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ABSTRACT
Background and Objective: The  miRNAs play an important regulatory role in resistin-induced cardiac
hypertrophy.  The  purpose  of  this  experiment  was  to   investigate  the  effect  of  resistin-induced
myocardial  hypertrophy  in  H9c2  cardiomyocytes  by  inhibiting  the  expression  of  miR-489-3p.
Materials and Methods: After treatment with resistin or resistin plus miR-489-3p mimic, Image J was used
to measure cell surface area. The BCA method and cell counting were used to measure protein synthesis.
RT-qPCR was used to measure the relative expression levels of atrial natriuretic factor (ANF), brain
natriuretic  factor  (BNF)  and  miR-489-3p.  Results:  Overexpression  of  the  miR-489-3p  reduced
resistin-induced increase in cardiomyocyte area. Overexpression of miR-489-3p attenuated protein
synthesis induced by resistin. Overexpression of miR-489-3p decreased the relative expression of cardiac
hypertrophy marker ANF and BNF increased by resistin. Resistin inhibited the expression of miR-489-3p.
Conclusion: Resistin induces cardiomyocyte hypertrophy by inhibiting the  expression  of  miR-489-3p.
This study provides a theoretical basis for further research on the role of miRNA in resistin-induced
cardiomyocyte hypertrophy.
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INTRODUCTION
Heart failure (HF) is a chronic progressive clinical syndrome caused by abnormalities in the structure or
function of the heart, resulting in impaired ventricular filling or ejection function, clinically manifested by
dyspnea, fatigue and fluid retention, ultimately leading to cardiac exhaustion1,2. Cardiac hypertrophy, an
early pathological change in heart failure, is a response to increased load-induced ventricular wall pressure
to maintain cardiac output and persistent myocardial hypertrophy eventually leads to decompensation3,4.
There are many reasons for myocardial hypertrophy, such as angiotensin II5, stress-induced6 or mediated
by certain chemical substances7. Some adipokines are independent risk factors for cardiac hypertrophy8,9.
Resistin is a cysteine-rich polypeptide, a member of adipokines with hormone-like activity and acts as an 
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important signaling molecule in physiological and pathological processes such as obesity and metabolic
syndrome10. Rodent resistin is mainly secreted by adipose tissue11. Different from rodents, human resistin
is  mainly  from  inflammatory  cells12.  Serum  resistin  is  mainly  secreted  by  macrophages  and
monocytes. In recent years, it has been suggested that resistin in humans may play an important role in
the occurrence and development of cardiovascular events13,14. In a prospective study, intermediate-term
mortality in patients undergoing coronary artery bypass therapy was found to be associated with resistin
concentrations in perivascular adipose tissue15. Zhang et al.16 pointed out in a meta-analysis of the
relationship between serum resistin concentration and hypertension that serum resistin levels in
hypertensive patients were higher than those in normotensive controls, suggesting that resistin may be
a risk factor for hypertension. Singh et al.17 reported that resistin induces cardiomyocytes to differentiate
from fibroblasts into myofibroblasts via JNK/C-jun and JAK/STAT3 signaling pathways. Therefore, it is of
great significance to clarify the signaling pathway of resistin-induced cardiomyocyte hypertrophy and its
molecular mechanism for the prevention and improvement of cardiac hypertrophy.

The miRNAs  are  involved  in  the  regulation  of various pathophysiological processes of cardiomyocytes.
They can affect the occurrence and development of cardiac diseases by regulating target proteins involved
in the molecular pathways of excessive oxidative stress, apoptosis molecular pathways and endothelial
cell dysfunction molecular pathways18,19. The miR-489-3p is a newly discovered small RNA closely related
to cell proliferation, involved in muscle stem cell differentiation, invasion and migration of non-small cell
lung cancer20 and also involved in the occurrence of various heart diseases, such as atherosclerosis,
hypertrophic cardiomyopathy, heart failure and cardiac cachexia21. Recently, experimental studies indicate
that miR-489-3p has an anti-cardiac hypertrophy effect in the study of aortic valve stenosis and
hypertension-induced myocardial hypertrophy22. Yang et al.23 found that miRNA-489-3p could inhibit
isoproterenol-induced cardiac fibrosis by  downregulating  histone  deacetylase  2.  However,  whether
miR-489-3p is involved in resistin-induced cardiomyocyte hypertrophy remains unclear. Therefore, the
purpose of this study was to determine whether miR-489-3p was involved in resistin-induced
cardiomyocyte hypertrophy.

MATERIALS AND METHODS
Reagents and solutions: This study was conducted from March 1, 2021 to March 1, 2022, in the
Molecular Cancer Laboratory of People’s Hospital Affiliated  with  Inner  Mongolia  Medical  University.
The rat H9c2 cell line was purchased  from China Concord Cell Bank (Beijing, China). Human Resistin was
purchased  from  Peprotech  Company  (Rocky  Hill,   New   Jersey   and   United   States   of   America).
The miR-489-3p Mimic  was  provided  by  Ruibo   Company   (Guangzhou,   Guangdong   and   China). 
The  ANF,  BNF  and miR-489-3p primers were designed and synthesized by Shanghai Sangon (Shanghai,
China). The RNA extraction kits and reverse transcription kits were provided by Quanshijin Company
(Beijing, China).

Cell culture and grouping: The H9c2 cardiomyocytes were cultured in a high-glucose complete medium
containing 10% FBS. The medium was replaced every two to three days. When cells grew to 80-90%, they
were divided into four groups. Con group (Control group), Res group (Resistin group), Mimic+Res group
(MiR-489-3p  mimic+resistin  group),  Mimic-NC+Res  group  (Mimic-negative  control+resistin  group).
The 24 hrs after plating, cells were transfected with miR-489-3p mimic for 24 hrs and then replaced with
a starvation medium containing resistin 50 ng mLG1 for 36 hrs.

Determination of cell surface area: After cells were treated with the corresponding drugs for a
predetermined time, the cell morphology was observed under an inverted microscope and 3 different
fields of view were randomly selected to take pictures. The 15 cells were randomly selected in each field
of view and cell surface areas were determined with ImageJ software (1.49 version, NIH, Bethesda,
Maryland, United States of America)24.
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Determination of protein synthesis: Cells in each group were treated with different drugs for a
predetermined  time  and  then  trypsinized  for  3  min.  Cells  were  counted  under  a  microscope (I×51,
Olympus,  Tokyo,  Japan).  The  100  µL of  RIPA  (Strong  RIPA:  PMSF  =  100:  1)  were  added  to  cells.
Cells were lysed on ice  and  centrifuged with   a  high-speed  refrigerated  centrifuge  (DH-20KR, Gallop
Technology, Shanghai, China). The supernatant was aspirated to be measured. The protein concentration
was determined by the BCA method24. A standard curve was drawn according to the known standard
protein concentration and absorbance value. Protein synthesis is expressed single cell protein content.

24
Total cell protein concentration×protein volumeSingle-cell protein content = Total number of cells (unit, ng/cell)

Transfection of miR-489-3p mimic: MiR-489-3p mimic and Mimic-NC dry powder were briefly
centrifuged and dissolved in 250 µL of Rnase-free H2O or sterilized ddH2O to prepare 20 μM of stock
solutions, respectively, which were stored at -80EC refrigerator in aliquot to avoid repeated freezing and
thawing (no more than five times). Cells were seeded in six-well plates for 24 hrs. When transfecting cells,
5 μL of 20 μM miR-489-3p mimic or Mimic-NC with 120 μL of riboFECT™ CP Buffer was diluted and mixed
gently. The 12 μL of riboFECT™ CP Reagent was added and incubated  at  room  temperature  for 15 min.
The above mixture was added into 1863 μL of DMEM medium and mixed gently to make the final
concentration of miR-489-3p mimic or Mimic-NC 50 nM. After transfection, cells were incubated at 37EC
for 24 hrs. The sequence of miR-489-3p mimic and negative control were as follows:

C miR-489-3p mimic forward, 5'-AUGACAUCACAUAUAUGGCAGC-3' and reverse, 5'-GCUGCCAUAUA
UGUGAUGUCAU-3'

C Mimic-NC forward, 5'-UUUGUACUACACAAAAGUACUG-3' and reverse, 5'-CAGUACUUUUGUGUAGU
ACAAA-3'

RT-qPCR: Total cellular RNA was extracted with the TransZol Up kit. TransScript All-in-One First-Strand
cDNA Synthesis SuperMix for qPCR kit (For ANF,  BNF  reverse  transcription)  and  TransScript  miRNA
First-Strand cDNA Synthesis SuperMix kit (For miR-489-3p reverse transcription) were used for reverse
transcription. PerfectStarTM Green qPCR SuperMix kit was used for amplification. The preparation of the
reaction system was carried out according to the instructions in the kit (Germany). In the PCR instrument
(Analytik jena AG, Jena, Germany), firstly, 94EC for the 30 sec, then 94EC for 5  sec,  cooling  to  60EC  for
30 sec and repeated cycles for 40 times and the fluorescence was captured at the end of 60EC for 30 sec.
RT-qPCR reaction was performed using the ABI OneStep system (Thermo Fisher Scientific Inc. Waltham,
Morocco, United States of America). The expression of miR-489-3p took  U6  as  the  internal  reference.
The expressions of ANF and BNF took GAPDH as the internal reference. The relative expression levels were
calculated using 2GΔΔCT. The kits used were purchased from Beijing Quanzhijin Co., Ltd. (Beijing, China).
The primers were designed as follows:

BNF-F: 5'-ACAATCCACGATGCAGAAGC-3'
BNF-R: 5'-TAGGGCCTTGGTCCTTTGAG-3'
ANF-F: 5'-CGGACAAAGGCTGAGAGAGA-3'
ANF-R: 5'-ACCGCACTGTATACGGGATT-3'
miR-489-3p-F: 5'-CATGACATCACATATATGGCAGC-3'
miR-489-3p-R: 5'-ATCCAGTGCAGGGTCCGAGG-3'

Statistical analysis: All experimental data were analyzed and processed using SPSS 21.0 professional
statistical software and expressed as Mean±Standard deviation. One-way ANOVA was used to compare
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data between multiple groups. Data were compared between two groups using the t-test. The p<0.05
indicated that the difference was statistically significant.  Article  graphs  were  drawn  with  GraphPad
Prism 8.0.

Ethical consideration: This study was conducted using the H9c2 cell line purchased from the company.
This study didn’t involve human rights, animal rights or other related ethics.

RESULTS
Expression of miR-489-3p in resistin-induced cardiomyocyte hypertrophy: Cells were treated with
resistin for 36 hrs. RNA was extracted and reverse transcribed to cDNA for real-time quantitative PCR to
detect the relative expression of miR-489-3p in each experimental group (U6 was used as an internal
reference). Compared with the Con group, the expression of miR-489-3p in the Res group was significantly
decreased (0.5037±0.07961 vs. 1, p<0.01). Mimic+resistin could increase the expression of miR-489-3p
compared   with   the   Res   group   (0.7020±0.07858  vs.  0.5037±0.07961  and  p<0.05).  Whereas,
Mimic-NC+resistin had no difference compared with the Res group (Fig. 1).

Regulatory effect of miR-489-3p in resistin-induced changes in  cardiomyocyte area: After cells were
treated accordingly, the adherent growth of cells was  observed, with a long  spindle  shape, abundant
cytoplasm and differences in the cell surface area. Cell surface areas were as follows. Con group:
77.153±11.341, Res: 236.714±27.861, Mimic+Res group: 120.908±26.144, Mimic-NC+Res group:
217.623±19.197, unit: μm2. Compared with the Con group, the cell surface area of   the Res group was
significantly increased  (p<0.01). Compared with the Res group, the cell surface area of the Mimic+Res
group was significantly lower  than that of   the Res   group (p<0.01). There were no significant differences
in cell surface area between the Res group and the Mimic-NC+Res group (Fig. 2).

Regulatory effect of miR-489-3p in resistin-induced protein synthesis:  Resistin  could induce
increased protein synthesis in cardiomyocytes, which could be improved by overexpression of miR-489-3p.
Cells were treated accordingly for 36 h, protein synthesis was measured.  The  results  were  as  follows:
Con  group:  2.221±0.056,  Res:  3.455±0.171,  Mimic+Res  group:  2.544±0.143,  Minic-NC+Res   group:

Fig. 1: Expression changes of miR-489-3p in H9c2 cardiomyocyte hypertrophy induced by resistin.
*p<0.05 vs. the control group, #p<0.05 vs. the resistin group (n = 3), Con, Control, Res, Resistin,
Mimic+Res, MiR-489-3p mimic+resistin, Mimic-NC+Res and Mimic-negative control+resistin
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Fig. 2: Changes in the surface area of H9c2 cardiomyocyte hypertrophy induced by resistin, *p<0.01 vs.
the control group, #p<0.01 vs. the resistin group (n = 3), Con, Control, Res, Resistin, Mimic+Res,
MiR-489-3p mimic+resistin, Mimic-NC+Res and Mimic-negative control+resistin

Fig. 3: Changes of protein synthesis in resistin-induced hypertrophy of H9c2 cardiomyocytes *p<0.01 vs.
the control group, #p<0.01 vs. the resistin group (n = 3), Con, Control, Res, Resistin, Mimic+Res,
MiR-489-3p mimic+resistin, Mimic-NC+Res and Mimic-negative control+resistin

3.123±0.167 unit: ng/cell. Compared with the Con group, the cellular protein synthesis of the Res group
was significantly increased (p<0.01). The cellular protein synthesis of the Mimic+Res group was
significantly lower than that of the Res group (p<0.01) (Fig. 3).

Regulatory   effect  of  miR-489-3p  in  resistin-induced  cardiomyocyte  hypertrophy  genes:
Resistin could induce increased expression of cardiomyocyte hypertrophy genes in cardiomyocytes, which
could be decreased by overexpression of miR-489-3p. After the cells were treated for 36 hrs, RNA was
extracted and reverse transcribed and real-time quantitative PCR was  performed  to  detect  the  relative
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Fig. 4: Changes   of   relative  ANF  expression  in  H9c2  cardiomyocyte  hypertrophy  induced  by 
resistin, RT-qPCR analysis of ANF mRNA, *p<0.01 vs. the control group, #p<0.01 vs. the resistin
group (n = 3), Con, Control, Res, Resistin, Mimic+Res, MiR-489-3p Mimic+resistin, Mimic-NC+Res
and Mimic-negative control+resistin

Fig. 5: Changes  of  relative  BNF  expression  in  H9c2  cardiomyocyte  hypertrophy  induced  by  resistin,
RT-qPCR analysis of BNF mRNA, *p<0.01 vs. the control  group,  #p<0.01  vs.  the  resistin  group
(n = 3), Con, Control, Res, Resistin, Mimic+Res, MiR-489-3p Mimic+resistin, Mimic-NC+Res and
Mimic-negative control+resistin

expression levels of cardiac hypertrophy marker gene ANF and BNF (GAPDH was used as an internal
reference).  Compared  with  the  Con  group,  the  expression  of  cardiac  hypertrophy  marker  genes
in the Res group was significantly increased (ANF: 4.326±1.433 vs. 1, BNF: 3.661±0.07261 vs.  1. p<0.01).
The  expression  of  ANF  and  BNF  in  the  Mimic+Res  group  was  significantly  decreased  compared
with the Res group (ANF: 1.149±0.1371 vs. 4.326±1.433, BNF: 1.171±0.3372 vs. 3.661±0.07261 and
p<0.01) (Fig. 4 and 5).
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DISCUSSION
In this study, it was found that 50 ng mLG1 resistin could induce cardiomyocyte hypertrophy after 36 hrs.
It increased myocardial cell surface area, protein synthesis and cardiac hypertrophy marker ANF and BNF
expression. miR-489-3p was involved in resistin-induced cardiomyocyte hypertrophy. These findings are
consistent with those of most researchers. Resistin is involved in many life processes such as cellular
energy  metabolism,  proliferation  and  autophagy.  Resistin  is  not  only  expressed  in  adipose  tissue,
liver and tumor tissue but also exists in blood circulation in a free form. Resistin is involved in the
pathogenesis of cardiovascular disease. Plasma resistin levels are closely related to the development of
atherosclerosis, acute myocardial infarction and heart failure25. Resistin is an independent predictor of
adverse cardiovascular events26. Some experiments exhibit that resistin can promote cardiomyocyte
hypertrophy27,28. Previous studies have found that resistin can induce cardiomyocyte hypertrophy, but its
molecular mechanism is still not fully revealed. Liu et al.29  found that resistin-induced H9c2 cardiomyocyte
hypertrophy by inhibiting the LKB1/AMPK signaling pathway. Metformin could stimulate the LKB1/AMPK
signalling pathway to improve cardiomyocyte hypertrophy. Luo et al.30  reported that apelin could reverse
resistin-induced cardiomyocyte hypertrophy by inhibiting the expression of ERK1/2.

In this study, it was found that resistin inhibited the expression of miR-489-3p. Recent studies have
concluded that many miRNAs are involved in the regulation of cardiac hypertrophy31-33 including miR-2234,
miR-133a35 and miR-208a36. Ucar et al.37 found that mice lacking miR-212/132 were protected from
pressure overload-induced heart failure. Overexpression of miR-212/132 resulted in pathological cardiac
hypertrophy, heart failure and even death in mice. Shi et al.38 reported that the expression of miR-26a-5p
was down-regulated in myocardial hypertrophy induced by thoracic aortic coarctation or in angiotensin
II-induced H9c2 cardiomyocyte hypertrophy. Overexpression of miR-26a-5p could alleviate cardiac
hypertrophy by targeting ADAM17. Wang et al.22 found that expression of miR-489-3p was decreased in
angiotensin II-induced cardiomyocyte hypertrophy. miR-489-3p downstream signaling protein was
MyD88. Increasing the expression of miR-489-3p or inhibiting MyD88 expression could reverse
cardiomyocyte hypertrophy. This was consistent with current findings. In this study, it was found that the
expression of miR-489-3p was significantly lower in the resistin group than in the control group.
Myocardial  cell  surface  area,  protein  synthesis  and  cardiac  hypertrophy  gene  expression  were
significantly increased in the resistin group, suggesting that resistin-induced cardiomyocyte hypertrophy.
In contrast, the miR-489-3p mimic+Res group obviously increased the expression of miR-489-3p
compared with the resistin group. MiR-489-3p mimic+Res group significantly decreased cell surface area,
protein synthesis and cardiomyocyte embryonic gene expression. It was suggested that increasing the
expression of miR-489-3p can reverse resistin-induced myocardial hypertrophy.

In this study, the relationship between resistin-induced cardiac hypertrophy and miR-489-3p was
investigated. Resistin-induced cardiomyocyte hypertrophy via inhibiting the expression of miR-489-3p,
which clarified that miR-489-3p may serve as a target for regulating cardiac hypertrophy, laying the
foundation  for  the  prevention  and  treatment  of  resistin-induced  cardiac  hypertrophy  in  the  clinic.
The limitation of this study is that the targets of miR-489-3p were not further investigated. In addition,
it was only studied at the cellular level, lacking animal experiments to validate it from the in vivo level and
more in-depth studies are still needed.

CONCLUSION
In conclusion, resistin inhibited miR-489-3p expression, whereas miR-489-3p suppressed resistin-induced
cardiomyocyte hypertrophy. It was shown that resistin induced cardiomyocyte hypertrophy by suppressing
miR-489-3p expression. This study helps to further investigate the role of miRNAs in resistin-induced
cardiomyocyte hypertrophy and provides new targets and methods for the clinical application of miRNAs
in the treatment of resistin-induced cardiomyocyte hypertrophy.
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SIGNIFICANCE STATEMENT
In this study, the results showed that resistin induced cardiomyocyte hypertrophy by suppressing the
expression  of  miR-489-3p.  It  helps  researchers  to  further  investigate  the  role  of  other   miRNAs
in resistin-induced cardiac hypertrophy. This study may partially elucidate the molecular mechanism of
resistin-induced cardiac hypertrophy and provide new ideas and targets for the treatment of cardiac
hypertrophy and heart failure.
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