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INTRODUCTION

ABSTRACT

Aims/Introduction: Microribonucleic acid-155 (microRNA155) and microRNA29 are
reported to inhibit glucose metabolism in some cell and animal models, but no evidence
from susceptible populations that examines the relationship between microRNA155 or
microRNA29 and type 2 diabetes mellitus currently exists. Furthermore, target genes regu-
lated by microRNA155 and microRNA29 that affect glucose and lipid metabolism remain
unknown.

Materials and Methods: Human participants were divided into normal weight

(n = 72), obesity (n = 120) and type 2 diabetes (n = 59) groups. The contents of micro-
RNA155 and microRNA29 abundance in serum were measured, and candidate genes
potentially related to glucose and lipid metabolism targeted by either microRNAT55 or
microRNA29 were screened. Overexpression of microRNA155 and microRNA29 in HepG2
cells was used to verify candidate gene expression, and measure the effects on glucose
and lipid metabolism.

Results: Serum levels of microRNA155 and microRNA29 show a significant increase in
individuals with obesity and type 2 diabetes compared with normal weight individuals.
Identified target genes for microRNA155 were MAPK14, MAP3K10, DUSP14 and PRKARZB.
Identified target genes for microRNA29 were PEXT1A and FADSIT. Overexpression of
microRNA155 or microRNA29 in HepG2 cells was found to downregulate the expression
of identified target genes, and result in inhibition of triglyceride synthesis and glucose
incorporation.

Conclusions: MicroRNA155 and microRNA29 were significantly higher in type 2 dia-
betes patients compared with the control patients, their levels were also positively corre-
lated with fasting plasma glucose levels, and over-expression of microRNA155 or
microRNA29 were found to downregulate glucose and lipid metabolism target genes,
and reduce lipid synthesis and glucose incorporation in HepG2 cells.

Health Organization, the number of diabetes patients will reach

The worldwide incidence of type 2 diabetes mellitus has 300 million by 2025, of which 230 million will be in developing
increased year over year in the recent past, becoming the fifth  countries'. Ning et al” showed that the prevalence of type 2
leading cause of death worldwide. According to the World  diabetes mellitus among Chinese adults is 11.6%, and 50.1% of

people within the adult population is prediabetic. Type 2 dia-
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betes mellitus is characterized by target tissue resistance to insu-
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important risk factor for insulin resistance and type 2 diabetes
mellitus, and recent studies have determined that the obesity
rate among men in China increased from 0.33 in 1980 to
5.02% in 2015 and, over the same period, from 0.9 to 5.51% in
Chinese women™*”.

Adipose tissue is not only used as an energy reserve organ,
but also serves an endocrine function®. In obese individuals, the
morphology, size and endocrine function of adipocytes is
altered. Microribonucleic acids (microRNAs) are non-coding
RNA transcripts that are highly conserved from nematodes to
humans that have been shown to mediate many metabolic
activities. Commonly, the activity of microRNAs is manifested
through their ability to bind to the 3’ untranslated sequence
(3'UTR) of targeted messenger RNA (mRNA) transcripts and
often results in repression of targeted genes. MicroRNAs partic-
ipate in regulation of metabolism, proliferation, differentiation
and apoptosis’. Many studies determined that most exosomal
microRNAs originate from adipose tissue and reach target tis-
sues through blood circulation®. This allows microRNAs to
affect expression of key genes and influence metabolic processes
throughout the body. These targeted pathways potentially
include glucose and lipid metabolism, leading to fatty liver,
atherosclerosis, cancer, diabetes and other diseases’ '2. It has
been reported that adipose tissue macrophage-derived micro-
RNA155 can promote obesity-induced insulin resistance, sup-
press nuclear factor-xB activity and attenuate release of pro-
inflammatory cytokines from microglia*'*. Furthermore,
microRNA155 regulates the phosphoinositide 3-kinase—protein
kinase B-mammalian target of rapamycin signaling pathway
underscoring a potentially important role for microRNA155 in
modulating metabolism. It has also been reported that overex-
pression of microRNA29 in adipocytes inhibits insulin-stimu-
lated glucose uptake and reduces insulin sensitivity in skeletal
muscle’>'®. Overexpression of microRNA29 can reduce phos-
phoinositide 3-kinase phosphorylation, attenuate oxidative
stress, and promote hepatocyte inflammation, autophagy and
fibrosis'”. Despite these findings, no studies to date have exam-
ined a potential relationship between microRNA155 and/or
microRNA29 expression and individuals with type 2 diabetes
mellitus. Furthermore, genes targeted by microRNA155 and
microRNA29 are currently unknown.

In the present work, we studied individuals with normal
bodyweight, obesity and type 2 diabetes mellitus to determine
the association of microRNA155 or microRNA29 with type 2
diabetes mellitus. We subsequently used a bioinformatics
approach to predict the target genes of microRNA155 and
microRNA29. Alterations in glucose and lipid metabolism
were studied in the human hepatocellular carcinoma cell line
HepG2 after ectopic expression of microRNA155 or micro-
RNA29. Additionally, microRNA155 and microRNA29 target
genes were identified and verified. The goal of this study
was to clarify the roles of microRNA155 and microRNA29
in the pathobiology of type2 diabetes mellitus, and

http://wileyonlinelibrary.com/journal/jdi

uncover specific molecular mechanisms impacted by micro-
RNA155 and microRNA29 that regulate glucose and lipid
metabolism.

METHODS

Participants

Serum samples of 251 individuals were collected from 2016 to
2018 in the Xinjiang Uyghur Autonomous region of China.
These samples included 72 samples from the first affiliated
Hospital of Shihezi University, Shihezi, Xinjiang, China, 83
samples from Manas County of Xinjiang, and 96 samples from
the 51st regiment of the Xinjiang Production and Construction
Corps. The following information was collected from all
patients: weight, waist circumference, hip circumference, waist-
to-hip ratio and body mass index. Metabolic indices were quan-
tified using an automated biochemistry analyzer (Mindray,
Shenzhen, China) and these included fasting plasma glucose,
plasma levels of triglycerides (TG), cholesterol, and high-density
(HDL) and low-density lipoproteins.

Participants were divided into three groups: normal weight
group (n =72, 185 kg/m” < body mass index < 24 kg/m?),
obese group (n = 120, body mass index >28 kg/m®) and type 2
diabetes group (n = 59, fasting plasma glucose >7.0 mmol/L, 2-
h plasma glucose >11.1 mmol/L). The normal weight group
was non-obese and non-type 2 diabetes mellitus patients. Diag-
nosis of type 2 diabetes mellitus was made in accordance with
the World Health Organization diagnostic criteria issued in
1999. Exclusion criteria included individuals with type 1 dia-
betes mellitus, patients with tumors, acute inflammation, kidney
disease, and the recent use of drugs known to interfere with
glucose and lipid metabolism.

Serum samples

A total of 3 mL of venous blood was collected and serum sepa-
rated by centrifugation at 1,788 g for 5 min. The upper serum
layer was collected and frozen in an ultra-low temperature free-
zer before RNA extraction.

Expression analysis of microRNA155 and microRNA29

Total RNA in serum samples was extracted using the miRcute
serum/plasma microRNA isolation kit (cat# DP503; TianGen,
Beijing, China). MicroRNA155 and microRNA29 complemen-
tary deoxyribonucleic acid were synthesized from total micro-
RNA using the miRcute Plus microRNA first strand cDNA kit
(cat# KR211; TianGen). Relative gene expression was quantified
using the miRcute plus microRNA SYBR Green qPCR Kit
(cat# FP401; TianGen).

Real-time quantitative polymerase chain reaction (QPCR) was
carried out using an ABI7500 Fast instrument (Applied Biosys-
tems, Shanghai, China). Relative gene expression levels were
calculated as the ratio of the target gene to an internal reference
(U6 transcript). Detailed thermocycling conditions can be
found in Tables S1 and S2.
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RNA isolation and quantitative real-time PCR

Total RNA was isolated from HepG2 cells using TRIZOL reagent
(cat# 15596-026; Life Technologies, Camarillo, CA, USA). Rev-
erse transcription and complementary deoxyribonucleic acid syn-
thesis reactions were carried out as previously indicated'®, PCR
reactions were carried out in 10 pL volumes, and the detailed
PCR reaction system and thermocycling conditions are outlined
in Tables S3 and S4. Relative gene expression levels were calcu-
lated as the ratio of the target gene to an internal reference (glyc-
eraldehyde 3-phosphate dehydrogenase). PCR primers and the
length of amplified fragments are provided in Table S5.

Cell culture and transfection

HepG2 cells were cultured in Dulbecco’s modified Eagle’s med-
ium (Gibco, Grand Island, NY, USA), containing 25 mmol/L
glucose, and further supplemented with 10% fetal bovine serum
and 1% penicillin/streptomycin (100 pg/mL). Cells were cul-
tured at 37°C in a 5% CO, atmosphere. The microRNA155,
microRNA29 mimics and a negative control RNA were synthe-
sized by GenePharma, Shanghai, China. The constructs were
added to HepG2 cells after mixing with Lipofectamine 2000
(cat# 11668-019; Invitrogen, Waltham, MA, USA), according to
the manufacturer’s instructions. RNA samples were extracted
for analysis 24 h after transfection.

Glucose metabolism assay

HepG2 cells were grown in six-well plates and transfected with
mimics (50 nmol/L). After 24 h (empirically determined opti-
mal time for mimic expression), culture medium was collected
for measurement of glucose concentration using the glucose
oxidase method (cat# F006; Nanjing Jiancheng Biological Engi-
neering Research Institute, Nanjing, China).

In vitro cell model of lipid accumulation

Palmitic acid (PA) powder (cat# P0500; Sigma-Aldrich, Shanghai,
China) was dissolved in 0.01 mol/L NaOH to make a stock solu-
tion. The PA stock solution was diluted by mixing culture med-
ium with 40% bovine serum albumin (BAH66-0050; Equitech-
Bio, Wuhan, China) to make a PA solution. Oleic acid (01008;
Sigma, Shanghai, China) was dissolved in 0.01 mol/L NaOH to
the indicated concentration. For Oil Red O staining and the
detection of internal TG levels in HepG2 cells, PA and oleic acid
stock solutions with 40% bovine serum albumin were mixed and
diluted with medium to final concentrations of 1.5 mmol/L. Cells
were then stained with Oil Red O to examine the level of internal
lipid accumulation, and the cells of the Oil Red O dyed with iso-
propanol were subjected to elution and quantification. Intracellu-
lar TG levels of HepG2 were measured using GPO-PAP method
(cat# A110-1; Nanjing Jiancheng Biological Engineering Research
Institute) according to the manufacturer’s protocol.

Target gene prediction
Using a bioinformatics database for microRNA target gene pre-
diction, such as miRbase, Targetscan, MiRanda, miRwalk and
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StarBase, a list of downstream target genes for microRNA155
and microRNA29 was obtained. The first 100 target genes in
each database were selected and screened with cumulative
weighted values predicted by the aforementioned three data-
bases to expand the number of valid genes predicted. We sub-
sequently carried out signal pathway analysis and gene function
analysis on identified genes and, from this list, selected target
genes for verification. Finally, we used StarBase to analyze the
selected target genes for microRNAs and their interaction sites,
and further determined which microRNA155 and microRNA29
target genes might affect glucose and lipid metabolism. The
research flow chart is shown in Figure S1.

Luciferase assay

HEK-293T cells were transfected with plasmids encoding the
MAPK14 or FADSI 3'UTR, Renilla luciferase pRL-TK vector
(Promega, Madison, WI, USA), and microRNA155 or micro-
RNA29 and microRNA control mimics using lipofectamine
2000 reagent (Invitrogen). After 24 h, luminescence was deter-
mined using the Dual-Luciferase Reporter Assay System (REF
E2920; Promega). Luminescence results were normalized to the
Renilla luminescent signal.

Statistical analysis

The SPSS statistical package (version 20.0; SPSS Inc., Chicago,
IL, USA) was used for statistical data analyses. Data are
expressed as the mean * 1.0 standard deviation. For data fitting
a normal distribution, statistical differences between groups
were determined using an unpaired Student’s t-test. Statistical
analysis of data with more than two groups was evaluated by
one-way analysis of variance (aNova). For data not conforming
to a normal distribution, a rank sum test was carried out. The
relationships between microRNA155, microRNA29 expression
and correlated clinical metrics were tested by Spearman’s corre-
lation analysis. P < 0.05 was defined as statistically significant.

Informed consent and study ethics

All participants provided informed and voluntary consent
before enrollment in this study. This consent included an
understanding that clinical information and biological samples
would be used for research. The consent form and ethical
approval were provided by the Medical Ethics Committee at
First Affiliated Hospital, Shihezi University School of Medicine
(reference number 2015-054-01).

RESULTS

The relative expression levels in serum of microRNA155 and
microRNA29 are increased in obese and type 2 diabetes
mellitus patients when compared with normal weight
individuals

Compared with the normal weight group, microRNA155 was
found to be significantly increased in the serum of obese and
type 2 diabetes mellitus patients (Figure la). We next explored
the correlation between microRNA155 expression and general
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patient data, the general data are shown in Table S6. As shown,
elevated expression of microRNA155 is significantly associated
with increased glucose, TG and HDL (Table 1). There is also a
significant increase in expression of microRNA29 in the serum
of patients in the type 2 diabetes mellitus and obese groups,
compared with the normal weight group (Figure 1b). Further-
more, we also found that increased expression of microRNA29
was significantly correlated with TG, cholesterol and HDL
(Table 2).

MicroRNA155 and microRNA29 target genes might regulate
glucose and lipid metabolism

According to bioinformatic predictions and data analysis (Fig-
ure S1), microRNA15 possibly regulates expression of the
MAPK14, SLC25A36, APPL1, MAP3K10, DUSP14, PRKAR2B
and IAPP genes (Figure 2a). Similarly deduced target genes of
microRNA29 were PEX11A, FADS1, GFOD2, PGRMCI, GANC
and PIK3C2G (Figure 2b). When signal pathway analysis was
used, these target genes of microRNA155 and microRNA29
were found to impact glucose and lipid metabolism.

MicroRNA155 and microRNA29 can inhibit lipid synthesis and
glucose incorporation by downregulating target genes
The expression of microRNA155 was upregulated by transfect-
ing a mimic into HepG2 cells. Results showed that the overex-
pression of microRNA155 could significantly reduce the
mRNA expression levels of MAPK14, MAP3K10, DUSP14 and
PRKAR2B (Figure 3a—e). The 24 h post mimic-microRNA155
transfection, Oil Red O staining and the level of intracellular
TG suggested that microRNA155 could significantly inhibit
lipid synthesis within cells (Figure 4a—c). Furthermore, a net
glucose incorporation assay suggested that microRNA155
upregulation can significantly inhibit glucose incorporation in
HepG2 cells (Figure 4d).

Expression of microRNA29 was similarly upregulated by
mimic transfection into HepG2 cells. The mRNA expression
levels of several genes involved in lipid metabolism, including
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Table 1 | Correlation analysis between microribonucleic acid-155 and
general data of patients

rvalue P-value
BMI 0036 0638
GLU 0236 0.002*
TG 0.176 0019*
TC 0.129 0.089
LDL 0.103 0.193
HDL 0.206 0.008*

Spearman’s correlation coefficient, n = 251. BMI, body mass index; GLU,
glucose; HDL, high-density lipoprotein; LDL, low-density lipoprotein; TC,
total cholesterol; TG, triglyceride. *P < 0.05.

Table 2 | Correlation analysis between microribonucleic acid-29 and
general data of patients

rvalue P-value
BMI 0.129 0.110
GLU 0073 0333
TG 0241 0.001*
TC 0.161 0.032*
LDL 0.110 0.159
HDL 0.154 0.048*

Spearman’s correlation coefficient, n = 251. BMI, body mass index; GLU,
glucose; HDL, high-density lipoprotein; LDL, low-density lipoprotein; TC,
total cholesterol; TG, triglyceride. *P < 0.05.

FADSI and PEX11A, was found to be significantly downregu-
lated when microRNA29 was overexpressed (Figure 5a—c). The
microRNA29-mimic transfected HepG2 cells also assayed by
Oil Red O staining and TG analysis showed that, when com-
pared with control mimic-transfected cells, overexpression of
microRNA29 suggested inhibited lipid synthesis (Figure 6a—c).
Additionally, microRNA29 overexpression was found to inhibit
glucose incorporation in HepG2 cells (Figure 6d).

g
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Figure 1 | (ab) The expression of microribonucleic acid-155 (microRNA155) and microRNA29 in human serum samples. Assays were carried out on
normal weight (NG, n = 72), obese (Ob; n = 120) and type 2 diabetes (T2DM; n = 59) patients. Non-parametric rank-sum test, *P < 0.05, compared
with NC, *P < 005, compared with Ob, the difference was statistically significant.
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Figure 2 | (a,b) Using bioinformatic microribonucleic acid (microRNA) target gene prediction tools, target genes of microRNA155 and microRNA29
were deduced, and the top 100 scoring target genes in each database were selected. Candidate target genes related to glucose and lipid
metabolism were subsequently determined. PPAR, peroxisome proliferator-activated receptor; T2DM, type 2 diabetes.

To verify target gene identification, we chose MAPKI4 as a  activity in HEK-293T cells expressing microRNA155. As shown
target for microRNA155 and FADSI as a target for micro- in Figure 3e, microRNA155 repressed luciferase activity in the
RNA29, and verified specific microRNA effects on gene expres-  MAPKI4 3'UTR, whereas it failed to regain the luciferase activ-
sion using a luciferase reporter. We constructed a luciferase ity in a mutant form of the MAPKI4 3'UTR, showing that
reporter using the MAPKI4 3'UTR, and tested the luciferase  there might be other sequences in MAPKI14 3'UTR that can
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Figure 3 | Messenger ribonucleic acid (mRNA) expression levels of indicated target genes were measured in HepG2 cells 24 h after transfection
with microribonucleic acid-155 (microRNAT55) mimic. (@) MicroRNA155 expression was measured; (b) MAPKT14 mRNA expression; () MAP3K10
MRNA expression; (d) PRKA2R mRNA expression; (€) DUSP14 mRNA expression. (f) The luciferase reporter using the MAPK14 3" untranslated
sequence (3'UTR) and tested the Iuciferase activity in HEK-293T cells expressing microRNA155. A non-parametric rank-sum test was used, *P < 0.05,
compared with normal weight patients (NC). MUT, mutant-type; WT, wild-type.

combine the microRNA155. Similarly, FADSI 3'UTR was
tested for luciferase activity in 293T cells during overexpressing
microRNA29. As the results show, microRNA29 significantly
inhibited wild-type FADSI 3'UTR luciferase activity when com-
pared with cells expressing mutant FADSI 3'UTR (Figure 5d).
These findings support our microRNA155 and microRNA29
target gene predictions, and that microRNA155 targets the
MAPK14 3'UTR and microRNA29 targets the FADSI 3'UTR,
leading to mRNA repression.

DISCUSSION

Consistent with its endocrine function, adipose tissue not only
secretes adipokines (such as leptin, adiponectin etc.), but also
releases microRNAs that participate in physiological and patho-
logical processes in the body through regulation of target gene
expression. With the changes in composition and morphology
of adipose tissue observed in obese patients, the endocrine
function of adipose tissue is also likely to be affected. Accord-
ingly, reports showed that adipose tissue-derived microRNAs
are associated with various obesity-related diseases®. Thus,

microRNAs have great potential as therapeutic targets for the
treatment of obesity and related chronic diseases'”.

It is evident from human and animal studies that obesity
alters microRNA expression in metabolically important organs,
and that microRNAs are involved in changes to normal physi-
ology, acting as mediators of disease®. For example, microRNAs
play important roles in cardiovascular diseases. As shown in
the Fichtlscherer et al* study, microRNA17 was significantly
lower in the plasma of patients with coronary artery disease.
Similarly, Heneghan et al*' confirmed reduced expression of
microRNA17 in human omental adipose tissue taken from
obese patients. Conversely, overexpression of certain microRNA
can improve disease symptoms. As shown by Zhao et al*>%,
microRNA155 can alleviate PA-induced vascular endothelial
cell injury in human umbilical vein endothelial cells by nega-
tively regulating the Wnt signaling pathway, and microRNA155
might be considered as a potential therapeutic target for the
treatment of atherosclerosis. Apart from cardiovascular diseases,
microRNAs are also associated with obesity-associated
tumorigenesis. Upregulation of microRNA665 expression
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Figure 4 | HepG2 cells were transfected with indicated mimic microRNAs for 24 h. Lipid synthesis and glucose incorporation in HepG2 cells
ectopically expressing microribonucleic acid-155 (microRNA155) cells was measured. (a) Results of Oil Red O stain; (b) quantitative results of cell
solubilization with isopropanol after Oil Red O staining; (c) intracellular triglyceride (TG) levels were measured; and (d) glucose measurements in cell
culture medium. Non-parametric rank sum test was used, *P < 005, compared with normal weight patients (NC). FFA, free fatty acids.

independently predicts poor lung cancer prognosis, and pro-
motes tumor cell proliferation, migration and invasion®*, Wu
et al” found that microRNA143 can suppress the proliferation
and metastasis of human gastric cancer cells by modulating sig-
nal transducer and activator of transcription 3 expression. The
sponging microRNA-329-3p can accelerate cell proliferation
and invasion, and inhibit cell apoptosis by repressing radiosen-
sitivity of glioma by enhancing CREB1 expression”®. Therefore,
microRNAs can be critical factors in diseases associated with
obesity.

It has been reported that regulatory functions have been
ascribed to microRNAs in tissues directly targeted by insulin,
such as the liver, adipose tissue and skeletal muscle’” . It has
been reported that patients with type 2 diabetes mellitus show
increased circulatory levels of microRNA-128%. Furthermore,
Poy et al>"** showed that microRNA375 interferes with insulin

secretion, and microRNA96 is upregulated in pancreatic -cells
in type 2 diabetes mellitus. Xiao et al.*> found that microRNA17
levels were negatively associated with glucose transporter type 4
expression. Additionally, loss and gain-of-function analyses
showed that overexpression of microRNA17 impaired glucose
metabolism in L6 rat skeletal muscle cell line. In addition to nega-
tively regulating glucose metabolism, microRNAs can positively
impact glucose metabolism. For example, Xu et al.** confirmed
that microRNA125a-5p should be considered a regulator of gly-
colipid metabolism in type 2 diabetes mellitus, because this
microRNA can inhibit hepatic lipogenesis, gluconeogenesis, and
elevate glycogen synthesis by targeting signal transducer and acti-
vator of transcription 3 expression. Thus, microRNAs show pro-
mise in the diagnosis and treatment of type 2 diabetes mellitus.
Ying et al®® found that microRNA155 injected intravenously
into normal weight mice fed with a normal diet altered

© 2020 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd
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Figure 5 | Messenger ribonucleic acid (mRNA) expression levels in HepG2 cells were measured 24 h after transfection with microribonucleic acid-
29 (microRNA29) mimic. (a) Measurement of microRNA29 expression; (b) FADST mRNA expressions; () PEXTTA mRNA expression; and (d) a
luciferase reporter using the FADST 3’ untranslated sequence (3'UTR) and tested the luciferase activity in HEK-293T cells expressing microRNA29.
Non-parametric rank-sum test was used, *P < 0.05, compared with normal weight patients (NC).

expression of key genes involved in glucose and lipid metabo-
lism in various target tissues, such as skeletal muscle, adipose
tissue and the liver. This resulted in a decrease in glucose and
lipid metabolism, and led to abnormal glucose tolerance and
insulin resistance. On the contrary, microRNA155 improves
glucose tolerance and insulin resistance in obese mice. Further-
more, it has been reported that microRNA29 influences glucose
and lipid metabolism in skeletal muscle cells*®. Accordingly,
microRNA155 and microRNA29 can potentially play an impor-
tant role in type 2 diabetes mellitus, but there is no current evi-
dence linking microRNA155 and microRNA29 to type 2
diabetes mellitus.

In the present study, we observed that expression of micro-
RNA155 was significantly increased in the serum of obese and
type 2 diabetes mellitus individuals. Furthermore, we also found
a positive correlation between the expression level of micro-
RNA155 and glucose, TG and HDL. As described earlier,
microRNA155 is expressed by adipose tissue, thus, differences
in body fat distribution are potentially the reason for height-
ened expression of microRNA155 in these individuals.

According to the study published by Roderburg et al,” the
expression level of microRNA29 was significantly lower in indi-
viduals with abnormal liver function when compared with nor-
mal individuals, suggesting that microRNA29 is expressed by

the liver. At present, no evidence shows that liver function or
liver metabolism differ in obese or type 2 diabetes mellitus
patients. Furthermore, in the present study, expression of
microRNA29 was found to be significantly higher in the serum
of obese and type 2 diabetes mellitus patients when compared
with normal weight individuals. Additionally, the expression
level of microRNA29 in the serum of obese and type 2 diabetes
mellitus patients is positively correlated with TG, cholesterol
and HDL. These findings suggest that microRNA29 is a possi-
ble risk factor in type 2 diabetes mellitus patients, but the speci-
fic molecular mechanism responsible for elevated microRNA29
expression in type 2 diabetes mellitus patients requires further
elucidation.

We used target prediction software to predict microRNA155
and microRNA29 target genes. These efforts identified several
microRNA155 (MAPK14, MAP3K10, PRKAR2B and DUSPI14)
and microRNA29 (FADSI and PEX11A) target genes that func-
tion in glucose and/or lipid metabolism. Ectopic expression of
microRNA155 or microRNA29 mimics in HepG2 cells resulted
in decreased expression of each target gene. Similarly, glucose
incorporation was impaired and lipid synthesis was decreased by
overexpression of microRNA155 and microRNA29 in HepG2
cells. These findings suggest that microRNA155 inhibits expres-
sion of MAPKI4, MAP3K10, PRKAR2B and/or DUSPI4, and,
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Figure 6 | HepG2 cells were transfected with the microribonucleic acid-29 (microRNA29) mimic for 24 h, and lipid synthesis and glucose
incorporation ability were subsequently detected. (a) Oil Red O staining of HepG2; (b) quantitative results of solubilization of Oil Red O stained cells
with isopropanal; () intracellular triglyceride (TG) levels were measured; and (d) glucose concentrations cell culture medium were measured. Non-
parametric rank-sum test was used, *P < 0.05, compared with normal weight patients (NC). FFA, free fatty acids.

likewise, microRNA29 negatively regulates FADSI and PEXI1IA.
These molecular events, in turn, negatively impact glucose and
lipid metabolism in type 2 diabetes mellitus patients.

In conclusion, we discovered that microRNA155 and micro-
RNA29 levels are elevated in the serum of type 2 diabetes mel-
litus patients. Furthermore, we identified and verified relevant
microRNA155 and microRNA29 target genes that impact glu-
cose and lipid metabolism, and determined that overexpression
of microRNA155 and microRNA29 in HepG2 cells negatively
impacts glucose and lipid metabolism. The present study pro-
vides new evidence for a molecular mechanism underlying
type 2 diabetes mellitus pathology in humans.
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SUPPORTING INFORMATION

Additional supporting information may be found online in the Supporting Information section at the end of the article.

Table S1 | Refer to the instructions of the microribonucleic acid fluorescence quantitative kit for reaction system in Tiangen.

Table S2 | Please refer to the instruction manual of the microribonucleic acid fluorescence quantitative kit for the amplification
program in Tiangen.

Table S3 | Refer to the instructions of the messenger ribonucleic acid fluorescence quantitative kit for reaction system in Qiagen.

Table S4 | Please refer to the instruction manual of the microribonucleic acid fluorescence quantitative kit for the amplification
program in Qiagen.

Table S5 | All the primers used in real-time polymerase chain reaction of the target gene.
Table S6 | Comparison of patient metrics and biochemical parameters among the three study groups.

Figure S1 | Bioinformatics prediction flow chart.
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