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IncRNA ZEB1-AS1 inhibits high glucose-induced EMT
and fibrogenesis by regulating the miR-216
BMP7 axis in diabetic nephro

Qingqing Meng®, Xiaolin Zhai®, Yi Yuan®, Qing Ji®, and

Department of Nephrology, Luoyang Central Hospital Affiliated to Zhengzhou Univarsit yan

Abstract

Diabetic nephropathy (DN) is one of the leading causes of mortality in diabetic patie
binding homeobox 1 antisense 1 (ZEB1-AS1) plays a crucial role in the dev
However, the molecular mechanism of ZEB1-AS1 in DN pathogenesis remains
by treating HK-2 cells with high glucose (HG). Quantitative polymerase chain re
expression levels of ZEB1-AS1, microRNA-216a-5p (miR-216a-5p), and
assay was used to evaluate the protein levels of BMP7, epithelial-to-m
fibrosis markers. Additionally, the interaction among ZEB1-AS1, miR-216a
mircode.org) and starBase 2.0 (omics_06102, omicX), and confirmed by lucif
down-regulated, while miR-216a-5p was highly expressed i

decreased the levels of ZEB1-AS1 and BMP7, whereas

dependent manner. ZEB1-AS1 upregulation inhibited HG-
targeted miR-216a-5p, and overexpression of miR-216a-,
and fibrogenesis. BMP7 was negatively targeted by
fibrogenesis by regulating miR-216a-5p and BMP-7:
via regulating miR-216a-5p/BMP7 axis in diabeti p
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with invasive capacities (6). Accumulating evidence has
demonstrated that the hallmark of EMT is the absence
of epithelial-related protein (E-cadherin) and the increase
of mesenchymal-related proteins (7). Renal fibrosis is
the ultimate manifestation of DN, finally leading to end-
stage renal disease (8). Increased ECM deposition leads
to renal fibrosis. It has been reported that noncoding
RNAs (ncRNAs) are new participants in the induction and
regulation of EMT and kidney fibrosis (9,10). Therefore,
it is meaningful to explore the roles of ncRNAs in the
molecular mechanisms of EMT and fibrosis.

Long noncoding RNAs (IncRNAs) are noncoding
transcripts with a length of more than 200 nucleotides
(11). Increasing reports have indicated that IncRNAs
modulate diverse biological processes, such as migration
and invasion (12). Recently, studies reported that many
IncRNAs played crucial roles in DN progression through
direct pathogenesis or as indirect mediators of renal
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IncRNA ZEB1-AS1 suppresses DN progression

disease pathways (13). IncRNA zinc finger E-box binding
homeobox 1 antisense 1 (ZEB1-AS1) is considered an
oncogene in diverse tumors (14). ZEB1-AS1 facilitated
cell migration and metastasis via targeting heterogeneous
nuclear ribonucleoprotein DO (AUF1) to activate ZEB1
expression in bladder cancer (15). Another study hinted
that ZEB1-AS1 played an anti-fibrotic role in diabetic
nephropathy (16). Nevertheless, the mechanism of ZEB1-
AS1 in EMT and renal fibrosis of diabetic nephropathy
remains unclear.

MicroRNAs (miRNAs) are highly conserved noncoding
transcripts composed of 1825 nucleotides (17). IncRNAs
act as competitive endogenous RNAs (ceRNAs) that
competitively bind to miRNAs (18). Recent studies indi-
cated that miRNAs are involved in DN pathogenesis,
including microRNA-216a (miR-216a) (19,20). However,
the relationship between ZEB1-AS1 and miR-216a-5p in
DN development is unknown.

Bone morphogenetic protein 7 (BMP7) has been
reported to play a crucial role in renal disease and
is absent in fibrogenic nephropathy (21). A number of
studies have reported that BMP7 has a renoprotective
effect in acute and chronic kidney disease models
(22,23). Previous studies indicated that BMP7 could
reduce diabetic renal injury, including podocyte dropgu
(24). Nevertheless, the role of BMP7 in DN re
further study.

In this study, we constructed a DN model in
The role of ZEB1-AS1 on high glucose-trigge,
fibrosis was studied. We further explored
mechanisms of ZEB1-AS1 in DN patho

Materials and Methods
Tissue samples

Kidney tissues were coll
from DN patients (n=20) and a

kidney biopsies
healthy volun-
Hospital Affiliated to
was authorized by
the Ethics Commi
to Zhengzhou U
informed con

ified Eagle Medium (DMEM; Sigma-
supplemented with 10% fetal bovine
Gibco, USA) at 37°C with 5% CO,. Then,
cells were treated with normal glucose (NG,
glucose supplemented with 24.5 mM mannitol) or
high glucose (HG, 30 mM glucose) for 12, 24, and 48 h.

Cell transfection

Cell transfection was carried out by Lipofectamine 2000
(Invitrogen, USA). Specific vectors and oligonucleotides

Braz J Med Biol Res | doi: 10.1590/1414-431X20209288

2/8

were as follows: ZEB1-AS1 overexpression vector (ZEB1-
AS1), overexpression empty vector (pcDNA), mi
mimic (miR-216a-5p), mimic negative contro
small interfering RNA (siRNA) against BMP
and siRNA negative control (si-NC). All sequen
synthesized by RiboBio (China).

Quantitative polymerase chain R)
Total RNA was extracted fro ued’and HK-2
cells using Trizol reagent (Life T Corp., USA).

SA) or miScript
Germany). Finally,
were monitored by SYBR
ina). Glyceraldehyde-3-

Reverse Transcriptio
the expression level
Premix Ex Taq

a-5p-Reverse: 5-GTCGACCAGATTGCG
7-Forward: 5-TCGGCACCCATGTTCATG

Reverse: 5'-GCCCAATACGACCAAATCC-3'; 18S
orward: 5-AAACGGCTACCACATCCA-3/, 18S
-Reverse: 5-CACCAGACTTGCCCCTCCA-3’; U6-
rward: 5-CTCGCTTCGGCAGCACA-3', U6-Reverse:
5'-AACGCTTCACGAATTTGCGT-3'.

Western blot assay

After extracting the proteins in cells using RIPA
buffer (Invitrogen), the protein concentration was detect-
ed. After separating the protein samples by sodium
dodecyl sulfate polyacrylamide gel electrophoresis
(SDS-PAGE), the proteins were transferred to polyvinyl-
idene fluoride membranes (Millipore, USA). Subse-
quently, after soaking for 2 h in 5% skim milk, the
membranes were incubated with primary antibodies
overnight at 4°C. Then, the membranes were coated
with rabbit secondary antibody (1:4,000; Abcam, UK) for
2 h at 37°C. The protein bands were observed using
enhanced chemiluminescence reagents (Millipore). The
primary antibodies included E-cadherin (1:1,000; Abcam),
vimentin (1:1,000; Abcam), a-smooth muscle actin (x-SMA)
(1:1,000; Abcam), fibronectin (FN) (1:1,000; Abcam),
collagen | (Col 1) (1:1,000; Abcam), collagen IV (Col 1V)
(1:1,000; Abcam), BMP7 (1:1,000; Abcam), and GAPDH
(1:1,000; Abcam).

RNA isolation of nuclear and cytoplasmic fractions

The subcellular localization of ZEB1-AS1 was as-
sessed using the PARIS Kit (Invitrogen) according to the
manufacturer’s protocol. U6 and 18S rRNA were used as
positive control for nuclear and cytoplasmic fractions,
respectively.
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Luciferase reporter assay

The fragment of ZEB1-AS1 (WT-ZEB1-AS1) or BMP7
3’ UTR (BMP7-3'UTR-WT) containing the predicted
binding sites of miR-216a-5p and the mutant fragment
(MUT-ZEB1-AS1 or BMP7-3’'UTR-MUT) were inserted
into pGL3 plasmids (Promega, USA). Subsequently, the
recombinant vectors and miR-216a-5p or miR-NC were
cotransfected into HK-2 cells with Lipofectamine 2000
(Invitrogen). Luciferase activity was analyzed using the
Dual-Luciferase Reporter Assay System (Promega).

Statistical analysis

Data are reported as means + SD from three indepen-
dent experiments. Statistical significance was calcu-
lated by Student’s t-test or one-way analysis of variance.
Statistical analysis was carried out using Graphpad Prism
7.0 software (GraphPad, USA). Differences were con-
sidered to be statistically significant at P <0.05.

Results

ZEB1-AS1 was down-regulated and miR-216a-5p was
upregulated in DN kidney tissues and HG-induced HK-
2 cells

Firstly, we examined the expression levels of ZEB1-
AS1 and miR-216a-5p in kidney tissues using qRT-
The results showed that ZEB1-AS1 expressi
significantly lower, while miR-216a-5p expreggi
significantly higher in kidney tissues of DN
in healthy controls (Figure 1A and B).
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AS1 and increased the expression
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time-dependent manner (Figure 1C and D). These data
indicated that ZEB1-AS1 and miR-216a-5p mij play
roles in the progression of DN.

Overexpression of ZEB1-AS1 inhibited HG-i
EMT and fibrogenesis in HK-2 cells
To explore the functional role of

or ZEB1-AS1 and then stimul
(5.5 mM) or high glucose (30
revealed that ZEB1-AS1
increased in the ZEB1

glucose
h. QRT-PCR
significantly
mpared with the
Its of western blot
analysis showed th
epithelial marke
protein levels
SMA and vi
G group, while ZEB1-AS1 over-
HG-induced EMT (Figure 2B).

fibrosis markers (FN, Col I, and Col 1V),
-AS1 overexpression reduced the expres-

, these data indicated that overexpression of
S1 inhibited HG-induced EMT and fibrogenesis
cells.

B1-AS1 regulated HG-induced EMT and fibro-
genesis by directly targeting miR-216a-5p in HK-2
cells

In order to determine the subcellular localization of
ZEB1-AS1 in HK-2 cells, we performed nuclear and
cytoplasmic fraction assays. The results showed that
ZEB1-AS1 was principally distributed in the cytoplasm of

Figure 1. Expression levels of ZEB1-AS1 and
miR-216a-5p in diabetic nephropathy (DN) kid-
ney tissues and high glucose (HG)-induced HK-2
‘. cells. A and B, Expression levels of ZEB1-AS1
3 and miR-216a-5p were examined in kidney
tissues of DN patients and healthy volunteers
by gRT-PCR. C and D, Expression levels of
ZEB1-AS1 and miR-216a-5p were measured in
HK-2 cells incubated with normal glucose (NG) or
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HG for 12, 24, or 48 h, respectively. Data are

DN reported as means + SD. *P<0.05 (ANOVA).
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Figure 2. Overexpression of ZEB1-AS1 inhibited high glucose (HG)-induc
fibrogenesis in HK-2 cells. A, Expression level of ZEB1-AS1 was detected in

miR-216a-5p was selected as the r
(Figure 3B). Subsequently, lucifera
was carried out to verify whether
target of ZEB1-AS1. The results r

In the lucifer-
(Figure 3C).

of WT-ZEB1-AS1 reporter, b
ase activity of MUT-ZEB1-A
Meanwhile, the expressi
cantly enhanced in
pared to the NG
significantly sup,
pared to the
the protein

6a-5p expression com-
up (Figure 3D). In addition,

fected with pcDNA, ZEB1-AS1, ZEB1-
B1-AS1+ miR-216a-5p, respectively.
d that overexpression of ZEB1-AS1
ificant increase of E-cadherin protein
ecrease of protein levels of «-SMA and
tin in HG-stimulated HK-2 cells, whereas the
of EMT-related proteins were recovered after
upregulation of miR-216a-5p (Figure 3E). Consistently,
upregulation of ZEB1-AS1 markedly suppressed the
expression of fibrosis-related proteins (FN, Col I, and
Col 1V), while the effects were abolished by upregulat-
ing miR-216a-5p (Figure 3F). All these data indicated
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pithelial-to-mesenchymal transition (EMT) and
cells transfected with pcDNA or ZEB1-AS1.

cose (NG) or HG for 48 h. C, Western blot assay was
in HK-2 cells transfected with pcDNA or ZEB1-AS1 and

at ZEB1-AS1 directly targeted miR-216a-5p and
overexpression of miR-216a-5p restored the inhibitory
effects of ZEB1-AS1 overexpression on EMT and fibro-
genesis in HK-2 cells.

BMP7 was a target of miR-216a-5p in HK-2 cells
Bioinformatics software StarBase 2.0 was applied to
predict the potential targets of miR-216a-5p, and BMP7
was selected as a putative target (Figure 4A). Luciferase
reporter assay demonstrated that mature miR-216a-5p
reduced the luciferase activity of BMP7-3'UTR-WT report-
er, but did not affect the luciferase activity of BMP7-3'UTR-
MUT reporter (Figure 4B). Additionally, BMP7 expression
was measured in kidney tissues. The result of qRT-PCR
showed that BMP7 expression was down-regulated in
kidney tissues of DN patients compared with healthy
controls (Figure 4C). The results of gqRT-PCR and western
blot assay exhibited that high glucose significantly
suppressed mMRNA and protein levels of BMP7 in a time-
dependent manner (Figure 4D and E). Furthermore,
mRNA and protein levels of BMP7 were detected in HK-
2 cells transfected with miR-NC or miR-216a-5p, respec-
tively. These results suggested that the mRNA and protein
levels of BMP7 were significantly decreased in HK-2 cells
transfected with miR-216a-5p mimic compared with the
miR-NC group (Figure 4F and G). These data demon-
strated that BMP7 was a target of miR-216a-5p and was
negatively regulated by miR-216a-5p in HK-2 cells.
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Figure 3. ZEB1-AS1 directly targeted miR-216
was detected by gqRT-PCR. B, The putative bi
assay was used to analyze the luciferase
and miR-216a-5p mimic or miR-NC (neg
cells treated with normal glucose (NG) or
HG-induced HK-2 cells were transfected
levels of EMT-related markers (E- i

B1-AS1+miR-NC, or ZEB1-AS1
Its showed that upregulation of

ile the changes of BMP7 expression
after transfection with miR-216a-5p
B). In addition, HG-treated HK-2 cells
cted with pcDNA, ZEB1-AS1, ZEB1-AS1+
or ZEB1-AS1 +si-BMP7, and the protein levels of

evid fibrosis-related markers were measured using
western blot assay. The results showed that overexpres-
sion of ZEB1-AS1 significantly inhibited HG-induced EMT,
which was counteracted after transfection with si-BMP7
(Figure 5C). The expression levels of fibrosis-related
proteins (FN, Col |, and Col IV) were significantly reduced
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FN Coll

Col IV

-2 cells”A, Expression of ZEB1-AS1 in the nuclear and cytoplasmic fractions

s cotransfected with wild type WT-ZEB1-AS1 or mutant MUT-ZEB1-AS1
. D, QRT-PCR was applied to examine the expression of miR-216a-5p in HK-2

and vimentin) and fibrosis markers (FN, Col I, and Col IV) were detected by western
*P <0.05 (t-test or ANOVA).

in the HG+ZEB1-AS1 group compared to the HG+
pcDNA group, which were restored by down-regulating
BMP7 (Figure 5D). All these data indicated that ZEB1-AS1
regulated BMP7 expression by targeting miR-216a-5p and
suppressed HG-induced EMT and fibrogenesis by target-
ing BMP7 in HK-2 cells.

Discussion

Despite advances in treatment and research, the
prognosis of DN is still very poor. Research has shown
that EMT is the core of the underlying pathology of tubu-
lointerstitial fibrosis in diabetic nephropathy (25). However,
the molecular mechanisms of DN have not been fully
studied. Increasing evidence has shown that ZEB1-AS1 is
an oncogene in diverse malignancies via increasing ZEB1
expression (26). ZEB1-AS1 expression was enhanced
in pulmonary fibrosis and promoted TGF-B1-induced
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Figure 4. BMP7 was a target of miR-216a-5p in
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in line with previous reports. Furthermore, ZEB1-AS1
miR-141-3p ly, ZEB1-AS1 knockdown  directly targeted miR-216a-5p and modulated EMT and

increased H

wn-regulated in DN. In addition, over-
B1-AS1 inhibited EMT and fibrogenesis
G in HK-2 cells.

expression (28). Online forecasting software predicted that
miR-216a-5p might be a target of ZEB1-AS1. Moreover, a
previous study suggested that TGF-B promotes miR-216a
expression in renal mesangial cells (29). In this study, miR-
216a-5p expression was elevated in DN tissues, which was

Braz J Med Biol Res | doi: 10.1590/1414-431X20209288

fibrogenesis via sponging miR-216a-5p.

BMPs are classified as a superfamily associated with
TGF-B (30). Accumulation of ECM proteins induced by
TGF-p are hallmarks of diabetic nephropathy (31). Feng
et al. (32) found that the protein expression of BMP7 was
down-regulated in HG-induced DN. BMP7 might amelio-
rate DN and renal fibrosis by upregulating the expression
of Ski-related novel protein N (SnoN) (33). Lv et al. (34)
demonstrated that mesenchymal stem cells attenuate
glomerular fibrosis by suppressing TGF-B/Smad signaling
pathway through increasing BMP7. In the present study,
miR-216a-5p directly targeted BMP7 and negatively modu-
lated BMP7 in HK-2 cells. ZEB1-AS1 regulated BMP7
expression by targeting miR-216a-5p, and suppressed
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