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ARTICLE INFO ABSTRACT

Keywords: Aims: SDF-1a induced chemotaxis plays an important role in hepatocellular carcinoma metastasis. CXCR4 sti-
Annexin A2 mulated by SDF-1a/CXCL12 triggers heterotrimeric G proteins activation, which regulate migration and che-
ELMO1 motaxis of hepatocellular carcinoma cells. The pathways linking the chemokine GPCR/Gi signaling to actin
Chemotaxis polymerization for migration of cancer cells are not known.

Metastasis

Materials and methods: Through would healing assay, chemotaxis assay, F-actin polymerization assay, confocal
assay, immunohistochemical assay, protein identification and coimmunoprecipitation assay, we detected the
role and mechanisms of Annexin A2 in hepatocellular carcinoma.

Key findings: In the present study, we firstly investigated the role of Annexin A2 in HepG2 cell chemotaxis and
metastasis. Immunohistochemical analysis showed that Annexin A2 was highly expressed in hepatocellular
carcinoma tissues. Its expression was closely associated with lymph node and distant metastasis. Knockdown
Annexin A2 impaired cancer cell chemotaxis. Co-immunoprecipitation results showed an interaction between
Annexin A2 and ELMO1. CXCL12 triggers an ELMO1-dependent membrane translocation of Annexin A2.
Significance: Taken together, our results indicated an important role of Annexin A2 in hepatocellular carcinoma
tissues metastasis and revealed a novel molecular mechanism of its activation.

Hepatocellular carcinoma

1. Introduction

Nowadays, hepatocellular carcinoma (HCC) with increasing pre-
valence rates, becomes the sixth most common cancer. A half of he-
patocellular carcinoma patients happened in China [1-3]. However, the
patients with HCC were diagnosed mostly as metastasis stages [4,5].
Although there are more developments and advances in disease man-
agement and medical techniques have been performed, recurrence and
metastasis of HCC patients remains of the high incidence [5,6]. In a
word, it will be significant to focus on the researches of novel bio-
markers and molecular mechanisms for HCC migration and metastasis.

Metastasis is the transmission of cancerous cells from an original
site to other selective organs elsewhere in the body. Chemotaxis is the
process of the cells directly moving by the gradient concentration of
chemokines. Moreover, chemotaxis, determining the specificity of me-
tastasis to target organs, is also one of the significant mechanisms of
cancer metastasis [7-9]. Chemokines are small molecules, as extra-
cellular signals detected by chemokine receptors, a subfamily of G-
protein-coupled receptors (GPCRs). It has been researched that when

chemokine receptors were inhibited, the metastasis of cancer was
blocked [7,10,11]. However, the mechanisms of chemokines binding
with their receptors are still unknown on regulating the actin cytoske-
leton resulting in cancer migrations and metastasis.

Activating a chemokine receptor promotes heterotrimeric G-pro-
teins dissociation, which regulates signal transduction pathways that
finally effect the actin cytoskeleton organization to drive cell migration
and metastasis [12-16]. In Dictyostelium discoideum, Caenorhabditis
elegans, mouse and human, ELMO/Dock180 complexes, functioning as
GEFs for Rac molecular, evolutionarily control actin cytoskeleton
[17-20]. Previous research illustrated GPCR activates an interaction
between GPy subunits and the ELMO/Dock complex regulating che-
motaxis [7,19]. Nowadays, it has been reported that ELMOs, as a new
family protein, play a significant role in the different kinds of cancer. In
the human glioma, it is the first time that ELMO1 and Dock180 sti-
mulate glioma cell migration and invasion [21]. In neutrophils, both
PI3K- and Src-ELMO-Dock2 dependent pathways work in parallel to
activate Rac2 and modulate chemotaxis in response to a CXCL8 gra-
dient [22]. In cervical carcinoma, the impact of ELMO1 on the
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Fig. 2. Annexin A2 functions in HCC F-actin polymerization and invasion. A. Actin polymerization in siAnnexin A2 cells was decreased. Time course of relative F-
actin content in normal, control, siAnnexin A2 cells followed by CXCL12 stimulation. The value was measured at 0, 4, 8, 15, 30, 60, 120 and 300 s (points = mean of
three independent experiments; one-way ANOVA, *P < 0.05). B. The reduction of Annexin A2 impaired adhesion ability of HCC cells (points = mean of three
independent experiments; two-way ANOVA, **P < 0.001). C. The reduction of Annexin A2 impaired invasion of HCC cells, (points = mean of three independent

experiments; two-way ANOVA, **P < 0.001).

morphology of HeLa cells grown and cell elongation [23]. Moreover,
our previous data also explain that ELMO1 interacting with Gai2/
Dock180 regulate actin polymerization and chemotaxis in breast cancer
cells. Thus, a considerable amount of additional work is required before
we can fully understand how ELMO1 act concomitantly to regulate the
mechanisms of chemotaxis and cancer metastasis.

12 annexins are expressed in humans, annexins A1-A11 and A13.
Annexin A2, a 36 kDa protein [24], is located on chromosomel5q22.2
[25]. Annexin A2 is arguably the most extensively investigated with
respect to health and disease, for example, cardiovascular disease, na-
sopharyngeal carcinoma, and ovarian cancer [26-28]. In cancer cells,
endothelial cells, macrophages, and mononuclear cells, Annexin A2 is
detected and expressed. There are three distinct functional regions: the
N terminal region, the C-terminal region, and the core region. Annexin
A2, functioning as a tumor-associated protein, promotes cancer pro-
gression including proliferation, invasion, and metastasis in various

169

cancers [28-33].

In a word, we illustrate that Annexin A2 associates with ELMO1/
Dock180 regulate migration and actin polymerization in hepatocellular
carcinoma cells. Our study reveals a novel pathway, Annexin A2 in-
teracting with ELMO1/Dock180, which has an important role in
CXCL12 mediated chemotaxis and metastasis of HCC cells. In the fu-
ture, Annexin A2 may be a potential prognostic factor, a potential di-
agnostic factor for cancer, and a therapeutic target for new drug de-
velopment after analysis in large scale, well controlled, prospective
clinical trials.

2. Methods
2.1. Cell and transfection

HepG2 cells was purchased from ATCC; cultured with RPMI-1640
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medium added 10% FBS from Hyclone. Cells were ready and trans-
fected with Lipofectamine 2000 according to instructions. Human
ELMO1 siRNA sequences: 5-UGACAAGCAUGAGUACUGU-3’, 5-GAAC
UCGCUU UCUCCAUCU-3’, 5"-GCAUUACGGAGACUUAGAA-3’. Annexin
A2 siRNA sequences were 5-GGTCTGAATTCAAGAGAAA-3’, 5’-GCCA
AAGAAATGAACATTC-3’, 5-GCTCAGAGAACAATTCTAG-3’. Control
siRNA was 5’-UUCUCCGAACGUGUCACGUTT-3". For the knockdown of
Annexin A2, the methods were the same [19].

2.2. Protein identification and coimmunoprecipitation
The immunoprecipitation was performed as the instruction of the
UMACS GFP isolation kit. The proteins were eluted and separated by

SDS-PAGE. Then the samples were blocked with anti-Annexin A2. YFP
were used as control.

2.3. Wound healing assay
Cells were scratched with a 10-ml pipette tip. At 0, 3, 6, 9, 12 and

24 h, the distance of the wounds was measured under a light micro-
scope (X 100).

2.4. Chemotaxis assay
Briefly, chemokine CXCL12 was added to the lower while the cell

suspension was into the upper. Then incubated at 37 °C for 3 h. At last,
membrane was stained and counted with light microscopy ( x 400).

2.5. F-actin polymerization assay

Stimulation with 100 ng/ml CXCL12, cells were incubated as the

time points, fixed and permeabilized. The cells were stained with Alexa
Fluor 568-phalloidin. Lastly, fluorescence value was tested by a mi-
croplate reader. The values were counted as F-actin t/F-actin
0Y%(fluorescence t / mgml™ 1y / (fluorescence t0 / mgml~ b,

2.6. Confocal assay

The assay was performed as bellow. Cells were starved and stimu-
lation with 100 ng/ml CXCL12, then fixed and permeabilized. Cells
were blocked with primary antibody, after that stained with secondary
antibody Alexa Fluor 488-conjugated or 546-conjugated. Lastly visua-
lized with confocal laser scanning microscopy (Olympus FV1000).
Twenty-five images were analyzed.

2.7. Immunohistochemical assay

The entire sample (91 HCC tissues and 8 normal liver tissues) were
from the Department of Liver Cancer, the Beijing 302 Hospital.
According to the staining standard, intensity and the percentage of
positive cells were measured with semiquantitative analysis. The anti-
bodies Annexin A2 (1:100), and Polink-2 plus Polymer HRP System was
detected for assay. Statistics method was y>-statistics.

3. Results

3.1. Annexin A2 functions in hepatocellular carcinoma cell migration and
chemotaxis

To determine whether Annexin A2 was involved in the HCC cells
migration, we first examined the expression level of Annexin A2 in HCC
cells. In cancer, it is necessary that the migration and invasion activated
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Fig. 4. CXCL12 triggers a ELMO1-dependent membrane translocation of Annexin A2. A. Knockdown of ELMO1 impaired CXCL12-induced membrane translocation of

Annexin A2. Twenty-five images were analyzed by ImageJ software. One-way ANOVA, *P < 0.05 B. Knockdown of Annexin A2 did not impair CXCL12-induced
membrane translocation of ELMO1. One-way ANOVA, P > 0.05.

by CXCL12 was one of the mechanisms of cancer metastasis. For de-
tecting the role of Annexin A2 in the hepatocellular carcinoma cells
migration, we specifically knocked down Annexin A2 or ELMO1 ex-
pression in HCC cells, using a small interference RNA (siRNA) method
(Fig. 1A, B). Through chemotaxis assay, it was demonstrated that
CXCL12 triggered chemotaxis of HCC cells was inhibited in siAnnexin
A2 group (Fig. 1D). A migration assay showed that when Annexin A2
was knocked down, ability of migration in siAnnexin A2 cells was de-
creased (Fig. 1C).

3.2. siAnnexin A2 inhibits F-actin polymerization and invasion in HCC cells

Through an invasion assay, we found that siAnnexin A2 cells were
inhibited in CXCL12-mediated invasion (Fig. 2C). It is essential for
cancer cell migration and invasion that chemokine binding to receptors
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activates actin polymerization in cancer cells. Consistent with previous
studies [19], CXCL12 induced a transient F-actin level increase (about
1.7-fold) in HCC cells (Fig. 2A), whereas the level was decreased in
siAnnexin A2 cells within 30 s. We also examined the role of Annexin
A2 in the adhesion of HCC (Fig. 2B) and found that siAnnexin A2 cells
exhibited significant reduction of cell adhesion. Taken together, our
results indicated Annexin A2 was involved in CXCL12-mediated mi-
gration and invasion of hepatocellular carcinoma cells.

3.3. Annexin A2 interacts with ELMO1

The proteins that interacted with Annexin A2 were identified
through mass spectroscopy assay for potential molecular function with
Annexin A 2 in HCC. We overexpressed ELMO1-YFP in HCC cells sti-
mulated by CXCL12. Then elutes from the purified lysates were
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Hepatocellular carcinoma (100X)

NS P

Table 1. Annexin A2 expression in liver tissue.

Annexin A2 expression
total positive negative P-value
Normal liver tissue 8 1 7  0.0049
Hepatocellular carcinoma 91 62 29

Table 2. Correlation of Annexin A2 expression with clinical
pathologic parameters and other biomarkers.

Annexin A2 expression

Parameters/markers total positive negative P-value
Age (vears)

<50 33 21 12 0.8156
=50 58 41 17

Tumour size (cm)

<5 25 16 9 0.5987
25 66 46 20

Lymph node status

Positive 56 48 8 0.0002
Negative 35 14 21

Distance metastasis

Positive 31 26 5 0.0148
Negative 60 36 24

Fig. 5. Annexin A2 has a role in HCC metastasis. A. Inmunohistochemical analysis of Annexin A2 expression in hepatocellular carcinoma tissues and normal liver
tissues. The entire sample was blocked for 1 h. The antibodies and the dilution factors were as follows: Annexin A2 (1:100). Table 1. Annexin A2 expression in liver
tissues. Table 2. Correlation of Annexin A2 expression with clinical pathologic parameters and other biomarkers.

subjected to SDS gel electrophoresis (Fig. 3A). ELMO1-YFP, Dock180
and Annexin A2 were analyzed from the identified proteins (Fig. 3A). It
has been reported that Dock180 and ELMO1 functioning as a GEF for
small G-protein Rac regulated actin polymerization to induce cell mi-
gration [17]. We also confirmed Annexin A2 associated with ELMO1 by
immunoprecipitation analyses (Fig. 3B). The results showed that An-
nexin A2 was coimmunoprecipitated with ELMO1-YFP but not in the
control. The Dock180/ELMO1/Annexin A2 pathway may regulate
chemokine receptor-mediated migration and chemotaxis in hepatocel-
lular carcinoma cells.

3.4. Annexin A2 membrane translocation under CXCL12 stimulation

Under CXCL12 stimulation, ELMO1 was translocated to membrane.
Though immunostaining assay, we detected subcellular localization of
Annexin A2 and ELMO1 (Fig. 3C). Upon CXCL12 stimulation, we found
Annexin A2 could colocalize with ELMO1 on cell membrane (Fig. 3C).
Moreover, when ELMO1 was knock down in HCC cells, Annexin A2
membrane translocation was inhibited by CXCL12 stimulation
(Fig. 4A). However, ELMO1 membrane enrichment was detected in
Annexin A2 knockdown cells (Fig. 4B). Therefore, our data demon-
strated Annexin A2 translocated to membrane was depended on ELMO1
under CXCR4 chemokine receptor activations.
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3.5. Annexin A2 has a role in hepatocellular carcinoma chemotactic
responses

For detecting the roles of Annexin A2 on the metastasis of hepato-
cellular carcinoma in vivo, we first evaluated Annexin A2 expression in
91 HCC tissue specimens and 8 healthy controls through an im-
munohistochemical analysis (Fig. 5A, Table 1). Annexin A2 was stained
as positive in 62 patient samples while 1 healthy control. Meanwhile,
48 out of 56 HCC patients samples with lymph nodes metastasis was
stained as positive for Annexin A2, however, only 14 out of 35 lymph
nodes without metastases stained as positive (P = 0.0002, y>-statistics,
Table 2). Furthermore, Annexin A2 analyses were detected in 26 out of
31 with lung distant metastasis cases, whereas in 36 out of 60 without
lung distance metastasis samples (Table 2). These results demonstrated
that Annexin A2 expressions were closely associated with migration and
metastasis of hepatocellular carcinoma. In a word, Annexin A2 is sig-
nificantly required for hepatocellular carcinoma metastasis in vivo.

4. Discussion

500 million years ago, the annexins is a traditional family of > 60
highly conserved, Ca®" -regulated, phospholipid-binding proteins [34].
Moreover, Annexin A2 are involved in many processes including cancer
progression, including, cell migration, invasion, adhesion, proliferation
and angiogenesis [35-38].

According to our results, in cancer cells we have found and de-
monstrated that a signaling pathway induced by chemokine receptor,
including Gai2, the ELMO1/Dock180 complex, Annexin A2, Racl and
Rac2, activating actin polymerization. Our results illustrated that the
function of Annexin A2 interacting with ELMO1 promotes the migra-
tion and chemotaxis under CXCL12 stimulation in the hepatocellular
carcinoma cells. Through mass spectrometry and coimmunoprecipita-
tion analyses, our results showed that Annexin A2 interacts with
ELMO1, associating with Dock180. Moreover, Annexin A2 translocated
to membrane depending on ELMO1 under CXCL12 stimulation.

Together, our results demonstrated that when CXCL12 bind to its
receptor Annexin A2 was activated. Then, Annexin A2 translocated
from cytosol to membrane, interacting with the ELMO1, so that pro-
moted actin polymerization in the HCC cells. Knockdown of Annexin A2
impairs actin polymerization. Though mass spectrometry analysis, our
data has showed Annexin A2 was associated with ELMO1l. When
ELMO1 was knocked down in HCC cells, Annexin A2 translocation was
decreased by CXCL12 stimulation. It showed that the function of
ELMO1 is irreplaceable. We also have demonstrated that the Annexin
A2 has a critical role on CXCL12-induced migration and chemotaxis of
HCC cells in vitro and hepatocellular carcinoma metastasis in vivo. In
vivo, from Annexin A2 expression analyses, it showed a relatively high
level in human HCC samples, associating with lymph node and lung
distant metastasis. Therefore, it would be useful to establish the value of
other signaling components in these pathways. Moreover, Annexin A2,
will be a novel biomarker for the diagnosis, treatment and prognosis of
hepatocellular carcinoma metastasis.
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