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LncRNA ROR modulates myocardial ischemia-reperfusion injury
mediated by the miR-185-5p/CDK6 axis

Jing Sun'?, Yan-Meng Zhu*3, Qin Liu', Yan-Hui HU', Chang Li', Huan-Huan Jie', Guo-Hai Xu', Ren-Jie Xiao', Xian-Liang Xing1,

1

Shu-Chun Yu' and Ying-Ping Liang

© The Author(s), under exclusive licence to United States and Canadian Academy of Pathology 2022

LncRNAs and miRNAs are correlated with the pathogenesis of myocardial ischemia-reperfusion injury (MIRI). Whether IncRNA ROR
or miR-185-5p plays a crucial role in MIRI is still unclear. In in-vitro, human cardiac myocytes (HCMs) were treated with hypoxia/
reoxygenation (H/R). Wistar rats were used to set up an in-vitro I/R model by means of recanalization after ligation. Evaluation of
the myocardial injury marker lactate dehydrogenase (LDH) in HCMs cells was performed. The expression of miR-185-5p and ROR,
IL-1B, and IL-18 were detected by qRT-PCR. ELISA was also performed to evaluate the secretion of IL-1(3 and IL-18. Western blotting
was carried out to determine CDK6, NLRP3, GSDMD-N, ASC, and cleaved-caspase1 protein expression. The relationship between
miR-185-5p and CDK6 or ROR was confirmed by a dual-luciferase reporter assay. Our findings revealed that H/R treated HCMs
showed a significantly decreased miR-185-5p expression and increased expression of CDK6 and ROR. ROR knockdown reduced
H/R induced pyroptosis and inflammation, while knockdown of miR-185-5p accelerated the effect. Furthermore, miR-185-5p was
negatively regulated and absorbed by ROR in HCMs. Overexpression of miR-185-5p reversed the H/R-induced cell pyroptosis
and upregulation of LDH, IL-1f3, and IL-18. In HCMs, miR-185-5p was also negatively regulated and related to CDK6 expression.
Moreover, overexpression of CDK6 significantly inhibited the effects of miR-185-5p mimics on the inflammatory response and
pyroptosis of HCMs. Knockdown of ROR alleviated H/R-induced myocardial injury by elevating miR-185-5p and inhibiting CDK6
expression. Taken together, our results show that the ROR/miR-185-5p/CDK6 axis modulates cell pyroptosis induced by H/R and

the inflammatory response of HCMs.

Laboratory Investigation (2022) 102:505-514; https://doi.org/10.1038/541374-021-00722-2

INTRODUCTION

Cardiovascular events induced by myocardial ischemia-
reperfusion injury (MIRI) are one of the leading causes of death
in patients with coronary heart disease (CHD) and acute
myocardial infarction (AMI)'. The harm caused by MIRI to
patients includes the development of CHD, myocardial infarction,
and cardiac surgery®. However, the pathological mechanism of
MIRI has not been elaborated yet. Pyroptosis is programmed cell
death mediated by caspasel and characterized by the release of
cell contents and the formation of membrane pore and swelling®.
Pyroptosis played a vital role in the progression of various
diseases, such as autoimmune diseases, infectious diseases, and
cardiovascular and cerebrovascular diseases®.

Long non-coding RNAs (IncRNAs) are non-protein coding
transcripts of more than 200 nucleotides®. The role of IncRNA
ROR has been extensively studied in various malignant diseases.
Studies have shown that upregulation of ROR activated the TGF-3
pathway and promotes cell growth and cancer invasion’. ROR
affects docetaxel resistance of cancer cells through epithelial-
mesenchymal transition (EMT), indicating that it may be a
therapeutic target®. Recently, IncRNAs were correlated with
ischemia-reperfusion (I/R) injury. ROR promotes the phosphoryla-
tion of ERK1/2 and p38, and aggravates the cardiomyocyte

apoptosis induced by hypoxia/reoxygenation (H/R)°. It has been
reported that the inflammatory response and HCMs apoptosis
induced by H/R was regulated by ROR'®. However, the role and
underlying mechanism of ROR in MIRI needs to be further
investigated.

MicroRNAs (miRNAs) of 20-23 nucleotides have no protein-
coding ability. miRNAs inhibit the translation of target genes or
directly degrades target genes by binding to the 3'-UTR of mRNA
molecules'’. Recent studies show that miRNAs play a vital role in
the development of MIRI. Transverse aortic constriction reduced
the expression of miR-185 in cardiac hypertrophy, which
illustrated an anti-hypertrophic effect'?. Additionally, miR-185
was down-expressed in myocardial tissues, which also reduced
apoptosis by regulation of SOCS2 expression in myocardial
ischemia (MI) mice'>. Patients with dilated cardiomyopathy had
higher plasma levels of miR-185 than the healthy'*. In our pilot
experiment, miR-185-5p and ROR were demonstrated to have
target binding sites using bioinformatic approaches, but their
regulatory mechanisms in MIRI were still unclear.

This study aimed to explore the underlying molecular mechan-
ism and role of ROR, miR-185-5p, and cyclin-dependent kinase 6
(CDK®6) in MIRI'in order to provide a new therapeutic option for the
treatment of MIRI.
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MATERIALS AND METHODS

Cell culture and treatment

The human cardiac myocyte (HCM) cell lines isolated from the human
heart, were obtained from ScienCell Research Laboratories (#6200, San
Diego, CA, USA). The HCM cells were cultured in Dulbecco’s Modified
Eagle’s Medium (DMEM; Flow Laboratories Inc., Rockville, MD) containing
5% foetal bovine serum (FBS; Invitrogen, Cergy Pontoise, France) and 1%
penicillin/streptomycin (Gibco, CA, USA). 293 T cells were obtained from
the American Type Culture Collection (ATCC, Rockville, MD, USA) and
cultured in DMEM medium containing D-glucose (4.5g/L) and 5% FBS.
Before the experiment, the sample cells were quickly thawed in a water
bath at 37 °C for 1-2 min. Then, 10 mL medium was added and the cells
were centrifuged at 1000 rpm for 5 min. The cell pellet was re-suspended
in the prepared medium. For normal conditions, all cells were cultured in
an incubator with 5% CO, at 37 °C.

To establish an in-vitro I/R injury system, cells were first exposed to
hypoxia (InvivO2 hypoxic cabinet; 1% O,, 5% CO,, and 94% N,) for 1 h, and
then normal oxygen for 2 h. At the same time, the cells in the control
group (without FBS and glucose-deprived DMEM) were maintained under
normoxic conditions (21% O,, 5% CO,, and 74% N,) for 3h'°.

Cell transfection

MiR-185-5p mimics/inhibitor and sh-ROR and corresponding controls
(mimics NG, inhibitor NC, and sh-NC) were all synthesized by GenePharma
Corporation (Shanghai, China). Then, we amplified and cloned the full-
length sequence of ROR and CDK6 into the expression vector pcDNA3.1
(vector) to obtain overexpression-ROR (OE-ROR) plasmid or overexpression-
CDK6 (OE-CDK6) plasmid, which were respectively transfected into HCMs
using Lipofectamine 2000 (Invitrogen, CA) according to the manufacturer’s
instruction.

Dual-luciferase assay

The relationship between miR-185-5p and ROR or CDK6 was detected by a
double-luciferase assay. The wild type (WT) sequences or mutant (MUT)
sequences of the binding sites with miR-185-5p in ROR or CDK6 3'-UTR
were cloned downstream of the luciferase report gene of pmirGLO
reporter vector (Promega, US). Mutants were generated through the KOD
Plus Mutagenesis kit (TOYOBO, Osaka, Japan) according to the manufac-
tures’ instructions. The 293 T cells were co-transfected miR-185-5p mimics/
inhibitor or NC mimics. A total of 48 h after transfection, luciferase assays
were carried out using a Bright-Glo™ Luciferase Assay System (Promega,
US) and normalized to Renilla luciferase activity.

Establishment of an in-vivo Wistar rat myocardial I/R model
The animal study was approved by the ethical committee of Second
Affiliated Hospital of Nanchang University. A total of 72 male Wister rats
(250-300g, Shanghai Laboratory Animal Center, Chinese Academy of
Science, China) were used to establish an in-vivo model of myocardial I/R.
A total of 72 rats were used in three replicates, and 24 rats were included in
every replicate. All of 24 rats were randomly into the Sham group, I/R
group, I/R+ sh-NC group, and I/R + sh-ROR group (six rats each group).
The lentivirus used in the study was commercially constructed by Bio-Link
(Shanghai, China). Lentiviral vectors encoding ROR (sh-ROR) or NC as
control (sh-NC) were constructed using routine proceduresm. Lv-ROR and
Lv-NC were injected into the tail vein, and then the myocardial I/R model
was established. All tested rats were treated with 45 min of transitory
ligation followed by 3 h of reperfusion. The rats in Sham group only
received sham operation. After 72 h of the surgery, all rats were sacrificed,
and myocardium tissues were obtained for further analysis.

Triphenyl tetrazolium chloride (TTC) staining

To determine the role of ROR in myocardial I/R rats, TTC staining was
performed. The heart sections were placed in 1% TTC for 15 min at room
temperature. The slices were inverted once every 5min to avoid over-
staining. And then rinsed three times with distilled water. The images were
collected to measure infarct size and area using ImageJ software. The
infarct area is white.

Hematoxylin and eosin (HE) staining and Masson staining

The histopathological examination of myocardial tissue was stained with
hematoxylin-eosin (HE). The left ventricle of the heart sample was placed in a
10% formaldehyde solution, dehydrated with ethanol gradient, embedded in
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paraffin, and cut into 4 um sections. After the sample was removed, it was
stained with hematoxylin and eosin. Then, the slices were observed under an
optical microscope (Leica Microsystems, Wetzlar, Germany).

For Masson staining, the rat heart tissue sections were firstly used to stain
cell nuclei for 5 min by Wiegert's iron hematoxylin solution (Sigma-Aldrich, St.
Louis, MO, USA). After rinsing 3 times with distilled water, the sections were
stained with 0.7% Masson-Ponceau-acid fuchsin staining solution (Sigma-
Aldrich) for 10 min. After rinsing in 2% glacial acetic acid and differentiated in
phosphomolybdic acid for 4 min, the sections were directly stained with 2%
aniline blue dye solution (Sigma-Aldrich). After dehydration with ethanol series,
remove with xylene, install with neutral resin, and capture the image of the

stained section with an optical microscope'”"'®,

Detection of lactate dehydrogenase (LDH), IL-18, and IL-1f
activity

After rat reperfusion and cell treatment, plasma samples and media were
collected from coronary effluent and cell culture, respectively. Lactate
dehydrogenase (LDH) (Nanjing Jiancheng Bioengineering Company) was
used to detect serum lactate dehydrogenase (LDH) activity. Commercial
enzyme-linked immunosorbent assay (ELISA) kits (Jining Shiye, Shanghai,
China) were used to detect the expression of IL-18 and IL-1f in HCMs and
myocardium tissues. Absorbance was measured at 450 nm.

Propidium iodide (PI) staining

To measure the actual percentage of cell death, we performed PI single
staining to detect cell death. Briefly, Pl staining solution at 50 pg/mL was
prepared. Cells were collected and washed in PBS, fixed in pre-cooled 70%
ethanol, and added ethanol dropwise to the cell pellet while vortexing. The
cells were added 200 pL PI (50 ug/mL stock solution) and incubated at
room temperature for 15 min. For dead cells, Pl acted by intercalating with
cellular DNA and emitting red fluorescence.

Quantitative real-time polymerase chain reaction (qRT-PCR)
The relative expression of ROR, IL-1(3, IL-18, miR-185-5p, and CDK6 was
analyzed by gRT-PCR. Total RNA was extracted according to Trizol (Takara)
experimental method. RNA quality and quantity were assessed with agarose
gel electrophoresis and A260/A280 ratio with a spectrophotometer (Nano
Drop Technologies, Inc, Rockland, DE). The A260/A280 ratios for all RNA
preparations were about 1.8~2.0. Tagman MicroRNA Reverse Transcription Kit
and Tagman® MicroRNA Assay Kit (Applied Biosystems, Foster City, CA, US)
were applied for cDNA synthesis and gRT-PCR, respectively. The reaction
conditions: 95 °C for 10 min, followed by 38 cycles of 95 °C for 10's, and 58 °C
for 60s. U6 and GAPDH were used as endogenous controls, respectively.

Western blotting

6 well plates of HCMs were lysed using RIPA lysis buffer (Beyotime, China)
containing protease inhibitor cocktail. Protein was quantified by a BCA assay kit
(Bio-Rad, USA). Then, 30 ug protein was separated by SDS-PAGE (sodium
dodecyl sulfate-polyacrylamide gel electrophoresis). The separated proteins
were transferred to the PYDF membrane and then blocked with 5% skim milk.
The membrane was then stored in the primary antibody against NLRP3,
GSDMD-FL (full length), GSDMD-N (N-terminal), ASC, pro-caspasel, and
cleaved-caspasel and incubated overnight at 4°C. All primary antibodies
were obtained from Abcam (UK). The membrane was then incubated with
horseradish peroxidase-labeled secondary antibody. The expression of each
protein was analyzed ECL and detection system (Millipore). The expression of
proteins was normalized by GAPDH.

Statistical analysis

All data in our study are expressed as the mean + standard deviation (SD)
and analyzed by Graphpad 6.0 (GraphPad Software, CA). Differences
between the two groups were analyzed by student’s t-test, and differences
among the multiple groups were analyzed by analysis of variance
(ANOVA). Each experiment was carried out at least three times. The
difference was considered statistically significant at P < 0.05.

RESULTS

ROR regulates pyroptosis and inflammation induced by H/R
To investigate the effect of ROR in H/R treated HCMs, the ROR
expression in H/R treated HCMs was analyzed by gRT-PCR. Fig. 1A
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Fig. 1 ROR regulates H/R-induced pyroptosis and inflammation. HCMs were transfected with Vector, OE-ROR, H/R + Vector, H/R + OE-ROR,
H/R + sh-NC, H/R + sh-ROR. A Immunofluorescence assay to detect a-Sarcometric actin. B Relative expression level of ROR in HCMs after H/R
or normoxia treatment by qRT-PCR. C Efficiency analysis of ROR knockdown and overexpression. D The release level of LDH. E The actual
percentage of cell death detected by Pl single staining. F, G The expression of IL-1f and IL-18 in HCMs. H, | The concentrations of IL-1p and IL-
18 in HCMs were evaluated by ELISA. J The levels of protein NLRP3, GSDMD-N, GSDMD-FL, ASC, cleaved-caspase1, Pro-caspase1, and GAPDH
in HCMs by western blotting. Each experiment was replicated three times. *P < 0.05, **P < 0.01, ***P < 0.001.

Laboratory Investigation (2022) 102:505-514 SPRINGER NATURE



J. Sun et al.

508

A p
2.0
]
kS
S 15+
% 8
g i
%i‘B 1.0
o

2E
® 05
[0}
o

0.0 -

O & & &
x> @) & 9
XX & @ &
2) & N OQ/
C

RORWT 5- cuACAAUCACAGAAACUCUCCA-3’

miR-185-5p 3’- agUCCUUGACGGAAAGAGAGGU-5'
5- cuACAAUCACAGAAAGAGAGGU-3

ROR MUT

o
|

*

b4

4

w S
| |

miR-185-5p
T

Relative expression of

mimics NC
miR-185-5p mimcs
inhibitor NC
miR-185-5p inhibitor

4> HO

-
o
|

Relative luciferase activity
o -
(9] o
| |

=4
(=}
|

ROR-WT

ROR-MUT

Fig. 2 ROR negatively correlates with miR-185-5p expression in HCMs. A gRT-PCR analyzed the expression of miR-185-5p in HCMs treated
with sh-ROR or OE-ROR. B qRT-PCR analyzed the expression of miR-185-5p in HCMs treated with miR-185-5p mimics/inhibitor. C The binding
site between ROR and miR-185-5p. D Interaction between ROR and miR-185-5p was verified by dual-luciferase reporter assay. Each experiment

was replicated three times. *P < 0.05, **P < 0.01, ***P < 0.001.

indicates that a-sarcometric actin (cardiomyocyte marker) was
strongly positive in HCM cells. ROR expression was more highly
upregulated in H/R treated HCMs than in the control group
(Fig. 1B). The effects of transfection with ROR in HCMs were
confirmed by qRT-PCR analysis. ROR expression was decreased in
HCM:s after transfection with sh-ROR and increased in HCMs after
transfection with OE-ROR (Fig. 1C). LDH levels were higher in the
H/R group than the normoxia group, but the knockdown of ROR
partially reversed this effect. In addition, overexpression of ROR
further promoted the release of LDH in HCMs (Fig. 1D). To
measure the actual percentage of cell death, we performed PI
single staining. The results show that Pl-positive cells were
significantly increased in HCM cells treated with H/R, while
knockdown of ROR inhibited the increase of Pl-positive cells,
whereas overexpression of ROR promoted the increase of PI-
positive cells (Fig. 1E). Additionally gRT-PCR and ELISA experi-
ments demonstrated that H/R exposure promoted IL-18 and IL-13
in HCMs treated with H/R (Fig. 1F-l). However, this effect was
counteracted by ROR inhibition and further promoted by ROR
overexpression (Fig. 1F-l). Additionally, overexpression of ROR
promoted the expression of NLRP3, cleaved-caspase1, ASC, and
GSDMD-N, indicating that overexpression of ROR promoted the
occurrence of cell pyroptosis (Fig. 1J). Conversely, ROR knockdown
inhibited the H/R-induced upregulated expression of GSDMD-N,
NLRP3, ASC, and cleaved-caspase1, but had no significant effect
on the protein levels of pro-caspasel and GSDMD-FL (Fig. 1J).
These results indicate that inhibition of ROR expression reduces
pyroptosis and inflammation induced by H/R, while overexpres-
sion reverses the effect.

ROR inhibits miR-185-5p expression in HCMs

We further explored the target genes for ROR. ROR inhibition
increased miR-185-5p expression in HCMs, while ROR over-
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expression showed the opposite result (Fig. 2A). miR-185-5p
mimics/inhibitor experiments showed that miR-185-5p expression
was promoted after transfection and inhibited after miR-185-5p
inhibitor transfection (Fig. 2B). Complementary binding sites
between miR-185-5p and ROR were observed by bioinformatics
analysis (Fig. 2C). The interaction between miR-185-5p and ROR in
HCMs was verified by a dual-luciferase reporter assay. MiR-185-5p
mimics decreased the luciferase activity of ROR-WT cells, miR-185-
5p inhibitor promoted the luciferase activity of ROR-WT cells, while
no differences were observed in the ROR-MUT groups (Fig. 2D).
These findings revealed that ROR in HCMs absorbed and
negatively regulated the expression of miR-185-5p.

MiR-185-5p inhibition counteracteds the effect of ROR
knockdown in H/R-induced HCMs

To further study the functions of miR-185-5p, miR-185-5p
expression was examined in H/R-exposure HCMs. gRT-PCR showed
that H/R treatment inhibited miR-185-5p expression (Fig. 3A). MiR-
185-5p inhibitor transfection further promoted LDH activity and
reversed the inhibition of ROR knockdown on LDH activity
(Fig. 3B). The actual percentage of cell death was detected by PI
single staining (Fig. 3C). The gRT-PCR and ELISA assays revealed
that H/R-induced IL-1B and IL-18 expression was significantly
promoted by miR-185-5p inhibitor at mRNA level or protein level.
Further, miR-185-5p inhibitor rescued the inhibition of IL-1f and
IL-18 expression caused by ROR knockdown (Fig. 3D-G). Western
blotting revealed that miR-185-5p inhibition further promoted the
protein expression of H/R-induced NLRP3, GSDMD-N, ASC and
cleaved-caspasel, but had no significant effect on the protein
levels of pro-caspasel and GSDMD-FL (Fig. 3H). Furthermore,
knockdown of miR-185-5p reversed the inhibitory effect of ROR
knockdown (Fig. 3H), indicating that ROR regulated H/R-induced
pyroptosis and inflammation induced by targeting miR-185-5p.

Laboratory Investigation (2022) 102:505-514
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Fig. 3

Inhibition of miR-185-5p counteracts the effect of ROR knockdown in HCMs. HCM cells were transfected with sh-NC + inhibitor NC,

sh-ROR + inhibitor NC, sh-NC + miR-185-5p inhibitor or sh-ROR + miR-185-5p inhibitor. A The expression level of miR-185-5p in HCMs was
detected by qRT-PCR. B The release level of lactate dehydrogenase (LDH). C The actual percentage of cell death detected by PI single staining.
D, E The expression of IL-1p and IL-18 in HCMs were evaluated by gRT-PCR. F, G The concentrations of IL-1p and IL-18 in HCMs were evaluated
by ELISA. H The protein levels were detected by western blotting. Each experiment was replicated three times. *P < 0.05, **P < 0.01, ***P <

0.001.

MiR-185-5p directly targets CDK6 in HCMs

To confirm the binding relationship between miR-185-5p and CDK6 in
HCMs, the CDK6 expression in HCMs after miR-185-5p overexpression
or inhibition was analyzed by gRT-PCR and western blotting. As
illustrated in Fig. 4A, B, miR-185-5p mimics significantly inhibited the
mMRNA and protein expression of CDK6, and miR-185-5p inhibitor
significantly stimulated the mRNA and protein expression of CDK6.
Bioinformatics analysis predicted the binding sites between miR-185-
5p and CDK6 (Fig. 4C). Dual-luciferase reporter assay displayed that
miR-185-5p mimics inhibited the activity and that miR-185-5p

Laboratory Investigation (2022) 102:505-514

inhibitor promoted the activity in the CDK6-WT group, but there
were no significant differences in the CDK6-MUT groups (Fig. 4D). All
the results above revealed that miR-185-5p can negatively regulate
and directly target CDK®6.

MiR-185-5p inhibits H/R-induced pyroptosis and inflammation
by inhibiting CDK6

Next, we investigated whether miR-185-5p regulated H/R-induced
apoptosis and inflammation of HCMs through CDK6. First, we
overexpressed CDK6 in HCMs, and the CDK6 mRNA and protein

SPRINGER NATURE



J. Sun et al.

510

A B
© 257 i 1.0
e
5 e 5
2.0 Q 08
5 o
= o
2 15+ « CDKe6| & = S0 | c 06
173 [0} *x
5 5
S 1.0 GAPDH| a0 G @ @ | S 0.4
[0} (0]
o 2
2 05 S ¢ F & F o2
«© & 6\\ ‘\Ok ‘(;\0 &
& & & & o
0.0 & & & B 0.0-
N &
$ ¢ L ¢ & o $ ¢ L ¢
) & N ® S S ) & N O
P & »6\\'0 & < S & “5\@ N
& K& R & K R
NS & NS &
. N . N
& & & &
C D
20— ® mimics NC
> : . B miR-185-5p mimcs
é — A inhibitor NC
CDKEWT  5-CUUGUCCACAUGGUGCUCUCCA-3 § 1.5 ¥ miR=185:5p inhibitor
[T &
miR-185-5p 3-AGUCCUUGACGGAAAGAGAGGU-5 & 1.0
[$]
CDK6 MUT 5'-CUUGUCCACAUGGUGGAGAGGA-3 ;::
2 054
£ 05
[0)
4
0.0

CDK6-WT

CDK6B-MUT

Fig. 4 MiR-185-5p directly targets CDK6 in HCMs. A, B The expression of CDK6 was analyzed by qRT-PCR and Western blotting. C The
binding site of miR-185-5p and CDK6. D Dual-luciferase reporter assay. Each experiment was replicated three times. *P < 0.05, **P < 0.01, ***P <

0.001.

expression were significantly increased in HCMs transfected with
CDK6 overexpressing vector (Fig. 5A, B). Overexpression of miR-185-
5p inhibited the increased LDH activity and Pl-positive cells induced
by H/R. Overexpression of CDK6 promoted the increase of LDH
activity and Pl-positive cells, and reversed the effect of miR-185-5p
overexpression (Fig. 5C, D). Overexpression of miR-185-5p or CDK6
inhibited or promoted the H/R-induced expression IL-13 and IL-18,
respectively (Fig. 5E-I). Moreover, CDK6 overexpression deteriorated
the effect of miR-185-5p overexpression on IL-13 and IL-18 induced
by H/R (Fig. 5E-I). After miR-185-5p overexpression, the expression of
NLRP3, GSDMD, ASC, and Caspase 1 was inhibited after H/R induction.
CDK6 overexpression further promoted the expression of GSDMD-N,
NLRP3, ASC, and cleaved-aspase1, and inhibited the effect of miR-185-
5p overexpression (Fig. 5I). Our results illustrated that miR-185-5p
inhibited pyroptosis and inflammation in H/R HCMs through the
regulation of CDKe6.

Knockdown of ROR alleviates I/R-induced myocardial injury by
elevating miR-185-5p to inhibit CDK6 expression

To determine the role of ROR in myocardial I/R rats, TTC staining
was performed to measure infarct size and area. The infarct size
was significantly increased in the I/R group (22.10 +4.66%)
compared with the sham group (3.43+1.70%) (Fig. 6A). ROR
knockdown significantly decreased the infarction infarct area
(5.90 £2.23% in I/R+ sh-ROR group vs 21.20 +£5.07% in I/R + sh-
NC group) (Fig. 6A). Then, the changes of cardiomyocyte
morphology were analyzed by H&E and Masson staining. Cells
were arranged orderly and intact in the sham group, and no
pathological changes such as necrosis or hyperplasia were
observed (Fig. 6B). However, the myocardial fiber structures in
the I/R group and I/R+ sh-NC group were disordered with
amounts of inflammatory cells infiltrated, and the myocardial
cells swollen, necrotic and apoptotic (Fig. 6B). Knockdown of ROR
reduced heart muscle damage (Fig. 6B). Compared with the sham
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group, the myocardial fibers in the I/R group and I/R + sh-NC
group showed disordered arrangement and abundant collagen
deposition (Fig. 6C). Knockdown of ROR reduces the reaction
described above (Fig. 6C). Compared with the sham group, the
expression of ROR and CDK6 in the I/R group and I/R + sh-NC
group were significantly increased, and the expression of miR-185-
5p was significantly decreased (Fig. 6D-F). Knockdown of ROR
reversed this effect, and the expression levels of ROR and miR-185-
5p in both the I/R group and I/R + sh-NC group were decreased
and increased compared with I/R + sh-ROR group (Fig. 6D-F). All
above indicated that knockdown of ROR alleviated I/R-induced
myocardial injury by elevating miR-185-5p to inhibiting CDK6
expression.

Inhibition of ROR in rats reduced I/R-induced pyroptosis and
inflammation via the miR-185-5p /CDK6 axis

Further, we analyzed whether ROR modulated pyroptosis and
inflammation by suppression of miR-185-5p/CDK6. In the I/R
group and I/R + sh-NC group, the LDH activity increased, and ROR
knockdown reversed the I/R-induced LDH activity (Fig. 7A).
Additionally, the expression of IL-13 and IL-18 was increased in
the I/R group and I/R+ sh-NC group, and ROR knockdown
inhibited the I/R-induced upregulation of IL-13 and IL-18
(Fig. 7B-E). Moreover, protein NLRP3, GSDMD-N, ASC cleaved-
caspasel, and CDK6 expression were increased in the I/R group
and I/R+ sh-NC group, which were conversely decreased after
ROR knockdown (Fig. 7F). These data reveal that inhibition of ROR
inhibited I/R-induced pyroptosis and inflammation via the miR-
185-5p/CDK6 axis.

DISCUSSION
To date, the underlying mechanism of MIRI is still unclear. The
mortality due to cardiovascular disease in 2012 is approximately
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17,500,000 people®. Myocardial I/R can cause cardiomyocyte
damage and apoptosis'®. Cardiovascular disease is the primary
cause of hospitalization and mortality worldwide?. Recently, the
correlation between the expression of IncRNA and MIRI revealed
that IncRNA played a key role in MIRI?". In the study, our findings
demonstrated that inhibition of ROR inhibited I/R-induced
pyroptosis and inflammation via the miR-185-5p /CDK6 axis.
LncRNAs are important regulators in biological processes. Yu
et al. found that knockdown of IncRNA AK139328 enhanced the
expression of miR-204-3p and suppressed autophagy of cardio-
myocytes, and thus attenuated MIRI in diabetic mice'”. As
previously described, IncRNA H19 relieved MIRI by targeting
miR-22-3p?%. The study also demonstrated that NEAT1 contributed
to MIRI by activating the MAPK pathway®. Yin et al. found that
knockdown of SNHG12 protected cerebral I/R injury by the
regulation of miR-199a expression [10]. LncRNA ROR absorbed
miR-138 to aggravate H/R-induced cardiomyocyte apoptosis via
upregulation of Mst1?*. ROR was initially identified as a regulator

SPRINGER NATURE

of human-induced pluripotent stem cell reprogramming, which
played a role in various tumors®>. Recently, a study showed that
MIRI can be aggravated by ROR®. Zhang et al. revealed that ROR
was highly expressed in Ml and hypoxia injury, and ROR relieved
myocardial cerebral I/R injury via p38/MAPK signal pathway®. In
our study, an in-vivo MIRI model was established and LncRNA ROR
was highly expressed in the MIRI model rats. Inhibition of ROR
expression reduced H/R-induced pyroptosis and inflammation,
while overexpression of ROR was conversely the phenomenon.
Inhibition of ROR in rats reduced I/R-induced pyroptosis and
inflammation. We conclude that LncRNA ROR played a vital role in
the progression of MIRI.

MiRNAs are involved in the pathogenesis mechanism of kinds of
cardiovascular diseases®®. Studies have found that 220 human
miRNAs are expressed in heart tissues®’. MiR-133 is specifically
expressed in the heart and plays a vital regulatory role in heart
development, myocardial apoptosis, and myocardial remodeling®®,
In a recent, the expression of miR-1 and myocardial cell apoptosis

Laboratory Investigation (2022) 102:505-514
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Fig. 7

Inhibition of ROR in rats inhibits I/R-induced pyroptosis and inflammation via miR-185-5p/CDK6 axis. A The release level of lactate

dehydrogenase (LDH) analysis. B, C The expression of IL-1p and IL-18 in HCMs. D, E The concentrations of IL-1 and IL-18 in HCMs were
evaluated by ELISA. F Western blotting analyzed the protein levels. Every group has 6 Wister rats. *P < 0.05, **P < 0.01, ***P < 0.001.

were significantly increased by negatively regulating its target genes
HSP60 and HSP70%°. Additionally, miR-27a-5p was related to liver
ischemia-reperfusion injury and miR-27a-5p overexpression may
alleviate cell apoptosis in H/R injury by targeting Bach1 in vitro®°. H/
R treatment regulated the expression of some miRNAs. MiR-148b-3p
was involved in regulating H/R-induced injury of cardiomyocytes
in vitro through modulating SIRT7/p53 signaling®'. The expression of
miR-148b-3p was induced by H/R treatment, and miR-148b-3p
interference alleviated H/R injury®'. As a tumor suppressive, miR-185
was a key mediator to hypoxia in the cellular response, which
directly affected angiogenesis®’. MiR-185 was poorly expressed in
myocardial tissues, and alleviated cardiomyocytes apoptosis by
regulating the expression of SOCS2'. In the current study, the
expression of miR-185-5p was decreased after H/R treatment. miR-
185-5p was confirmed a target gene of ROR. Inhibition of miR-185-
5p counteracted the effect of ROR knockdown in H/R-induced
HCMs, Moreover, our results demonstrated that miR-185-5p
inhibited H/R-induced pyroptosis and inflammation.

Laboratory Investigation (2022) 102:505-514

The cell cycle kinase CDK6 is a cyclin-dependent kinase id s
transcriptional regulator with distinct properties from its closely
homologous CDK4B33”, CDK6 may regulate the transcription of
many genes on basis of its kinase activity>®. It has been reported that
miR-1 improved myocardial hypertrophy by mediating down-
regulation of CDK6>>. Studies also showed that trypanosine A
regulated the HCM cell cycle by inducing miR-129-5p to inhibit the
expression of CDK6 in HCM cardiomyocytes™. Similarly, our findings
revealed that CDK6 overexpression reversed the down-regulation of
LDH activity and inflammatory factors induced by miR-185-5p mimics
in HCMs under H/R exposure. Overall, we demonstrated that CDK6
functions as a pro-inflammatory mediator in HCMs induced by H/R,
and that miR-185-5p attenuated the inflammatory response and
pyroptosis by suppressing the expression of CDK6.

In conclusion, the ROR/miR-185-5p/CDK6 axis was closely
related to the regulation of inflammatory and pyroptosis induced
by H/R in HCMs. Our study, therefore, provides potential
therapeutic targets for MIRI.
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