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CYR61, regulated by miR-22-3p and MALAT1, promotes autophagy
in HK-2 cell inflammatory model
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Background: Renal tubular epithelial cells play an important role in renal function and are a major
site of injury from inflammation. Emerging evidence suggests that CYR61 is involved in the regulation
of autophagy. However, there are few studies on CYR61 in nephropathy and associated inflammation.
This study aimed to clarify how CYRG61 regulates autophagy in human renal epithelial cells while in an
inflammatory state and regulates the upstream pathway of CYRG61 levels.

Methods: The human renal tubular epithelial cells (HK-2) cell line treated by lipopolysaccharide (LPS)
was used as an inflammatory model of human epithelial cells. Short hairpin RNA (shRINA) was used to
down-regulate CYR61, and the changes in the transcription and expression levels of related molecules, as
well as the morphological changes of HK-2 cells, were detected by quantitative real time-PCR (QRT-PCR),
western blot (WB), and transmission electron microscopy. Either CYR61 or MALAT'1 were up-regulated by
overexpression vectors, or MALAT1 was down-regulated by miR-22-3p mimics. Subsequently, the levels of
CYRG61, MALAT1, related inflammatory factors, and autophagy factors were measured by qPCR, WB, and
enzyme-linked immunosorbent assay (ELISA). Cell apoptosis was detected by flow cytometry and acridine-
orange assay.

Results: We observed that down-regulation of CYR61 could down-regulate 1B-light chain 3 (LC3) level
and inhibit autophagy in the LPS-induced inflaimmation model of HK-2 cells. The expression levels of
CYR61, Beclinl, Atg5, LC3, interleukin 6 (IL-6), and tumor necrosis factor-oa (TNF-a) were significantly
increased by upregulating CYR61 or MALAT'1 by overexpression vector, while the expression level of p62
was significantly decreased, intracellular reactive oxygen species (ROS) content was increased, and the
proportion of autophagy and apoptosis was increased. The use of miR-22-3p mimics significantly reversed
the changes induced by up-regulation of CYR61 or MALAT'1 at the molecular and cellular levels.
Conclusions: Our data indicated that CYR61 positively regulates autophagy of HK-2 cells under an
inflammatory state, and was negatively regulated by miR-22-3p, while miR-22-3p and MALAT1 were
negatively regulated by each other.
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Introduction

Acute kidney injury (AKI) is a common clinical critical
disease with high incidence, high mortality, and low
diagnosis rate (1). The process of tubular injury and repair
plays a key role in epithelial-mesenchymal transition
(EMT), renal fibrosis, acute renal injury-chronic
transition, and the progression of nephropathy (2-4). The
degree of renal tubular injury is closely related to the
degree of renal function decline (5). Due to the strong
reabsorption function of renal tubules, tubular epithelial
cells have high metabolic activity. energy demand, and
can secrete a variety of cytokines. In various diseases,
renal tubular epithelial cells are prone to structural and
functional abnormalities. On the one hand, because they
are in direct contact with urine, the proteins and cytokines
in urine directly cause cellular damage or phenotypic
transformation and release various inflammatory factors
and growth factors. On the other hand, tubular epithelial
cells are closely structurally connected to the renal
interstitium, and damaged cells can be directly involved in
interstitial inflammation and fibrosis, or play an important
role in the process of fibrosis by recruiting inflammatory
cells and promoting the proliferation of intrinsic cells
in the interstitium. Therefore, protecting the structural
and functional integrity of renal tubular epithelial cells in
the inflammatory state is an effective therapy to slow the
progression of nephropathy.

As the component of gram-negative bacteria cell walls,
lipopolysaccharide (LPS) is a common endotoxin and
is often used as an inducer for inflammatory modeling
in vitro and in vive. It has been reported that LPS can induce
acute nephritis in mice, and can also induce the secretion of
inflammatory factors such as interleukin (IL)-1p, interleukin
6 (IL-6), and tumor necrosis factor-a (TNF-a) in cultured
human renal tubular epithelial cells (HK-2) in vitro (6).

Recent studies have reported that Cysteine Rich Protein
61 (CYRG1, also known as cellular communication network
factor 1, CCN1) could regulate autophagy and apoptosis
both in vive and in vitro (7,8). By binding to integrin
ligand and participating in a variety of signaling pathways,
CYRG61 plays a variety of physiological functions (9,10).
Purified CYR61 has been shown to promote proliferation,
migration, and adhesion of endothelial cells, enhanced
fibroblast growth factor and platelet-derived growth
factor-induced DNA synthesis in fibroblasts, stimulated
chondrocyte growth and differentiation, and promote
angiogenesis (11,12). Additionally CYR61 has been shown
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to inhibit fibrosis in the repair of liver, lung, skin, heart,
and other tissues (13-15). However, in a model of acute
obstructive renal fibrosis, CYRG61 participated in the
inflammatory response induced by transforming growth
factor-p (T'GF-p), and inhibition of CYR61 expression
improved interstitial inflammation (16). After ischemia,
CYRG61 was increased in human renal tissue, and was
involved in angiogenesis, positive regulation of movement,
and monomer cell adhesion (17). Therefore, the role of
CYRG61 in renal tubular epithelial cells in an inflammatory
state and its upstream regulatory factors requires further
exploration. It has been shown that miR-22-3p inhibits
LPS-induced acute renal injury iz vive (18). The inhibition
of long non-coding RNA (IncRNA) MALAT'1, which is
involved in various pathological processes such as tumor
growth and inflammation (19), impaired the malignant
behavior of AKI (20,21). Through sponging miR-22-3p,
MALAT exerts a negative regulatory effect (22).

Both miRNA-22-3p and MALATTI regulate the
secretion of inflammatory factors, apoptosis, and
autophagy in a nephritis cell model. We concluded that
if CYRG61 is involved in autophagy and apoptosis of
renal tubular dermal cells in an inflammatory state, its
upstream regulatory factors could be miRNA-22-3p and
MALATT. To verify this hypothesis, we first constructed
an inflammation model of HK-2 cells induced by LPS
and verified whether CYR61 was involved in autophagy
and apoptosis under inflammatory state by short hairpin
RNA (shRNA). Subsequently, the regulation relationship
between miRNA-22-3p and CYR61 was detected by dual-
luciferase assay, and the regulation of miRNA-22-3p on
CYRG61 and the mutual regulation relationship between
miRNA-22-3p and MALAT1 were further verified by
overexpression vector. Through the above experiments,
we hoped to clarify the role of CYR61 in the process of
autophagy and apoptosis of renal tubular dermal cells in a
state of inflammation and explore its upstream regulatory
molecular mechanism.

We present the following article in accordance with
the MDAR reporting checklist (available at https://dx.doi.
org/10.21037/tau-21-623).

Methods
Cell culture and LPS-induced inflammation model

The HK-2 and HEK293T cell lines were obtained from
Chinese Tissue Culture Collections (CTCC cat. No.
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CTCC-CL-375, CTCC-CL-379, Jinhua, Zhejiang, China),
Cells were cultured in Roswell Park Memorial Institute
(RPMI) 1640 medium (cat. No. A1049101, Gibco, Inc.,
Amarillo, TX, USA) with 10% fetal bovine serum (FBS; cat.
No. 16140071, Gibco, Inc. USA), and 1% streptomycin/
penicillin (cat. No. E607011, Sangon, Inc., Shanghai,
China), and were maintained at 37 °C in an atmosphere of
5% CO, in air.

In order to explore the appropriate conditions of the
LPS-induced HK-2 cell inflammation model, the HK-2
cell concentration was adjusted to 5 x10* cells/mL, then the
cells were inoculated into 96-well plates, 100 pL per well.
After cultured for 24 h, cells were treated with different
concentrations of LPS (0, 0.01, 0.1, 1, 10 pg/mL, cat. No.
P1400, Solarbio, Inc., Beijing, China), and cultured for
8, 12, and 24 h, respectively. Then Cell Counting Kit-
8 (CCK-8) assays were performed. The results of pre-
experiments (Figure S1) showed that HK-2 cell activity
decreased significantly after 12 h treatment with 1 pg/mL
LPS, so this condition was selected for subsequent
experiments.

Transfection

Lentivirus (Oligobio, Inc., China) was used to transfect
shRNA. In order to find the best multiplicity of infection
(MOI) for transfection, lentiviruses with different MOI (10,
50, 100) were used to infect the cells. After 48 h culture,
the efficiency of virus infection was observed under a
fluorescence microscope. The results of pre-experiments
(Figure S2) showed that the infection efficiency reached
more than 95% with an MOI value of 50. Therefore,
the MOI value of 50 was selected for the subsequent
experiment.

To transfect miRNAs or vectors, Lipofectamine 2000
(cat. No. 11668027, Thermo Fisher, Inc., Waltham, MA,
USA) was mixed with Dulbecco’s modified eagle medium
(DMEM)-H (cat. No. 11965092, Gibco, Inc., USA)
containing miRNAs or plasmids to 25 pL, incubated at
room temperature for 20 min, and then added to the cell
medium. After 6 h of culture, the medium was replaced with
a complete medium and cultured for 48 h before subsequent
experiments.

Electron microscopic analysis

The cells were fixed with 2.5% glutaraldehyde and washed
with phosphate-buffered saline (PBS) 3 times, then fixed
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with 1% osmium acid at room temperature (20 °C) for 2 h.
After washing, the cells were dehydrated with alcohol. We
used 812 embedding agent (cat. No. 45359, Merck, Inc.,
Kenilworth, NJ, USA) for permeation and embedding.
Then, the samples were polymerized at 60 °C for 48 h and
sliced into sections at 60-80 nm. The sections were double-
stained with lead and uranium before being observed using
a transmission electron microscope (HT7700-SS, Hitachi,

"Tokyo, Japan).

Quantitative reverse transcription polymerase chain
reaction

Total RNA was extracted using Trizol reagent. then
reverse transcribed into DNA using a reverse transcription
polymerase chain reaction (RT-PCR) kit (cat. No.
K1622, Thermo Fisher, Inc. USA), according to the
manufacturer’s instructions. Real-time PCR (qPCR) was
performed with a SYBR Green PCR kit (cat. No. F-415XTL,
Thermo, Inc. USA) on a qPCR system (ABI-7500, Applied
Biosystems, Waltham, MA, USA) with glyceraldehyde
3-phosphate dehydrogenase (GAPDH) used as internal
control (23). The 27**“* method was used to analyze the
data (24). The primers for qPCR were purchased from
Sangon Biotech Company. The sequences of the primers
are shown in Table S1.

Western blot (WB) assay

Cellular proteins were extracted using radioimmunoprecipitation
assay (RIPA) total protein lysate (cat. No. P0013C,
Beyotime, Inc., Shanghai, China) following the
manufacturer’s instructions, then quantified using the
bicinchoninic acid (BCA) kit (cat. No. BL524A, Biosharp,
Inc., Anhui, China). Proteins from each sample were
separated by electrophoresis on 10% sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
gels and transferred onto polyvinylidene fluoride (PVDF)
membranes (cat. No. HVLP00010, Millipore, Inc.,
Burlington, MA, USA). After incubation with WB-specific
blocking solution [5% skimmed milk powder diluted in
Tris-buffered saline with Tween 20 (TBST)], the PVDF
membranes were separately incubated with primary
antibodies at 4 °C overnight. After the blots were washed,
they were incubated with horseradish peroxidase (HRP)-
conjugated secondary antibody (1:1,000 dilution; cat. No.
A0216, Beyotime, Inc. China) for 1.5 h and detected by
a chemiluminescent imaging system (Bio-Rad, Hercules,
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CA, USA).

Enzyme-linked iimmmunosorbent assay (ELISA)

The levels of IL-6 and TNF-a were measured in HK-2
cells using ELISA kits (cat. No. EH0201 and EH0302,
FineTest, Inc., Wuhan, Hubei, China) according to the
manufacturer's instructions. Optical density (OD) values
were measured with a microplate reader (Multiskan FC,
Thermo Fisher Scientific) in each well.

Acridine orange (A0) staining

The fluorescent dye AO was used to detect apoptotic cells.
Cell staining with AO staining kit (cat. No. BB-4138B,
BestBio, Inc., Shanghai, China) was performed according
to the manufacturer’s instructions. Stained cells were
visualized by a fluorescent microscope (IX71, Olympus,
Shinjuku, Tokyo, Japan). Flow cytometric analysis was used
to detect the acidic vesicular organelles (AVOs), which are a
characteristic of autophagy.

Reactive oxygen species (ROS) assay

The ROS levels were measured using a ROS assay kit
(cat. No. S0033S, Beyotime, Inc., China), following the
manufacturer’s instructions. Stained cells were visualized by
a fluorescent microscope (IX71, Olympus, Japan).

Immunofluorescence assay

We performed light chain 3 (LC3) immunofluorescence
following standard immunofluorescence procedures.
Briefly, cells were fixed with 4% methanol (cat. No.
A0000700, Richjoint, Inc., Lioacheng, Shandong,
China) followed by permeabilization with 0.1% Triton
X-100 (cat. No. T8200, Solarbio, Inc., China) at
room temperature. The cells were then blocked with
5% FBS (cat. No. 16140071, Gibco, Inc. USA), then
incubated (4 °C) with the primary antibody, anti-LC3
(cat. No. ab51520, Abcam, Inc., Cambridge, MA, USA,
1:1,000) overnight. This procedure was followed by
an incubation with the fluorescent Alexa Fluor 488°
conjugated secondary anti-rabbit IgG (cat. No. 11008,
Invitrogen, Inc., Carlsbad, CA, USA, 1:1,000) for 1 h at
room temperature. After staining with 4’,6-diamidino-
2-phenylindole (DAPI) and final washes with PBS,

images were examined and captured using a fluorescence
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microscope (IX71, Olympus, Japan).

Dual luciferase assay

The relationship between miRNA and its predicted
target sequences was detected using Dual-Luciferase®
Reporter Assay System (cat. No. E1910, Promega, Inc.,
Madison, WI, USA), according to the manufacturer’s
instructions. The data was read via the Multi-Mode
Microplate Reader (SpectraMax i3x, Molecular Devices,
San Jose, CA, USA).

Statistical analysis of data

Image analysis was conducted using Image] software (Fiji,
Image] 1.53¢c; National Institutes of Health, Bethesda,
MD, USA). The Origin software (version 6.1; https://www.
originlab.com/) was used to perform statistical analysis and
mapping. One-way analysis of variance (ANOVA) followed
by Tukey’s post-hoc test was used to analyze differences
between groups. Data were considered significantly
different when P<0.05.

Results

LPS induced autophagy and silencing CYRG61 alleviated
autophagy

According to the pre-experimental results (Figure S1),
We used 1 pg/mL LPS to incubate for 12 h to establish
the HK-2 cell inflammation model. We used shRNA
to silence CYR61. Among the 3 selected fragments,
the knockdown effect of CCN1-siRNA1 was the most
significant, so this sequence was selected for subsequent
experiments (Figure S3). At the cellular level, as shown by
the transmission electron microscopy results (Figure 1), in
the control group and NC group, the nuclear membrane
was clear, nucleolus was intact, organelles were relatively
rich and evenly distributed, vacuoles in the cytoplasm
were less and smaller, number of mitochondria was more,
and the structure was clear. After LPS stimulation, a large
number of vacuoles appeared, the nuclear membrane of
the cells was wrinkled, edges were irregular, number of
mitochondria decreased or the number of mitochondria
was swollen or small, and the organelle content decreased.
After silencing the CYR61 gene, the vacuoles in the cells
became smaller and less, organelle content increased,
and some mitochondria swelled. At the transcription
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HK-2 HK-2 + LPS HK-2 + LPS + NC HK-2 + LPS + siRNA Cyr61 HK-2 + NC

e A

HK-2 + siRNA Cyr61

Figure 1 LPS-induced autophagy and shRNA CYRG61 played a protective role. Transmission electron microscopy results showed that

the HK-2 control group and HK-2 + NC group cells were normal. After LPS stimulation, there were numerous vacuoles in the cells, the
nuclear membrane of the cells shrank, the margin was irregular, the number of mitochondria decreased, or became swollen or small, and the
content of organelles decreased. After CYR61 was silenced by shRNA, intracellular vacuoles were smaller and fewer than those in the LPS
group, organelle content was increased, and some mitochondria were swollen. LPS, lipopolysaccharide; shRINA, short hairpin RNA. The
magnification of Figure 1: 3,000x, 5,000%, and 12,000x, respectively.
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Figure 2 Effect of shRNA on LC3IT and CYRG1 transcription. (A) After LPS induction, the mRNA expressions of CYR61 were significantly
increased, and after CYR61 knockdown, the mRNA expressions of CYR61 showed a downward trend; (B) after LPS induction, the mRNA
expressions of LC3II was significantly increased, and after CYR61 knockdown, the mRNA expressions of LC3II showed a downward trend.
** P<0.01, compared with the control group; ™, P<0.01, compared with LPS group. LPS, lipopolysaccharide; shRNA, short hairpin RNA;
mRNA, messenger RNA.

and translation level, as shown in Figures 2,3, after LPS requires the involvement of CYR61.
induction, the protein expression of CYR61 and LC3II
increased significantly. After CYR61 was knocked down,
the protein expression of CYR61 and LC3II showed a
downward trend. These results suggested that autophagy

miR-22-3p and MALATI1 were the upstream regulators of
CYR61

occurs in the LPS-induced inflammation model, which As described in the introduction, previous studies have
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Figure 3 Effect of ssRNA on LC3II and CYRG61 protein expression. (A) The protein expression levels of CYR61 and LC3II were detected
by WB; (B) after LPS induction, the protein expression of CYR61 was significantly increased, and after CYR61 knockdown, the protein
expression of CYR61 showed a downward trend; (C) after LPS induction, the protein expression of LC3II was significantly increased,
and after CYR61 knockdown, the protein expression of LC3II showed a downward trend. **, P<0.01, compared with the control group;
* P<0.05, * P<0.01, compared with LPS group. WB, western blot; LPS, lipopolysaccharide.
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Figure 4 MiR-22-3p directly regulated CYR61 and MALAT1(5440). (A) The dual-luciferase assay showed that miR-22-3p mimics
significantly reduced the dual-luciferase activity of MALAT1(5440) and CYR61 3'-UTR, but had no significant effect on MALAT1(3940).
MiR-22-3p inhibitor significantly increased double luciferase activity of MALAT'1(5440) and CYR61 3'-UTR, but had no significant effect
on MALAT'1(3940); (B) the binding site of MALAT'1 and MiR-22-3p. **, P<0.01, compared with MALAT'1(3940)-WT + control miRINA,

MALAT1(5440)-W'T + control miRNA, and CYR61 3'-UTR-WT + control miRNA, respectively.

shown that miR-22-3p inhibited AKI, while MALAT'1
participated in AKI through recruitment of miR-22-3p. We
speculated that CYR61 was their target protein. Firstly, the
relationship between MALAT'1, CYRG61, and miR-22-3p
was detected using dual-luciferase assay in HEK293 cells. As
shown in Figure 4, miR-22-3p mimics significantly reduced
the dual-luciferase activities of MALAT'1(5440) and CYR61
3'-untranslated region (3'-UTR) but had no significant
effect on MALAT1(3940). The inhibition of miR-22-
3p significantly increased the dual-luciferase activities of
MALAT1(5440) and CYRG61 3'-UTR, but had no significant
effect on MALAT1(3940). The results of RT-PCR showed
that the MALAT'1 overexpression vector significantly
increased the intracellular CRY61 and MALAT1 expression
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in HK-2 cells, and significantly decreased the miR-22-
3p expression. The miR-22-3p mimics significantly
reduced the expression of CRY61 and MALAT'1, while the
CYRG61 overexpression vector had no effect on MALAT'1
and miR-22-3p. The results of WB showed that at the
protein expression level, CYR61 overexpression vector and
MALAT overexpression vector could significantly increase
the expression of CRY61 in cells; miR-22-3p mimics could
significantly reduce the expression of CRY61 in cells. The
results are shown in Figures 5,6, revealing the regulatory
relationship between CYR61 and miR-22-3p mimics and
MALAT1: CYR61 was negatively regulated by miR-22-3p,
while miR-22-3p and MALAT'] were negatively regulated
with each other.
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Figure 5 Verifying the regulatory relationship between MALAT'1, CYR61, and miR-22-3p at the transcriptional level. (A) Compared with
HK-2 cells + empty vector + control miRNA group, the expression level of MALAT1 can be up-regulated by MALAT'] overexpression
vector and down-regulated by miR-22-3p mimics; (B) The expression of miR-22-3p was up-regulated by miR-22-3p mimics and down-
regulated by MALAT1 overexpression vectors (C) The expression level of CYR61 was up-regulated by MALAT'1 overexpression vectors and
CYRG61 overexpression vectors, and down-regulated by miR-22-3p mimics. ¥, P<0.05, **, P<0.01, compared with HK-2 cells + empty vector
+ control miRNA group; *, P<0.01, compared with HK-2 cells + empty vector + miR-22-3p mimics group. miRNA, microRNA.
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Figure 6 Verifying the regulation of CYR61 by MALAT'1 and miR-22-3p. (A) The protein expression levels of CYR61 were detected by
WB; (B) compared with HK-2 cells + empty vector + control miRNA group, CYRG61 overexpression vector and MALAT'1 overexpression
vector significantly increased the intracellular expression level of CYR61. MiR-22-3p mimics significantly reduced the expression level of
CYR61 in cells. **, P<0.01, compared with HK-2 cells + empty vector + control miRNA group; *, P<0.01, compared with HK-2 cells +
empty vector + miR-22-3p mimics group. WB, western blot; miRNA, microRNA.
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Figure 7 Effects of MALAT1, CYRG61, and miR-22-3p on LPS-induced apoptosis. (A) Flow cytometry results under different conditions; (B)

statistical results showed that compared with HK-2 cells + empty vector + control miRNA group, LPS, CYR61 overexpression vector, and

MALATT overexpression vector significantly increased cell apoptosis; MiR-22-3p mimics significantly reduced cell apoptosis. **, P<0.01,

compared with HK-2 cells + empty vector + control miRNA group; *, P<0.05, ™ P<0.01, compared with HK-2 cells + empty vector +

control miRNA + LPS group. LPS, lipopolysaccharide.

The effects of MALAT1 and miR-22-3p on apoptosis and
autophagy

Based on the above results, the effects of MALAT1 and
miR-22-3p on the apoptosis and autophagy of HK-2 cells
were further examined. Annexin V-FITC/PI staining, AO
staining, and flow cytometry showed that LPS, CYRG61,
and MALAT1 significantly increased cell apoptosis, while
miR-22-3p mimics significantly reduced cell apoptosis,
as shown in Figures 7,8. Inmunofluorescence was used to
detect the autophagy marker LC3, the results showed that
LPS, CYR61 and MALAT'1 could significantly increase the
expression level of LC3 in cells, while miR-22-3p mimics
reduced intracellular LC3 (Figure 9). Through the above
experiments, we verified the effects of MALAT1 and miR-
22-3p on the apoptosis and autophagy of HK-2 cells. It
was shown that LPS, CYR61 overexpression, or MALAT'1
overexpression induced cell apoptosis and autophagy, while

miR-22-3p mimics had a protective effect on cells by down-
regulating CYR61 and MALAT'1.

Molecular mechanisms by which MALATI1 and

miR-22-3p regulate autophagy

To further explore the molecular mechanism by which

© Translational Andrology and Urology. All rights reserved.

LPS, CYR61, and MALATT1 regulate autophagy, WB
assay, and RT-qPCR were used to detect the regulation of
autophagy-related proteins by LPS, CYR61, MALATT,
or miR-22-3p. As shown in Figure 10, LPS, CYRG61
overexpression vector, and MALAT1 overexpression
vector upregulated intracellular CYRG61, Beclinl, Atg$,
and LC3, and significantly downregulated p62 in the cell.
The miR-22-3p mimics down-regulated the intracellular
expressions of CYRG61, Beclinl, Atg5, and LC3, and
significantly up-regulated intracellular p62. As illustrated
in Figure 11, LPS, CYR61, and MALAT' significantly
increased intracellular ROS levels, while miR-22-3p
mimics significantly reduced ROS levels. These results
further confirmed that LPS, CYR61, and MALAT'1 induce
autophagy by regulating autophagy-related proteins and
intracellular ROS levels. The miR-22-3p mimics had a
protective effect on cells by down-regulating CYR61 and
MALAT1 (Figure 12).

CYRG61 and MALAT1 and miR-22-3p affect cellular
inflammmation by regulating TNF-o and IL-6

In order to detect the effects of LPS, CYR61, MALAT,
and miR-22-3p on inflammatory cytokines, we used
an ELISA kit to detect intracellular 11.-6 and TNF-a.

Transl Androl Urol 2021;10(8):3486-3500 | https://dx.doi.org/10.21037/tau-21-623
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As shown in Figure 13, LPS, CYR61, and MALAT1
significantly increased intracellular IL-6 and TNF-a,
while MiR-22-3p mimics significantly down-regulated the
expression of IL-6 and TNF-a in cells.

Discussion

In this study, we first established an LPS-induced
inflammation model in HK-2 cells to identify apoptosis and
autophagy in the condition of inflammation. Subsequently,
shRNA knockdown of the CYR61 gene revealed LPS-

© Translational Andrology and Urology. All rights reserved.

induced autophagy reduction, which confirmed that CYR61
was a necessary condition for autophagy in the LPS-
induced inflammation model. By using a dual-luciferase
reporting system, RT-PCR, and WB assays, we identified
the regulatory relationship between miR-22-3p, MALAT'1,
and CYRG61. This revealed that miR-22-3p directly down-
regulate CYR61, while miR-22-3p and MALAT'1 negatively
regulate each other. Furthermore, by using AO staining,
immunofluorescence, WB assay, RT-PCR, and ELISA, we
found that the overexpression of MALAT'1 and CYR61
increased the levels of Beclinl, Atg5, LC3, ROS, IL-
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6, and TNF-a, significantly decreased the level of p62,
and promoted apoptosis and autophagy. The miR-22-3p
decreased the intracellular levels of CYR61, Beclinl, Atg$,
LC3, ROS, IL-6, and TNF-a, up-regulated the intracellular
level of p62, and inhibited apoptosis and autophagy. In
conclusion, in the LPS-induced inflammation model,

© Translational Andrology and Urology. All rights reserved.

CYRG61 was a necessary condition for autophagy, and miR-
22-3p and MALAT'1 were its upstream regulatory factors.
As shown in the results, the dual-luciferase assay
revealed that miR-22-3p could bind to CYR61 3-'"UTR,
suggesting that miR-22-3p is an upstream regulator of
CYRG61. In HK-2 cells, miR-22-3p mimics significantly
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reduced the intracellular CYRG61 level, which was
consistent with the dual luciferin results. The expression
level of MALAT'1 did not change in the cells transfected
with the CYRG61 overexpression vector, and the expression
level of CYRG61 was up-regulated in the cells transfected
with CYRG61 overexpression vector, indicating that
MALATT is also the upstream regulator of CYR61.
In the level of transcription and protein expression,
we found that miR-22-3p mimics and MALAT1 were
negatively regulated, which is in line with the findings
of Zhang er al. (22). In addition, Annexin V-FITC/PI
staining, AO staining, and flow cytometry were used to
detect the autophagy and apoptosis of inflammatory cells
with overexpression of MALAT1 or CYR61 or with the
addition of miR-22-3p mimic at the cell level. The results
were also consistent with previous results.

The gene LC3 is a key gene in autophagy, its content
is closely related to the activity of autophagy, and it is
known as the marker molecule of autophagy (25). When
autophagy occurs, LC3B gene expression on chromosome
16 will be up-regulated, and a large number of LC3B
proteins will be translated and expressed (26). In the
cytoplasm, LC3B protein is clipped by Atg4B protein
to form LC3BI protein. By covalently binding PE on
the autophagy membrane, LC3BI protein is eventually
converted into a fat-soluble protein LC3BII, which
plays a regulatory role in the extension and fusion of

© Translational Andrology and Urology. All rights reserved.

autophagosome membrane (27,28). Beclinl is another key
autophagy gene, which positively regulates autophagy
to maintain the stability of the organism’s internal
environment. The proteins encoded by it bind to cofactors
(ATG 14L, UVRAG, and so on) to regulate the activity of
vesicular protein sorting 34 (VPS-34) to form the Beclin
1-VPS34-VPS 15 complex, which promotes the formation
of autophagosome membranes (29-31). The Azg5 gene
plays an important role in the bending of the macrophage
membrane and the recruitment of LC3 (32). Also, p62 can
bind to ubiquitination vesicles and LC3 or their homologs,
and is often used for autophagy detection (25). In this
study, a variety of autophagy-related factors were detected,
which ensured the credibility of our conclusion.

A previous study showed that TGF-p enhanced
renal CYRG61 after occurrences of unilateral ureteral
obstruction (UUO) (16). Then, monocyte chemotaxis
and macrophage infiltration were lead from activation
of monocyte chemoattractant protein-1 by CYR61 (33).
This evidence suggests that inhibition of CYR61 may
prevent adverse consequences leading to irreversible
AKI-CKD transition by delaying inflammation,
intertubercle fibrosis, and apoptosis (34). Another study
showed that after bilateral renal ischemic injury, CYR61
was rapidly stimulated in the proximal renal tubules and
was excreted in urine within 3—6 h. Thus, urinary CYR61
might be used as a biomarker for AKI (9,35).
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cells + empty vector + control miRNA + LPS group. LPS, lipopolysaccharide; miRNA, microRINA.

Current studies have shown that CYR61 plays an and so on. The complexity of its downstream pathways also
important role in lung disease, kidney disease, cardiovascular indicates the complexity of its physiological and pathological
disease, liver disease, and other diseases (16,36-38). The effects, which is consistent with the phenomenon that the
mechanisms of its action are also varied, such as direct up-regulation of CYR61 may play different roles in the
activation of toll-like receptor signal (39), activation of inflammation of different tissues.
the PTEN/Akt/GSK3B/CyclinD1 signaling pathway (40), In conclusion, CYRG61 positively regulated autophagy

regulation of DCK and CTGF (41), inhibition of CD40 of HK-2 cells in an inflammatory state and was negatively
and its proteins related to non-canonical signaling (42), regulated by miR-22-3p, while miR-22-3p and MALAT'1
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were negatively regulated with each other.
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Figure S1 Cells were treated with different concentrations of LPS (0, 0.01, 0.1, 1, 10 pg/mL) and cultured for 8, 12 and 24 h, respectively,
for CCK8 detection. The results showed that 1 pg LPS for 12 h could induce the inflammatory model in HK-2 cells. *P<0.05.
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white light
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Figure S2 Cells were infected with the virus at MOI of 10, 50 and 100 for 48 h. When the MOI value was 50, the infection efficiency
reached more than 95%.
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Table S1 Primers for RT-PCR

Gene

Sequence

Ccn1(human)-RT-F
Ccn1(human)-RT-R
Gapdh(human)-RT-F
Gapdh(human)-RT-R
LC8ll(Human)-RT-F
LC3Il(Human)-RT-R
MALAT1(human)-RT-F
MALAT1(human)-RT-R
hsa-miR-22-3p-RT-F
hsa-miR-22-3p-RT-R

GTCCCCAAGAACTATCTCTCCCC
ACTATCCTCGTCACAGACCCACT

AGAAGGCTGGGGCTCATTTG

AGGGGCCATCCACAGTCTTC

AAGAGTAGAAGATGTCCGA

AACTTTGTTTTATCCAGAA

GAGTGGTTGGTAAAAATC

ATAAGCCTGAAAAAGAGA
ACACTCCAGCTGGGAAGCTGCCAGTTGAAG
CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGACAGTTCT

Ue-F CTCGCTTCGGCAGCACA
UB-R AACGGTTCACGAATTTGCGT
URP TGGTGTCGTGGAGTCG
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Figure S3 Among the three selected fragments, the knockdown effect of CCN1-siRNA1 was the most significant, so this sequence was

selected for subsequent experiments. *P<0.05, **P<0.01.
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