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Abstract

AIM: To investigate the effects of Annexin A2 (ANXA2)
silencing on invasion, migration, and tumorigenic po-
tential of hepatoma cells.

METHODS: Human hepatoma cell lines [HepG2, SMMC-
7721, SMMC-7402, and MHCC97-H, a novel human
hepatocellular carcinoma (HCC) cell line with high me-
tastasis potential] and a normal hepatocyte cell line
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(LO2) were used in this study. The protein and mRNA
expression levels of ANXA2 were analysed by western
blotting and real-time polymerase chain reaction, re-
spectively. The intracellular distribution profile of ANXA2
expression was determined by immunofluorescence
and immunohistochemistry. Short hairpin RNA target-
ing ANXA2 was designed and stably transfected into
MHCC97-H cells. Cells were cultured for /n vitro analy-
ses or subcutaneously injected as xenografts in mice
for in vivo analyses. Effects of ANXA2 silencing on cell
growth were assessed by cell counting kit-8 (CCK-8) as-
say (/n vitro) and tumour-growth assay (/7 vivo), on cell
cycling was assessed by flow cytometry and propidium
iodide staining (/7 vitro), and on invasion and migration
potential were assessed by transwell assay and wound-
healing assay, respectively (both /n vitro).

RESULTS: The MHCC97-H cells, which are known to
have high metastasis potential, showed the highest lev-
el of ANXA2 expression among the four HCC cell types
examined; compared to the LO2 cells, the MHCC97-H
expression level was 8-times higher. The ANXA2 expres-
sion was effectively inhibited (about 80%) by ANXA2-
specific small hairpin RNA (shRNA). ANXA2 expression
in the MHCC97-H cells was mainly localized to the cel-
lular membrane and cytoplasm, and some localization
was detected in the nucleus. Moreover, the proliferation
of MHCC97-H cells was obviously suppressed by shR-
NA-mediated ANXA2 silencing /n vitro, and the tumour
growth inhibition rate was 38.24% /n vivo. The per-
centage of MHCC97-H cells in S phase dramatically de-
creased (to 27.76%) under ANXA2-silenced conditions.
Furthermore, ANXA2-silenced MHCC97-H cells showed
lower invasiveness (percentage of invading cells de-
creased to 52.16%) and suppressed migratory capacity
(migration distance decreased to 63.49%). It is also
worth noting that shRNA-mediated silencing of ANXA2
in the MHCC97-H cells led to abnormal apoptosis.

CONCLUSION: shRNA-mediated silencing of ANXA2

June 28, 2013 | Volume 19 | Issue 24 |



suppresses the invasion, migration, and tumorigenic
potential of hepatoma cells, and may represent a useful
target of future molecular therapies.

© 2013 Baishideng. All rights reserved.
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Core tip: The overexpression of annexin A2 (ANXA2)
is closely related to the high metastasis potential and
invasion ability of HCC cells, and ANXA2 deficiency in-
hibits the invasion, migration, and tumorigenic potential
of hepatocellular carcinoma (HCC) cells, which not only
provides further insight into the pathogenesis of HCC
but also provides a potential predictive biomarker for
HCC prognosis and a potential therapeutic target.
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properties of pancreatic cancet' . Further studies of this
ability to promote tumour metastasis have elucidated the
molecular process in which ANXAZ2 induces plasmino-
gen conversion to plasmin, thereby leading to activation
of metalloproteinases, degradation of extracellular matrix
components, and promotion of neoangiogenesis[10’16’18].
Thus, ANXA2-targeted interference by small hairpin
RNA (shRNA) may represent an effective therapeutic
strategy to mediate the biological behaviours of hepa-
toma cells.

In the present study, ANXAZ2 overexpression was
found in MHCC97-H cells, a2 novel human HCC cell line
with high metastasis potential, which was then used to
investigate the effects of ANXAZ2 silencing on cell inva-
sion, migration, and tumorigenic potential of HCC cells.

MATERIALS AND METHODS

Zhang HJ, Yao DF, Yao M, Huang H, Wang L, Yan MJ, Yan XD,
Gu X, Wu W, Lu SL. Annexin A2 silencing inhibits invasion,
migration, and tumorigenic potential of hepatoma cells. World J
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INTRODUCTION

Hepatocellular carcinoma (HCC) is currently the 3" lead-
ing cause of cancer-related death, and its worldwide inci-

dence is increasing; epidemiologic studies have revealed a
strong association between HCC and chronic liver disease
and cirrhosis?. Surgical therapy with liver transplantation
or resection remains the mainstay of curative therapy for
patients in the early stage of HCCP¥. However, even with
radical resection, 60%-70% of patients develop metastasis
and experience recurrence within 5 years of surgery”’.
Although several clinicopathologic features have been
identified as contributing factors to this disease’s poor
prognosis (e.g., pootly-differentiated phenotype, large-
sized tumour, and portal venous invasion), the underlying
mechanisms of HCC development remain unclear™”.
Gaining a detailed understanding of the molecular pro-
cesses of HCC will likely identify specific diagnostic and
prognostic markers and facilitate development of novel
targeted therapeutic strategies. To this end, recent stud-
ies have identified annexin A2 (ANXAZ2) as an important
mediator of malignant transformation and development
of HCC™.

As one of the best characterized components of the
annexin family, ANXA?2 is a calcium-dependent phos-
pholipid-binding protein"”. Up-regulation of ANXA2
expression and its phosphorylation at tyrosine 23 (medi-
ated by c-Src) has been observed in clinical samples of
human HCC"Y; in addition, the tyrosine 23 phosphot-
ylation-dependent cell-surface localization of ANXA2
was found to be required for the invasive and metastatic
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Plasmid construction

ANXA2-specific shRNA targeting nucleotides 94-113
downstream of the transcription start site of ANXAZ2 was
synthesized as previously described"” and used to con-
struct an experimental plasmid (pPRNAT-U6.1-shRNA) by
inserting into a BamH 1 -HindIll lineatized pRNAT-UG.1/
Neo shRNA expression vector (Biomics Biotechnologies
Co., Ltd., Nantong, China). A negative control vector
(PRNAT-UG.1-negative) was constructed similarly with a
shRNA sequence that does not suppress the expression
of genes expressed in humans, rats, or mice (Biomics
Biotechnologies Co., Ltd.). All inserted sequences were
verified by DNA sequencing,

Cell culture and transfection

Human hepatoma cell lines (HepG2, SMMC-7721, and
SMMC-7402) and a normal hepatocyte cell line (LO2)
were obtained from Biomics Biotechnologies Co., Ltd.
The MHCC97-H cell line was obtained from the Liver
Cancer Institute of the Affiliated Zhongshan Hospi-
tal of Fudan University (Shanghai, China). For all cell
lines, maintenance growth was carried out in Dulbecco's
modified Eagle's medium (DMEM; Life Technologies,
Inc., Frederick, MD, United States) supplemented with
10% foetal bovine serum (FBS) at 37 C in a humidified
atmosphere of 5% CO2/95% ait.

For experimentation, the MHCC97-H cells were
seeded into 6-well plates, allowed to grow to 90%-95%
confluence, and transfected with the plasmids (pPRNAT-
U6.1-negative or pRNAT-UG.1-shRNA) using PolyJet™
In Vitro DNA Transfection Reagent (SignaGen Labora-
tories, Gaithersburg, MD, United States) according to the
manufacturet’s instructions. At 48 h after transfection, cells
were selected by culturing in the presence of 400 ug/ mlL
of G418 (Life Technologies, Inc.) for 2 wk followed by
200 pg/mL of G418 for an additional 2 wk. Individual
G418-resistant monoclonals were obtained by perform-
ing a limiting dilution with subsequent proliferation in
medium supplemented with 200 pg/mL of G418 to gen-
erate the stably transfected experimental (MHCC97-H/
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ANXA2-shRNA) and control (MHCC97-H/control-
shRNA) cell lines.

RNA isolation and cDNA synthesis

Total RNA was isolated from mouse liver tissue speci-
mens (50 mg) using the TRIzol Reagent (Life Technolo-
gies, Inc.) according to the manufacturer’s instructions.
Integrity of the isolated RNA was qualitatively assessed
by 1% agatrose gel electrophoresis and quantitatively as-
sessed by ultraviolet spectrophotometry (absorbance at
260 nm, Aze0; SmartSpec™ Plus; Bio-Rad Life Science
Research and Development Co., Ltd., Shanghai, China);
purity of the isolated RNA was indicated by an absor-
bance ratio at 4207280 of < 1.8. The total RNA (1 pg) was
applied as template for cDNA synthesis using the First-
Strand cDNA Synthesis Kit (Fermentas Inc., Butlington,
Canada) and following the manufacturet’s instructions.

Quantitative real-time polymerase chain reaction

The cDNA samples (4 pg in 4 ul) were subjected to
quantitative real-time polymerase chain reaction (qPCR)
using an Applied Biosystems StepOne™ Real-Time PCR
System (Life Technologies, Inc.) with the manufacturer’s
recommended protocol. The reaction solution (50 pl)
contained 25 pl. of 2 X SYBR Premix ExTaq (Takara Bi-
otechnology Co., Litd., Dalian, China), 2 uL. of gene-spe-
cific primers, 1 pl. of 50 X ROX Reference Dye I, and
18 pl. deionized water. The following primers were used:
ANXA2: forward, 5" TGAGCGGGATGCTTTGAAC-3
and reverse, 5-ATCCTGTCTCTGTGCATTGCTG-3’;
B-actin (internal control): forward, 5-ATTGCCGACAG-
GATGCAGA-3' and reverse, 5'-“GAGTACTTGCGCT-
CAGGAGGA-3"". Negative control reactions with no
template (deionized water) wete also included in each run.
The optimized PCR conditions were: one cycle at 95 C
for 2 min; 40 cycles at 95 C for 10 s, 62 °C for 1 min; 1
cycle at 72 °C for 2 min. The relative quantitative analysis
was performed by comparison of the 2" values.

Western blotting

Total cell protein was extracted by sonication with 2 X
sample buffer (0.25 mol/L Tris-HCl, 10% 2-mercap-
toethanol, 4% sodium dodecyl sulphate (SDS), and 10%
sucrose). Protein concentration was determined using
the Enhanced Bicinchoninic Acid Protein Assay Kit
(Beyotime Institute of Biotechnology, Haimen, China).
Samples (20 pg) were resolved by 15% SDS-polyacry-
lamide gel electrophoresis and transferred onto polyvi-
nylidene fluoride membranes. After blocking with 5%
bovine serum albumin (BSA; Sigma-Aldrich, St. Louis,
MO, United States) in Tris-buffered saline (pH 7.5; 100
mmol/L NaCl, 50 mmol/L Ttis, and 0.1% Tween-20),
the membranes were immunoblotted overnight at 4 C
with monoclonal primary antibody rabbit anti-human
ANXA2 (1:500 dilution) and monoclonal primary anti-
body mouse anti-human B-actin (1:500) antibodies (Santa
Cruz Biotechnology, Inc., Santa Cruz, CA, United States),
washed three times, followed by incubation with the cot-
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responding horseradish peroxidase-conjugated secondary
antibodies (1:1000). Immunoreactive bands were visual-
ized by chemiluminescence detection (Milipore Corp.,
Billerica, MA, United States) and analysed by densito-
metric analysis using the Image] software (version 1.30v;
National Institutes of Health Research Services Branch,
Bethesda, MD, United States). The ANXAZ2 protein level
is expressed as relative ratio, which was calculated as sig-
nal intensity (SI) of ANXA2 divided by SI of B-actin'”.

Immunofiuorescence assay

Cells (1 X 10°) were plated on cover slips and cultured for
24 h in 24-well plates. After three washes with phosphate-
buffered saline (PBS), the cells were fixed with 4% para-
formaldehyde for 10 min and blocked with 3% BSA in
PBS for 30 min at 37 ‘C. Then, the samples were incubat-
ed overnight at 4 C with the anti-ANXA2 (1:100). After
three washes with PBS, the samples were incubated for 1
hat 37 C in the dark with the corresponding Cy3-labeled
goat anti-rabbit immunoglobulin G (IgG) secondary
antibody (1:500; Beyotime Institute of Biotechnology),
washed three times with PBS; stained with 4,6-diamidino-
2-phenylindole for 5 min, washed three times with PBS,
and sealed with 50% glycerine. The immunostaining
analysis was conducted by an multifunction microscope

(IX71; Olympus Corp., Tokyo, Japan).

Cell proliferation assay

Cell proliferation was evaluated using the cell counting
kit-8 (CCK-8; Beyotime Institute of Biotechnology) and
following the manufacturer’s instructions. MHCC97-H
(untransfected), MHCC97-H/control-shRNA and MH-
CC97-H/ANXA2-shRNA cells were seeded in 96-well
plates (2 X 10’ cells/well in 100 pL. medium) and cultured
for 24 h. Wells with medium alone (no cells) served as
blank controls. CCK-8 solution (10 pL/well) was added
to the culture medium and incubated for 2 h, after which
the 440 was measured by a microplate reader (Synergy
HT; BioTek Corp., Winooski, VT, United States) at vari-

ous time points. Experiments were performed in triplicate.

Cell cycle assay

Cell cycle assay was performed using the cell cycle and
apoptosis analysis kit (Beyotime Institute of Biotechnol-
ogy) and following the manufacturer’s instructions. MH-
CC97-H (untransfected), MHCC97-H/control-shRNA
and MHCC97-H/ANXA2-shRNA cells were seeded in
6-well plates (1.0 x 10° cells/well in 2 mI. medium). Af-
ter 24 h of culturing, the cells were digested with trypsin
enzyme, washed with pre-cooled PBS, and fixed in pre-
cooled 70% ethanol for 24 h at 4 C. The cells were then
stained with propidium iodide and analysed by flow cy-
tometry (FACSCalibur; Becton Dickinson Medical Devic-
es Co Ltd., Shanghai, China) to determine the cell cycle
distribution. Experiments were performed in triplicate™,

Transwell assay
MHCC97-H (untransfected), MHCC97-H/control-shRNA
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and MHCC97-H/ANXA2-shRNA cells were plated at
1.0 x 10° cells/well in 0.5 mL of serum-free medium in
24-well matrigel-coated transwell units with polycarbon-
ate filters (8 pum pore size; Costar Inc., Milpitas, CA, Unit-
ed States). The outer chambers were filled with 0.5 mL
of medium supplemented with 10% FBS. After 24 h,
the cells were fixed in methanol and stained with crys-
tal violet. The top surface of the membrane was gently
scrubbed with a cotton bud, and the cells that had in-
vaded through the membrane filters were counted. The
invasion inhibition rate (%) was calculated as [(A - B)/A)
X 100], where A was the invading cells’ percentage for
the MHCC97-H group and B was the invading cells’ per-
centage for the MHCC97-H/ANXA2-shRNA group.

In vitro wound-healing assay

The various HCC cell types were cultured in 12-well
plates; at subconfluency, the cell monolayer was scratched
(wound) with a plastic pipette tip, washed with serum-free
medium, and cultured in DMEM medium supplemented
with 0.1% FBS. The relative migration distance (%) trav-
elled at various time points (0 and 8 h) was calculated
as [(Ax - Bx)/(Amock - Bmoc) X 100%)], where A was the
wound width prior to incubation and B was the wound
width after incubation®,

Xenograft tumour-growth assay

The animal protocol was approved by the Ethical Re-
view Committee for Animal Experimentation of Nan-
tong University (China). Specific-pathogen free BALB/
C nude mice (6-wk-old and 20 * 3 g; Super-B and K
Laboratory Animal Co., Ltd., Shanghai, China) were
randomly assigned to three groups for xenografting of
MHCC97-H (untransfected; # = 4), MHCC97-H/ control-
shRNA (# = 4), and MHCC97-H/ANXA2-shRNA (7 = 4)
cells. For each group, right flank subcutaneous injection
was made with 2 X 10 of the respective HCC cells sus-
pended in 0.2 mL of DMEM medium. Four mice injected
with normal saline alone represented the control (non-xe-
nografted) group. Over 21 d of growth, tumour size was
routinely measured using callipers and used to calculate
the tumour volume by the formula: [(length X width?)/2].
On post-injection day 21, the animals were sacrificed for
liver excision and complete tumour resection. The tu-
morigenicity inhibition rate (%) was calculated for each
HCC-xenografted group as [(tumour weightcontol - tumour
weightarna) /tumour weighteonto) X 100]7,

Histopathological examination of resected xenografted
tumours

Resected tissues were processed for haematoxylin and
eosin staining by dehydrating, sectioning (3 um thick),
and mounting on glass slides. For analysis, the sections
were rehydrated in distilled water for 2 min, stained with
haematoxylin for 5 min, washed with tap water three
times for 5 min each, dehydrated with 95% ethanol for 5 s
stained with eosin for 2 min, washed with 70% ethanol
two times for 5 min each, and air dried.
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Immunohistochemical examination of resected
xenografted tumours

Resected tissues were processed for were immunohisto-
chemical analysis by formalin fixing, embedding in paraf-
fin, sectioning (3 um thick), and mounting on glass slides.
For analysis, the sections were deparaffinised by soaking
in xylene for two times at 10 min each, dehydrated by
soaking in an ethanol to distilled water gradient for 5 min
at each serial dilution, washed with PBS (pH 7.4) three
times, and incubated in endogenous peroxidase blocking
solution for 5 min (Immunostain EliVision Kit; Maixin
Biotech Inc., Fuzhou, China). The treated sections were
subjected to antigen-retrieval by boiling in 0.01 mol/L ci-
trate buffer (pH 6.0) for 10 min (650 W microwave) and
blocking of non-specific antibody binding by pretreat-
ment with 0.5% BSA in PBS. After rinsing with PBS, the
processed sections were incubated overnight at 4 ‘C with
ANXA2 antibody (1:500), washed three times with 0.05%
Tween-20 in PBS, and stained with the chromogen 3, 3*-
diaminobenzidine tetrahydrochloride. The slide was then
rinsed with distilled water, counterstained with haematox-
ylin, dehydrated, and air-dried. Negative control sections
were generated by the same procedure except that the
non-specific mouse IgG antibody was used. All samples
were evaluated by light microscope by an expert who was
blinded to the group and outcome. ANXAZ2 staining in-
tensity is expressed as an immunoreactive score™

Statistical analysis

Results are expressed as mean = SD. Significance of dif-
ferences detected between groups was assessed by one-
way analysis of variance followed by the least significant
difference test or Newman-Keuls test. A P value of < 0.05
was set as the threshold of significance.

RESULTS

ANXA2 is over-expressed in HCC cells

As shown in Figure 1A, the ANXAZ2 protein level detect-
ed in MHCC97-H cells was the highest among the four
HCC cell lines and was 8-times higher (P < 0.05) than
that detected in the normal cell line LO2. Additionally,
the level of ANXA2 mRNA expression was significantly
higher in the MHCC97-H cells than that in the other
HCC cells and the LO2 cells (Table 1; P < 0.001). Thus,
the MHCC97-H cell line was selected for subsequent
study of the effects of shRNA targeting ANXA2 on cell
invasion, migration, and tumorigenic potential of hepa-
toma cells.

ANXA2 expression in MHCC97-H cells is inhibited by
shRNA in vitro

The silencing efficiency of ANXA2-specific shRNA
in MHCC97-H cells reached approximately 80%. As
shown in Table 2 and Figure 1B, the expression levels
of ANXA2 mRNA and protein were significantly lower
in the MHCC97-H/ANXA2-shRNA cells than in the
MHCC97-H/ control-shRNA cells and in the MHCC97-H
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Figure 1 Annexin A2 expression level in hepatoma cells and silencing efficiency of small hairpin RNA in MHCC97-H cells. A: Representative Western blotting
images of hepatocellular carcinoma cell lines and the normal hepatic cell line LO2. °P < 0.01 vs LO2; B: Representative Western blotting images of annexin A2 (ANXA2)
silencing upon transfection of small hairpin RNA (shRNA). °P < 0.01 vs MHCC97-H; C: Representative immunofluorescence images of ANXA2 cellular distribution

(x 400). DAPI: 4,6-diamidino-2-phenylindole.

(untransfected) cells. The levels detected in the MHCC97-
H/control-shRNA cells and MHCC97-H cells were not
significantly different. As shown in Figure 1C, ANXA2
(red fluorescence) expression in the MHCC97-H cells
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was mainly localized to the cellular membrane and cyto-
plasm, and some localization was detected in the nucleus.

The MHCC97-H/ANXA2-shRNA cells showed obvi-

ously lower density of the red immunofluorescent signal

June 28, 2013 | Volume 19 | Issue 24 |



A 18 [ -@ MHCC79-H B
L6 | ~O- MHCC79-Hjcontrol-shRNA 100
~¥— MHCC79-H/ANXA2-shRNA
14 S
12 =
5
) -
$ 10 £
s 08 g 50
{ he)
(]
06 ]
o
04 r 5 25
(]
02
0-0 Il Il Il Il

t/h

Zhang HJ et a/. Annexin A2 in HCC

s
0O G2-M
O G0-G1

MHCC79-H MHCC79-H/  MHCC79-H/

control-shRNA ANXA2-shRNA

Figure 2 Effect of small hairpin RNA-mediated annexin A2 silencing on proliferation and cell cycling of MHCC97-H cells. A: Cellular proliferation assay. *P
< 0.05 vs the Asso of MHCC97-H cells at 72 h; B: Cell cycle assay. P < 0.05 for percentage of MHCC97-H/annexin A2 (ANXA2)-small hairpin RNA (shRNA) cells in S

phase vs that of MHCC97-H cells.

Table 1 Expression level of ANXA2 mRNA in hepatocellular
carcinoma cells and normal hepatic cells

Table 2 Inhibition of ANXA2 mRNA expression by small

hairpin in MHCC97-H cells

Group n Ctanxaz Ctp-actin 2~AAC[ GI’OUP n Ctanxaz Ctp-actin Z'AACI
LO2 5 25164009  20.86+003 1.00 MHCC97-H 5 21844011 2077£016  1.00
HepG2 5 22144015  2066+002  7.07+035 MHCC97-H/control-shRNA 5 21.83+021 20724010 0.97 +0.04
SMMC-7402 5  2287+015  2080+014  4.68+031° MHCC97-H/ ANXA2-shRNA 5 2424%055 20.80 014 0.20 +0.05°
SMMC-7721 5 22214012 20724010  7.024019"

b
MIEECHE. B ZlD:0A AWBsLl  SUPD=0E *P < 0.001 s the MHCC97-H group. shRNA: Small hairpin RNA.

°P < 0.001 vs the LO2 group.

in the cellular membrane and cytoplasm, as compared
to both MHCC97-H and MHCC97-H/control-shRNA
cells. Thus, the ANXA2-shRNA was capable of down-
regulating ANXA2 expression. Intriguingly, the nuclei
of the MHCC97-H/ANXA2-shRNA cells (blue fluores-
cence) showed signs of carly apoptosis (fragmentation
with condensed chromatin), as compared to the nuclei of
the MHCC97-H cells or the MHCC97-H/control-shRNA

cells.

ANXA2 deficiency inhibits proliferation of MHCC97-H
cells in vitro

The effects of ANXAZ2 deficiency on proliferation and
cell cycling of MHCC97-H cells are shown in Figure 2. At
72 h post-transfection, the MHCC97-H/ANXA2-shRNA
cells showed significantly lower proliferation potential
than the MHCC97-H cells or MHCC97-H/ control-shR-
NA cells (P < 0.05) (Figure 2A). The proliferation rates
of the MHCC97-H cells and the MHCC97-H/control-
shRNA cells were not significantly different. The percent-
age of MHCC97-H/ANXA2-shRNA cells in S phase
was significantly lower than that in the MHCC97-H cells
(27.76% w5 36.14%, P < 0.05), whereas the percentages of
MHCC97-H/ANXA2-shRNA cells in Go-G1 phase and
G2-M phase were significantly higher than those in the
MHCC97-H cells (both P < 0.05) (Figure 2B). Thus, shR-
NA targeted suppression of ANXAZ2 inhibits the growth
of MHCC97-H/shRNA cells 7 vitro.
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ANXA2 silencing suppresses the invasion and migration
potential of MHCC97-H cells in vitro

As shown in Figure 3, the invasive potential of MHCC-
97-H/ANXA2-shRNA cells was significantly lowet than
that of the MHCC97-H cells (52.16% vs 86.14%, P < 0.05).
The invasion inhibition rate in MHCC97-H/ANXA2-
shRINA cells reached up to 39.45%. In addition, the mi-
gration potential of MHCC97-H/ANXA2-shRNA cells
was significantly lower than that of the MHCC97-H cells
(63.49% »s 100%, P < 0.05). The migration inhibition
rate in MHCC97-H/ANXA2-shRNA cells teached up to
36.51%. The migration inhibition rates of the MHCC97-H
cells and the MHCC97-H/control-shRNA cells were not
significantly different.

Down-regulation of ANXA2 inhibits xenograft tumour
growth in vivo

As shown in Figure 4A, the tumour volumes of MHCC-
97-H/ANXA2-shRNA xenogtaft group wete temarkably
smaller than those of the MHCC97-H xenograft group
or the MHCC97-H/control-shRNA xenograft group.
Unlike the non-xenografted group (Figure 4A), all three
xenografted groups showed obvious emaciation, especially
the MHCC97-H group and the MHCC97-H/control-
shRNA group. As shown in Figure 4B, by day 21 after cell
injection the average tumour weight for the MHCC97-H/
ANXA2-shRNA group was distinctly lower than that for
either the MHCC97-H group ot the MHCC97-H/ control-
shRINA group (both P < 0.05). The shRNA-mediated in-
hibition rate of xenografted tumours reached 38.2%. The
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Figure 3 Suppressive effect of small hairpin RNA -mediated annexin A2 silencing on the invasion and migration potential of MHCC97-H cells. A: Represen-
tative images of invasive cells (stained with crystal violet) from: the MHCC97-H group; the MHCC97-H/control-small hairpin RNA (shRNA) group; the MHCC97-H/an-
nexin A2 (ANXA2)-small hairpin RNA (shRNA) group; B: Representative images of cell migration. °P < 0.05 vs MHCC97-H cells.

Table 3 Intensity of ANXA2 expression in xenograft tumours

Group n ANXA2 intensity V4

- +  ++ +++
MHCC97-H 4 0 0 0 4
MHCC97-H/ control-shRNA 4 0 0 1 8 1.000
MHCC97-H/ ANXA2-shRNA 4 1 8] 0 0 2.530"

P < 0.05 vs the MHCC97-H group. shRNA: Small hairpin RNA.

tumour growth curve over 21 d indicated that ANXA2
silencing in MHCC97-H cells reduced their tumorigenic
potential 7z vivo (Figure 4C).

As shown in Figure 4D, the morphological characteris-
tics of the xenograft tumours detived from MHCC97-H/
ANXA2-shRNA cells were not fundamentally differ-
ent from the tumours derived from the other cell types.
Similar to the 7# vitro observations, ANXAZ2 expression
was mainly localized to the cellular membrane in the
MHCC97-H/ANXA2-shRNA tumour tissues and to both
the cellular membrane and cytoplasm in the MHCC97-H
tumour tissues and the MHCC97-H/control-shRNA
tumour tissues. Moreover, the ANXA2 expression level
in the xenograft tumours of the MHCC97-H/ANXA2-
shRINA group was significantly lower than that in the xe-
nograft tumours of the MHCC97-H group (Table 3). The
ANXA2 expression levels in the xenograft tumours of the
MHCC97-H group and the MHCC97-H/control-shRNA
group were not significantly different.

(4 9
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DISCUSSION

In the present study ANXA2 was found to be up-regu-
lated in HCC cells, particularly those with high metastasis
potential and invasion ability. Furthermore, shRNA-
mediated silencing of ANXA2 was shown to inhibit
the invasion, migration, and tumorigenic potential of
hepatoma cells. These results not only provide further in-
sight into the pathogenic mechanisms of HCC, but also
suggest ANXAZ2 as a potential target of future molecular
therapies.

Enhanced expression and activation of ANXA2 in
cancerous tissues has been reported for many different
tumour types, including HCC"***! which led investi-
gators to consider the potential anti-tumour benefit of
inhibiting its gene expression or protein phosphorylation.
Knockdown of ANXA2 in glioma cells led to a remark-
able decrease in tumour size and suppression of tumour
progression and proliferation™. Similarly, our results
showed that the proliferation ability of MHCC97-H/
ANXA2-shRNA cells was significantly suppressed both
in vitro and in vive. In another previous study of non-small
cell lung cancer INSCLC), ANXA2 knockdown in human
adenocarcinoma s« cells led to defective proliferation in
vitro and reduced tumour growth iz vive; additionally, the
knockdown cells were arrested at the G2 phase”’. In the
current study, MHCC97-H cells with shRNA-mediated
silencing of ANXAZ2 showed a significantly lower per-
centage of cells in the S phase than the MHCC97-H cells
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Figure 4 Inhibitive effect of small hairpin RNA-mediated annexin A2 silencing on xenograft tumour growth in vivo. A: Representative images of xenografted
and control mice and resected tumours. The MHCC97-H (untransfected) group (1); the MHCC97-H/control-small hairpin RNA (shRNA) group (2); the MHCC97-H/an-
nexin A2 (ANXA2)-shRNA group (3); the blank control group (4). Tumorigenic nude mice appeared obviously emaciated, especially the those in the MHCC97-H group
and MHCC97-H/control-shRNA group; B: Average tumour weights. °P < 0.05 vs MHCC97-H group; C: Tumour growth rates. °P < 0.05 vs MHCC97-H group at post-
injection day 21; D: Representative immunohistochemical analysis and hematoxylin and eosin staining results (x 400). The density of ANXA2 staining (brown) in the
cytoplasm of MHCC97-H/ANXA2-shRNA cells was obviously lower than that for the MHCC97-H cells or the MHCC97-H/control-shRNA cells. ANXA2 was mainly local-
ized in the membrane of the MHCC97-H/ANXA2-shRNA cells, and localized in both the membrane and cytoplasm of the MHCC97-H cells and the MHCC97-H/control-
shRNA cells. The morphological characteristics of subcutaneous xenograft tumours derived from MHCC97-H/ANXA2-shRNA cells were not fundamentally different

from the other tumours.

with endogenously enhanced ANXAZ2. This results from
both studies indirectly indicate a promising anti-prolifera-
tive effect for ANXA2 silencing;

While previous studies have shown that increased
ANXA2 levels are associated with enhanced tumour
cell proliferation and HCC development™™ our study
achieved a relatively low inhibition of tumour growth
upon ANXAZ2 silencing, In the NSCLC study described
above, the downstream effects of ANXAZ2 silencing were
explored and a significant effect on p53 expression was
discovered””. Tt is possible that ANXA2 may facilitate
cell proliferation partly through the regulation of p53
via JNK/c-Jun in HCC, since disruption of the p53/
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miRNA-34 axis has been shown to result in abnormal
apoptosis and tumour progression”. Furthermore, since
ANXA2 is only one of the increased proteins in HCC',
ANXAZ2 deficiency is expected to only partly, rather than
wholly, suppress tumour growth.

Previous molecular studies have determined that
ANXA2 promotes invasion and migration of human HCC
cells in vitro via its interaction with HAb18G/CD147"%*",
Depletion of HAb18G/CD147 produced a rounded
morphology, which is associated with amoeboid move-
ment, while depletion of ANXA2 resulted in an clon-
gated morphology, which is associated with mesenchymal
movement. HAb18G/CD147 was also found to promote
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cell motility of HCC cells by regulating ANXA2-acti-
vated RhoA and Racl signalling pathways“s’zﬂ. Plasmin,
a downstream factor of ANXAZ2 activity, is essential for
metastatic progression due to its activation of metal-
loproteinases and degradation of extracellular matrix

"% n another previous study of human

components
adenomyosis, ANXA2 was shown to function as a key
mediator of metastasis and proangiogenesis of endome-
trial cells™. Accumulating evidence has suggested that
interactions between ANXAZ2 and its binding partners
contribute to the tumoutr microenvironment, and to-
gether act to enhance metastasis'. Our observations of
ANXA2 silencing suppressing the invasion and migra-
tion potential of hepatoma cells suggest that the invasion
and migration potential of HCC cells are correlated with
ANXA2 expression level. Furthermore, our finding that
ANXAZ silencing is sufficient to inhibit invasion of HCC
cells support the notion that ANXAZ is a potential thera-
peutic target for treating tumour development (through
angiogenesis) and progression (through metastasis) B

The effects of ANXAZ2 on p53 may modulate apop-
totic processes, which are critically associated with cell
survival and may also have effects on proliferationm].
Additionally, ANXA2 has been characterized as one of
the factor H ligands binding to apoptotic cells, and has
been shown to promote cell apoptosis in systemic lu-
pus erythematosus zia this mechanism®™. In the current
study, obvious apoptosis was observed in MHCC97-H/
ANXA2-shRNA, suggesting that ANXA2-shRNA could
suppress the proliferation and invasion ability of hepa-
toma cells with high metastasis potential, possibly by
promoting cell apoptosis. In a previous study of the ex-
pression characteristics and diagnostic value of ANXA2
in HCC, we discovered an intermediate state of ANXA2
level in HCC adjacent tissue™. In the current study, we
defined the distribution profile of ANXAZ2 expression in
HCC cells, with the primary localization occurring in the
cell membrane and cytoplasm and some localization oc-
curring in the nucleus.

In conclusion, the results presented herein suggest
that ANXAZ2 is up-regulated in HCC cells with high me-
tastasis potential and invasion ability, and demonstrated
that shRNA-mediated silencing of ANXAZ2 inhibits the
invasion, migration, and tumorigenic potential of HCC
cells. Collectively, these data reveal a link between the
level of ANXA2 expression and HCC metastasis, as well
as suggest the potential utility of ANXAZ2 as a predic-
tive biomarker for HCC prognosis and as a therapeutic
target of molecular-based strategies. It, therefore, will be
important to carry out further investigations to identify
additional signalling modulators and to delineate pivotal
regulatory mechanisms involving ANXA2 and HCC me-
tastasis.

COMMENTS

Background
Cell invasion and tumour progression remain two of the major obstacles that
must be overcome before hepatocellular carcinoma (HCC) is finally conquered.
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Annexin A2 (ANXA2) is a 36-kDa calcium-dependent, phospholipid-binding
protein expressed on various cell types. In addition, ANXA2 expression is up-
regulated in various tumour types, where it plays multiple roles in tumorigenesis
and development.

Research frontiers

Up-regulated ANXA2 expression has been detected in clinical samples of HCC,
and ANXA2 phosphorylation has been demonstrated as essential for inva-
sion and metastasis of pancreatic cancer. Moreover, the mechanism by which
ANXA2 promotes tumour metastasis has been defined as induction of the
conversion of plasminogen to plasmin. However, the effect of small hairpin RNA
targeting ANXA2 on biological behaviours of hepatoma cells has not yet been
reported. In the present study, ANXA2 overexpression was found in MHCC97-H
cells, a novel HCC cell line with high metastasis potential, which was then used
to investigate the effects of ANXA2 silencing on cell invasion, migration, and
tumorigenic potential of HCC.

Innovations and breakthroughs

This study provides the first reported evidence of endogenous ANXA2 up-
regulation in HCC cells with high metastasis potential and invasion ability, and
of ANXA2 deficiency inhibiting the invasion, migration, and tumorigenic potential
of HCC cells. Collectively, these data not only reveal a link between the level of
ANXA2 expression and HCC metastasis, but also indicate the potential utility
of this factor as a predictive biomarker for HCC prognosis and as a potential
therapeutic target.

Applications

The results provide further insight into the pathogenesis of HCC. These data
provide foundational knowledge for further expansion in future studies to iden-
tify the additional signalling modulators involved in this pathogenic mechanism.
Moreover, the newly identified tumorigenic roles of AXNA2 suggest its utility as
a target of anti-metastatic and anti-proliferative therapies.

Peer review

The paper is good design and illustration, deserved to be published.
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