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ABSTRACT This study examined impacts of lncRNA HOX Transcript Antisense RNA (HOTAIR), miR-217 and
Glycerol-3-phosphate dehydrogenase 2 (GPD2) on progressions of cardiomyocytes after hypoxia damage. Hypoxia
treatment induced low cell viability and increased apoptosis. RT-qPCR evaluated suppressed expressions of lncRNA
HOTAIR. Overexpressed lncRNA HOTAIR accelerated AC16 cell viability but restrained cell apoptosis and pro-
inflammatory protein expressions while the knockdown of HOTAIR caused opposite results. MiR-217 then was
examined to be inhibited by HOTAIR overexpression, whose upregulation reduced AC16 cell viability but facilitated
apoptosis and pro-inflammatory protein expressions. Luciferase reporter test then verified that GPD2 was bound and
decreased by miR-217, which promoted AC16 cell viability but hampered cell apoptosis and pro-inflammatory protein
expressions after overexpression. Moreover, PI3K/AKT signaling pathway was activated by overexpression of GPD2.

*Address for correspondence
Jie Zhao,
689 Guiping Road, Xuhui District,
Shanghai 200081, China
Phone: 86-18019031877
E-mail: 19531958@qq.com

INTRODUCTION

Ischemia reperfusion injury (IRI) is the first
element leading to coronary heart diseases
(Hausenloy and Yellon 2013), which can cause
injury and necrosis to myocardial cells by blood
reperfusion after myocardial ischemia (Frank et
al. 2012). According to the research about path-
omechanism of IRI, it can be regulated by multi-
ple factors, in which oxidative stress is an im-
portant mechanism for inducing reperfusion in-
jury (Kurian et al. 2016). When myocardial cells
are faced with reperfusion or reaeration after is-
chemia or hypoxia, mitochondrial transport chain
of cells can’t make full use of oxygen causing
excessive oxygen free radicals and even lipid
peroxidation, DNA damages as well as cell death
(Ibanez et al. 2015; Martindale and Metzger 2014).
Death of myocardial cells contains autophagy,
necrosis and apoptosis and so on and the role
of apoptosis has been paid more and more at-
tention (Chiong et al. 2011; Whelan et al. 2010).

Hypoxia can induce occurrences of injuries in
myocardial cells that is related to oxidative stress
and endoplasmic reticulum stress and so on (Li
et al. 2017). Moreover, when myocardial cells are
faced with hypoxia, ATP production is reduced,
which is the main energy source of cell metabo-
lism. After cells are treated with long-time hy-
poxia, cells necrosis occurs due to a sudden
decrease in ATP resulting in insufficient energy
for apoptosis, revealing that the ATP level is a
main part to determine apoptosis or necrosis of
cells (Mironova et al. 2019;  Portman et al. 1996;
Rozova et al. 2015).

Recently, studies have determined that non-
coding RNAs take part in process of cardiovas-
cular diseases through regulating differentiation,
proliferation, apoptosis, necrosis and autoph-
agy (Klattenhoff et al. 2013; Wang et al. 2015).
LncRNAs are functional RNA molecules tran-
scribed by RNA polymerase a! with length over
200 nucleotides, which are located in cell nucle-
us and cytoplasm. LncRNAs can incorporate
miRNAs, DNAs or RNA binding sites and tar-
get bases of promoters to regulate gene expres-
sions and protein functions (Huang 2018). Re-
search revealed that lncRNA EGOT had correla-
tion with myocardial infarction, cardiac ischemia-
reperfusion injury, cardiac hypertrophy and
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heart failure, which also played an important role
in cell differentiation and cell transformation
(Zhang et al. 2018). LncRNA HOTAIR was mea-
sured in hypoxia in several studies, which was
expressed lower in oxidative stress-induced
H9c2 cells and alleviated injuries of cells through
absorbing miR-125 (Li  et al. 2018). Besides that,
lncRNA HOTAIR could sponge miR-519d-3p to
prevent myocardial infarction of rats (Zhang et
al. 2019). In order to enrich functions of lncRNA
HOTAIR in hypoxia injury of myocardial cells,
this study would select lncRNA HOTAIR as the
object to figure out more mechanisms and func-
tions of this long noncoding RNA for further
treatments.

Objectives

This study aimed at detecting interactions
among lncRNA HOTAIR, miR-217 and GPD2 in
hypoxic-induced AC16 cells and functions of
them in modulating cell viability, apoptosis and
protein expressions related to apoptosis and
inflammation.

Experimental

Main Reagents

DMEM medium (Gibco, USA), 10 percent
fetal bovine serum (Gibco), Beyozol reagent (Be-
yotime, Shanghai, China), BeyoRT™II First
Strand cDNA Synthesis Kit (Beyotime), Lipo-
fectamine 2000 reagent (Invitrogen, USA), RIPA
Lysis Buffer (Beyotime), Annexin V-FITC Apop-
tosis Detection Kit (Invitrogen), QuickBlock™
Blocking Buffer (Beyotime), cleaved-caspase-3
(1:1000; ab32042), Bax(1:1000; ab182733), Bcl-
xL(1:1000; ab32370), IL-1β(1:1000; ab9722), IL-6
(1:1000; ab6672), p-PI3K (1:1000; ab182651), p-
AKT (1:1000; ab38449), GAPDH(1:2000;
ab181602), Goat Anti-Rabbit IgG H&L (HRP)
(1:800; ab6721).

METHODOLOGY

Cell Culture

AC16, a myocardial cell line of human was
utilized from American Type Culture Collection
(ATCC, USA). Incubation of cells was in strict

accordance with instructions of ATCC to offer
high glucose DMEM medium with 10 percent
fetal bovine serum (Gibco, USA) and tempera-
ture was 370C. Cells were divided into three
groups: normal group, short-time hypoxia group
and long-time hypoxia group. Cells in normal
group were cultured with 5 percent CO

2
, 20 per-

cent O
2
 and 75 percent N

2
. Cells in short-time

hypoxia group were filled with 5 percent CO
2

and 95 percent N
2
 for 12h. Cells in long-time hy-

poxia group were filled with 5 percent CO2 and
95 percent N2

 for 24h.

RT-qPCR

Based on the manufacturer’s instruction of
Beyozol reagent (Beyotime, Shanghai, China),
total RNA was extracted from cells. Afterwards,
complementary deoxyribonucleic acid (cDNA)
was acquired through reverse transcription of
RNA using BeyoRT™II First Strand cDNA Syn-
thesis Kit (Beyotime, Shanghai, China). PCR was
applied for amplification later. Related expres-
sions of genes were calculated with 2-ΔΔCt meth-
od. Sequences of related primers were shown as
below: lncRNA HOTAIR, forward: 5’-CAGTGGG-
GAACTCTGACTCG-3’, reverse: 5’-GTGCCTG-
GTGCTCTCTTACC-3’;  GAPDH forward: 5’-
CATGCCGCCTGGAAACCTGCCA-3’, reverse:
5’-TGGGCTGGGTGGTCCAGGGGTTTC-3’(Lu et
al. 2018);  miR-217 forward: 5’-TTGAGGTTGCT-
TCAGTGA-3’, reverse: 5’-GGAGTAGATGATG-
GTTAGC-3’ and U-6 forward:5’-CTCGCTTCG-
GCAGCACA-3’, reverse:5’-AACGCTTCAC-
GAATTTGCGT-3(Wang H. et al. 2018). GPD2:
forward: 5’-GGCAGTGAAAGGGACGATTC-3’,
reverse: 5’-CTGAAATGCAGTCTGCTGCT-3’.
Reaction conditions of PCR were displayed as
follows: predenaturation: 950C, 5min; denatur-
ation, 950C, 30s; =annealing, 550C, 30s; exten-
sion, 720C, 30s, 40 cycles. Then, products were
stored at 40C.

Cell Transfection

Small interfering RNAs of lncRNA HOTAIR
and GPD2 and inhibitor of miR-217 were pur-
chased form GenePharma (Suzhou, China).
Meanwhile, pcDNA3.1 for overexpressing lncR-
NA HOTAIR and GPD2 and mimics of miR-217
were utilized from GenePharma. After cell con-
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fluences reached 80 percent, Lipofectamine 2000
reagent (Invitrogen, USA) was used for cell
transfection in accordance with instructions.
After transfection for 48h, RT-qPCR was applied
to measure the efficiency.

Dual luciferase Report Assay

3’UTR of GPD2 were inserted into pmirGLO
plasmid (Promega, USA) to create GPD2-wt.
Mutations of GPD2 were treated as negative
control. In the help with Lipofectamine 2000 (In-
vitrogen), NC/miR-217 mimics were co-transfect-
ed into AC16 cells with GPD2-wt/mut. After-
wards, luciferase activities were examined by
GloMax® 20/20 Luminometer (Promega, USA).

CCK-8

Cells in log phase were selected and seeded
into a 96-well plate with 1×103 cells per well. Af-
ter that, normal group cells were stored in 370C,
5 percent CO

2
 while hypoxia groups cells were

cultured at 37!0C, 5 percent CO
2
 and 95 percent

N
2
. Then, 10ìl CCK-8 was added into each plate

to culture with cells for another 1h. Optical den-
sity (OD) values of cells were checked at 450nm
wavelength with microplate reader (Thermo Sci-
entific, USA).

Cell Apoptosis

Cells were digested with 0.25 percent trypsin
first and rinsed through PBS twice to separate
single cells. Annexin V-FITC Apoptosis Detec-
tion Kit (Invitrogen, USA) was applied to mea-
sure cell apoptosis. Cells were mixed with 7-ADD
and Annexin V-FITC under dark environment for
20min. Flow cytometry of ACEA NovoCyte
(USA) were used for evaluating apoptosis of
cells.

Western Blot

Cells were rinsed with PBS twice and RIPA
Lysis Buffer (Beyotime, Shanghai, China) was
employed to extract total protein. Thereafter,
SDS-PAGE was applied to separate proteins and
PVDF membranes (Beyotime) were used to trans-
fer proteins. After blocking with QuickBlock™
Blocking Buffer (Beyotime), membranes were

cultivated with primary antibodies at 40C over-
night to detect expressions of cleaved-caspase-
3 (1:1000; ab32042), Bax(1:1000; ab182733), Bcl-
xL(1:1000; ab32370), IL-1â(1:1000; ab9722), IL-6
(1:1000; ab6672), p-PI3K (1:1000; ab182651), p-
AKT (1:1000; ab38449) and GAPDH(1:2000;
ab181602). Subsequently, membranes were cul-
tured with Goat Anti-Rabbit IgG H&L (HRP)
(1:800; ab6721) at room temperature for 1h. Fi-
nally, grey values of proteins were checked
through Image Lab (Bio-Rad).

Statistical Analysis

Data were shown as mean±SD and analyzed
with SPSS 19.0 (IBM, USA). Student’s t-test and
one-way ANOVA were used for detecting differences
of groups. P<0.05 was significant in statistics.

RESULTS

Hypoxia Induced Injuries of AC16 Cells

At first, AC16 cells were placed in a hypoxic
environment. CCK-8 test indicated that hypoxia
decreased of AC16 cell viability compared with
cells in normal condition (Fig. 1A). Meanwhile,
hypoxia caused a higher apoptosis rate of AC16
cells (Fig. 1B). Beyond that, relative expressions
of factors related to apoptosis as well as inflam-
mation were evaluated. Expressions of cleaved
caspase-3 and Bax were upregulated while Bcl-
xL was downregulated. At the same time, IL-1â
and IL-6 protein expressions were promoted af-
ter cells were treated with hypoxia (Fig. 1C).
Therefore, hypoxia could restrain progressions
of myocardial cells time dependently.

Overexpressed lncRNA HOTAIR Released
Hypoxia Injuries While Suppressed lncRNA
HOTAIR Enhanced Hypoxia Injuries

Furthermore, RT-qPCR results revealed that
hypoxia could reduce lncRNA HOTAIR expres-
sion in a time dependent manner (Fig. 2A). The
long-time hypoxia group was chosen for mea-
suring functions of lncRNA HOTAIR. Overex-
pressed lncRNA HOTAIR increased its RNA
expression while suppressed lncRNA HOTAIR
caused low expression (Fig. 2B). Additionally,
lncRNA HOTAIR overexpression facilitated
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AC16 cell viability, but its suppression reduced
AC16 cell viability (Fig. 2C). Meanwhile, overex-
pressed lncRNA HOTAIR decreased the cell
apoptosis while its suppression accelerated the
cell apoptosis (Fig. 2D). Furthermore, cleaved
caspase-3 and Bax expressions were reduced and
IL-1β and IL-6 expressions were also downregu-
lated by the overexpression of lncRNA HOTAIR.
Bcl-xL expression was promoted with lncRNA
HOTAIR upregulation (Fig. 2E). In contrast, ln-
cRNA HOTAIR suppression caused opposite
results of protein expressions (Fig. 2E).

LncRNA HOTAIR Negatively Regulated
miR-217 Expression and Upregulated lncRNA
HOTAIR Reduced Hypoxia Damage through
Downregulating miR-217

In AC16 cells with hypoxia treatment, miR-
217 expression was evaluated to be downregu-
lated with overexpressed lncRNA HOTAIR while
knockdown of lncRNA HOTAIR prompted miR-
217 expressions (Fig. 3A). Furthermore, miR-217
mimics reversed impacts of HOTAIR overexpres-

Fig. 1.  Hypoxia induced injuries of AC16 cells
A: CCK-8 was applied to check cell viabilities in normal AC16 and hypoxic AC16 (12h) and hypoxic AC16
(24h),  P<0.05
B: Apoptosis rate was analyzed with flow cytometry,  P<0.05
C: Expressions of cleaved caspase-3,  Bax,  Bcl-xL,  IL-1β β β β β and IL-6 were detected through western blot,  P<0.05
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sion, resulting in increased miR-217 (Fig. 3B).
Moreover, miR-217 mimics reduced cell viabili-
ties and increased apoptosis (Figs. 3C, D). Pro-
teins related to apoptosis and inflammation were
examined. Results showed enhanced cleaved
caspase-3 and Bax expression but suppressed
Bcl-xL expressions after miR-217 overexpression
(Fig. 3E). Additionally, IL-1β and IL-6 expres-
sions were also increased after miR-217 upregulation
(Fig. 3E).

GPD2 targeted by miR-217

Overexpressed miR-217 could decrease lev-
el of GPD2 while suppression of miR-217 caused
high expression of GPD2 in AC16 cells (Fig. 4A).
ENCORI (https://starbase.sysu.edu.cn/) predict-
ed potential target of miR-217, which was GPD2.
Results of luciferase reporter test revealed that
miR-217 could downregulate fluorescence in
AC16 cells through binding 3’UTR of GPD2 (Fig.

Fig. 2. Overexpressed lncRNA HOTAIR released hypoxia injuries while suppressed lncRNA HOTAIR en-
hanced hypoxia injuries
A: RT-qPCR was for checking expressions of HOTAIR in AC16 cells in normal and hypoxia conditions,  P<0.05
B: Levels of overexpressed HOTAIR and silenced HOTAIR were examined with RT-qPCR,  P<0.05
C: Cell viabilities with overexpressed HOTAIR and inhibited HOTAIR were evaluated by CCK-8,  P<0.05.
D: Flow cytometry was used to analyze apoptosis rate in hypoxic AC16,  P<0.05. E: Levels of cleaved caspase-3,
Bax,  Bcl-xL,  IL-1β β β β β and IL-6 were detected through western blot,  P<0.05
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4B). Afterwards, interplays between miR-217 and
GPD2 were measured as well. Moreover, overex-
pressed GPD2 enhanced expression of GPD2
while inhibited GPD2 reduced GPD2 expression
in hypoxic AC16 cells (Fig. 4C). To confirm func-
tions of miR-217 in regulating GPD2, cell viabili-
ties were checked. Results indicated that over-
expressed GPD2 reversed low cell viability
caused by miR-217 overexpression (Fig. 4D).
Meanwhile, high apoptosis rate caused by miR-
217 upregulation was restored with upregulated
GPD2 (Fig. 4E). Moreover, factors in apoptosis
and inflammation with GPD2 overexpression
were checked as well, which indicated that pro-
moted cleaved caspase-3 and Bax in apoptosis
caused by miR-217 upregulation were reversed

by overexpressed GPD2, so were IL-1β and IL-6.
However, Bcl-xL downregulated by miR-217 mim-
ics was restored to be promoted by GPD2 up-
regulation (Fig. 4F). In order to figure out poten-
tial mechanism of GPD2, PI3K/AKT signaling
pathway were measure as well, which showed that
phosphorylated PI3K and AKT were increased
with GPD2 upregulation (Fig. 4G).

DISCUSSION

Coronary heart disease is the most common
and severe type of cardiovascular diseases,
whose clinical manifestations are angina pecto-
ris, myocardial infarction and heart failure from
moderate to severe (Shiroma et al. 2017). The

Fig. 3. LncRNA HOTAIR negative regulated level of miR-217 and upregulated lncRNA HOTAIR reduced
hypoxia damage through downregulating miR-217
A: Expressions of miR-217 was measured using RT-qPCR,  P<0.05
B: Expressions of miR-217 were examined with mimics of miR-217 added,  P<0.05
C: Cell viabilities after mimics of miR-217 applied were evaluated with CCK-8,  P<0.08. D: Apoptosis
rate was validated by flow cytometry,  P<0.05
E: Levels of cleaved caspase-3,  Bax,  Bcl-xL,  IL-1β β β β β and IL-6 were detected through western blot,  P<0.05
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development of atherosclerosis of coronary ar-
tery could induce severe narrowing or blockage
of the lumen in a coronary artery, causing hy-
poxia and ischemia of myocardium and even
heart failure (Gao et al. 2012a). Heart failure means
that heart does not provide the necessary blood
supply to the tissues in time, leading to a de-
crease in blood flow to the heart (Lee and Auld
2015). Moreover, long-term hypoxia was veri-
fied to induce damages and necrosis of myocar-
dial cells, resulting in heart failure (Cruz et al.
2012). Meanwhile, other researchers have deter-

mined that hypoxia could lead to severe damag-
es of cardiomyocyte functions and changes of
cell ultrastructure such as cell membrane integ-
rity loss, myocardial enzyme release and declined
cell growth and survival rates and so on (Rosen-
son et al. 2016). Until now, oxidative stress, in-
flammation and cell apoptosis are key points in
mechanisms of hypoxia injuries of myocardial
cells (Bing et al. 1971; Chen et al. 2020). This
study also measured mechanism of hypoxia in
detecting cell viabilities, apoptosis as well as
inflammation, which revealed that hypoxia could

Fig. 4. GPD2 is the target gene of miR-217 and negatively regulate functions of miR-217
A: Levels of GPD2 with overexpressed and suppressed miR-217 were checked by RT-qPCR,  P<0.05
B: Luciferase activity was applied to check binding situation between miR-217 and GPD2,  P<0.05
C: Expressions of GPD2 with overexpressed and inhibited GPD2 were analyzed by RT-qPCR,  P<0.05
D: Cell viabilities with mimics of miR-217 were analyzed after overexpression of GPD2 through CCK-8,  P<0.05
E: Apoptosis rate with mimics of mi-217 and overexpressed miR-217 were detected by flow cytometry,  P<0.05
F: Levels of cleaved caspase-3,  Bax,  Bcl-xL,  IL-1β β β β β and IL-6 were detected through western blot,  P<0.05
G: Expressions of phosphorylated PI3K and AKT were examined with mimics of miR-217 and overexpressed
GPD2



114 LIHUA DAI, ZHEN ZHOU, LILI YIN  ET AL.

Int J Hum Genet, 22(2): 107-116 (2022)

decrease viabilities of cells in time dependence.
Meanwhile, apoptosis rate was increased and
expressions of caspase-3 and Bax were increased
but Bcl-xL expression was reduced. Furthermore,
levels of IL-1β and IL-6, factors in inflammation,
were also increased. Results showed that hy-
poxia could make contribution to apoptosis as
well as inflammation to myocardial cells through
suppressing cell viabilities.

Many kinds of lncRNAs were detected to
have close connections with myocardial ischemia
as well as cell apoptosis in myocardial cells. Ln-
cRNA CARL upregulated expressions of PHB2
by sponging miR-539, resulting in suppressed
cardiomyocytes apoptosis (Wang et al. 2014a).
Besides that, lncRNA MDRL could promote ex-
pressions of miR-484 through absorbing miR-
361 to release apoptosis induced by hypoxia
(Wang et al. 2014b). LncRNA TUG1 could en-
hance hypoxia-induced injury of myocardial cells
through sponging miR-145-5p and increasing
expressions of Binp3 (Wu et al. 2018). LncRNA
GAS5 enhanced hypoxia damage of HL-1 cells
by reducing cell viability and promoting apop-
tosis via sponging miR-222-3p (He et al. 2020).
Previous research has measured expressions of
HOTAIR related to hypoxia-induced myocardial
cells, revealing that HOTAIR expressed lower in
patients with acute myocardial infarction(Gao et
al. 2017b). In order to make further detection,
HOTAIR was selected in this study, whose ex-
pression was decreased with hypoxia. After
transfection, overexpressed lncRNA HOTAIR
increased its expression and cell viabilities.
Meanwhile, apoptosis was reduced and caspase-
3 as well as Bax levels were suppressed while
Bcl-xL expression was upregulated. As for in-
flammation, IL-1β and IL-6 were reduced as well.
Suppressed lncRNA HOTAIR was checked as
well, which displayed a reverse result. Through
detection, HOTAIR acted as a suppressor in
hypoxia injury of myocardial cells, which could
protect cells from death through downregulating
apoptosis as well as inflammation.

MicroRNAs are short, endogenic and single
stranded RNAs with about 22 nucleotides in
length which are considered as negative regula-
tors of gene expressions through binding 3’UTR
of mRNAs (Fabian et al. 2010; Humphreys et al.
2005; Kiriakidou et al. 2007). Recent studies have
revealed that some of miRNAs were upregulat-

ed in cardiovascular system with regulating car-
diovascular development and diseases (Peders-
en et al. 2007). MiR-217 was found to enhance
hypoxia injury of H9c2 cells under correlation
with lncRNA MALAT1 (Yao et al. 2019). More-
over, miR-217 was detected to be sponged by
lncRNA HOTAIR. Therefore, this study would
choose miR-217 to measure its correlation with
lncRNA HOTAIR. Expressions of miR-217 were
first verified that lncRNA HOTAIR could nega-
tively regulate levels of miR-217. With evalua-
tion of overexpressed miR-217, negative inter-
actions between miR-217 and lncRNA HOTAIR
were determined through cell viabilities, apop-
tosis and factors in inflammation. Mimics of miR-
217 could reverse high cell viabilities caused by
upregulation of lncRNA HOTAIR. Meanwhile,
it could also enhance apoptosis rate as well as
caspase-3 and Bax expressions. In inflammation,
low levels of IL-1β and IL-6 were also increased.
Thus, miR-217 was a factor that could enhance
process of hypoxia in myocardial cells.

GPD2 (glycerol-3-phosphate dehydrogena-
se2) is a nuclear coding protein located in the
outer surface of the mitochondrial membrane
(Klingenberg 1970), which has been detected in
protecting survival of Caenorhabditis elegans
in hypoxia environment. At the same time, GPD2
was evaluated to have binding sites with miR-
217. Thus, functions of GPD2 were checked as
well, which indicated that GPD2 could reverse
functions of miR-217 in hypoxia-treated cells.
Overexpressed GPD2 enhanced cell viabilities
by repressing expressions of miR-217. High ap-
optosis and inflammation by mimics of miR-217
were suppressed with upregulation of GPD2.
Besides that, overexpressed GPD2 was discov-
ered to released hypoxia injuries through PI3K/
AKT signaling pathway, which has been veri-
fied to relieve hypoxia damages in myocardial
cells (Song et al. 2018; Tang et al. 2017). Results
showed that GPD2 could be a factor to release
hypoxia injury in myocardial cells by suppressing
apoptosis as well as inflammation.

CONCLUSION

LncRNA HOTAIR upregulated GPD2 to ac-
celerated hypoxia-induced AC16 cell viability
and restrained apoptosis through sponging miR-
217, suggesting lncRNA HOTAIR/miR-217/GPD2
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axis might be a promising way to treat hypoxia
damage. However, in vivo research should be
made to confirm functions of these three in the
whole system.

RECOMMANDATIONS

LncRNA HOTAIR and GPD2 were downregu-
lated after hypoxia treatment while miR-217 was
promoted. MiR-217 was verified to be sponged by
lncRNA HOTAIR and GPD2 was targeted by miR-
217. LncRNA HOTAIR upregulated GPD2 through
sponging miR-217, accelerating cell viability and
hindering cell apoptosis and inflammation.
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