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Abstract. Long non-coding (Inc)RNAs serves an important
role in the occurrence and development of hepatic fibrosis.
IncRNA AKO021443 is highly expressed in hepatocellular
carcinoma (HCC) and promotes HCC cell proliferation,
invasion and migration. The present study aimed to investi-
gate the effect of AK021443 on hepatic fibrosis. AK021443
was overexpressed in the human LX-2 hepatic stellate cell
(HSC) line using a plasmid to observe its effect on hepatic
fibrosis in vitro. A Cell Counting Kit-8 assay was performed
to assess cell proliferation, whereas cell cycle distribution
and related proteins were analyzed via flow cytometry and
western blotting, respectively. The protein expression levels
of epithelial-mesenchymal transition (EMT)-associated and
extracellular matrix (ECM) proteins were also analyzed via
western blotting. Immunofluorescence was conducted to
observe the generation of collagenl, and the activity of inflam-
matory factors and reactive oxygen species (ROS) was also
analyzed. Compared with the pcDNA group, AK021443 over-
expression significantly promoted cell proliferation, enhanced
the transition of cells from G, to S phase and increased the
expression of cyclin-dependent kinase 2 and cyclin D1, but
reduced the p21 protein expression levels. In addition, EMT
capabilities, ECM deposition and the generation of collagenl
were increased by AK021443 overexpression compared with
the pcDNA group. Moreover, AK021443 overexpression
significantly increased the release of inflammatory cytokines,
including TGF-f, interleukin-1f, platelet derived growth
factor, epidermal growth factor and ROS, compared with the
pcDNA group. In conclusion, the present study suggested
that AK021443 overexpression increased HSC proliferation,
activation and the proinflammatory response, indicating the
potential role of AK02144 in aggravating hepatic fibrosis.
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Introduction

Hepatic fibrosis is a pathological change caused by various
endogenous and exogenous damaging factors, such as
inflammation, bacteria, viral infections, alcohol toxicity,
drug toxicity and genetic factors, resulting in chronic liver
damage (1). Hepatic fibrosis manifests in the abnormal prolif-
eration of connective tissue in the liver, excessive deposition
of extracellular matrix (ECM) and the activation of hepatic
stellate cells (HSCs), which is an inevitable stage for numerous
chronic liver diseases, including viral hepatitis, alcoholic fatty
liver and cholestatic liver disease progressing to cirrhosis (2).
The activation of HSCs serves a crucial role in the progression
of hepatic fibrosis (3). Under normal physiological conditions,
HSCs remain stationary, with low proliferative activity and
a reduced ability to synthesize collagen; however, HSCs can
be activated and converted into myofibroblasts under the
stimuli of damaging factors (4). Myofibroblasts can secrete
fibroblast-promoting proteins, such as TGF-3, connective
tissue growth factor and tissue inhibitors of metalloprotein-
ases (TIMP), resulting in the generation of ECM, such as
collagen, fibronectin and laminin, thus serving a key role in
the occurrence of hepatic fibrosis (5). In China, ~300 million
individuals suffer from viral hepatitis (primarily caused by
hepatitis B virus), non-alcoholic fatty liver disease and alco-
holic hepatitis (6). Delayed treatment of hepatic fibrosis can
lead to the progression of various liver diseases to cirrhosis,
thus increasing the risk of concurrent acute/chronic liver
failure and HCC (7). Early treatment with antifibrosis drugs
can effectively reverse the process and has become a research
hotspot in hepatic diseases (8).

In recent years, a large number of studies have demon-
strated that long non-coding (Inc)RNAs are involved in the
occurrence and development of hepatic fibrosis by regu-
lating fibrosis-related cell signaling pathways and activating
HSCs (9-11). IncRNAs are a type of RNA that are >200 nucle-
otides in length and lack protein coding abilities (10). At
first, IncRNAs were considered to be the ‘noise’ of genome
transcription with no biological function. However, increasing
research indicated that IncRNAs are involved in numerous
physiological and pathological processes, including cell differ-
entiation, development, tumorigenesis, migration and organ and
tissue fibrosis (12,13). IncRNA AKO021443 is a newly identified
IncRNA, and the expression levels were found to be increased
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in tissues of patients with HCC (14), whereas AK021443
knockdown inhibits HCC cell proliferation, invasion and
migration (15). However, whether AK021443 participates in
the regulation of hepatic fibrosis is not completely understood.

IncRNA research has primarily focused on tumors;
however, increasing research has been conducted to investigate
the role of IncRNAs in fibrotic diseases (16,17). A recent study
suggested that IncRNAs are specifically expressed in a variety
of fibrotic tissues and serve an important regulatory role in
the occurrence and development of fibrosis (9). Therefore,
identifying the regulatory mechanism underlying IncRNAs in
fibrotic diseases and their potential value in the prevention and
treatment of fibrosis is of significance for the clinical treatment
of fibrotic diseases.

The aim of the present study was to investigate the effects
of AKO021443 overexpression on HSC proliferation and
activation in the LX-2 cell line.

Materials and methods

Cell culture. The human LX-2 HSC cell line (American Type
Culture Collection) was cultured in RPMI-1640 (Gibco;
Thermo Fisher Scientific, Inc.) supplemented with 10% FBS
(Wisent, Inc.) and 1% streptomycin/penicillin antibiotics
at 37°C with 5% CO,. The medium was replaced every other
day. At 80-90% confluence, cells were passaged and cells
in the logarithmic growth phase were used for subsequent
experiments.

Plasmid construction and transfection. Recombinant
full-length human AK021443 cDNA that was cloned into
the pcDNA3.1 vector (pcDNA-AK021443) was designed and
synthesized by Shanghai GenePharma Co.,Ltd. The pcDNA3.1
empty vector was used as a negative control (Shanghai
GenePharma Co., Ltd.). Cells at the density of 2x10%ml were
transfected with 2 yg/ml plasmids using Lipofectamine® 2000
(Invitrogen; Thermo Fisher Scientific, Inc.) according to the
manufacturer's instructions. At 72 h post-transfection, cells
were used for subsequent experiments.

Cell proliferation assay. To determine cell proliferation, cells
were cultured in 96-well plates and transfected with indicated
vectors. At 0, 24, 48 and 72 h post-transfection, cell prolif-
eration was assessed using the Cell Counting Kit-8 (CCK-8)
assay (Beyotime Institute of Biotechnology) according to the
manufacturer's instructions. Briefly, 10 ul CCK-8 working
solution was added to each well and incubated for 2 h at 37°C.
Absorbance was measured at a wavelength of 450 nm using a
microplate reader.

Cell cycle analysis. Flow cytometry was performed to analyze
the effect of AK021443 on the cell cycle. Briefly, LX-2 cells
were fixed with 70% ethanol overnight at 4°C and incubated
with 0.5 mg/ml RNaseA (Thermo Fisher Scientific, Inc.)
at 37°C for 30 min. Following incubation with 25 pg/ml
propidium iodide (Thermo Fisher Scientific, Inc.) on ice for
1 h in the dark, the cell cycle distribution was analyzed using
a FACSCalibur flow cytometer (BD Biosciences). Data were
analyzed using a flow cytometry software (iSort Automated
Cell Sorter A.0; Thermo Fisher Scientific, Inc).

Reverse transcription-quantitative PCR (RT-gPCR). Total
RNA was extracted from LX-2 cells using TRIzol® reagent
(Invitrogen; Thermo Fisher Scientific, Inc.). Total RNA (1 pg)
was reverse transcribed into cDNA (37°C for 15 min and 85°C
for 5 sec) using the PrimeScript RT reagent kit with gDNA
Eraser (Takara Biotechnology Co., Ltd.). Subsequently, gPCR
was performed using the TB Green Fast gPCR Mix (Takara
Biotechnology Co., Ltd.). The following primers were used for
gPCR: AK021443 forward, 5-CTTGAACCCAGAAGACAG
G-3'and reverse, 5" ATGGAACATTAGAGGTAGCAC-3'; and
[B-actin forward, 5'-~ATCGTGCGTGACATTAAGGAGAAG-3'
and reverse, 5'-AGGAAGGAAGGCTGGAAGAGTG-3". The
following thermocycling conditions were used for qPCR:
Initial denaturation at 95°C for 2 min; followed by 40 cycles
at 95°C for 20 sec, 58°C for 20 sec and 72°C for 20 sec. nRNA
expression levels were quantified using the 2444 method (18)
and normalized to the internal reference gene [3-actin.

Western blotting. Total protein was extracted from LX-2 cells
using RIPA buffer (Beyotime Institute of Biotechnology)
and quantified using the bicinchoninic acid protein assay kit
(Thermo Fisher Scientific, Inc.). Equal amounts of protein
(50 ug) were separated via 8-12% SDS-PAGE and transferred
onto PVDF membranes (Bio-Rad Laboratories, Inc.). The
membranes wereblocked with TBS-0.05% Tween-20 containing
5% skimmed milk at room temperature for 2 h. Subsequently,
the membranes were incubated overnight at 4°C with primary
antibodies targeted against: cyclin D1 (cat. no. ab16663; 1:200;
Abcam), cyclin-dependent kinase 2 (CDK2; cat. no. ab32147,
1:1,000; Abcam), p21 (cat. no. abl109520; 1:5,000;
Abcam), E-cadherin (cat. no. ab40772; 1:10,000; Abcam),
N-cadherin (cat. no. ab76011; 1:10,000; Abcam), vimentin
(cat. no. ab92547; 1:5,000; Abcam), snail (cat. no. ab216347,
1:1,000; Abcam), TIMP1 (cat. no. ab211926; 1:1,000; Abcam),
collagenl (cat. no. ab34710; 1:10,000; Abcam), endothelin
1 (ET-1; cat. no. ab113697; 1:250; Abcam), matrix metal-
lopeptidase (MMP)2 (cat. no. ab92536; 1:5,000; Abcam),
MMP9 (cat. no. ab38898; 1:1,000; Abcam) and GAPDH
(cat. no. sc-32233; 1:10,000; Santa Cruz Biotechnology, Inc.).
Following primary incubation, the membranes were incubated
with a goat anti-rabbit IgG horseradish peroxidase-conjugated
secondary antibody (cat. no. ab205718; 1:10,000; Abcam) at
room temperature for 2 h. Protein bands were visualized using
an enhanced chemiluminescence kit (Cytiva) and Imagel
software (v1.4; National Institutes of Health) was utilized to
analyze the intensity of each protein band. GAPDH was used
as the loading control.

Immunofluorescence (IF). LX-2 cells cultured on slides were
fixed with 4% paraformaldehyde for 20 min at room tempera-
ture (RT), blocked with 5% bovine serum albumin (Beyotime
Institute of Biotechnology) at RT for 30 min and incubated
with an anti-collagenl primary antibody (cat. no. ab34710;
1:200; Abcam) overnight at 4°C. After washing with PBS,
cells were incubated with a FITC-conjugated goat anti-rabbit
secondary antibody (cat. no. ab6717; 1:5,000; Abcam) in the
dark at 37°C for 1.5 h. After washing with PBS, the slides were
incubated with DAPI (RT, 5 min) for nuclear staining. Stained
slides were observed using a confocal fluorescent microscope
(magnification, x400).
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Figure 1. AK021443 overexpression increases LX-2 cell proliferation. (A) AK021443 mRNA expression levels in the different experimental groups (n=3).
(B) Cell proliferation was detected at 0, 24, 48 and 72 h post-transfection using the Cell Counting Kit-8 assay (n=3). “P<0.01 and ““P<0.001 vs. pcDNA.

OD, optical density.

Detection of inflammatory factors and oxidative stress
level. The levels of the proinflammatory cytokines, TGF-f
(cat. no. ab100647), interleukin (IL)-1p (cat. no. ab100562),
platelet derived growth factor (PDGF; cat. no. ab184860)
and epidermal growth factor (EGF; cat. no. ab217772) were
detected using ELISA kits from Abcam according to the
manufacturer's protocol. Briefly, standard samples and cell
supernatants were added into wells with corresponding
antibody coating and incubated for 2 h at room tempera-
ture. Subsequently, conjugate was added to the wells and
incubated for 2 h at room temperature, followed by 50 ul
stop solution to terminate the reaction. Absorbance was
measured at a wavelength of 450 nm using a SpectraMax
340 microplate reader (Molecular Devices LLC). A cellular
reactive oxygen species (ROS) assay kit (cat. no. ab186027,
Abcam) was used to determine ROS levels. Briefly, trans-
fected cells were plated (4x10%/100 ul per well) in a 96-well
plate overnight. Subsequently, cells were stained with
ROS red stock solution for 30 min at room temperature.
Absorbance was measured using a microplate reader and
ROS levels were determined by the fluorescence increase at
Ex/Em=520/605 nm (19).

Statistical analysis. All experiments were repeated at least
three times and statistical analyses were performed using
GraphPrism software (version 5.0; GraphPad Prism, Inc.).
Data are presented as the mean + SD. Comparisons among
groups were analyzed using one-way ANOVA followed by
Tukey's post hoc test. P<0.05 was considered to indicate a
statistically significant difference.

Results

AKO021443 overexpression promotes LX-2 proliferation. To
investigate the potential role of IncRNA AK021443 in hepatic
fibrosis in vitro, AK021443 was overexpressed in the LX-2
HSC cell line to observe alterations to cellular molecular
processes associated with hepatic fibrosis. The results verified
the successful overexpression of AK021443 in cells transfected

with pcDNA-AKO021443 compared with cells transfected with
pcDNA (Fig. 1A).

Cell proliferation was assessed using a CCK-8 assay,
flow cytometry and western blotting. At 0, 24, 48 and 72 h
post-transfection, cell viability was assessed by performing
a CCK-8 assay. The results suggested that AK021443 over-
expression significantly increased cell proliferation from
24 h in a time-dependent manner compared with the pcDNA
group (Fig. 1B). Flow cytometry was conducted to detect
the cell cycle distribution, and the results indicated that
pcDNA-AKO021443 significantly decreased the proportion of
G, cells, but significantly increased the proportion of S and
G, phase cells compared with the pcDNA group (Fig. 2A).
Moreover, the protein expression levels of cyclin-dependent
kinase 2 (CDK?2) and cyclin D1 were significantly increased,
whereas p21 expression levels were significantly decreased
by pcDNA-AKO021443 compared with pcDNA (Fig. 2B).
Therefore, the results indicated that AK021443 could increase
LX-2 cell proliferation.

AKO021443 overexpression triggers the activation and
conversion of LX-2 cells into myofibroblasts. Subsequently, to
investigate whether AK021443 could induce the activation of
LX-2 cells and their conversion into myofibroblasts, the expres-
sion levels of proteins associated with epithelial-mesenchymal
transition (EMT) and ECM were detected. The protein expres-
sion level of E-cadherin was significantly decreased, whereas
N-cadherin, vimentin and snail protein expression levels
were significantly increased in AK021443-overexpression
LX-2 cells compared with pcDNA-transfected cells (Fig. 3).
AKO021443 overexpression also significantly increased the
protein expression levels of TIMPI, collagenl and ET-1, but
slightly reduced the expression levels of MMP2 and MMP9
compared with the pcDNA group (Fig. 4). In addition, IF
staining was performed to assess collagenl expression in
LX-2 cells transfected with pcDNA-AK021443. The results
suggested that pcDNA-AK021443 increased the levels of
collagenl compared with pcDNA, which was consistent with
the western blotting results (Fig. 5). The results demonstrated
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Figure 2. AK021443 overexpression facilitates LX-2 cell proliferation. (A) Cell cycle distribution was assessed via flow cytometry (n=3). (B) Expression levels
of cell cycle-associated proteins were measured via western blotting (n=3). "P<0.05, “"P<0.001 vs. pcDNA. CDK2, cyclin-dependent kinase 2.
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Figure 3. AK021443 overexpression increases epithelial-mesenchymal transition. Protein expression levels were (A) determined by western blotting and
(B) semi-quantified for E-cadherin, N-cadherin, vimentin and snail (n=3). “"P<0.001 vs. pcDNA.

that AK021443 may function to trigger EMT and ECM
deposition in HSCs.

AKO021443 overexpression enhances the generation of the
inflammatory cytokines in LX-2 cells. Alterations to the
inflammatory response in LX-2 cells were investigated.

The results indicated that the generation of IL-1f3, TGF-f,
PDGF, EGF and ROS was increased by AK021443 over-
expression compared with the pcDNA group (Fig. 6). The
results suggested that AK021443 might display a stimula-
tory effect on the release of inflammatory cytokines in
LX-2 cells.
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Figure 4. AK021443 overexpression induces extracellular matrix deposition. Protein expression levels were (A) determined by western blotting and
(B) semi-quantified for TIMP1, collagenl, ET-1, MMP2 and MMP9. ““P<0.001 vs. pcDNA. TIMP1, TIMP metallopeptidase inhibitor 1; ET-1, endothelin 1;

MMP, matrix metallopeptidase.
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Figure 5. AK021443 overexpression enhances the expression of collagenl. Representative immunofluorescence staining for collagenl in the different

experimental groups (magnification, x400).

Discussion

To the best of our knowledge, the present study investi-
gated the association between IncRNA AKO021443 and
hepatic fibrosis for the first time. The results suggested that
AKO021443-overexpression LX-2 cells displayed enhanced
proliferation, EMT, ECM deposition and inflammatory
responses compared with pcDNA-transfected cells, demon-
strating the potential role of AK021443 in promoting hepatic
fibrosis development.

Extensive studies have revealed that IncRNAs serve a
vital role in hepatic fibrosis. For example, IncRNA metastasis
associated lung adenocarcinoma transcript 1 promoted HSC
activation by blocking the silent information regulator 1, which
mediated the inhibition of the TGF-f signaling pathway in the
progression of hepatic fibrosis (20,21). In addition, the expres-
sion of IncRNA activated by TGF-f§ was increased in the liver
tissues and plasma of patients with liver fibrosis, and competed
with TGF-f receptor I and Smad2 to bind to microRNA-425-5p
to promote collagen formation and HSC activation, thereby
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Figure 6. AK021443 overexpression promotes the generation of inflammatory cytokines. Generation of (A) IL-1f, (B) TGF-f, (C) PDGF, (D) EGF and (E) ROS
(n=3). ""P<0.001 vs. pcDNA. IL-1B, interleukin-1B; PDGF, platelet derived growth factor; EGF, epidermal growth factor; ROS, reactive oxygen species.

affecting the occurrence of hepatic fibrosis (22). Considering
the wide regulatory effects of IncRNAs in hepatic fibrosis
and the promoting effect of IncRNA AK021443 in HCC, the
present study hypothesized that AK021443 may also serve a
potential role in hepatic fibrosis.

Hepatic fibrosis is a chronic pathological process, and the
activation of HSCs, the resident perisinusoidal cell type, is
typically considered to be a pivotal step in hepatic fibrosis (23).
HSCs activated by inflammation-related chemokines were
identified as proliferative cells that could transform into
fibroblasts (24). Fibroblasts excessively secrete and express
collagen, resulting in excessive ECM deposition, thereby
contributing to fibrosis (25). Therefore, suppressing HSC acti-
vation may serve as a potential therapeutic target for hepatic
fibrosis (26). The aim of the present study was to investigate
the effects of AK021443 overexpression on HSC activation in
the LX-2 cell line.

Firstly, the results indicated that AK021443 overexpres-
sion significantly increased cell proliferation, the proportion
of S phase cells and the protein expression levels of CDK2
and cyclin D1, but decreased p21 expression levels compared
with the pcDNA group. The cyclin/CDK/CDK inhibitor
(CDKI) network serves an important role in the regulation
of the G,/S phase during the cell cycle, among which, the
cyclin/CDK complex can facilitate the initiation of the cell
cycle and promote cell proliferation. By contrast, CDKI
p21 can bind to the cyclin/CDK complex, including cyclin
D/CDK4/6 and cyclin E/CDK2, thereby arresting the cell
cycle in the G, phase, leading to the inhibition of DNA
replication and cell proliferation (27). Therefore, alterations
to cell proliferation and cell cycle distribution observed in
the present study suggested that AK021443 promoted HSC
proliferation.

Subsequently, based on the aforementioned results, which
suggested that AK021443 enhanced HSC proliferation,
whether AK021443 could induce the transformation of HSC
into fibroblasts was investigated. AK021443 overexpression
decreased E-cadherin expression and increased the expres-
sion of N-cadherin, vimentin and snail compared with the
pcDNA group. These proteins are associated with EMT,
whereby epithelial cells lose cell adhesion-associated junction
proteins, such as E-cadherin and occludin, and gain mesen-
chymal markers, such as N-cadherin, vimentin and snail, to
promote EMT (28). EMT refers to the complex process of
epithelial cell transformation into mesenchymal cells. During
the process, the polarity of epithelial cells disappears, and
invasive and migratory abilities increase, accompanied by the
downregulation of epithelial markers and the upregulation of
mesenchymal markers (29). On the other hand, the expres-
sion levels of TIMPI, collagenl and ET-1 were significantly
increased, whereas MMP2 and MMP9 expression levels
were reduced by AK021443 overexpression compared with
the pcDNA group. TIMP, collagen and ET-1 are markers of
ECM, the deposition of which serves a profibrotic role in the
development of fibrosis (25). MMP2 and MMP9, which can be
inhibited by TIMPs, hydrolyze collagen (30). In summary, the
results indicated that AK021443 might function as a promoter
of HSC transformation into fibroblasts.

Moreover, the results indicated that AK021443-
overexpression cells displayed significantly increased release
of IL-1p, TGF-f, PDGF, EGF and ROS compared with the
pcDNA group. These cytokines participate in the inflamma-
tory response and fibrillogenesis initiated by endogenous and
exogenous damage factors during fibrosis, and the release
of these cytokines can aggravate inflammation, further
promoting fibrosis (7). Moreover, TGF-f is a potent stimulator



of the synthesis of ECM proteins in fibrogenic cells and can
stimulate other signaling pathways to regulate fibroblast
function (31). The excessive generation of ROS can result in
oxidative stress damage, which serves an important role in the
development of liver fibrosis (32). In liver fibrosis, HSC activa-
tion is induced by the increased generation of oxidative free
radicals (33). Therefore, the results indicated that AK021443
induced HSC cell activation and their transformation into
myofibroblasts.

In summary, the results of the present study provided
a comprehensive understanding of the role of AK021443 in
hepatic fibrosis, indicating that AK021443 promoted HSC cell
activation, proliferation and transformation into myofibroblast
by regulating EMT processes and ECM deposition. The present
study provided novel insights into the role of AK021443 in
the occurrence and development of hepatic fibrosis in vitro.
Collectively, the results indicated that AK021443 upregula-
tion may serve as a promising marker for hepatic fibrosis and
AKO021443 inhibition may serve as a potential therapeutic
approach for hepatic fibrosis.
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