may significantly associate with the occurrence
of T2DM.

Medical University from January 2014 to
January 2016. The study design was approved
by the hospital ethics review committee. Each
eligible participant gave a written informed consent prior to participation and were interviewed
to provide data regarding age, sex, ethnicity,
duration of diabetes, glycosylated hemoglobin,
fasting blood-glucose (FBG), 2-hour post-meal
blood glucose (2 h PG), glycated hemoglobin
A1c(HbA1c) and urinary albumin excretion rate
(UARE) status [23].

Material and methods

Total RNA isolation

Ethics statement

Venous blood samples (6 ml) on empty stomach in the early morning were collected and
transferred into PreAnalytiXPAXgeneTM blood
RNA tubes (Qiagen, Valencia, CA, USA). Total
RNA from human plasma was extracted by
Trizol reagent (Invitrogen) according to the manufacturer’s instructions.

This study was approved by the Ethics Committee of Chongqing Medical University, and
was conducted in compliance with the Helsinki
Declaration. All patients involved in this study
consented to participate in the study and publication of the results.
Study subjects
In this study, three independent groups were
included to discuss the relationship between
the SNPs of the miR-34a and the risk for T2DM
and DN. The test group included 135 subjects
undergoing T2DM more than one year (urinary
albumin excretion rate (UAER)<20 µg/min) (T2DM group), 30 diabetes with DN (UAER: 20-200
µg/min) (DN group), and 117 healthy subjects
having no any other chronic illness, excluding
hepatic, renal, thyroid, or any other metabolic
diseases, were enrolled as the control group
(CON group). All the subjects were from the Han
ethnic group aged from 30 to 75 years, and
consecutively gathered from the Department of
Endocrinology and Department of Nephrology
at the first affiliated hospital of Chongqing
1638

Search strategies and selection of miRNA
To found out the miRNAs related to T2DM, the
terms of “diabetes”, “miRNA”, “expression” and
“profile” were searched in PubMed for miRNA
expression profiling studies correlative with
T2DM between 2010 and 6 June 2016. The
process was conducted as previously described [23]. The final studies must meet the criteria: (1) They are miRNA expression profiling
studies carried out on the blood from non-diabetes and T2DM; (2) They used miRNA expression arrays.

Real-time reverse transcription (RT)-PCR
PrimeScriptTM RT reagent Kit with gDNA Eraser
(TaKaRa Bio Inc, Tokyo, Japan) was used for
semi-quantitative determination for the expression of miR-34a according to the m anufacturer’s instructions. Briefly, 0.8 µg of total RNA
was reverse transcribed to complementary
DNA (cDNA) using miRNA-specific stem-loop RT
primers (Supplementary Table 1), 5× g DNA
Eraser Buffer, gDNA Eraser, PrimeScript RT
Enzyme Mix I, RT Primer Mix, 5xPrimeScript
Buffer, and RNase Free dH2O in the Bio-RAD
T100TM Thermal Cycler (Applied Bio systems)
under the following conditions: 42°C for 15
min, 85°C for 5 s. The expression of miR-34a
was determined using the obtained cDNA,
SYBR® Premix Ex TaqII (TliRNaseH Plus), Primer
(10 µM), RT products, dH2O in the Bio-RADCInt J Clin Exp Pathol 2018;11(3):1637-1644
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blood samples using TIANamp Blood DNA Kit
(TIANGE), according to the manufacturers’ instructions. DNA purity and concentration were
measured through NanoDrop 2000 (Thermo
Scientific Inc) and the DNA was stored at -80°C
until use.
PCR analyses and genotyping

Figure 1. Expression of miR-34a by real-time PCR.
The expression of miR-34a was tested byreal-time
RT-PCR in DN, T2DM patients, and normal controls.
Expression of miR-34a was increased in DM and DN
compared with the CON group. Also, the expression
of miR-34a in the DN group was higher than that in
T2DM group. *P<0.05, vs CON group; #P<0.05, vs
T2DM group.

FX96TM Real-Time system under the following
conditions: 95°C for 3 min followed by 40
cycles of 95°C for 30 s, and 60°C for 30 s. The
relative expression was normalized to the
expression of RNU48.
Candidate SNPs selection
The upstream 1.4 kb and downstream 578 bp
of the 5’ transcription start site of the miR-34a
and the regulatory activity had been validated
in other research [24]. Next, 202 SNPs within
the hsa-miR-34a were found in public SNP
database (http://www.ncbi.nlm.nih.gov/SNP).
1000 Genomes were applied to pick out the
SNPs in Han population with minor allele frequency (MAF)>0.05. Eight SNPs (rs70985597,
rs17393158, rs12128240, rs6577555, rs2666433, rs59453084, rs147829974 and rs371949727) were finally included. But only three
SNPs (rs12128240, rs2666433, rs6577555)
were in the regulatory region of miR-34a. Thus
these three SNPs were chosen for further
research. TFSEARCHver1.3 software was used
to predict transcription factor binding sites of
these three SNPs and detail information was
shown in Supplementary Table 2.
Total DNA isolation
2 ml venous blood from each subject on empty
stomach in the early morning was collected.
Genomic DNA was extracted from each whole-
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PCR primers were designed by Primer Premier
5.0 and blasted from NCBI. Details were shown
in Supplementary Table 1. PCR was conducted
in 25 µl volumes including Premix Taq 12.5 µl,
PCR primers mixture (10 µmol/µl) 2 µl, DNA 0.1
µg, and ddH2O. The PCR program was initiated
as the following conditions: denaturation at
94°C for 3 min, followed by 34 cycles of 94°C
for 30 s, annealing at 49°C for 30 s for rs6577555, 51°C for 30 s for rs2666433, 56°C
for 30 s for rs12128240, and extension at
72°C for 50 s. A final extension step was at
72°C for 5 min. All the PCR products were sent
for sequencing (Thermo Fisher Scientific Inc,
Rockford, IL, USA). The genotype was analyzed
by Chromas software.
Statistical analysis
SPSS software version 19.0 was performed for
Statistical analyses. Hardy-Weinberg equilibrium of the genotypes for each SNP was evaluated using a Chi-square test for goodness of
fit. The results for normally distributed continuous variables were shown as mean ± standard
deviation (SD). Student’s t test was employed
to compare age, gender, fasting blood-glucose
(FBG) and 2-hour post-meal blood glucose (2 h
PG) between CON group and T2DM group or DN
group. The differences of diabetes duration and
HbA1c between DM group and DN group were
also analyzed by t-test. One-way ANOVAor Chisquare was used to compare allele frequencies
and genotype distribution among three subject
groups. The associations of allele and genotype
were calculated as the odds ratio (OR) and its
95% confidence intervals (CI). Univariate analysis of allele or genotype frequencies between
cases and controls for additive, dominant and
recessive models were performed with X2 analysis. Multivariate analysis, adjusting for age,
FBG and 2 h PG, were performed with binary
logistic regression analysis. Statistical significance was accepted at P<0.05.
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Table 1. Clinical characteristics of all subjects
CON
T2DM
DN (n=30)
(n=117)
(n=130)
Age
45.7±7.3 58.7±11.2a 63.2±7.3a
Sex
Male
55
62
16
Female
62
68
14
Diabetes duration (years)
6.4±5.5
10.9±5.7
FBG (mmol/l)
5.1±0.8
9.7±6.6a
9.8±1.6a
a
2hPG (mmol/l)
9.4±1.0 12.7±1.3
14.5±0.8a
HbA1c (mmol/l)
9.0±2.4
9.9±2.8
UAER (µg/min)
<20
109.2±53.5b
P<0.01, vs CON; bP<0.01, vs T2DM.

a

groups were significantly higher than in
the CON group. UAER in DN group was
alsohigher than in the T2DM group.
Genotype of SNPs
The products of PCR were all analyzed
by sequencing (Figure 2). The allelic
and genotype data of these three SNPs
were all in Hardy-Weinberg equilibrium
(P>0.05). The allelic or genotypic distributions and the associations among
cases, control group, and the three
SNPs areshown in Table 2.

Results

Associations between SNPs and subjects

Intimate connection between miR-34a and
diabetes mellitus

To further analyze the associations of the three
SNPs with T2DM and DN, we compared the
control group with DM and DN independently.
As shown in Table 2, the distribution of GG genotypes of rs2666433 was significantly different between the DM group and control group
(P=0.009). Furthermore, the G allele frequency
of rs2666433 was also significantly higher in
DM group than that in control group (P=0.008).
However, there were no statistical differences
in the frequencies of rs12128240 and rs6577555 in the control compared with DM and
control compared with DN regardless of adjusting for age, FBG, 2 h PG or not. Therefore, these
results show that rs2666433 of miR-34a may
play an important role in T2DM.

After searching PubMed, eighteen eligible
studies were chosen to discuss the differentially expressed miRNA in T2DM. The detailed
characteristics of these studies areshown in
Supplementary Table 3. Sixteen miRNAs were
significantly increased in expression and eight
miRNAs had reduced expression in T2DM compared with normal controls. These results were
consistent with at least two other studies. MiR34a was one of the significantly increased miRNAs in these studies. Furthermore, it was found
that miR-34a could regulate mesangial proliferation and glomerular hypertrophy, which
shows a tight link with the development of diabetes mellitus and diabetic nephropathy [25].
Moreover, the significantly up-regulatedmiR34a had commonality among blood, liver,
and pancreas in T2DM [23]. Furthermore, we
also measured the expression of miR-34a in
healthy persons, T2DM, and DN patients, and
the results were consistent with other research
studies (Figure 1).
Characteristics of clinical data
The clinical characteristics of the 130 T2DM
patients, 30 DM patients with DN, and 117
controls applied in the study are summarized in
Table 1. No statistically significant difference in
terms of the frequent distribution of sex among
the three groups or the duration of diabetes.
HbA1c was not significantly different between
the T2DM group and DN group either. Both the
average age of T2DM patients and the DN subjects were significantly largerthan control subjects and the FBG and 2 h PG in T2DM and DN
1640

Univariate analysis with additive and recessive
models for rs2666433 polymorphisms showed
an association with DM (P=0.023; P=0.009
respectively). Also, a strong association was
found for rs2666433 and DN in an additive
model (p=0.001). After adjustment for clinical
covariates, the GG genotype was still significantly different in T2DM for the recessive
model (OR 2.297; CI 1.031-5.121; P=0.042) by
multivariate analysis. But there was no association between rs2666433 and DN after
adjustment for clinical covariates. The lack of
association might be explained by the influence
of confounding variables. Therefore, our data
show the variant GG genotype of miR-34a rs2666433 was positively associated with significantly increased risk of T2DM. Details areshown in Table 3.
Discussion
From previous miRNA expression profiling studies, sixteen up-regulated and eight down-reguInt J Clin Exp Pathol 2018;11(3):1637-1644
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Figure 2. The genotypes of miR-34a by sequencing. A: rs12128240-F, 1-C, 2-T, 3-CT; B: rs6577555-F, 1-C, 2-A, 3-AC;
C: rs2666433-R, 1-A, 2-G, 3-AG.

Table 2. Association between miRNA SNPs and presence of diabetes mellitus and diabetic nephropathy
SNP (gene)
rs12128240

rs6577555

rs2666433

Genotypes/ CON num- DM num- DN numallele
ber (%)
ber (%)
ber (%)

DM vs CON
P

Pa

0.633

DN vs CON
ORa (95% CI)
-

P

Pa

CC

74 (63.2)

86 (66.2)

18 (60)

0.743

CT

40 (34.2)

39 (30)

10 (33.3)

0.481 0.226

0.665 (0.344-1.287)

0.930 0.068

ORa (95% CI)
0.035 (0.001-1.286)

TT

3 (2.6)

5 (3.8)

2 (6.7)

0.725 0.630

1.560 (0.256-9.487)

0.269 0.063

0.034 (0.001-1.205)

T

46 (19.7)

49 (18.8)

14 (23.3)

0.819 0.437

0.642 (0.210-1.964)

0.529 0.426

1.550 (0.526-4.564)

AA

12 (10.3)

14 (10.8)

3 (10)

0.896

AC

42 (35.9)

46 (35.4)

9 (30)

0.933 0.520

CC

63 (53.8)

70 (53.8)

18 (60)

C

168 (71.8)

186 (71.5)

45 (75)

-

0.967

-

0.519 (0.071-3.814)

0.545 0.508

0.520 (0.075-3.617)

0.695

0.685 (0.103-4.551)

0.545 0.959

1.047 (0.177-6.214)

0.950 0.858

0.917 (0.355-2.369)

0.620 0.288 0.023 (0.000-23.916)

1

AA

5 (4.3)

12 (9.2)

2 (6.7)

0.124

AG

43 (36.7)

63 (48.5)

8 (26.7)

0.063 0.940 0.902 (0.062-13.114) 0.301 0.991 1.015 (0.086-12.047)

20 (66.6) <0.05 0.484

GG

69 (59.0)

55 (42.3)

G

181 (78.4)

173 (66.5)

48 (80)

-

<0.05 0.274

0.583

-

0.381 (0.026-5.679)

0.442 0.642

0.704 (0.161-3.086)

0.586 (0.225-1.527)

0.659 0.778

0.852 (0.279-2.601)

ORs and P-values were adjusted for age, FBG, 2 h PG in a logistic regression model.

a

lated miRNAs were found in T2DM by metaanalysis. Also, miR-34a was one of the up-regulated miRNAs, and we focused on miR-34a
because it was the only one related to T2DM
and DN. MiR-34a is involved in several biological pathways, including diabetes mellitus. In
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non-alcoholic fatty liver disease (NAFLD), miR34a caninhibit very low-density lipoprotein
secretion and promote liver steatosis and hypolipidemia in a HNF 4α-dependent manner [26].
Knockdown of miR-34a can reduce apoptosis
in the β-cell line MIN6 [27] and protect β cells
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Table 3. Association of SNPs with DM and DN
SNP (gene)
Univariate
rs12128240

rs6577555

rs2666433

Multivariate
rs12128240

rs6577555

rs2666433

Model
Additive
Dominant
Recessive
Additive
Dominant
Recessive
Additive
Dominant
Recessive
Additive
Dominant
Recessive
Additive
Dominant
Recessive
Additive
Dominant
Recessive

DM case versus control
X2
P value
0.730
0.694
0.228
0.633
0.323
0.570
0.020
0.990
0.017
0.896
0.000
1.000
7.573
0.023
2.361
0.124
6.842
0.009
ORa (95% CI)
Pa
1.560 (0.256-9.487)
0.630
0.894 (0.393-2.033)
0.789
0.087 (0.010-0.742)
0.026
0.685 (0.103-4.551)
0.695
0.989 (0.450-2.171)
0.977
0.853 (0.226-3.218)
0.815
0.381 (0.026-5.679)
0.484
0.550 (0.110-2.756)
0.467
2.297 (1.031-5.121)
0.042

DN case versus control
X2
P value
1.227
0.541
0.108
0.743
1.223
0.269
0.405
0.817
0.002
0.967
0.366
0.545
15.058
0.001
0.302
0.583
0.591
0.442
ORa (95% CI)
Pa
0.034 (0.001-1.205)
0.068
0.761 (0.239-2.426)
0.644
6.252 (0.230-169.644)
0.276
1.047 (0.177-6.214)
0.959
1.219 (0.218-6.806)
0.822
1.664 (0.516-5.359)
0.394
0.704 (0.161-3.086)
0.642
0.391 (0.043-3.555)
0.404
0.891 (0.270-2.936)
0.849

Univariate and multivariate analysis for additive, dominant, and recessive models are presented. aAdjusted for age, FBG, 2 h
PG. P<0.05 in bold.

from cytokine-induced cell death [28]. Kong L
et al. explored the significance of miR-34a in
the pathogenesis of T2DM [16] and the expression of miR-34a was increased in islets of the
non-obese diabetic mice during the development of pre-diabetic insulin [29]. These discoveries suggested that miR-34a can beinvolved
in the progression of diabetes mellitus. Furthermore, by directly targeting GAS1, down-regulation of miR-34a inhibited mesangial proliferation and glomerular hypertrophy in early DN
[29]. Furthermore, our real-time PCR results
showed that miR-34a was over-expressed in
T2DM and DN patients. Therefore, thesedata
suggested that miR-34a might play a critical
role in the development of T2DM and DN.
Vast research has revealed SNPs within miRNAs are associated with the risk of various diseases, including T2DM and DN. But the SNPs
within in miR-34a relating with T2DM or DN
were not known. In our study, we found that
the SNP rs2666433, which located within the
regulation region of the hsa-miR-34a, presented a tight relationship with T2DM. The GG genotype of rs2666433 was found to be significantly associated with T2DM in univariate and mul1642

tivariate analysis, which might strongly indicate
the significant association of GG genotype with
the risk of T2DM. Although, rs2666433 only
showed a significantly association with DN by
univariate analysis, and there was no relationship between rs2666433 and DN after adjusting by the age, FBG and 2 h PG by multivariate
analysis. Thesedata might suggest the contribution of the environmental factors in the development of DN. Therefore, our results imply
that miR-34a rs2666433 variants may affect
the incidence of T2DM.
Similar to most of the association studies,
there are some potential limitations of our
study. First, it will benecessary to enlarge the
size of studied groups, especially for DN group
in this study. Although our study has considered some confounding variables, some weak
elements and associations may have been
missed. Furthermore, our study was only processed in the Han ethnic population and the
polymorphism of DM and DN might differ between ethnic populations. Additional studies
with more samples in other populations should
be conducted.
Int J Clin Exp Pathol 2018;11(3):1637-1644
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In conclusion, our results suggestthat miR34a is over-expressed in both T2DM and DN
patients, and indicate that rs2666433 A/G in
miR-34a is associated with an increased risk of
T2DM.
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Variation in MiR-34a is associated with diabetes
Supplementary Table 1. Sequences of RT-qPCR primers and SNPs primers
Gene
hsa-miR-34a

Primer
RT
Forward
Reverse
RNU48
Forward
Reverse
rs12128240 Forward
Reverse
rs6577555 Forward
Reverse
rs2666433 Forward
Reverse

Sequence (5’-3’)
CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGACAACCAG
ACACTCCAGCTGGGTGGCAGTGTCTTAGC
CTCAACTGGTGTCGTGGA
CTTTATTGAGGTTTGGCTCCAAGCACTG
CACCCAGACTAGGATCAACTCCACAGGA
AAGCCCACACAGGCACTTTCTAT
GCTTTTGGCTGGGAGAAGTTTG
TGTGATTGCGCCAGTCTG
GCTACTTCATTGCTTCCCTTT
ATTGCCCATCACAGGGTT
GCACTACCTTACCTGGAACTC

Supplementary Table 2. Relevant information of three SNPs in hsa-miR-34a
Chromosome Distance relative
location
to 5’ pre-miR-34a
Rs12128240 C>T Chr1:9151244
+532
Rs6577555 A>C Chr1:9152228
-450
Rs2666433 A>G Chr1:9153118
-1340

SNP (gene)

1

MAF Transcription factor
Transcription factor
IN CHB before mutation
after mutation
0.128
NO
AR, RREB1, RUNX2, RFX5
0.376 ZNF263, RFX2, SRY
NO
0.267
RUNX2, BRCA1
THAP1, YY1

Variation in MiR-34a is associated with diabetes
Supplementary Table 3. Characteristics of human miRNA expression profiling studies (T2DM vs. non-diabetic controls)
Author

Year

Sample
Country

Tissue

Type: NO.
T2DM/Normal+IFG/IGT: 33/119

Differently expressed miRNAs

Xiao Wang (Wang X, et al. 2014)

2014 Sweden, Iraq

Plasma

Gaia Spinetti (Spinetti G, et al.
2013)

2013 NR

Serum and T2DM+CLI/nondiabetic: 99 (101)/18 Up: miR-15a, miR-15b, miR-16, miR-17, miR-18a, miR-19a, miR-19b, miR-20a, miR-23a,
PACs from T2DM/nondiabetic: 6/5
miR-24, miR-27b, miR-103, miR-107, miR-126, miR-132, miR-195, miR-221
PBMCs
T2DM+CLI/CLI: 6/6
Down: miR-222, miR-497
T2DM/nondiabetic: 52/17

Up: miR-15a, miR-21, miR-24, miR-29b, miR-126, miR-144, miR-150, miR-320a, miR-486-5p

Anna Zampetaki
(Zampetaki A, et al. 2012)

2010 Bolzano, Italy

Plasma

T2DM/nondiabetic: 80/80

Up: miR-28-3p
Down: miR-24, miR-21, miR-20b, miR-15a, miR-126, miR-191, miR-197, miR-223, miR-320,
miR-486, miR-150

Zhang (Zhang T, et al. 2013)

2013 Shenzhen, China Plasma

T2DM/nondiabetic: 30/30

Down: miR-126

Balasubramanyam
2011 Chennai, India
(Balasubramanyam M, et al. 2011)

PBMCs

T2DM/nondiabetic: 20/20

Down: miR-146

Corral-Fernández
(Corral-Fernández NE, et al. 2013)

2013 Mexico

PBMCs

T2DM/nondiabetic: 20/20

Down: miR-155,miR-146a

Karolina
(Karolina DS, et al. 2011)

2011 Singapore

Whole
blood

T2DM/nondiabetic: 8/7

Up: miR-106b, miR-125a-5p, miR-125b, miR-126, miR-1285, miR-1301, miR-130a, miR130b, miR-142-3p, miR-144, miR-150, miR-151-3p, miR-151-5p, miR-15a, miR-17, miR-183,
miR-185, miR-190, miR-192, miR-193a-3p, miR-194, miR-221, miR-222, miR-23a, miR-23b,
miR-26a, miR-26b, miR-27a, miR-299-3p, miR-29a, miR-29b, miR-29c, miR-320a, miR-320b,
miR-320c, miR-320d, miR-335, miR-361-3p, miR-375, miR-502-3p, miR-550, miR-589, miR620, miR-629, miR-665, miR-886-5p, miR-99b
Down: let-7b, let-7d, let-7e, let-7g, let-7i, miR-106a, miR-1184, miR-129-5p, miR-1297, miR146a, miR-146b-5p, miR-17, miR-182, miR-185, miR-186, miR-19a, miR-20a, miR-20b, miR30c, miR-30d, miR-30e, miR-340, miR-342-3p, miR-34b, miR-362-5p, miR-374b, miR-519e,
miR-532-3p, miR-636, miR-637, miR-652, miR-660, miR-7, miR-923

Karolina
(Karolina DS, et al. 2012)

2012 Singapore

Whole
blood

T2DM/nondiabetic: 50/46

Up: miR-130a, miR-150, miR-192, miR-27a, miR-320a
Down: miR-17, miR-197, miR-509-5p, miR-652, miR-195, miR-92a

Kong (Kong L, et al. 2010)

2010 Shandong,
China

Serum

T2DM/nondiabetic: 18/26

Up: miR-34a

Kong (Kong L, et al. 2011)

2011 Shandong,
China

Serum

T2DM/nondiabetic:18/19

Up: miR-9, miR-29a, miR-30d, miR-34a, miR-124a, miR-146a, miR-375

Meng (Meng S et al. 2012)

2012 Shanghai, China

PBMCs

T2DM/nondiabetic: 15/15

Down: miR-21, miR-27a, miR-27b, miR-126, miR-130

Ortega (Ortega FJ, et al. 2014)

2014 Girona, Spain

Plasma

T2DM/nondiabetic: 30/35
T2DM+obese/obese: 18/10

Up: miR-140-5p, miR-142-3p, miR-222
Down: miR-125b, miR-130b, miR-126a

Pescador
(Pescador N, et al. 2013)

2013 Madrid, Spain

Serum

T2DM: 13
Nondiabetic: 20
Obese: 20
T2DM+obese: 16

Up: miR-15b
Down: miR-138, miR-376a, miR-503

Rong (Rong Y, et al. 2013)

2013 Hubei, China

Plasma

T2DM/nondiabetic: 90/90

Up: miR-146

Xavier DJ (Xavier DJ, et al. 2015)

2015 Brazil

PBMCs

T2DM/nondiabetic: 9/9

Up: miR-101, miR-10a, miR-1260, miR-142-5p, miR-146b-5p, miR-186, miR-222, miR-29b,
miR-302b, miR-30e, miR-32, miR-339-3p, miR-424
Down: miR-107, miR-148b, miR-151-5p, miR-224, miR-23b

Santovito D (Santovito D, et al.
2014)

2014 NR

Plasma
T2DM/nondiabetic: 18/12
and Serum

2

Up: miR-326, miR-532, miR-186, miR-127-3p
Down: let-7g, let-7d, miR-126, miR-101, miR-18b, miR-199a-3p, miR-21, miR-502-3p,
miR-495, miR-132, miR-15b, miR-200c, miR-223-5p, miR-16, miR-543, miR-195, let-7a,
miR-26b, miR-374a, miR-26a, let-7f

