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Abstract: Accumulating evidence suggests that microRNAs are important regulators in the pathology of diabetes and 
its relevant renal injures. Little is known about the role of miR-181a in development of diabetic nephropathy. The 
aim of our present study was to investigate levels of miR-181a in diabetic nephropathy and explore its underlying 
mechanism. In the present study, Db/db and db/m mice were randomized into groups with 12 mice in each: db/m 
group, db/db group, and antagomiR-181a-treated db/db group. Changes in renal cortical sections were studied by 
histopathology. Mouse mesangial cells transfected with miR-mimic or miR-inhibitor and cell growth was measured 
using MTT assay. Levels of miR-181a expression were detected using qRT-PCR under different conditions. Indexes 
were measured using qRT-PCR and Western blot. Our results show that downregulation of miR-181a could alleviate 
pathological changes of diabetic nephropathy in mice. miR-181a expression was significantly upregulated in mouse 
mesaginal cells in vitro (P<0.05). Overexpression of miR-181a promoted extracellular matrix under high glucose by 
measuring related indexes such as collagen I, collagen IV, and fibronectin, which could be reversed by miR-181a in-
hibitors (P<0.05). Upregulation of miR-181a suppressed expression of TβRIII by binding with 3’-UTR. These findings 
suggest miR-181a plays as an important role in renal fibrosis of diabetic nephropathy in an animal model.

Keywords: Diabetic nephropathy, miR-181a, mouse mesangial cells

Introduction

Diabetes mellitus, commonly referred to as dia-
betes, is a metabolic disease characterized by 
hyperglycemia due to insulin-secreting or insu-
lin-action disorders [1]. Persistent hyperglyce-
mia and chronic metabolic disorders can lead 
to systemic organ dysfunction and failure, es- 
pecially in the eyes [2], kidneys [3], cardiovas-
cular [4] and nervous [5] systems.

Diabetic nephropathy (DN) is one of the most 
serious and dangerous chronic complications 
caused by diabetes. Pathophysiologic abnor-
malities in diabetic nephropathy begin with 
long-standing poorly controlled blood glucose 
levels. This is followed by multiple changes 
within the glomerulus which include a thicken-
ing of the basement membrane, a widening of 
slit membranes of the podocytes, an increase 
in the number of mesangial cells, and an accu-
mulation of extracellular matrix proteins [6, 7]. 

microRNAs (miRNAs) are a class of endogeno- 
us non-coding RNAs (about 21-24 nucleotides) 
that exhibit biological functions by binding to 
the 3’ untranslated region (3’-UTR) of target 
genes [8]. miRNAs could participate in a series 
of physiological and pathological processes by 
inhibiting target gene expressions including ce- 
ll differentiation, metabolism, proliferation, and 
apoptosis [9]. 

Accumulating evidence suggests that miRNAs 
are important regulators in the pathology of dia-
betes and its relevant renal injures [10-12]. 
Recent studies have shown that miR-181a 
expression was upregulated in diabetes melli-
tus and inhibition of miR-181a might be a 
potential new strategy for treating insulin resis-
tance and type 2 diabetes mellitus [13, 14].

Fibroblast growth factor 1 (FGF1) is a prototyp- 
ic member of the FGF family of proteins, which 
contains 22 members in humans and in mice 
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[15]. Recombinant FGF1 could normalize blood 
glucose levels and restore insulin sensitivity in 
diabetic rodents [16]. Guang Liang et al. have 
demonstrated that FGF1 could attenuate devel-
opment of diabetic nephropathy by preventing 
inflammatory responses [17].

The aim of our present study was to investigate 
levels of miR-181a in development of DN and 
explore its underlying mechanism.

Materials and methods

Animals

C57BL/6 db/db and control db/m mice (8 we- 
eks old, nine each group) were acquired fr- 
om the laboratory animal center of Zhengzhou 
University. The animal room was controlled  
at 20-22°C and 40-60% humidity with a 12 
hour light/12 hour dark cycle. Mice were given 
standard chow and autoclaved water ad libi-
tum. Mouse models of diabetes were con-
structed by intraperitoneal STZ injections (100 
mg/kg) for three consecutive days [18]. Db/db 
and db/m mice were randomized into groups 
with 12 mice in each: (1) db/m group, (2) db/db 
group, and (3) antagomiR-181a-treated db/ 
db group. Tail vein blood glucose levels >300 
mg/dl was considered diabetic, measured by 
Glucose LiquiColor Test (Stanbio Laboratory, 
Boerne, TX, USA) every 4 weeks. Urinary sam-
ples (24 hours) were collected by metabolic 
cage every 4 weeks and urine albumin concen-
tration was determined by competitive ELISA, 
according to manufacturer instructions (Exo- 
cell, PA). Renal cortical tissues were dissected 
from kidneys, as previously described [19]. One 
piece of fresh kidney tissue sample was fixed 
by neutral formalin and the remaining tissues 
were stored at -80°C for future analysis. All ani-
mal experiments were performed according to 
institutional, local, and national guidelines on 
animal research and ethics.

Histological studies

Renal cortical tissues were fixed for 48 hours, 
dehydrated through a graded series of ethanol, 
embedded in paraffin wax, and cut into 4 μm 
sections. The samples were stained with hema-
toxylin-eosin (HE) and periodic acid Schiff (PAS) 
to observe glomerular morphological changes. 
Four random fields were chosen by light mi- 
croscope.

Cell culture and transfection

293T cells were cultured in DMEM with 5 
mmol/l glucose and 10% fetal bovine serum  
at 37°C in a humidified 5% CO2 atmosphere. 
Mouse mesangial cells (MMCs) cultured in 
DMEM were treated with 25 and 5 mmol/l glu-
cose respectively to mimic diabetic pathologi-
cal and normal physiological environments, as 
previously described [20]. For transfection, ce- 
lls were seeded into plates and transfected 
with miRNAs or siRNAs (Gene Pharm, Shang- 
hai, China) mixed with Lipofectamine 2000 re- 
agent (Invitrogen, Carlsbad, MA, USA), accord-
ing to manufacturer protocol.

Cell proliferation assay

Cells (3×103) were cultured in 96-well plates, 
incubated for 24 hours, and stained with 0.5 
mg/ml MTT for 4 hours. Supernatant was dis-
carded and 200 μl of dimethylsulfoxide (DM- 
SO) was added to dissolve precipitates. Abs- 
orption values were measured at 490 nm.

Real time quantitative PCR analysis

Total RNA was isolated from tissues and cells 
using TRIzol Reagent (Invitrogen, Carlsbad, CA, 
USA), according to manufacturer protocol. 
Complementary DNA (cDNA) was synthesized 
from 50 ng of total RNA using a miRCURY LNA 
Universal cDNA synthesis kit (Exiqon, Vedbaek, 
Denmark). β-actin was used as an internal con-
trol gene to normalize target genes. All primers 
were designed and synthesized by GenePharma 
(Shanghai, China). Relative levels of gene ex- 
pression were expressed relative to β-actin and 
calculated using 2-ΔΔCt method.

Luciferase activity assay

The 3’ untranslated region (UTR) of FGF1 con-
taining miR-181a binding sites was amplified 
and cloned into the psiCHECK-2 luciferase vec-
tor (Promega, USA). Similarly, mutant 3’-UTR of 
FGF1 was cloned into the same vector. Cells 
maintained in 96-well plates were co-transfect-
ed with miR-141a mimic or miR-NC. Transfected 
cells were detected using Dual-Luciferase Re- 
porter Assay System (Promega) 48 hours later.

Western blotting analysis

Cultured cells were washed with ice-cold PBS 
and lysed in RIPA buffer supplemented with 
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protease inhibitor mixture. After electrophore-
sis, the protein samples were incubated wi- 

in db/db mice, significantly improved by an- 
tagomiR-181a (P<0.05) (Figure 1C). Overall, 

Figure 1. Role of miR-181a in renal function and pathological changes of 
DN in db/db mice. A, B: The ACR increased and the Ccr decreased signif-
icantly with the progression of DN. When db/db mice were injected with 
antagomiR-181a, there was a significant decrease of ACR and an increase 
in Ccr (P<0.05). C: The level of blood glucose was upregulated remarkably in 
db/db mice, which was significantly improved by antagomiR-181a (P<0.05). 
D-F: miR-181a expression was positively correlated with ACR and blood 
glucose (r=0.689, r=0.759; P<0.05) and negatively correlated with Ccr (r=-
0.685, P<0.05). G: Specimens showed increased mesangial matrix in db/
db mice and the degree of pathological changes was lightened when db/db 
mice received antagomiR-181a treatment. 

th primary antibody (anti-
FGF1, anti-Collagen I, anti-Col-
lagen IV, and anti-fibronectin, 
1:1000 dilution). Samples we- 
re incubated with secondary 
antibodies conjugated by HRP. 
Bands were quantified using 
ImageJ software.

Statistical analysis

Results are expressed as me- 
an ± standard error. Student’s 
t-test and ANOVA were per-
formed among the different 
groups. All calculations were 
performed using SPSS 17.0 
software (IBM Software, Chi- 
cago, IL, USA) and GraphPad 
(vision 6.0, USA). Corr-elation 
analysis of continuous vari-
ables was based on Spear- 
man’s test correlation meth-
od. A value of P<0.05 indicat-
ed a statistically significant diff- 
erence.

Results

Role of miR-181a in renal 
function and pathological 
changes of DN in db/db mice

ACR and Ccr were considered 
clinical indexes of renal func-
tion in DN [11, 21]. In order to 
examine miR-181a function in 
progression of DN, expression 
of these indexes was analyzed 
using qPCR. Results showed 
that ACR increased and Ccr 
decreased significantly with 
progression of DN (P<0.05) 
(Figure 1A, 1B). When db/db 
mice were injected with anta- 
gomiR-181a, there was a sig-
nificant decrease of ACR and 
increase in Ccr (P<0.05) (Fig- 
ure 1A, 1B). At the same time, 
we also detected changes in 
blood glucose. The data of our 
present study demonstrated 
that levels of blood glucose 
were upregulated remarkably 
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miR-181a expression was positively correlated 
with ACR and blood glucose (r=0.689, r= 
0.759; P<0.05) (Figure 1D, 1E) and negatively 
correlated with Ccr (r=-0.685, P<0.05) (Figure 
1F). To characterize the role of miR-181a in 
renal fibrosis in DN, specimens obtained from 
renal cortex at 20 weeks showed increased 
mesangial matrix in db/db mice. PAS and HE 
staining also showed the degree of pathologi-
cal changes as they were lightened when  
db/db mice received antagomiR-181a treat-
ment (Figure 1G).

Expression of miR-181a in MMCs under high 
glucose condition

To further investigate effects of miR-181a on 
development of DN, expression of miR-181a in 
MMCs was analyzed by RT-qPCR. MMCs were 
induced by high glucose (25 mM) for 12, 24, 
48, and 72 hours. Figure 2A shows that miR-
181a mRNA expression was significantly upre- 
gulated in MMCs under high glucose condi-

As major components of ECM in MMCs, expres-
sions of collagen I, collagen IV, and fibronectin 
were detected to predict the accumulation of 
ECM under high glucose conditions by RT-PCR 
and Western blot. The results indicated that 
expression of these indexes mRNA was signifi-
cantly increased in MMCs (P<0.05) (Figure 3A). 
Additionally, overexpression of miR-181a ele-
vated levels of these indexes (P<0.05) (Figure 
3D). This means that overexpression of miR-
181a aggravated fibrosis of MMCs. Also, a 
small interfering RNA (si-RNA) against miR-
181a was successfully designed and assessed 
by qRT-PCR (P<0.05) (Figure 3B). Results of 
qRT-PCR confirmed that expression of these 
indexes was significantly reduced in MMCs 
(P<0.05) (Figure 3C, 3D). Taken together, this 
suggests that miR-181a regulates fibrosis of 
MMCs in vitro.

miR-181a targets with 3’-UTR of FGF1

Bioinformatics analysis was used to predict 
candidate targets of miR-141. Results revealed 

Figure 2. Expression of miR-181a in MMCs under high glucose conditions. 
MMCs were induced by high glucose (25 mM) for 12, 24, 48, and 72 hours. 
A: Showed that miR-181a mRNA expression was significantly upregulated 
in MMCs under high glucose conditions. B: miR-181a level was signifi-
cantly elevated in MMCs transduced with miR-181a mimic compared with 
miR-NC (P<0.001). C: The growth rate of MMCs in high glucose conditions 
was increased, which could be further elevated by BANCR over-expression 
(P<0.05).

tions, implying the elevated 
level of miR-181a mRNA indu- 
ced by high glucose was time-
dependent. Moreover, miR-18- 
1a-overexpression in MMCs 
was firstly established by ret-
rovirus infection. Results of 
qRT-PCR manifested that miR-
181a levels were significantly 
elevated in MMCs transduced 
with miR-181a mimic com-
pared with miR-NC (P<0.001) 
(Figure 2B). To explore the role 
of miR-181a in cell prolifera-
tion, MMT assay was per-
formed to evaluate viability of 
MMCs under high and low glu-
cose conditions, which mimic 
diabetic pathological and nor-
mal physiological environme- 
nts, respectively. The results 
indicated that the growth rate 
of MMCs in high glucose con-
ditions was increased, which 
could be further elevated  
by BANCR overexpression (P< 
0.05) (Figure 2C).

miR-181a promotes extracel-
lular matrix accumulation in 
vitro
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3’UTR of FGF1 was highly conserved to bind 
with miR-181a. The 3’-UTR binding sites can be 
seen in Figure 4A. Luciferase reporter assay 
showed transfection of miR-181a could signifi-
cantly restrict relative luciferase activity in 
MMCs (P<0.05) (Figure 4B), suggesting that 
miR-181a has inhibitory effects on FGF1 ex- 
pression via interaction with 3’-UTR of FGF1. 
After cells were transfected with miR-181a 
mimic, FGF1 expression levels were significa- 
ntly downregulated (P<0.05) (Figure 4C). Ov- 
erall, our study discovered that miR-181a sup-
pressed expression of FGF1 by binding with 
3’-UTR.

Discussion

microRNAs (miRNAs) are small non-coding RNA 
molecules that function in RNA silencing and 
post-transcriptional regulation of gene expres- 
sion [22]. miR-181a is derived from an overlap-
ping gene locus that is highly conservative 
among mammalian species [23]. miR-181a 
participates in various gene regulatory process-
es such as development, differentiation, and 
immune modulation [24]. Zhou, B et al. report-
ed that miR-181a could improve hepatic insulin 
sensitivity and glucose homeostasis, perhaps 
providing a potential new therapeutic strategy 

Figure 3. miR-181a promotes extracellular matrix accumulation in vitro. A: Expression of collagen I, collagen IV, and 
fibronectin mRNA was significantly increased in MMCs (P<0.05). Meanwhile, overexpression of miR-181a elevated 
levels of these indexes (P<0.05). B: A small interfering RNA (si-RNA) against miR-181a was successfully designed 
and assessed by qRT-PCR (P<0.05). C, D: Expression of these fibrotic indexes was significantly reduced in MMCs 
(P<0.05). 
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for treating insulin resistance and type 2 diabe-
tes [14]. However, to date, few studies have 
evaluated the role of miR-181a in DN deve- 
lopment.

Our present study focused on the role of miR-
181a in renal fibrosis of DN in db/db mice. 
Results showed that miR-181a expression was 
positively correlated with ACR and negatively 
correlated with Ccr, indicating the value of miR-
181a as a predictor for progression of DN. 
When db/db mice received antagomiR-181a 
injections, renal fibrosis histopathological ch- 
anges were slightly alleviated. miR-181a mRN- 
A expression was significantly upregulated in 
MMCs under high glucose conditions. MMT as- 
say showed that overexpression of miR-181a 
accelerated proliferation of MMCs. Furthermo- 
re, upregulated miR-181a promoted expression 

pathogenesis of DN and provides a novel thera-
peutic target for treatment of DN. 
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Figure 4. miR-181a targets with 3’-UTR of FGF1. Bioinformatics analysis 
was used to predict the candidate targets of miR-141. The 3’-UTR binding 
sites can be seen in A. B: Luciferase reporter assay showed transfection 
of miR-181a could significantly restrict relative luciferase activity in MMCs 
(P<0.05), suggesting miR-181a has inhibitory effects on FGF1 expression 
via interaction with the 3’-UTR of FGF1. C: After cells were transfected with 
miR-181a mimic, FGF1 expression levels were significantly downregulated 
(P<0.05).

of fibrotic indexes mRNA and 
protein levels. This was rever- 
sed, however, by using knock-
down of miR-181a. These da- 
ta suggest that miR-181a pro-
motes renal fibrosis in devel-
opment of DN.

FGF-1 belongs to FGF family 
and was discovered as a mito-
gen for cultured fibroblasts 
[25]. FGF-1 has traditionally 
been believed to be a pro-
fibrotic factor promoting fibro-
blasts proliferation [25, 26]. 
Nevertheless, strong evidence 
has demonstrated that FGF-1 
has an anti-fibrotic role. FGF-1 
could induce fibroblast apop-
tosis and inhibit type I colla-
gen expression in lung fibrosis 
[27, 28]. As for diabetic ne- 
phropathy, bioinformatics an- 
alysis showed miR-181a tar-
gets 3’-UTR of FGF1 closely. 
These results demonstrate 
that overexpression of miR-
181a could lower FGF1 mRNA 
and related protein produc-
tion. These data suggest that 
miR-181a may induce renal 
fibrosis in DN through modula-
tion of FGF1.

Our present study characteriz-
es the role of miR-181a in the 
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