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Abstract

Background: Melanoma, a relatively common malignancy, has become one of the tu-
mors with the fastest rising incidence in recent years. The purpose of this study was
to investigate the effect of Microglial Annexin A3 (ANXA3) on melanoma.

Methods: Serum samples were obtained from 20 patients with melanoma or 20
healthy controls. Kaplan-Meier survival analysis was performed. Transcriptome were
used to analyze the correlation between ANXA3 expression and overall survival
in patients with melanoma. Human melanoma cell lines WM-115 cells were trans-
fected with ANXAS3, si-ANXA3, ANXAS + si-hypoxia inducible factor-1a (HIF-1a), si-
ANXAS + HIF-1a, and negative plasmids. Cell proliferation assay, cell invasion assay,
and wound healing assay were performed on WM-115 cells. Lactate dehydrogenase
(LDH) and caspase-3/9 activities were detected by commercial kits. Western blot and
RT-PCR were used to detect the protein and mRNA expression of relation factors.
Results: ANXA3 expression was up-regulated in patients with melanoma in com-
parison with healthy controls. Over-expression of ANXA3 promoted cell growth
and migration, and reduced cytotoxicity of WM-115 cells. Overall survival (OS) and
disease-free survival (DFS) of patients with high ANXA3 expression were both lower
than those of patients with low ANXA3 expression. Down-regulation of ANXA3
reduced cell growth and migration, and promoted cytotoxicity of WM-115 cells.
ANXAS induced vascular endothelial growth factor (VEGF) signaling pathway by ac-
tivation of HIF-1a.

Conclusion: In conclusion, our results indicated that ANXA3 promoted cell growth

and migration of melanoma via activation of HIF-1a/VEGF signaling pathway.
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1 | INTRODUCTION

Melanoma is one of the relatively common malignancies in clinical
practice, and it is also one of the malignant tumors with the fastest
rising incidence.! Although the incidence of melanoma is low in
China, it has exponentially growth in recent years, with approxi-
mately 20 thousand new cases every year. Melanoma is a highly
malignant skin tumor that is prone to metastasis.? About 50%-
80% of patients with advanced melanoma have liver metastasis,
and 8% to 46% of patients with melanoma have brain metastasis.?
The median survival time of patients with metastatic melanoma
is only 8-9 months, and the 5-year survival rate is less than 5%.3
Therefore, melanoma seriously endangers people's health. In re-
cent years, rapid development has been made in drugs against
melanoma, which provides better therapeutic options for most
patients with melanoma.®

Studies have shown that hypoxia can trigger a series of stress
protective responses in human body.*® Angiogenesis and in-
creased cellular anaerobic metabolism are important ways for
continuous growth and proliferation of tumor cells under hypoxic
conditions and simultaneous protection from injury or death.’
Among them, the enhanced expression and activity of hypoxia-in-
ducible factor-1 (HIF-1) is an important cause for tumor cells to
adapt to the hypoxic environment. HIF-1 is a heterodimer consist-
ing of two subunits, HIF-1a and HIF-1p. HIF-1a is the main and
functional subunit of oxygen regulation.6 HIF-1a is rapidly de-
graded under normoxic conditions and stably expressed and acti-
vated during hypoxia. Therefore, it is an important regulator that
connects activation of upstream and downstream in the cellular
adaptation to the hypoxia pathwa\y.6

HIF-1a is an oxygen-dependent transcription factor, and hy-
poxic environment can promote its high expression in tumor cells.”
Vascular endothelial growth factor (VEGF) is an important target
gene of HIF-1a, and high HIF-1a expression can upregulate VEGF
expression.® VEGF is currently the most potent and specific promot-
ing factor for tumor angiogenesis. When VEGF specifically binds to
endothelial cells, it can promote their proliferation, migration, and
budding growth. Multiple clinical studies have shown the high ex-
pression of HIF-1a and VEGF in malignant tumor tissues, including
lung cancer, kidney cancer, pancreatic cancer, gastric cancer, colon
cancer, and laryngeal cancer.” In addition, their expression levels are
closely correlated with the clinical stage, pathological types, and
prognosis of patients.

Microglial Annexin A3 (ANXAS3), a member of the Annexin family,
is a phospholipid and membrane-bound protein regulated by calcium
ion.X It is involved in membrane transport activities in cells and the
response of a series of calcium-regulated proteins on cell membrane
surface, which plays an important role in inflammatory response, cell
growth and differentiation, and cytoskeletal protein response. The
abnormal ANXA3 expression is associated with several diseases.*!
Moreover, it can mediate cell proliferation, apoptosis, motility, and
signal transduction, thereby playing an important role in tumorigen-

esis and tumor development.!?13

2 | MATERIALS AND METHODS

2.1 | Clinical patients with melanoma and
microarray

Serum samples were obtained from 20 patients with melanoma or
20 normal volunteers in Zhejiang Rehabilitation Medical Center
(Hangzhou, China). Written informed consent was obtained from all
participants, and the research protocols were approved by the Ethics
Committee of Zhejiang Rehabilitation Medical Center. Microarray
(ME1004) was purchased from Alenabio.

2.2 | Cell culture and small-interfering RNA
transfection

Human melanoma cell lines or WM-115 cells were purchased from
Shanghai Cell bank and maintained in RPMI-1640 medium (Hyclone)
containing 10% fetal bovine serum (FBS; Hyclone) at 37°C with 5%
CO,. ANXASZ, si-ANXA3, ANXA3 + siHIF-1a, si-ANXA3 + HIF-1q,
and negative plasmids were synthesized by GenePharm and trans-
fected using Lipofectamine 2000 (Thermo Fisher Scientific) accord-

ing to the manufacturer's protocol.

2.3 | Quantitative RT-PCR

Total RNA was isolated from human serum samples or WM-115 cells
using Trizol reagent (Thermo Fisher Scientific), and the RNA purity
was detected using spectrophotometer. The synthesis of cDNA
was performed by the First Strand cDNA Synthesis Kit (Fermentas;
Thermo Fisher Scientific). Quantitative RT-PCR was carried out by
ABI 7500 Fast Real-Time PCR system (Applied Biosystems) with
SYBRGreen PCR Kit (Takara). These reactions were incubated at
95°C for 5 minutes, followed by 40 cycles of 95°C for 30 seconds,
60°C for 40 seconds, and 72°C for 30 seconds. Relative quantitation
of the gene expression was normalized by p-actin following the 2

AACt method and relative to the control group.

2.4 | Western blot

Cells and serum samples were lysed with RIPA buffer (Beyotime
Institute of Biotechnology, Shanghai, China), and the protein con-
centration was determined by BCA protein concentration assay
kit (Beyotime Institute of Biotechnology, Shanghai, China). Equal
amounts of protein samples (50 ug) were separated by SD-PAGE
(BIO-RAD Co.) and then transferred to PVDF membrane. The
membrane was incubated with the primary antibodies (Abcam
Technology), including anti-ANXA3, anti-HIF-1«, anti-VEGF, anti-
GAPDH, and anti-B-Actin, overnight at 4°C and then with sec-
ondary antibodies conjugated to horseradish peroxidase (ZSGB

Biotech Co., Ltd.) for 1 hour at room temperature. Protein blank
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was visualized by enhanced chemiluminescence (ECL) reagent (Tsea
biotech Co.) and calculated with Image-ProPlus 6.0 software (Media

Cybernetics, Inc.).

2.5 | Cell proliferation assay and cell invasion assay

Cells were incubated with MTT (Sigma-Aldrich) for 4 hours, and
200 pL of DMSO was added to each well for 0.5 hour at 37°C. The
absorbance was evaluated at 492 nm using a microplate reader (Bio-
Rad Laboratories Inc.).

Cells were plated on the upper Transwell chambers (Costar;
Corning Incorporated) at 24-well Transwell culture chamber and
500 mL of RPMI-1640 medium supplemented with 10% FBS was
added to the lower compartment. After 48 hours of incubation,
cells were fixed with methanol for 1 hour and traversed cells on
the lower side of the filter were stained with crystal violet and

counted.

2.6 | Wound healing assay

Cells were plated at 24-well Transwell and cultured until 90% con-
fluence. 200-puL pipette tip was made for artificial wound in the
center of the confluent cell monolayer, and cells were cultured for
24 hours. The closure of the wound in each group was evaluated

under microscope.

2.7 | Lactate dehydrogenase activity assay and
caspase-3/9 activity assay

Lactate dehydrogenase (LDH) or Caspase-3/9 activity levels were
measured using LDH activity kit or Caspase-3/9 activity kits. The ab-
sorbance was evaluated at 492 or 405 nm using a microplate reader

(Bio-Rad Laboratories Inc.).

2.8 | Survival analysis of melanoma patients

Kaplan-Meier survival analysis was performed by GraphPad.
Melanoma transcriptome were utilized to analyze the correlation
between ANXA3 expression and overall survival (OS) in melanoma
patients.

2.9 | Statistical methods

Data are expressed as means + standard deviation (SD) using
GraphPad Prism (GraphPad Software, San Diego, CA, USA). Two-way
repeated measures ANOVA with Tukey's post hoc test or Student's t
tests was used to compare the differences between groups. A value

of P < .05 was considered to be significant.

3 | RESULTS

3.1 | The serum ANXABZ levels in patients with
melanoma

To investigate the biological functions of ANXAS3 in patients with
melanoma, we evaluated potential targets of melanoma. As shown
in Figure 1A,B, the serum ANXAZ levels in patients with melanoma
were up-regulated in comparison with healthy controls. 3D con-
struction of ANXA3 was showed in Figure 1C. Along with increased
pathological grade, the serum ANXA3 expression levels in patients
with melanoma of 3 or 4 grade were up-regulated in comparison
with patients with 1 or 2 grade (Figure 1D). OS of patients with low
ANXA expression was higher than that of patients with high ANXA
expression (Figure 1E). DFS of patients with low ANXA expression
was similarity with patients with high ANXA expression (Figure 1F).

3.2 | ANXAS3 regulated cell growth of WM-115 cells

ANXA3 plasmid (negative, 25, 50 and 100 ng) were transfected
into WM-115 cells and increased ANXA3 expressions levels in
vitro model (Figure 2A,B). Over-expression of ANXA3 promoted
cell growth of WM-115 cells (Figure 2C). Meanwhile, siANXA3
plasmid (negative, 25, 50, and 100 ng) were transfected into WM-
115 cells and decreased ANXA3 expressions levels in vitro model
(Figure 2D,E). Down-regulation of ANXAS3 reduced cell growth of
WM-115 cells (Figure 2F).

3.3 | HIF-1a/VEGEF signaling pathway was important
signaling pathway in the pro-cancer effects of ANXA3
on melanoma

Heat map of gene chip showed that ANXA3 induced HIF-1a/VEGF
signaling pathway (Figure 3A). Heat map of ANXAS3 regulated other
signaling pathways was showed in Figure 3B. HIF-1a/VEGF signaling
pathway maybe an important signaling pathway in the pro-cancer
effects of ANXA3 on melanoma (Figure 3C). Over-expression of
ANXAZ3 induced the protein expressions levels of ANXA3, HIF-1a,
and VEGF in WM-115 cells (Figure 3D,F,H). Down-regulation of
ANXA3 suppressed the protein expressions levels of ANXAS,
HIF-1a, and VEGF in WM-115 cells (Figure 3E,I,K).

3.4 | ANXAS3 regulated cell progression and
migration of WM-115 cells

Over-expression of ANXA3 promoted cell progression and migra-
tion, and reduced LDH activity and caspase-3/9 activity levels in
WM-115 cells (Figure 4A-G). Down-regulation of ANXAS3 reduced
cell progression and migration, and increased LDH activity and cas-
pase-3/9 activity levels in WM-115 cells (Figure 4H-N).
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FIGURE 1 The serum ANXA3 levels in patients with melanoma. Heat map (A), serum ANXA3 mRNA levels (B), 3D construction of
ANXAZ3 (C), pathological grade and serum levels of ANXA (D), OS and DFS of patients with low ANXA expression was higher than that of
patients with high ANXA expression (E and F). Normal, normal volunteer group; Melanoma, melanoma patients group; 1 grade, 1 grade
melanoma patients group; 2 grade, 2 grade melanoma patients group; 3 grade, 3 grade melanoma patients group; 4 grade, 4 grade melanoma
patients group. **P < .01 versus normal volunteer group or 1 grade melanoma patients group

3.5 | The regulation of HIF-1a in the pro-cancer
effects of ANXA3 in WM-115 cells

The experiment further investigated the role of HIF-1«a in the pro-
cancer effects of ANXA3 on melanoma. Down-regulation of HIF-1a
reduced cell growth, cell progression and migration, and promoted
LDH activity and caspase-3/9 activity levels in WM-115 cells by
over-expression of ANXA3 (Figure 5A-H). Down-regulation of
HIF-1a also suppressed the protein expressions levels of HIF-1a and
VEGF in WM-115 cells by over-expression of ANXA3 (Figure 5I-K).
Up-regulation of HIF-1a promoted cell growth, cell progression and
migration, and reduced LDH activity and caspase-3/9 activity lev-
els in WM-115 cells by down-regulation of ANXA3 (Figure 6A-H).

Up-regulation of HIF-1a also induced the protein expressions levels

of HIF-1a and VEGF in WM-115 cells by over-expression of ANXA3
(Figure 61-K).

4 | DISCUSSION

Melanoma, a relatively common malignant tumor, has become one
of the tumors with the fastest rising incidence in recent years.'*
According to statistics, there were 232 thousand new cases of mel-
anoma and 55 thousand cases of death worldwide in 2012.2> In
contrast, the proportion of death case and new case of melanoma in
China is significantly higher than the global level.’>¢ In our study, the
serum ANXAZ3 levels in patients with melanoma were up-regulated.

Over-expression of ANXA3 promoted cell growth, cell progression,
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and migration of WM-115 cells. Wang et al showed that depletion
of ANXAS suppressed cell proliferation and tumor growth of gastric
cancer.” These results showed that ANXA3 promoted cell growth in
melanoma and may induce the development of melanoma.

HIF-1a is a transcription factor produced by tissues during isch-
emia and hypoxia, which is involved in growth, infiltration, and me-
tastasis of various tumor cells.!® Studies have found that HIF-1«
downstream contains more than one hundred types of target
genes.}”?° The products of HIF-1a target genes play an important
role in erythropoiesis, angiogenesis, cell proliferation, differentia-
tion and apoptosis, and infiltration and metastasis of tumor cells.'®
Here, our results showed that Over-expression of ANXA3 induced
the protein expressions levels of HIF-1a and VEGF in WM-115 cells.
HIF-1a/VEGF signaling pathway is important signaling pathway in
the pro-cancer effects of ANXA3 on melanoma.

In addition, HIF-1a can also participate in promoting angiogen-
esis by up-regulating the expression of VEGF.?! The role of VEGF
in the occurrence and development of breast cancer, glioma, renal

cell carcinoma, lung cancer, liver cancer, and colon cancer has also

been confirmed.?? The expression levels of HIF-1a and VEGF are
significantly higher in the hypoxic environment than those in the
normoxic environment, indicating that the hypoxic environment
can promote the VEGF expression by up-regulating HIF-1a expres-
sion.?® Malignant melanoma has high potential for proliferation,
local infiltration, and distant metastasis, which is associated with
the high VEGF expression.?®> VEGF can induce tumor angiogene-
sis and accelerate the invasion and metastasis of malignant mela-
noma. Interestingly, our results showed that the down-regulation
of HIF-1a reduced the pro-cancer effects of ANXAS3 on cell growth
in melanoma. Zhang et al reported that the down-regulation of
ANXAQ alleviated bone cancer via inhibiting HIF-1a/VEGF signal-
ing pathway.?* Taken together, these results showed that HIF-1a/
VEGF signaling pathway may be related to the regulation of ANXA3
in melanoma.

In conclusion, ANXAS plays a key role in pro-cancer effects of
melanoma by inducing HIF1a/VEGF signaling pathway. Therefore,
the study suggests that ANXA3 may be a potential therapeutic tar-

get for melanoma.
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FIGURE 6 Theinduction of HIF-1a in the pro-cancer effects of ANXA3 on melanoma. Cell growth (A), cell progression (B and C), cell
migration (D and E), LDH activity and caspase-3/9 activity levels (F-H), HIF-1a/VEGF expression (I-K). Negative, negative group; si-ANXA3,
50 ng of siANXA3 group; si-ANXA3 + HIF-1a, 50 ng of si-ANXA3 group, and up-regulation of HIF-1a. **P < .01 versus negative group,

*P < .01 versus 50 ng of ANXA3
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