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Role of the long non-coding RNA-Annexin A2
pseudogene 3/Annexin A2 signaling pathway
in biliary atresia-associated hepatic injury
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Abstract. Biliary atresia (BA) is the most common cause of
chronic cholestasis in children. The long non-coding RNA
(IncRNA) Annexin A2 pseudogene 3 (ANXA2P3) and
Annexin A2 (ANXA2) have been suggested to serve pivotal
roles in BA; however, the clinical significance and biological
roles of ANXA2P3 and ANXA?2 in BA remain to be eluci-
dated. The present study aimed to elucidate the function of
ANAX?2P3 and ANXA?2 in BA-induced liver injury using a
human liver cell line and liver tissues from patients with BA.
Reverse transcription-quantitative polymerase chain reaction,
western blotting and immunohistochemistry were conducted
to determine the expression levels of ANXA?2 and ANXA2P3
in liver tissues from patients with BA. Classification of fibrosis
was analyzed by Masson staining. The functional roles of
ANXA2 and ANXA2P3 in liver cells were determined by
Cell Counting kit-8 assay, and flow cytometric and cell cycle
analyses. Activation of the ANXA2/ANXA2P3 signaling
pathway in liver cells was evaluated by western blot analysis.
According to the present results, the expression levels of
ANXA2 and ANXA2P3 were significantly increased in liver
tissues from patients with BA. In addition, knocking down the
expression of ANXA2P3 and ANXA?2 may result in reduced
liver cell proliferation, cell cycle arrest in G, phase and
increased apoptosis of liver cells in vitro. Furthermore, in cells
in which ANXA2 and ANXA2P3 were overexpressed, cell
apoptosis was reduced and cell cycle arrest in G, phase. Taken
together, these results indicated that ANXA2P3 and ANXA2

Correspondence to: Dr Shan Zheng or Dr Zai Song, Department
of Pediatric Hepatobiliary Surgery, Children's Hospital of Fudan
University, 399 Wan Yuan Road, Shanghai 201102, P.R. China
E-mail: szheng@shmu.edu.cn

E-mail: songzail777@163.com

*Contributed equally

Key words: Annexin A2 pseudogene 3, Annexin A2, biliary atresia,
hepatic injury, long non-coding RNA

may have protective effects against liver injury progression
and may be considered biomarkers in patients with BA.

Introduction

Biliary atresia (BA) results from inflammatory and fibrotic
obstruction of extrahepatic bile ducts, and is a leading cause
of neonatal cholestasis. In addition, BA is the major reason for
pediatric liver transplantation worldwide (1-3). The majority
of children with BA succumb to liver failure within a year,
and surgery is the only satisfactory treatment option, which
includes Kasai surgery and liver transplantation (4). The
pathogenesis of BA is currently unclear; therefore, there is
an urgent requirement for more effective methods to reduce
the risk of treatment, and improve diagnosis and therapeutic
effects. Identification of the relevant mechanisms is conducive
to the development of novel treatment strategies, and is benefi-
cial to reduce BA-induced hepatic injury and improve clinical
outcomes.

The Human Genome Project indicated that although
70% of the genome is transcribed, only <2% of the human
genome serves as a blueprint for protein coding (5). Until
recently, long non-coding RNAs (IncRNAs) were considered a
by-product of the process of transcription without a biological
function (6). However, recent studies have revealed that
IncRNAs serve an important role in several biological events,
including post-transcriptional regulation of human genes,
epigenetic regulation, cell cycle regulation and regulation of
cell differentiation (7,8). In previous studies that have focused
on liver injury, IncRNAs have received attention, and several
IncRNAs have been reported to be closely associated with the
initiation and progression of liver injury (9-14).

It has been reported that the IncRNA Annexin A2 pseudo-
gene 3 (ANXA2P3) encodes Annexin A2 pseudogenes. These
pseudogene-expressed non-coding RNAs have a functional
role in regulating their protein-coding counterparts (15). It
has previously been reported that these pseudogenes can act
as signaling regulators and, in most cases, pseudogenes and
parental genes exhibit positive coupling and positive functional
correlation (16). For example, octamer-binding transcription
factor 4 (Oct4) psuedogene (Oct4P1) is a pseudogene that
overexpresses Oct4, and can promote the self-renewal of
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mesenchymal stem cells and inhibit cell differentiation (17). A
negative correlation between the expression of a psuedogene
of B-Raf proto-oncogene, serine/threonine kinase (BRAF)
and the degree of BRAF mutation has been detected in thyroid
carcinoma; BRAF overexpression can effectively promote the
transformation of NIH3T3 cells and induce tumorigenesis in
nude mice (18). It has previously been reported that ANXA2
pseudogenes can be used as novel biomarkers for the diagnosis,
prognosis and targeted therapy of glioma (19). However, to the
best of our knowledge, the biological function of ANXA2P3
in liver injury and its expression in patients with BA have yet
to be determined.

Annexin A2 (ANXA2) is a member of the connexin
family, which is involved in several biological events,
including cell proliferation and apoptosis; in previous
studies, a close association between ANXA2 and liver
damage-associated diseases has been demonstrated (20-25).
Furthermore, ANXA?2 is widely recognized as a promising
serum marker of liver damage or liver fibrosis. In patients
with chronic hepatitis B-associated hepatic fibrosis, serum
ANXAZ2 is significantly upregulated compared with its serum
levels in healthy individuals (26). Similarly, in rats with
immune liver fibrosis and alcoholic liver models, ANXA2
on the membrane surface is significantly upregulated (27). In
addition, ANXA?2 promotes liver fibrosis by mediating von
Willebrand factor secretion, which can be used to mitigate
the progression of liver fibrosis (28). Hepatic overexpression
of ANXA1 and ANXA?2 inhibits acetaminophen-induced
expansion of liver injury (29). However, to date, the biological
functions of ANXA?2 in liver injury and its expression in
patients with BA have not been thoroughly studied.

Based on these previous findings, the present study
aimed to investigate the expression profiles of ANXA?2 and
ANXAZ2P3 in liver tissue derived from patients with BA, and
to elucidate its involvement in liver injury. The results may
provide novel insight into the biological functions of ANXA2
and ANXA2P3, and their underlying mechanisms of action in
liver injury.

Materials and methods

Patients and specimens. Liver tissue was obtained from
20 children (age 53 days-3 months old) who were diagnosed
with BA and underwent Kasai surgery at the Department
of General Surgery, Fudan University Children's Hospital
(Shanghai, China) between March 2016 and October 2016.
Paracarcinoma liver tissue was obtained from six children
(age, 2-4 years old) who were diagnosed with hepatoblas-
toma. Fresh tissue was immediately snap-frozen in liquid
nitrogen and stored at -80°C for further analysis. The
present study was approved by the Ethical Review Board of
Fudan University Children's Hospital, and written informed
consent was obtained from all the parents of all participants
enrolled.

Cell culture. The LO-2 normal human liver cell line was
obtained from the Cell Bank of the Chinese Academy
of Sciences (Shanghai, China). All cells were cultured in
Dulbecco's modified Eagle's medium (DMEM,; Gibco; Thermo
Fisher Scientific, Inc., Waltham, MA, USA) supplemented
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with 10% heat-inactivated fetal bovine serum (Sigma-Aldrich:
Merck KGaA, Darmstadt, Germany), 50 U/ml penicillin and
50 pg/ml streptomycin (Gibco; Thermo Fisher Scientific, Inc.).
Cells were maintained at 37°C in a humidified atmosphere
containing 5% CO,. In the present study, cells up to passage 10
were used.

Cell transfection. All the procedures were performed at room
temperature unless otherwise specified. ANXA2P3 small
interfering RNA (siRNA) (si-ANXA2P3), non-targeting
siRNA (si-NC) and ANXA?2 siRNA (si-ANXA2) were synthe-
sized by Shanghai GenePharma Co., Ltd. (Shanghai, China).
The siRNAs and si-NC were transfected into 2x10° L0O-2 cells,
after mixing with Lipofectamine® 2000 reagent (Invitrogen;
Thermo Fisher Scientific, Inc.) for 20 min, at a final concen-
tration of 50 nM, unless otherwise indicated. The siRNA
sequences were as follows: si-NC for ANXA2P3: NR_001446.2
[National Center for Biotechnology Information (NCBI)
reference sequence]; si-NC for ANXA2: NM_001002858.2
(NCBI reference sequence); scrambled negative control
vector (OE-NC) for ANXA2: NM_001002858.2 (NCBI
reference sequence); OE-NC for ANXA2P3: NR_001446.2
(NCBI reference sequence); si-ANXA2, 5'-GGAGTGAAG
AGGAAAGGAACT-3"; si-ANXA2P3-1, 5-GGATGGCTC
TGTCGTTGATTA-3"; si-ANXA2P3-2, 5'-GGTCATCAC
TCTACACCCTCA-3'; si-ANXA2P3-3, 5-GGAGAGAGG
ATGTTGCCTTTG-3" In addition, pcDNA3.1 (+) expression
vectors and OE-NC vectors were purchased from Shanghai
GenePharma Co., Ltd. After culturing in antibiotic-free
DMEM for 24 h, and once confluence reached >80%, a total
of 0.5x10° cells were transfected with pcDNA vectors (multi-
plicity of infection, 20) and polybrene (final concentration,
5 ug/ml), according to the manufacturer's protocol. A total of
48 h post-transfection, the transfection efficacy was assessed
by reverse transcription-quantitative polymerase chain reac-
tion (RT-qPCR). Qualitative analysis of gene silencing was
conducted by observing cells under a fluorescence microscope
(Leica DMil; Leica Microsystems GmbH, Wetzlar, Germany)
after 48 h of transfection.

Total RNA extraction and RT-gPCR. Total RNA was
isolated from liver samples from patients with BA and
L0-2 liver cells using TRIzol® reagent (Invitrogen; Thermo
Fisher Scientific, Inc.). Subsequently, cDNA was synthesized
from 200 ng extracted total RNA using the PrimeScript
RT reagent kit (Qiagen China Co., Ltd., Shanghai, China),
according to the manufacturer's protocol. Briefly, 1 ug total
RNA mixed with nuclease-free water was used for cDNA
synthesis with the PrimeScript RT reagent kit (Takara Bio,
Inc., Otsu, Japan), according to the manufacturer's protocol.
All RT procedures and no-template controls were run
at the same time. Following RT, qPCR was conducted to
determine the expression of ANXA2 and ANXA2P3 using
SYBR Premix Ex Taq (Takara Bio, Inc.) on an ABI-7300
instrument (Applied Biosystems; Thermo Fisher Scientific,
Inc.). According to the manufacturer's protocol, a final 20 ul
reaction mixture was amplified using the following reaction
conditions: Predenaturation at 94°C for 5 min; amplification
for 35 cycles (denaturation at 94°C for 30 sec, annealing
at 58°C for 30 sec and extension at 72°C for 30 sec); final
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extension at 72°C for 5 min. The 20 pl PCR mixture
included 2 ul cDNA, 10 ul 2X QuantiTect SYBR-Green
PCR Mix, 2 pl 10X upstream primer (forward), 2 pl 10X
downstream primer (reverse) and 4 ul RNase-free water.
GAPDH served as the control gene. The 244° method
was used to determine gene expression levels (30). Primer
sequences were as follows: ANXA2P3 forward, 5'-GAG
AGGATGTTGCCTTTG-3' reverse, 5'-TACTGAGCAGGT
GTCTTC-3'; GAPDH forward, 5'-AATCCCATCACCATC
TTC-3' and reverse, 5'-AGGCTGTTGTCATACTTC-3'"; and
ANXA?2 forward, 5'-ATGGTCTCCCGCAGTGAAGTG-3'
and reverse, 5S-TCGCCCTTAGTGTCTTGCTGG-3".

Immunohistochemical analysis. All procedures were
performed at room temperature unless otherwise specified.
Liver tissue (~20 mm) was dissected, post-fixed in 0.1 M
PBS containing 4% paraformaldehyde for 24 h at 4°C and
embedded in paraffin. Paraffin-embedded liver samples were
cut longitudinally with a microtome, to obtain 4-ym sections.
Sections were rehydrated in a microwave oven at 37°C for
30 min, and sections on microscope slides were immersed in
xylene and a diluted alcohol series (95, 90, 80 and 70%) for
15 min, in order to dewax and rehydrate paraffin-embedded
sections. Subsequently sections were immersed in 3% H,O,
for 10 min to quench endogenous peroxidase activity.
Sections were then rinsed two times in distilled water
(5 min/wash), and antigen retrieval was performed using
0.01 mol/l citrate buffer solution (pH 6.0) in a microwave
oven for 20 min. Once sections were cooled to room
temperature, they were rinsed a further three times in 0.1 M
PBS (5 min/wash), and were incubated with 5% bovine serum
albumin blocking solution for 20 min to block non-specific
binding. Subsequently, sections were incubated overnight
with an ANXA?2 antibody (1:100; cat. no. ab41803; Abcam,
Cambridge, MA, USA) at 4°C. Sections were then rinsed a
further three times in 0.1 M PBS (5 min/wash), and were
incubated with IRDye 800-conjugated immunoglobulin G
secondary antibodies (1:1,000; cat. no. ab150077; Abcam)
in Tris-buffered saline containing 0.1% Tween-20 (TBST)
for 30 min at room temperature. The slides were stained
with DAB and counterstained with hematoxylin, prior to
visualization under a Leica microscope (DFC490; Leica
Microsystems GmbH). LAS AF Lite V3.6 software (Leica
Microsystems GmbH) was used to analyze the images.

Histopathological examination. Collagen deposition in the
liver was evaluated by Masson staining. All procedures
were performed at room temperature unless otherwise
specified. Liver tissues were fixed with 10% neutral formalin
for 48-72 h, embedded in paraffin, continuously sectioned
at a thickness of 5 ym, and stained with Masson stains.
Briefly, slides were placed in Bouin solution (Richard Allen
Scientific; Thermo Fisher Scientific, Inc.) for 1 h at 56°C,
after which, the slides were stained with Weigert hema-
toxylin (Sigma-Aldrich; Merck KGaA) for 10 min, followed
by Biebrich scarlet-acid fuchsin for 5 min, phosphomo-
lybdic/phosphotungstic acid solution for 10 min and aniline
blue (all Sigma-Aldrich; Merck KGaA) for 5 min. Hepatic
fibrosis was graded based on the internationally used Metavir
scoring system (31).

Western blot analysis. All the procedures were performed at
room temperature unless otherwise specified. Total protein
was extracted using mammalian protein extraction reagent
(Pierce; Thermo Fisher Scientific, Inc.) supplemented
with a protease inhibitor cocktail (Sigma-Aldrich; Merck
KGaA). Total protein concentration was determined using
a bicinchoninic acid assay kit. Protein samples (50 pg) were
resolved by 10% SDS-PAGE and were then transferred
onto polyvinylidene fluoride membranes (EMD Millipore,
Billerica, MA, USA). Membranes were blocked in TBST
containing 5% w/v non-fat milk at room temperature for
1 h, and were then probed with the following antibodies
overnight: Anti-ANXA2 (1:1,000; rabbit; cat. no. ab41803)
and anti-GAPDH (1:2,500; rabbit; cat. no. ab9485; both
Abcam). Subsequently, membranes were incubated for 2 h
with specific horseradish peroxidase-conjugated secondary
antibody (1:1,000; anti-rabbit immunoglobulin G;
cat.no. ab150077; Abcam) in TBST. Proteins were visualized
using an enhanced chemiluminescence kit (Pierce; Thermo
Fisher Scientific, Inc.) and densitometric analysis was
conducted using Image]J software (V1.51; National Institutes
of Health, Bethesda, MD, USA).

Cell viability assay. All the procedures were performed at
room temperature unless otherwise specified. Transfected
L0-2 cells were seeded into a 96-well plate at a density of
2,000 cells/well and were incubated at 37°C. Proliferation was
determined using a Cell Counting kit (CCK)-8 kit (Nanjing
Keygen Biotech Co., Ltd., Nanjing, China) at 24, 48 (optional),
72 and 96 h post-transfection, according to the manufacturer's
protocol. Optical density was measured at a wavelength of
450 nm using a microtiter plate reader.

Cell cycle analysis. All the procedures were performed at
room temperature unless otherwise specified. Transfected
LO-2 cells were washed in PBS and fixed in 70% ethanol
for 2 h at 4°C. DNA staining was conducted with propidium
iodide for 15 min in the dark using a Cellular DNA Flow
Cytometric Analysis kit (Roche Diagnostics). Cell cycle
profiles were generated using a FACSCalibur flow cytometer
with ModFit 3.0 software (both BD Biosciences, San Jose,
CA, USA).

Cell apoptosis assay. Transfected LO-2 cells were stained
using an Annexin V-fluorescein isothiocyanate Apoptosis
Detection kit I (BD Biosciences), according to the manu-
facturer's protocol. Subsequently, cells were analyzed using
a FACSCalibur flow cytometer equipped with CellQuest
software (version 5.1; BD Biosciences). Cells were divided
into viable cells, necrotic cells, early apoptotic cells and late
apoptotic cells.

Statistical analysis. Statistical analyses were performed
using SPSS version 18.0 software (SPSS, Inc., Chicago, IL,
USA) and GraphPad Prism (version 6.01) software (GraphPad
Software, Inc., La Jolla, CA, USA). ImagelJ software (National
Institutes of Health) was used for immunohistochemical
analysis and densitometric analysis of western blotting, which
was normalized to the respective loading controls. Data
are presented as the means + standard deviation of at least
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Figure 1. ANXA2 and ANXAZ2P3 expression was detected in liver tissues from patients with BA. (A) Liver tissue from patients with BA (n=20) exhibited
significantly higher ANXA2 and ANXA2P3 expression compared with in liver tissue from patients with hepatoblastoma (n=6). "P<0.05, “P<0.01. (B) Western
blot analysis indicated that ANXA?2 protein expression was increased in liver tissue from patients with BA compared with in liver tissue from patients with
hepatoblastoma (n=4). “P<0.01. (C) Immunohistochemical staining revealed that ANXA2 protein was expressed in liver tissue from patients with BA. Data
are presented as the means + standard deviation. P-values were obtained by Student's t-test. ANXA2, Annexin A2; ANXA2P3, ANXA2 pseudogene 3;

BA, biliary atresia.

three independent experiments. The statistical significance
between groups was determined using the Student's t-test and
one-way analysis of variance followed by a post hoc Tukey's
test for multiple comparisons. All P-values are two-sided and
P<0.05 was considered to indicate a statistically significant
difference.

Results

ANXA2 and ANXA2P3 expression is increased in liver
tissues from patients with BA. RT-qPCR was performed to
determine the expression levels of ANXA2 and ANXA2P3
in clinical samples normalized to GAPDH. The results
revealed that the expression levels of ANXA2 and ANXA2P3
were significantly increased in liver tissues from patients

with BA compared with in paracarcinoma liver tissues
from patients with hepatoblastoma (P=0.0210 and 0.0083,
respectively; Fig. 1A). Western blot analysis indicated that
ANXAZ2 protein expression was increased in liver tissues
from patients with BA when compared with paracarcinoma
liver tissues from patients with hepatoblastoma (Fig. 1B).
Immunohistochemical staining of liver tissues further
confirmed that the protein expression levels of ANXA2 were
abundant in the cell membrane in patients with BA (Fig. 1C).
The present study also evaluated the clinicopathological
characteristics of patients with BA, and revealed that all
patients had liver fibrosis, varying between stages 1 and 3.
A total of four patients were at stage 1, 14 patients were at
stage 2 and two patients were at stage 3 (data not shown).
No significant associations were determined between the
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ANXA2 siRNA group

ANXA2 NC group

ANXA2P3 siRNA group

ANXA2P3 NC group
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Figure 2. Detection of green fluorescent protein in transfected liver cells. (A) ANXA2 and (B) ANXA2P3 siRNA groups. (C) ANXA?2 and (D) ANXA2P3
overexpressed groups. ANXA2, Annexin A2; ANXA2P3, ANXA2 pseudogene 3; NC, negative control; siRNA, small interfering RNA.

expression levels of ANXA2 and ANXA2P3 and other
clinicopathological factors, including sex and age.

ANXA2 and ANXA2P3 knockdown inhibits liver cell
proliferation, increases cell apoptosis and induces cell
cycle arrest in G, phase in vitro. To elucidate the role

of ANXA2 and ANXAZ2P3 in liver injury progression,
the expression levels of ANXA2 and ANXA2P3 were
downregulated via siRNA transfection and overexpressed
via pcDNA3.1 plasmid vector transfection in normal liver
cells. Cells were transfected with green fluorescent protein
to detect fluorescence (Fig. 2). RT-qPCR results revealed
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Figure 3. ANXA2 and ANXA2P3 expression was detected using reverse
transcription-quantitative polymerase chain reaction. (A) Expression
levels of ANXA2 and (B) ANXA2P3 in siRNA- and pcDNA3.1 plasmid
vector-transfected liver cells. Data are presented as the means + standard
deviation. P-values were obtained by Student's t-test. For all experiments,
n=3. “P<0.01, ""P<0.001. ANXA2, Annexin A2; ANXA2P3, ANXA2
pseudogene 3; NC, negative control; OE, overexpression; SI/siRNA, small
interfering RNA.

that in siRNA-transfected liver cells the expression levels
of ANXA2 and ANXA2P3 were markedly reduced
compared with in si-NC-transfected cells (Fig. 3A and B).
Conversely, in pcDNA3.1 plasmid vector-transfected liver
cells (OE-ANXA2 and OE-ANXAZ2P) the expression levels
of ANXA2 and ANXA2P3 were significantly increased
compared with in the OE-NC group (Fig. 3A and B). Using
the CCK-8 kit, it was revealed that knockdown of ANXA2P3
or ANXAZ? in liver cells inhibited cell proliferation; however,
the results were not significant (Fig. 4).

Using flow cytometry, it was revealed that
si-ANXA2P3-transfected liver cells were arrested in G,
phase compared with si-NC-transfected cells; conversely,
OE-ANXAZ2P3-transfected liver cells were arrested
in G, phase compared with OE-NC-transfected cells
(Fig. 5). When compared with the si-NC group, flow
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Figure 4. Cell Counting Kkit-8 assay was used to determine cell viability.
Cell viability of (A) si-ANXAZ2- and (B) si-ANXA2P3-transfected cells was
detected. ANXA2, Annexin A2; ANXA2P3, ANXA2 pseudogene 3; NC,
negative control; OD, optical density; SI/siRNA, small interfering RNA.

cytometric analysis of si-ANXAZ2-transfected liver cells
exhibited similar results as in the si-ANXA2P3 group;
an increased proportion of liver cells was arrested in G,
phase compared with si-NC-transfected cells. Furthermore,
OE-ANXAZ2-transfected liver cells were arrested in G, phase
compared with OE-NC-transfected cells (Fig. 6). According
to the results of flow cytometric analysis, it was revealed that
siANXAZ2P3-transfected liver cells exhibited an increased
apoptotic rate when compared with the si-NC group, whereas
opposite findings were detected in the OE-ANXA2P3 group,
in which the apoptotic rate was reduced compared with in
the OE-NC group (Fig. 7). Similarly, siANXA2-transfected
liver cells exhibited an increased apoptotic rate compared
with the si-NC group, whereas the OE-ANXA?2 group exhib-
ited a reduced apoptotic rate compared with the OE-NC
group (Fig. 8).

These in vitro findings suggested that overexpression of
ANXA?2 and ANXA2P3 may induce a more active liver cell
phenotype. Conversely, inhibition of ANXA?2 and ANXA2P3
may result in more negative consequences towards normal
liver cells.

ANXA2P3 may activate ANXA2/ANXA2P3 signaling in
liver cells. Western blot analysis revealed that knockdown
of ANXA2P3 expression using si-ANXA2P3-2 and
si-ANXA2P3-3 inhibited the protein expression levels of
ANXAZ2 in vitro. Conversely, si-ANXA2P3-1 increased
ANXA?2 expression, which may be due to its reduced
ANXA2P3 knockdown efficiency. Overexpression of
ANXA2P3 markedly increased ANXA2 expression in vitro
(Fig. 9). Taken together, these findings indicated that
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Figure 5. Results of flow cytometric analysis of cell cycle progression.
(A) si-ANXA2P3-transfected liver cells exhibited cell cycle arrest in the G,
phase compared with si-NC cells. si-ANXA2P3 group: 67.14% in G, phase,
19.27% in S phase and 18.66% in G, phase; si-NC group: 54.45, 23.3 and
23.83%, respectively. In the OE-ANXA2P3 group, the percentage of cells in
G, phase, S phase and G, phase was 43.48, 22.40 and 34.36%, respectively.
Conversely, in the OE-NC group, the percentage of cells in G, phase, S phase
and G, phase was 54.04, 22.37 and 23.43%, respectively. (B) Summary of
cell cycle distribution in transfected liver cells. Data are presented as the
means =+ standard deviation. P-values were obtained by Student's t-test. For
all experiments, n=3. “""P<0.001. ANXA2P3, Annexin A2 pseudogene 3; NC,
negative control; OE, overexpression; SI/siRNA, small interfering RNA.

ANXA2P3 may affect the activity of the ANXA2/ANXA2P3
pathway in human liver cells in vitro.

Discussion

LncRNAs are mRNA-like transcripts >200 nucleotides in
length that lack protein-coding functions (32). In recent
decades, overwhelming evidence has indicated that IncRNAs
are implicated in a wide range of biological functions, including
cell proliferation, apoptosis and metastasis (33,34). The asso-
ciation between IncRNA dysregulation and the development
of fibrosis is considered a major focus of hepatology studies.
The present study aimed to detect ANXA2 and ANXA2P3
expression in clinical samples and to investigate their effects
on liver cells in vitro.

Aberrant activation of the canonical ANXA2P3/ANXA?2
signaling pathway is often observed during the initiation
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Figure 6. Results of flow cytometric analysis of cell cycle progression. (A) Of
the si-ANXAZ2-transfected human liver cells, 78.99% were in G, phase,
5.02% were in S phase and 15.46% were in G, phase. In the si-NC group,
55.80, 20.87 and 24.59% cells were in G,, S and G, phases, respectively. In
the OE-ANXAZ2 group, the percentage of cells in G, phase, S phase and G,
phase was 41.35, 20.49 and 39.72%, respectively. Conversely, in the OE-NC
group, the percentage of cells in G, phase, S phase and G, phase was 55.48,
20.23 and 25.6%, respectively. (B) Summary of cell cycle distribution in
transfected liver cells. Data are presented as the means + standard devia-
tion. P-values were obtained by Student's t-test. For all experiments, n=3.
“"P<0.001. ANXA2, Annexin A2; NC, negative control; OE, overexpression;
SI/siRNA, small interfering RNA.

and progression of liver fibrosis. In previous liver fibrosis
studies, the expression of ANXA?2 was revealed to be
positively correlated with ANXA2P3 (26,27). Therefore,
it was hypothesized that an ANXA2P3/ANXA?2 signaling
pathway exists, which may serve an important role in the
process of BA-induced liver injury, which is characterized
by liver fibrosis. According to a previous study regarding
the functions of pseudogenes (35), it was suggested that
abnormal expression of ANXA2P3 may influence the
ANXA2P3/ANXA?2 signaling pathway. In addition, the
present study revealed that downregulation of ANXA2P3
in liver cells, using si-ANXA2P3-2 and si-ANXA2P3-3,
resulted in suppression of the ANXA2P3/ANXAZ2 signaling
pathway. Since there is a close association between these
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Figure 7. Results of flow cytometric analysis of apoptosis. (A) Apoptotic
rate of si-ANXA2P3-transfected liver cells was increased compared with
si-NC-transfected liver cells. In the si-ANXAZ2P3 group, the values were
as follows: Normal cells, 74.1%; early apoptotic cells, 14.6%; late apoptotic
cells, 7.8%; and necrotic cells, 3.5%. Conversely, in the si-NC group, the
values were as follows: Normal cells, 93.6%; early apoptotic cells, 4.1%; late
apoptotic cells, 1.0%; and necrotic cells, 1.3%. In the OE-ANXA2P3 group,
the values were as follows: Normal cells, 97.2%; early apoptotic cells, 2.7%;
late apoptotic cells, 0.1%; and necrotic cells, 0.1%. Conversely, in the OE-NC
group, the values were as follows: Normal cells, 93.0%; early apoptotic cells,
5.5%; late apoptotic cells, 0.6%; and necrotic cells and 0.8%. (B) Summary
of cell apoptotic rates. Cells in the upper right quadrant are late apoptotic
cells and cells in the lower right quadrant are early apoptotic cells. The total
apoptotic rate of cells is the sum of the apoptotic rates of the upper right and
lower right quadrants. Data are presented as the means + standard deviation.
P-values were obtained by Student's t-test. For all experiments, n=3. “P<0.01,
“P<0.001. ANXA2P3, Annexin A2 pseudogene 3; NC, negative control;
OE, overexpression; si/siRNA, small interfering RNA.

genes, functional analyses of both ANXA2P3 and ANXA2
were conducted.

The present study identified the role of the ANXA2 and
ANXAZ2P3 in BA-induced liver injury, which is characterized
by liver fibrosis. The results revealed that the expression
levels of ANXA2 and ANXA2P3 were significantly elevated
in tissues derived from patients with BA when compared
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Figure 8. Results of flow cytometric analysis of apoptosis. (A) si-ANXA2-
transfected liver cells exhibited a higher apoptotic rate compared with
si-NC-transfected liver cells. The values for the si-ANXA2 group were as
follows: Normal cells, 63.3%; early apoptotic cells, 22.5%; late apoptotic
cells, 4.7%; and necrotic cells 9.5%. In the si-NC group, the values were as
follows: Normal cells, 93.6%; early apoptotic cells, 4.9%; late apoptotic cells,
0.5%; and necrotic cells, 1.0%. In the OE-ANXA2 group, the values were
as follows: Normal cells, 97.4%; early apoptotic cells, 2.4%; late apoptotic
cells, 0.2%; and necrotic cells, 0.0%. Conversely, in the OE-NC group, the
values were as follows: Normal cells, 92.6%; early apoptotic cells, 6.4%; late
apoptotic cells, 0.5%; and necrotic cells, 0.5%. (B) Summary of cell apoptotic
rates. Cells in the upper right quadrant are late apoptotic cells and cells in
the lower right quadrant are early apoptotic cells. The total apoptotic rate of
cells is the sum of the apoptotic rates of the upper right and lower right quad-
rants Data are presented as the means + standard deviation. P-values were
obtained by Student's t-test. For all experiments, n=3. ““P<0.001. ANXA2,
Annexin A2; NC, negative control; OE, overexpression; si/siRNA, small
interfering RNA.

with in paracarcinoma liver tissues from patients with
hepatoblastoma. These findings indicated that upregulation
of ANXA2P3 and ANXA?2 may be positively associated
with the characteristics of liver injury. Since aberrant cell
proliferation and dysregulated cell cycle progression are
two main features of fibrosis-associated liver injury, further
in vitro mechanistic experiments were conducted. Previous
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Figure 9. Inhibition of ANXA2P3 in siRNA groups 2 and 3 attenuates the
expression of ANXA2, whereas overexpression of ANXA2P3 increases the
expression of ANXA?2 in vitro. Data are presented as the means + standard
deviation (n=3). P-values were obtained by one-way analysis of variance fol-
lowed by a post hoc Tukey's test for multiple comparisons. “P<0.05 compared
with the SI-NC group; “P<0.05 compared with the OE-NC group; ““P<0.001
compared with the overexpressed group. ANXA2, Annexin A2; ANXA2P3,
ANXA2 pseudogene 3; NC, negative control; OE, overexpression; si/siRNA,
small interfering RNA.

studies reported that ANXA?2 is closely associated with
cell proliferation and cell cycle progression, although the
cells used in these studies differ (23,24,36). In the present
in vitro mechanistic studies, it was revealed that knockdown
of ANXA?2 and ANXA2P3 reduced cell proliferation and
promoted cell apoptosis. Furthermore, overexpression of
ANXA2 and ANXA2P3 accelerated cell cycle progression
and slightly inhibited cell apoptosis. Therefore, ANXA?2
and ANXA2P3 expression may have promising effects on
liver cell cycle progression and cell proliferation. To the
best of our knowledge, the present study is the first to report
the biological function of ANXA?2 and ANXAZ2P3 in liver
cells, which contributes toward improving the understanding
of the mechanisms underlying liver injury progression and
development. The present study indicated that, according
to flow cytometry and cell cycle progression analysis,
overexpression of ANXA2 and ANXA2P3 reduced cell
apoptosis rates and induced cell cycle arrest in G, phase;
therefore, ANXA2 and ANXA2P3 may serve a protective
role in the process of liver injury. In addition, the expression
levels of ANXA2 and ANXA2P3 were significantly increased
in patients with BA; all of these patients suffered from liver
injury caused by liver fibrosis, as demonstrated by Masson
staining. Therefore, it may be hypothesized that these genes
are upregulated in order to exert protective effects and to
hinder the process of liver injury, thus reversing the negative
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consequences of injury. However, the specific details and
underlying mechanism of action require further elucidation.

Although the results of this study are promising, there are
two potential limitations. Firstly, the clinical study involved
retrospective validation, and the cohort of patients was with
BA relatively small. Secondly, although the possible associa-
tion between ANXA2P3 and ANXA2P3/ANXA?2 signaling
was revealed in liver cell lines, the underlying mechanisms by
which ANXA2P3 exerts protective effects against liver injury
remains to be elucidated.

In conclusion, to the best of our knowledge, the present study
is the first to reveal that the expression levels of ANXA2P3 and
ANXAZ? are increased in the liver tissue of patients with BA,
and their association with liver injury. ANXA2P3 expression
may influence the biological behavior of liver cells through
activation of ANXAZ2. In addition, the expression of both
genes had a positive effect on cell proliferation and inhibited
cell apoptosis. These findings suggested that ANXA2P3 and
ANXA?2 may be considered novel molecular targets for the
prognosis and treatment of liver injury. However, a further
investigation with a larger sample size is required to support
these results.
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