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1 inhibits renal fibrosis in diabetic
nephropathy by regulating the miR-217/MAFB axis†

Yan Song, Chunxia Miao and Jianwen Wang *

Diabetic nephropathy (DN) is a common chronic microvascular complication of diabetes, characterized by

the deposition of extracellular matrix (ECM) proteins. Zinc finger E-box binding homeobox 1 antisense 1

(ZEB1-AS1) has been implicated in kidney fibrosis of human DN. Here, we further explored the detailed

molecular mechanism of ZEB1-AS1 in renal fibrosis in DN. The expression of ZEB1-AS1 was monitored

using a quantitative real-time polymerase chain reaction. Blood glucose concentrations of mice were

measured using a fast blood glucose meter. The high-performance liquid chromatography method was

used to measure the serum creatinine level. Western blot analysis was used to detect the protein level of

a-smooth muscle actin (a-SMA), fibronectin, collagen I, collagen IV and MAFB. The level of urine albumin

was detected using the BCG (Bromocresol Green) albumin assay kit. The interaction between ZEB1-AS1,

miR-217 and MAFB was investigated via the luciferase reporter and RNA immunoprecipitation analysis.

Decreased ZEB1-AS1 expression in DN patients and db/db diabetic mice as well as in high glucose (HG)-

induced HK-2 cells was detected. Reduction in the a-SMA, fibronectin, collagen I and IV protein

expression, induced by the overexpressed ZEB1-AS1, was found in db/db diabetic mice and HG-induced

HK-2 cells. In addition, we discovered that ZEB1-AS1 directly targeted miR-217, and MAFB was the target

of miR-217; thus, ZEB1-AS1 might regulate the MAFB expression by targeting miR-217. Furthermore,

functional experiments indicated that overexpressed ZEB1-AS1 might have decreased the accumulation

of ECM proteins in the HG-induced HK-2 cells by regulating the miR-217 and MAFB expression.

Overexpressed ZEB1-AS1 may inhibit renal fibrosis in diabetic nephropathy by regulating the miR-217/

MAFB axis, identifying novel therapeutic targets for renal fibrosis in diabetic nephropathy.
1. Introduction

Diabetic nephropathy (DN) is a common chronic microvascular
complication of diabetes and one of the leading causes of end-
stage renal disease.1 Its hallmark is the deposition of extracel-
lular matrix (ECM) proteins in the renal tubule-interstitium,
which results in the tubular basement membrane thickening,
ultimately leading to tubulointerstitial brosis, and eventually,
chronic renal failure.2,3 Though multiple factors underlying the
pathogenesis of DN have been reported, its molecular mecha-
nism has not been fully elucidated.

Recently, evidence of the pivotal role of epigenetic processes
in the pathogenesis of DN has emerged. Epigenetic regulation,
including DNA methylation, histone modication and regula-
tion of noncoding RNA, plays a critical role in the DN patho-
genesis via the second layer of gene regulation.4 Long
noncoding RNAs (lncRNAs) are a novel class of non-protein-
coding transcripts with more than 200 nucleotides in length,
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which are involved in the transcription, pre-mRNA processing,
and translation of genes.5 To date, accumulating evidence
suggests the importance of the regulatory function of lncRNAs
in the pathological processes of human diseases, including
those of DN.6,7 Zinc nger E-box binding homeobox 1 antisense
1 (ZEB1-AS1) is a cancer-related lncRNA, which functions as an
oncogenic regulator in diverse malignancies. The dysregulation
of ZEB1-AS1 has been exhibited to contribute to the oncogenesis
and disease progression, indicating the potential clinical value
of ZEB1-AS1 as a promising biomarker or target for tumor
therapy.8,9 Recently, it was shown that p53, ZEB1-AS1 and ZEB1
signaling may be involved in renal brosis in human DN.10

However, the role and the molecular mechanism of ZEB1-AS1 in
kidney brosis of human DN are still not fully understood.

MicroRNAs (miRNAs) are small noncoding RNA molecules
with the length of 20–22 nucleotides. They can participate in the
post-transcriptional control of the target mRNA by predomi-
nantly binding to the 30 untranslated regions (UTR).11 Many
miRNAs have been shown to be involved in the pathogenesis of
DN.12 Recently, it was revealed that miR-217 is implicated in the
development of the diabetic kidney disease by promoting
chronic inammation, renal brosis, and angiogenesis.13 The
repression of miR-217 protected against high glucose-induced
RSC Adv., 2019, 9, 30389–30397 | 30389
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podocyte and glomerular mesangial cell brosis by regulating
the underlying pathway,14,15 while the role of miR-217 in tubular
cell brosis remains unclear. MAFB, containing a basic leucine
zipper, is a member of the large Maf family and can mediate
dimer formation and target DNA binding to the Maf recognition
element (MARE).16 Previous studies have shown that MAFB
plays an important role in the podocyte differentiation and its
foot process formation,17 and mutations of MAFB inhibit the
maintenance and development of podocytes, which could lead
to carpotarsal osteolysis (MCTO) and focal segmental glomer-
ulosclerosis (FSGS).18,19 Additionally, recent studies showed that
overexpressed MAFB in podocytes prevented the development
of DN,20 and miR-320a could aggravate renal dysfunction in DN
by targeting MAFB.21

In the present study, db/db diabetic mice and high glucose
(HG)-induced HK-2 cells were used to investigate the biological
function and the potential molecular regulation mechanism of
ZEB1-AS1 in the renal brosis progression of DN patients,
which might indicate novel therapeutic targets for renal brosis
in DN.
2. Materials and methods
2.1. Collection of human renal tissues

The DN renal tissues were obtained from 26 DN patients at the
Department of Nephrology, People's Hospital of Rizhao. DN was
diagnosed based on the presence of diabetes, massive protein-
uria, and other histological changes typical of DN.22 The normal
tissues around the tumor from 10 patients with kidney carci-
noma without diabetes were collected to be used as the normal
control. This study was approved by the Ethics Committee of the
Department of Nephrology, People's Hospital of Rizhao.
Written informed consent was collected from all patients and
the hospital.
2.2. Animals

The db/db mouse (diabetic mouse) with genetic defects in the
leptin receptor was derived from the autosomal recessive
inheritance of the C57BL/KsJ inbred mating and belongs to the
type II diabetes model, characterized by excessive obesity,
hyperglycemia, insulin resistance and lipid metabolism disor-
ders. Furthermore, based on the typical renal pathological
changes, as well as elevated serum creatinine, urinary albu-
minuria and proteinuria, db/db mice are widely used as the DN
model mice. In the present study, db/db mice and their litter-
mate db/m mice (male; 4 week old) were obtained from NBRI
(Nanjing, China). The mice were divided into four groups (n¼ 6
for each group): db/m group (control), db/db group (DN group),
db/db + pcDNA group (DN treated with pcDNA) and db/db +
ZEB1-AS1 group (DN treated with ZEB1-AS1). When the mice
reached eight weeks of age, the db/db + pcDNA group and the
db/db + ZEB1-AS1 group were injected with either the pcDNA or
ZEB1-AS1 plasmid (Genepharma, Shanghai, China) via the tail
vein at a dose of 15 mgkg�1day every second day for 4 weeks
until the urinary microalbumin level of the db/db + ZEB1-AS1
group was lower than that of the untreated db/db group.
30390 | RSC Adv., 2019, 9, 30389–30397
Finally, the renal tissues of mice in each group were isolated for
further study. This study was approved by the Ethics Committee
of Animal Research Institute of Department of Nephrology,
People's Hospital of Rizhao and performed in accordance with
the guidelines of the National Institutes of Health Guide for the
Care and Use of Laboratory Animals.
2.3. Cell culture and high glucose treatment

HK-2 cell line was purchased from the Chinese Academy of
Sciences Shanghai Cell Bank (Shanghai, China) and cultured in
DMEM/F12 (Gibco, Carlsbad, CA, USA) supplemented with 10%
fetal bovine serum (Gibco) at 37 �C with 5% CO2. When the cells
were grown to 70% conuency, high glucose (HG; 33.3 mM
glucose) or normal glucose (NG; 5.5 mM glucose) was utilized to
treat the cells for different time periods.
2.4. Cell transfection

Small interfering RNA (siRNA) targeting ZEB1-AS1 (si-ZEB1-
AS1), siRNA targeting MAFB (si-MAFB), siRNA negative control
(si-NC), pcDNA and pcDNA- ZEB1-AS1 overexpression vector
(ZEB1-AS1) were synthesized by Genepharma (Shanghai,
China). The miR-217 mimic or the inhibitor (miR-217 or anti-
miR-217) and the corresponding negative control (miR-NC or
anti-miR-NC) were obtained from RIBOBIO (Guangzhou,
China). These oligonucleotides or vectors were transfected into
HK-2 cells aer the treatment with HG or NG using Lipofect-
amine 2000 Transfection Reagent (Invitrogen, Carlsbad, CA,
USA). Cell transfection was repeated three times.
2.5. Quantitative real-time polymerase chain reaction (qRT-
PCR)

Total RNA was extracted from tissues and cells using Trizol Reagent
(Invitrogen) according to themanufacturer's instructions. For ZEB1-
AS1 expression detection, cDNA was synthesized using M-MLV
Reverse Transcriptase (Invitrogen). For miR-217 level detection,
total RNA was reverse-transcribed using One Step PrimeScript®
miRNA cDNA Synthesis Kit (Takara, Dalian, China). Then real-time
qPCR was performed by using SYBR Green Realtime PCR Master
Mix (Takara). The fold change was analyzed using the 2�DDCt

method and normalized by GAPDH or U6. All experiments were
performed three times, and the average valuewas taken. The special
primers for miR-217 or U6 were purchased from GeneCopoeia, and
the primers for ZEB1-AS1 or GAPDH were labeled as follows: ZEB1-
AS1, 50-CCGTGGGCACTGCTGAAT-30 (forward) and 50-CTGCTG-
GCAAGCGGAACT-30 (reverse); GAPDH, 50-GGTCTCCTCTGACTT-
CAACA-30 (forward) and 50-GTGAGGGTCTCTCTCTTCCT-30

(reverse).
2.6. Analysis of renal biochemical indicators

The blood glucose concentration of mice was examined using
a fast blood glucose meter. The level of urine albumin was
detected using the BCG (Bromocresol Green) albumin assay kit.
The high-performance liquid chromatography (HPLC) method
was used to measure the serum creatinine level. The ACR level
This journal is © The Royal Society of Chemistry 2019
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was evaluated using the method described previously.23 Exper-
iments were repeated three times to evaluate the mean values.

2.7. Western blot assay

Total proteins were extracted from cells and tissues using the
RIPA Lysis Buffer (Beyotime, Shanghai, China) according to the
manufacturer's protocol and quantied using a bicinchoninic
acid (BCA) Protein Assay Kit (Beyotime). Total proteins were
separated by 10% sodium dodecyl sulphate-polyacrylamide gel
electrophoresis (SDS-PAGE), transferred to a polyvinylidene
diuoride membrane (PVDF; Merck Millipore, Billerica, MA,
USA) and then blocked with 5% skimmed milk for 1 h at room
temperature. Subsequently, the membrane was incubated with
primary antibodies against a-smooth muscle actin (a-SMA)
(1 : 1000, Abcam, ab32575), bronectin (1 : 500, Abcam,
ab2413), collagen I (1 : 1000, Abcam, ab34710), collagen IV
(1 : 1000, Abcam, ab6586), MAFB (1 : 1000, Cell Signaling
Technology, 79737S) or b-actin (1 : 1000, Abcam, ab5694) at 4 �C
overnight and incubated with the horseradish peroxidase-
conjugated secondary antibody (1 : 2000, Abcam, ab6728) for
2 h at room temperature aer being washed. Finally, the blots
were visualized using the ECL Western Blotting Substrate
(Beyotime). The experiments were performed three times
independently.

2.8. Luciferase reporter assay

The ZEB1-AS1 mRNA and MAFB 30-UTR containing wild-type
(WT) or mutant (MUT) binding sequence of miR-217 were
cloned into the pmirGLO basic vectors (Promega, Shanghai,
China). Then, the HK-2 cells were seeded in 24-well plates for
24 h and co-transfected with ZEB1-AS1-WT or ZEB1-AS1-MUT or
MAFB-WT or MAFB-MUT with miR-217 mimics or miR-NC,
respectively, using Lipofectamine 2000. Finally, a Dual Lucif-
erase Assay Kit (Promega) was utilized to evaluate the luciferase
activity following the manufacturer's instructions.

2.9. RNA immunoprecipitation assay

The RNA immunoprecipitation (RIP) assay was performed to verify
the binding of ZEB1-AS1, miR-217 and MAFB. The HK-2 cells,
transfected with miR-217 or miR-NC, were lysed in the RIP buffer,
and the cell lysis solution was incubated with magnetic beads
conjugated with human anti-Ago2 (Millipore) or the negative
control mouse IgG antibody (CST, USA). Subsequently, the
enrichment of ZEB1-AS1 or MAFB was quantied by qRT-PCR.

2.10. Wound healing assays

A wound healing assay was used to analyze cell migration. Cells
were cultured on 24-well plates and wounded using a pipette in
a cell monolayer. Wounded areas were photographed at 0 h and
48 h, and the migratory distance of the cells was recorded to
quantify their migration rate.

2.11. Statistical analysis

Statistical analysis was performed using GraphPad Prism 7
(GraphPad Inc., San Diego, CA, USA). The unpaired Student's t-
This journal is © The Royal Society of Chemistry 2019
test and one-way analysis of variance were used to analyze the
difference between the groups. The data of at least three inde-
pendent experiments are presented as the mean � standard
error of the mean (SEM). P < 0.05 was considered statistically
signicant.

3. Results
3.1. Decreased ZEB1-AS1 expression in DN patients and db/
db diabetic mice

ZEB1-AS1 expression in DN patients and db/db mice renal
tissues was detected, and a signicantly reduced ZEB1-AS1
expression compared to that in normal renal tissues was
found (Fig. 1A and B).

3.2. Overexpressed ZEB1-AS1 mitigates renal dysfunction
and brosis in db/db diabetic mice

In order to explore the effect of ZEB1-AS1 on DN brosis, db/db
model mice were obtained by injection via the tail vein with
either ZEB1-AS1 plasmid or pcDNA. Highly expressed ZEB1-AS1
was found in the serum of the db/db + ZEB1-AS1 and db/m
groups (Fig. 2A). Subsequently, we found that the db/db dia-
betic mice displayed higher levels of blood glucose, serum
creatinine, and urinary albumin-to-creatinine ratio (ACR),
which was obviously reversed by the ZEB1-AS1 treatment
(Fig. 2B–D). Furthermore, the protein expression of a-SMA,
bronectin, collagen I and IV was detected, and the results
showed a markedly increased expression in the db/db diabetic
mice, which was also attenuated by the ZEB1-AS1 treatment
(Fig. 2E and F). These results indicated that ZEB1-AS1 could
mitigate renal dysfunction and brosis in db/db diabetic mice.

3.3. Overexpressed ZEB1-AS1 attenuates HG-induced
brosis in HK-2 cells

To elucidate the role of ZEB1-AS1 in HG-induced renal brosis,
ZEB1-AS1 or pcDNA was transfected into the HK-2 cells aer the
treatment with HG or NG. Subsequently, we discovered that the
HG treatment signicantly reduced the expression of ZEB1-AS1
but enhanced the accumulation of a-SMA, bronectin, collagen
I and IV, which was signicantly attenuated by the ZEB1-AS1
treatment (Fig. 3A–C). Additionally, a wound healing assay
was performed to detect cell migration, and the results showed
that the overexpressed ZEB1-AS1 partially reversed the HG-
induced cell migration (Fig. S1†), indicating the change of
phenotypic consequence to alter the ZEB1-AS1 levels. Thus,
these ndings suggested that the overexpressed ZEB1-AS1
might protect against HG-induced renal brosis in HK-2 cells,
which was consistent with the in vivo results.

3.4. ZEB1-AS1 directly targets miR-217 and suppresses miR-
217 expression

To investigate the underlying molecular mechanism involved in
the ZEB1-AS1-mediated protective effect of HG-induced brosis
in HK-2 cells, a bioinformatics analysis was performed andmiR-
217 was predicted to be the target of ZEB1-AS1 with putative
binding sites (Fig. 4A). To prove this prediction, luciferase
RSC Adv., 2019, 9, 30389–30397 | 30391
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Fig. 1 The expression of ZEB1-AS1 in DN patients and db/db diabetic mice. (A and B) ZEB1-AS1 expression in DN and normal renal tissues (A), as
well as in db/db and db/m mice (B) was detected using qRT-PCR. *P < 0.05; **P < 0.01; ***P < 0.001.
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reporter analysis and RIP assay were carried out, and the results
indicated that themiR-217mimic reduced the luciferase activity
of the ZEB1-AS1-WT reporter vector but not the activity of the
ZEB1-AS1-MUT reporter vector in HK-2 cells (Fig. 4B). In the
meanwhile, the overexpression of miR-217 led to obvious
enrichment of ZEB1-AS1 aer Ago2 RIP but not aer IgG RIP
(Fig. 4C). Furthermore, we found that the expression of miR-217
was signicantly inhibited by ZEB1-AS1, but enhanced by si-
ZEB1-AS1 in HK-2 cells (Fig. 4D). To sum up, we found that
ZEB1-AS1 deliberately suppressed the miR-217 expression.
Fig. 2 Overexpressed ZEB1-AS1mitigates renal dysfunction and fibrosis i
db/m group, db/db group, db/db + pcDNA group and db/db + ZEB1-
creatinine concentration in mice was examined using a fast blood glucos
of mice was calculated. (E) Western blot analysis was used to detect the l
Densitometric quantification of the Western blot bands. *P < 0.05; **P <

30392 | RSC Adv., 2019, 9, 30389–30397
3.5. Overexpressed ZEB1-AS1 protects against HG-induced
renal brosis in HK-2 cells by regulating miR-217

MiR-217 being a target of ZEB1-AS1, we hypothesized that ZEB1-
AS1might exert its protective effect in HG-induced renal brosis
via regulating the miR-217 expression. To validate this
hypothesis, HK-2 cells were treated with HG or NG and trans-
fected with pcDNA, ZEB1-AS1, ZEB1-AS1 and miR-NC or ZEB1-
AS1 and miR-217, respectively. Interestingly, we found that
the expression of miR-217 was signicantly increased by the HG
treatment but inhibited by the transfection of ZEB1-AS1 (Fig. 5A
n db/db diabetic mice. (A) The expression of ZEB1-AS1 wasmeasured in
AS1 group using qRT-PCR. (B and C) The blood glucose and serum
emeter or HPLCmethod in each group, respectively. (D) The ACR level
evel of a-SMA, fibronectin, collagen I and collagen IV in each group. (F)
0.01; ***P < 0.001.

This journal is © The Royal Society of Chemistry 2019
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Fig. 3 Overexpressed ZEB1-AS1 attenuates HG-induced fibrosis in HK-2 cells. ZEB1-AS1 or pcDNA was transfected into HK-2 cells after
treatment with HG or NG. (A) The expression of ZEB1-AS1 was detected. (B and C) The levels of a-SMA, fibronectin, collagen I and collagen IV
were evaluated using the Western blot analysis. *P < 0.05; **P < 0.01; ***P < 0.001.
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and B). Then, we also found that the ZEB1-AS1-mediated inhi-
bition of the a-SMA, bronectin, collagen I and IV protein
expression was signicantly attenuated by the miR-217 trans-
fection (Fig. 5C and D). Therefore, we conrmed that the over-
expressed ZEB1-AS1 might protect against HG-induced renal
brosis by targeting the miR-217 inhibition in HK-2 cells.
3.6. MiR-217 directly targets MAFB and negatively regulates
its expression

According to the prediction of the DIANA TOOL database, MAFB
was identied as a potential target of miR-217 with the putative
binding sites (Fig. 6A). Then, the luciferase reporter analysis
showed that the miR-217 mimic reduced the luciferase activity of
Fig. 4 ZEB1-AS1 directly targets miR-217 and suppresses its expression
Luciferase activity was detected in HK-2 cells co-transfected with ZEB1-A
of ZEB1-AS1was detected in HK-2 cells transfected withmiR-217 or miR-
transfected with pcDNA, ZEB1-AS1, si-NC or si- ZEB1-AS1 by qRT-PCR.

This journal is © The Royal Society of Chemistry 2019
the MAFB-WT reporter vector but not the activity of the MAFB-
MUT reporter vector in HK-2 cells (Fig. 6B). Subsequently, the
RIP assay data indicated that the miR-217 mimic led to an obvious
enrichment of MAFB aer Ago2 RIP, while there was no change
aer IgG RIP (Fig. 6C). Additionally, the miR-217 mimic depressed
the MAFB protein expression while the miR-217 inhibitor
promoted the MAFB expression in HK-2 cells (Fig. 6D). Therefore,
miR-217 suppressed the MAFB expression in a targeted manner.
3.7. Overexpressed ZEB1-AS1 protects against HG-induced
renal brosis in HK-2 cells by regulating miR-217/MAFB axis

The expression of MAFB was detected in HK-2 cells aer the treat-
ment with HG or NG, and we found that the HG treatment
. (A) The putative binding sites of ZEB1-AS1 and miR-217 are listed. (B)
S1-WT or ZEB1-AS1-MUT andmiR-217 or miR-NC. (C) The enrichment
NC after RIP. (D) The expression of miR-217 was examined in HK-2 cells
*P < 0.05; **P < 0.01; ***P < 0.001.

RSC Adv., 2019, 9, 30389–30397 | 30393
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Fig. 5 Overexpressed ZEB1-AS1 protects against HG-induced renal fibrosis in HK-2 cells by regulating miR-217 inhibition. (A) The expression of
miR-217 was determined using qRT-PCR in HK-2 cells treated with HG or NG. ZEB1-AS1, pcDNA, ZEB1-AS1 and miR-NC or ZEB1-AS1 and miR-
217 was transfected into HK-2 cells after treatment with HG. (B) The expression of miR-217 was detected using qRT-PCR. (C and D) The level of
a-SMA, fibronectin, collagen I and collagen IV was evaluated using the Western blot analysis. *P < 0.05; **P < 0.01; ***P < 0.001.

Fig. 6 MiR-217 directly targets MAFB and negatively regulates MAFB expression. (A) The putative binding sites of MAFB andmiR-217 are listed. (B)
Luciferase activity was investigated in HK-2 cells co-transfected with MAFB-WT or MAFB-MUT and miR-217 or miR-NC. (C) The enrichment of
MAFB was analyzed in HK-2 cells transfected with miR-217 or miR-NC after RIP. (D) The expression of MAFB protein was examined in HK-2 cells
transfected with miR-NC, miR-217, anti-miR-NC or anti-miR-217 by the Western blot analysis. *P < 0.05; **P < 0.01; ***P < 0.001.

30394 | RSC Adv., 2019, 9, 30389–30397 This journal is © The Royal Society of Chemistry 2019
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markedly reduced the MAFB expression (Fig. 7A). To explore the
interaction among ZEB1-AS1, miR-217 and MAFB in HG-induced
renal brosis, anti-miR-217, anti-miR-NC, anti-miR-217 and si-NC,
anti-miR-217 and si-MAFB, pcDNA, ZEB1-AS1, ZEB1-AS1 and si-
NC or ZEB1-AS1 and si-MAFB were transfected into HK-2 cells,
respectively, aer treating with HG, and an elevated expression of
MAFB protein induced by miR-217 inhibitor and ZEB1-AS1 was
discovered (Fig. 7B and C) indicating that ZEB1-AS1 might regulate
the MAFB expression by targeting miR-217. Moreover, we found
that the a-SMA, bronectin, collagen I and IV protein expression
was signicantly inhibited by the miR-217 inhibitor, while the
Fig. 7 Overexpressed ZEB1-AS1 protects against HG-induced renal fibro
was determined using the Western blot analysis in HK-2 cells treated w
anti-miR-217 and si-MAFB were transfected into HK-2 cells, respectively
fibronectin, collagen I and collagen IV protein was detected using theWes
AS1 and si-MAFB sequences were transfected into HK-2 cells, respective
fibronectin, collagen I and collagen IV protein was detected using the W

This journal is © The Royal Society of Chemistry 2019
MAFB deletion attenuated themiR-217 inhibitor-induced reduction
of ECM proteins in HK-2 cells (Fig. 7D and E) suggesting that miR-
217 might promote HG-induced renal brosis in HK-2 cells via
targeting the MAFB expression. Additionally, the MAFB deletion
antagonized the effect of the overexpressed ZEB1-AS1-mediated
protection against HG-induced renal brosis in HK-2 cells (Fig. 7F
and G), illustrating that ZEB1-AS1 could exert its protective effects
by modulating the MAFB expression. In summary, we veried the
correlation between ZEB1-AS1, miR-217 and MAFB and identied
that the overexpressed ZEB1-AS1 might protect against HG-induced
renal brosis in HK-2 cells by regulating the miR-217/MAFB axis.
sis in HK-2 cells by regulatingmiR-217/MAFB axis. (A) The level of MAFB
ith HG or NG. Anti-miR-217, anti-miR-NC, anti-miR-217 and si-NC or
, after the treatment with HG. (B, D and E) The level of MAFB, a-SMA,
tern blot analysis. The pcDNA, ZEB1-AS1, ZEB1-AS1 and si-NC or ZEB1-
ly, after the treatment with HG. (C, F and G) The level of MAFB, a-SMA,
estern blot. *P < 0.05; **P < 0.01; **P < 0.001.
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4. Discussion

Diabetic nephropathy is characterized by the accumulation of ECM
proteins, such as bronectin, collagen I and IV, and mesangial
expansion in the kidney glomerular as well as tubular compart-
ments, contributing to the end-stage renal disease progression.
LncRNAs, one of the important components of noncoding RNA,
bind to the target mRNAs and are considered to be critical gene
regulators.24 LncRNAs are involved in various biological processes,
such as gene expression and transcription, cell-cycle control,
differentiation, epigenetic regulation, and immune response.25

Recently, an increasing number of studies have been performed to
investigate the relationship between lncRNAs and DN. For example,
lncRNA MALAT1 was dysregulated in DN and involved in high
glucose-induced podocyte injury via its interplay with b-catenin.
MALAT1 also antagonized renal tubular epithelial pyroptosis by
modulated miR-23c targeting of ELAVL1 in DN.26,27 LncRNA
CYP4B1-PS1-001 was signicantly down-regulated in response to
early DN in vitro and in vivo, while the overexpression of CYP4B1-
PS1-001 inhibited the proliferation and brosis of mesangial
cells.28 Li et al. proved that lncRNA LINC00968 accelerated the
proliferation and brosis of mesangial cells by epigenetically
repressing p21 via recruiting EZH2.29 Additionally, lncRNA TUG1
alleviated the ECM protein accumulation by mesangial cells,
including PAI-1, TGF-b1, bronectin (FN) and collagen IV (Col IV),
which was induced by the high glucose level in DN.30 Thus, lncRNA
may be a novel target of DN pathogenesis.

Recently, the emerging studies identied that ZEB1-AS1 may
contribute to the initiation or progression of cancers by positively
modulating the expression of ZEB1.31,32 Furthermore, ZEB1 was re-
ported to inhibit the TGF-b1 mediated renal brosis,33 indicating
the potential regulatory role of ZEB1-AS1 in renal brosis in DN. In
the present study, we demonstrated that ZEB1-AS1 expression was
down-regulated in the tissues of DN patients and db/db diabetic
mice as well as in HG-induced brosis in HK-2 cells. Subsequently,
functional experiments indicated that the db/db diabetic mice dis-
played higher levels of blood glucose, serum creatinine, and urinary
albumin-to-creatinine ratio (ACR), which was obviously reversed by
the ZEB1-AS1 treatment. Furthermore, the inhibition of the ECM
protein expression, including a-SMA, bronectin, collagen I and IV,
induced by the ZEB1-AS1 treatment, was detected in vivo and in
vitro, indicating that ZEB1-AS1 couldmitigate renal dysfunction and
inhibit renal brosis in DN. Fibrosis is a hallmark of many cancers
and is involved in the progression of cancers; therefore, it is
a promising target in cancer treatment.34 Based on the previous and
our results, ZEB1-AS1 was observed to be anti-brotic in DN.
However, ZEB1-AS1 has been demonstrated to act as an oncogene in
the progression of many types of tumors.8 The divergence of results
may be explained by the following possible reasons.1 Even if ZEB1-
AS1 exhibits an anti-brotic effect on cancer, ZEB1-AS1 can also
promote cancer development by regulating cell proliferation,
migration, invasion or epithelial to mesenchymal transition (EMT)
via interacting with targeted miRNAs or downstream signaling
pathway.2 The function of ZEB1-AS1 may depend on the disease
type, cellular context and the disease microenvironment because
DN in patients is oen accompanied by hyperglycemia,
30396 | RSC Adv., 2019, 9, 30389–30397
hypertension or dyslipidemia, which may affect its function.
Nevertheless, the underlying mechanism of the ZEB1-AS1 function
variability is complicated and needs further exploration.

LncRNAs are proposed to act as hosts for miRNAs. LncRNAs
serve as modular molecules with individual domains that enable
them to specically associate with DNA, RNA and/or protein.35 In
the current study, miR-217 was identied to be a putative target of
ZEB1-AS1 via bioinformatics analysis. The level of miR-217 was
discovered to be elevated in DN, and miR-217 functioned as
a promoter of brosis in the high glucose induced mesangial
cells.15,36 In addition, Han et al. found that miR-217 exhibited
a protective effect on the dopamine D2 receptor in brosis in
human renal proximal tubule cells by targeting TGF-b or its
downstream pathways.37 These ndings indicated that miR-217
might be associated with the renal tubule cell brosis. In this
study, we found that the level ofmiR-217 was signicantly increased
in the HG-induced HK-2 cells, indicating that miR-217 might
function as an important regulator in the HG-induced tubule cell
brosis. Subsequently, functional experiments showed that miR-
217 promoted the HG-induced renal brosis in HK-2 cells by
promoting the ECM protein expression. Additionally, a correlation
between ZEB1-AS1 and miR-217 was conrmed, and ZEB1-AS1
directly targeted the miR-217 and suppressed the miR-217 expres-
sion. Furthermore, rescue experiments indicated that ZEB1-AS1
induced the inhibition of the ECM protein expression by targeting
the miR-217 expression in HK-2 cells.

MicroRNAs always bind to the 30UTR section of target genes and
regulate the expression by repressing translation and/or inducing
deadenylation as well as subsequent mRNA degradation.38 In this
study, using bioinformatics analysis, we found that MAFB was
a target of miR-217. MAFB was proposed to be associated with the
development of DN in podocyte cells. Thus, we hypothesized that
MAFB might be involved in renal tubule cell brosis of DN.
Subsequently, the MAFB expression was found to be decreased in
the HG-induced HK-2 cells and negatively regulated by miR-217. In
addition, a rescue assay showed that MAFB deletion attenuated the
miR-217 inhibitor-induced reduction of ECMproteins in HK-2 cells,
suggesting that miR-217 might promote the HG-induced renal
tubule cell brosis via targeting the MAFB expression. Moreover, an
elevated expression of the MAFB protein, induced by the miR-217
inhibitor and ZEB1-AS1, was discovered, indicating the formation
of ZEB1-AS1/miR-217/MAFB axis in the regulation of renal tubule
cell brosis of DN. In addition, the gain- and loss-of function
analysis illustrated that ZEB1-AS1 could exert its protective effect on
the HG-induced HK-2 cells through modulating the MAFB
expression.

To sum up, we illustrated that ZEB1-AS1could inhibit renal
brosis of DN in vivo and in vitro. Furthermore, we demonstrated for
the rst time that overexpressed ZEB1-AS1 can protect against HG-
induced brosis in renal proximal tubule cells by regulating the
miR-217/MAFB axis. These ndings might provide novel insight
into the mechanism underlying HG-induced renal brosis in DN
and contribute to the development of treatment approaches for DN.
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