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Abstract. MicroRNAs (miRNAs/miR) have emerged as a
novel class of gene expression modulators in kidney disease.
Lupus nephritis (LN) is the predominant cause of morbidity
and mortality in patients with systemic lupus erythematosus
(SLE). Hsa-miR-371-5p has previously been reported to be
dysregulated in LN using a miRNA microarray analysis. The
present study aimed to determine the function and molecular
mechanisms of hsa-miR-371-5p in human mesangial cells
of LN. Quantitative polymerase chain reaction (QPCR) was
used to detect hsa-miR-371-5p expression in LN tissues.
Furthermore, the MTT assay and flow cytometric analyses
were performed to analyze the effects of hsa-miR-371-5p on
mesangial cell proliferation and apoptosis. Bioinformatics
analysis, luciferase reporter assay, qPCR and western blotting
were also conducted to predict and confirm the target gene of
hsa-miR-371-5p in mesangial cells. The results demonstrated
that hsa-miR-371-5p expression was markedly downregulated
in LN renal tissues compared with in normal kidney tissues.
Restoration of hsa-miR-371-5p expression using synthetic
hsa-miR-371-5p mimics was able to significantly inhibit
mesangial cell proliferation and induce apoptosis. In addition,
mechanistic exploration demonstrated that hypoxia-inducible
factor la (HIF-1a) was a direct target gene of hsa-miR-371-5p
in mesangial cells. In conclusion, these results suggested that
hsa-miR-371-5p is downregulated in LN, and overexpression
of hsa-miR-371-5p may inhibit mesangial cell proliferation
and promote apoptosis by directly targeting HIF-1a.
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Introduction

Systemic lupus erythematosus (SLE) is a complex autoimmune
disease, which is characterized by a loss of self-tolerance and
the production of autoantibodies against a host of nuclear
self-antigens (1). SLE predominantly affects women of
childbearing age, and <20% of cases begin during teenage
years. Lupus nephritis (LN) is kidney inflammation caused
by SLE, and is the leading cause of morbidity and mortality
in patients with SLE (2). One of the primary characteristics
of LN is excessive proliferation of mesangial cells; disordered
mesangial cell proliferation usually results in nephritic
syndrome, which eventually leads to renal failure (3,4). LN
is a severe disorder and the currently available therapeutic
methods are ineffective; therefore, it is essential to identify
novel useful targets for the treatment of LN.

MicroRNAs (miRNAs/miR) are small, non-coding
RNAs that endogenously control gene expression by partial
complementary binding to the 3' untranslated region (3'-UTR)
of target mRNAs (5-8). Previous studies have reported
that miRNAs are involved in diverse physiological and
pathophysiological functions, including cell differentiation and
development, cell cycle and apoptosis, immune tolerance and
carcinogenesis (9,10). In addition, studies have demonstrated
that several miRNAs exhibit aberrant expression in LN.
Dai et al identified 36 upregulated and 30 downregulated
miRNAs in LN renal tissues compared with in healthy kidney
tissues (11). Denby et al reported that miR-21 and miR-214
were induced by transforming growth factor-f stimulation
in an anti-Thyl.l rat model (12). Furthermore, Te et al
revealed that five miRNAs (hsa-miR-371-5p, hsa-miR-423-5p,
hsa-miR-638, hsa-miR-1224-3p and hsa-miR-663) were
abnormally expressed in LN across various racial groups, as
determined by miRNA microarray analysis (13). These results
suggest that miRNA may function as a valuable novel tool for
understanding, diagnosing and treating LN.

Hsa-miR-371-5p is a novel miRNA that is present on
chromosome 19q13.42 in the human genome, the function
of which has not yet been elucidated. Hsa-miR-371-5p has
previously been reported to be dysregulated in LN (13).
However, at present, the biological role and molecular
mechanisms of hsa-miR-371-5p in LN remain unclear.
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The present study aimed to identify the biological
function and molecular mechanisms of hsa-miR-371-5p in
LN. Hsa-miR-371-5p was shown to be downregulated in LN
tissues. Furthermore, exogenous restoration of hsa-miR-371-5p
expression was able to inhibit human mesangial cell
proliferation and promote apoptosis by directly targeting
hypoxia-inducible factor la (HIF-la). The results of the
present study indicate that hsa-miR-495 may be considered a
potential therapeutic target for the future treatment of LN.

Materials and methods

Cell culture. The human mesangial cell line was obtained
from the Cell Resource Center, Shanghai Institutes for
Biological Sciences (Shanghai, China). The cells were cultured
in Dulbecco's modified Eagle's medium (Invitrogen; Thermo
Fisher Scientific, Inc., Waltham, MA, USA) supplemented with
10% fetal bovine serum (Beyotime Institute of Biotechnology,
Haimen, China) at 37°C in an atmosphere containing 5% CO,.
Penicillin (100 U/ml) and streptomycin (100 zg/ml) were added
to the culture medium to prevent bacterial contamination.

Renal samples. A total of 35 SLE renal biopsy samples were
collected from the Fourth Hospital of Harbin Medical University
(Harbin, China) between January 2010 and January 2014. All
SLE patients (6 male and 29 female; mean age, 26.6+3.4)
exhibited the necessary criteria for a diagnosis of SLE. The
classification of LN was based on the International Society
of Nephrology/Renal Pathology Society criteria published in
2003 (14). Renal carcinoma-adjacent normal kidney tissues
were collected from 35 patients as the control group (18 male
and 17 female; mean age, 47.6+4.7). Written informed consent
was obtained from all of the participants or their relatives.
The present study was approved by the Ethics Committee of
the Fourth Hospital of Harbin Medical University, and was
conducted in compliance with the Helsinki Declaration.

Total RNA extraction and reverse transcription-quantitative
polymerase chain reaction (RT-gPCR). Total RNA was
isolated from homogenized SLE renal biopsy tissues, normal
kidney tissues and mesangial cells using TRIzol® reagent
(Invitrogen; Thermo Fisher Scientific, Inc.) according to the
manufacturer's protocol. Subsequently, RNA was reverse
transcribed using a miScript RT kit (Qiagen, Inc., Valencia,
CA, USA) or a PrimeScript RT reagent kit (Takara Bio,
Inc., Otsu, Japan) according to the manufacturer’s protocols.
gPCR was conducted using a TagMan® miRNA assay kit
(Applied Biosystems; Thermo Fisher Scientific, Inc.). gPCR
was performed on an Applied Biosystems Prism® 7900HT
sequence detection system (Applied Biosystems; Thermo
Fisher Scientific, Inc.) with a total volume of 10 x1 PCR mix,
which consisted of: 1.0 ul template cDNA, 4 ul SYBR Green
mixture and 1.0 ul primers; the PCR mix was supplemented
with water to adjust the final volume to 20 pl.

The hsa-miR-371-5p, U6, HIF-1a.and GAPDH primers were
purchased from Applied Biosystems (Thermo Fisher Scientific,
Inc.). The sequences were as follows: Hsa-miR-371-5p, forward
5'-ACTCAAAAGATGGCGGCAC-3', the reverse primer
was supplied by the miScript RT kit; U6, forward 5'-CTC
GCTTCGGCAGCACA-3', reverse 5-ACGCTTCACGAA
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TTTGCGT-3'; HIF-1a, forward 5-CTCAGAATGAAGTGT
ACCCTAA-3, reverse 5'-CAAATCAGCACCAAGCAG-3
and GAPDH, forward 5-GACCTGACCTGCCGTCTA-3',
reverse 5'-AGGAGTGGGTGTCGCTGT-3". All reactions
were incubated in a 96-well plate at 95°C for 20 min, followed
by 45 cycles at 95°C for 10 sec and 60°C for 20 sec. The U6
gene was used as an internal control to normalize differences
in hsa-miR-371-5p expression in each sample. The relative
amount of hsa-miR-371-5p expression to U6 expression was
determined using the 2-24€4(15).

Western blot analysis. Total protein was extracted from the
cultured cells by using radioimmunoprecipitation assay buffer
(Invitrogen; Thermo Fisher Scientific, Inc.). The concentration
of each protein was detected by a Enhanced bicinchoninic
acid Protein Assay kit (Beyotime Institute of Biotechnology).
Equal amounts of protein (40 pg) isolated from mesangial
cells were separated by 10% SDS-PAGE and were blotted
onto a polyvinylidene difluoride membrane (Merck Millipore,
Darmstadt, Germany). After blocking with 5% non-fat milk
for 2 h at 37°C, the membrane was incubated with mouse
monoclonal anti-HIF-1a (cat. no. ab113642; 1:1,000; Abcam,
Cambridge, UK) and GAPDH (cat. no. ab8245; 1:10,000;
Abcam) antibodies overnight at 4°C. Subsequently, the
membrane was washed three times with TBS containing
0.1% Tween for 15 min and was incubated with the
corresponding horseradish peroxidase-conjugated secondary
antibody (cat. no. ab6789; 1:2,000; Abcam) for 1 h at room
temperature. The results were visualized by enhanced
chemiluminescence (Merck Millipore).

Cell transfection assay. The synthesized hsa-miR-371-5p
mimics and control mimics (Shanghai GenePharma Co., Ltd.,
Shanghai, China) were transfected into mesangial cells using
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific,
Inc.), in order to promote hsa-miR-371-5p expression,
according to the manufacturer's protocols. A total of 24 h
post-transfection, the cells were harvested and total RNA and
protein were extracted for JPCR and western blot analyses. The
sequences were as follows: Hsa-miR-371-5p mimics, 5'-ACU
CAAAAGAUGGCGGCACUU-3"; and control mimics,
5-AGUACUUUUGUGUAGUACA-3".

Analysis of mesangial cell proliferation. Mesangial cell
proliferation was detected using an MTT assay (Sigma-Aldrich;
Merck Millipore), according to the manufacturer's protocol.
Briefly, ~4,000 mesangial cells were cultured in 96-well
plates and treated with 10 pmol hsa-miR-371-5p mimics or
control mimics. At 0, 24, 48 or 72 h post-transfection, the
cells were treated with 30 ul MTT (5 pug/ml) for 4 h at 37°C,
then with 150 ul dimethyl sulfoxide for 15 min at 37°C. The
results were determined using a microplate reader (Bio-Rad
Laboratories, Inc., Hercules, CA, USA) at a dual wavelength
of 450/630 nm.

Analysis of mesangial cell apoptosis. Mesangial cells
(~8x10°) were plated into 6-well plates and were transfected
with hsa-miR-371-5p mimics or control mimics within 24 h.
All mesangial cells, including floating and dead cells, were
collected 48 h post-transfection, were washed twice with
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cold PBS and were treated with 100 gl 1X binding buffer
(Invitrogen; Thermo Fisher Scientific, Inc.). Subsequently, 5 ul
Annexin V-fluorescein isothiocyanate (Invitrogen; Thermo
Fisher Scientific, Inc.) and 4 1 propidium iodide were added to
the reactions. The results were analyzed using flow cytometry
(Beckman Coulter, Inc., Brea, CA, USA) at 488 nm excitation
within 30 min of staining, according to the manufacturer's
protocols.

Plasmid construction and luciferase activity analysis.
PicTar (http://pictar.mdc-berlin.de/) and TargetScan
(http://www.targetscan.org/) databases were used to predict the
complementary region of hsa-miR-371-5p to HIF-1a. Luciferase
reporters were constructed using molecular cloning technology.
The target sequence was inserted into the psiCHECK-2
luciferase reporter plasmid (Promega Corporation, Madison,
WI, USA) to obtain the psiCHECK-2-HIF-la wild type
(WT) recombinant reporter vector, which contained the
hsa-miR-371-5p binding sequence. The psiCHECK-2-HIF-1a
mutant (MUT) recombinant reporter vector was chemically
synthesized by Shanghai GenePharma Co., Ltd.

Luciferase assays were then used to assess whether HIF-1a
was a direct target of hsa-miR-371-5p. Briefly, mesangial cells
were cultured in 24-well plates until they reached 70-80%
confluence, when they were transiently co-transfected with
0.2 ug WT or MUT reporter plasmid, 10 nmol hsa-miR-371-5p
mimics or control mimics using Lipofectamine® 2000
(Invitrogen; Thermo Fisher Scientific, Inc.). A total of 48 h
post-transfection, all samples were harvested and analyzed
using the Dual-Luciferase Reporter Assay system (Promega
Corporation), according to the manufacturer's protocol. Renilla
luciferase activity was normalized to Firefly luciferase activity
for each experiment. All transfection assays were carried out
in triplicate.

Statistical analysis. Statistical analysis was performed using
SPSS 16.0 statistical software package (SPSS, Inc., Chicago,
IL, USA). The expression levels of hsa-miR-371-5p in LN
renal tissues and normal kidney tissues, luciferase assay, cell
expression and flow cytometry results were analyzed using
Student's t-test. The differences between hsa-miR-371-5p
mimics- or control mimics-transfected mesangial cells in the
MTT assay were analyzed using one-way analysis of variance
with Dunnett's multiple comparison test (>2 groups) or t test
(2 groups). P<0.05 was considered to indicate a statistically
significant difference.

Results

Hsa-miR-371-5p expression is downregulated in LN renal
tissues. The expression levels of hsa-miR-371-5p were detected
in 35 LN renal tissues and 35 non-cancerous normal kidney
tissues using RT-qPCR. As shown in Fig. 1, the expression
levels of hsa-miR-371-5p were significantly decreased in the
LN renal tissues compared with in the non-cancerous normal
kidney tissues.

Restoration of hsa-miR-371-5p suppresses human mesangial
cell proliferation. Since hsa-miR-371-5p expression was
markedly decreased in LN renal tissues, the present study
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Figure 1. Quantitative polymerase chain reaction analysis of hsa-miR-371-5p
expression in LN renal tissues and non-cancerous normal kidney tissues.
Data are presented as the mean =+ standard deviation (n=3). "P<0.01 vs.
normal kidney tissues. LN, lupus nephritis; miR, microRNA.

hypothesized that low levels of hsa-miR-371-5p may be
associated with human mesangial cell growth. To test this
hypothesis, hsa-miR-371-5p mimics and control mimics
were transfected into human mesangial cells. The relative
expression levels of hsa-miR-371-5p were then detected by
RT-qPCR. The expression levels of hsa-miR-371-5p were
57.26-fold higher in human mesangial cells transfected with
hsa-miR-371-5p mimics, as compared with in cells transfected
with control mimics (Fig. 2A).

Mesangial cell proliferation was detected using an MTT
assay. The effects of hsa-miR-371-5p overexpression were
determined on human mesangial cell proliferation. The
results revealed that transfection with hsa-miR-371-5p mimics
significantly inhibited human mesangial cell proliferation
compared with in the control group (Fig. 2B).

Restoration of hsa-miR-371-5p induces human mesangial cell
apoptosis. A flow cytometric assay was performed to examine
the apoptotic effects of hsa-miR-371-5p on human mesangial
cells. As shown in Fig. 3, 48 h post-transfection the apoptotic
rate of the hsa-miR-371-5p mimics group was 15.06%, as
compared with 7.32% in the control mimics group. These
results suggest that overexpression of hsa-miR-371-5p may
promote human mesangial cell apoptosis.

HIF-la is a direct target of hsa-miR-371-5p. Bioinformatics
analyses demonstrated that the HIF-lo mRNA 3'-UTR
contained a potential complimentary binding site to
hsa-miR-371-5p (Fig. 4A). In order to verify this prediction,
a luciferase assay was conducted in human mesangial cells.
Relative luciferase activity was markedly decreased in the
hsa-miR-371-5p-transfected human mesangial cells, whereas
there was no significant difference in luciferase activity
between the hsa-miR-371-5p mimics and control mimics
group following co-transfection with the MUT recombinant
plasmid (Fig. 4B). These results indicate that HIF-1a is a direct
target gene of hsa-miR-371-5p in human mesangial cells.

HIF-1a expression is downregulated by hsa-miR-371-5p
in human mesangial cells. The effects of hsa-miR-371-5p
on the endogenous expression of HIF-1a. were subsequently
confirmed in human mesangial cells. The present study aimed



5696 YAO et al: Hsa-miR-371-5p INHIBITS MESANGIAL CELL PROLIFERATION AND PROMOTES APOPTOSIS VIA HIF-la

A * B

=
=2 |
Z 60 .
e
=
z 504
="
v
= 40
N
& 30-
=
2 201
4
= 10
=
é 0 T L L] L] 1

-]

o X

& S

x*o\ \,'6
..00 ’\;\
-Q\
N

control mimics

el h5a-miR-371-5p mimics

1.0 #
w 0.8 1
g ] *
E 0.6 - . /{
3 ]
g 0.4
= ]
=
2 0.2
0 . : . :
0 24 48 72
Time (h)

Figure 2. Restoration of hsa-miR-371-5p suppressed human mesangial cell proliferation. (A) Relative expression levels of hsa-miR-371-5p in human mesangial
cell post-transfection with hsa-miR-371-5p mimics or control mimics. "P<0.001 vs. control mimics. (B) Cell proliferation of human mesangial cells transfected
with hsa-miR-371-5p mimics or control mimics, as determined using the MTT assay. Data are presented as the mean + standard deviation (n=3). "P<0.05 vs.

hsa-miR-371-5p mimics. miR, microRNA; OD, optical density.
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Figure 3. Restoration of hsa-miR-371-5p induced human mesangial cell apoptosis. (A) Human mesangial cell apoptosis was detected by flow cytometric anal-
ysis post-transfection with hsa-miR-371-5p mimics and control mimics. (B) The cell apoptotic rate of each group was determined. "P<0.01. vs. control mimics.
Data are presented as the mean + standard deviation (n=3). miR, microRNA; FITC, fluorescein isothiocyanate; PI, propidium iodide.

to verify whether the mRNA and protein expression levels of
HIF-1a were regulated by hsa-miR-371-5p. Hsa-miR-371-5p
mimics were transfected into human mesangial cells using
Lipofectamine® 2000. RT-qPCR and western blotting results

indicated that HIF-la expression levels were markedly
downregulated in human mesangial cells post-transfection
with hsa-miR-371-5p mimics (Fig. 5). These results further
confirm that the HIF-1a is a target gene of hsa-miR-371-5p,
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A HIF-1o mRNA 3’-UTR (WT) 5’- GGUAUAAAGAUAUUUUGAGC -3’
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Figure 4. HIF-1a is a direct target gene of hsa-miR-371-5p. (A) Putative duplex formation between hsa-miR-371-5p and HIF-lo. mRNA 3'-UTR. The seed-recog-
nition sites are underlined in bold-type. (B) Luciferase reporter plasmids contained the HIF-la mRNA 3'-UTR binding site, and together with hsa-miR-371-5p
mimics or control mimics were co-transfected into human mesangial cells. A total of 48 h post-transfection, luciferase activity was detected and results were
calculated as the ratio of Renilla/Firefly luciferase activities. “P<0.005. vs. control mimics. Data are presented as the mean + standard deviation (n=3). miR,
micoRNA; HIF-1a, hypoxia-inducible factor la; 3'-UTR, 3" untranslated region; WT, wild type; MUT, mutant.

and hsa-miR-371-5p can directly modulate HIF-1a expression
in human mesangial cells.

Discussion

miRNAs act as key regulators of gene expression. It has
previously been reported that a single miRNA or several
miRNAs serve key roles in regulating cell development and
immunoregulation (16). Previous studies have demonstrated
that dysregulated miRNA expression in specific cells and
tissues may contribute to LN immunopathogenesis (17-19).
At present, the possibility of altering miRNA expression
for the treatment of LN remains promising. Studies that
alter pathogenic miRNAs have hinted that miRNA-based
treatment may be considered a potential therapeutic tool for
LN treatment (20,21).

The present study demonstrated that hsa-miR-371-5p
expression was downregulated in LN renal tissues compared
with in non-cancerous normal kidney tissues. Several
miRNAs have been demonstrated to inhibit cell growth and
induce cell apoptosis (22-24). The results of the present study
suggested that hsa-miR-371-5p suppressed cell proliferation
and promoted the apoptosis of human mesangial cells. These
results indicated that hsa-miR-371-5p may be pivotal in the
development and progression of LN.

HIF-1a has been reported to be a vital regulator for the
progression of kidney diseases (25). In acute renal injury,
HIF-1a has an important role in adaptation to acute hypoxia
via the upregulation of cell-protective HIF-1a target factors and
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Figure 5. HIF-lo expression was downregulated by hsa-miR-371-5p in
human mesangial cells. (A) Relative mRNA expression levels of HIF-1a in
human mesangial cells post-transfection with hsa-miR-371-5p mimics or
control mimics for 48 h. Data are presented as the mean + standard deviation
(n=3). "P<0.05. vs. control mimics. (B) HIF-1a protein expression was detected
by western blot analysis. miR, micoRNA; HIF-1a, hypoxia-inducible factor la.
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promotion of anaerobic adenosine triphosphate generation (26).
In chronic renal injury, chronic hypoxia leads to stabilized
HIF-1a expression and enhances interstitial fibrosis and tissue
damage (27,28). Furthermore, Deng et al demonstrated that
HIF-1a was able to promote mesangial cell growth in LN (29).
The results of the present study suggested that HIF-1a.is a crucial
downstream target of hsa-miR-371-5p in LN. Hsa-miR-371-5p
was able to directly bind to the 3'-UTR of HIF-1a, as confirmed
by luciferase assay. In addition, restoration of hsa-miR-371-5p
was able to markedly downregulate HIF-1la expression in
human mesangial cells. Taken together, these data strongly
indicated that hsa-miR-371-5p may alleviate the progression of
LN by directly targeting HIF-1a.

In conclusion, the present study suggested that
hsa-miR-371-5p was downregulated in LN tissues. Exogenous
overexpression of hsa-miR-371-5p inhibited human mesangial
cell proliferation and promoted apoptosis through directly
targeting HIF-1a. These results indicated that hsa-miR-371-5p
may be a key molecule in the development and progression of
LN; therefore, hsa-miR-371-5p may be considered a novel and
valuable target in the treatment of LN.
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