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Dexmedetomidine promotes cell proliferation and inhibits cell apoptosis by 
regulating LINC00982 and activating the phosphoinositide-3-kinase (PI3K)/ 
protein kinase B (AKT) signaling in hypoxia/reoxygenation-induced H9c2 cells
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ABSTRACT
Previous studies showed dexmedetomidine (DEX) could alleviate myocardial ischemia/reperfusion 
injury (MIRI). Nevertheless, the mechanisms by which DEX alleviated MIRI remain to be determined. 
Our results demonstrated that DEX reversed hypoxia/reoxygenation (H/R)-induced decreased prolifera-
tion, and enhanced LINC00982 level, apoptosis, and inflammation in H9c2 cells. Moreover, LINC00982 
overexpression attenuated the DEX-mediated protective effect of H9c2 cells under H/R. In addition, DEX 
upregulated p-phosphoinositide-3-kinase (p-PI3K) and p-protein kinase B (p-AKT) levels, and the silen-
cing of LINC00982 further enhanced this effect in H/R-induced H9c2 cells. Furthermore, LINC00982 
deletion enhanced the protective effect of DEX on H9c2 cells under H/R condition, while PI3K inhibitor, 
LY294002, obviously reversed this phenomenon. In sum, our work determined that DEX could suppress 
cell apoptosis and inflammation in H/R-triggered H9c2 through downregulating LINC00982 and activat-
ing PI3K/AKT signaling.
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Introduction

Acute myocardial infarction (AMI), characterized 
by a reduced or complete cessation of blood flow 
to the heart, is a major threat to human health and 

results in high mortality worldwide [1]. At present, 
rapid reperfusion is the main treatment strategy for 
AMI, but they may result in cardiomyocyte dys-
function, such as myocardial ischemia/reperfusion 
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injury (MIRI) [2], and the mortality rate of MIRI is 
approximately 10% among AMI patients who 
received rapid reperfusion therapy [3]. Therefore, 
it is necessary to elucidate mechanisms underlying 
MIRI and search for novel targets to inhibit reper-
fusion injury and protect cardiac function.

Dexmedetomidine (DEX) is a highly selective α 
2-adrenergic receptor agonist that is extensively 
used in clinical anesthesia and intensive care 
unit, exerting sedative, analgesic, and sympatholy-
tic effects [4]. Previous studies have demonstrated 
that DEX exerted its cardioprotective effect on 
MIRI via diverse regulatory pathways. For exam-
ple, DEX reduced lncRNA MALAT1 expression to 
improve MIRI through elevating miR-346 level 
[5]. DEX alleviated MIRI in rats through PI3K/ 
AKT/GSK-3β pathway [6]. However, the specific 
mechanism by which DEX alleviated MIRI 
remains to be elucidated.

Long noncoding RNA (lncRNA) is a type of 
RNA that is >200 nt without an open reading 
frame or coding sequences, which takes part in 
various biological processes, including differentia-
tion, proliferation, angiogenesis, and metastasis 
[7–9]. Increasing evidence indicated that lncRNA 
acted as a vital regulator in the development of 
MIRI. For instance, lncRNA MALAT1 blocking 
could inhibit MIRI and improve the cardiac func-
tion of rats via activation of the AKT signaling 
[10]. Overexpression of lncRNA FGD5-AS1 
relieved MIRI through inhibition of miR-106a-5p 
and miR-106b-5p expression [11]. Besides, 
Abhd11os deletion attenuated MIRI through 
repressing apoptosis of cardiomyocytes [12]. 
A research from Zhang et al implied that 
LINC00982 overexpression restrained cell viability 
and facilitated apoptosis via modulating the PI3K/ 
AKT pathway [13]. Nonetheless, the role and func-
tion of LINC00982 in MIRI are still unknown.

Herein, we hypothesized that DEX could exert 
its protective effects against MIRI, and we aimed 
to explore the underlying molecular mechanism of 
DEX in MIRI. Our study demonstrated that DEX 
promoted cell proliferation and inhibited cell 
apoptosis by regulating LINC00982 and activating 
the PI3K/AKT signaling in H/R-induced H9c2 
cells. These findings might provide a theoretical 
basis for the clinical application of DEX in the 
treatment of MIRI.

Materials and methods

Hypoxia/reoxygenation (H/R) model

The cardiomyocyte H9c2 cells were purchased from 
BeNa culture collection (Beijing, China) and cul-
tured in DMEM containing 10% FBS, 100 U/ml 
penicillin and 0.1 mg/ml streptomycin in an incu-
bator (95% air+5% CO2) at 37°C. To establish a H/R 
cell model to mimic MIRI, the cells were placed in 
the hypoxia condition (1% O2, 5% CO2, and 94% 
N2) for 24 h, followed by reoxygenation in a nor-
moxic chamber (5% CO2 and 95% air) for 6 h. The 
H9c2 cells in Dex groups were subjected to 10 nM 
Dex pretreatment for 1 h before H/R insult.

Cell transfection

The specific short hairpin RNAs (shRNAs) targeting 
LINC00982 (shLINC00982; 5’- GCAATAAACGG 
AATCGGTTTC-3’) with its negative control 
(shNC), and pcDNA3.1/LINC00982 with its negative 
control (pcDNA3.1), obtained from GenePharma 
(Shanghai), were transfected into H9c2 cells using 
Lipofectamine 2000 (Invitrogen, USA).

RT-qPCR

Total RNAs were isolated from different treated 
cells by Trizol (Invitrogen). rime-Script TMRT 
reagent kit (Takara) was used to reversely tran-
scribed RNA into cDNA. qPCR was conducted 
using SYBR Green PCR master mix on a 7500 
Real-Time PCR System. Primers used for targets 
amplification were presented in Table 1.

MTT assay

H9c2 cells were seeded into 96-well plate and 
treated with 10 µl MTT solution for 24 h. Then, 
100 µl DMSO (Sigma-Aldrich) was added to each 
well and the plates were gently agitated for 10 min. 

Table 1. Primer sequences for RT-qPCR.
Gene Direction Sequence (5’-3’)

LINC00982 F AGGACGTAGGTCTTTTGGCACC
R CACCTAGAATGGTAGTTTGTGCC

GAPDH F GTCTCCTCTGACTTCAACAGCG
R ACCACCCTGTTGCTGTAGCCAA
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The absorbance was determined at 490 nm using 
a microplate reader (BioTek) [14].

Enzyme-linked immunosorbent assay (ELISA)

IL-1β, IL-6, and TNF-α in the supernatants of 
H9c2 cells were measured by the corresponding 
ELISA kit (Invitrogen, USA), following the manu-
facturer’s instructions [15,16].

Flow cytometry

An Annexin V-FITC/PI Apoptosis Detection Kit 
(BD Biosciences) was applied to analyze cardio-
myocyte apoptosis. Briefly, H9c2 cells were re- 
suspended in 100 μL binding buffer, stained with 
Annexin V-FITC and PI reagent, and then cul-
tured in darkness for 10 min. The apoptotic rate 
was evaluated by flow cytometry.

Western blotting

The cultured or transfected cells were lysed in RIPA 
buffer ((Beyotime) with 1% PMSF. The proteins were 
separated by 10% SDS-PAGE and transferred to 
PVDF membranes. Then, the membranes were incu-
bated with the following primary antibodies: Bax 
(ab32504, Abcam), cleaved-caspase-3 (ab2302, 
Abcam), p-AKT (Ser473, #4060, Cell Signaling 
Technology), AKT (#4691, Cell Signaling 
Technology), p-PI3K (Tyr458, #17,366, Cell 
Signaling Technology), PI3K (#4249, Cell Signaling 
Technology), and GAPDH (ab8245, Abcam) at 4°C 
overnight. Subsequently, the corresponding second-
ary antibody was added for incubation. Finally, ECL 
System was employed to detect the protein expression.

Statistical analysis

GraphPad 6.0 software was used for the statistical 
analyses and data are presented as the mean ± SD. 
Comparisons between groups were analyzed using 
one-way ANOVA followed by Tukey’s post hoc 
test. p <0.05 indicated statistical significance.

Results

In this study, we attempted to investigate the func-
tion and molecular mechanism of DEX in H/ 

R-challenged cardiomyocyte dysfunction. The 
results manifested that DEX protected H9c2 cells 
against H/R injury via regulating LINC00982 and 
activating PI3K/AKT pathway, providing 
a scientific basis for DEX application in MIRI.

DEX decreases LINC00982 expression and 
suppresses the apoptosis and inflammation in 
H9c2 cells under H/R conditions

To determine the role of DEX in MIRI, an in vitro 
MIRI cell model was constructed. RT-qPCR indicated 
that LINC00982 was notably upregulated in H/ 
R-stimulated H9c2 cells, while such phenomenon 
was restored following DEX treatment (Figure 1(a)). 
In addition, H/R treatment impeded cell viability, 
which was reversed by DEX (Figure 1(b)). 
Furthermore, flow cytometry implied that H/R dra-
matically accelerated H9c2 cell apoptosis, while the 
promotive impact was abrogated by DEX treatment 
(Figure 1(c)). Consistently, H/R obviously lifted apop-
tosis-related biomarkers, including Bax and cleaved 
caspase-3 levels, while this effect was restored by DEX 
treatment in H9c2 cells (Figure 1(d)). Besides, H/R 
elevated levels of IL-1β, IL-6 and TNF-α in H9c2 cells, 
which was inhibited by DEX (Figure 1(e-g)).

DEX exerts its protective effects against H/ 
R-induced H9C2 cell damage by regulating 
LINC00982

To investigate whether DEX exerted protective effects 
on MIRI by regulating LINC00982, H9c2 cells were 
treated with DEX without or with LINC00982 over-
expression plasmid under H/R conditions. RT-qPCR 
analysis determined that DEX treatment inhibited H/ 
R-induced upregulation of LINC00982, while 
LINC00982 augmentation rescued this change 
(Figure 2(a)). Then, the result from MTT displayed 
that DEX promoted the cell viability of H9c2 cells, 
while LINC00982 overexpression reversed this effect 
(Figure 2(b)). On the contrary, LINC00982 addition 
abrogated the suppressive impact of DEX on apopto-
sis of H9c2 cells under H/R (Figure 2(c)). Moreover, 
western blot revealed that LINC00982 overexpression 
neutralized the inhibition of Bax and cleaved caspase- 
3 levels induced by DEX (Figure 2(d)). Meanwhile, 
ELISA determined that LINC00982 overexpression 
restored the anti-inflammatory effect of Dex on 
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H9c2 cells (Figure 2(e-g)). All these data demon-
strated that the impacts of DEX on MIRI were 
reversed by LINC00982 supplementation.

DEX reverses H/R-induced inactivation of PI3K/ 
AKT pathway by downregulating LINC00982

In previous studies, PI3K/AKT signaling has been 
shown to act as a crucial function in I/R injury 
[17]. Herein, we wonder whether PI3K/AKT sig-
naling was implicated in the DEX-mediated pro-
tection against MIRI. As displayed in Figure 3(a, 
b), DEX reversed the downregulated phosphoryla-
tion levels of PI3K and AKT induced by H/R, and 
this pathway was activated or inactivated by 
LINC00982 knockdown or overexpression. In 
sum, DEX rescued the inactivation of PI3K/AKT 
pathway caused by H/R via regulating LINC00982.

DEX improves H/R-induced MIRI by regulating 
LINC00982 and activating PI3K/AKT pathway

To further confirm whether DEX mediated H/ 
R-induced MIRI via regulating PI3K/AKT pathway, 
LY294002 (a PI3K inhibitor) was used to inactive 
PI3K/AKT signaling. Firstly, the results from RT- 
qPCR manifested that LY294002 treatment restored 

the promotive impacts of DEX and LINC00982 
silencing on the p-PI3K and p-AKT levels (Figure 4 
(a)). Then, LINC00982 knockdown enhanced DEX- 
mediated increased cell viability and attenuated 
apoptosis rate, whereas LY294002 obviously 
reversed these impacts (Figure 4(b,c)). Moreover, 
LINC00982 deficiency aggravated the suppressive 
effects of DEX on apoptosis-related protein and 
proinflammatory cytokine levels, which was dis-
tinctly restored by LY294002 treatment (Figure 4 
(d-g)). These data indicated that DEX expedited 
cell viability, reduced the apoptosis and inflamma-
tion in H/R-induced cardiomyocytes through regu-
lating LINC00982 and PI3K/AKT pathway.

Discussion

Previous researches indicated that DEX could pro-
tect hearts against ischemia/reperfusion damage 
and myocardial cells from H/R damage [18]. This 
work offered new insights into the molecular 
mechanism of DEX in MIRI and provided the 
first evidence of a link between DEX and 
LINC00982 and its downstream signaling in the 
MIRI. Our data indicated that DEX protected 
H9c2 cells against H/R injury via regulating 
LINC00982 and activating PI3K/AKT pathway.

Figure 1. DEX decreases LINC00982 expression and suppresses the apoptosis and inflammation in H9c2 cells under H/R 
conditions. (a) RT-qPCR showed LINC00982 expression in H9c2 cells after H/R and DEX treatment. (b) Cell viability was measured by 
MTT. (c) Cell apoptosis rate was measured by flow cytometry. (d) Western blot showed levels of Bax and cleaved caspase-3. (e-g) The 
levels of proinflammatory cytokines were measured by ELISA.
n = 3; *P < 0.05; **P < 0.01.
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Figure 2. DEX exerts its protective effects on H/R-induced H9C2 cells by regulating LINC00982. H9c2 cells were treated with 
DEX, DEX+pcDNA3.1, or DEX+pcDNA3.1/LINC00982 under H/R conditions. (a) RT-qPCR showed LINC00982 expression in different 
groups. (b) Cell viability in different groups was measured using MTT assay. (c) Cell apoptosis rate was measured using flow 
cytometry. (d) Western blotting showed protein levels of apoptosis-related factors (Bax and cleaved caspase-3) in different groups. 
(e-g) The levels of proinflammatory cytokines were determined by ELISA.
n = 3; *P < 0.05; **P < 0.01; ***P < 0.001.
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Recently, many studies have demonstrated that 
lncRNAs participated in cardiac ischemia-related 
cardiovascular diseases [19,20]. For instance, Liu 
et al reported that SNHG7 deletion repressed H/ 
R-induced cardiomyocyte oxidative stress and 
apoptosis via increasing miR-181b-5p expression, 
thereby exerting a protective effect on cardio-
myocytes [21]. Mo et al displayed that lncRNA 
CHRF was upregulated in MIRI, and CHRF 
silencing could relieve MIRI by attenuating myo-
cardial cell apoptosis [22]. Xu et al elaborated 
that LINC00982 addition could promote cell 
apoptosis through modulating PI3K/AKT signal-
ing in papillary thyroid carcinoma [23]. Niu et al 
exhibited that deficiency of lncRNA HRIM 

improved H/R-triggered myocardial damage and 
repressed inflammatory response by inactivating 
the NF-κB pathway [24]. Herein, we identified 
that LINC00982 was upregulated in H9c2 cells 
under H/R conditions, while DEX declined 
LINC00982 expression. Moreover, LINC00982 
supplementation attenuated the protective 
impact of DEX on H/R-triggered H9c2 cells. 
Thus, DEX could improve H/R-induced H9c2 
injury by downregulating LINC00982.

The PI3K/AKT pathway is associated with 
numerous cellular processes, such as inflamma-
tion response, cell viability, apoptosis, and survi-
val [25]. Moreover, accumulating studies have 
identified the protective effect of the PI3K/AKT 

Figure 3. DEX reverses H/R-induced inactivation of PI3K/AKT pathway by downregulating LINC00982. (a and b) The levels of 
p-PI3K and p-AKT in H9c2 cells treated with DEX, DEX+shNC, DEX+shLINC00982, DEX+pcDNA3.1, or DEX+pcDNA3.1/ LINC00982 
under H/R conditions were evaluated in by western blotting.
n = 3; *P < 0.05; **P < 0.01.
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pathway on MIRI [26]. For instance, Yao et al 
revealed that insulin-induced PI3K/AKT signal-
ing activation inhibited cardiomyocyte apoptosis 
and could improve cardiac function [26]. Shen 
et al manifested that Sulodexide inhibited 

endoplasmic reticulum stress caused by MI/R by 
activating the PI3K/AKT signaling [27]. Zhang 
et al elucidated that Nobiletin improved MIRI 
through suppressing endoplasmic reticulum 
stress-related apoptosis by modulating the PI3K/ 

Figure 4. DEX improves H/R-induced MIRI by regulating LINC00982 and activating PI3K/AKT pathway. H9c2 cells were treated 
with DEX, DEX+shNC, DEX+shLINC00982, or DEX+shLINC00982+ LY294002 under H/R condition. (a) Western blotting showed 
protein levels of p-PI3K and p-AKT in different groups. (b) Cell viability in different groups was measured using MTT assay. (c) 
Cell apoptosis was measured using flow cytometry. (d-g) The levels of apoptosis-related proteins and proinflammatory cytokines 
were measured.
n = 3; *P < 0.05; **P < 0.01.
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AKT signal pathway [28]. These previous studies 
provided evidence that activated PI3K/AKT sig-
naling may improve MIRI. In our work, DEX 
upregulated p-PI3K and p-AKT expression, and 
the downregulation of LINC00982 enhanced the 
activation of this signaling in H9c2 cells under H/ 
R conditions. In addition, LINC00982 silence 
enhanced the protective effects of DEX on H/ 
R-treated H9c2 cells, whereas PI3K inhibitor 
restored these effects.

Conclusions

We demonstrated that DEX improved MIRI by 
regulating LINC00982 and activating PI3K/AKT 
signaling. Our study elucidated the molecular 
mechanism underlying the cardioprotective effect 
of DEX on MIRI and might provide a scientific 
basis for DEX application in MIRI.
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