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However, previous studies mainly focused on the role of total ANXA3 in cancers without distinguishing
the distinction between the two isoforms, the role of 33-kDa ANXA3 in cancer remains unclear.
Objectives: Current work aimed to investigate the function and regulation mechanism of 33-kDa ANXA3
in hepatocarcinoma.

Methods: The expressions of ANXA3, CRKL, Rac1, c-Myc and pAkt were analyzed in hepatocarcinoma
specimens by Western blotting. The biological function of 33-kDa ANXA3 in the growth, metastasis,
apoptosis, angiogenesis, chemoresistance of hepatocarcinoma cells with the underlying molecular mech-
anism were investigated using gain-of-function strategy in vitro or in vivo.
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Results: 33-kDa ANXA3 was remarkably upregulated in tumor tissues compared with corresponding nor-
mal liver tissues of hepatocarcinoma patients. Its stable knockdown decreased the in vivo tumor growing
velocity and malignancy of hepatocarcinoma HepG2 cells transplanted in nude mice. The in vitro exper-
imental results indicated 33-kDa ANXA3 knockdown suppressed the proliferation, colony forming,
migration and invasion abilities of HepG2 cells through downregulating CRKL, Rap1b, Racl, pMEK,
PERK2 and c-Myc in ERK pathway; inhibited angiogenesisability of HepG2 cells through inactivating
PI3K/Akt-HIF pathway; induced apoptosis and enhanced chemoresistance of HepG2 cells through
increasing Bax/decreasing Bcl-2 expressions and inactivating caspase 9/caspase 3 in intrinsic apoptosis
pathway. Accordingly, CRKL, Rac1, c-Myc and pAkt were also upregulated in hepatocarcinoma patients’
tumor tissues compared with corresponding normal liver tissues.

Conclusions: The overexpression of 33-kDa ANXA3 is involved in the clinical progression of hepatocarcinoma
and in the malignancy, angiogenesis and apoptosis of hepatocarcinoma cells. It is of potential use in hepa-
tocarcinoma diagnosis and treatment.

© 2020 The Authors. Published by Elsevier B.V. on behalf of Cairo University. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Hepatocarcinoma is one of the most common fatal malignant
cancer, its morbidity and mortality rates are among the highest
worldwide [1]. Marked progress in hepatocarcinoma treatment
has been achieved in the combination of surgical resection and
chemotherapy [2]. However, the relative higher metastasis, recur-
rence and chemoresistance of hepatocarcinoma still predict poorer
prognosis of patients [3]. Therefore, improvement in the diagnosis
and treatment of hepatocarcinoma depends on boost our under-
standing of the molecular mechanisms controlling the develop-
ment, progression and aggressiveness of hepatocarcinoma.
Potential indicators for the progression and drug-tolerance of hep-
atocarcinoma benefit better diagnosis and treatment of the
patients.

Annexins are polygene superfamily of phospholipid-dependent
membrane-binding and Ca?'-regulated proteins [4]. The annexin
are grouped into five groups: A, B, C, D, E. The groups B, C, D, E
are distributed in invertebrates, fungi and moulds, plants, protists.
The group A existed in vertebrates (mammalian) which has 12
members (annexin A1-11 and A13) [5,6]. The annexin A have a
bipartite structure containing a conserved C-terminal annexin
repeat and a variable N-terminal region. The conserved and highly
o-helical annexin C-terminal core is consisted of either four or
eight annexin repeats. Each annexin repeat is comprised of ~70
amino acid (AA) residues containing the Ca®*- and phospholipid-
binding sites [7]. The variable N-terminal domain is consisted of
20-200 AA residues leading to the diversity of functions and bio-
logical activities of annexins [8,9]. The annexin A are important
in endocytosis, exocytosis, anti-coagulation, anti-inflammation
and cell growth, metastasis [10-12]. Their deregulations and relo-
calizations participate in the incidence and malignant progression
of a variety of cancers as promising carcinogenic indicators [10,13-
21].

Annexin A3 (ANXA3) also called as placental anticoagulant pro-
tein3 (PAP-III) and lipocortin3, is on 4q13-q22 [10]. It has two
splicing forms, 36-kDa with 323 AA and 33-kDa with 284 AA. A
39-AA-segment at the N-terminus of 36-kDa ANXA3 form is lack-
ing in the 33-kDa form [22,23], as their nucleotide and AA
sequences showed in Fig. 1. The C-terminus of ANXA3 is arranged
in a cyclic array by four conserved ‘annexin repeat’ domains, each
domain comprising five a-helices [24,25]. The ANXA3 N-terminal
region with its tryptophan 5 (W5) residue involved in regulation
of membrane binding and nonspecific cationic permeability. The
N-terminal loss or W5 mutation in 33-kDa ANXA3 modified its
interaction with membrane with increased cellular Ca?*-influx
[26]. ANXA3 plays important roles in vesicle trafficking, anticoagu-
lation, liver regeneration, ion channel regulation, cell proliferation,
apoptosis and metastasis [27-31]. The dysregulation of total
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ANXA3 (36-kDa and 33-kDa) is involved in the occurrence, devel-
opment, progression, metastasis and chemoresistance of various
kinds of cancers [32-42]. ANXA3 was reported as a promising bio-
marker candidate for diagnosis, therapy and prognosis of cancers.
However, the previous studies focused on the effects of total
ANXA3 on cancers. No study was attempted to distinguish
between 36-kDa ANXA3 and 33-kDa ANXA3 by pinpointing the
individual contribution from them in cancer development and pro-
gression. 36-kDa and 33-kDa ANXA3 might play specific roles in
neutrophils and monocytes [22]. 36-kDa ANXA3 was mainly pre-
sent in monocytes and 33-kDa ANXA3 in neutrophils. The
undifferentiated-HL60 cells expressed both proteins, while along
their differentiations, interestingly, once 33-kDa ANXA3 expres-
sion accumulated, the expression of 36-kDa ANXA3 decreased, vice
versa. 33-kDa ANXA3 was upregulated in damaged rat brain area
following cerebral ischemia due to the inflammatory phagocytic
infiltration, while 36-kDa ANXA3 was constantly expressed rather
weak and unchanged in responding to cortical tissue injury [41].
36-kDa ANXA3 was downregulated while 33-kDa ANXA3 was
upregulated in renal cell carcinoma (RCC) primary cell cultures
comparing with renal cortex cell cultures [23]. These indicated that
33-kDa ANXA3 and 36-kDa ANXA3 may play different roles in bio-
logical processes.

The exact role of 33-kDa ANXA3 in cancer malignancy has not
been reported. Current study is the first report on the detailed role
and molecular regulation mechanism of 33-kDa ANXA3 in hepato-
carcinoma even in related cancers with its presence. 33-kDa
ANXA3 was linked to hepatocarcinoma carcinogenesis. 33-kDa
ANXA3 was overexpressed in hepatocarcinoma patients’ tumorous
tissues compared to paracancerous normal liver tissues. In vitro
experiments showed the stable knockdown of 33-kDa ANXA3 sup-
pressed the proliferation, colony forming, migration, invasion and
angiogenesis capacities, and enhanced the apoptosis, resistance
to cisplatin and 5-FU of HepG2 cells. In vivo experiments indicated
33-kDa ANXA3 knockdown reduced tumour growth and malig-
nancy of HepG2 cells implanted in nude mice. Mechanistic investi-
gations revealed 33-kDa ANXA3 mediated hepatocarcinoma cell
malignant behaviours, angiogenesis and chemoresistances through
ERK, PI3K/Akt-HIF and intrinsic apoptotic pathways. 33-kDa
ANXA3 is a potential new progression indicator and therapeutic
target for hepatocarcinoma.

Materials and methods
Hepatocarcinoma patients and tissue samples
31 pairs of hepatocarcinoma patients’ tumorous tissues and

corresponding paracancerous normal liver tissues were provided
by the Second Affiliated Hospital of Dalian Medical University,
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ATGGCATCTATCTGGGTTGGACACCGAGGAACAGTAAGAGATTATCCAGACTTT
AGCCCATCAGTGGATGCTGAAGCTATTCAGAAAGCAATCAGAGGAATTGGAACT
GATGAGAAAATGCTCATCAGCATTCTGACTGAGAGGTCAAATGCACAGCGGCA
GCTGATTGTTAAGGAATATCAAGCAGCATATGGAAAGGAGCTGAAAGATGACTT
GAAGGGTGATCTCTCTGGCCACTTTGAGCATCTCATGGTGGCCCTAGTGACTCC
ACCAGCAGTCTTTGATGCAAAGCAGCTAAAGAAATCCATGAAGGGCGCGGGAA
CAAACGAAGATGCCTTGATTGAAATCTTAACTACCAGGACAAGCAGGCAAATGA
AGGATATCTCTCAAGCCTATTATACAGTATACAAGAAGAGTCTTGGAGATGACAT
TAGTTCCGAAACATCTGGTGACTTCCGGAAAGCTCTGTTGACTTTGGCAGATGG
CAGAAGAGATGAAAGTCTGAAAGTGGATGAGCATCTGGCCAAACAAGATGCCC
AGATTCTCTATAAAGCTGGTGAGAACAGATGGGGCACGGATGAAGACAAATTCA
CTGAGATCCTGTGTTTAAGGAGCTTTCCTCAATTAAAACTAACATTTGATGAATA
CAGAAATATCAGCCAAAAGGACATTGTGGACAGCATAAAAGGAGAATTATCTGG
GCATTTTGAAGACTTACTGTTGGCCATAGTTAATTGTGTGAGGAACACGCCGGC
CTTTTTAGCCGAAAGACTGCATCGAGCCTTGAAGGGTATTGGAACTGATGAGTT
TACTCTGAACCGAATAATGGTGTCCAGATCAGAAATTGACCTTTTGGACATTCG
AACAGAGTTCAAGAAGCATTATGGCTATTCCCTATATTCAGCAATTAAATCGGAT
ACTTCTGGAGACTATGAAATCACACTCTTAAAAATCTGTGGTGGAGATGACTGA

MASIWVGHRGTVRDYPDFSPSVDAEAIQKAIRGIGTDEKMLISILTERSNAQRQLIV
KEYQAAYGKELKDDLKGDLSGHFEHLMVALVTPPAVFDAKQLKKSMKGAGTNED
ALIEILTTRTSRQMKDISQAYYTVYKKSLGDDISSETSGDFRKALLTLADGRRDESL

KVDEHLAKQDAQILYKAGENRWGTDEDKFTEILCLRSFPQLKLTFDEYRNISQKDI
VDSIKGELSGHFEDLLLAIVNCVRNTPAFLAERLHRALKGIGTDEFTLNRIMVSRSE

IDLLDIRTEFKKHYGYSLYSAIKSDTSGDYEITLLKICGGDD

Fig. 1. Nucleotide and AA sequences of ANXA3. 36-kDa and 33-kDa ANXA3 mRNAs encompass 972 and 855 nucleotide residues (A), and encode proteins composed with 323
and 284 AA residues (B), respectively. The sequences in red are nucleotide (A) and AA (B) residues present in 36-kDa ANXA3 while absent in 33-kDa ANXA3.

Dalian, China. Tissue specimens were immediately frozen in liquid
nitrogen and stored at —80 °C. The patients included 19 males and
12 females, 12 patients > 60 years and 19 patients < 60 years; 8, 3,
8 patients are cataloged into T1, T2 and T3/T4 stages, and 12
patients unknown; 14 patients are primary and 17 patients
unknown; 9 patient exhibits perineuronal invasion, 17 patients
no perineuronal invasion and 5 patients unknown; 9 patients have
satellite nodules, 5 patients without satellite nodules and 17
patients unknown; 8 patients are HBV (hepatitis B virus) positive,
6 patients are HBV negative and 17 patients unknown; 3 patients
of AFP (alpha fetoprotein) < 20 IU/ml, 5 patients of
20 < AFP < 400 IU/ml, 4 patients of AFP > 400 IU/ml and 19 patients
unknown. Each patient signed the informed consent, tissue use and
research protocol were authorized by the Ethical Committee of
Dalian Medical University. All experiment protocols were carried
out in accordance with the guidelines.

Cell culture

Hepatocarcinoma HepG2 and umbilical vein endothelial
HUVEC cell lines were purchased from Shanghai Culture Collec-
tion of Chinese Academy of Sciences. HepG2 cell incubated in
85% RPMI-1640 (Gibco, USA) containing 15% fetal bovine serum
(FBS, TransGen, China), supplement with 100 U/ml penicillin/
streptomycin (Gibco, USA) at 37 °C with 5% CO, in a humidified
incubator. HUVEC cell incubated in 90% endothelial cell medium
(ECM, Science cell, USA) containing 10% FBS, 1% ECGS at 37 °C
with 5% CO,. The HUVEC cells used in this study were from pas-
sages 3 to 5.

The construction of monoclonal HepG2 cell line with stable 33-kDa
ANXA3 knockdown

Three specific shRNAs (shANXA3-1: 5'-GCCTATTATACAGTA
TACA-3'; shANXA3-2: 5-GACATT AGTTCCGAAACAT-3’; shANXA3-
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3:  5'-GCATTATGGCTATTCCCTA-3') to ANXA3 (Genbank:
NM_005139) were designed using Invitrogen, siDirect and White-
head softwares. A non-targeting shRNA with 5'-GTTCTCCGAACGT
GTCACGT-3' as negative control (NC). The shRNA and shNC were
constructed into pGPU6/GFP/Neo vector, named as pGPU6/GFP/
Neo-shANXA3-1, pGPU6/GFP/Neo-shANXA3-2, pGPU6/GFP/Neo-
shANXA3-3 and pGPU6/GFP/Neo-shNC.

4 x 10° HepG2 cells in 2 ml 85% RPMI-1640 were inoculated
into one plate well, cultured for 24 h and transfected with
pGPUG6/GFP/Neo-shANXA3-1, pGPU6/GFP/Neo-shANXA3-2  or
pGPU6/GFP/Neo-shANXA3-3 and pGPU6/GFP/Neo-shNC recombi-
nant plasmids using lipofectamine™ 2000 (Invitrogen, USA).
pGPUG6/GFP/Neo-shANXA3 and pGPU6/GFP/Neo-shNC recombi-
nant plasmids were stably transfected into HepG2 cells and
screened by G418 (400 pg/ml, Invitrogen, USA) for 28 d using lim-
ited dilution screening. shANXA3-1 exhibited the most interfer-
ence efficient for ANXA3, then, the monoclonal shANXA3-HepG2
cells were obtained from shANXA3-1.

Protein extraction and western blotting (WB) assay

For protein extraction from tissue specimen, about 40 mg of
hepatocarcinoma tumorous tissues or corresponding non-tumor
liver tissues were washed with PBS at 4 °C, then chipped out small
pieces, ground into powder under liquid nitrogen and suspended
with 500 pl RIPA buffer with 1 mM NasVO,4, 1 pg/ml leupeptin
and 0.5 mM PMSF, then lysed on ice for 30 min. For protein extrac-
tion from HepG2 cells, cell pellet was collected from a 6-well plate
and suspended with 50 pl RIPA buffer with 1 mM Na3VO,, 1 pg/ml
leupeptin and 0.5 mM PMSF, and lysed on ice for 30 min. The
supernatant protein was obtained by centrifugation with
12000 rpm for 30 min at 4 °C.

Equal amount protein was boiled for 5 min and separated by
10% SDS-PAGE. The target protein bands were transferred onto
nitrocellulose membrane (PALL, USA), then blocked with 5% skim
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milk and incubated with primary conjugated antibodies. The pri-
mary antibodies including ANXA3 (1:800, Proteintech, USA), Rap1b
(1:300, Proteintech, USA), Rac1 (1:500, Proteintech, USA), CRKL
(1:1000, Santa Cruz Biotechnology, USA), pMEK1/2 (1:800,
pSer217/221, Cell Signaling, USA), pERK1/2 (1:500, pThr202/
Tyr204, Cell Signaling, USA), c-Myc (1:500, Cell Signaling, USA),
pAkt (1:800, pSer473, Cell Signaling, USA), HIF-1a (1:300, Protein-
tech, USA), Bcl-2 (1:500, Cell Signaling, USA), Bax (1:500, Cell Sig-
naling, USA), Caspase 9 (1:1000, Cell Signaling, USA), Caspase 3
(1:1000, Cell Signaling, USA), GAPDH (1:5000, Proteintech, USA),
ACTB (1:5000, Proteintech, USA), a-tubulin (1:5000, Proteintech,
USA). Then the nitrocellulose membrane was incubated with the
secondary conjugated antibody for 4 h at room temperature (RT)
and washed with TBST. The target protein bands were imaged by
ECL (Advansta, USA), analyzed and quantified by Bio-Rad Chemi-
Doc™ MP system (Bio-Rad, USA).

Cell proliferation assay

The effect of 33-kDa ANXA3 knockdown on proliferation ability
of HepG2 cell was measured by MTT. Each group 1.5 x 103 cells/
well were seeded into the separate wells of a 96-well plate in
100 pl 85% RPMI-1640, incubated in humidified incubator at
37 °C, 5% CO, for 24, 48, 72, 96 and 120 h, then incubated with
5 mg/ml MTT at 37 °C with 5% CO, for 4 h in darkness. The MTT
was replaced by 150 pl dimethyl sulfoxide (DMSO). The absor-
bances were measured by a microplate reader (Thermo, USA) at
492 nm.

33-kDa ANXA3 knockdown on HepG2 cell resistances to cis-
platin and 5-fluorouracil (5-FU) were also measured by MTT. Each
group 5 x 103 cells/well in 100 ul 85% RPMI-1640 were seeded into
a 96-well plate, incubated in humidified incubator with 5% CO, at
37 °C overnight, then treated with 0, 0.25, 0.5, 1.0, 2.0, 4.0, 8.0 ug/
ml cisplatin for 24 h, or treated with 0, 0.1, 0.3, 1.3, 6.5, 32.5,
162.6 pg/ml 5-FU for 48 h. The rest steps were the same as above.

Colony forming capacity assay

The influence of 33-kDa ANXA3 knockdown on HepG2 growth
was also determined by colony forming assay. 1000 cells from each
group in 2 ml 85% RPMI-1640 were inoculated into 6-well plate,
cultured in humidified incubator at 37 °C with 5% CO, for 10 d until
colonies were apparently visible. The cell colonies fixed with
methanol for 40 min and stained with 0.5% crystal violet for 1 h.
The cell colonies were observed and taken photograph by an
upright light microscope (Olympus, Japan) with 100x
magnification.

Cell migration and invasion assays

For migration assay, 1 x 10* cells from each group were loaded
into the upper chamber of transwell unit (Corning, USA). For inva-
sion assay, each filter insert was coated with ECM gel (Sigma, USA)
for 1 h at 37 °C. 8 x 10> cells were loaded into the upper compart-
ment of transwell unit. Then, each chamber was mounted onto a
24-well plate containing 600 pul 20% FBS in 80% RPMI-1640 and cul-
tured in humidified incubator at 37 °C with 5% CO, for 48 h. The
migrated or invaded cells at the insert’s lower surface were fixed
with methanol, stained with 0.5% crystal violet and taken pho-
tograph by microscope with 100x magnification.

Wound-healing assay
The influence of 33-kDa ANXA3 knockdown on the motility of

HepG2 cells was measured by in vitro wound-healing assay.
100 ul 85% RPMI-1640 with 5 x 10° cells from each group were
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loaded into a 6-well plate and incubated in humidified incubator
with 5% CO, at 37 °C for 24 h. The cell layer was scratched with
a sterile pipet tip and washed with PBS, then incubated at 37 °C
for 48 h. The cell cultures were then immediately imaged for ana-
lyzing the rate of gap closure at 0 and 24 h under a microscope
(Olympus, Japan) with 100x magnification.

F-actin cytoskeleton staining assay

FITC-phalloidin staining assay was used to check the effect of
33-kDa ANXA3 knockdown on HepG2 cytoskeleton structure. The
glass slides (¢25mm, 0.17 mm thick) were placed into 6-well
plates and covered with 4500 cells from each group in 100 pl
85% RPMI-1640 with 5% CO, at 37 °C for 24 h. Then the slides were
fixed with 4% paraformaldehyde for 15 min and washed with PBS,
dehydrated in pre-cooled acetone (—20 °C) and incubated with
200 pl 400 nM FITC-Phalloidin with 1% BSA. Following PBS wash-
ing for 3 times, the cells were counterstained with 100 pl 50 nM
Hoechst 33258 for 3 min in darkness, then imaged for actin
cytoskeleton organization and filament arrangement by randomly
selecting five visual fields using a laser confocal microscope (Leica,
Tes-sp5, Germany) with 1000 x.

Enzyme-linked immunosorbent assay (ELISA)

To determine the VEGF protein expression level, we obtained
tumor-conditioned medium (TCM) from scramble-HepG2 and
shANXA3-HepG2 cells which were incubated in serum-free
RPMI-1640 medium with 5% CO, at 37 °C for 24 h. The amount
of VEGF protein in the TCM from the scramble-HepG2 and
shANXA3-HepG2 cells was determined by ELISA kit (Proteintech,
USA) according to the manufacturer’s instructions.

HUVEC cell tube formation assay

33-kDa ANXA3 knockdown on angiogenesis capacity of HepG2
cells was measured using HUVEC cell tube formation assay. 2 ml
85% RPMI-1640 with 2 x 10° cells from scramble-HepG2 and
shANXA3-HepG2 groups were inoculated into the 6-well plates,
incubated in humidified incubator at 37 °C with 5% CO, for 24 h,
then the medium was replaced by serum-free RPMI-1640 medium,
incubated in humidified incubator at 37 °C with 5% CO, for 24 h
and centrifuged with 1000 rpm for 10 min to collect supernatants
as TCM. Simultaneously, each well of a 24-well plate was coated
with 250 pl 10 mg/ml matrigel (Corning, USA) and maintained at
37 °C for 1 h. Then 1 x 10° HUVEC cells in 200 pul serum-free
ECM basal medium mixed with 200 pl TCM were loaded to each
well coated with matrigel, incubated in humidified incubator with
5% CO, at 37 °C for 6 h, the tube formation of different group cells
were photographed using an inverted (Olympus, Japan) with 100x,
tube formation amount and capillary length were quantified with
Angiogenesis Analyzer of Image ] software (National Institutes of
Health, Bethesda, MD, USA).

Cell apoptosis assay

The influence of 33-kDa ANXA3 silencing on HepG2 cell apopto-
sis was measured by flow cytometry method. The cell pellets from
each group were harvested, collected and dissolved in 500 pu bind-
ing buffer, incubated with 5 pl Annexin¥-FITC and 5 pl PI in dark-
ness for 30 min at RT and immediately subjected to flow cytometry
analysis.

Cisplatin-induced HepG2 apoptosis following 33-kDa ANXA3
knockdown was measured by flow cytometry. Each group
1 x 10° cells/well in 100 pl 85% RPMI-1640 were seeded into a
6-well plate, incubated with 5% CO, at 37 °C overnight, then trea-
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ted with 2 pg/ml cisplatin and incubated in humidified incubator
at 37 °C with 5% CO, for 24 h. The rest steps were the same as
above.

Hoechst 33258 staining assay

The influence of 33-kDa ANXAS3 silencing on cisplatin- and 5-
FU-induced apoptosis of HepG2 cells were assayed by Hoechst
33258 staining method. The each group 5 x 10° cells/well were
seeded into a 96-well plate in 100 pl 85% RPMI-1640, incubated
in humidified incubator with 5% CO, at 37 °C overnight, adminis-
trated with 0, 1, 2 pg/ml cisplatin for 24 h or 0, 30, 60 pg/ml
5-FU for 48 h with 5% CO, at 37 °C, then washed with PBS, fixed
with 4% paraformaldehyde at 4 °C for 30 min, stained with Hoechst
33258 solution in darkness for 15 min. Finally, the different group
cells were immediately imaged using an inverted fluorescence
microscope (Olympus, Japan) with 200x.

ANXA3 knockdown suppresses in vivo tumorigenicity of HepG2 in
nude mice

Nude mice xenograft model was used to study the effect of 33-
kDa ANXA3 downregulation on the in vivo tumorigenicity and
malignancy of HepG2 cells. 2 ml 85% RPMI-1640 with 1 x 107 cells
from shANXA3-HepG2 and scramble-HepG2 were subcutaneously
implanted into the right flank of each BABL/c nude mouse (4-6 w,
n = 5). Tumor size was measured and calculated as V = a x b%/2 in
which a and b (in mm) refer to the greatest diameter and the
length perpendicular to a of formed solid tumor every one week.
In 80 days following tumor cell transplantations, tumorous xeno-
grafts were immediately dissected from euthanized mice,
weighted, appropriately stored in prior to use. Nude BABL/c mice
were offered by the specific pathogen free (SPF) Animal Laboratory
Center of Dalian Medical University. Investigation was carried out
according to the ethical standards of the national and international
guidelines, and approved by the Experiment Animal Ethical Com-
mittee of Dalian Medical University.

Hematoxylin-eosin (HE) staining and immunohistochemistry (IHC)
assays

Dissected solid tumors were fixed with 10% formalin, embed-
ded in paraffin, cut into 4-pum slices, stained in HE solution and
imaged by microscope at 400x. For IHC assays of ANXA3, Ki-
67, Bcl-2 and Bax, the paraffin slices were dewaxed by xylene,
rehydrated by gradient ethanol, merged in 3% H,0, for 30 min,
blocked with 10% non-immune goat serum, and incubated with
the primary antibodies including ANXA3 (1:100, Proteintech,
USA), Ki-67 (1:100, ZSGB-BIO, China), Bcl-2 (1:100, Cell Signaling,
USA), Bax (1:100, Cell Signaling, USA) at 4 °C overnight. Then, the
slides incubated with peroxidase-conjugated streptavidin at 37 °C
for 25 min, washed with PBS and stained by DAB at RT. The
slides were counterstained with hematoxylin, dehydrated by gra-
dient ethanol and clarified by xylene, imaged by microscope
(Olympus, Japan) with 200x. Brown staining refers to the posi-
tive reaction.

Data procession and statistical analysis

All data were analyzed using GraphPad Prism 5.0 (La Jolla, USA).
The data was represented as mean + SD of at least three indepen-
dent experiments. The differences were analyzed by unpaired Stu-
dent’s t-test. The differences with P < 0.05 were significantly.
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Results

33-kDa ANXA3 was overexpressed in hepatocarcinoma patients’
tumorous tissues

The protein expression levels of ANXA3 in tumorous tissues and
paired non-tumor liver tissues from 31 hepatocarcinoma patients
were quantified by WB assay. As shown in Fig. 2A and B, the overall
expression level of ANXA3 or both the levels of 36-Da and 33-kDa
ANXA3 were apparently more frequently upregulated in patients’
tumorous tissues. The protein expression levels of 33-kDa and
36-kDa ANXA3 were increased by 3.3-fold (P = 0.0013, Fig. 2C)
and 4.8-fold (P = 0.0014, Fig. 2C) in tumorous tissues than para-
cancerous non-tumor liver tissues. These showed both 33-kDa
ANXA3 and 36-kDa ANXA3 were involved in hepatocarcinoma
clinical malignancy. Previous studies have focused on the total
ANXA3 in cancer, neither 33-kDa ANXA3 nor 36-kDa ANXA3 was
separately investigated in cancer field. Different from previous
studies, current work showed both the respective overexpressions
of 33-kDa ANXA3 and 36-kDa ANXA3 linked to hepatocarcinoma
occurrence. Meanwhile, we analyzed the correlation of 33-kDa
ANXA3 and 36-kDa ANXA3 with clinicopathologic parameters of
hepatocarcinoma patients, however, the expression levels of 33-
kDa ANXA3 and 36-kDa ANXA3 were not associated with age, gen-
der, TNM stage, HBV and perineuronal invasion (unshown).

33-kDa ANXA3 knockdown suppressed growth ability of HepG2 cells

In order to reveal the function and molecular mechanism of 33-
kDa ANXA3 in hepatocarcinoma, we constructed the monoclonal
shANXA3-HepG2 cells with stable knockdown of 33-kDa ANXA3
using the combinations of shRNA interference, G418 screening
and limited dilution method. Compared with scramble-HepG2
cells, no apparent expression level change of 36-kDa ANXA3 was
detected in shANXA3-HepG2 cells, while, 33-kDa ANXA3 and total
ANXA3 levels in shANXA3-HepG2 cells were decreased by
98.0 + 2.1% (P = 0.0002) and 52.8 + 0.1% (P = 0.0016) (Fig. 3A).
Excluding the participation of 36-kDa ANXA3 expression change,
our established monoclonal shANXA3-HepG2 cell line was an
appropriate subject for investigating the role of 33-kDa ANXA3 in
malignant properties of HepG2 cells.

33-kDa ANXA3 knockdown reduced the in vitro proliferation of
HepG2. The transfection of pGPU6/GFP/Neo vector showed no
effect on HepG2 proliferation (Fig. 3B). While, compared with
scramble-HepG2 cells, 33-kDa ANXA3 stable knockdown led to
the decreases of proliferative capacities of sShANXA3-HepG2 cells
with 16.8% (P < 0.001), 17.7% (P < 0.001), 18.6% (P < 0.001) and
15.7% (P < 0.001) at time points of 48, 72, 96 and 120 h (Fig. 3B).
Its knockdown also decreased the colony forming capacity of
HepG2 cells. The number of formed colonies of ShANXA3-HepG2
cells was 200.0 + 8.1 that was only ~42.1% of that of scramble-
HepG2 cells (347.0 £ 13.3, P = 0.0007, Fig. 3C). Meanwhile, 33-
kDa ANXA3 knockdown also decreased the colony size of
shANXA3-HepG2 than scramble-HepG2, the colony size of
shANXA3-HepG2 cells decreased by 48.1% compared with
scramble-HepG2 cells (P = 0.0024, Fig. 3C). Its knockdown sup-
presses the in vitro growth of HepG2 cells.

33-kDa ANXA3 knockdown inhibited migration, invasion and motility
abilities of HepG2 cells

The transfection of empty vector showed no influence on the
in vitro migration, invasion (Fig. 4A) and motility (Fig. 4B) capaci-
ties, while the knockdown of 33-kDa ANXA3 clearly decreased
these malignant behaviours of HepG2 cells. The migrated and
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invaded numbers of shANXA3-HepG2 cells were measured as
169.0 + 7.0 and 1323 * 7.2 per view that were only 55.1%
(P < 0.0001) and 41.5% (P = 0.0008) of those, 376.7 + 6.3 and
226.0 + 7.2, of the scramble-HepG2 cells. 33-kDa ANXA3 downreg-
ulation also reduced the motility ability of HepG2 (Fig. 4A). Wound
healing assay showed the migrated distance of shANXA3-HepG2
was 1.3 + 0.28 mm that was only 37.3% (P = 0.0132) of that of
the scramble-HepG2 cells (Fig. 4B).

Cytoskeleton are closely associated with cell movement. The
change of F-actin microfilaments organization following 33-kDa
ANXA3 knockdown in HepG2 was investigated by fluorescence
microscopy using FITC-labeled phalloidin. As in Fig. 4C, 33-kDa
ANXA3 downregulation resulted in reduced microfilaments of F-
actin in shANXA3-HepG2 cells, while, no difference was observed
between scramble-HepG2 and HepG2 cells. More abundant and
ordered F-actin microfilaments evenly radiated to cell membrane
from the cell nucleus in HepG2 and scramble-HepG2 cells, while,
less abundant and disordered F-actin filaments were present in
shANXA3-HepG2 cells. The decreased expression and arrangement
of cytoskeleton F-actin caused by 33-kDa ANXA3 knockdown
might contribute to the decreased invasion, migration and motility
potentials of HepG2 cells.

33-kDa ANXA3 downregulation inhibited angiogenesis and enhanced
apoptosis of HepG2 cells

VEGF is a ubiquitous and potent activator of angiogenesis, first,
we detected the level of VEGF in TCM to explore whether VEGF is
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involved in 33-kDa ANXA3-stimutaed HUVEC cell tube formation.
We found HepG2 cells could secret the VEGF to medium, and the
level of VEGF in TCM obtained from shANXA3-HepG2 cells was sig-
nificantly decreased by compared to scramble-HepG2 cells
(P = 0.0001, Fig. 5A). Our results indicate the secreted VEGF may
be associated with 33-kDa ANXA3-induced angiogenesis. We fur-
ther detected the influence of 33-kDa ANXA3 downregulation on
angiogenesis capacity of HepG2 cells was tested using HUVEC cell
in vitro tube formation assay. 33-kDa ANXA3 knockdown resulted
in the decreased formation of capillary-like structure of HUVEC
cells (Fig. 5B). 33-kDa ANXA3 downregulation inhibited angiogen-
esis and 33-kDa ANXA3 level in HepG2 cells positively correlated
with its induction on tube formation ability of HUVEC cells.

Flow cytometry assay indicated 33-kDa ANXA3 knockdown
promoted the apoptosis of HepG2. The percentages of cells in early
phase for shANXA3-HepG2 and scramble-HepG2 cells were deter-
mined as 19.0 + 3.3% and 6.5 + 1.1%. ANXA3 knockdown led to an
increased early apoptotic rate of shANXA3-HepG2 by 1.9-fold than
scramble-HepG2 cells (Fig. 5C, P = 0.0188), while, showed no influ-
ence on late apoptosis of HepG2 (Fig. 5C). 33-kDa ANXA3 knock-
down potentially suppressed the viability of HepG2 cells via
prompting their apoptosis at early phase.

33-kDa ANXA3 downregulation enhanced HepG2 cells resistance to
cisplatin and 5-FU

Cisplatin and 5-FU are adjuvant drugs in clinical treatment of
hepatocarcinoma patients. Total ANXA3 was reported associated
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with drug resistance of tumor [37,39], in current work, we revealed
33-kDa ANXA3 was involved in the chemosensitivities of HepG2
cells to cisplatin and 5-FU. MTT results showed that 33-kDa ANXA3
downregulation enhanced the resistances of HepG2 cells to cis-
platin and 5-FU. ShANXA3-HepG2 cells showed decreased sensitiv-
ities to cisplatin (P = 0.0114) and 5-FU (P = 0.0023) than scramble
cells (Fig. 6A). The ICsq values of cisplatin on HepG2, scramble-
HepG2 and shANXA3-HepG2 cells in 24 h were 1.02 + 0.23,
1.06 + 0.26, 1.72 = 0.32, and those of 5-FU on HepG2, scramble-
HepG2 and shANXA3-HepG2 cells in 48 h were 3.58 + 0.31,
3.64 £0.13, 6.68 + 1.83. 33-kDa ANXA3 downregulation potentially
increased the resistance of hepatocarcinoma cells to
chemotherapy.

The effect of 33-kDa ANXA3 downregulation on cisplatin-
induced HepG2 apoptosis was analyzed by flow cytometry analy-
sis. Its knockdown decreased HepG2 apoptosis induced by cisplatin
and 5-FU at early phase. The percentages of cells distributed in
early phase for shANXA3-HepG2 and scramble-HepG2 cells with
cisplatin treatments were 8.2 + 2.0% and 21.4 * 0.4%, the early
phase apoptotic rate of sShANXA3-HepG2 cells decreased by 61.7%
than scramble-HepG2 cells (P = 0.0111, Fig. 6B). However, its
knockdown showed no influence on the late apoptosis of HepG2
cells with cisplatin treatment (P = 0.3170, Fig. 6B). 33-kDa ANXA3
level change is of potential use as an indicator in chemotherapy of
hepatocarcinoma.

The influences of 33-kDa ANXA3 knockdown on HepG2 apopto-
sis induced by cisplatin and 5-FU were further analyzed using
Hoechst 33258 staining assay. Its downregulation weakened the
sensitivities of HepG2 cells to cisplatin- (Fig. 6C) and 5-FU-
induced apoptosis (Fig. 6D). The condensed and fragmented nuclei
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of apoptotic cells were significantly reduced in the shANXA3-
HepG2 group cells than the scramble-HepG2 group cells (Fig. 6B).
33-kDa ANXA3 downregulation inhibited HepG2 cells apoptosis
induced by cisplatin and 5-FU.

33-kDa ANXA3 downregulation inhibited in vivo tumorigenicity of
HepG2 cells

We further investigated the influence of 33-kDa ANXA3 silenc-
ing on in vivo tumorigenicity of HepG2 cells using xenograft tumor
model. The shANXA3-HepG2 and scramble-HepG2 cells were sub-
cutaneously inoculated into the right flanks of nude mice. After
inoculation for 80 days, the tumor sizes of shANXA3-HepG2-
transplanted mice were smaller than scramble-HepG2-
transpalnted mice (Fig. 7A). The primary tumor mass from
shANXA3-HepG2-transplanted = mice  was  averaged as
0.007 + 0.004 g that was ~94.9% decreased compared with the
averaged mass of 0.136 + 0.078 g from scramble-HepG2-
transplanted mice (Fig. 7A, P = 0.0442). 33-kDa ANXA3 knockdown
suppressed the in vivo tumorigenicity and tumor growth of HepG2 cells.

Consistent with 33-kDa ANXA3 downregulation increasing the
in vitro apoptosis of HepG2 cells, its knockdown also enhanced
the in vivo tumor cell apoptosis in primary tumour induced by
HepG2 transplantation. HE staining assay showed apparent necro-
sis and sporadically apoptotic cells appearing in the slices of pri-
mary tumors from shANXA3-HepG2-tansplanted mice, while
such situations were not observed in primary tumors from
scramble-HepG2 group mice (Fig. 7B).

[HC assays were further performed to measure cell prolifer-
ation marker Ki-67 and apoptosis marker Bcl-2 and Bax in
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tumorous tissues. The expression levels of Ki-67, Bcl-2 and
VEGF in primary tumor from scramble-HepG2 group mice
were higher than that in the shANXA3-HepG2-tansplanted
mice, meanwhile, as Bax expression was lower in primary
tumor from scramble-HepG2 group mice than that in the
shANXA3-HepG2-tansplanted mice, 33-kDa ANXA3 downregu-
lation resulted in a increased Bax/Bcl-2 ratio (Fig. 7C). The
results further demonstrated 33-kDa ANXA3 downregulation
suppressed the growth, angiogenesis and promoted apoptosis
of hepatocarcinoma cells in vivo, its downregulation inhibited
the in vivo tumorigenicity of hepatocarcinoma cells via inhibit-
ing their proliferation, angiogenesis and promoting their
apoptosis.
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33-kDa ANXA3 downregulation inhibited tumorigenesis, angiogenesis
and increased chemoresistance of HepG2 cells via inhibiting ERK, PI3K/
Akt-HIF and intrinsic apoptotic pathways

The underlying molecular regulation mechanism of 33-kDa
ANXA3 in hepatocarcinoma is unknown. We measured the expres-
sion levels of ERK pathway-related molecules. The stable knock-
down of 33-kDa ANXA3 resulted in the protein expression levels
of Raplb, Racl, CRKL, pMEK, pERK2 and c-Myc decreased by
47.7% (P = 0.0451), 37.2% (P = 0.0145), 36.3% (P = 0.0047), 42.9%
(P = 0.0422), 43.2% (P = 0.0269) and 41.8% (P = 0.0046) in
shANXA3-HepG2 cells compared to the scramble group cells
(Fig. 8A). ERK pathway acts important roles in the growth and
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metastasis of tumor cells. We showed that 33-kDa ANXA3 down-
regulation might suppress the growth, migration and invasion abil-
ities of HepG2 cells via deactivating ERK pathway.

This work linked PI3K/AKT and Bax/Bcl-2 signal transductions
in 33-kDa ANXA3-mediated angiogenesis and apoptosis of hepato-
carcinoma cells. The protein expression levels of pAkt and HIF-1a
were decreased by 31.1% (P = 0.0427) and 38.2% (P = 0.0428) in
shANXA3-HepG2 cells compared with scramble-HepG2 cells
(Fig. 8B). Meanwhile, 33-kDa ANXA3 knockdown decreased Bcl-2
expression by 30.6% (P = 0.0403) and increased Bax expression
by 39.8% (Fig. 8B, P = 0.0291) in HepG2 cells, which lead to Bax/
Bcl-2 expression ratio increased by 101.6% (Fig. 8B, P < 0.005).
33-kDa ANXA3 downregulation potentially inhibited the angiogen-
esis and promoted apoptosis of HepG2 cells via deactivating PI3K/
Akt and Bcl-2/Bax pathways.

33-kDa ANXA3 downregulation enhanced HepG2 cells resis-
tances to cisplatin and 5-FU (Fig. 6). We then investigated the
potential molecular regulation mechanisms. WB results showed
the levels of pAkt and Bcl-2 were increased by ~30.6%
(P = 0.0361) and ~34.0% (P = 0.0101) in cisplatin treated-
shANXA3-HepG2 cells compared with cisplatin treated-scramble-
HepG2 cells, while, Bax expression level was decreased
by ~56.1% (P = 0.0411) (Fig. 8C). The activities of caspase 9 and cas-
pase 3 in cisplatin-induced apoptosis of HepG2 cells were mea-
sured. The cleavage forms of caspase 9 and caspase 3 appeared in
HepG2 with the exposure to cisplatin. The levels of cleaved- cas-
pase
9 and -caspase 3 were decreased by ~35.5% (P = 0.0001) and ~36.4%
(P = 0.0086) in cisplatin treated-shANXA3-HepG2 cells than cis-
platin treated-scramble-HepG2 cells (Fig. 8C). No cleavage forms
of caspase 9 and caspase 3 appeared in HepG2 cells without expo-
sure to cisplatin, and no apparent expression changes were
observed for pro-caspase 9 (P = 0.8081) and pro-caspase 3
(P =0.1351, Fig. 8C). 33-kDa ANXA3 knockdown increased HepG2
cells resistance to cisplatin through suppressing the intrinsic apop-
totic pathway.
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Expression patterns of key molecules in ERK and PI3K/Akt pathways in
tumorous tissues of hepatocarcinoma

WB assay showed the levels of CRKL, Rac1, c-Myc and pAkt
were increased by 61.5% (P = 0.0004, Fig. 9A), 76.5% (P = 0.015,
Fig. 9B), 56.9% (P = 0.0036, Fig. 9C) and 31.6% (P = 0.0482,
Fig. 9D) in 31 pairs of hepatocarcinoma patients’ tumorous tissues
and paracancerous normal liver tissues. As already mentioned
above the levels of CRKL, Rac1, c-Myc and pAkt were accordingly
decreased in HepG2 cells following 33-kDa ANXA3 knockdown
(Fig. 8), it is clear that 33-kDa ANXA3 probably enhances the
malignant behaviours and chemo-sensitivities of hepatocarcinoma
cells and clinical progression of hepatocarcinoma patients via ERK,
PI3K/Akt and intrinsic apoptotic pathways.

Discussion

ANXA3, a membrane related protein predominantly expressing
in cytoplasm, is abnormally expressed in various cancers. Its dereg-
ulation is related with the development, occurrence, progression
and drug resistance of cancer. ANXA3 might specifically function-
alize either as a tumor suppressor or tumor promoter depending
on the types or sub-types of different cancers [27]. It is even
reported as an underlying biomarker for the diagnosis, therapy
and prognosis of certain cancers. ANXA3 has 36-kDa and 33-kDa
isoforms [22]. Most studies reported a single protein band in the
WB image and without distinguishing them. So, the majority of
studies focused on the role of total ANXA3 in cancers, unfortu-
nately, they did not pinpoint the exact role of the individual ANXA3
subtype in cancer development and malignancy. Until now the
expression patterns of 36-kDa and 33-kDa ANXA3 have been only
documented in human monocytes and neutrophils [22], in rat
brain [41] and in RCC [23]. However, the exact role of 33-kDa
ANXA3 in cancer remains unknown. The better understanding on
the functional action and molecular mechanism of ANXA3 isoforms
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shall provide insight into their clinical applications. Herein, we
investigated the role of 33-kDa ANXA3 in hepatocarcinoma clinical
malignancy and chemo-resistance with the underlying action
mechanisms. To our best knowledge, this work is the first report
on distinguishing the contribution of 33-kDa ANXA3 in cancer
out of total ANXA3.

ANXA3 facilitated the clinical malignancy of gastric cancer
[42,35], colorectal cancer [43], lung cancer [36], pancreatic cancer
[44] and breast cancer [39,45,46]. ANXA3 overexpression in col-
orectal cancer tissues correlated with tumor growth and poor
prognosis of colorectal cancer patients [43]. ANXA3 upregulation
was positively related with the advances of clinical stage, lym-
phatic metastasis and recurrence of lung adenocarcinoma patients
[36]. ANXA3 was upregulated at mRNA level in cancerous tissues
from pancreatic cancer patients [44]. The overexpression of ANXA3
in cancerous tissues [45,46] was linked to the enhanced tumor size
and lymph node metastasis, and reduced disease-free and overall
survivals of breast cancer patients [39,46]. Consistently, current
work indicated both 33-kDa and 36-kDa ANXA3 overexpressed in
tumorous tissues of hepatocarcinoma patients (Fig. 2) by exhibit-
ing promoting role in hepatocarcinoma carcinogenesis. However,
due to the incomplete pathological information of patients and rel-
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ative small number of patient samples, the expression levels of 33-
kDa ANXA3 and 36-kDa ANXA3 were not related to patients’ age,
gender, TNM stage, HBV and perineuronal invasion. In the future,
we will increase the number of patient samples, deeply investigate
the expression pattern of 33-kDa ANXA3/36-kDa ANXA3 in hepa-
tocarcinoma and analysis the association of ANXA3 with hepato-
carcinoma clinicopathologic parameters.

ANXA3 promoted the in vitro malignant properties of tumor cell
lines of gastric cancer [35,42], colorectal cancer [47], breast cancer
[39,48,49], lung cancer [50] and osteosarcoma [51]. ANXA3 knock-
down led to the decreased proliferation, invasion, wound-healing
and colony forming abilities of MDA-MB-468, MDA-MB 231 and
hepatocarcinoma-1954 cells [38,39]. ANXA3 was upregulated in
human gastric epithelium (OTA-GES-1T) cells following ochratoxin
(OTA) treatment that enhanced cells’ malignant transformation,
while, its downregulation effectively suppressed the proliferation
and metastasis abilities of OTA-GES-1T [41]. Consistently, the
expression level of ANXA3 was reported positively associated with
the malignant behaviours of hepatocarcinoma SK-Hep1, SMMC-
7721 and Huh7 cell lines [36]. However, without distinguishing
the respective functions of two ANXA3 subtypes, only the function
of total ANXA3 was linked to hepatocarcinoma malignancy [36].
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Fig. 7. 33-kDa ANXA3 knockdown suppressed in vivo tumorigenesis of HepG2 cell. (A) The tumor growth of shANXA3 group cells was reduced compared with scramble
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scramble-HepG2-transplanted nude mice. The necrosis area was marked with box and apoptotic cells were marked with arrow.

Herein, we specifically revealed the role of 33-kDa ANXA3 in hep-
atocarcinoma malignancy. As 33-kDa ANXA3 overexpression was
correlated with hepatocarcinoma, we proposed its knockdown
should antagonize the in vitro malignant properties and in vivo
tumorigenesis of hepatocarcinoma cells. Excitingly and fortu-
nately, we successfully obtained a monoclonal HepG2 cell line with
stable specific knockdown of 33-kDa ANXA3 using shRNA interfer-
ence (Fig. 3A) to appropriately reveal its pure contribution in hep-
atocarcinoma carcinogenesis. 33-kDa ANXA3 knockdown
decreased the in vitro proliferation (Fig. 3B), colony formation
(Fig. 3C), migration and invasion (Fig. 4) capacities and the
in vivo tumorigenicity of HepG2 cells (Fig. 7). Apparently, 33-kDa
ANXA3 acts as a tumour promoter in hepatocarcinoma develop-
ment and occurrence. We further showed 33-kDa ANXA3 affected
hepatocarcinoma cell’s invasiveness through altering cellular F-
actin polymerization. Its downregulation resulted in an obvious
reduce of F-actin microfilaments in HepG2 cells (Fig. 4C). The can-
cer cells movement from one position to another site is a complex
process requiring dramatic remodeling of cell cytoskeleton where
F-actin microfilament is one key component. The abnormal expres-
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sion or regulation of cytoskeletal components could affect cancer
cell metastasis [52-54]. Here, we demonstrated 33-kDa ANXA3
downregulation suppressed hepatocarcinoma cell aggressiveness
through reducing F-actin polymerization in cytoskeleton
(Fig. 4C). Accordingly, 33-kDa ANXA3 overexpression strengthened
cytoskeleton structure in favor of the invasiveness of tumor cells
and the malignancy of hepatocarcinoma patients. This work also
showed 33-kDa ANXA3 upregulation might promote the growth
and invasiveness of cancer cells in hepatocarcinoma through
inhibiting their apoptosis. The stable knockdown of 33-kDa ANXA3
promoted both the in vitro apoptosis of HepG2 cells at early phase
(Fig. 5C) and the in vivo apoptosis of cancer cells in primary tumor
induced by HepG2-transplantion in nude mice (Fig. 7B). Collec-
tively, 33-kDa ANXA3 acts as a promotor in hepatocarcinoma car-
cinogenesis. Its upregulation is a potential indicator and biomarker
for hepatocarcinoma malignancy.

Angiogenesis supply nutrients and oxygen, and promote the
spread of tumour cells for tumor growth and metastasis
[28,55,56]. The hypervascular nature of most liver tumors underli-
nes the importance of angiogenesis in their malignancies. VEGF is a
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prominent angiogenic factor for supporting the neovascularization
of cancer tissue in cancer development [57]. By binding to the
hypoxia-responsive element (HRE) of VEGF promoter region, HIF-
1, a dimeric transcription factor consisting of HIF-1o. and HIF-1p,
upregulated the transcription of VEGF [58]. Park et al reported that
high level of VEGF was secreted in the conditioned medium
obtained from ANXA3-overexpressing HEK 293 cells and higher
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transactivation activity of HIF-1 was also detected in ANXA3-
overexpressing HEK 293 cells, which suggested ANXA3 inducing
VEGF production via HIF-1 pathway in angiogenesis [28]. Interest-
ingly, in primary cell cultures from RCC patients, 33-kDa ANXA3
upregulation positively correlated, while, 36-kDa ANXA3 downreg-
ulation inversely correlated with HIF-1a expression, which showed
the total ANXA3 protein was downregulated and negatively corre-
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Fig. 9. Expression patterns of CRKL, Rac1, c-Myc and pAkt in hepatocarcinoma tissues. Compared with paracancerous normal liver tissues, the global protein expression
levels of (A) CRKL, (B) Racl, (C) c-Myc, (D) pAkt were increased in hepatocarcinoma patients’ tumorous tissues. ACTB was the internal reference. *, ** and *** refer to P < 0.05,

0.01 and 0.001.

lated with HIF-1o [22]. We also found the level of VEGF was
decreased in the TCM obtained from 33-kDa ANXA3 knockdown
HepG2 cells (Fig. 5A), indicating VEGF may be the effector for 33-
kDa ANXA3-mediated angiogenesis. Furthermore, our work
directly linked 33-kDa ANXA3 in hepatocarcinoma angiogenesis
through HIF-1a. Its stable knockdown apparently reduced the tube
formation ability of HUVE Cinduced by HepG2 cells (Fig. 5B),
meanwhile, significantly suppressed the expression of HIF-1a in
HepG2 cells (Fig. 8B), moreover, the expression level of VEGF in
primary tumor from shANXA3-HepG2-tansplanted mice was lower
than that in the scramble-HepG2 group mice (Fig. 7C). Therefore,
33-kDa ANXA3 upregulation contributes to the neovascularization
of tumor tissues for supporting the hyperplasia, migration and
invasion of hepatocarcinoma cells, which in turn exacerbates hep-
atocarcinoma malignancy.

Current work showed 33-kDa ANXA3 mediated hepatocarcinoma
malignancy through Rac1-ERK pathway.

Actin filaments exist as networks or bundles that are highly reg-
ulated by hundreds of proteins. It is commonly reported that the
Rho-family of GTPases (RhoA, Rac1 and cdc42) are important reg-
ulators of the actin cytoskeleton rearrangement. Rac1 serves as one
of the molecular switches formed by the above regulating proteins
to relay signals from cell membrane to cytoskeleton in maintaining
the formation of the distinct F-actin-based structures. F-Actin
microfilaments are important for cell motility, migration and inva-
sion [59,60]. Meanwhile, as a main subfamily of MAPK, ERK path-
way plays important roles in proliferation and metastasis of tumor
cell [61]. 33-kDa ANXA3 stable knockdown apparently suppressed
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the expressions of pMEK and pERK2 in HepG2 cells (Fig. 8A). Mean-
while, the expressions of ERK upstream molecules Rap1b, Rac1 and
CRKL, and a downstream molecule c-Myc were inhibited in HepG2
cells (Fig. 8A). Correspondingly, CRKL, Rac1 and c-Myc proteins
were higher measured in the hepatocarcinoma tumorous tissues
compared with paired non-tumor liver tissues (Fig. 8). F-Actin
microfilaments are important for cell motility, migration and inva-
sion, 33-kDa ANXA3 upregulation might promote F-actin expres-
sion and polymerization in cytoskeleton by regulating Racl
expression, then promoting tumor cell motility, migration and
invasion through activating ERK pathway. 33-kDa ANXA3 upregu-
lation seems to promote hepatocarcinoma cell malignancy by reg-
ulating Rac1 expression through activating ERK pathway.

33-kDa ANXA3 mediated the apoptosis and angiogenesis of
hepatocarcinoma cells via PI3K/Akt pathway. As an important
intracellular signaling pathway, PI3K/Akt regulates the cell apopto-
sis, angiogenesis and metastasis through its downstream effector
molecules Bax, Bcl-2, HIF-1a and NF-kf [62]. The direct binding
of SH3N domain of CRKL to the p85 PxxP motif of PI3K resulted
in activated PI3K [63] for generating the PIP2 and PIP3 at inner sur-
face of plasma membrane. Then, Akt bond to PIP3 via PH domain,
simultaneously got phosphorylated at Thr308 by phosphoinositide
dependent kinase-1 (PDK1) binding to PIP3, and phosphorylated
its downstream target substrates to exhibit diverse biological
functions [64]. The increase of expression ratio of Bax/Bcl-2 com-
monly results in cancer cell apoptosis. ANXA3 could regulate can-
cer cell apoptosis through altering Bax/Bcl-2 balance [46].
Consistently, our work showed that 33-kDa ANXA3 knockdown
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resulted in decreased expressions of CRKL, pAkt and Bcl-2,
increased expression of Bax and elevated Bax/Bcl-2 ratio in HepG2
cells (Fig. 8B). Accordingly, pAkt was confirmed significantly over-
expressed in the hepatocarcinoma tumorous tissues (Fig. 9). Col-
lectively, 33-kDa ANXA3 knockdown induced apoptosis of HepG2
cells through inactivating PI3K/Akt pathway via increasing Bax
and decreasing Bcl-2 expressions. Meanwhile, PI3K/Akt/mTOR/
HIF-VEGF pathway plays crucial role in angiogenesis. pAkt acti-
vated mTOR to enhance HIF-1 transactivation activity and induce
VEGF production [65]. ANXA3 was reported to induce angiogenesis
through enhancing HIF-1 transactivation activity [28]. 33-kDa
ANXA3 knockdown resulted in decreased expression of HIF-1a in
HepG2 cells (Fig. 8B) and HepG2-induced tube formation ability
of HUVEC cells. Therefore, its knockdown suppressed angiogenesis
ability of HepG2 cells through inactivating PI3K/Akt pathway via
decreasing HIF-1a expression. Pertinent to our study, ANXA3 func-
tioned in angiogenesis for the repair and healing of myocardial
cells in rat with acute myocardial infarction through PI3K/Akt
pathway [66]. This work shows 33-kDa ANXA3 contributes in hep-
atocarcinoma malignancy through promoting angiogenesis to sup-
port cancer cells via activating PI3K/Akt-HIF pathway.

ANXA3 dysexpression is related to the chemoresistances of
breast cancer [39], colorectal cancer [67], lung adenocarcinoma
[68,69], ovarian cancer [70-72], prostate cancer [73] and
hepatocarcinoma [37,74,75]. ANXA3 enhanced the sensitivity of
breast cancer cells to doxorubicin [39]. While, ANXA3 upregulation
was involved in the increased chemoresistances to oxaliplatin (Ox)
in colorectal cancer HCT116/0x and SW480/0Ox cells [67], to cis-
platin in lung cancer A549, H661 and SK-MES-1cells [69], to cis-
platin and carboplatin in ovarian cancer SKOV3 and A2780 cells
[71], and even to platinum-resistant ovarian cancer patients than
platinum-sensitive patients [72]. Accordingly, ANXA3 knockdown
in above cancer cell lines increased their sensitivities to these
reagents [67,69,71,72]. In hepatocarcinoma, the upregulation of
total ANXA3 was reported to increase the resistances of SK-Hep1
and SMMC7721 cells to cisplatin and 5-FU, and to enhance
chemoresistance in nude mice; while, its knockdown decreased
the resistances of Huh7 cells to cisplatin and 5-FU [37]. What is
the role of 33-kDa ANXA3 in drug resistance of hepatoma cells?
We showed 33-kDa ANXA3 deregulation was involved in the
chemosensitivities of HepG2 cells. Its knockdown enhanced HepG2
resistances to cisplatin and 5-FU (Fig. 6). While, total ANXA3 was
previously reported to enhance the chemoresistances of hepato-
carcinoma SK-Hep1l and SMMC7721 cells to cisplatin and 5-FU
[37], although the difference may be caused as different hepatocar-
cinoma cell lines being used, this also implicated that 33-kDa
ANXA3 and 36-kDa ANXA3 might function differently in
chemosensitivity of hepatocarcinoma cells, which deserves more
attention to distinguish the distinction between the two ANXA3
isoforms. Current work found 33-kDa ANXA3 knockdown in HepG2
increased its ICso to cisplatin by 62.3% and to 5-FU by 83.5%,
respectively, conferred HepG2 cells more resistant to cisplatin than
to 5-FU (Fig. 6A). We further showed that 33-kDa ANXA3 mediated
HepG2 sensitivity to cisplatin through intrinsic apoptotic pathway.
With the treatment of cisplatin (2 pg/ml), the protein expression
levels of pAkt and Bcl-2 were higher, while, Bax, cleaved caspase
9 and cleaved caspase 3 were lower detected in shANXA3-HepG2
cells compared with the scramble group HepG2 cells (Fig. 8C).
Bax upregulation and Bcl-2 downregulation accelerated Cyto-
chrome c release from mitochondria into cytoplasm. Then, the
cytosolic Cytochrome ¢ bond with Apaf-1 to form a large complex
apoptosome that first recruited and activated pro-caspase 9 to pro-
duce cleaved-caspase 9, then recruited and activated pro-caspase 3
to produce cleaved-caspase 3, and finally blocked DNA damage
repair and induced apoptosis [76,77]. Therefore, 33-kDa ANXA3
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downregulation enhanced HepG2 cell chemoresistance via inacti-
vating the intrinsic apoptotic pathway.

Apoptosis or programmed cell death, is an essential cell process
in homeostasis of multicellular organisms, including early apopto-
sis and late apoptosis [78]. Late apoptosis is closer to necrosis, so it
is also called secondary necrosis. Strict regulation of apoptosis is
widely involved in many human diseases, including cancers [79].
The therapeutical strategy targeting the early apoptosis of cancer
cells is listed among the most successful non-surgical treatment,
as the apoptosis evasion is a hallmark of cancer and is nonspecific
to cancer type. Hence, many anticancer drugs have been produced
through the actions on targeting genes involved in both the intrin-
sic and extrinsic pathways [80]. This work showed that 33-kDa
ANXA3 downregulation promoted the early apoptosis of HepG2
cells, which implicated its potential application in inhibiting car-
cinogenesis by promoting the early apoptosis of tumor cells to
therapy cancer at early phase. We may continue investigating the
influence 33-kDa ANXA3 downregulation on the cell cycle and
apoptosis of tumor cells with the underlying mechanism, which
will provide fundamental basis for the practical application of
33-kDa ANXA3 in the clinical treatment of hepatocarcinoma even
other cancers. In the future, appropriate anticancer drugs will
directly target 33-kDa ANXA3 to treat cancer at early stage and
may improve cure rate. Molecule-targeted therapy will gradually
become a new favorite for treatment of cancer, and also represent
the future developmental direction of treatment of cancer. Further-
more, fundamental research breakthroughs will create more effec-
tive methods for cancer targeted therapy.

Conclusion

Taken together, our study illuminates, for the first time, that 33-
kDa ANXA3 isoform presenting tumor promoting effect on the
malignant behaviours of HepG2 cells. 33-kDa ANXA3 downregula-
tion inhibited proliferation, colony formation, migration and inva-
sion of HepG2 cells via inhibiting ERK pathway. 33-kDa ANXA3
downregulation inhibited angiogenesis of HepG2 cells via inhibit-
ing PI3K/Akt-HIF pathway. 33-kDa ANXA3 downregulation pro-
moted apoptosis and enhanced HepG2 chemoresistance via
inactivating the intrinsic apoptotic pathway. The potential action
mechanism was outlined in Fig. 10. (1) 33-kDa ANXA3 upregulates
CRKL and Rap1b expressions to activate the expressions of down-
stream molecules Rac1, pMEK1/2, pERK2 and c-Myc in promoting
the proliferation, colony formation, migration and invasion abili-
ties of HepG2 cells; (2) The binding with CRKL activates PI3K to
generat PIP3 at the inner membrane, to recruit Akt through binding
to PIP3 and get Akt phosphorylated at Thr308 by PDK1 through its
binding to PIP3. Subsequently pAkt activates mTOR to enhance
HIF-1o transactivation activity, HIF-1o/HIF-1B bind to the HRE of
VEGF promoter region to induce VEGF production, then 33-kDa
ANXA3 promoted angiogenesis of HepG2 cells through activating
PI3K/AKkt via increasing HIF-1a expression; (3) Furthermore, pAkt
decreases Bax and increases Bcl-2 expressions, Bax upregulation
and Bcl-2 downregulation promoted cytochrome c release from
mitochondria into the cytoplasm, then binds to Apaf-1 and forms
apoptosome to recruits and activates pro-caspase 9, following by
pro-caspase 3 cleavage and activation, cleaved-caspase 9 and
cleaved-caspase 3 blocked DNA damage repair to induce apoptosis,
then 33-kDa ANXA3 inhibited HepG2 cells apoptosis and chemore-
sistance via activating caspase 9 and caspase 3. In conclusion, 33-
kDa ANXA3 plays an oncogenic role in hepatocarcinoma, it may
be a novel potential indicator and biomarker for the malignant pro-
gression and therapeutic target for diagnosis and treatment of
hepatocarcinoma.
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Fig. 10. The potential action mechanism of 33-kDa ANXA3 on hepatocarcinoma malignancy. 33-kDa ANXA3 1) promotes proliferation, colony formation, migration and
invasion abilities of hepatocarcinoma cell via activating ERK pathway, 2) promotes angiogenesis of hepatocarcinoma cell via activating PI3K/Akt-HIF pathway, 3) inhibits
apoptosis and chemoresistance of hepatocarcinoma cell via activating intrinsic apoptotic pathway. === = represents non-direct activation action between genes, mm == —!
represents non-direct inhibition between genes, === represents direct activation action between genes, ====p- represents promotion effect, s represents inhibition

effect.
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