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Qishen Yiqi dropping pills improve cardiomyocyte hypertrophy via
the IncRNA TINCR/miR-193b-3p/RORA axis
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Background: This study was designed to explore the therapeutic effect and mechanism of action of
Qishen Yiqi dropping pills (QYDP) in chronic heart failure (CHF) via a long non-coding RNA (IncRNA)-
microRNA (miRNA)-messenger RNA (mRNA) axis. Here, the mechanism of action of the IncRNA terminal
differentiation-induced non-coding RNA (TINCR), miR-193b-3p, and RAR-related orphan receptor A
(RORA) mRNA was analyzed in an angiotensin (Ang) II-induced H9C2 cardiomyocyte hypertrophy model
treated with QYDP.

Methods: Reverse transcription-quantitative polymerase chain reaction (RT-qPCR) was used to analyze
the gene expression changes of IncRNA, miRNA, and mRNA in H9C2 induced by QYDP on Ang II. The
Gene Expression Omnibus (GEO) was used to analyze differentially expressed genes (DEGs) potentially
affecting CHF progression. Cell Counting Kit-8 (CCK-8) was used to analyze the effect of QYDP on the
proliferation of H9C2, RNA pull-down was used to analyze the binding of IncRNA and miRNA, and dual
luciferase was used to analyze the targeting of miRNA and IncRNA or mRNA.

Results: Ang IT induced TINCR and RORA downregulation, miR-193b-3p upregulation, and hypertrophy
in the H9C2 cardiomyocytes, which were alleviated by QYDP. In contrast, TINCR inhibition reversed the
effects of QYDP by increasing miR-193b-3p expression and downregulating RORA expression. According
to subsequent double luciferase and RNA pull-down experiments, TINCR adsorbed miR-193b-3p by acting
as a competitive endogenous RNA sponge and miR-193b-3p directly targeted RORA. Lastly, we showed that
the Ang-II-induced inhibition of TINCR and RORA expression and promotion of cardiac hypertrophy were
both reversed by a TINCR overexpression plasmid (ov-TINCR), whereas the effects of ov-TINCR were
suppressed by a miR-193b-3p mimic.

Conclusions: Administration of QYDP improves Ang II-induced H9C2 cardiomyocyte hypertrophy and
increase cell proliferation rate through the TINCR/miR-193b-3p/RORA axis.
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Introduction

Owing to the persistent increase in the morbidity and
mortality associated with chronic heart failure (CHF), it
is currently considered one of the most serious diseases
and poses a major threat to affected individuals (1-3). To
date, effective drugs for CHF have not been discovered on
account of inadequate information on CHF pathogenesis.
However, several studies have demonstrated the potential
of angiotensin II (Ang II) as an inducer of H9C2 rat
cardiomyocyte hypertrophy that promotes apoptosis and
reduces cell growth, which can help develop a model of
cardiac hypertrophy for laboratory investigations (4,5).
Therefore, this model can be used to study the molecular
mechanisms underlying CHF in vitro. However, the
mechanism of action of IncRNA TINCR in CHF is still
unclear.

Traditional Chinese medicine (TCM) is a viable
treatment option for CHF due to its low toxicity and
physical conditioning potential (6,7). In China, Qishen
Yiqi dropping pills (QYDP) [composed of Astragalus
membranaceus (Huang qi), Salviae miltiorrbiza (Dan shen),
Panax notoginseng (Ren shen), and Lignum dalbergiae
odoriferae (Jiang xiang) oil] have been used traditionally for
treating cardiovascular diseases (8,9), similar to that for
several other TCMs [such as the Qili Qiangxin capsule (10)
and Tongsaimai tablet (11)], the mechanism of action and
therapeutic effects of QYDP remain unclear.

Reportedly, long non-coding RNAs (IncRNAs) have
a close relationship with various cardiovascular diseases,
including CHF (12). Findings from several studies have
confirmed that the IncRNA terminal differentiation-induced
non-coding RNA (TINCR) promotes the development of
cancer cells, such as bladder cancer (13) and gastric cancer
cells (14). In a study by Li ez al., low expression of TINCR
was shown to result in cardiomyocyte hypertrophy (15).

Small non-coding RNAs, such as microRNAs (miRINAs),
act as powerful mediators in multiple diseases, including
cardiovascular diseases (16). The expression of miR-193b-
3p, one of the several known miRNAs, can be regulated to
control the activity and migration of various types of cancer
cells, such as breast cancer (17) and ovarian cancer (18) cells.
In addition, Lai er al. (19) demonstrated the therapeutic
potential of miR-193b-3p in several diseases of the central
nervous system.

The potential of messenger RNAs (nRNAs) in the
treatment of genetic diseases and the development of
vaccines or gene editing strategies has been demonstrated
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and is mostly attributed to their safe and effective protein
expression profile (20). The RAR-related orphan receptor
A (RORA) mRNA was found to exert effects in human
developmental disorders (e.g., autism) (21), neurological
disorders (such as bipolar disorder) (22), and respiratory
diseases (e.g., asthma) (23). The close association between
RORA expression and CHF development was demonstrated
by Miyazaki et al. (24).

In this study, the interaction among TINCR, miR-193b-
3p, and RORA was investigated to explore the potential
mechanism by which QYDP protects rat cardiomyocytes
from Ang II-induced hypertrophy. We believe our
findings provide important theoretical, pharmacological,
and molecular biological information necessary for the
treatment of CHE. We present the following article in
accordance with the MDAR reporting checklist (available
at https://jtd.amegroups.com/article/view/10.21037/jtd-22-
1322/rc).

Methods
Gene Expression Omnibus (GEO) dataset analysis

Differentially expressed miRNAs were obtained from the
GEO sample GSE106547 and divided into two groups:
normal group (n=3) and heart failure group (n=3). The
differentially expressed mRINAs were obtained from sample
GSE16624, which was divided into two groups: normal
group (n=3) and heart failure group (n=3). The miRNAs/
mRNAs that met the criterion P<0.05 and log, | fold change
(FC)I 22 were regarded as differentially expressed and used
to draw a heatmap. The BiBiServ database (https://bibiserv.
cebitec.uni-bielefeld.de/genefisher2/) and TargetScan
database (http://www.targetscan.org/vert_72/) were utilized
to predict the binding sites of IncRNA/miRNA/mRNA.
Raw data (GSE106547 and GSE16624) were download
from the GEO website (https://www.ncbi.nlm.nih.gov/

geo/).

Cell culture and transfection

After being purchased from the American Type Culture
Collection (ATCC, Manassas, VA, USA), H9C2 rat
cardiomyocytes were cultivated in Dulbecco’s modified
Eagle’s medium (Gibco, Thermo Fisher Scientific, Inc.,
Waltham, MA, USA), and cultured with 10% fetal bovine
serum (FBS) at 37 °C and 5% CO,. Once the cells reached
60-80% confluence, a small interfering (si) IncRNA
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TINCR (si-TINCR) or IncRNA TINCR overexpression
plasmid (ov-TINCR) (each 100 nM), miR-193b-3p mimic
or inhibitor (each 50 nM), and their negative controls (NCs)
were transfected into H9C2 cardiomyocytes by treatment
with Lipofectamine® 2000 (Invitrogen, Thermo Fisher
Scientific, Inc.) for 4 hours. The H9C2 cells were pretreated
with different concentrations of QYDP (0, 10, 50, 100, 250,
and 500 pg/mL) as described in our previous study (25), and
then stimulated with Ang II (0.1 M; Millipore, Billerica, MA,
USA) for 24 hours, as described in a previous study (26).
GenePharma Biotechnology Co., Ltd., (Shanghai, China)
synthesized the IncRNA TINCR and miR-193b-3p
mimic/inhibitor. The primer sequences for TINCR, miR-
193b-3p, and RORA were as follows: si-TINCR-1-F,
5'-GGUUGCUAUAAACGUGCAACU-3', si-TINCR-
I-R, 5'-UUGCACGUUUAUAGCAACCUG-3"; si-
TINCR-2-F, 5'-ACCUUAGCGUGUUCAGAAAUA-3",
si-TINCR-2-R, 5'-UUUCUGAACACGCUAAGG
UUG-3"; si-TINCR-3-F, 5'-AAGUGUUUCAGCAC
GUGUAUU-3', si-TINCR-3-R, 5'-UACACGUGCUG
AAACACUUUG-3"; si-NC-F, 5'-UUCUCCGAACG
UGUCACGUTT-3", si-NC-R, 5'-ACGUGACACGU
UCGGAGAATT-3"; miR-193b-3p mimic, 5'-AACUG
GCCCACAAAGUCCC-3"; miR-193b-3p mimic NC,
5'-GCUCCCAUCAGCCACAAGA-3"; miR-193b-
3p inhibitor, 5'-GGGACUUUGTGGGCCAGUU-3";
miR-193b-3p inhibitor NC, 5'-CAGUACUUUUG
UGUAGUACAA-3'.

Hematoxylin-eosin (HE) staining

HO9C2 cells were seeded in 6-well plates for cell round
coverslip experiment and fixed with 4% paraformaldehyde
(Solarbio Science & Technology Co., Ltd.) after 12 hours.
After washing twice with PBS, H9C2 cells were stained with
hematoxylin (Solarbio Science & Technology Co., Ltd.)
at 23x2 °C, for 4 min, followed by staining with eosin for
90 s, according to the manufacturer's instructions. Then,
sections were observed under a light microscope (Olympus
Corporation, Tokyo, Japan; magnification, x200).

Cell Counting Kit-8 (CCK-8) assay

The H9C2 cardiomyocytes were seeded in 96-well plates
at 2.5x10° cells/well and cultured for 24-72 hours. An
enzyme-labeled instrument (Thermo Fisher Scientific, Inc.)
was used to measure the optical density (490 nM) every
24 hours after treatment with the CCK-8 reagent (Solarbio
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Science & Technology Co., Ltd., Beijing, China), based on
the manufacturers’ instructions.

RNA pull-down assay

Lipofectamine® 2000 was used to transfect biotinylated
TINCR (Bio-TINCR and Bio-TINCR-Mut), biotinylated
miR-193b-3p (Bio-miR-193b-3p and Bio-miR-193b-3p-
Mut), and their NCs (Bio-NC or Bio-miR-NC) into H9C2
cells. Then, reverse transcription quantitative polymerase
chain reaction (RT-qPCR) was performed for quantitative
analysis 10 minutes later when the cell lysate was incubated
with Dynabeads M-280 Streptavidin (Invitrogen, Carlsbad,
CA, USA) on ice, as described above. Biotinylated RNA was
obtained from Sangon Biotech Co., Ltd. (Shanghai, China).

RNA binding protein immunoprecipitation assay

According to the manufacturer’s instructions for
the radioimmunoprecipitation (RIP) kit (Millipore),
radioimmunoprecipitation assay (RIPA) lysis buffer
(Solarbio Science & Technology Co., Ltd.) was added to
H9C2 cells for 30 minutes, and 5 pg Argonaute 2 (AGO2)
or immunoglobulin G (IgG) antibodies were incubated
with magnetic beads for 30 minutes at 20 °C. Subsequently,
it was co-incubated with cell lysate for 4 hours at 4 °C and
protease K was added at 55 °C for 30 minutes before RNA
was extracted as described above. Finally, RT-qPCR analysis
was performed.

RT-qPCR assays

TRIzol reagent (Invitrogen) was used to extract total
RNA from H9C2 cardiomyocytes. The supernatant
was discarded after centrifugation at 12,000 xg (4 °C,
10 min), and the pellet was suspended in 10 pL of
diethyl pyrocarbonate (DEPC) water (Invitrogen),
then the PrimeScript RT kit (Takara Bio, Japan) was
used to perform reverse transcription. The SYBR®
Premix Ex TaqTM II kit (Takara) was used for RT-
qPCR analysis with the Applied Biosystems® 7500 Real-
Time PCR system (Applied Biosystems, Foster City,
CA, USA). The cycling conditions for polymerase chain
reaction were as follows: 95 °C for 10 minutes, 55 °C for
2 minutes, 72 °C for 2 minutes, and 40 cycles of 95 °C
for 15 seconds and 60 °C for 32 seconds. The following
sequences of the primer pairs were used: TINCR-F,
5'-AAGCTCTCCAGTCAACAGGC-3', TINCR-R,
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5'-AAGCTCTCCAGTCAACAGGC-3"; miR-193b-3p-F,
5'-ACACTCCAGCTGGGAACTGGCCCACAA-3',
miR-193b-3p-R, 5'-CTCAACTGGTGTCGTGGA-3";
RORA-F, 5'-CATCTCCGCCGATCTCTACA-3",
RORA-R, 5'-GTGACTGAGATACCTCGGCTG-3";
U6-F, 5'-CTCGCTTCGGCAGCACA-3', U6-R,
S'-AACGCTTCACGAATTTGCGT-3"; B-actin-F,
5'-CACCCGCGAGTACAACCTTC-3", B-actin-R,
5'-CCCATACCCACCATCACACC-3'". By using the 27**“
method (27), the RNA levels were normalized to those of
B-actin or U6 and calculated.

Western blotting

According to the manufacturer’ instructions, we used a lysis
buffer (Solarbio Science & Technology Co., Ltd.) to lyse
H9C2 cells, and measured the protein concentration by the
bicinchoninic acid (BCA) protein assay kit (Solarbio Science
& Technology Co., Ltd.). To separate the proteins (20 pg),
sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE; 10%) was performed, and then the proteins
were transferred to polyvinylidene fluoride (PVDF)
membranes (EMD Millipore), which were rinsed with
Tris buffered saline + 0.05% Tween 20 (Solarbio Science
& Technology Co., Ltd.), blocked with 5% bovine serum
albumin (BSA; Solarbio Science & Technology Co., Ltd.),
and treated overnight (4 °C) with an anti-RORA (1:1,000;
ab267787; Abcam, Cambridge, AM, USA) antibody (used as
the primary antibody). Then, the membranes were taken as
a secondary antibody (goat anti-rabbit; 1:1,000; ab205718;
Abcam) for 2 hours at 23+2 °C, and an anti-GAPDH
antibody (1:10,000; cat. No. ab181602; Abcam) was used as
the loading control.

Luciferase reporter assay

As TargetScan and BiBiServ databases’ combined prediction
results, miR-193b-3p can bind to TINCR and RORA. For
constructing the recombinant luciferase reporter vector, the
sequences of the RORA and TINCR were inserted into the
pmirGLO vector (Promega Corp., Madison, WI, USA).
To construct the mutant (mut) TINCR and mut RORA
plasmids, the core sequence of the miR-193b-3p-binding
sites were mutated. Then, the wild-type (WT) and mut
pmirGLO plasmids were co-transfected into H9C2 cells
with the miR-193b-3p mimic NC or miR-193b-3p mimic
by Lipofectamine® 2000. An enzyme-labeled instrument
was used to measure luciferase activity, and we used the
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ratio of firefly luciferase activity to Renilla luciferase activity
to normalize the values of firefly luciferase activity.

Statistical analysis

Data were presented as means = standard deviations from
triplicates. Based on one-way analysis of variance (ANOVA)
and Bonferroni’s post-hoc test, statistical analysis was
performed. A Student’s #-test was used for independent two-

group analyses. Differences were considered significant at
P<0.05.

Results

QYDP regulates the proliferation and surface area of
HYIC?2 cardiomyocytes through TINCR

As observed in the CCK-8 assay, the proliferation of
H9C2 cardiomyocytes decreased in response to treatment
with 250 and 500 pg/mL QYDP (Figure 1A4), but not
with QYDP administered at lower concentrations (0, 10,
50, and 100 pg/mL), suggesting that at a concentration
equal to or more than 250 pg/mL (for 4 h), QYDP
hindered the proliferation of H9C2 cardiomyocytes.
To prevent interference in cell proliferation at excess
QYDP concentrations, we selected 100 pg/mL of QYDP
administered for 4 hours as the treatment condition for the
subsequent experiments. Next, H9C2 cardiomyocytes were
treated with Ang II to develop the cardiac hypertrophy
model. After Ang II treatment, the expression of TINCR
in H9C2 cardiomyocytes was significantly reduced
(Figure 1B), and the surface area increased (Figure 1C).
After QYDP (0, 10, 50, and 100 pg/mL) treatment, the
expression of TINCR was up-regulated and the surface
area of the cells decreased. These results suggest that
TINCR may be involved in the process of cardiomyocyte
hypertrophy.

TINCR inbibition reverses the effects of QYDP

To further explore the association between TINCR
expression and QYDP, we constructed three si-TINCR
sequences to inhibit TINCR expression and transfected
H9C2 cardiomyocytes with these. According to the result
of RT-qPCR experiments, the expression of TINCR
was downregulated in the si-TINCR transfection group
(Figure 1D), indicating the successful synthesis of si-
TINCR. Of note, si-TINCR-1 exhibited the greatest
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Figure 1 QYDP regulates the proliferation and surface area of HOC2 cardiomyocytes via the IncRNA TINCR (A) The CCK-8 assay was performed to
evaluate the effects of QYDP treatment on the proliferation rate of H9C2 cardiomyocytes. (B) RT-qPCR analysis of the effects of QYDP on TINCR
expression in HIC2 cells. (C) The effects of QYDP on the surface area of H9C2 cardiomyocytes. HE staining; magnification: x400. (D) RT-gPCR
analysis of the inhibition efficiency of si-TINCR. (E) The effect of si-TINCR on the surface area of Ang II-induced H9C2 cardiomyocytes. HE staining;
magnification: x400. *P<0.05. TINCR, terminal differentiation-induced non-coding RNA; si-NC, small interfering negative control; si-TTNCR, small
interfering TINCR; QYDP, Qishen Yiqi dropping pills; IncRINA, long non-coding RNA; CCK-8, Cell Counting Kit-8; RT-qPCR, reverse transcription-

quantitative polymerase chain reaction; HE, hematoxylin-eosin.

inhibition efficiency; hence, it was the TINCR inhibitor
used in the subsequent experiments. The surface area of
H9C2 cardiomyocytes increased significantly in the si-
TINCR transfection group (Figure 1E). The findings
suggested that QYDP improved Ang II-induced H9C2
cardiomyocyte hypertrophy, and TINCR inhibition
reversed the effects of QYDP.

TINCR is bound to miR-193b-3p

Through GEO data analysis of the sample (GSE106547),
it was found that 25 miRNNAs were differentially expressed
(Figure 24). Subsequently, upon analyzing the miRNAs
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bound to TINCR using the BiBiServ database, it showed
that miR-193b-3p is closely associated with TINCR
(Figure 2B). The subsequent RT-qPCR results showed
that the expression of miR-193b-3p increased after Ang
II induction, and gradually decreased under the action of
QYDP (Figure 2C). Additionally, the dual luciferase analysis
showed that following the co-transfection of miR-193b-
3p and TINCR, the fluorescence intensity of the cells in
the WT TINCR + mimic group decreased significantly
compared to that of the cells in the WT TINCR + mimic
NC group (P<0.05). However, there was no significant
change in the fluorescence intensity between the Mut
TINCR + mimic NC group and the Mut TINCR + mimic
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Figure 2 TINCR acts as a sponge by adsorbing miR-193b-3p. (A) GEO analyzed the differentially expressed miRINAs in the sample (GSE106547).
(B) The BiBiServ database was scanned to screen miRINAs downstream of TINCR. (C) RT-qPCR analysis of the effects of QYDP on miR-193b-3p
expression in HIC2 cells. (D) Dual luciferase assay for analysis of the binding between TINCR and miR-193b-3p. (E,F) RNA pull-down analysis of the
binding between TINCR and miR-193b-3p. (G,H) RT-qPCR analysis of the effect of si-TINCR on the expression of miR-193b-3p (G), and the effect of
a miR-193b-3p inhibitor on the expression of TINCR (H). *P<0.05. NC, negative control; TINCR, terminal differentiation-induced non-coding RNA;
WT, wild-type; mut, mutant; Bio-NC, biotinylated negative control; Bio-TINCR, biotinylated TINCR; si-NC, small interfering negative control; si-
TINCR, small interfering TINCR; GEO, Gene Expression Omnibus; miRNAs, microRNAs; RT-qPCR, reverse transcription quanttative polymerase
chain reaction; QYDP, Qishen Yiqi dropping pills.
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putative target genes of miR-193b-3p. (C) Dual luciferase analysis of the binding between miR-193b-3p and RORA. (D) RIP analyzes the
enrichment of miR-193b-3p and RORA. (E) RT-qPCR analysis of the effects of QYDP treatment and TINCR on the expression of miR-
193b-3p. (F) Western blot analysis of the effects of QYDP treatment and TINCR on the levels of RORA protein. (G) RT-qPCR analysis
of the effects of QYDP on RORA expression in HOC2 cells. * P<0.05, Different concentrations of QYDP wvs. Ang II group; *P<0.05, si-
TINCR group vs. si-NC group. RORA, RAR-related orphan receptor A; NC, negative control; W, wild-type; mut, mutant; si-NC, small
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group (P>0.05) (Figure 2D). The RNA pull-down assay
showed that TINCR and miR-193b-3p expression in H9C2
cardiomyocytes was evidently higher in the WT groups
than in the control and MUT groups (Figure 2E,2F). In
addition, RT-qPCR analysis revealed that si-TINCR
transfection promoted miR-193b-3p expression, but the
miR-193b-3p inhibitor exerted no significant effect on
TINCR expression (Figure 2G,2H). We speculated that
TINCR adsorbed miR-193b-3p by acting as a competitive
endogenous RNA (ceRNA) sponge. However, the effects on
the downstream targets remained unclear.

miR-193b-3p directly targets RORA

Through the GEO data analysis of the sample (GSE16624),
it was found that there were 337 differentially expressed
mRNAs (Figure 34). The TargetScan database revealed that
there were 190 hypothetical target genes downstream of
miR-193b-3p. The collection of the two databases has only
one gene, which is RORA (Figure 3B); we chose RORA to
do further research on molecular mechanism. As observed
in the double luciferase assay, the fluorescence intensity in
the WT RORA + mimic NC group was evidently lower
than that in the WT RORA + mimic group (P<0.05). The
fluorescence intensity in the MUT RORA+ mimic group
showed no significant difference (P>0.05) with that in the
MUT RORA+ mimic NC group (Figure 3C). The RIP
results showed that in H9C2 cells, the enrichment degree
of miR-140-3p and PIK3CA in AGO2 group was higher
than that of IgG in control group (Figure 3D). These results
demonstrated that miR-193b-3p directly targets RORA.

QYDP improves Ang Il-induced damage through the
TINCR/miR-193b-3p axis

To further investigate the mechanism by which TINCR/
miR-193b-3p enhances the effects of QYDP in Ang II-
induced hypertrophy, we treated the Ang II-induced H9C2
cardiomyocytes with QYDP and si-TINCR simultaneously.
Based on the RT-qPCR and western blotting experiments’
results, Ang II induced and promoted the expression of
miR-193b-3p (Figure 3E) and reduced the expression of
RORA protein (Figure 3F). Treatment with QYDP reversed
the effects induced by Ang II, whereas the inhibition of
TINCR negated the effects of QYDP. In addition, Ang II
induction also led to a decrease in the expression of RORA,
and QYDP treatment promoted the recovery of RORA
levels (Figure 3G).
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For further investigation of the mechanism of action of
TINCR and miR-193b-3p, we constructed the TINCR
overexpression plasmid ov-TINCR and transfected
H9C2 cardiomyocytes with it. The expression of TINCR
increased in the ov-TINCR transfection group (Figure 4A).
This indicated the successful construction of ov-TINCR.
To confirm the interaction among TINCR, miR-193b-
3p, and RORA, we co-transfected a RORA overexpression
plasmid with an miR-193b-3p mimic. Ang II induced the
downregulation of TINCR (Figure 4B), upregulation of
miR-193b-3p (Figure 4C), the decrease of RORA protein
levels (Figure 4D), and expansion of the surface area of
H9C2 cardiomyocytes (Figure 4E), but ov-TINCR reversed
the effects of Ang II induction. However, the miR-193b-
3p mimic negated the effects of ov-TINCR. Above all, the
interconnectedness in the regulation of TINCR, miR-193b-
3p, and RORA was indicated.

In conclusion, QYDP improved H9C2 cardiomyocyte
hypertrophy and increase cell proliferation rate through the
TINCR/miR-193b-3p/RORA axis.

Discussion

An increasing number of patients face the risk of CHF
development, and healthcare systems worldwide are
aiming for a better understanding of CHF pathology and
its treatment (28-30). The therapeutic effects of TCM or
TCM extracts in cardiovascular diseases (e.g., coronary
heart disease and hypertension) (31) have been investigated
in several studies, and TCM or TCM extracts have
been shown to stabilize the physiological conditions of
patients and improve cardiac function (32). In this study,
we investigated the function and potential mechanism
of action of a TCM in a CHF model. Among different
TCMs, Dalbergia otoginsen was shown to suppress angina
pectoris (33), Salvia otoginsenge was shown to exhibit nerve-
protecting effects (34), and Panax otoginseng was shown
to suppress apoptosis (10). These three TCMs are also
the primary components of QYDP. Therefore, QYDP
could be an effective drug for CHF. In addition, this study
also showed that QYDP alleviated the downregulation of
TINCR expression and H9C2 cardiomyocyte hypertrophy
induced by Ang II. This result is similar to that reported by
Qiu ez al. (35). Our results showed that QYDP improved
Ang II-induced H9C2 cardiomyocyte damage, which was
reversed upon the downregulation of TINCR, which is
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Figure 4 QYDP regulates the TINCR/miR-193b-3p/RORA axis. (A) RT-qPCR verifies the effectiveness of RORA overexpression plasmid. (B) RT-
qPCR analysis of the effects of ov-TINCR and miR-193b-3p mimic on the expression of TINCR. (C) RT-qPCR analysis of the effects of ov-TINCR and
miR-193b-3p mimic on the expression of miR-193b-3p. (D) Western blot analysis of the effects of ov-TINCR and miR-193b-3p mimic on the levels of
RORA protein. (E) ov-TINCR and miR-193b-3p mimic act synergistically to alter the surface area of HOC2 cardiomyocytes. HE staining; magnification:

x400. *P<0.05, ov-TINCR group vs. ov-NC group; "P<0.05, ov-TINCR + mimic group vs. ov-TINCR + mimic NC group. ns, no significant difference:

ov-TINCR + mimic group vs. ov-TINCR + mimic NC group. RORA, RAR-related orphan receptor A; ov-INC, overexpression plasmid negative
control; ov-RORA, overexpression plasmid RORA; TINCR, terminal differentiaton-induced non-coding RNA; GAPDH, glyceraldehyde-3-phosphate
dehydrogenase; QYDP, Qishen Yiqi dropping pills; RT-qPCR, reverse transcription quantitative polymerase chain reaction.
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similar to those reported by Zhang et al. (36). The findings
of this study suggested that QYDP improved H9C2
cardiomyocyte hypertrophy by upregulating TINCR
expression.

To further understand the role of TINCR in the
protective effect of QYDP on H9C2 cardiomyocytes,
we explored the regulation of downstream miRNAs and
mRNAs by TINCR. Our findings confirmed for the first
time that TINCR acts as a ceRNA sponge by adsorbing
miR-193b-3p. Subsequently, miR-193b-3p was found to
directly target RORA and regulate its transcription and
translation. It was revealed that QYDP upregulated TINCR
expression and improved cardiomyocyte hypertrophy,
possibly through the TINCR/miR-193b-3p/RORA axis. In
subsequent cell experiments, the low expression of TINCR
increased the miR-193b-3p levels, decreased RORA
expression, promoted H9C2 cardiomyocyte hypertrophy,
and reversed the protective effects of QYDP, which further
confirmed our hypothesis. Additionally, the miR-193b-3p
mimic reversed the effects of TINCR overexpression. The
RIP experiment also confirmed that AGO?2 enriched miR-
193b-3p and RORA to a much higher degree than IgG.
Based on these findings, we confirmed that QYDP improves
H9C2 cardiomyocyte hypertrophy through the TINCR/
miR-193b-3p/RORA axis.

This study had certain limitations. First, the effect of
QYDP on Ang II-induced cardiomyocyte hypertrophy was
not analyzed in an animal model. Second, we did not conduct
a thorough analysis of the downstream signal transduction
affected by the TINCR/miR-193b-3p/RORA axis.

In conclusion, QYDP was shown to protect H9C2
cardiomyocytes from Ang II-induced hypertrophy through
the TINCR/miR-193b-3p/RORA axis. Our findings
confirmed the effectiveness of QYDP in the treatment of
CHEF and may serve as the pharmacological and molecular
biological basis for the treatment of CHF using TCM.
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