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Abstract

Renal fibrosis is a pathologic change in chronic kidney disease (CKD). MicroRNAs (miRNAs) have been shown to play an
important role in the development of renal fibrosis. However, the biological role of miR-27b-3p in renal fibrosis remains
unclear. Thus, this study aimed to investigate the role of miR-27b-3p in the progression of renal fibrosis. In this study, HK-2
cells were stimulated with transforming growth factor (TGF)-f1 for mimicking fibrosis progression in vitro. The unilateral
ureteric obstruction (UUO)-induced mice renal fibrosis in vivo was established as well. The results indicated that the over-
expression of miR-27b-3p significantly inhibited epithelial-to-mesenchymal transition (EMT) in TGF-p1-stimulated HK-2
cells, as shown by the decreased expressions of a-SMA, collagen III, Fibronectin and Vimentin. In addition, overexpression
of miR-27b-3p markedly decreased TGF-p1-induced apoptosis in HK-2 cells, as evidenced by the decreased levels of Fas,
active caspase 8 and active caspase 3. Meanwhile, dual-luciferase assay showed that miR-27b-3p downregulated signal trans-
ducers and activators of transcription 1 (STAT1) expression through direct binding with the 3'-UTR of STAT1. Furthermore,
overexpression of miR-27b-3p attenuated UUO-induced renal fibrosis via downregulation of STAT1, a-SMA and collagen
III. In conclusion, miR-27b-3p overexpression could alleviate renal fibrosis via suppressing STAT1 in vivo and in vitro.
Therefore, miR-27b-3p might be a promising therapeutic target for the treatment of renal fibrosis.
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Introduction

Chronic kidney disease (CKD) is a common renal disease,
which is characterized by a gradual loss of kidney func-
tion over a period of months or years [1]. Clinically, several
complications are associated with CKD, including nutrition,
anemia, osteodystrophy, hypertension and cardiovascular
disease [2]. Evidence has shown that renal fibrosis is at the
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core of the high morbidity and mortality rates related to
complications of various renal diseases [3]. In addition, renal
fibrosis is the most common consequence of CKD, which
could cause renal failure and renal collapse [4]. Meanwhile,
epithelial-to-mesenchymal transition (EMT) is considered
to be a crucial process of renal fibrosis [5]. During the pro-
cess of EMT, renal epithelial cells acquire the mesenchymal
phenotypes including a-SMA, and loss the epithelial pheno-
types including E-cadherin [6]. However, there are currently
no effective biomarkers available for assessment of CKD.
Therefore, identification of promising renal fibrosis-related
markers may help to understand the pathogenesis of CKD.
MicroRNAs (miRNAs) are a type of short, noncoding
RNAs comprising 19-22 nucleotides [7]. It has been shown
that miRNAs could regulate protein-coding gene expression
through translational repression or mRNA degradation [8].
In addition, miRNAs could regulate the processes of cellular
homeostasis, such as survival, proliferation, apoptosis and
metabolism [9]. Moreover, miRNAs have been shown to be
important players during the progression of renal fibrosis
[10-15]. Jiang et al. indicated that miR-342 could alleviate
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renal fibrosis in diabetic nephropathy [16]. Morizane et al.
found that miR-34c could inhibit renal fibrosis via suppress-
ing the EMT process in mice with UUO [17]. Meanwhile,
miR-27 was founded to be an anti-fibrotic miRNA, which
could inhibit pulmonary fibroblast activation by targeting
TGEFp receptor 1 and SMAD?2 [18]. Lv et al. indicated that
the overexpression of miR-27 could alleviate atrial fibrosis
by the regulation of wnt/p-catenin signaling pathway [19].
Conserva et al. reported that the expression of miR-27b-3p
was significantly downregulated in kidney tissues in patients
with diabetic nephropathy [20]. However, the biological role
of miR-27b-3p in renal fibrosis remains unclear. Therefore,
this study aimed to investigate whether miR-27b-3p is a
promising target for the development of therapeutics for
renal fibrosis.

Materials and methods
Cell culture and cell transfection

Immortalized proximal tubule epithelial cell line (HK-2) was
obtained from American Type Culture Collection (ATCC,
Rockville, MD, USA). HK-2 cells were maintained in com-
plete media (DMEM medium supplemented with 10% fetal
bovine serum, 100 U/ml penicillin, 100 pg/ml streptomycin)
and incubated in 5% CO, at 37 °C.

MiR-27b-3p agonist and negative control (NC) were
obtained from RiboBio (Guangzhou, China). HK-2 cells
were transfected with 10 nM miR-27b-3p agonist, or NC
using Lipofectamine 2000 reagent (Thermo Fisher Scien-
tific, Waltham, MA, USA) for 24 h according to the manu-
facturer’s instructions.

Lentivirus production and stable cell line
construction

The STAT1 sequence was synthesized by GenePharma
(Shanghai, China), and then inserted into the pLVX-IRES-
PURO Ilentiviral expression vector plasmids (GenePharma).
Then, 293T cells were transfected with lenti-STAT1
(STAT1-OE) vector plasmids and packaging plasmids (pLP/
VSVG, pLP1, pLP2) for 72 h. After that, virus-containing
supernatants were collected and added into HK-2 cells in the
presence of polybrene (6 pg/ml). After 72 h of transduction,
stable STAT1 overexpressed cells were then selected with
2.5 pg/ml puromycin.

Reverse transcription-quantitative polymerase
chain reaction (RT-qPCR)

HK-2 cells were transfected with miR-27b-3p agonist for
6 h, and then exposed to 5 ng/ml TGF-p1 for 48 h. Total
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RNA samples were extracted from HK-2 cells using the
TRIpure Total RNA Extraction Reagent (ELK Biotechnol-
ogy, Wuhan, China) according to the manufacturer’s instruc-
tions. For reverse transcription, RNAs were reversely tran-
scribed into cDNAs using the EntiLink™ 1st Strand cDNA
Synthesis Kit (ELK Biotechnology). After that, JPCR analy-
sis was performed using the SYBR® Premix Ex Taq™ II
(Takara Bio Inc. Shiga, Japan). The qPCR conditions were
as follows: 95 °C for 3 min and 40 cycles of 95 °C for 10 s,
58 °C for 30 s, and 72 °C for 30 s. U6 and GAPDH were
used as the internal control for normalizing miR-27b-3p and
STAT1 expressions, respectively. The primer sequences were
U6: forward, 5'-CTCGCTTCGGCAGCACAT-3'; reverse:
5'-AACGCTTCACGAATTTGCGT-3'. MiR-27b-3p: for-
ward, 5'-AGTGGCTAAGTTCTGCCTCAAC-3'; reverse:
5'-CTCAACTGGTGTCGTGGAGTC-3". GAPDH: forward,
5'-CATCATCCCTGCCTCTACTGG-3'; reverse: 5'-GTG
GGTGTCGCTGTTGAAGTC-3'. STAT1: forward, 5'-ACT
TTCCCTGACATCATTCGC-3'; reverse: 5'-TCTACAGAG
CCCACTATCCGAG-3".

Western blot

Total proteins were quantified using BCA method (Beyo-
time Institute of Biotechnology, Shanghai, China). After
that, proteins (30 pg proteins per lane) were separated on
10% sodium dodecyl sulfate-polyacrylamide gel electropho-
resis, and then transferred onto polyvinylidene difluoride
(PVDF) membrane (Thermo Fisher Scientific). After block-
ing with 5% skimmed milk in TBST for 1 h, the membrane
was incubated with primary antibodies against a-SMA
(1:1000, Abcam), Collagen III (1:1000, Abcam), Fibronec-
tin (1:1000, Abcam), Vimentin (1:1000, Abcam), p-STAT1
(1:1000, Abcam), STAT1 (1:1000, Abcam), Fas (1:1000,
Abcam), Active caspase 8 (1:1000, Abcam), Active caspase
3 (1:1000, Abcam), and GAPDH (1:1000, Abcam) at 4 °C
overnight. Subsequently, the membrane was incubated with
secondary antibodies (1:5000, Abcam) for 1 h at room tem-
perature, and bands were detected with the ECL Chemilu-
minescent Substrate Reagent Kit (Thermo Fisher Scientific).
GAPDH was acted as the internal control.

Dual-luciferase reporter assay

The cDNA fragments containing the predicted miR-27b-3p
binding sites were sub-cloned into pmirGLO dual-luciferase
vector, named wild-type (WT)-STAT1 or mutant (MT)-
STAT1. After that, HK-2 cells were co-transfected with
plasmids (WT-STAT1 or MT-STAT1) and miR-27b-3p ago-
nist, respectively using Lipofectamine 2000. Later on, the
luciferase activity in cell lysate was detected using the Dual-
Luciferase Reporter Assay System (Promega, Madison, W1,
USA) at 48 h according to the manufacturer’s protocol.



MiR-27b-3p inhibits the progression of renal fibrosis via suppressing STAT1

385

Flow cytometry

HK-2 cells were washed three times with PBS, and then
stained with 5 pL of propidium iodide (PI, Sigma-Aldrich,
St. Louis, MO, USA) and 5 pL of Annexin V-FITC
(Sigma-Aldrich) at room temperature for 15 min. Subse-
quently, the percentage of apoptotic cells was assessed
using the flow cytometer (FACScan™, BD Biosciences,
Franklin Lakes, NJ, USA) with BD FACSDiva software.

Animal study

C57BL/6 mice (8 weeks old, 20-25 g) were purchased
from the Chinese Academy of Sciences Experiment Center
(Shanghai, China). All animal experiments were approved
by the Institutional Ethical Committee of the Affiliated
Huai’an Hospital of Xuzhou Medical University. We
confirmed that ethical and legal approval was obtained
prior to the commencement of the study. Meanwhile, all
experiments were performed according to the National
Institutes of Health Guide for the Care and Use of labo-
ratory animals. The animals were randomly divided into
four groups (n=>5): blank, unilateral ureteral occlusion
(UUO), UUO + NC, UUO + miR-27b-3p agonist groups.
The UUO model was established using an established pro-
cedure [21]. Briefly, mice were anesthetized with 50 mg/
kg pentobarbital (i.p.). After an abdominal midline lapa-
rotomy, the left ureter was exposed. After that, the left
ureter was obstructed using 2-point ligations with silk
sutures (4-0), and the incision was closed in layers. Sham
animals underwent the abdominal midline laparotomy,
but the left ureter was not obstructed. MiR-27b-3p agonist
(50 nM, RiboBio, Guangzhou, China) was administered
via tail vein injection every day as previously described
[22]. Later on, animals were sacrificed in 4 weeks, and the
renal tissues were collected.

Histology analysis

Kidney tissues were fixed in 4% paraformaldehyde,
and then embedded in paraffin. The specimens (5 pm)
were stained with haematoxylin—eosin (H&E), periodic
acid—Schiff reagent (PAS) or Masson’s trichrome stain-
ing to determine the degree of renal fibrosis. The slides
were observed using a laser scanning confocal microscope
(LSM, Carl Zeiss). Quantification of the fibrotic area was
carried out using Image-Pro software (Bethesda, MD,
USA). Integrity of the glomerulotubular junction and
proximal tubular mass was examined in Lotus tetragonolo-
bus lectin (LTL)-stained kidney sections as described pre-
viously [23].

ELISA

The urea and creatinine assay kits (Nanjing Jiancheng Bio-
engineering Institute, Jiangsu, China) were used to detect the
levels of blood urea nitrogen (BUN) and creatinine (CR) in
urine of mice, respectively, according to the manufacturer’s
protocol.

Statistical analysis

All data were repeated in triplicate. Data are presented as
the mean + SD. All statistical analyses were performed using
GraphPad Prism software (version 7.0, La Jolla, CA, USA).
One-way analysis of variance (ANOVA) and Tukey’s tests
were carried out for multiple group comparisons. For the
comparison of two groups, Student’s ¢ test was applied. Dif-
ferences were considered to be significant at *p <0.05.

Results

Overexpression of miR-27b-3p inhibited
TGF-B1-induced fibrosis in HK-2 cells

Evidences have shown that TGF-f$1 is the most important
inducer of EMT, which plays an important role in the devel-
opment of tissue fibrosis [24, 25]. In this study, HK-2 cells
were treated with TGF-p1 (5 ng/ml) for 48 h and the expres-
sion of miR-27b-3p in HK-2 cells was detected by RT-qPCR.
As shown in Fig. 1a, TGF-B1 significantly decreased the
level of miR-27b-3p in HK-2 cells. In addition, the level of
miR-27b-3p was markedly upregulated in HK-2 cells follow-
ing transfection with miR-27b-3p agonist (Fig. 1b). Moreo-
ver, TGF-f1 stimulation notably upregulated the levels of
EMT-related proteins a-SMA, Collagen III, Fibronectin and
Vimentin in HK-2 cells; however, these levels were remark-
ably decreased by miR-27b-3p overexpression (Fig. 1c—g).
These data indicated that overexpression of miR-27b-3p
could inhibit TGF-B1-induced fibrosis in HK-2 cells via
suppressing the EMT process.

STAT1 was a binding target of miR-27b-3p

It has been shown that miRNAs could regulate gene
expression through directly binding to 3’ untranslated
region (UTR) of mRNAs [8]. TargetScan dataset (http://
www.targetscan.org/vert_71/) predicted that STAT1 might
be a potential target of miR-27b-3p (Fig. 2a). In addition,
dual-luciferase reporter assay validated that miR-27b-3p
agonist significantly decreased the luciferase activity in
HK-2 cells co-transfected with STAT1-WT, while miR-
27b-3p agonist had no effect on luciferase activity in HK-2
cells co-transfected with STAT1-MT (Fig. 2b). Meanwhile,
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Fig. 1 Overexpression of miR-27b-3p attenuated TGF-p1-mediated
EMT in HK-2 cells. a HK-2 cells were treated with 5 ng/ml TGF-
B1 for 48 h. RT-qPCR was used to measure the level of miR-27b-3p
in HK-2 cells. b The level of miR-27b-3p in HK-2 cells transfected
with miR-27b-3p agonist was detected using qRT-PCR. ¢ HK-2 cells
were transfected with miR-27b-3p agonist for 6 h, and then exposed
to 5 ng/ml TGF-B1 for 48 h. Expressions of a-SMA, Collagen III,

Fig.2 STAT1 was a binding tar- a

Fibronectin and Vimentin in HK-2 cells were detected with western
blotting. Images are representative of three independent experiments.
d—g The relative expressions of a-SMA, Collagen III, Fibronectin and
Vimentin in HK-2 cells were quantified via normalization to GAPDH.
##p <0.01, compared with the control group. ¥p<0.01, compared
with the TGF-B1 group

get of miR-27b-3p. a Sequence
alignment of miR-27b-3p with
the binding sites within the WT
or MT regions of STAT1. b The
luciferase activity in HK-2 cells

STAT1 350-357 (WT) 5’-...ACAGGGGUCCAGUUCACUGUGAA...-3’

miR-27b-3p 3’-CGUCUUGAAUCGGUGACACUU-’5
STAT1 350-357 (MT) 5’-...ACAGGGGUCCAGUUCGGUGCCAU...-3’

following co-transfecting with
STAT1-WT/MT 3'-UTR plas-

. . . b 1.5- Cc
mid and miR-27b-3p agonist - ,C\I:gntrol 44
were detected using dual-lucif- = NC ) = *k
erase reporter assay. ¢ HK-2 § = iRerbepiegonist E . 34 ==
cells were transfected with 5 ) 1.04 5 §)
miR-27b-3p agonist for 6 h, and S %‘ = % 2.
then exposed to 5 ng/ml TGF- o E % °
B1 for 48 h. The level of STAT1 25 = )
in HK-2 cells was detected by s® 0.5 = N ki
RT-qPCR. **¥p <0.01, com- o «
pared with the control group. 0-
#1 <0.01, compared with the 0.0- & &4‘\ = © S &
TGF-B1 group @ & < ¥ & >
o S & R
@"& 3 & 4
&‘Q.
R
&

@ Springer



MiR-27b-3p inhibits the progression of renal fibrosis via suppressing STAT1

387

overexpression of miR-27b-3p notably decreased protein
level of STAT1 in TGF-p1-treated HK-2 cells (Fig. 2c).
Collectively, STAT1 was a binding target of miR-27b-3p.

Overexpression of miR-27b-3p inhibited
TGF-B1-induced apoptosis in HK-2 cells

It has been shown that renal fibrosis is related to enhanced
tubular cell apoptosis [26]. Then flow cytometry assay was
performed to detect cell apoptosis. As shown in Fig. 3a,
b, TGF-B1 notably induced apoptosis of HK cells, while
TGF-B1-induced apoptosis was significantly reversed by
miR-27b-3p overexpression. In addition, the expressions
of p-STAT1, STAT1, Fas, active caspase 8 and active cas-
pase 3 in HK-2 cells were detected by western blot assay.
As indicated in Fig. 3c—h, TGF-p1 markedly upregulated
the expressions of p-STAT1, STATI, Fas, active caspase
8 and active caspase 3 in HK-2 cells; however, these TGF-
Bl-induced changes were obviously reversed by miR-
27b-3p agonist. These data suggested that overexpression
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Fig.3 Overexpression of miR-27b-3p inhibited TGF-p1-induced
apoptosis in HK-2 cells. HK-2 cells were transfected with miR-
27b-3p agonist for 6 h, and then exposed to 5 ng/ml TGF-f1 for 48 h.
a, b Apoptotic cells were detected with Annexin V and PI double
staining. (C) Expressions of p-STAT1, STAT1, Fas, active caspase 8,
active caspase 3 in HK-2 cells were detected with western blotting.

Relative rotein level (Q
(of GAPDH)

of miR-27b-3p could inhibit TGF-f1-induced apoptosis
in HK-2 cells.

Overexpression of miR-27b-3p alleviated renal
fibrosis in UUO mice

Next, to investigate the role of miR-27b-3p in renal fibrosis
in vivo, UUO mouse model was established. H&E staining
assay indicated that interstitial expansion was observed in
obstructed kidneys after UUO, while overexpression of miR-
27b-3p reduced the expansion of interstitial area in UUO mice
(Fig. 4a). In addition, PAS staining assay showed that renal
interstitial edema, exfoliation of renal tubular epithelial cells
and increased glomerular mesangial matrix were observed
in obstructed kidneys after UUO; however, these changes
were markedly alleviated by miR-27b-3p agonist treatment
(Fig. 4b). Moreover, Masson’s trichrome staining assay indi-
cated that overexpression of miR-27b-3p obviously reduced
the fibrotic area in obstructed kidneys after UUO (Fig. 4c, d).
Meanwhile. LTL staining revealed that the fraction of glo-
merulotubular junctions and proximal tubule were reduced in
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Images are representative of three independent experiments. d-h
The relative expressions of p-STAT1, STAT1, Fas, active caspase 8,
active caspase 3 in HK-2 cells were quantified via normalization to
GAPDH. *#*p<0.01, compared with the Control group. #p<0.01,
compared with the TGF-p1 group
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Fig.4 Overexpression of miR-27b-3p alleviated renal fibrosis in vivo.
a Analysis of kidney injury in UUO kidneys by H&E staining (mag-
nification, X 200). black arrows pointed to fibroblasts. b Representa-
tive photomicrographs of PAS-stained kidney sections (magnifica-
tion, X400). Black arrows pointed to glomerular mesangial matrix;
red arrows pointed to exfoliation of renal tubular epithelial cells;
blue arrows pointed to renal interstitial edema. ¢ Analysis of collagen

the obstructed kidney of in UUO mice; however, these changes
were reversed by miR-27b-3p agomir (Fig. 4e). These data
indicated that overexpression of miR-27b-3p could alleviate
renal fibrosis in vivo.

Furthermore, the levels of BUN and CR in urine of mice
were significantly increased after UUO; consistently, these
phenomena were significantly reversed by miR-27b-3p ago-
nist (Fig. 5a, b). Moreover, the level of miR-27b-3p was nota-
bly decreased in obstructed kidneys in UUO mice; however,
overexpression of miR-27b-3p markedly upregulated the level
of miR-27b-3p in kidneys (Fig. 5c). Meanwhile, the expres-
sions of p-STAT1, STAT1, a-SMA, and Collagen III were
significantly upregulated in obstructed kidneys in UUO mice,
while overexpression of miR-27b-3p reversed these changes
(Fig. 5d-h). All these results illustrated that overexpression
of miR-27b-3p could alleviate renal fibrosis in vivo via sup-
pressing STAT]1.
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deposition and renal fibrosis by Masson’s trichrome staining (magni-
fication, X 200). Blue arrow pointed to collagen fibers. d Total lung
fibrotic area was measured by Image-Pro Plus. e Integrity of the glo-
merulotubular junction and proximal tubular mass were determined
in LTL staining (magnification, X 200). **p <0.01, compared with the
control group. *#p <0.01, compared with the UUO group

Overexpression of miR-27b-3p inhibited
TGF-B1-induced apoptosis in HK-2 cells
via suppressing STAT1

Finally, we observed that overexpression of STAT1 resulted
in increased expression of STAT! in TGF-p1-treated
HK-2 cells, while overexpression of STAT1 did not affect
the levels of p-STAT1 and active caspase 3 in HK-2 cells
(Fig. 6a—d). Interestingly, HK-2 cells incubated with TGF-
B1 and miR-27b-3p agonist showed significantly reduced
p-STAT1, STATI1 and active caspase 3 protein levels
compared with HK-2 cells incubated with 5 ng/ml TGF-
B1; however, STAT1 overexpression markedly increased
p-STAT1, STATI and active caspase 3 protein levels in
HK-2 cells incubated with TGF-f1 and miR-27b-3p agonist
(Figs. 3a—c, f, 6-d). Meanwhile, overexpression of STAT1
caused no change in apoptosis, while the inhibitory effect of
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Fig.5 Overexpression of miR-27b-3p alleviated renal fibrosis in vivo.
a The level of BUN in urine of mice was detected by ELISA. b The
level of CR in urine of mice was detected by ELISA. (C) RT-qPCR
analysis showed the level of miR-27b-3p in kidney tissues in UUO
mice model. d Expression levels of p-STAT1, STAT1, a-SMA, Colla-
gen III in kidney tissues were detected with western blotting. Images

miR-27b-3p agonist on apoptosis in TGF-f1-treated HK-2
cells was reversed by STAT1 overexpression (Figs. 3g, h,
6e, f). These results indicated that overexpression of miR-
27b-3p could inhibit TGF-B1-induced apoptosis in HK-2
cells via suppressing STAT1.

Discussion

Renal fibrosis is recognized as the most common pathologi-
cal characteristic of CKD, which could result in end-stage
renal disease [27]. However, the molecular pathogenesis of
renal fibrosis remains not fully discovered. Recently, it has
been shown that several miRNAs participated in the devel-
opment of renal fibrosis [28]. In this study, we found that the
level of miR-27b-3p was significantly decreased in TGF-p1-
treated HK-2 cells and in obstructed kidneys of UUO mice.
In addition, miR-27b-3p overexpression could attenuate
renal fibrosis in vitro and in vivo. These data suggested that
miR-27b-3p might function as a key regulator during the
development of renal fibrosis.

EMT plays an important role in the progress of renal
fibrosis, which is associated with the formation of fibroblasts
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are representative of three independent experiments. e-h The relative
expressions of p-STAT1, STAT1, a-SMA, Collagen III in kidney tis-
sues were quantified via normalization to GAPDH. **p <0.01, com-
pared with the control group. #p<0.01, compared with the UUO
group

and myofibroblasts in kidney disease [29]. It has been shown
that suppressing EMT could attenuate renal fibrosis [30]. In
addition, TGF-B1 has been functioned as a vital regulator
of EMT and tissue fibrosis [31]. TGF-p1 could induce the
expressions of mesenchymal markers, including a-SMA,
Collagen III, and Fibronectin [32, 33]. Wang et al. found
that let-7d significantly attenuated TGF-f1-induced fibro-
genesis in kidney tubular epithelial cells via inhibiting EMT
[34]. Wu et al. reported that miR-145 contribute to fibrosis
via promoting EMT process [35]. In this study, we found
that overexpression of miR-27b-3p significantly inhibited
TGF-p1-induced EMT in HK-2 cells via downregulation of
a-SMA, Collagen III, Fibronectin and Vimentin. However,
increasing studies demonstrated EMT in vivo was contro-
versial, they viewed that renal epithelial cells do not directly
contribute to interstitial myofibroblast cells in vivo [36, 37].
In contrast, oba et al. indicated that miR-200 could amelio-
rate tubulointerstitial fibrosis in the kidneys of UUO mice
via inhibiting EMT [38]. Meanwhile, we found that overex-
pression of miR-27b-3p inhibited renal fibrosis in UUO mice
via downregulation of a-SMA and Collagen III. These data
indicated that overexpression of miR-27b-3p could attenuate
renal fibrosis via inhibiting EMT in vitro and in vivo.
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Fig.6 Overexpression of miR-27b-3p inhibited TGF-p1-induced
apoptosis in HK-2 cells via inhibiting STAT1. a—d Western blot anal-
ysis of p-STAT1, STAT1 and active caspase 3 expressions in HK-2

Evidence has demonstrated that miRNAs exert biological
functions through suppressing the expression of their target
genes [39]. Previous study indicated that miR-27b-3p could
inhibit the metastasis of endometrial cancer cells via inhib-
iting MARCH7 and suppressing EMT [40]. To investigate
the underlying mechanism of miR-27b-3p in the progres-
sion of renal fibrosis, bioinformatics analysis tool TargetS-
can and luciferase reporter assay were applied to identify
potential target gene of miR-27b-3p. These data indicated
that STAT1 was a potential binding target of miR-27b-3p.
Evidences have shown that STAT1 played important roles
in inflammatory response and tumorigenesis [41, 42]. Zhang
et al. found that inhibition of STAT1 could suppress the
progress of liver fibrosis [43]. In addition, STAT signaling
plays a vital role in renal fibrosis, activation of STAT could

@ Springer

cells treated with 5 ng/ml TGF-B1, STAT1 OE and miR-27b-3p ago-
nist. e, f Apoptotic cells were detected with Annexin V and PI double
staining. **p <0.01

induce EMT and contribute to renal damage [44, 45]. In
this study, we observed that TGF-p1 markedly increased the
expressions of p-STAT1 and STAT1 in HK-2 cells, which
was consistent with previous study [46]. Significantly,
overexpression of miR-27b-3p decreased the expressions
of p-STAT1 and STAT1 in TGF-p1-stimulated HK-2 cells.
Moreover, overexpression of miR-27b-3p notably prevented
the increased expressions of p-STAT1 and STAT1 in UUO
kidney. These data indicated that overexpression of miR-
27b-3p could attenuate renal fibrosis in vitro and in vivo via
inhibiting STAT1. Zhang et al. indicated that miRNA-22
could promote renal fibrosis by targeting PTEN [47]. Zhu
et al. indicated that miR-98-5p could alleviate renal fibro-
sis via targeting high mobility group A [48]. In this study,
we found that miR-27b-3p could alleviate renal fibrosis via
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targeting STAT1. These results demonstrated a novel miR-
27b-3p/STAT1 pathway in renal fibrosis.

In this study, TGF-P1 obviously induced the apoptosis in
HK-2 cells. Previous study indicated that oxidative stress,
ischemia, and hypoxia could lead to renal tissue injury
after UUO [49]. Meanwhile, renal fibrosis is related to an
increased tubular cell apoptosis [50]. Zhou et al. indicated
that inhibition of apoptosis in renal tubular epithelial cells
might be a promising approach for anti-fibrosis treatment
[51]. In this study, we found that overexpression of miR-
27b-3p could suppress TGF-p1-induced apoptosis in HK-2
cells. In addition, overexpression of miR-27b-3p could
inhibit Fas-mediated apoptosis in TGF-p1-stimulated HK-2
cells via downregulation of Fas, active caspase 8, active
caspase 3. Xu et al. found that activation of STAT1 could
increase the expression of Fas [52]. These results illustrated
that overexpression of miR-27b-3p could ameliorate renal
fibrosis in TGF-B1-stimulated HK-2 cells via inactivating
STAT1, and then suppressing Fas signaling. Dysregulation
of apoptosis and EMT are linked with the process of renal
fibrosis [53]. In this study, we found that overexpression of
miR-27b-3p not only inhibited the apoptosis but also simul-
taneously suppressed the EMT in TGF-f1-stimulated HK-2
cells, indicating that both apoptosis and EMT are involved
in miR-27b-3p-mediated regulation in renal fibrosis. Col-
lectively, our findings provided evidence that overexpression
of miR-27b-3p ameliorated renal fibrosis and restored renal
function via inhibiting EMT and suppression of apoptosis
in renal tubular epithelial cells.

Indeed, renal fibrosis is a progressive process that is the
inevitable outcome of all progressive CKD. Although the
treatment investigated here in mice produced a decline in
renal fibrosis over a 4-week period, a question that remains
to be answered is whether the beneficial effects of miRNA
therapeutics are maintained in the long-term in a clinically
mice model of UUQ. Therefore, future research should focus
on a longer term analysis. In addition, in this study, we only
determined that miR-27b-3p could inhibit the apoptosis and
EMT in TGF-p1-treated HK-2 cells by targeting STAT1.
Thus, further study is needed to identify whether overex-
pression of miR-27b-3p inhibited the progression of renal
fibrosis via targeting other genes.

Conclusion

In this study, the results indicated that aberrant expression
of miR-27b-3p plays an important role in the progression
of renal fibrosis, and overexpression of miR-27b-3p could
attenuate the progression of renal fibrosis through inhibi-
tion of STAT signaling. Therefore, miR-27b-3p might be a
promising target for the treatment of renal fibrosis.
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