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Lnc-NEAT1 induces cell
apoptosis and inflammation
but inhibits proliferation in
a cellular model of hepatic
ischemia/reperfusion injury

Liu Wang1,*, Pan Qu2,*, Wanling Yin3 and
Jiao Sun1

Abstract

Objective: We aimed to investigate the effect of long non-coding RNA nuclear-enriched abun-

dant transcript 1 (lnc-NEAT1) on regulating hepatocyte proliferation, apoptosis, and inflammation

during hepatic ischemia/reperfusion (I/R) injury.

Methods: Human liver cells (HL-7702) were cultured under glucose-free and oxygen-free con-

ditions to construct the I/R injury model. Expression of lnc-NEAT1 was detected in this model

and in normal cells. Plasmids of control overexpression [NC(þ)], lnc-NEAT1 overexpression

[NEAT1(þ)], control short hairpin (sh)RNA [NC(�)], and lnc-NEAT1 shRNA [NEAT1(�)] were

transfected into HL-7702 cells and subsequently subjected to I/R treatment. Cell proliferation,

apoptosis, apoptosis-related proteins, and inflammatory cytokines were assessed.

Results: Lnc-NEAT1 expression was elevated in the I/R group compared with the normal group.

Cell proliferation was decreased in the NEAT1(þ) group compared with the NC(þ) group but

increased in NEAT1(�) compared with NC(�). The apoptosis rate increased in the NEAT1(þ)

group compared with the NC(þ) group but decreased in NEAT1(�) compared with NC(�).

Western blot assay (detection of apoptosis-related proteins) showed similar results. Expression

of interleukin-1b, interleukin-6, and tumor necrosis factor-a increased in the NEAT1(þ) group

compared with NC(þ) but decreased in NEAT1(�) compared with NC(�).
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Conclusion: Lnc-NEAT1 is overexpressed, induces cell apoptosis and inflammation, and inhibits

proliferation during hepatic I/R injury.
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Introduction

Ischemia/reperfusion (I/R) injury is a phe-
nomenon in which cellular damage caused
by hypoxia or ischemia becomes exacerbated
when oxygen or blood supply is restored.1,2

Because of the aerobic nature of the liver,
hepatic I/R injury is a severe problem that
can lead to aggravated metabolic disorder
and structural damage to hepatocytes,
making it a major cause of morbidity and
mortality following liver resection surgery
and transplantation.3 Although the clinical
importance of suppressing hepatic I/R
injury has been recognized for decades, the
efficacy of therapies in clinical practice
remains limited, due in part to incomplete
understanding of the pathology in hepatic
I/R injury.4,5 Emerging experimental evi-
dence shows that a good understanding of
the mechanisms involved in disease initiation
and development is essential to explore strat-
egies for preventive or therapeutic treat-
ments; thus, extensive research efforts are
needed to explore the underlying mecha-
nisms of hepatic I/R injury.

Long non-coding RNA (lncRNA), a
class of RNAs with more than 200 nucleo-
tides, is a type of RNA that lacks sufficient
protein coding ability.6,7 According to pre-
vious studies, lncRNAs have been identified
as key regulators in multiple biological
processes (such as gene expression, subcel-
lular architecture, and stabilization of
protein complexes), and their aberrant
expression is implicated in the physiology

and pathophysiology of many diseases,

including liver injury.6–11 LncRNA

nuclear-enriched abundant transcript 1

(lnc-NEAT1), located on chromosome

11q13.1, functions as a vital component of

paraspeckles and is widely expressed in

mammalian cells.12,13 Recently, a study

showed that elevated lnc-NEAT1 expres-

sion is induced by hypoxia in liver cancer

cells.14 In addition, lnc-NEAT1 has been

reported to facilitate myocardial I/R

injury by enhancing myocardial apoptosis

and autophagy in rats.15 Considering the

dysregulation of lnc-NEAT1 under hypoxic

condition and the regulatory effect of lnc-

NEAT1 in cardiomyocytes of myocardial I/

R injury based on these previous studies, we

hypothesized that lnc-NEAT1 might affect

the pathology of hepatic I/R injury,

although the underlying mechanism of lnc-

NEAT1 in hepatic I/R injury is poorly

understood. Hence, we conducted this

study to investigate the expression of lnc-

NEAT1 and, more importantly, to explore

the effect of lnc-NEAT1 on regulating the

proliferation, apoptosis, and inflammation

of hepatocytes during hepatic I/R injury.

Methods

Ethical approval

Our study did not require ethical board

approval because it did not involve human

or animal patients.
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Cell culture

The human normal liver cell line HL-7702
was purchased from Cell Resource Center
of Shanghai Institute of Life Sciences,
Chinese Academy of Sciences (Shanghai,
China), and was cultured in 80%
RPMI 1640 medium (Gibco BRL/Life
Technologies Inc., Gaithersburg, MD,
USA) supplemented with 20% fetal bovine
serum at 37�C under 95% air and 5% CO2.

Establishment of HL-7702 I/R injury

model

To construct the HL-7702 I/R injury model,
HL-7702 cells were cultured in glucose-free
RPMI 1640 medium (Gibco BRL/Life
Technologies Inc.) and incubated in an
oxygen-free atmosphere (95% N2 and 5%
CO2 at 37�C) for 12 hours. Then, cells
were cultured in normal RPMI 1640
medium under normal atmosphere (95%
air and 5% CO2 at 37�C) for 24 hours
(according to previous experiments in the
hepatic I/R injury model16,17). The cell apo-
ptosis rate was detected using the FITC
Annexin V Apoptosis Detection Kit II
(Becton, Dickinson Co., Franklin Lakes,
NJ, USA) with propidium iodide (AV/PI)
according to the manufacturer’s instructions
to establish the HL-7702 I/R injury model.

Lnc-NEAT1 expression in HL-7702 I/R
injury model

Expression of lnc-NEAT1 in the HL-7702 I/R
injury model and normal HL-7702 was
detected using real-time quantitative polymer-
ase chain reaction (RT-qPCR), details of
which are listed in the RT-qPCR subsection.

Plasmid construction and transfection

Control overexpression plasmids, lnc-
NEAT1 overexpression plasmids, control
short hairpin (sh)RNA plasmids, and lnc-
NEAT1 shRNA plasmids were constructed

using pcDNA3.1 and pGPU6 plasmids by

Shanghai Qeejen Bio-tech Company

(Shanghai, China). These plasmids were

transfected into HL-7702 cells as NC(þ),

NEAT1(þ), NC(�), and NEAT1(�)

groups, respectively, using the gene trans-

fection reagent HilyMax (Dojindo, Japan).

In detail, plasmids were mixed with opti-

MEM (Gibco BRL/Life Technologies

Inc.) and then left to stand for 15 minutes

at room temperature, followed by addition

of HilyMax to this mixture. Then, trans-

fected HL-7702 cells were used to construct

the I/R injury model according to the afore-

mentioned method: cells were cultured

under glucose-free and oxygen-free condi-

tions for 12 hours and under normal

conditions for another 24 hours. Then,

lnc-NEAT1 expression in each group was

detected at 36 hours post-transfection by

RT-qPCR.

Cell proliferation and apoptosis detection

Cell proliferation was detected 36 hours

after transfection using the Cell Counting

Kit-8 (Sangon, China) according to the

manufacturer’s instructions. The cell apo-

ptosis rate was detected 36 hours after

transfection using the FITC Annexin V

Apoptosis Detection Kit II with propidium

iodide (AV/PI) (Becton, Dickinson Co.)

according to the manufacturer’s instruc-

tions. In addition, expression of apoptotic

markers cleaved caspase 3 (C-Caspase 3)

and B-cell lymphoma-2 (Bcl-2) were

detected at 36 hours after transfection

using western blot, according to the detailed

process described later.

Detection of inflammatory cytokines

mRNA and protein expression of inflam-

matory cytokines including interleukin

(IL)-1b, IL-6, and tumor necrosis factor

(TNF)-a were detected 36 hours after trans-

fection using RT-qPCR and western blot.
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RT-qPCR

The process of RT-qPCR assay was as fol-

lows. Total RNA was extracted with

PureZOL RNA isolation reagent (Bio-

Rad, Hercules, CA, USA). Then, 1 lg of

total RNA was reverse transcribed to

cDNA with ReverTra Ace RT-qPCR RT

Master Mix (Toyobo Co. Ltd., Osaka,

Japan) at 42�C for 20 minutes, followed

by 98�C for 5 minutes. SYBR Green

Realtime PCR Master Mix (Toyobo Co.

Ltd.) was used to perform RT-qPCR, and

amplification of RT-qPCR was conducted

at 95�C for 1 minute, followed by 40 cycles

of 95�C for 30 seconds, 61�C for 30 sec-

onds, then 72�C for 30 seconds. Results of

RT-qPCR was calculated by the 2�DDCt for-

mula, and glyceraldehyde-3-phosphate

dehydrogenase (GAPDH) was applied as

the internal reference. Primers used in this

assay are listed in Table 1.

Western blot

The process for the western blot assay was

as follows. Total protein was extracted

from each group using RIPA buffer

(Sigma-Aldrich, St. Louis, MO, USA) on

ice; and the concentration of total protein

was measured with the Pierce BCA Protein

Assay kit (Thermo Fisher Scientific,

Waltham, MA, USA). Thermal denatur-

ation was performed, and then 20 lg of

protein was added to a NuPAGE Bis-Tris

protein gel (Invitrogen Corp., Carlsbad,

CA, USA). After electrophoresis, proteins

were transferred to polyvinylidene fluoride

(PVDF) membranes (Millipore, Billerica,
MA, USA), followed by blocking of the
membranes with 5% bovine serum albumin
(BSA; Sigma-Aldrich). The membranes
were incubated with the corresponding pri-
mary antibodies at 4�C (overnight) and fur-
ther incubated with the secondary
antibodies at 37�C (1.5 hours). Finally, the
bands were visualized by high-sensitivity
ECL luminescence reagent (Sangon
Biotech, Shanghai, China), and gray
degree values were applied to determine
the expression of proteins. Antibodies
used in this assay are listed in Table 2.

Statistical analysis

Statistics was performed using SPSS 22.0
software (IBM Corp., Armonk, NY,
USA) and GraphPad Software 6.01
(GraphPad Inc., San Diego, CA, USA).
Data are presented as mean� standard
deviations, and comparisons between two
groups were analyzed using the t-test.
P< 0.05 was considered significant.

Results

Establishment of HL-7702 I/R injury
model and expression of lnc-NEAT1

Compared with the normal group, the cell
apoptosis rate was increased in the I/R
group (P< 0.01), indicating successful
establishment of the HL-7702 I/R injury
model (Figure 1A-B). In addition, we
detected expression of lnc-NEAT1 in the
HL-7702 I/R injury model and normal

Table 1. List of primers.

Gene Forward primer (50-30) Reverse primer (50-30)

Lnc-NEAT1 GGTGGAGGAGTCAGGAGGAAT GCTGCTGGCATGGACAAGT

TNFA TGTTCCTCAGCCTCTTCTCCTT CTCTCAGCTCCACGCCATTG

IL1B CGAATCTCCGACCACCACTAC CACCACTTGTTGCTCCATATCC

IL6 CCACTCACCTCTTCAGAACGAAT CTGGCTTGTTCCTCACTACTCTC

GAPDH GAGTCCACTGGCGTCTTCAC ATCTTGAGGCTGTTGTCATACTTCT
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HL-7702 cells, and found that lnc-NEAT1

expression was elevated in the I/R group

compared with normal cells (P< 0.01)

(Figure 2).

Effect of lnc-NEAT1 on cell

proliferation and apoptosis in I/R

treated HL-7702 cells

To assess the effect of lnc-NEAT1 on hepa-

tocyte proliferation and apoptosis during I/

R injury, control overexpression plasmids,

lnc-NEAT1 overexpression plasmids, con-

trol shRNA plasmids, and lnc-NEAT1

shRNA plasmids were constructed and

transfected into HL-7702 cells and further

subjected to I/R treatment. Lnc-NEAT1

expression was higher in the NEAT1(þ)

group than in the NC(þ) group

(P< 0.001), whereas it was lower in the

NEAT1(�) group than in the NC(�) group

(P< 0.001), indicating successful transfection

of the aforementioned plasmids in HL-7702

cells (Figure 3). Furthermore, cell prolifera-

tion was decreased in the NEAT1(þ) group

compared with the NC(þ) group (P< 0.05),

but increased in NEAT1(�) compared with

NC(�) (P< 0.05) (Figure 4A). Regarding

cell apoptosis, the rate was elevated in the

NEAT1(þ) group compared with the NC

Table 2. List of antibodies used in the study.

Antibody Company Dilution

Primary antibody

Cleaved caspase-3 rabbit mAb Cell Signaling Technology (Danvers, MA, USA) 1:1000

Caspase-3 rabbit mAb Cell Signaling Technology 1:1000

Rabbit monoclonal to Bcl-2 Abcam (Cambridge, UK) 1:2000

Rabbit monoclonal to TNF-a Abcam 1:1000

Rabbit monoclonal to IL1-b Abcam 1:2000

Rabbit monoclonal to IL-6 Abcam 1:1000

GAPDH rabbit mAb Cell Signaling Technology 1:1000

Secondary antibody

Goat anti-rabbit IgG H&L (HRP) Cell Signaling Technology 1:4000

mAb, monoclonal antibody; H&L, : HRP, horseradish peroxidase.

Figure 1. Cell apoptosis rate in the I/R group and normal group. (a, b) The AV/PI assay showed that the cell
apoptosis rate was higher in the I/R group than in the normal group. Comparison between groups was
determined by t-test. Results are shown as means� standard deviations. P< 0.05 was considered significant;
**P< 0.01. I/R, ischemia/reperfusion; AV/PI, annexin V apoptosis detection with propidium iodide.
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(þ) group (P< 0.01) but reduced in NEAT1
(�) compared with NC(�) (P< 0.01)
(Figure 4B, D). In addition, expression of
apoptosis-related proteins was detected, and
expression of apoptotic protein C-caspase 3
was increased in the NEAT1(þ) group but
decreased in the NEAT1(�) group, whereas
expression of the anti-apoptosis protein Bcl-2
was reduced in the NEAT1(þ) group but
elevated in the NEAT1(�) group relative to
NC(�) (Figure 4C, E). These results indicat-
ed that lnc-NEAT1 inhibited cell prolifera-
tion and enhanced cell apoptosis in I/R
treated HL-7702 cells.

Effect of lnc-NEAT1 on inflammatory
cytokines in I/R treated HL-7702 cells

Expressions of IL1B mRNA (Figure 5A),
IL6 mRNA (Figure 5B), and TNFA
mRNA (Figure 5C) were increased in the
NEAT1(þ) group compared with the NC
(þ) group (all P-values< 0.05), whereas
they were decreased in NEAT1(�) com-
pared with NC(�) (all P-values< 0.05).
Moreover, the western blot assay showed
that expression of IL-1b, IL-6, and TNF-a
were higher in the NEAT1(þ) group com-
pared with the NC(þ) group but lower in
the NEAT1(�) group compared with the
NC(�) group (Figure 5D, E). These results
indicated that lnc-NEAT1 promoted
inflammation in I/R treated HL-7702 cells.

Discussion

In our study, we found (1) that lnc-NEAT1
was overexpressed and that it inhibited cell
proliferation but promoted cell apoptosis in
I/R treated HL-7702 cells; and (2) that lnc-
NEAT1 increased levels of inflammatory
cytokines in I/R treated HL-7702 cells.

LncRNAs have been extensively investi-
gated and are recognized to play important
roles in a wide range of biological func-
tions.9,11 For example, lncRNAs are able
to serve as both a source and a negative

Figure 2. Lnc-NEAT1 expression in I/R group and
normal group. lnc-NEAT1 expression was
increased in the I/R group compared with the
normal group. Comparison between groups was
determined by t-test. Results are shown as means
� standard deviations. P< 0.05 was considered
significant; **P< 0.01. Lnc-NEAT1, long non-coding
RNA nuclear-enriched abundant transcript 1; I/R,
ischemia/reperfusion.

Figure 3. Lnc-NEAT1 expression in NC(þ) group,
NEAT1(þ) group, NC(�) group, and NEAT1(�)
group. After transfection, lnc-NEAT1 expression
was higher in NEAT1(þ) group but lower in NEAT1
(�) group compared with the corresponding con-
trol groups during I/R injury. Comparison between
groups was determined by t-test. Results are shown
as means� standard deviations. P< 0.05 was con-
sidered significant; ***P< 0.001. Lnc-NEAT1, long
non-coding RNA nuclear-enriched abundant tran-
script 1; NC(þ), control overexpression plasmid,
NEAT1(þ), lnc-NEAT1 overexpression plasmid,
NC(�), control short hairpin (sh)RNA plasmid, and
NEAT1(�), lnc-NEAT1 shRNA plasmid; I/R, ische-
mia/reperfusion.
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regulator of microRNAs, and lncRNAs

bridge DNA and protein by binding to

chromatin and acting as a scaffold for mod-

ifying protein complexes.18,19 With these

functions, lncRNAs have become a hotspot

of research and are regarded as crucial

mediators in both cell biology and disease

pathology.18,19 Recently, an increasing

number of studies have shown a role of

lncRNAs in hypoxia regulation, with in

vitro and in vivo experiments being con-

ducted to explore the regulatory effects of

lncRNAs in liver injury.9–11,20 For instance,

a study conducting microarray assays deter-

mined that 64 lncRNAs were upregulated

and 244 downregulated in the plasma of

hepatic I/R injury mice.11 A previous

study showed that knockdown of lncRNA

HOTAIR (HOX transcript antisense RNA)

attenuated autophagy of hepatocytes by

targeting miR-20b-5p in an hepatic I/R

injury model.9 Another study showed that

knockdown of lncRNA H19 alleviated liver

injury (according to hematoxylin and eosin

staining in liver sections) and decreased

serum bilirubin, alanine aminotransferase

(ALT), and bile acid in B-cell lymphoma

protein 2 (Bcl2)-induced liver injury

mice.10 Silencing of lncRNA-AK139328

has been shown to reduce necrosis area

but increase survival signaling proteins

[including phosphorylated (p)Akt, glycogen

synthase kinase 3 (pGSK3), and endothelial

nitric oxide synthase (peNOS)] in liver of I/

R injury mice, and decrease expression of

plasma inflammatory cytokines (including

Figure 4. Cell proliferation, apoptosis, and expression in NC(þ) group, NEAT1(þ) group, NC(�) group
and NEAT1(�) group. (a) The CCK8 assay showed that the cell proliferation rate was lower in the NEAT1
(þ) group and higher in the NEAT1(�) group compared with the corresponding NC groups during I/R
injury. (b, d) The AV/PI assay showed that cell apoptosis rate was increased in the NEAT1(þ) group but
decreased in the NEAT1(�) group compared with the corresponding NC groups during I/R injury. (c, e)
Western blot assay revealed that C-caspase expression was higher in the NEAT1(þ) group relative to the
NC(þ) group, and Bcl-2 expression was decreased in the NEAT1(þ) group but increased in the NEAT1(�)
group compared with the corresponding groups during I/R injury. Comparison was determined by t-test.
Results are shown as means� standard deviations. P< 0.05 was considered significant; **P< 0.01; *P< 0.05.
CCK-8, Cell Counting Kit-8; AV/PI, annexin V apoptosis detection with propidium iodide; NEAT1, nuclear-
enriched abundant transcript 1; NC(þ), control overexpression plasmid, NEAT1(þ), lnc-NEAT1 overex-
pression plasmid, NC(�), control short hairpin (sh)RNA plasmid, and NEAT1(�), lnc-NEAT1 shRNA
plasmid; I/R, ischemia/reperfusion; C-caspase 3, cleaved caspase 3; Bcl-2, B-cell lymphoma-2.
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ALT and aspartate aminotransferase) by
activating the Akt signaling pathway and
inhibiting nuclear factor-jB activity.20

These previous data reveal that lncRNAs
participate in the pathology of liver injury,
especially for hepatic I/R injury.

Lnc-NEAT1 has been found to be aber-
rantly expressed and to affect cell prolifer-
ation, migration, invasion, and apoptosis in
a variety of diseases, including cancers, dia-
betes, and traumatic brain injury.8,21,22 In
liver disease, a previous study showed that
lnc-NEAT1 was overexpressed in hypoxic
Hep3B cells compared with normoxic
Hep3B cells, and lnc-NEAT1 exhibits
hypoxia-dependent regulation in mouse
organs, which indicates that increased lnc-
NEAT1 expression is related to a higher
degree of hypoxia.14 In addition, a study

showed that lnc-NEAT1 is overexpressed
in myocardial tissues of I/R-treated diabetic
rats; moreover, lnc-NEAT1 enhances cardi-
omyocyte apoptosis by upregulating fork-
head box protein O1 (FOXO1) expression
to promote I/R injury.15 Considering the
elevated expression of lnc-NEAT1 in hyp-
oxic liver and the regulatory effect of lnc-
NEAT1 in I/R injury cardiomyocytes, we
hypothesized that lnc-NEAT1 might play
a role in mechanisms of hepatic I/R
injury.14,15 In this study, we established an
HL-7702 I/R injury model and measured
lnc-NEAT1 expression in this model. We
conducted RT-PCR, CCK-8, AV/PI, and
western blot assays to explore the effect of
lnc-NEAT1 during hepatic I/R injury. We
found that lnc-NEAT1 was overexpressed
and that it suppressed cell proliferation

Figure 5. Expressions of inflammatory cytokines in NC(þ), NEAT1(þ), NC(�), and NEAT1(�) groups. RT-
qPCR assay disclosed that expressions of IL1B miRNA (a), IL6 miRNA (b) and TNFA mRNA (c) were all
elevated in the NEAT1(þ) group but decreased in the NEAT1(�) group compared with the corresponding
NC groups during I/R injury. (d, e) Western blot assay revealed that expressions of IL-1b, IL-6, and TNF-a
were all higher in the NEAT1(þ) group but lower in the NEAT1(�) group compared with the corresponding
groups during I/R injury. Results are shown as means� standard deviations. Comparison between groups
was determined by t-test. P< 0.05 was considered significant; ***P< 0.001; **P< 0.01; *P< 0.05. NEAT1,
nuclear-enriched abundant transcript 1; NC(þ), control overexpression plasmid, NEAT1(þ), lnc-NEAT1
overexpression plasmid, NC(�), control short hairpin (sh)RNA plasmid, and NEAT1(�), lnc-NEAT1 shRNA
plasmid; I/R, ischemia/reperfusion; RT-qPCR, quantitative polymerase chain reaction; IL-1b, interleukin-1b;
IL-6, interleukin-6; TNF-a, tumor necrosis factor-a.
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but promoted cell apoptosis in I/R-
treated HL-7702 cells, which might sup-
port the further exploration of novel
targets in hepatic I/R injury treatment.
Our results suggest that (1) lnc-NEAT1
had a proinflammatory effect in I/R-
treated HL-7702 cells, which was con-
firmed in our subsequent experiments;
the aggravated inflammatory response
facilitated recruitment of leukocytes to
post-ischemic liver and further promoted
parenchymal cell injury, thereby leading
to cell apoptosis and inhibited cell prolif-
eration.3 In addition, lnc-NEAT1 upre-
gulated FOXO1 expression, which is a
protein able to promote autophagy by
increasing protein expression of Atg7,
Atg5, and LC3-II/LC3-I; this dysregu-
lated autophagic flux contributed to cell
apoptosis.15

An increasing number of studies have
revealed that inflammation is involved in
the pathology of hepatic I/R injury.20,23,24

The effects of lnc-NEAT1 on inflammatory
cytokine levels in inflammatory diseases has
been disclosed in previous studies.25,26 For
example, one study showed that lnc-
NEAT1 knockdown decreased expression
of inflammatory cytokines, including IL-6
and IL-8, in osteoarthritis synoviocytes.25

Additionally, one study showed that lnc-
NEAT1 promotes myocardial autophagy
to aggravate myocardial I/R injury in dia-
betic rats, and the excess autophagy further
enhances inflammation.15 Another study
demonstrated that lnc-NEAT1 may enhance
the release of inflammatory cytokines
(TNF-a, IL-1b, and IL-18) by sponging
miR-495-3p in H2O2-induced I/R injury car-
diomyocytes.27 These previous reports reveal
the proinflammatory role of lnc-NEAT1 in
some inflammatory diseases; however, evi-
dence of lnc-NEAT1 affecting inflammatory
reactions in hepatic I/R injury is limited. In
our study, we conducted RT-qPCR and
western blot assays to investigate the effect
of lnc-NEAT1 on inflammatory cytokines in

hepatic I/R injury, and we found that lnc-

NEAT1 increased the levels of inflammatory

cytokines, including IL-1b, IL-6 and TNF-a,
in I/R-treated HL-7702 cells, indicating that

lnc-NEAT1 aggravated inflammation. Our

results might provide evidence to support

the exploration of preventative or therapeu-

tic measures to repress the inflammatory

response in hepatic I/R injury.
In conclusion, lnc-NEAT1 was overex-

pressed and induced cell apoptosis and

inflammation but inhibited proliferation

during hepatic I/R injury.
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