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Abstract: Coronary heart disease (CHD) is one of the most vital reasons for death and disability all over the world.
miRNA, as a plasma index, is quite valuable for disease screening and prognosis prediction in CHD. Mining the mo-
lecular mechanism behind miRNA is also helpful for us to find molecular therapeutic strategies. In this research, we
found that the expression of plasma miR-30c¢-5p in CHD patients was obviously lower than that in the control group
(CG), which had a high differential value for CHD. We also discovered that miR-30c-5p was obviously correlated with
clinical characteristics of CHD patients such as age, NYHA grade, smoking history, hypertension, hyperlipidemia, etc.
In prognosis analysis, the miR-30c¢c-5p expression in patients with poor prognosis was dramatically lower than that
in those with good one, and the AUC for predicting poor prognosis of CHD was not lower than 0.850. In addition, we
also induced myocardial ischemia/reperfusion (I/R) injury model of H9C2 cells through hypoxia/reoxygenation, and
found that H9C2 cells also had abnormally down-regulated miR-30c¢c-5p and up-regulated BCL2-like 11 (BCL2L11).
Up-regulating miR-30c-5p or down-regulating BCL2L11 were helpful to improve proliferation and apoptosis of I/R
injury model. Mechanically, BCL2L11 was also negatively regulated by miR-30c-5p, and up-regulating the former
could cancel the in vitro protective effect of up-regulating the latter on H9C2 cell I/R injury model. In vivo research,
up-regulating miR-30c¢-5p or down-regulating BCL2L11 can improve myocardial injury, histopathological changes
and apoptosis in rat I/R model.
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Introduction

Coronary heart disease (CHD) is a global risk
factor for human death and disability. The main
inducement is myocardial ischemia/reperfu-
sion (I/R) injury [1]. According to American
Heart Association, the incidence of CHD in-
creases with age in the United States. More
than 15.5 million people aged not less than 20
suffer from CHD. What's more, on average, one
person suffers from myocardial infarction every
42 s [2]. Early diagnosis is the key cornerstone
for CHD patients to receive timely treatment
and improve prognosis [3]. More and more evi-
dences show that miRNA in plasma, as short-
chain non-coding RNA, has potential screening
and prognosis prediction potential for cardio-
vascular diseases including CHD. The main rea-

son is that miRNA takes part in the molecular
mechanism in CHD pathogenesis and is highly
correlated with the disease process [4, B]. It is
understood that under normal physiological
conditions, this miRNA can also be secreted in
plasma, and its abnormal disorder may help to
reflect disease occurrence and development.
As for the secretion mechanism, we speculate
that it may be due to coagulation reaction, and
the substances released after the rupture of
platelets or red blood cells contain miRNA [6,
7]. This study mainly explores the screening and
prognostic value of miR-30c-5p as a plasma
marker in CHD and its regulatory mechanism in
myocardial I/R injury, aiming to provide new
insights for CHD treatment and prevention,
which has important value for improving the
morbidity and prognosis of patients.
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miR-30c-5p, a member of MIiRNA family, is
proved to regulate I/R injury such as kidney and
myocardium, mediating the disease process [8,
9]. Zou et al. [8] reported that it could be
employed as a urine marker and was highly
responsive to acute renal I/R injury process in
rats, and it showed higher diagnostic value
compared with miR-192-5p. Chen et al. [9] con-
firmed that it promoted the severity of disease
development and apoptosis by activating NF-
KB pathway in rat myocardial I/R injury model.
Besides, it was also reported that it would par-
ticipate in the in vitro protection mechanism of
panax notoginseng saponins in myocardial I/R
injury. Up-regulating its expression showed a
positive side, which was mainly reflected in
increasing cell vitality and reducing apoptosis
level [10]. We discovered that miR-30c-5p’s
role in myocardial I/R injury was controversial.
Chen et al. [9] believed that it promoted the dis-
ease process of the in vivo model of myocardial
I/R injury, while Wang et al. [10] claimed that it
had certain protective effect. It is well known
that miRNA mediates gene silencing mainly
by binding with target mRNA, and eventually
leads to mRNA cleavage or translation inhibi-
tion [11]. We hereby verify it by establishing an
in vivo model of myocardial I/R injury model,
and explore its potential downstream mMRNA
to further supplement its regulatory mecha-
nism. Through biological analysis, we found
that BCL2-like 11 (BCL2L11) had potential con-
servative binding sites with BCL2-like 11. It is
understood that it is also known as BIM, and as
an apoptosis promoter, it can mediate the
molecular mechanism of sodium tanshinone IIA
sulfonate in rat myocardial I/R injury model, in
which the former reduces dramatically after
treatment [12].

We believe that miR-30c-5p has certain scr-
eening and prognostic value in CHD, and it can
regulate the disease process of BCL2L11
affecting myocardial I/R injury, which is hereby
verified and reported.

Data and methods
Sample collection

This research was approved by the ethics com-
mittee of Heart Center of Henan Province
People’s Hospital. The subjects and their guard-
ians were informed, and they signed a fully
informed consent form. The plasma of 100
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CHD patients (CHD group) and 80 healthy sub-
jects (HC group) admitted to Heart Center of
Henan Province People’s Hospital from April
2010 to April 2015 were taken into consider-
ation. The CHD group was diagnosed as CHD
[13], and all met the classification standard of
New York Heart Association (NYHA) [14], exclud-
ing those with malignancy or other serious
organ dysfunction, and those who could not be
followed up for 5 years.

Follow-up

The CHD group was followed up for 5 years,
mainly by means of electric interview and medi-
cal record inquiry. The follow-up frequency was
once every 3 months. The total survival time
(0S) was the period from the day of diagnosis to
the last day of follow-up or the day of death.

Cell culture

H9C2 cells (Aolu Biotechnology Co., Ltd.,
Shanghai, China, XB-3141) were purchased,
and then cultured in Dulbecco modified Eagle
Medium (DMEM) (Chreagen Biotechnology Co.,
Ltd., Beijing, China, 120002). Next, we added
10% fetal bovine serum (FBS) (Lianshuo Bio-
technology Co., Ltd., Shanghai, China, A31-
60802 10x50 ml/ box), and adjusted the cell
density in the 6-well plate to 1.5x10° cells/well
and the environmental parameters to 5% CO,,
37°C.

Establishment of myocardial I/R injury model

The myocardial I/R injury model of HOC2 cells
was induced by hypoxia/reoxygenation (H/R)
[15]. The cells were first exposed to hypoxia for
24 h in a 1% oxygen environment, and environ-
mental parameters of 37°C, 94% N, and 5%
CO2 were set in a modular incubator. After that,
it was oxidized for another 24 h, and the envi-
ronmental parameters were set at 37°C, 5%
CO,. The cells in normal oxygen environment
were used as control group.

Cell transfection

Transfections were transiently transfected into
HOC2 cells by Lipofectamine 3000 kit (Qi-
ming Biotechnology Co., Ltd., Shanghai, China,
RF(m)11471), respectively. Forty-eight hours
later, the test was started after the cells were
collected. The above process was strictly con-
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ducted in accordance with the instructions.
According to the experimental purpose, the
transfectants mainly include: miR negative con-
trol (miR-NC), miR-30c-5p mimics (miR-30c¢-
5p), inhibitor (inhibitor), si negative control (si-
NC), BCL2L11 targeted inhibition (si-BCL2L11),
BCL2I1 over-expression vector (pcDNA3.1-BCL-
2L11), pcDNA3.1 empty vector (pcDNA3.1), all
of which were bought from Shanghai Meixuan
Biotechnology Co., Ltd.

RT-PCR

The total RNA was extracted by TRIzol reagent
(Mairuibo Biotech Co., Ltd., Beijing, China, M
NROOOQ2). Afterwards, it was reverse transcrib-
ed into cDNA through reverse transcription kit
(Baiaolaibo Technology Co., Ltd., Beijing, China,
BTN60906-PYW) and then amplified. All prim-
ers were synthesized by Shanghai Jikai Gene
Medical Technology Co., Ltd. mRNA employed
GAPDH as internal reference, while miRNA
employed U6. The relative expression was
determined by 225,

Western blot analysis

The total protein was extracted by RIPA py-
rolysis method, and the protein concentration
was tested via BCA kit (Chreagen Biotechno-
logy Co., Ltd., Beijing, China, 120982). The dilu-
tion ratio of primary antibodies such as
BCL2L11, Caspase-3, Bax, Bcl-2 and GAPDH
were all 1: 1000. Each membrane was rinsed 3
times with phosphate buffered saline (PBS)
(Keshun Biotechnology Co., Ltd., Shanghai,
China, 383855000) and then incubated 1 h
with horseradish peroxidase labeled goat anti-
rabbit secondary antibody. All antibodies were
bought from Beijing Solarbio Technology Co.,
Ltd. Excess liquid on the membrane was
absorbed by filter paper, ECL was used for
visualization, and the gray value was assessed
by Image) (Easybio Biotechnology Co., Ltd.,
Beijing, China).

Cell damage assessment

To evaluate cell damage, we measured the LDH
and MDA concentrations in H9C2 cells in cul-
ture medium with lactate dehydrogenase (LDH)
detection kit and lipid peroxidation malondial-
dehyde (MDA) detection kit (Yuanye Biotech-
nology Co., Ltd., Shanghai, China, R24020,
R21869-).
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Cell proliferation assay

Cell proliferation was tested via CCK-8 Kkit
(Xinyu Biotechnology Co., Ltd., Shanghai, China,
XY1759), and it was strictly in accordance with
the instructions. Cell proliferation at O, 24, 48
and 72 h was mainly evaluated. H9C2 cells
were washed with PBS, cultured in CCK-8 con-
taining 10 uL and 90 pL serum-free medium
(Hengfei Biotechnology Co., Ltd., Shanghai,
China, N6010) for 2 h at 37°C, 5% COz, and
optical density (OD) values of cells in each
group were measured at 450 mm wavelength.

Determination of apoptosis

Cell apoptosis was evaluated by flow cytome-
try and apoptosis kit (Chreagen Biotechnology
Co., Ltd., Beijing, China, YZ0176). Cells were
prepared into 1x10%/mL suspension, digested,
and washed with 0.25% trypsin (Hengfei Bio-
technology Co., Ltd., Shanghai, China, CC0128).
We added AnnexinV-FITC and PI in sequence,
each 10 pL, and they were cultured 5 min
at indoor temperature in the dark, and tested
with ACEA NovoCyte flow cytometry (Beamdiag
Biotechnology Co., Ltd., Changzhou, China,
1026).

Dual-luciferase report

To authenticate the targeted relationship be-
tween miR-30c¢-5p and BCL2L11, biological an-
alysis was conducted through (http://www.tar-
getscan.org), miRwalk (http://zmf.umm.uni-hei-
delberg.de/apps/zmf/mirwalk2/), miRDB (ht-
tp://www.mirdb.org/miRDBY/), respectively. BC-
L2L11-Wt (wild type), BCL2L11-Mut (mutant
type), miR-30¢c-5p and miR-NC were co-trans-
fected into H9C2 cells using Lipofectamine™
3000 kit, and luciferase activity was detected
using dual-luciferase reporter gene detection
Kit (Solarbio Technology Co., Ltd., Beijing, China,
D0010).

Construction of rat [/R model

Fifty four male Sprague-Dawley rats (Focus
Biotechnology Co., Ltd., Guangzhou, China)
with an average mass of (275+25) g were pur-
chased and fed in cages with food and water.
This animal experiment scheme has been
approved by the Animal Nursing and Use
Committee of our hospital, and it was operated
in strict accordance with the guidelines. The
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rats were randomized into groups: sham, I/R, I/
R+miR-NC, I/R+miR-30c-5p, |I/R+si-NC, |/R+si-
BCL2L11, 9 in each group. For group I/R, rats
were anesthetized by intraperitoneal injection
of 3% pentobarbital sodium (Xinya Pharma-
ceutical Co., Ltd.,Shanghai, China,H31021725).
Then, the left anterior descending (LAD) was
occluded with 4-silk suture for 30 min and they
were reperfused for 2 h. In the sham group,
LAD was not ligated. In the latter four groups,
miR-NC, miR-30c¢c-5p and si-NC, si-BCL2L11
were injected into caudal vein of rats by adeno-
associated virus (AAV) system (2x10** vector
genome particles/vg per rat) and RNA interfer-
ence Technology (RNAi). AAV and RNAi were
designed and constructed by Shanghai Han-
heng Biotechnology Co., Ltd.

Assessment of myocardial function

After I/R, we collected the coronary effluent
and detected the activity of lactate dehydroge-
nase (LDH) and creatine kinase (CK) by LDH
and CK Kkits (Future Industrial Co., Ltd., Shang-
hai, China, 15323783212532240037).

Histopathological assessment

The rat heart was fixed with 10% formalin
(Yuanye Biotechnology Co., Ltd., Shanghai, Ch-
ina, R30420) and embedded in paraffin wax.
Next, 5 ym thick sections were harvested, and
the myocardial tissue morphology was ob-
served under optical microscope after HE stain-
ing. Cardiomyocyte apoptosis was detected by
Tunel kit (Bangjing Industrial Co., Ltd., Shanghai,
China, BJ-10511).

Statistical methods

All our experiments were conducted indepen-
dently for at least 3 times. The data were repre-
sented as mean * standard deviation and
assessed statistically, and pictures were gener-
ated through GraphPad 6. We compared the
differences between groups through indepen-
dent-samples T test, one-way analysis of vari-
ance (ANOVA), LSD-t test, repeated measures
ANOVA, Bonferroni test, etc. Value of screening
and prognosis prediction was evaluated by
receiver operating characteristic curve (ROC),
and the correlation between miR-30c-5p and
NYHA grade was evaluated by Spearman cor-
relation coefficient. P<0.05 was considered to
be statistically remarkable.
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Results
Plasma miR-30c-5p down-regulates in CHD

To explore whether miR-30c¢c-5p, as a plasma
biological indicator, responds to the occurrence
and progression of CHD diseases, we detected
the expression of subjects in the two groups. As
it turned out, the expression of plasma miR-
30c¢-5p in CHD patients was dramatically lower
than that of control subjects, and ROC’s AUC
was 0.906, which was also obviously negatively
correlated with the NYHA grade (r=-0.727,
P<0.001). It meant that plasma miR-30c¢-5p
participated in the CHD process, and it might
be used as a biomarker for screening CHD and
also be related to disease severity. To under-
stand the potential prognostic value of miR-
30c¢-5p, we evaluated its prognosis. All 100
CHD patients were successfully followed up for
5 years. We took 34 CHD patients who died or
suffered from disease recurrence or disease
progression as the poor prognosis group (PPG),
and the remaining 66 patients as the good
prognosis group (GPG). The miR-30c-5p expres-
sion in the PPG was obviously lower than that in
the GPG, and the AUC for predicting poor prog-
nosis of CHD was 0.866. In Cox analysis, miR-
30c¢c-5p (P<0.001) was also an independent
prognostic factor affecting their poor progno-
sis, including NYHA grade (P=0.005) (Figure 1;
Table 1).

Relationship between plasma miR-30c¢c-5p and
clinical characteristics of CHD patients

We analyzed the relationship between plasma
miR-30c-5p and clinical characteristics of CHD
patients. The results manifested that it had no
remarkable difference with gender, CHD family
history of patients, but it was dramatically cor-
related with their clinical characteristics such
as age, NYHA grade, smoking history, hyperten-
sion, hyperlipidemia and so on, suggesting that
miR-30c-5p might have certain clinical guiding
function (Table 2).

Abnormal expression levels of miR-30c-5p and
BCL2L 11 exist in H9C2 cell myocardial I/R
injury model

A myocardial I/R injury model of HOC2 cells was
established to explore CHD’s molecular mecha-
nism. We found that in those cells, miR-30¢c-5p
with abnormal down-regulation and BCL2L11
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Figure 1. Expression and clinical significance of plasma miR-30c-5p in CHD. A. The miR-30c¢-5p expression in plas-
ma of subjects in the two groups is detected by real-time quantitative PCR; B. The value of plasma miR-30c-5p in
distinguishing CHD is evaluated by drawing ROC curve; C. The relationship between miR-30c-5p and NYHA grade
in CHD patients is assessed through Spearman correlation analysis. D. Plasma miR-30c-5p expression of CHD
patients in the poor prognosis group and the good prognosis group; E. ROC curve is drawn to evaluate the predic-
tive value of plasma miR-30c-5p for CHD prognosis. Note: "“represents the comparison between the two groups

(P<0.01), "“represents the comparison between the two groups (P<0.001).

Table 1. Cox analysis on poor prognosis of CHD patients

Single-factor

Multiple factors

Parameter
HR (95% ClI) P HR (95% Cl) P

Gender 1.733 (0.318-9.652) 0.527

Age 1.578 (0.952-2.643) 0.076

NYHA grade 3.546 (0.437-25.900) 0.044 3.652 (0.854-6.396) 0.005
CHD family history 1.068 (0.813-1.359) 0.632

Smoking history 2.981 (1.045-8.491) 0.040 1.209 (0.791-2.165) 0.214
Hypertension 1.847 (1.036-3.278) 0.035 1.473 (0.872-2.490) 0.148
Hyperlipidemia 1.795 (1.214-2.656) 0.023 1.103 (0.890-1.542) 0.097
miR-30c¢c-5p 2.756 (1.394-5.337) 0.002 4.259 (2.653-7.011) <0.001

(transcription and protein level) were also found
in H/R group compared with CG. This indicated
that miR-30c¢-5p and BCL2L11 could respond
to CHD occurrence and progression (Figure 2).

Up-regulating miR-30c-5p can improve prolif-
eration and apoptosis of HI9C2 cell myocardial
I/R injury model

To probe into miR-30¢c-5p’s molecular mecha-
nism in CHD, we up-regulated and down-regu-
lated it by transfecting miR-30c¢c-5p and inhibi-
tor separately. It should be added that LDH is a
marker of CHD, and its excessive up-regulation
is related to CHD progression [16]. MDA is an
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indicator of lipid peroxidation, and its level is
inversely proportional to the body’s antioxidant
capacity [17]. The measurement of LDH and
MDA indexes is helpful for us to evaluate the
I/R damage of HOC2 cells. Besides, Caspase-3
and Bax are well-known apoptosis-promoting
factors, while Bcl-2 has anti-apoptosis proper-
ties. Dynamic monitoring of the three levels is
helpful for us to understand apoptosis develop-
ment [18]. Our cell tests showed that up-regu-
lating miR-30c¢c-5p dramatically reduced LDH
and MDA levels in H9C2 cell myocardial I/R
injury model, and it increased cell viability and
inhibited apoptosis level. In addition, the levels
of Caspase-3 and Bax in apoptosis markers
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Table 2. Relationship between plasma miR-30c-
5p and clinical characteristics of CHD patients
(mean + SD)

Parameter n miR-30c-5p t/F P

Gender 0.617 0.539
Male 60 1.80+0.69
Female 40 1.89+0.75

Age (years) 3.460 <0.001
<60 45 2.03+0.64
>60 55 1.60+0.60

NYHA grade 15.901 <0.001
I 20 2.43+0.73
Il 30 2.06+0.65
1 22 1.65+0.60
v 28 1.28+0.48

CHD family history 0.564 0.574
No 64 1.90+0.74
Yes 36 1.82+0.56

Smoking history 3.316 0.001
No 52 2.04+0.70
Yes 48 1.60+0.62

Hypertension 2.102 0.038
No 61 1.96+0.69
Yes 39 1.68+0.58

Hyperlipidemia 2.461 0.016
No 56 1.98+0.76
Yes 44 1.63+0.63

were also obviously down-regulated under the
influence of miR-30c¢-5p over-expression, while
Bcl-2 was dramatically up-regulated. However,
down-regulating miR-30c-5p was obviously
contrary to the above results. The above re-
search showed that up-regulating miR-30c-5p
was helpful to inhibit disease progression in
CHD in vitro model (Figure 3).

Down-regulating BCL2L11 can also improve
proliferation and apoptosis of H9C2 cell myo-
cardial I/R injury model

Similarly, we also transfected si-BCL2L11 and
BCL2L11 into H9C2 cell myocardial I/R injury
model, and realized down-regulation and up-
regulation treatment respectively. In cell analy-
sis, down-regulating BCL2L11 also showed
one side that was conducive to the inhibition of
CHD process, i.e. the levels of LDH and MDA
reduced, while the cell vitality was enhanced
and apoptosis was inhibited, similar to the
results of previous research on transfection of
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miR-30c-5p. Furthermore, up-regulating BCL2-
L11 showed the opposite negative side to the
previous results, suggesting that down-regulat-
ing it had certain efficacy on CHD (Figure 4).

BCL2L11 is the downstream target of miR-
30c¢-5p

We further explored the relationship between
miR-30c-5p and BCL2L11, and discovered that
they had potential conservative binding sites
through biological analysis. In the dual-lucifer-
ase gene report results, miR-30c-5p only down-
regulated BCL2L11-Wt, but had no marked
effect on BCL2L11-Mut. In addition, BCL2L11
was also negatively regulated by miR-30c-
5p, i.e. up-regulating miR-30c-5p dramatically
down-regulated BCL2L11 expression and pro-
tein level. All the above results revealed that
BCL2L11 was a downstream target of miR-30c¢-
5p and was negatively regulated by it (Figure 5).

Up-regulating BCL2L11 can weaken the im-
provement of miR-30c-5p up-regulation on
myocardial I/R injury

Through co-transfection of BCL2L11 and miR-
30c¢c-5p, we also found that up-regulating
the former could weaken the improvement of
over-expressing the latter on myocardial I/R
injury: LDH and MDA, which had been reduced,
began to increase dramatically, while the pre-
viously increased cell viability and anti-apopto-
sis decreased dramatically. This showed that
BCL2L11 could also react on miR-30c-5p,
threatening its protection in CHD (Figure 6).

Potential efficacy of up-regulating miR-30c-5p
or down-regulating BCL2L11 on rat I/R model

We established the rat I/R model by | (30
min)/R (2 h) intervention, and on this basis, we
injected miR-30¢c-5p or si-BCL2L11 intraperi-
toneally. Further studies showed that CK and
LDH were obviously up-regulated in the rat I/R
model, and the positive rate of Tunel cells
increased markedly. The muscle fibers of myo-
cardial tissue were loosely and irregularly
arranged and even necrotic. But in the model
injected with miR-30¢c-5p or si-BCL2L11, the
above adverse phenomena were dramatically
improved. All these suggest that up-regulating
miR-30c-5p or down-regulating BCL2L11 has
potential efficacy on rat I/R model, which is
helpful to improve myocardial injury, inhibit
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Figure 2. Levels of miR-30c-5p and BCL2L11 in H9C2 cell myocardial I/R injury model. A, B. The miR-30c-5p and
BCL2L11 expression levels are detected by real-time quantitative PCR in HOC2 cells; C. BCL2L11 protein level in
HOC2 cells is detected through western blot analysis and its protein map is shown. Note: compared with Control,

“indicates P<0.01.

apoptosis and repair myocardial fiber (Figure
7).

Discussion

In this research, we mainly found that plasma
miR-30c-5p could be employed as a screening
and prognosis indicator for CHD patients, and
up-regulating its expression could also improve
myocardial |I/R injury by targeted inhibition of
BCL2L11. CHD is a manifestation of cardiac
dysfunction, and its etiology is tied to athero-
sclerotic stenosis or coronary artery occlusion
[19]. New cases and deaths of CHD are increas-
ing, which may be attributed to the trend of car-
diovascular disease risk factors still spreading
[20]. Therefore, exploring the molecular mecha-
nism of CHD and increasing the understanding
of CHD pathogenesis are quite practical for for-
mulating new therapeutic strategies or preven-
tive measures related to CHD.

The miR-30¢c-5p-BCL2L11 axis is a novel
molecular regulatory network for CHD patho-
genesis that we have discovered for the first
time. miR-30c¢-5p is first reportedly dramatical-
ly down-regulated in the plasma of patients
with type 2 diabetes complicated with CHD,
and it is negatively correlated with the severity
of coronary artery lesions. It can also regulate
PAI-1-VN interaction, suggesting that it partici-
pates in the regulation process of such CHD
complex diseases and may be used as a bio-
marker for such complex diseases [21].
Secondly, Urbich et al. [22] pointed out that
BCL2L11, as an apoptosis-promoting factor,
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mediated endothelial progenitor cell apoptosis
signal transduction and responded to atorvas-
tatin’s anti-apoptosis and anti-oxidative stress
effects in CHD. However, there are still few
reports on the molecular mechanism of miR-
30c¢-5p-BCL2L11 axis. We discovered that miR-
30c-5p, as a plasma index, expressed obvious-
ly lower in CHD patients than in the control
group. It also had great screening value for
CHD, specifically, ROC’s AUC was as high as
0.906, and it was also dramatically negatively
correlated with the NYHA grade of CHD patients,
which indicated that it might be a highly respon-
sive factor for CHD progression and had great
potential as a screening index. In addition, it
was also dramatically correlated with their clini-
cal characteristics such as age, NYHA grade,
smoking history, hypertension, hyperlipidemia,
etc., further confirming that it might be helpful
to indicate the clinical characteristics of pa-
tients in these aspects. Furthermore, we also
found that miR-30c-5p had an AUC of 0.866
for predicting poor prognosis of CHD, and its
potential as a prognostic indicator was not low.
Moreover, miR-30c-5p and NYHA grade were
independent prognostic factors that affected
poor prognosis of patients, which further con-
firmed its prognostic value.

On the other hand, we also simulated the myo-
cardial I/R injury model of HOC2 cells through
H/R, and found that the abnormal expression
of miR-30c-5p and BCL2L11 were similar to
clinical results, and the former was down-regu-
lated while the latter was up-regulated. It is
understood that the down-regulation mecha-
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Figure 3. Effect of miR-30c-5p on myocardial I/R injury model of HOC2 cells. A. The transfection efficiency of miR-30c¢c-5p is detected by real-time quantitative PCR;
B. The effect of miR-30c-5p on LDH level of HOC2 cells is detected by LDH kit; C. The effect of miR-30c-5p on MDA level of HOC2 cells is detected by MDA detection
kit; D, E. The effect of miR-30c-5p on proliferation and apoptosis level of HOC2 cell I/R injury model is detected via CCK-8 method and flow cytometry, and its flow
cytometry is shown; F, G. The effect of miR-30c-5p on the expression of apoptosis factor and protein level is detected via real-time quantitative PCR and western
blot analysis, and its protein map is shown. Note: *indicates the comparison with Control (P<0.05); "“indicates the comparison with miR-NC (P<0.01); @indicates the
comparison with miR-30c-5p (P<0.01).
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Figure 4. Effect of BCL2L11 on myocardial I/R injury model of HOC2 cells. A, B. The transfection efficiency of BCL2L11 is detected by real-time quantitative PCR and
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injured by I/R; E, F. The effect of BCL2L11 on the proliferation and apoptosis level of HOC2 cell I/R injury model is detected by CCK-8 method and flow cytometry, and
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its flow cytometry is shown; G, H. The effect of BCL2L11 on the expression of apoptosis factor and protein level is detected by real-time quantitative PCR and western
blot analysis, and its protein map is shown. Note: #indicates the comparison with Control (P<0.05); ““indicates the comparison with si-NC (P<0.01); ®indicates the

comparison with si-BCL2L11 (P<0.01).
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Figure 6. Effect of BCL2L11 up-regulation on myocardial I/R injury model of HOC2 cells transfected with miR-30c¢-5p. A, B. The BCL2L11 level in myocardial I/R injury
models of HOC2 cells in each group is detected by real-time quantitative PCR and western blot analysis, and its protein map is shown. C, D. LDH and MDA detection
kits are used to detect LDH and MDA levels of myocardial I/R injury models of HOC2 cells in each group, respectively. E, F. CCK-8 method and flow cytometry are used
to detect the proliferation and apoptosis levels of myocardial I/R injury models of HOC2 cells in each group, respectively, and its flow cytometry is shown. G, H. Real-
time quantitative PCR and western blot analysis are used to detect the expression and protein level of apoptosis factor in H9C2 cell myocardial I/R injury models of
each group, and its protein map is shown. Note: *indicates the comparison with Control (P<0.05); *“indicates the comparison with miR-NC (P<0.01); ®indicates the
comparison with miR-30c¢c-5p (P<0.01).
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Figure 7. Effects of up-regulating miR-30c-5p or down-regulating BCL2L11 on rat I/R model. A, B. The coronary
effluent of rat I/R model is collected and the activities of CK and LDH in each group are detected by CK and LDH
kits. C. The myocardial tissue morphology is evaluated by HE staining. D. The apoptosis rate of rats in each group
is evaluated by TUNEL assay. E, F. The expression or protein levels of miR-30c-5p and BCL2L11 are detected by
real-time PCR and Western blot. Note: ““indicates the comparison with sham (P<0.01); 2indicates the comparison

with I/R (P<0.01).

nism of miR-30¢-5p in H9C2 myocardial injury
cell model may be related to the damage to the
protection or defense mechanism of myocardi-
al injury, thus promoting the injury and apopto-
sis of myocardial cells [10]. What's more, the
relationship between the down-regulation of
miR-30c¢-5p in cells and plasma may prove that
miR-30c-5p is CHD specific in both serological
and cellular molecular levels, which reflects
that it is a highly responsive indicator of CHD
and may be its biomarker. Many studies have
also pointed out that miR-30c-5p is low
expressed in cryptococcus neoformans infec-
tion, nonalcoholic fatty liver disease, gastric
cancer and other diseases, while increasing its
expression obviously inhibits disease progres-
sion through different mechanisms of action
[23-25]. In addition, BCL2L11 has also been
reported by many scholars to show abnormally
high expression during disease development
and progression. For example, Wei et al. [26]
confirmed that down-regulating the expression
in Parkinson’s Disease had positive signifi-
cance for inhibiting neuronal apoptosis. Other
studies have shown that it is pathogenic in is-
chemic stroke. Targeted down-regulation of its
expression has certain therapeutic effect on
restoring neuronal function [27]. In our CHD
disease background, up-regulating miR-30c-5p
or down-regulating BCL2L11 is helpful to
increase the cell viability and inhibit apoptosis
of H9C2 cell I/R injury model, and we can also
reduce cell injury by down-regulating LDH and
MDA. Hu et al. [28] reported that miR-30c-5p
had shown therapeutic effect in ox-LDL induc-
ed atherosclerosis in vitro model, i.e. up-regu-
lating its expression was helpful to inhibit apop-
tosis and inflammatory state. In addition, Li et
al. [29] confirmed that BCL2L11 took part in
the protective mechanism of Glutaredoxin 1
against atherosclerosis development, and its
remarkable down-regulation under the inter-
vention of Glutaredoxin 1 was quite marked to
prevent apoptosis. Atherosclerosis is one of the
inducing factors of CHD, and the above research
shows certain similarity with our research
results. Mechanically, BCL2L11 is also the
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direct target of miR-30c-5p, and up-regulating
the former can cancel the in vitro protective
effect of up-regulating the latter on I/R damage
model of H9C2 cells, which indicates that the
two have interaction in CHD process. Finally, we
also explored the effects of miR-30c¢c-5p and
BCL2L11 on rat I/R model in vivo. The data
showed that up-regulating miR-30c-5p or down-
regulating BCL2L11 could improve myocardial
index, histopathological changes of myocardial
tissue and apoptosis level of rat I/R model. It
had certain efficacy on I/R in vivo model, which
improved myocardial function, inhibited myo-
cardial lesion and strengthened anti-apoptosis.
The above research reveals that developing
miR-30c-5p expression promoter or BCL2L11
inhibitor may have molecular therapeutic effect
on CHD patients.

Although our research has proved miR-30c-
5p-BCL2L11 axis’s regulatory mechanism in
CHD in vitro model, as well as the screening
and prognostic value of miR-30c-5p. However,
there is still some room for improvement. First
of all, we think that the miR-30¢c-5p-BCL2L11
axis probably has upstream regulatory factors.
Finding upstream factors is helpful to expand
the molecular regulatory network. Secondly, we
can supplement the performance of miR-30c-
5p-BCL2L11 axis in CHD animal models, fur-
ther improving the accuracy and comprehen-
siveness of the research results. Finally, we can
also focus on whether the axis responds to the
efficacy of anti-CHD drugs and comprehensive-
ly supplement the potential clinical effect of the
axis.

In short, plasma miR-30c-5p has screening and
prognostic value in CHD, and over-expressing it
can improve I/R injury and apoptosis of H9C2
cells by down-regulating BCL2L11.
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