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1 | INTRODUCTION

Acute kidney injury (AKI), a kind of syndrome with sudden degrada-
tion of renal function, is characterized by loss of urine creatinine.! With

7.0% incidence in China, AKI becomes a representative public health
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Abstract

Circular RNA YAP1 (circYAP1) was reported to participate in progression of gastric
cancer. However, the role of circYAP1 in acute kidney injury (AKI) remains obscure.
We attempted to examine the effects of circYAP1 on ischaemia/reperfusion-stim-
ulated renal injury. AKI model was established by treating HK-2 cells in ischaemia/
reperfusion (I/R) environment. CircYAP1 expression in blood of AKI patients and I/R-
treated HK-2 cells was evaluated via RT-qPCR. CCK-8, flow cytometry, ELISA and
ROS assay were executed to test the impact of circYAP1 on cell viability, apoptosis,
inflammatory cytokines and ROS generation. Bioinformatic analysis was executed
to explore miRNA targets. The relativity between circYAP1 and miR-21-5p was veri-
fied by RT-gPCR and luciferase assay. The functions of miR-21-5p in I/R-triggered
injury were reassessed. PISBK/AKT/mTOR pathway was detected by Western blot.
Down-regulated circYAP1 was observed in AKI blood samples and I/R-treated HK-2
cells. CircYAP1 overexpression expedited cell growth and weakened secretion of
inflammatory factors and ROS generation in I/R-disposed cells. Besides, we found
circYAP1 could sponge to miR-21-5p. Interestingly, miR-21-5p overexpression over-
turned the repressive effects of circYAP1 on cell injury. Moreover, PI3K/AKT/mTOR
pathway was activated by circYAP1 via inhibiting miR-21-5p. We demonstrated that
circYAP1 activated PISK/AKT/mTOR pathway and secured HK-2 cells from I/R injury
via sponging miR-21-5p.

KEYWORDS
acute kidney injury, circular RNA YAP1, ischaemia/reperfusion, microRNA-21-5p, PISK/AKT/
mTOR pathway

matter that ranges from newborns to senior citizens.? AKl is divided
into pre-kidney, intrinsic and post-kidney, of whose pathophysiology
risk factors include inflammatory diseases,® traumatism* and drug
overdose.’ In addition, ischaemia/reperfusion (I/R) during kidney
transplantation also is extremely likely to elicit AKI.%” I/R injury, which
results from the inadequate supply of oxygen and nutrients to kidney

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,

provided the original work is properly cited.

© 2020 The Authors. Journal of Cellular and Molecular Medicine published by Foundation for Cellular and Molecular Medicine and John Wiley & Sons Ltd

J Cell Mol Med. 2020;24:4707-4715.

wileyonlinelibrary.com/journal/jcmm 4707


www.wileyonlinelibrary.com/journal/jcmm
mailto:﻿￼
https://orcid.org/0000-0002-2228-6287
http://creativecommons.org/licenses/by/4.0/
mailto:durhamp64@gmail.com

HUANG ET AL.

4708
% | wiLEy

epithelial cells, manifests as acceleration of apoptosis, inflammatory
response and even necrosis.® Even though numerous potentially cu-
rative methods for AKI were developed, such as hemodynamic man-
agement, adequate nutrition intake and prevention of complications,
obstruction of remedying AKI still remains.” Renal replacement ther-
apy (RRT) is gradually into doctors' view as clinical treatment for AKI.X°
However, there are still disputes about the best RRT dose and therapy
time.!* Hence, the development and generation of molecular targets
will be required for further prevention and therapy of AKI.

Circular RNAs (circRNAs) are a cluster of RNA molecules with co-
valently bound structures that play important roles in transcription and
protein translation.'? The most crucial function of circRNAs is to serve
as sponge of microRNAs (miRNAs) or bind to RNA binding proteins and
then regulate the occurrence and development of various diseases.*®
Recent research proved that the advantageous effects of circRNAs
in AKI might be linked with their abnormal expression.** Up to date,
the up-expression of circRNA ciRs-126 was confirmed in AKI patients;
meanwhile, ciRs-126 was hopefully regarded as a biomarker to pre-
dict survival rate of AKI patients.’” It was proved that circRNA of Yes-
associated protein 1 (circYAP1, is also named as hsa_circ_0024093),
a newly discovered type of circRNA, was down-expressed in gastric
cancer tissues and could attenuate cell proliferation and invasion of
gastric cancer cells.' However, it is presently sealed whether circYAP1
exerts an extensive influence in I/R-induced renal injury, and intensely
little knowledge is elucidated about the regulatory mechanisms.

In this study, I/R model was established in HK-2 cells. Consistently,
the inflammatory injury of I/R-treated HK-2 cells was explored. We fur-
ther explored the potential mechanisms of how did circYAP1 regulate
the inflammatory response in I/R-treated HK-2 cells. This study might
offer a new recognition of therapeutic target for the AKI treatment.

2 | MATERIALS AND METHODS
2.1 | Clinical specimens

The whole blood samples of 19 AKI cases (10 males and 9 females;
age from 32 to 71 years old) and aged-equal healthy cases (10 males
and 9 females) were attained from the Affiliated Hospital of Qingdao
University. None of AKI patients received any therapies. The in-
formed consents and medical ethics certification were obtained
from patients and the Medical Ethics Committee of the Affiliated
Hospital of Qingdao University.

2.2 | Cell culture

HK-2 and HEK 293 cells were obtained from Shanghai Institutes for
Biological Sciences, Chinese Academy of Sciences (Shanghai, China).
All cells were maintained in DMEM medium (Gibco) which was supple-
mented with 10% foetal bovine serum (FBS, Gibco). For I/R treatment,
HK-2 cells were cultivated in serum-free and glucose-free DMEM and

exposed in an incubator subchamber (Biospherix) with 1% O,. After

12 hours, cells were re-cultured in normoxic condition of 21% O, and
DMEM with 10% FBS. In addition, cells that cultured in normoxic con-
dition and DMEM contained 10% FBS were regarded as control group.
The oxygen concentration of incubator subchamber was controlled by

Compact O, and CO, Subchamber Controller (Biospherix).

2.3 | Cell transfection

The overexpressing circYAP1 plasmids and siRNA of circYAP1
were colligated by Sangon. MiR-21-5p mimic or NC mimic was pur-
chased from RiboBio. Cell transfection was performed by utilizing
Lipofectamine 2000 Reagent (Invitrogen). After 48 hours, cells were
collected with the highest transfection efficiency.

2.4 | Reverse transcription-quantitative Real-time
PCR (RT-qPCR)

Total RNA was extracted by utilizing TRIzol Reagent (Invitrogen).
cDNA Reverse Transcription Kit (Invitrogen) was utilized to perform
reverse transcription. Next, qPCR analysis was carried out through
utilizing SYBR® Green PCR Kit (Qiagen) on iQ5 Real-Time PCR am-
plification (Bio-Rad). The relative expression of circYAP1 was nor-
malized by p-actin. U6 served as an internal control for miR-21-5p
expression. All calculation was performed according to the 2-2AC

methods.

2.5 | Cell counting kit-8 (CCK-8) assay

CCK-8 reagent (Solarbio) was employed for examining cell viabil-
ity. Transfected or untransfected HK-2 cells were plated in 96-well
plates at 1 x 10% cells per well. When cells reached 80% confluence,
I/R treatment was carried out. After that, 10 pL of CCK-8 reagent
was added to each well and cultured at 37°C for 4 hours. The OD450
was measured by using a Microplate Reader (Pulangxin technology).

2.6 | Flow cytometry

Guava® Nexin Reagent (Luminex) was used to implement flow cy-
tometry to test cell apoptotic potential. After cell transfection and
treatment, cells were collected and suspended by DMEM. Next,
100 pL Guava Nexin solution was added into cell samples and fol-
lowed by incubation for 20 minutes in dark. Finally, cell samples were

detected on a Guava EasyCyte Mini System (Luminex).

2.7 | Enzyme-linked immunosorbent assay (ELISA)

The concentration of IL-1p and IL-6 in supernatants of HK-2 cell cul-
tures was evaluated by IL-1p ELISA Kit (Solarbio) and IL-6 ELISA Kit
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(Solarbio), respectively. Absorbance at 490 nm was measured using
a Microplate Reader (Pulangxin).

2.8 | Reactive oxygen species (ROS) assay

After transfection and treatment, cells were co-hatched in DMEM
and DCFH-DA (final concentration for 10 uM) at 37°C for 15 min-
utes and followed by re-suspending with 500 puL PBS buffer. Next,
the fluorescent signals were assessed by using Olympus FV1200

Confocal microscope.

2.9 | Dual-luciferase reporter assay

The binding sequence of circYAP1 for miR-21-5p as well as mu-
tant types was subcloned into luciferase reporter plasmid pGL3
(Promega). Then, the recombination plasmid (circYAP1WT or circYAP-
1MYT) was cotransfected with miR-21-5p mimic or NC mimic into
HEK 293 cells. After 48 hours of transfection, the luciferase reporter

kit (Promega) was utilized to execute reporter assay.

2.10 | Western blot

RIPA lysis buffer (Solarbio) supplied with PMSF (Solarbio) was used
to extract total proteins from cells. Then, BCA Protein Assay Kit
(Beyotime) was utilized to quantify proteins. Next, the proteins
were loaded into 12% SDS-PAGE on the Bis-Tris Gel system (Bio-
Rad) and then were transferred to polyvinylidene fluoride (PVDF,
Solarbio) membranes. Primary antibodies were added to culti-
vate PVDF membranes overnight at 4°C. The primary antibodies
were listed following anti-p-PI3K (ab182651, Abcam), anti-t-PI3K
(ab86714, Abcam), anti-p-AKT (ab38449, Abcam), anti-t-AKT
(ab8805, Abcam), anti-p-mTOR (ab84400, Abcam), anti-t-mTOR
(ab2732, Abcam) and anti-p-actin (ab179467, Abcam). After hatch
with goat anti-rabbit 1gG (ab6721, Abcam) for 2 hours, the PVDF
membranes were cultivated in the enhanced chemiluminescence
reagent (Thermo Fisher). Eventually, the bands were tested via uti-

lizing ImagelJ software.

2.11 | Statistical analysis

All experiments were repeated thrice. Statistical analysis was ex-
ecuted by using GraphPad 6.0 software. The data were presented
as mean + SD P-value was calculated by using Student's t test or

ANOVA. A P < .05 was regarded as statistical significance.

3 | RESULTS

3.1 | CircYAP1 expression in blood of AKI patients
and I/R-treated HK-2 cells

To assess evaluate difference in circYAP1 expression in whole blood
of AKI patients and healthy cases, we carried out RT-gPCR analysis.
As presented in Figure 1A, AKI patients were obviously differentiating
from the control, as demonstrated by the down-regulated circYAP1
(P < .01). Next, HK-2 cells were stimulated in hypoxic and glucose-
deficient environment followed by re-oxygenation to establish AKI
cell model. Figure 1B disclosed that circYAP1 was down-expressed in
I/R-treated cells compared with control cells (P < .001). These results
suggested that circYAP1 expression was down-regulated in AKI pa-

tients and in HK-2 cells after I/R treatment as well.

3.2 | CircYAP1 moderated I/R-induced injury of
HK-2 cells

Considering that circYAP1 was ascertained as a disease suppressor,'¢
we asked whether circYAP1 participated in HK-2 cell behaviours.
CircYAP1 overexpressing plasmid and the corresponding vector were
employed to regulate circYAP1 expression in HK-2 cells. RT-qPCR
confirmed the overexpression of circYAP1 in circYAP1 overexpress-
ing plasmid-transfected group (Figure 2A; P < .001). After disposal in
I/R condition, cell viability and apoptosis were detected by utilizing
CCK-8 and flow cytometry, respectively. In Figure 2B-D, I/R expo-
sure apparently reduced cell viability but facilitated cell apoptotic
potential of HK-2 cells (P < .001). Interestingly, the prohibition of cell
growth evoked by I/R treatment was ameliorated in circYAP1 over-

expressing group (P < .001). Meanwhile, cell inflammatory response
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FIGURE 2 CircYAP1-moderated I/R-induced injury of HK-2 cells. A, After transfection with circYAP1 overexpressing plasmid or empty
vector, the transfection efficiency was assessed. HK-2 cells were transfected with circYAP1 overexpressing plasmid or empty vector and
then were stimulated in I/R environment. B, Cell viability was measured by CCK-8 assay. C, D, Cell apoptosis ratio was assessed by flow
cytometry. E, ELISA assay was utilized to examine the concentrations of inflammatory cytokines (IL-1f and IL-6). F, ROS generation was

evaluated by ROS assay. *P < .05, ***P < .001

was evaluated by detecting secretion of inflammatory cytokines and
ROS generation. I/R treatment strongly upgraded the levels of IL-1p
and IL-6, and augmented ROS generation, implying I/R-induced in-
flammatory injury (Figure 2E,F; P < .001). Nevertheless, circYAP1
overexpression weakened the alteration of I/R treatment on inflam-
matory cytokines and ROS generation (P < .05 or P < .001). The
above-mentioned consequences demonstrated that circYAP1 pro-
tected HK-2 cells against I/R-caused injury.

3.3 | CircYAP1 acted as a sponge for miR-21-5p

Next, bioinformatical analysis (Circular RNA Interactome, https://circi
nteractome.nia.nih.gov/) was employed to predict the possible miRNA
targets of circYAP1. To validate the prediction, HK-2 cells were trans-
fected with si-NC and si-circYAP1. After I/R exposure, RT-qPCR was
performed to evaluate miRNA expression. As presented in Figure 3A,
the expression of 10 miRNAs (miR-1203, miR-186, miR-630, miR-224,
miR-330-5p, miR-507, miR-606, miR-21-5p, miR-665 and miR-944)
was apparently ascended by silencing circYAP1 (P < .05 or P < .01).
Among the miRNAs, the change in miR-21-5p expression was the most
significant one. Moreover, by taking into consideration of the involve-
ment of miR-21-5p in AKI,Y” we selected miR-21-5p in the following
research. Additionally, whether circYAP1 regulated miR-21-5p expres-
sion was further explored. The complimentary binding site between

control (siR-NC) and then stimulated

circYAP1 and miR-21-5p was shown in Figure 3B. As disclosed in
Figure 3C, miR-21-5p expression was evidently promoted by I/R ex-
posure (P < .01). Quite the opposite, the increase in miR-21-5p level
was reversed by circYAP1 overexpressing plasmid in |/R-treated HK-2
cells (P <.001). To delve into verify the prediction of circYAP1 underly-
ing binding to miR-21-5p, mutant sequence and wild-type sequence of
circYAP1 were cloned into pGL3 vector to construct circYAP1MYT and
circYAP1WT plasmids. Then, we carried out luciferase reporter assay
in HEK-293 cells. As revealed in Figure 3D, the luciferase activity was
reduced in cells that cotransfection with circYAP1WT and miR-21-5p
mimic (P < .001). However, there was no difference in circYAPTMYT
group. The aforementioned discovery gave evidence that circYAP1
acted as a sponge for miR-21-5p in I/R-stimulated HK-2 cells, hinting
that miR-21-5p might participate in I/R-triggered cell injury.

3.4 | CircYAP1 relieved I/R-caused injury through
sponging miR-21-5p

Next, miR-21-5p mimic was utilized to upgrade miR-21-5p expression
in HK-2 cells. The transfection efficiency, presented in Figure 4A, re-
sults displayed that miR-21-5p expression was no doubt elevated by
miR-21-5p mimic (P < .01). Coinstantaneous transfection with circYAP1
overexpressing plasmid and miR-21-5p mimic triggered a significant
reduction in cell viability (Figure 4B; P < .001) and an enhancement
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]
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FIGURE 3 CircYAPLacted asa £.].. we  MiR-21-5p : 3 UGUAGUCAGACUAUUCGAU 5'
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2
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&

in I/R environment. miRNA expression
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diagram of predicted binding sites

of circYAP1 with miR-21-5p. C, HK-2
cells were transfected with circYAP1
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FIGURE 4 CircYAP1 relieved I/R-caused injury through down-regulating miR-21-5p. A, After transfection with miR-21-5p mimic or

NC mimic, the transfection efficiency was assessed. After transfection with circYAP1 overexpressing plasmid (or miR-21-5p mimic) or the
corresponding controls, HK-2 cells were treated in |I/R conditions. B, Cell viability was measured by CCK-8 assay. C, D, Cell apoptosis ratio
was assessed by flow cytometry. E, ELISA assay was utilized to examine the concentrations of inflammatory cytokines (IL-1p and IL-6). F, ROS
generation was evaluated by ROS assay. *P < .05, **P < .01, ***P < .001
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on apoptotic ratio (Figure 4C,D; P < .05) in I/R-treated HK-2 cells, by
comparison with the groups that transfected with circYAP1 overex-
pressing plasmid and NC mimic. Consistently, Figure 4E,F revealed
that miR-21-5p overexpression reversed the declination of inflamma-
tory cytokines and ROS generation in circYAP1 overexpression and
I/R-treated HK-2 cells (P < .05 or P < .01 or P < .001). We therefore
inferred that circYAP1 might lighten I/R-triggered injury through sup-
pressing miR-21-5p expression in HK-2 cells.

3.5 | CircYAP1 activated PI3K/AKT/mTOR signalling
pathway through sponging miR-21-5p in I/R-
stimulated HK-2 cells

Considering that PIBK/AKT/mTOR signalling pathway has been exten-
sively reported as a pivotal network in regulating the renal inflamma-
tory response, the effect of circYAP1 on PIBK/AKT/mTOR signalling
pathway was assessed to further explore the possible modulatory
mechanism. I/R exposure markedly inhibited the phosphorylation of
PI3K, AKT and mTOR (Figure 5; P < .001). By contract, protein level of
p-PI3K, p-AKT and p-mTOR was increased by circYAP1 overexpres-
sion in I/R exposed HK-2 cells (P < .001). Beyond that, after trans-
fection with miR-21-5p mimic, the above proteins were significantly
allayed in I/R exposed HK-2 cells that transfected with circYAP1 over-
expressing plasmid (P < .01 or P < .001). These data indicated that
PISK/AKT/mTOR signalling pathway was potentiated by circYAP1
through restraining miR-21-5p expression in I/R-stimulated HK-2 cells.

4 | DISCUSSION

Acute kidney injury (AKI) in kidney transplant is a widespread disease
with quite a few potential causes and progressively evolves as enor-
mous holdback for transplant management.'®'? Here, we ascertained
that circYAP1 was down-regulated in clinical blood samples of AKI pa-
tients and I/R-treated HK-2 cells. CircYAP1 overexpression attenuated
cell injury by expediting cell growth, suppressing inflammatory factor
secretion and ROS generation in I/R-stimulated cells. Additionally, cir-
cYAP1 triggered the declination of miR-21-5p expression and acted as
a sponge of miR-21-5p. Interestingly, miR-21-5p overexpression over-
turned the repressive impacts of circYAP1 on cell injury. Moreover,
PI3K/AKT/mTOR pathway was activated by circYAP1 via negatively
adjusting miR-21-5p in I/R-treated HK-2 cells.

I/R-stimulated injury is one of the major reasons which induces
the onset of AKI and may be connected with high mortality.?° I/R in-
jury is derived from inadequate supplement of oxygen and nutrient to
organs or accumulation of metabolic waste products,?! and then grad-
ually evolved into structural modification of tubular epithelial cells and
immunocytes.22 It was demonstrated by several researchers that a
multitude of inflammatory responses, including secretion of inflam-
matory cytokines, cell apoptosis and necrocytosis, were triggered by
I/R stimulation in HK-2 cells.??2% As previously reported, our research

manifested that I/R exposure impeded cell viability and expedited cell
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FIGURE 5 CircYAP1 activated PIBK/AKT/mTOR signalling
pathway through inhibiting miR-21-5p expression in I/R-stimulated
HK-2 cells. After transfection with circYAP1 overexpressing plasmid
(or miR-21-5p mimic) or the corresponding controls, HK-2 cells
were treated in I/R conditions. The protein expression of t-PI3K,
p-PI3K, t-AKT, p-AKT, t-mTOR and p-mTOR was tested by Western
blot. The relative expression of proteins was normalized by p-actin.
*P <.05, *P < .05, ***P <.001

apoptotic capacity of HK-2 cells. Meanwhile, the releasing of inflam-
matory factor and ROS generation was elicited by I/R treatment.

CircRNAs an extraordinary sort of RNA molecules become the
most worthy of exploration in the field of RNA functions.?* RNA
sequencing data showed that a multitude of circRNAs, such as cir-
cAkt3, circPlekha7 and circMel, were aberrantly expressed in I/R
or losartan-treated rat specimens and exerted phylactic impact in
ischaemia-induced kidney damage.?®

Researches analysing circRNA expression in AKI have described
the dysregulated expression of nearly 50 circRNAs using ge-
nome-wide expression analysis, compared to healthy cases.®> Among
these, the levels of hsa_circ_0045881 and hsa_circ_0001177 were
obviously enhanced in whole blood of AKI patients. Additionally,
an association between ciRs-126 and curve value was disclosed.?®
Moreover, the decreased expression of circ-Akt3 in AKI rat model
might be closely related to immune response and inflammatory
damage.?> However, there was not any literature showed the ab-
normal expression of and effect of circYAP1 on AKI blood sam-

ples. It was confirmed that circYAP1 was discovered to be strongly
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down-expressed in blood samples of AKI patients and I/R-disposed
HK-2 cells. CircYAP1 is turned out during splicing process of YAP1
gene, which is an essential transcriptional factor of Hippo path-

1*6 have confirmed that

way.'%2% Currently, only one study by Liu et a
circYAP1 played an anti-tumour role in gastric cancer. In this work,
our data presented that circYAP1 alleviated I/R-induced injury of
HK-2 cells by facilitating cell growth and reducing secretion of in-
flammatory cytokines and ROS generation.

In the past decades, a considerable amount of papers have fo-
cused on the association between circRNAs and miRNAs.2”28 |t was
generally accepted that circRNAs could serve as sponges of miRNAs
and accordingly weakened miRNA activity.?’ For instance, Yang
et al® stated that silencing circ_008018 ameliorated I/R-induced
injury of cerebrum cells by sponging miR-9%a. Circinteractome, a
burgeoning online analysis tool, is applied extensively in predicting
miRNA-circRNA interactions.®%®? In this study, we demonstrated
that there were 10 potential miRNAs targeted circYAP1 by employ-
ing Circlnteractome and RT-qPCR.

Furthermore, there was evidence regarding the importance in AKI
process of miRNAs. Previous studies utilizing Dicer-knockout mice
model resulted in the observation of crucial dysregulated miRNA
molecules, including miR-486, miR-207 and miR-455-3p, suggesting
pathogenical or protective roles for miRNA expression in ischaemic
AKI.3334 For instance, miR-192 expression in blood plasma was per-
haps useful to diagnose patients with AKI and recovery procedure
of renal damage.35 In the context of clinical and experiment data,
miR-709 has been associated with regulatory mechanism by which
mitochondrial dysfunction and proximal tubular cell apoptosis were
ameliorated.?® In contrast, another AKI-related miRNA (miR-688)
acted protective role in AKI by inhibiting mitochondrial fragmenta-
tion.®” Previous researches indicated that miR-21 was up-regulated
both in kidney tissues and in urine of AKI patients.>®%? Additionally,
in vitro study revealed that miR-21 restrained cell growth and autoph-
agy of I/R-injured rat renal tubular epithelial cells.*® But few reports
about the upstream regulator of miR-21 in AKI have been conducted.
In addition, no common effect of miR-21 has been identified in pre-
vious studies, reflecting the shortage of well-investigated reports
in the field of AKI process. In our experiments, we discovered that
miR-21-5p expression was obviously aggrandized by I/R treatment
while declined by circYAP1 in HK-2 cells. Additionally, it was proved
that circYAP1 served as a sponge for miR-21-5p by luciferase assay.
Furthermore, the catabatic influences of circYAP1 in I/R injury were
reversed by miR-21-5p up-regulation. All these results hinted that cir-
cYAP1 might impede I/R injury of HK-2 cells via sponging miR-21-5p.

It was demonstrated that PISK/AKT/mTOR pathway contributed
to processes of several inflammatory diseases, such as osteoarthri-
tis** and intestinal colitis.*? PIBK/AKT/mTOR signalling pathway is
also critical apoptosis-related pathway which is usually interrupted
under hypoxia condition.*® For example, accumulating evidence fur-
ther demonstrated that PISK/AKT/mTOR pathway was potentiated
to protect rat from I/R-stimulated dysmnesia.** Interestingly, phar-
maceutics research demonstrated that PIBK/AKT/mTOR pathway

was involved in cell apoptotic potential and inflammatory responses

of renal I/R model, and activation of pathway-associated proteins was
an indispensable step in this process.*> The PI3K/AKT/mTOR path-
way is also regarded as an amenable pathway to acute renal injury.*
Specifically, the protective effect of tempol on I/R-evoked renal in-
jury was associated with the activation of PISBK/AKT/mTOR pathway.
In addition, PISBK/AKT/mTOR signalling pathway was involved in the
inflammatory response of kidney tubular epithelial cells.*’ Moreover,
previous investigation of I/R injury presented significant reduction in
inflammatory cytokine (TNF-a and IL-1B) concentration in mmu_cir-
cRNA_005186-silenced cells, which process might be closely related
to mTOR protein.*® In our research, we first linked circYAP1 regulation
to PISBK/AKT/mTOR pathway in I/R-injured HK-2 cells. In addition, this
process was mediated by down-regulation of miR-21-5p.

In general, the study indicated that circYAP1 secured HK-2 cells
from |/R-induced injury via abating miR-21-5p expression, implying
the suppressive effects of circYAP1 on AKI. Advances in knowledge
of circYAP1-mediated molecular mechanisms involved in the I/R-
induced injury of HK-2 cells might shed light on the development of
effective therapies for AKI. In future, in vivo experiments will be a
crucial key for our further research.
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