Am J Transl Res 2019;11(9):5611-5622
www.ajtr.org /ISSN:1943-8141/AJTRO099183

Original Article

Involvement of androgen receptor (AR)/microRNA-21
axis in hypoxia/reoxygenation-induced apoptosis

of mouse renal tubular epithelial cells

Tongchang Chen”, Qiu Yao*, Weichao Wang, Zhenfeng Ye, Yawei Huang, Meng Wu, Xiaoging Xi

Department of Urology Surgery, The Second Affiliated Hospital of Nanchang University, Nanchang 330006, China.
“Equal contributors.

Received July 3, 2019; Accepted August 27, 2019; Epub September 15, 2019; Published September 30, 2019

Abstract: The function of androgen receptor (AR)/microRNA-21 (miR-21) axis in tumor development was well in-
vestigated. However, the roles of the axis performed in hypoxia/reoxygenation (H/R)-induced apoptosis of mouse
renal tubular epithelial cells (RTECs) is not known. In this study, H/R-induced apoptosis of RTECs was established
to evaluate the role of miR-21-AR axis. The protocol of 8-h hypoxia and 24-h reoxygenation were selected to pro-
duce H/R injury. Our data showed that H/R increased miR-21 and caspase-3 expression, reduced the expression
AR and programmed cell death protein 4 (PDCD4). By contrast, AR-siRNA increased H/R-induced apoptosis, and
promoted caspase-3 expression, but reduced PDCD4 expression (vs. H/R group). pre-miR-21 reduced, while an-
tagomiR-21 promoted apoptosis and PDCD4 expression in H/R-induced RTECs. Moreover, pre-miR-21 promoted,
while antagomiR-21 reduced caspase-3 expression in H/R-induced RTECs. Together, H/R increased miRNA-21 and
reduced AR expression, then regulating PDCD4- and caspase-3-dependent apoptosis. AR/miR-21 axis could be a
potential therapeutic target for the kidney ischemia injury.
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Introduction

Ischemia injury in cerebrum, heart and kidney,
etc. is the main cause of death and disability
[1]. Ischemia-related renal injury involves a
series of complex pathophysiological process-
es, including energy exhaustion, oxidative stre-
ss and inflammatory reaction [2, 3]. Hypoxia is
the primary initiator of the ischemic injury [4].
In renal ischemia-reperfusion, blood flow is
blocked, followed by blood reperfusion and
acute inflammation, including production of a
large number of pro-inflammatory factors and
release of chemokines, increased expression
of adhesion molecules, activation of neutro-
phils and monocytes and tissue infiltration [5].
Thus, it is of particular interest to investigate
the potential mechanisms or signaling pathway
involved in hypoxia/reoxygenation (H/R)-indu-
ced renal injury.

MicroRNAs (miRNAs) are small endogenous
non-coding RNAs of about 21-22 nucleotides,
which are ubiquitous in animals, plants, viruses
and other organisms [6]. The function of miR-

NAs is related to the regulation of gene expres-
sion [7]. miRNAs have been reported to modu-
late ischemia-reperfusion injury. For examples,
miR-320 level was reduced by ischemia-reper-
fusion injury in heart [5]. After acute myocardial
infarction, the expression of miR-127 was up-
regulated, and blockage of the expression of
miR-127 could reduce the occurrence of arr-
hythmia after myocardial infarction [8]. miR-21
is a extensively-researched miRNA, which has
been detected in renal ischemia-reperfusion
injury [9]. Therefore, whether miR-21 is involved
in H/R-induced renal injury and the potential
mechanisms still deserve investigation.

Androgen receptor (AR) is a key macromolecule
mediating androgen, and can be detected in
kidney [10]. Androgen has been reported to
affect the nitric oxide synthase (NOS) activity in
Kidney by binding with androgen receptor, thus
further affecting renal hemodynamics and vari-
ous physiological functions [11]. Interestingly,
miR-21 and AR formed an axis to regulate each
other’s expression, resulting in a positive feed-
back loop to regulate biological activities, such
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Table 1. Sequences of the primers

incubated in an airtight

Primer Product

Annealing container with 95% N_-5%

Genes Sequence (5’-3") length length temperature CO, (V/V) at 37°C. Then,
(bp)  (bp) (°C) the medium was replaced
PDCD4F  TCTTTCACATCCACCTCTTCCACAT ~ 25 377 61.8 with normal medium and
PDCD4R  GACCCTGACAATTTAAGCGACTCTC 25 ?Ut back  into .'”C“batoF:
Caspase-12 F GGATAGCCACTGCTGATA 18 256 60.3 or reoxygenation. H/
regimes included: reoxy-
Caspase-12 R AGTTCACCTGGGACCTCA 18 . ;
genation 1 h after 45 min
GAPDH F TCAACGGCACAGTCAAGG 18 357 60.3 of hypoxia; reoxygenation
GAPDH R TGAGCCCTTCCACGATG 17 3 h after 1 h of hypoxia;
miR-21 F ACGTTGTGTAGCTTATCAGACTG 23 58.4 reoxygenation 6 h after
miR-21 R AATGGTTGTTCTCCACACTCTC 22 2 h of hypoxia; reoxygen-
UBF CTCGCTTCGGCAGCACA 17 94 60.00 ation 12 h after 4 h
UBR AACGCTTCACGAATTTGCGT 24 of hypoxia; reoxygenation

Table 2. Sequences of the siRNAs

Genes Sequence (5’-3)

AR-siRNA-1  F CUCCAAGGAUAGUUACCUA
R UAGGUAACUAUCCUUGGAG

AR-siRNA-2 F GGUCCUUCACUAAUGUCAA
R UUGACAUUAGUGAAGGACC

AR-siRNA-3 F CGACAGUGACUAGAAGAAA
R UUUCUUCUAGUCACUGUCG

as antitumor [12]. In this study, a mouse kidney
epithelial cell line (TCMK-1) was challenged by
hypoxia-reoxygenation and the roles of AR/miR-
21 axis performed in the ischemia injury of
renal cells were investigated by regulating the
expression of miR-21 and/or AR.

Materials and methods
Cell culture

TCMK-1 cells were purchased from the Cell
Bank of Chinese Academy of Sciences and cul-
tured in Dulbecco’s modified Eagle’s medium
(DMEM; Gibco; Thermo Fisher Scientific, Inc.)
supplemented with 10% fetal bovine serum
(FBS; cat. no. 04-007-1A; Biological Industries)
and 100 U/ml penicillin and 100 pg/ml strepto-
mycin (Beijing Solarbio Science & Technology
Co., Ltd.) in 5% CO, at 37°C. H/R was produced
using D-Hanks solution and normal medium
(DMEM medium containing 10% newborn bo-
vine serum). D-Hanks solution was balanced
in an airtight container with N, for more than 1
h to produce anaerobic solution. The normal
medium was sucked out and added with the
anaerobic solution. Then, the culture bottle was
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24 h after 8 h of hypoxia.
Cell transfection

Cells at 80% confluence were transfected with
AR-siRNA (GenePharma Co. Ltd., Shanghai,
China) using Lipofectamine® 2000 (Invitrogen;
Thermo Fisher Scientific, Inc.). After 6 h, the
medium was replaced with fresh DMEM medi-
um containing 10% FBS and cultured in an 5%
CO, incubator at 37°C for 24 h. 48 h after
transfection, subsequent experiments were
performed. The expression of AR was verified
using reverse transcription-quantitative poly-
merase chain reaction (RT-gPCR). The sequenc-
es of the siRNA-AR were listed in Table 2.

Experimental groups

The experimental groups included: a control
group; a AR negative control group (siRNA-NC);
a AR-siRNA group (AR-siRNA); a H/R group
(H/R); a H/R + AR negative control group (H/R
+ siRNA-NC); a H/R + AR-siRNA group (H/R +
AR-siRNA); a miRNA negative control group
(miR-21-NC); a pre-miR-21 group (pre-miR-21);
a H/R + miR-21-NC; a H/R + pre-miR-21; a H/R
+ antagomiR-21. After transfection, hypoxia
and reoxygenation were performed 2 h later.
Flow cytometry, quantitative fluorescence PCR
and western blot were performed at 12 h, 24 h
and 48 h after reoxygenation.

ELISA

TNF-a level was measured following the ins-
truction of the TNF-a assay kit (m1002095,
Shanghai Mlbio, Shanghai, China) as previously
described [13].
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Figure 1. Hypoxia/reoxygenation promotes TNF-a and caspase-12 expression, and induces apoptosis of TCMK-1
cells. A. TNF-a level was promoted by different hypoxia/reoxygenation regimes, especially 4 h-12 h and 8 h-24 h; B.
Caspase-12 expression at mRNA level was up-regulated by hypoxia/reoxygenation regimes, especially 4 h-12 h and
8 h-24 h; C. Apoptosis detected by flow cytometry. Left: representative images of flow cytometry; Right: quantification
data. Apoptosis was induced by hypoxia/reoxygenation regimes, especially 8 h-24 h. N=6 in each group, *P < 0.05
vs. control (One-way ANOVA followed by the Student-Newman-Keuls).

Flow cytometry

Flow cytometry was used to detect cell apopto-
sis. 3x106° cells were collected and centrifuged
with 1 ml PBS at 1500 rpm for 3 min. The cells
were washed twice. 3 ul Annexin V-FITC and 5 pl
Pl were added into each tube. After slightly mix-
ing, the cells were incubated at room tempera-
ture at dark for 10 min, followed by measure-
ment with flow cytometer (NovoCyte 2060R,
ACEABIO, China).

Fluorescence quantitative polymerase chain
reaction (FQPCR)

MRNA levels in the different treatment groups
was extracted using a TRIzol assay kit (Bao-
sheng Science & Technology Innovation Co.
Ltd., Shanghai, China). mRNA was transcribed
into cDNA using a reverse transcription kit
(cat. no. 639522, Takara Biotechnology Co.,
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Ltd., Dalian, China) at 37°C following the proto-
col (25°C 10 min, 37°C 120 min and 85°C
5 min ) and qPCR was used to detect the
expression level of the target genes by using
SYBR Green (HY-KO501, MedChemExpress,
Shanghai, China). The thermocycling conditions
were as follows: Initial denaturation at 95°C
for 10 min, followed by 40 cycles of a PCR at
95°C for 10 sec, 60.3°C for 30 s and 72°C for
30 s. The 2%2% method was used to quantify
the results as previously described [14, 15].
The primers (5’-3’) used were listed in Table 1.

Western blot

Protein was extracted from the cells by a pro-
tein isolation kit (28-9425-44, ReadyPrep; GE
Healthcare Life Sciences) as previously des-
cribed [16]. Protein levels were quantified with
a bicinchoninic acid protein assay kit. Protein
(25 pg/lane) was separated via 12% sodium

Am J Transl Res 2019;11(9):5611-5622
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Figure 2. Hypoxia/reoxygenation pro-
motes mMiRNA-21 and caspase-3 ex-
pression, and reduces PDCD4 ex-
pression in TCMK-1 cells. A. miR-21
expression was increased by hypoxia/
reoxygenation and PDCD4 expression
at the mRNA level was reduced by hy-
poxia/reoxygenation; B. PDCD4 was
reduced while caspase-3 expression
was promoted by hypoxia/reoxygen-
ation. N=6 in each group, *P < 0.05
vs. control (Unpaired student t test).
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Figure 3. AR-siRNAs reduced AR expression and miR-21 was regulated by
pre-miR-21 and antagomiR-21. A. AR expression at the mRNA level was re-
duced by AR-siRNAs, especially AR-siRNA1; B. AR expression at the protein
level was reduced by AR-siRNAs, especially AR-siRNA1; C. miR-21 expres-
sion was promoted by pre-miR-21 and inhibited by antagomiR-21. N=6 in
each group, *P < 0.05 vs. control (One-way ANOVA followed by the Student-

overnight at 4°C: rabbit poly-
clonal anti-AR (ab45172, Ab-
cam, 1/5000), mouse mo-
noclonal anti-B-actin (TA-09,
ZSBio, 1/2000), rabbit poly-
clonal anti-PDCD4 (ab79405,
Abcam, 1/5000), rabbit poly-
clonal anti-caspase-3 (ab32-
499, Abcam, 1/10000). After
incubation with the second
antibodies at room tempera-
ture for 2 h, enhanced chemi-
luminescence exposure liquid
droplet (cat. no. RPN2133;
GE Healthcare Life Sciences,
Chalfont, UK) was added to
the membranes. The mem-
branes were visualized using
a gel imaging system (Bio-
Rad Laboratories, Inc., Her-
cules, CA, USA). Densitome-
try was performed using
Quantity One version 1.4.6
(Bio-Rad Laboratories, Inc.).
Experiments were repeated
three times.

Statistical analysis

Data were presented as the
mean + standard error of the
mean and analyzed using
SPSS version 19.0 (SPSS,
Inc., Chicago, IL, USA). Sig-
nificant differences were de-
termined using one-way anal-
ysis of variance followed by
the Student-Newman-Keuls
post-hoc test. P < 0.05 was
considered to indicate a sta-
tistically significant differen-
ce.

Results

Hypoxia/reoxygenation pro-
motes miRNA-21 and cas-

Newman-Keuls).

dodecyl sulfate polyacrylamide gel electropho-
resis and transferred onto nitrocellulose mem-
branes. The membranes were blocked in 5%
skim milk for 2 h at room temperature and incu-
bated with the following primary antibodies
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pase-3, and reduces PDCD4

Initially, we screened the optimal time of hypox-
ia/reoxygenation in TCMK-1 cells. Compared
with control group, TNF-« level increased sig-
nificantly in groups of hypoxia for 1 h and reoxy-
genation for 3 h, hypoxia for 4 h and reoxygen-

Am J Transl Res 2019;11(9):5611-5622
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Figure 5. pre-miR-21 promotes miR-21 expression and AR-siRNA reduces AR
expression in hypoxia/reoxygenation model. A. Pre-miR-21 promotes miR-21

antagomiR-21 group was sig-
nificantly lower than that in
control group (P < 0.05).

expression; B. AR-siRNA reduced AR expression at mRNA level. *P < 0.05 vs.

control; #P < 0.05 vs. H/R. N=6 in each group (One-way ANOVA followed by

the Student-Newman-Keuls).

ation for 12 h, and hypoxia for 8 h and reoxy-
genation for 24 h (Figure 1A). The expression of
caspase-12 at mRNA level increased signifi-
cantly in groups of hypoxia for 0.75 h followed
by reoxygenation for 1 h, hypoxia for 4 h fol-
lowed by reoxygenation for 12 h, and hypoxia
for 8 h followed by reoxygenation for 24 h
(Figure 1B). The apoptosis increased signifi-
cantly in groups of hypoxia for 4 h followed by
reoxygenation for 12 h, and hypoxia for 8 h fol-
lowed by reoxygenation for 24 h. The apoptotic
rate in the cells receiving a regime of hypoxia
for 8 h and reoxygenation for 24 h was the high-
est (about 20%) (Figure 1C). As inflammation
and apoptosis are critical features for ischemia
injury [17], the regime of hypoxia for 8 h and
reoxygenation for 24 h was selected in the sub-
sequent experiment to evaluate the role of AR/
miR-21 axis performed in the H/R-induced
renal injury.

We detected miR-21, PDCD4 and caspase-3
expression in the regime of hypoxia for 8 h and
reoxygenation for 24 h. Compared with control
group, the expression of miR-21 and caspase-3
in H/R group was significantly higher, while the
expression of PDCD4 was significantly lower (P
< 0.05) (Figure 2).

5617

Compared with control group,
the apoptotic rates of AR-
siRNA, H/R, H/R + siRNA-NC,
H/R + AR-siRNA, H/R + RNA-21-NC and H/R +
antagomiR-21 groups increased significantly
at 12 h, 24 h and 48 h. Compared with H/R
group, the apoptotic rates of H/R + AR-siRNA
group and H/R + antagomiR-21 group increas-
ed significantly at 12 h, 24 h and 48 h, respec-
tively (Figure 4).

AR-siRNA reduces AR expression, and pre-
miR-21 and antagomiR-21 regulate miRNA-21
expression in H/R model

As shown in Figure 5A, the expression of miR-
21 in H/R, pre-microRNA-21, H/R + miR-21-NC
and H/R + pre-microRNA-21 increased sig-
nificantly at 12 h, 24 h and 48 h, while the
expression of miR-21 in antagomiR-21 and
antagomiR-21 + H/R groups decreased signifi-
cantly compared with control group. Compared
with H/R group, the expression of miR-21 in
H/R + pre-microRNA-21 groups increased sig-
nificantly, and decreased significantly in H/R +
antagomiR-21 group.

Compared with control group, AR expression at
MRNA level in AR-siRNA group, H/R group, H/R
+ AR siRNA-NC group and H/R + AR-siRNA
group decreased significantly (P < 0.05) (Figure

Am J Transl Res 2019;11(9):5611-5622
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Figure 6. pre-miR-21 reduces, while AR siRNA and antagomiR-21 promotes
pre-miR-21 PDCD4 expression in hypoxia/reoxygenation model. The expres-
sion of PDCD4 at mRNA level (A) and protein level (B) in H/R, H/R + siRNA-
NC, H/R + AR-siRNA, pre-miR-21, and H/R + pre-miR-21 groups at 12 h,
24 h and 48 h decreased significantly, while the expression of PDCD4 in
antagomiR-21 group increased significantly. The expression of PDCD4 H/R
+ pre-miR-21 groups at 12 h, 24 h and 48 h decreased significantly, and the
expression of PDCD4 in antagomiR-21 + H/R group increased significantly.

EA Control

B siRNA-NC

E3 AR SIRNA

mm HR
H/R+sIRNA-NC
H/R+AR siRNA
B3 miR-21-NC
pre-miR-21

B3 antagomiR-21
H/R+miR-21-NC
O H/R+pre-miR-21
B H/R+antagomiR-21

24 h and 48 h decreased sig-
nificantly, while the expres-
sion of PDCD4 in antagomiR-
21 group increased signifi-
cantly. Compared with H/R
group, the expression of
PDCD4 H/R + pre-miR-21
groups at 12 h, 24 h and 48
h decreased significantly, and
the expression of PDCD4 in
antagomiR-21 + H/R group
increased significantly. We
also obtained a consistent
result of PDCD4 expression
at protein level.

AR-siRNA and antagomiR-21
increases, while pre-miR-
NA-21 reduces caspase-3
expression

The expression of caspase-3
protein in each group was
shown in Figure 7. Compar-
ed with control group, the
expression of caspase-3 in
AR-siRNA group, H/R group,
H/R + siRNA-NC group, H/R
+ AR-siRNA group, H/R +
microRNA-21-NC group and
H/R + antagomiR-21 group
increased significantly at 12
h, 24 h and 48 h. Compared
with H/R group, the expres-
sion of caspase-3 in H/R +
AR-siRNA group and H/R +
antagomiR-21 group increas-

ed significantly at 12 h, 24 h
and 48 h, while the expres-
sion of caspase-3in 12 h, 24
hand 48 h H/R + pre-microR-
NA-21 group decreased sig-
nificantly (P < 0.05).

N=6 in each group (One-way ANOVA followed by the Student-Newman-Keuls).

5B). Compared with H/R group, AR expression
in H/R + AR-siRNA group decreased significant-
ly (P < 0.05).

AR-siRNA and pre-miR-21 reduces, while an-
tagomiR-21 promotes PDCD4 expression

The expression of PDCD4 in each group was
shown in Figure 6. Compared with control gro-
up, the expression of PDCD4 at mRNA level in
H/R, H/R + siRNA-NC, H/R + AR-siRNA, pre-
miR-21, and H/R + pre-miR-21 groups at 12 h,
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Discussion

In this study, we provided data to classify the
potential mechanisms involved in H/R-induced
apoptosis of mouse renal tubular epithelial
cells through regulating AR/miR-21 axis. More-
over, H/R reduced PDCD4 and promoted cas-
pase-3-dependent apoptosis of renal cells.
This study would implicate potential therapeu-
tic targets for renal ischemia injury.

Renal ischemia injury involves complex patho-
physiological processes such as energy exhaus-
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Figure 7. pre-miR-21 reduces, while AR siRNA and antagomiR-21 promotes
caspase-3 expression in hypoxia/reoxygenation model. Compared with con-
trol group, the expression of caspase-3 in AR-siRNA group, H/R group, H/R +
siRNA-NC group, H/R + AR-siRNA group, H/R + microRNA-21-NC group and
H/R + antagomiR-21 group increased significantly at 12 h, 24 h and 48 h.
Compared with H/R group, the expression of caspase-3 in H/R + AR-siRNA
group and H/R + antagomiR-21 group increased significantly at 12 h, 24 h
and 48 h, while the expression of caspase-3 in 12 h, 24 h and 48 h H/R +
pre-microRNA-21 group decreased significantly. *P < 0.05 vs. control; #P <
0.05 vs. H/R. N=6 in each group (One-way ANOVA followed by the Student-

Newman-Keuls).

tion, oxidative stress and inflammatory reaction
[2]. Inflammation, as one of the main response
of renal ischemia-reperfusion injury, is impor-
tant for the pathological process of renal isch-
emia-reperfusion injury [18]. TNF-a is a cyto-
kine produced by activated macrophages that
inhibits osteoblasts and stimulates osteo-
clasts, and is associated with inflammation
[19]. Apoptosis is another important cause of
renal injury induced by ischemia-reperfusion
[20]. In this study, we initially determined the
regime of H/R based upon both of inflamma-
tion and apoptosis. Apoptosis is a process of
programmed cell death, an autonomous and
orderly process of cell death [21]. Caspase-12
located at the adventitia of endoplasmic reticu-
lum. Once endoplasmic reticulum is stressed,
caspase-12 and caspase-7 are cleaved; cas-
pase-9 is further activated by activated cas-
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21 can decrease the apop-
totic rate of renal tubular epi-
thelial cells caused by isch-
emia-reperfusion injury [6].
miR-21 negatively regulates
PDCD4 gene and thus inhi-
bits apoptosis of tissues [25].
In the study of myocardium,
we found that miR-21 can
inhibit apoptosis of cardiomy-
ocytes by inhibiting PDCD4
and downstream transcrip-
tion activator [26]. In the study of renal isch-
emia-reperfusion injury, we also found that
miR-21 can reduce apoptosis by inhibiting the
expression of PDCD4 [27].

Caspases are inactive protease precursors
with high inertia and conservativeness before
being cleaved by hydrolysis [28]. Caspase-3
plays a key role in apoptotic pathway [29], likely
through Fas and TNFRI [30]. The results of this
study implicated that the expression of miR-21
increased after hypoxia, while the expression of
PDCD4 decreased, which was consistent with
the above results. Our results also suggest that
hypoxia can promote the expression of miR-21
and negatively regulate the PDCD4 expression.
Therefore, we further synthesized pre-miR-21
and antagomiR-21 to test the function of miR-
21 in the process. Our data revealed that pre-
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miR-21 could increase miR-21, while antago-
miR-21 decreased the expression of miR-21.
We also revealed that caspase-3 expression
was promoted after hypoxia.

Androgen diffuses freely into cells, binding to
AR in target cells, forming hormone-receptor
complex, then enters into the nuclei, and regu-
lates basic transcription [31]. Studies have
shown that androgen has protective effects
on ischemia-reperfusion injury of heart and
brain [32, 33]. Androgen could promote Bcl-2,
decrease Bax expression to inhibit neuronal
apoptosis, thereby alleviating the damage of
nervous system caused by hypoxic-ischemia
[34]. However, endogenous androgens may
also have pro-inflammatory and pro-apoptotic
effects after ischemia-reperfusion [35]. Chaves
et al. found that exogenous androgens can
block the cardioprotective effect of exercise
and increase the cardiac damage caused by
ischemia-reperfusion [36]. Kim et al. reported
that inhibition of androgen could alleviate oxi-
dative stress-induced kidney injury [37]. Our
results revealed that silencing AR expression
could promote apoptosis, and overexpression
of miR-21 after H/R could inhibit apoptosis,
while inhibiting the expression of miR-21 could
promote apoptosis. These results revealed that
high expression of AR had a protective effect,
but after silencing its expression, the protec-
tive effect will lose, thus inducing apoptosis.
Our results also revealed that the cell damage
caused by miR-21 after H/R had a certain pro-
tective effect.

The expression of PDCD4 decreased when pre-
miR-21 was used, and increased when antago-
miR-21 was used. It was also found that pre-
mir-21 after H/R decreased the expression of
caspase-3 and antagomiR-21 after H/R increa-
sed the expression of caspase-3. These results
point that the expression of PDCD4 is negat-
ively regulated by miR-21, which further down-
regulated caspase-3 and ultimately inhibited
apoptosis. The results showed that silencing
AR could also increase the expression of cas-
pase-3, thus promoting the apoptosis of renal
cells induced by H/R.

In conclusion, H/R can regulate AR/miR-21 axis
through increasing the expression of miR-21
and decreasing the expression of AR, which
trigger PDCD4 and caspase-3-dependent apo-
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ptosis. AR/miR-21 axis is likely a potential ther-
apeutic target for H/R-induced renal injury.
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