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ABSTRACT

Acute kidney injury (AKI) is a complex renal disease. Long non-coding RNAs (IncRNAs) have frequently been
associated with AKI. In the present study, we aimed to investigate the molecular mechanism(s) of LINC00052 in
AKI. We found that LINCO0052 expression was significantly decreased in AKI patient serum. In addition, in a hypoxic
AKI cell model, LINCO0052 expression was strongly elevated. In an I/R-triggered AKI rat model, the expression of
TNF-a, IL-6 and IL-18 mRNA was strongly elevated. Moreover, we predicted miR-532-3p to be targeted by
LINC00052 in AKI. Overexpression of LINC00052 increased hypoxia-induced inhibition of NRK-52E cell proliferation
and reversed hypoxia-triggered apoptosis. Furthermore, we found that induction of TNF-a, IL-6 and IL-1B was
repressed by overexpression of LINC00052. LINC00052 decreased hypoxia-induced ROS and MDA accumulation in
vitro and increased SOD activity. Decreased levels of c-myc and cyclin D1 were observed in renal tissues of AKI rats.
Lastly, Wnt/B-catenin signaling was inactivated in NRK-52E cells experiencing hypoxia, and LINC00052 upregulation
reactivated Wnt/B-catenin signaling by sponging miR-532-3p. Taken together, these results suggest that LINC00052
ameliorates AKI by sponging miR-532-3p and activating Wnt signaling.

INTRODUCTION However, oxidative stress can arise when this balance is
disrupted [10].

Acute kidney injury (AKI) is a serious syndrome

associated with renal dysfunction. AKI isa frequent
complication of surgical operations that results in loss
of kidney function [1, 2], and is associated with long-
term hospital stay, chronic kidney disease and end-stage
renal disease [3, 4]. Acute vascular dysfunction, tubular
epithelial cell injury, inflammation, and fibrosis
contribute to AKI pathophysiology [5].

Ischemia-reperfusion (I/R) injury is a known cause of
AKI with high morbidity and mortality [6, 7].
Inflammation can mediate tissue repair after renal injury
and participates in the development of IR-triggered AKI
[8]. Additionally, oxidative stress has been linked to
AKI [9]. Under normal conditions, the production of
oxidants and antioxidants remains in equilibrium.

Long non-coding RNAs (IncRNAs) are RNA molecules
that are over 200 nucleotides in length. IncRNAs play
critical roles in a variety of biological processes [11-13]. In
recent years, many IncRNAs have been linked to renal
disease [14]. For example, downregulation of the MEG3
IncRNA protects against kidney injury induced by hypoxia
in renal allografts by modulating miR-181b and targeting
TNF-0. [15]. The ZFAS1 IncRNA can promote clear
cell renal cell tumor progression by regulating miR-10a and
SKAL [16]. In addition, the NEAT1 IncRNA can promote
extracellular matrix accumulation and the epithelial-
mesenchymal transition by modulating miR-27b-3p and
ZEB1 in diabetic nephropathy [17]. Loss of the TUG1
IncRNA results in the development of AKI by sponging
miR-142-3p and regulating the sirtuin 1 axis [18].
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In this study, we report that LINC00052 expression is
strongly decreased whereas miR-532-3p expression is
increased in AKI. Overexpression of LINC00052
inhibits hypoxia-induced injury of NRK-52E cells by
activating the Wnt/p-catenin signaling pathway.

RESULTS

LINCO00052 expression is reduced while miR-532-3p
expression is elevated in AKI patients and NRK-52E
cells experiencing hypoxia

Firstly, we measured the levels of LINC00052 and miR-
532-3p expression in serum from AKI patients (n =
100) and healthy controls (n = 100) using gRT-PCR.
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The level of LINC00052 was decreased in AKI patient
serum (Figure 1A), while the level of miR-532-3p was
increased in AKI patient serum (Figure 1B). Next, we
developed a hypoxia-induced NRK-52E cell model. We
found that the expression of TNF-a, IL-1p and IL-6
mRNA was induced by hypoxia after 6 and 12 h (Figure
1C). Flow cytometry assays demonstrated that apoptosis
was triggered in NRK-52E cells in a time-dependent
manner starting after 6 h of hypoxia (Figure 1D). We
then uncovered that LINCO00052 expression was
decreased in hypoxic NRK-52E cells (Figure 1E), while
miR-532-3p expression was strongly upregulated in
hypoxic NRK-52E cells (Figure 1F). These results
suggest that LINC00052 and miR-532-3p might be
involved in AKI.
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Figure 1. LINC00052 is downregulated miR-532-3p is upregulated in AKI patient tissues and AKI cell models. (A) Analysis of
LINCO0052 expression in serum from healthy controls (n = 100) and AKI patients (n = 100). GAPDH served as a loading control. (B) miR-532-3p
expression in serum from healthy controls (n = 100) and AKI patients (n = 100). U6 served as a loading control. (C) The expression of IL-1f, IL-6
and TNF-ao mRNAs in NRK-52E cells exposed to hypoxia. (D) Apoptosis of NRK-52E cells was measured by flow cytometry. NRK-52E cells were
exposed to a hypoxia time-course. (E) Analysis of LINCO0052 expression in NRK-52E cells after 0,3 h, 6 h, 9 h or 12 h of hypoxia. (F) Analysis of
miR-532-3p expression in NRK-52E cells after 0, 3 h, 6 h, 9 h and 12 h of hypoxia. Three independent experiments were performed. Error bars
represent the mean £ SD of triplicate experiments (at least). *p < 0.05; **p < 0.01.
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Analysis of LINC00052 and miR-532-3p expression
in AKI rat models

Next, we established I/R-triggered AKI rat models to
explore the roles of LINC00052 and miR-532-3p in
AKI. We confirmed induction of acute kidney injury
through HE staining and TUNEL assays (Figure 2A and
2B). We observed that SCr and BUN were strongly
upregulated in the serum of AKI rat models 24 h after
I/R surgery (Figure 2C and 2D). In addition, we found
that TNF-a, IL-1p and IL-6 were induced in renal tissue
from AKI rats (Figure 2E). Furthermore, LINC00052
expression was decreased while miR-532-3p expression
was increased in the kidneys of AKI rats (Figure 2F and
2G). These results suggest that LINC00052 and miR-
532-3p are involved in AKI.

miR-532-3p is predicted as a downstream target of
LINCO00052

The interaction between miR-532-3p and LINC00052 is
illustrated in Figure 3A. Luciferase WT-LINC00052 and
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MUT-LINCO00052 reporter plasmids were constructed
(Figure 3B). Inhibited reporter activity was observed upon
transfection of WT-LINC00052 and miR-532-3p mimics
(Figure 3C). To determine whether LINC00052 sponged
miR-532-3p, RIP experiments were performed. miR-532-
3p and LINC00052 were enriched in Ago2 pellet (Figure
3D). RNA pull-down assays using a miR-532-3p-bio
probe produced a higher level of LINC00052 than pull-
downs with negative control-bio or miR-532-3p probes
(Figure 3E). These results indicate that miR-532-3p is a
target of LINC00052.

The effects of LINCO00052 on proliferation and
apoptosis of NRK-52E cells are reversed by miR-
532-3p

NRK-52E cells were infected with LV-LINC00052 and
LV-miR-532-3p under hypoxia. We found that
LINCO00052 expression was elevated in NRK-52E cells
(Figure 4A). Meanwhile, we found that miR-532-3p
expression was repressed by LV-LINC00052 and this
reversed by LV-miR-532-3p (Figure 4B).
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Figure 2. Analysis of LINC00052 and miR-532-3p expression in AKI rat models triggered by I/R surgery. (A) Renal histology
micrographs of renal tissues from I/R-induced AKI rat models. Scale bars = 20 um. (B) TUNEL assays measuring apoptosis in renal tissues from
I/R-induced AKI rat models. Serum levels of SCr (C) and BUN (D) in renal tissues from I/R-induced AKI rats 24 h after surgery. (E) The
expression of IL-1f, IL-6 and TNF-a. mRNAs in renal tissues from I/R-induced AKI rats 24 h after surgery was assessed by qRT-PCR. Analysis of
LINCO0052 (F) and miR-532-3p (G) expression in renal tissues from I/R-induced AKI rats using gRT-PCR. Three independent experiments were
performed (n = 8 in each group). Error bars represent the mean * SD of triplicate experiments (at least). *p < 0.05.
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Meanwhile, overexpression of LINC00052 rescued the
reduction in cell proliferation, while overexpression of
miR-532-3p exhibited the opposite effect (Figure 4C
and 4D). Hypoxia-induced apoptosis was repressed by
LV-LINC00052 overexpression in NRK-52E cells
(Figure 4E and 4F). In contrast, miR-532-3p
overexpression increased apoptosis, an effect which was
inhibited by LINCO00052. These results indicate that
LINC00052 increases NRK-52E cell proliferation and
represses apoptosis by sponging miR-532-3p.

The effects of LINC00520 on inflammation and ROS
levels in hypoxic NRK-52E cells are rescued by miR-
532-3p

Furthermore, we measured the expression of TNF-a, IL-
1B and IL-6 mRNA in NRK-52E cells infected with a
combination of LV-LINC00052 and LV-miR-532-3p or
LV-LINC00052 and LV-miR-532-3p using qRT-PCR.
LINCO00052 repressed inflammation in NRK-52E cells
(Figure 5A-5C). TNF-qa, IL-1B and IL-6 were repressed
by LINC00052 and induced by miR-532-3p. The
increases in ROS and MDA levels observed in NRK-
52E cells were repressed by LINCO00052 and further
exacerbated by miR-532-3p, whereas SOD exhibited
the opposite effect (Figure 5D-5F). These results
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suggest that LINC00052 affects inflammation and ROS
levels in NRK-52E cells by modulating miR-532-3p.

miR-532-3p abolishes the inhibitory effect of
LINCO00520 in NRK-52E cells by inactivation of the
Wnit signaling pathway

Inactivation of the Wnt/B-catenin pathway has been
linked to AKI progression. We observed that levels of
c-myc and cyclin D1 were decreased in renal tissue of
AKI rats through IHC staining (Figure 6A).
Subsequently, we found that hypoxic NRK-52E cells
exhibit inactivation of Wnt/B-catenin signaling, and this
signaling pathway was reactivated by LINC00052 by
sponging miR-532-3p. B-catenin, c-myc and cyclin D1
protein expression was upregulated by LINC00052 and
downregulated by miR-532-3p (Figure 6B). These
results indicate that inactivation of Wnt/B-catenin
pathway is involved in LINCO00052-mediated AKI
progression.

DISCUSSION
In recent years, an increasing humber of IncRNAs and

microRNAs have been associated with AKI [19-21].
For instance, the NEAT1 IncRNA induces hypoxia-
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Figure 3. miR-532-3p is a target of LINCO0052. (A) A schematic of the interaction between LINC00052 and miR-532-3p. (B) The
luciferase reporter constructs containing the wild type (WT-LINCO0052) or mutant LINCOO052 (MUT-LINC00052). (C) The relationship
between LINC0O0052 and miR-532-3p was assessed using a dual luciferase reporter assay. WT-LINCOOO5 or MUT-LINCO0052 were co-
transfected into NRK-52E cells with miR-532-3p mimics or their corresponding negative controls. (D) The interaction between LINCO0052 and
miR-532-3p was assessed using a RIP assay. (E) RNA pull-down assays detected a direct interaction between LINCO0052 and miR-532-3p.
Three independent experiments were performed. Error bars represent the mean + SD of triplicate experiments (at least). *p < 0.05.
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triggered renal tubular epithelial cell apoptosis by
sponging miR-27a-3p [22]. miR-27b-3p targeted by
LINC0O0520 regulates OSMR  expression and
induces AKI development via the PI3K/AKT signaling
pathway [23]. In HK-2 cells, the PVT1 IncRNA can
promote LPS-triggered septic AKI by modulating TNF-
o and JNK/NF-«B [24].

We investigated the biological roles of LINC00052 and
miR-532-3p in AKI. LINCO00052 expression was
reduced while miR-532-3p expression was up-regulated
in AKI patient serum, hypoxic NRK-52E cells and AKI
rat models. LINC00052 overexpression reversed the

Ag B s
2 3 4
8 Hypoxia S

w
:
£8" 3
» 5
85 2
g g
4 x
(] o
2 °
s =
[7] [}
& e
C Merged
Control
LV-NC
.8
x
o
Qo
>
T | LV-LINC00052
LV-LINC00052
+ LV-miR-532-3p

Hypoxia

effects of hypoxia on NRK-52E cell proliferation and
apoptosis by sponging miR-532-3p. In addition, we
observed that the Wnt/B-catenin pathway was
inactivated in hypoxic NRK-52E cells, and miR-532-3p
overexpression abolished the inhibitory effect of
LINCO00520 by inactivating Wnt signaling.

LINC00052 has been recognized as a crucial regulator
of tumor processes. For example, LINC00052 increases
EPB41L3 to repress hepatocellular carcinoma
migration and invasion by binding miR-452-5p
[25]. LINC00052 represses the proliferation, migration
and invasion of glioma cells by upregulating KLF6 [26].
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Figure 4. The impacts of LINC00520 and miR-532-3p on NRK-52E cells experiencing hypoxia. (A) LINCO0052 expression in NRK-52E
cells infected with LV-LINCO0052 or LV-LINCO0052 and LV-miR-532-3p under hypoxic conditions. (B) miR-532-3p expression in NRK-52E cells
infected with LV-LINCO0052 or LV-LINCO0052 and LV-miR-532-3p. (C and D) NRK-52E cell proliferation was detected using an EdU assay. Cells
were infected with a combination of LV-LINC00052 and LV-miR-532-3p or LV-LINC0O0052 and LV-miR-532-3p. (E and F) NRK-52E cell apoptosis
was measured using flow cytometry. Three independent experiments were performed. Error bars represent the mean = SD of triplicate

experiments (at least). *p < 0.05.
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Figure 5. The impacts of LINC00520 and miR-532-3p on inflammation and ROS levels in NRK-52E cells experiencing hypoxia.
Expression of TNF-a (A), IL-1f (B) and IL-6 (C) mRNAs in NRK-52E cells infected with a combination of LV-LINC00052 and LV-miR-532-3p or LV-
LINC00052 and LV-miR-532-3p was tested using g-RT-PCR. The levels of ROS (D), MDA (E), and SOD (F) under different conditions. Three
independent experiments were performed. Error bars represent the mean * SD of triplicate experiments (at least). *p < 0.05.
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Figure 6. miR-532-3p abolishes the repressive effect of LINC00520 by inactivation of the Wnt/p-catenin pathway in NRK-52E
cells. (A) IHC staining of c-myc and cyclin D1 in AKI rat models. (B) Expression of B-catenin, c-myc, and cyclin D1 proteins in NRK-52E cells
infected with a combination of LV-LINCO0052 and LV-miR-532-3p or LV-LINCO0052 and LV-miR-532-3p. Three independent experiments were

performed. Error bars represent the mean + SD of triplicate

experiments (at least). *p < 0.05.
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LINCO0052 promotes gastric cancer progression by
activating the Wnt signaling pathway [27]. Here, we
found that LINCO0052 was downregulated in AKI.
Increasing LINCO00052 expression induced NRK-52E cell
proliferation and inhibited apoptosis. These results
indicate that LINC00052 plays a significant role in AKI
progression.

We predicted that miR-532-3p was a target of
LINC00052. Recently, aberrant expression of miR-532-
3p has been reported in multiple cancers. miR-532-3p
promotes hepatocellular carcinoma progression by
targeting PTPRT [28]. miR-532-3p is targeted by DARS-
AS1 and functions as an oncogene in ovarian cancer [29].
A role for miR-532-3p in the regulation of renal cell
carcinoma has been identified [30]. miR-532-3p s
downregulated in progressive chronic kidney disease [31].
In the present study, we focused on the biological role of
miR-532-3p in AKI progression. We found that miR-532-
3p was upregulated in AKI patients, AKI cells and rat
models. miR-532-3p was negatively regulated by
LINC00052, and miR-532-3p reversed the inhibitory
effect of LINC00052 in vitro in AKI.

The Wnt/B-catenin signaling pathway is implicated in
the modulation of various biological processes, such as
AKI [32, 33]. The Wnt/B-catenin pathway is reactivated
after kidney injury to repair fibrotic renal lesions [34].
Increasing evidence suggests that Wnt signaling plays a
significant role in improving kidney repair and
regeneration after I/R-induced AKI [35]. miR-214 can
ameliorate AKI by targeting DKK3 and activating the
Wnt pathway [36]. Inhibition of miR-155 inhibits AKI
by regulating TCF4 and Wnt/p-catenin [37]. In addition,
miR-182 enhances AKI by promoting apoptosis and the
TCF7L2/Wnt/B-catenin pathway [38]. We found that
the Wnt/B-catenin pathway was inactivated in AKI rat
models. Overexpression of LINC00052 reactivated the
Whnt/B-catenin pathway in NRK-52E cells by sponging
miR-532-3p. In addition, Wnt pathway-associated genes
including Cyclin D1, MYCN, and GSK-3B are
predicted to be downstream targets of miR-532-3p. Our
future work will aim to follow up on these observations.

In  conclusion, we report that LINCO00052
ameliorates AKI progression by sponging miR-532-3p
and activating the Wnt/B-catenin signaling pathway,
suggesting that LINC00052 might be a novel
therapeutic target to treat AKI.

MATERIALS AND METHODS
Clinical samples

Blood samples from 100 AKI patients were obtained
from the Qingpu Branch of Zhongshan Hospital

Affiliated with Fudan University, and 100 healthy
volunteers were recruited as controls. The blood
samples collected from AKI patients were centrifuged
at 5,000xg for 3 min and then serum was harvested.
Prior to starting experiments, written informed consent
was obtained from all participants. Procedures used in
this study were approved by the Institutional Ethics
Committee of the Qingpu Branch of Zhongshan
Hospital. The experiments were performed according to
government policies and the Helsinki Declaration.

Cells

NRK-52E cells were purchased from ATCC (Manassas,
VA, USA). Cells were cultured in DMEM medium
(Sigma-Aldrich, St. Louis, MO, USA) supplemented
with 10% FBS, 0.15% sodium bicarbonate, 4 mM L-
glutamine, and 1% streptomycin/penicillin (Invitrogen,
CA, Carlsbad, USA) in an atmosphere with 5% CO, at
37° C. For assays involving hypoxia, cells were
maintained in a hypoxic chamber containing 1% O, for
24 h, followed by reoxygenation.

Construction of rat AKI models

Sixteen male SD rats (280-300 g and 12 weeks) were
purchased from the Shanghai Animal Laboratory
Center. To generate AKI rat models, rats were
anesthetized by intraperitoneal injection of 50 mg/kg
pentobarbital sodium. Bilateral renal pedicles were
occluded using a microvascular clamp to induce renal
ischemia. The clamps were then isolated to trigger
reperfusion. Identical surgical procedures were
performed on rats with unclamped renal pedicles (sham
group). Each group consisted of eight rats. We collected
blood, urine, and kidney tissues for analysis. We
extracted venous blood (5 mL) from the jugular vein.
After centrifugation, we stored the supernatant at -80° C
for serum index measurements. Rats were maintained
according to the Guide for the Care and Use of
Laboratory Animals from the National Academy of
Sciences.

Assessment of renal function

Blood was centrifuged at 3,000 rpm for 10 min at 4° C.
We measured the levels of serum creatinine (SCr) and
blood urea nitrogen (BUN) as crucial indices of renal
injury. Serum creatinine and BUN were detected using
detection kits (Nanjing Jian Cheng Institute of
Biotechnology, Nanjing, China).

Kidney tissue histology

To observe pathological changes, kidneys were fixed
with 4% (w/v) paraformaldehyde at 4° C for 24 h. Then,
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we embedded the tissues in paraffin and cut them into
4-pym sections for Hematoxylin and Eosin (H&E)
staining (Beijing Solarbio Science and Technology Co.,
Ltd., Beijing, China). Subsequently, we examined and
photographed pathological changes wusing light
microscopy (Olympus America, Inc., NY, U.S.A).

IHC staining of c-myc and cyclin D1

Thick sections (4-um) of the kidney tissues were
mounted to slides that were then deparaffinized and
rehydrated. The sections were treated with citrate buffer
for 30 min. The sections were then immersed in PBS
with 3% H,0, for 10 min. Rabbit polyclonal anti- c-
myc and cyclin D1 antibodies (dilution 1:100, Abcam,
Cambridge, UK) were used to block the sections at 4° C
for a whole night.

Lentiviral infection

LV-LINC00052, LV-miR-532-3p and their corresponding
negative controls were constructed by GenePharma
(Shanghai, China). LV-LINC00052 and LV-miR-532-3p
were sub-cloned into lentiviral plasmids and used in
conjunction with lentiviral packaging plasmids to infect
HEK-293T cells. Cells were infected with LV-
LINC00052, LV-miR-532-3p and 8 ug/mL polybrene at
an MOI of 3. Blasticidin (10 pg/mL) (Thermo Fisher) was
used to select positive cells.

Evaluation of ROS, MDA and SOD levels

ROS levels were measured using the DCHF-DA
fluorescent probe (Jiancheng Biotech, Nanjing, China).
Cells at a density of 1 x 10* cells/mL were seeded into 6-
well plates. Then, the culture medium was removed, and
cells were washed with D-Hank’s solution three times.
Cells were then incubated with 10 uM dichloro-dihdro-
fluorescence diacetate (DCFH-DA) for 30 min at 37° C.
The fluorescent intensity was measured with a
fluorescence spectrophotometer. MDA and SOD were
measured using the Lipid Peroxidation MDA Assay Kit
and Total SOD Assay Kit (Beyotime, Jiangsu, China),
respectively. In brief, cells were lysed using 0.2% Triton
X-100 and centrifuged at 10,000xg for 10 min at 4° C. The
supernatant was then transferred to a fresh flat-bottom 96-
well culture plate. Further enzymatic analysis was
performed according to the manufacturer’s instructions.

EdU assay

The EdU detection kit (RiboBio, Guangzhou, PR,
China) was used to measure cell proliferation. Cells
were treated with 50 yM EdU and fixed with 4%
paraformaldehyde. Anti-EdU working reagents (0.5%)
were used to label the cells. Triton X-100 and 5 pg/mL

Hoechst33342 were used to wash the cells and visualize
DNA.

Flow cytometry

Flow cytometry was used to detect cell apoptosis using
the Annexin V-FITC apoptosis detection kit (Biolegend,
San Diego, CA, USA). After 48 h of transfection, cells
were washed with ice-cold PBS. Cells were suspended
in 100 pL binding buffer with 5 uL Annexin V-FITC
and 5 pL propidium iodide. Apoptosis rates were
measured using flow cytometry (BD Biosciences,
Franklin Lakes, NJ, USA).

TUNEL assays

TUNEL assays were performed using the TUNEL
detection kit (Promega, Madison, WI, USA). Proteinase K
(20 pg/mL) was used as a blocking agent. The sections
were incubated with TUNEL mixture for 1 h and HRP-
conjugated streptavidin for 30 min. DAB (0.04%) and
H,0, (0.03%) were utilized for visualization.

gRT-PCR

Total RNA was isolated using TRIzol reagent (TaKaRa,
Tokyo, Japan). Total RNA was reverse-transcribed into
DNA using the TagMan MicroRNA Reverse
Transcription kit (Applied Biosystems; Thermo Fisher
Scientific, Inc). The TagMan MicroRNA gPCR assay
kit was used to test miR-532-3p expression, and M-
MLV (Promega, Madison, WI, USA) was used for
cDNA synthesis. cDNA was subjected to quantitative
PCR using SYBR Premix Ex Taq™ Kit (TaKaRa,
Tokyo, Japan) and an ABI 7900 Fast Real-time PCR
system in order to test the expression of LINC00052,
TNF-0, IL-6 and IL-1B. Relative gene expression was
measured using the 27 °*“' method. The primers used in
this study are listed in Table 1.

AC

Western blot

An equal amount of total protein was separated using
10% SDS-PAGE gels and then transferred to PVDF
membranes. Next, membranes were blocked for 2 h in
5% skimmed milk. After overnight incubation at 4° C
with primary antibodies (p-catenin, c-myc, cyclin D1
and GAPDH; 1:1000; Abcam, Cambridge, UK), the
membranes were washed using TBST. Finally, the ECL
Western Blotting Analysis System (GE Healthcare,
Chicago, IL, USA) was used to develop signals.

Luciferase reporter assays

The LINCO00052 3'-untranslated region (3’UTR) was
cloned into the pGL3-Basic vector (Promega, Madison,
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Table 1. Primers used for real-time PCR.

Genes Forward (5°-3°) Reverse (5°-3’)

GAPDH CAAGGTCATCCATGACAACTTTG GTCCACCACCCTGTTGCTGTAG
U6 CTCGCTTCGGCAGCACA AACGCTTCACGAATTTGCGT
LINC00052 CCTGAAGTTTCTCCATGAATTGTG GAGGGAGGGAGACTGAGATT
miR-532-3p TGATGAGCATCTGAAGACGGA GGAGGCACAAGGAAAGACCAA
IL-1B GGATAACGAGGCTTATGTGCACG GGACATGGAGAACACCACTTGTTG
IL-6 GACTGATGTTGTTGACAGCCACTGC AGCCACTCCTTCTGTGACTCTAACT
TNF-a CATGATCCGAGATGTGGAACTGGC CTGGCTCAGCCACTCCAGC

WI, U.S.A.). Mutant OXSR1-3-UTR (MUT) was also
cloned into the pGL3 luciferase vector (Promega).
Before transfection, cells were seeded into 12-well
plates (4 x 10° cells/well) in an atmosphere with 5%
CO, at 37° C. To evaluate miR-532-3p target sites in
the LINC00052 3°UTR, cells were co-transfected with
the wild-type or mutated LINC00052 3’UTR reporter
plasmids and miR-532-3p mimics using Lipofectamine
3000 reagent (Invitrogen, San Diego, CA, USA). Both
Firefly and Renilla luciferase activities were tested 24 h
after transfection using the Dual-Luciferase Reporter
Assay System kit ((Promega, Madison, WI, USA).

RNA immunoprecipitation (RIP)

An Ago?2 antibody (Cell Signaling, Danvers, MA, USA)
and the Magna RIP RNA-Binding Protein IP Kit
(Millipore, Bedford, MA, USA) were used in RIP
assays. LINC00052 and miR-532-3p were detected in
the pool of purified RNAs.

RNA pull-down

Cells were transfected with biotinylated miR-532-3p,
biotinylated mutant miR-532-3p or biotinylated
negative controls. Cell lysates were incubated with M-
280 streptavidin magnetic beads (Invitrogen, San Diego,
CA, USA). The bound RNAs purified by TRIzol were
subjected to gRT-PCR.

Statistical analysis

Data are presented as the mean + SD. Statistical
comparisons between quantitative variables were
carried out using Student’s t-tests and one-way
ANOVAs. Differences were considered significant
when p < 0.05. Statistics were calculated using SPSS
22.0 (SPSS Inc, Chicago, IL, USA).

Abbreviations
IncRNA: Long non-coding RNA; AKI: Acute kidney

injury ; TNF-o: Tumor necrosis factor a; IL-6:
Interleukin-6; IL-1B: Interleukin-1B; ROS: Reactive

oxygen species; MDA: Malondialdehyde; SOD: Super
oxide dismutase; EdU: 5-ethynyl-2’-deoxyuridine;
TUNEL: Terminal deoxynucleotidyl transferase (TdT)
dUTP nick-end labeling; RIP: RNA-binding protein
immunoprecipitation ; gRT-PCR: Quantitative real time
polymerase chain reaction.

AUTHOR CONTRIBUTIONS

SB designed the study; XL, PZ and BT performed the
experiments; TJ and YW participated in the data
analysis; XL and PZ draft the manuscript; SB revised
the manuscript; All authors approved the final proof.

CONFLICTS OF INTEREST

All of the contributing authors declared no conflicts of
interest.

FUNDING

This work was supported by the Fund of Construction
of key medical specialties Shanghai Municipal
Commission of Health and Family Planning [Grant No.
ZK2019B21].

REFERENCES:

1. Singbartl K, Kellum JA. AKI in the ICU: definition,
epidemiology, risk stratification, and outcomes. Kidney
Int. 2012; 81:819-25.
https://doi.org/10.1038/ki.2011.339
PMID:21975865

2. Bellomo R, Kellum JA, Ronco C. Acute kidney injury.
Lancet. 2012; 380:756-66.
https://doi.org/10.1016/S0140-6736(11)61454-2
PMID:22617274

3. Chawla LS, Eggers PW, Star RA, Kimmel PL. Acute
kidney injury and chronic kidney disease as
interconnected syndromes. N Engl J Med. 2014;
371:58-66.
https://doi.org/10.1056/NEJMra1214243
PMID:24988558

WWW.aging-us.com 348

AGING


https://doi.org/10.1038/ki.2011.339
https://pubmed.ncbi.nlm.nih.gov/21975865
https://doi.org/10.1016/S0140-6736(11)61454-2
https://pubmed.ncbi.nlm.nih.gov/22617274
https://doi.org/10.1056/NEJMra1214243
https://pubmed.ncbi.nlm.nih.gov/24988558

10.

11.

12.

13.

Chertow GM, Burdick E, Honour M, Bonventre JV,
Bates DW. Acute kidney injury, mortality, length of
stay, and costs in hospitalized patients. J Am Soc
Nephrol. 2005; 16:3365-70.
https://doi.org/10.1681/ASN.2004090740
PMID:16177006

Levey AS, James MT. Acute kidney injury. Ann Intern
Med. 2017; 167:1TC66-80.
https://doi.org/10.7326/AITC201711070
PMID:29114754

Wei Q, Dong Z. Mouse model of ischemic acute kidney
injury: technical notes and tricks. Am J Physiol Renal
Physiol. 2012; 303:F1487-94.
https://doi.org/10.1152/ajprenal.00352.2012
PMID:22993069

Zhang H, Sun SC. NF-kB in inflammation and renal
diseases. Cell Biosci. 2015; 5:63.
https://doi.org/10.1186/s13578-015-0056-4
PMID:26579219

Rabb H, Griffin MD, McKay DB, Swaminathan S,
Pickkers P, Rosner MH, Kellum JA, Ronco C, and Acute
Dialysis Quality Initiative Consensus Xlll Work Group.
Inflammation in AKIl: current understanding, key
questions, and knowledge gaps. J Am Soc Nephrol.
2016; 27:371-79.
https://doi.org/10.1681/ASN.2015030261
PMID:26561643

Miller RP, Tadagavadi RK, Ramesh G, Reeves WB.
Mechanisms of cisplatin nephrotoxicity. Toxins (Basel).
2010; 2:2490-518.
https://doi.org/10.3390/toxins2112490
PMID:22069563

Reuter S, Gupta SC, Chaturvedi MM, Aggarwal BB.
Oxidative stress, inflammation, and cancer: how are
they linked? Free Radic Biol Med. 2010; 49:1603-16.
https://doi.org/10.1016/]j.freeradbiomed.2010.09.006
PMID:20840865

Guo J, Liu Z, Gong R. Long noncoding RNA: an emerging
player in diabetes and diabetic kidney disease. Clin Sci
(Lond). 2019; 133:1321-39.
https://doi.org/10.1042/CS20190372

PMID:31221822

Wu Y, Shao A, Wang L, Hu K, Yu C, Pan C, Zhang S. The
role of IncRNAs in the distant metastasis of breast
cancer. Front Oncol. 2019; 9:407.
https://doi.org/10.3389/fonc.2019.00407
PMID:31214490

Kopp F. Molecular functions and biological roles of long
non-coding RNAs in human physiology and disease. J
Gene Med. 2019; 21:e3104.
https://doi.org/10.1002/jgm.3104

PMID:31177599

14.

15.

16.

17.

18.

19.

20.

21.

22.

Leti F, Morrison E, DiStefano JK. Long noncoding RNAs
in the pathogenesis of diabetic kidney disease:
implications for novel therapeutic strategies. Per Med.
2017, 14:271-78.
https://doi.org/10.2217/pme-2016-0107
PMID:29767584

Pang X, Feng G, Shang W, Liu L, Li J, Feng Y, Xie H,
Wang J. Inhibition of IncRNA MEG3 protects renal
tubular from hypoxia-induced kidney injury in acute
renal allografts by regulating miR-181b/TNF-a signaling
pathway. J Cell Biochem. 2019; 120:12822-31.
https://doi.org/10.1002/jcb.28553 PMID:30860638

Dong D, Mu Z, Wei N, Sun M, Wang W, Xin N, Shao Y,
Zhao C. Long non-coding RNA ZFAS1 promotes
proliferation and metastasis of clear cell renal cell
carcinoma via targeting miR-10a/SKA1 pathway.
Biomed Pharmacother. 2019; 111:917-25.
https://doi.org/10.1016/j.biopha.2018.12.143
PMID:30841471

Wang X, Xu Y, Zhu YC, Wang YK, Li J, Li XY, Ji T, Bai SJ.
LncRNA NEAT1 promotes extracellular matrix
accumulation and epithelial-to-mesenchymal
transition by targeting miR-27b-3p and ZEB1 in diabetic
nephropathy. J Cell Physiol. 2019; 234:12926-33.
https://doi.org/10.1002/jcp.27959 PMID:30549040

Liu X, Hong C, Wu S, Song S, Yang Z, Cao L, Song T, Yang
Y. Downregulation of IncRNA TUG1 contributes to the
development of sepsis-associated acute kidney injury
via regulating miR-142-3p/sirtuin 1 axis and
modulating NF-kB pathway. J Cell Biochem. 2019;
120:11331-41.

https://doi.org/10.1002/jcb.28409 PMID:30834562

Cheng W, Li XW, Xiao YQ, Duan SB. Non-coding RNA-
associated ceRNA networks in a new contrast-induced
acute kidney injury rat model. Mol Ther Nucleic Acids.
2019; 17:102-12.
https://doi.org/10.1016/j.omtn.2019.05.011
PMID:31234008

Ren GL, Zhu J, Li J, Meng XM. Noncoding RNAs in acute
kidney injury. J Cell Physiol. 2019; 234:2266—76.
https://doi.org/10.1002/jcp.27203 PMID:30146769

Haddad G, Kélling M, Lorenzen JM. The hypoxic kidney:
pathogenesis and noncoding RNA-based therapeutic
strategies. Swiss Med Wkly. 2019; 149:w14703.
https://doi.org/10.4414/smw.2019.14703
PMID:30636273

Jiang X, Li D, Shen W, Shen X, Liu Y. LncRNA NEAT1
promotes hypoxia-induced renal tubular epithelial
apoptosis through downregulating miR-27a-3p. J Cell
Biochem. 2019; 120:16273-82.
https://doi.org/10.1002/jcb.28909

PMID:31090110

WWW.aging-us.com

AGING


https://doi.org/10.1681/ASN.2004090740
https://pubmed.ncbi.nlm.nih.gov/16177006
https://doi.org/10.7326/AITC201711070
https://pubmed.ncbi.nlm.nih.gov/29114754
https://doi.org/10.1152/ajprenal.00352.2012
https://pubmed.ncbi.nlm.nih.gov/22993069
https://doi.org/10.1186/s13578-015-0056-4
https://pubmed.ncbi.nlm.nih.gov/26579219
https://doi.org/10.1681/ASN.2015030261
https://pubmed.ncbi.nlm.nih.gov/26561643
https://doi.org/10.3390/toxins2112490
https://pubmed.ncbi.nlm.nih.gov/22069563
https://doi.org/10.1016/j.freeradbiomed.2010.09.006
https://pubmed.ncbi.nlm.nih.gov/20840865
https://doi.org/10.1042/CS20190372
https://pubmed.ncbi.nlm.nih.gov/31221822
https://doi.org/10.3389/fonc.2019.00407
https://pubmed.ncbi.nlm.nih.gov/31214490
https://doi.org/10.1002/jgm.3104
https://pubmed.ncbi.nlm.nih.gov/31177599
https://doi.org/10.2217/pme-2016-0107
https://pubmed.ncbi.nlm.nih.gov/29767584
https://doi.org/10.1002/jcb.28553
https://pubmed.ncbi.nlm.nih.gov/30860638
https://doi.org/10.1016/j.biopha.2018.12.143
https://pubmed.ncbi.nlm.nih.gov/30841471
https://doi.org/10.1002/jcp.27959
https://pubmed.ncbi.nlm.nih.gov/30549040
https://doi.org/10.1002/jcb.28409
https://pubmed.ncbi.nlm.nih.gov/30834562
https://doi.org/10.1016/j.omtn.2019.05.011
https://pubmed.ncbi.nlm.nih.gov/31234008
https://doi.org/10.1002/jcp.27203
https://pubmed.ncbi.nlm.nih.gov/30146769
https://doi.org/10.4414/smw.2019.14703
https://pubmed.ncbi.nlm.nih.gov/30636273
https://doi.org/10.1002/jcb.28909
https://pubmed.ncbi.nlm.nih.gov/31090110

23.

24,

25.

26.

27.

28.

29.

30.

Tian X, Ji Y, Liang Y, Zhang J, Guan L, Wang C.
LINCO0520 targeting miR-27b-3p regulates OSMR
expression level to promote acute kidney injury
development through the PI3K/AKT signaling pathway.
J Cell Physiol. 2019; 234:14221-33.
https://doi.org/10.1002/jcp.28118 PMID:30684280

Huang W, Lan X, Li X, Wang D, Sun Y, Wang Q, Gao H,
Yu K. Long non-coding RNA PVT1 promote LPS-induced
septic acute kidney injury by regulating TNFa and
IJNK/NF-kB  pathways in  HK-2 cells. Int
Immunopharmacol. 2017; 47:134-40.
https://doi.org/10.1016/j.intimp.2017.03.030
PMID:28391160

Zhu L, Yang N, Chen J, Zeng T, Yan S, Liu Y, Yu G, Chen
Q, Du G, Pan W, Li X, Zhou H, Huang A, Tang H.
LINCO0052 upregulates EPB41L3 to inhibit migration
and invasion of hepatocellular carcinoma by binding
miR-452-5p. Oncotarget. 2017; 8:63724-37.
https://doi.org/10.18632/oncotarget.18892
PMID:28969024

Xu CF, Liu P, Tan J, Hu DF. Long noncoding RNA
LINC00052 suppressed the proliferation, migration and
invasion of glioma cells by upregulating KLF6. Eur Rev
Med Pharmacol Sci. 2019; 23:4822-27.
https://doi.org/10.26355/eurrev_201906 18068
PMID:31210314

Shan Y, Ying R, Jia Z, Kong W, Wu Y, Zheng S, Jin H.
LINCO0052 promotes gastric cancer cell proliferation
and metastasis via activating the Wnt/B-catenin
signaling pathway. Oncol Res. 2017; 25:1589-99.
https://doi.org/10.3727/096504017X14897896412027
PMID:28337962

Wang Y, Yang Z, Wang L, Sun L, Liu Z, Li Q, Yao B, Chen
T, Wang C, Yang W, Liu Q, Han S. miR-532-3p promotes
hepatocellular carcinoma progression by targeting
PTPRT. Biomed Pharmacother. 2019; 109:991-99.
https://doi.org/10.1016/j.biopha.2018.10.145
PMID:30551553

Huang K, Fan WS, Fu XY, Li YL, Meng YG. Long
noncoding RNA DARS-AS1 acts as an oncogene by
targeting miR-532-3p in ovarian cancer. Eur Rev Med
Pharmacol Sci. 2019; 23:2353-2359.

Yamada Y, Arai T, Kato M, Kojima S, Sakamoto S,
Komiya A, Naya Y, Ichikawa T, Seki N. Role of pre- miR-
532 (miR-532-5p and miR-532-3p) in regulation of gene
expression and molecular pathogenesis in renal cell
carcinoma. Am J Clin Exp Urol. 2019; 7:11-30.
PMID:30906802

31

32.

33.

34.

35.

36.

37.

38.

Rudnicki M, Perco P, D’haene B, Leierer J, Heinzel A,
Miuhlberger I, Schweibert N, Sunzenauer J, Regele H,
Kronbichler A, Mestdagh P, Vandesompele J, Mayer B,
Mayer G. Renal microRNA- and RNA-profiles in
progressive chronic kidney disease. Eur J Clin Invest.
2016; 46:213-26.

https://doi.org/10.1111/eci.12585

PMID:26707063

Clevers H, Nusse R. Wnt/B-catenin signaling and
disease. Cell. 2012; 149:1192-205.
https://doi.org/10.1016/j.cell.2012.05.012
PMID:22682243

Uhlenhaut NH, Treier M. Transcriptional regulators in
kidney disease: gatekeepers of renal homeostasis.
Trends Genet. 2008; 24:361-71.
https://doi.org/10.1016/].tig.2008.05.001
PMID:18514358

Tan RJ, Zhou D, Zhou L, Liu Y. Wnt/B-catenin signaling
and kidney fibrosis. Kidney Int Suppl (2011). 2014;
4:84-90.

https://doi.org/10.1038/kisup.2014.16
PMID:26312156

Zhou D, Li Y, Lin L, Zhou L, Igarashi P, Liu Y. Tubule-
specific ablation of endogenous B-catenin aggravates
acute kidney injury in mice. Kidney Int. 2012;
82:537-47.

https://doi.org/10.1038/ki.2012.173

PMID:22622501

Zhu X, Li W, Li H. miR-214 ameliorates acute kidney
injury via targeting DKK3 and activating of Wnt/B-
catenin signaling pathway. Biol Res. 2018; 51:31.
https://doi.org/10.1186/s40659-018-0179-2
PMID:30180910

Zhang XB, Chen X, Li DJ, Qi GN, Dai YQ, Gu J, Chen MQ,
Hu S, Liu ZY, Yang ZM. Inhibition of miR-155
ameliorates acute kidney injury by apoptosis involving
the regulation on TCF4/Wnt/B-catenin pathway.
Nephron. 2019; 143:135-47.
https://doi.org/10.1159/000501038

PMID:31216555

Li H, Ma Y, Chen B, Shi J. miR-182 enhances acute

kidney injury by promoting apoptosis involving the
targeting and regulation of TCF7L2/Wnt/B-catenins
pathway. Eur J Pharmacol. 2018; 831:20-27.
https://doi.org/10.1016/].ejphar.2018.05.001
PMID:29733821

WWW.aging-us.com

350

AGING


https://doi.org/10.1002/jcp.28118
https://pubmed.ncbi.nlm.nih.gov/30684280
https://doi.org/10.1016/j.intimp.2017.03.030
https://pubmed.ncbi.nlm.nih.gov/28391160
https://doi.org/10.18632/oncotarget.18892
https://pubmed.ncbi.nlm.nih.gov/28969024
https://doi.org/10.26355/eurrev_201906_18068
https://pubmed.ncbi.nlm.nih.gov/31210314
https://doi.org/10.3727/096504017X14897896412027
https://pubmed.ncbi.nlm.nih.gov/28337962
https://doi.org/10.1016/j.biopha.2018.10.145
https://pubmed.ncbi.nlm.nih.gov/30551553
https://pubmed.ncbi.nlm.nih.gov/30906802
https://doi.org/10.1111/eci.12585
https://pubmed.ncbi.nlm.nih.gov/26707063
https://doi.org/10.1016/j.cell.2012.05.012
https://pubmed.ncbi.nlm.nih.gov/22682243
https://doi.org/10.1016/j.tig.2008.05.001
https://pubmed.ncbi.nlm.nih.gov/18514358
https://doi.org/10.1038/kisup.2014.16
https://pubmed.ncbi.nlm.nih.gov/26312156
https://doi.org/10.1038/ki.2012.173
https://pubmed.ncbi.nlm.nih.gov/22622501
https://doi.org/10.1186/s40659-018-0179-2
https://pubmed.ncbi.nlm.nih.gov/30180910
https://doi.org/10.1159/000501038
https://pubmed.ncbi.nlm.nih.gov/31216555
https://doi.org/10.1016/j.ejphar.2018.05.001
https://pubmed.ncbi.nlm.nih.gov/29733821

