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Abstract: Early stages of melanoma can be treated by surgical resection of tumor, but there is still no effective
treatment once it is progressed to metastatic phases. Although growing family of both metastasis promoting and
metastasis suppressor genes have been reported, the molecular mechanisms governing melanoma metastatic
cascade are still not completely understood. Therefore, defining the molecules that govern melanoma metastasis
may aid the development of more effective therapeutic strategies for combating cancer. In the present study, we
found that Serpin Peptidase Inhibitor 2, Serpine2 was involved in the metastasis of melanoma cells. The require-
ment of Serpine2 in the migration of melanoma cells was confirmed by gene silencing and over-expression in vitro.
Moreover, down-regulation of Serpine2 expression strikingly inhibited melanoma cellular metastasis in vivo. Finally,
we found that Serpine2 promotes melanoma metastasis through the glycogen synthesis kinase 33, GSK-3p signal-
ing pathway. To conclude, our findings suggested a novel mechanism underlying the metastasis of melanoma cells
which might serve as a new intervention target for the treatment of melanoma.
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Introduction

Melanoma is a highly aggressive skin malig-
nant cancer and although early stages of mela-
noma can be successfully treated by surgical
resection of the tumor [1], there is still no effec-
tive treatment for melanoma once it is pro-
gressed to metastatic [2]. Metastasis, consid-
ered crucial for the transition of melanoma
cells from a primary site to distant tissue, is
now established as one of the hallmarks of mel-
anoma and is the most life-threatening factor
of cancer. Therefore, many studies have been
designed to explore therapy targeting tumor
metastasis and agents that will inhibit tumor
cell invasion and metastasis [3]. Although few
studies have identified few metastasis-promot-
ing and metastasis suppressor genes, the mo-
lecular mechanisms governing this process are
still not completely understood and the treat-
ment efficiency of metastatic melanoma has
not been significantly improved [4]. A limited
number of studies testing metastasis-promot-
ing protein and activity using murine derived
melanoma cells [5, 6], however, these results
may not be most representative of human
tumor cells. Accordingly, further study to inves-

tigate related underlying mechanisms is urg-
ently required to find new potential targets for
development novel agents to treatment me-
lanoma.

In the present work, we reported the identifica-
tion of a novel role of Serpine2 whose disrup-
tion impaired the metastasis of melanoma ce-
lls. Oncomine, a cancer microarray database
and web-based data-mining platform aimed at
facilitating discovery from genome-wide expres-
sion analyses [7]. Differential expression analy-
ses comparing most major types of cancer with
respective normal tissues as well as a variety of
cancer subtypes and clinical-based and pathol-
ogy-based analyses are available for explora-
tion. The expression level of metastasis associ-
ates genes in melanoma was analyzed using
Oncomine. Based on the large-scale expression
profiling analyses, the gene Serpine2 over-rep-
resented is strongly associates with melanoma
metastasis [8]. Moreover, Serpine2 is strongly
overrepresented in the metastatic melanoma
cells as compared with the melanocyte cell. We
hypothesized that Serpine2 may play an impor-
tant part in melanoma metastasis process.
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Recently, Serpinel (or plasminogen activator
inhibitor-1, PAI-1) has been reported to promote
angiogenesis and to induce tumor cell migra-
tion [9, 10] while Serpine2 (or protease nexin-1,
PN-1) appears to enhance the invasive poten-
tial of pancreatic, breast and lung cancer cells
[11]. Furthermore, serpinel is over-expressed
in highly aggressive human breast tumors while
Serpine2 levels are elevated in pancreatic
tumors, breast tumors, oral squamous carcino-
mas, and liposarcomas [12]. Collectively, these
results point to a role for Serpine2 in controlling
cell mobility and, alternatively, cell metastasis
into the tumor microenvironment. In the pres-
ent work, we reported the identification of a
novel role of Serpine2 in the metastasis of mel-
anoma cells. By silencing and over-expression
Serpine2, we confirmed the role of Serpine2 in
the migration and invasion of melanoma cells
in vitro. Moreover, reduction Serpine2 expres-
sion in melanoma cells significantly impaired
their metastasis in vivo. Further investigation
demonstrated that GSK-3f signaling pathway
is involved in Serpine2-promoted melanoma
migration and metastasis.

Materials and methods
Cell culture

Melanoma A375, B16F10, SK-MEL-2, SK-MEL-
5, B16BL6 cells, and adult human epidermal
melanocytes NHEM-a were purchased from
Cell Resource Center, Shanghai Institutes for
Biological Sciences. Cells were cultured in
DMEM or 1640 with 10% fetal calf serum (FCS)
(Gibco, Invitrogen, USA), and 1% Penicillin/St-
reptomycin mix (Gibco, Invitrogen, USA) and
maintained at 37°C in a humidified atmosphe-
re containing 5% CO,,. Specific inhibitor for GSK-
3B (SB216763) was obtained from Selleck
(USA). Lipofectamine 2000 was purchased fr-
om Invitrogen (USA).

Plasmids and DNA constructs

The pDisrup retroviral vector was constructed
based upon MMLV retroviral vector pLNCX as
backbone. The splicing donor and acceptor
were designed according to human adenovirus
type 2 major late mRNA intron sequence [13].
For pDisrup clone selections, cells were se-
lected with Blasticidin S. HCI at 25 ug/ml
(Invitrogen, USA). The short small interfering
RNA (siRNA) was constructed with sequence
specifically targeted to Serpine2 gene: (#1:
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5-AGGAACCATGAATTGGCAT-3’) or (#2: 5-GC-
AGUG UGCCUGUCACUACUU3-3’). The hemag-
glutinin (HA)-tagged constitutively active (S9A)
GSK3p (Plasmids 14754, Addgene, Cambridge,
MA) was deposited by Dr. Jim Woodgett [14].
Serpine2-bio-His (Addgene plasmid # 53416)
was deposited by Dr. Gavin Wright [15]. Tr-
ansient transfection was performed using the
Lipofectamine RNAi MAX reagent (Invitrogen)
and following the manufacturer’s instructions.

Oncomine analysis

The expression level of Serpine2 genes in the
melanoma was analyzed using Oncomine [16].
For this, we compared clinical specimens of
cancer vs. normal patient from the Haqq Me-
lanoma database [17]. The keywords were
“melanoma” and “metastasis”. In order to re-
duce our false discovery rate, we selected p <
0.01 as a threshold. We analyzed the results for
their p-values and fold change.

Lactate dehydrogenase (LDH) toxicity assay

The LDH released into cell cultures is an index
of cytotoxicity and evaluation of the permeabil-
ity of cell membrane. Cells were seeded in
96-well plate at a density of 3 x 102 cells per
well. After incubation with vehicle (0.1% DMSO)
or 1% Triton X-100 for 24 h, cell supernatants
were collected and analyzed for LDH activity
using LDH cyto-toxicity assay kit from Keygen
biotech [18]. The absorbance of formed for-
mazan was read at 490 nm on a microplate
reader.

Migration assay

Migration of cells was determined by BD Tr-
answell Migration Chamber (BD Biosciences,
USA) assay in vitro according to the manufac-
turer’s instructions. In brief, 1 x 105 cells with
500 pl in serum-free medium were added into
the upper chamber and 750 pl of cells condi-
tioned medium was added into the lower cham-
ber. After incubation in humidified tissue cul-
ture incubator, 37°C, 5% CO, atmosphere for
24 h, the non-migration cells in the upper sur-
face of the membrane were removed by “scrub-
bing” with cotton tipped swab and the cells
migrating to the lower surface of the membrane
were fixed and stained with 0.5% crystal violet
for 30 minutes. Cell counting was then carri-
ed out by photographing the membrane throu-
gh the microscope. Five random fields under
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microscope were taken and migration cells
were quantified [19]. The data were presented
as mean * SE. Differences in the results of dif-
ferent groups were evaluated using either two-
tailed Student’s t test or one-way ANOVA fol-
lowed by post hoc Dunnett’s test.

Invasion assay

Assay was performed with Matrigel-coated ch-
ambers from a BioCoat Matrigel Invasion Ch-
amber Kit (BD Biosciences). Cells with 500 pl in
serum-free medium were added into the upper
chamber and complete medium was added
into the lower chamber. After incubation for 24
h, non-invasive cells in the upper surface of the
membrane were removed and the cells inva-
sion to the lower surface of the membrane was
fixed. Cell counting was then carried out by pho-
tographing the membrane through the micro-
scope [20] and five random fields were taken.

Matrix metalloproteins (MMPs) activity assay

The activity of MMP-9 and MMP-2 were deter-
mined by QuickZyme MMPs activity assay (Qu-
cikZyme BioSciences) according to the manu-
facturer’s instructions [21]. Briefly, after trans-
fection, cells were washed with fresh medium
and replaced with serum-free medium. After
additional 24 h, the medium was collected and
centrifuged at 10000 g for 10 min. Respective
supernatant was added to the 96-well strip
coated with MMP-9 antibody or MMP-2 anti-
body and incubated at 4°C overnight. After wa-
shing with wash buffer for 3 times, 50 ul assay
buffer was added into the well, followed by add-
ing 50 ul detection reagent. After incubation at
37°C for 1 h, OD405 was measured with Mi-
croplate Reader (Bio-Tek).

Western blot

After washing with PBS (3.2 mM Na HPO,, 0.5
mM KH,PO,, 1.3 mM KCl and 140 mM NaCl, pH
7.4) twice, cells were extracted with cold lysis
buffer (20 mM Tris, 200 mM NaCl, 5 mM EDTA,
1 mM EGTA, 5 mM MgCl,, 1% Triton X-100, 2.5
mM sodium pyrophosphate, 1 mM b-glycerol-
phosphate, 1 mM Na,vVO,, 1 mM PMSF, and
Roche complete protease inhibitors) and centri-
fuged at 15,000 g for 15 min at 4°C. Protein
concentration of the supernatants was deter-
mined with Bradford assay (Biorad, USA). 10-40
ug of samples was separated by electrophore-
sis on 10% SDS-PAGE and transferred to
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Polyvinylidene fluoride membrane (Millipore,
USA). After blocking with 5% skimmed milk for 1
h, membranes were incubated with different
specific primary antibodies in either 5% ski-
mmed milk or 5% bovine serum albumin (BSA).
After washing with TBST for 30 min, the mem-
branes were further incubated with correspond-
ing HRP-conjugated secondary antibodies and
developed with Pierce’s West Pico chemilumi-
nescence substrate (Millipore, USA). All resul-
ts were obtained from 3 independent experi-
ments.

Real-time PCR

Total RNA was isolated using TRIzol according
to the manufacturer’s instructions (Invitrogen,
USA) and the concentration of total RNA was
detected by spectrophotometry at 0D260. Re-
verse transcription (RT) was carried out using
superscript lll reverse transcriptase (Invitrogen,
USA) as described in the manufacturer’'s manu-
al. The real-time PCR was performed on ABI
Prism 7500 Sequence detection system (Ap-
plied Biosystems, CA) with the KAPA SYBR®
gPCR Kit (KAPA Biosystems, USA) according to
the manufacturer’s instructions. The primers
used was as follow: Serpine2 (Forward: 5-
CCCTACCATGGTGTGAGAGCAT-3’, Reverse: 5-
GCCTTTGACGGTTCAAACAT-3’), B-actin (Forwa-
rd: 5-GCTCTTTTCCAGCCTTCCTT-3’, Reverse:
5-TGATCCACATCTGCTGGAAG-3’). The target
MRNA level of control cells normalized to the
level of B-actin mRNA, was defined as 1. Results
were obtained from three independent experi-
ments. For gene expression assay, the total
RNA was extracted from cell cultures by using
the phenol-chloroform method (Trizma; Sigma-
Aldrich), treated with DNase-free kit (Ambion;
Applied Biosystems), and quantified with an
RNA 6000 Nano Assay kit in an Agilent 2100
Bioanalyzer (Agilent Technologies). Single-st-
rand cDNA synthesis from total RNA was pre-
pared by TagMan reverse transcription reagents
(Applied Biosystems), as recommended by the
manufacturer. All quantitative real-time PCR
reactions were performed with ABlI PRISM
7900 HT Fast Real-Time PCR system (Applied
Bio-systems). The expression of the house-
keeping gene, TATA Binding Protein (TBP), was
used to normalize for variances in input cDNA.
All measurements were performed in techni-
cal duplicates. Raw data were analyzed using
SDS2.2 software (Applied Biosystems) to define
relative quantity (RQ) and the gene expression
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Figure 1. Identification of a novel role of Serpine2 in the metastasis of melanoma. A and B. Serpine2 expression in
Serpine2™ cells was analyzed by and Western blotting real-time PCR. C. Migration of wild-type cells and Serpine2™t
cells was performed. The number of cell migration was counted. Scale bars: 50 um. Data were collected from three
independent experiments and were average + S.E. values. **P < 0.01, compared to wild type cells. D. The cell mo-
tility potency was evaluated by invasion assay. Representative pictures were taken after staining with crystal violet.
Scale bars: 50 um. Data were collected from three independent experiments and were average + S.E. values. **P

< 0.01, compared to wild type cells.

data analysis program GEDAS (http://source-
forge.net/projects/gedas) for hierarchical clus-
tering. The following TagMan Gene Expression
Assay (Applied Bio-systems) has been used for
the analysis: CXCL-3-Hs00171061_m1, CD44-
Hs01075862_m1, MMP-2-Hs01548727_m1,
cMET-Dm01843535_g1, CD31-Hs00169777_
m1, CCL-2-Hs00234140_m1, IL11-Hs010554-
13_g1, VEGFA-Hs00900055_m1, bRAF-Hs0O0-
269944 _m1, cRAF-Hs00234119_m1, MMP-
14-Hs01037003_g1, IL-6-Hs00985639_m1,
VEGF-C-Hs00153458_m1, CXCL-12-Hs0367-
6656_mH, IL8-Hs00174103_m1, DLL4-Hs01-
117333_m1, ERK1/2-Hs00946872_m1, PI-
3K-Hs01046353_m1, AKT-Hs01086102_m1,
FGFR1-Hs00915142_m1, Src-Hs01082246_
m1, PTEN-Hs02621230_s1, E-cadherin-Hs01-
023894_m1, BCAR1-Hs01547079_m1, Rap-
1-Sc04159738_s1, Paxillin-Hs01104424_m1,
TP53-Hs01034249_m1, Hifla-Hs00153153_
m1, STAT3-Hs00374280_m1, FAK-Hs001646-
11_m1, GSK-3B3-Ce02424746_m1, mTOR-Hs-
00234508_m1, CXCL2-Hs00601975_m1, EG-
FR- Hs01076078_m1.

Animals and experimental metastasis assay

Female BALB/c-nu mice at 6-8 weeks old (15-
20 g) were purchased from Shanghai Slack
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laboratory animal co., LTD. Mice were main-
tained at dark/light cycles of 12 h duration with
food and water available. 12 animals were ran-
domly divided into two experiment groups. For
experimental metastasis analysis, the mice
were injected at the lateral tail vein with (5 x
10°5) cells carrying control and Serpine2 siRNA
plasmids. Mice were sacrificed 2 weeks after
inoculation and all organs were examined for
the presence of macroscopic metastases. Co-
nsecutive sections were made for every tissue
block of the lungs and stained with H&E [22].
Animal handling and experimental procedures
were approved by the Institutional Animal Care
and Use Committee (IACUC) of Shanghai To-
ngRen Hospital.

Statistical analysis

For quantitative PCR analyses, results were
obtained from triplicate experiments on all the
samples and data from all trials were averaged.
Numerical results were analyzed using inde-
pendent mean T-test and expressed in mean +
standard error (SE). Statistical analysis was
performed using post hoc testing using Bon-
ferroni’'s method. Differences were considered
statistically significant at p < 0.05.

Am J Transl Res 2016;8(5):1985-1997



Serpine2 and melanoma metastasis

w

Relative Serpine2
expression

c Serpine2 H:l: .
LAMA4
LAMAS HI N |

LAMA2
JAGT _
ParDes [ | j

|

LAMA3
EGFL7
JAG2
LAMA2

{ 1 2 |

Least expression Most expression
EEEEEONO0000000OEEE
— —_—

1. Skin( 3 samples)
2. Melanoma (6 samples)

2 5
NPT L\ SR Vg S vy
“\,\6“ Pg;l 3\6 5‘(:\'\ 6,\66 s‘u\&

Serpinez T S - — —
GAPDH s o cm— am— c— —

Serpine2
Haqq Melanoma Dataset (37 samples)
p-value: 9.95E-4
fold change: 19.07

Log2 median-centered ratio

I 1 2

1. Skin( 3 samples)
2. Melanoma (6 samples)

Figure 2. Serpine2 is over-expression in melanoma and be associates with metastasis. A. Quantification of Serpine2
mRNA levels in melanoma-derived cell lines by qRT-PCR analysis. All melanoma cells had significant up-regulation
of Serpine2 mRNA compared with that in the NHEM-a (Bars were represented as the mean + S.E, n=3, *P < 0.05
and **P < 0.01 versus NHEM-a). B. Imnmunoblotting analysis of Serpine2 protein in the melanoma cell lines and me-
lanocyte cell. Serpine2 protein expressions were up-regulated in all melanoma cell lines examined compared with
that in NHEM-a. C. This graphic shown genes relation to metastasis expressed at high levels in melanoma. D. This
graphic compared the dataset that the specified protein Serpine2 had significant mMRNA over-expression of in mela-
noma versus normal tissue. The datasets were obtained with the following parameters: p-value threshold of 0.01.

Results

Serpine2 is a novel melanoma metastasis
regulator

The SK-MEL-2 melanoma cell line is a widely
used as model system to study the metastasis
of melanoma for its high metastatic potential
[23]. To identify the key genes involved in migra-
tion and metastasis of melanoma, pDisrup vec-
tor was transfected into SK-MEL-2 cells to ran-
domly produced insertions into the genomic
DNA, and followed by selection with blasticidin
to obtain SK-MEL-2 cell clones with genes mu-
tated. The mobility and migration ability of the
selected mutant SK-MEL-2 cell clones was
determined by Transwell migration assay. Fi-
nally, cell clones with increased or decreased
migration potential were further analyzed by
the RT-PCR and 3’'RACE to identify the genes
that disrupted by pDisrup vector. Several candi-
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date genes were identified, including a gene
named Serpine2 and this candidate was desig-
nated as Serpine2™t which exhibited decreas-
ed migration potential. To verify whether the
Serpine2 gene identified was indeed disrupted
in SK-MEL-2 cells, both real-time PCR and west-
ern blot assay was carried out to determine
Serpine2 gene expression. As shown in Figure
1A and 1B, the expression of Serpine2 was
greatly reduced in Serpine2™! cell clone com-
pared to control cells. To determine if loss func-
tion of Serpine2 affected SK-MEL-2 metasta-
sis, we performed migration and invasion assay
to evaluate the cell motility. As shown in Figure
1C, the migration of Serpine2™ cells was sig-
nificant decreased compared to control ones.
Consistently, there were less Serpine2™t cells
that invasive across the membrane of the
Transwell chamber compared to the wide type
cells (Figure 1D). In summary, disruption of
Serpine2 led to reduced SK-MEL-2 cells mobili-
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Figure 3. The effect of siSerpine2 on tumor cells growth. A. Western blot shown that the Serpine2 was elevated in
control cells and siCTL transfected cells than siSerpine2 cells. GAPDH was used as a loading control. B. Quantifica-
tion of Serpine2 mRNA levels in transfected cells. siSerpine2 melanoma cells had significant down-regulation of
Serpine2 mRNA compared with that in the control cells (Bars were represented as the mean + S.E, n=3, **P < 0.01
versus control). C. One solution cell proliferation assay analyzed cell proliferation in SK-MEL-2-siSerpine2 and con-
trol cells. Data were from three independent experiments and were average + S.E. values. **P < 0.01, compared to
control cells. D. Serpine2 siRNA did not result in LDH release, indicating Serpine2 siRNA brought little toxic effects
on melanoma cells. Data were from three independent experiments and were average + S.E. values. **P < 0.01,

compared to control cells.

ty and significantly impaired the metastasis of
melanoma cell SK-MEL-2.

Serpine2 in melanoma

To investigate the mRNA expression of Serpi-
ne2, we performed quantitative reverse tran-
scriptase-polymerase chain reaction (QRT-PCR)
analysis in normal human melanocyte cell line
NHEM-a and a panel of melanoma cell lines.
Serpine2 mRNA was up-regulated in all mela-
noma cell lines compared with that in the
NHEM-a (Figure 2A). We also performed west-
ern blot analysis to investigate the Serpine2
expression status in the melanoma cells. A sig-
nificant increase in Serpine2 expression was
seen in melanoma cell lines compared with
NHEM-a (Figure 2B). The expression level of
Serpine2 genes in melanoma was also ana-
lyzed using Oncomine (https://www.oncomine.
org/). For this, we compared clinical specimens
of cancer vs. normal patient from the Haqq
Melanoma database to identify the key genes
involved in metastasis [17]. We analyzed the
results for their p-values and fold change. On-
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comine analysis of neoplastic vs. normal tissue
showed that Serpine2 was significantly over-
expressed in melanoma and associated with
cancer metastasis (Figure 2C and 2D).

Cell proliferation is not inhibited after Serpine2
knockdown

To ascertain Serpine2 was responsible for re-
duced metastasis in melanoma cells, we trans-
fected SK-MEL-2 cells with Serpine2 siRNA to
stably establish SK-MEL-2-siSerpine2 cells with
two independent siRNAs specific for Serpine2.
We used PCR and Western blot analyses to
verify Serpine2 down-regulation at the RNA and
protein levels, respectively. Our results shown
that Serpine2 RNA and protein expression were
down-regulated in the SK-MEL-2 siSerpine2
cells compared with siCTL cells (Figure 3A and
3B).

Because the role of Serpine2 in the melanoma
has rarely been examined, we investigated the
effect of Serpine2 on the proliferation of SK-
MEL-2 cells. For proliferation, no significant
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Figure 4. Serpine2 silencing decreases the migration of melanoma SK-MEL-2 cells. A. Migration assay was per-
formed to determine the metastatic potential of cells and representative pictures of the wound distance were taken
as indicated. The number of migration cells was quantified. Data were collected from three independent experi-
ments and were average + S.E. values. **P < 0.01, compared to control cells. (Scale bar represents 50 um). B.
The cell motility was evaluated by Transwell assay and the number of invasion cells was quantified. Scale bars: 50
um. Data were from three independent experiments and are average + S.E. values. *P < 0.01, compared to control
cells. C. Quantification of MMP-2/9 activity in SK-MEL-2 cells transfected with siSerpine2. Bars are represented as

the mean + S.E. n=3, **P < 0.01 versus siCTL cells.

changes were observed between the siSer-
pine2 cells and the control cells (Figure 3C). To
validate the toxicity effects of Serpine2 siRNA
on melanoma cells, lactic dehydrogenase, LDH
assay was carried out. As shown in Figure 3D,
Triton X-100 significantly increased LDH rele-
ase, and siCTL treated as well as Serpine2
knock-down brought little toxic effects on cells
compared to vehicle control. Because the do-
wn-regulation was stronger in the siSerpine2
#1 cells (Figure 3A), we employed SK-MEL-2-
siSerpine2 #1 cells to perform the following
studies. These cells are labeled as “siSerpine2”
cells in the figures.
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The knockdown of endogenous Serpine2
attenuates cell migration and invasion in mela-
noma cells

We investigated whether reduced melanoma
SK-MEL-2 cells migration could be reproduced
by gene silencing with siRNA specific for Ser-
pine2. A migration assay was used to investi-
gate the effect of Serpine2 on cell migration.
SK-MEL-2-siSerpine2 cells displayed significa-
ntly decreased migration compared with con-
trol cells (Figure 4A). In addition, we analyzed
the cell invasion profile of SK-MEL-2-siSerpine-
2 cells using invasion analysis. As expected,

Am J Transl Res 2016;8(5):1985-1997
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Serpine2 silencing inhibited this process (Fi-
gure 4B).

Matrix metalloproteinases (MMPs) consist of a
multigene family of zinc-dependent extracellu-
lar matrix (ECM) remodeling endopeptidases
implicated in pathological processes, such as
carcinogenesis [24]. We then tested the effect
of Serpine2 knock-down on the activity of MMP-
2/9. Consistent with cells assay result, the
activity of MMP-2/9 was also markedly de-
creased with the down-expression of Serpine2
(Figure 4C). Collectively, these results suggest
that Serpine2 promotes melanoma cells metas-
tasis and MMPs activity.

GSK-3[3 pathway is involved in Serpine2-medi-
ated melanoma cells metastasis

We next compared the transcriptional profile of
genes involved in metastasis between SK-MEL-
2-siSerpine2 cells and control cells. This com-
prehensive approach revealed that siSerpine2
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Figure 5. Serpine2 regulates GSK3[ pathway in mel-
anoma cells. A. Serpine2 down-regulated the expres-
sion of pro-metastasis factors in siSerpine2 cells.
Gene expression analysis was performed by real-time
PCR comparing control SK-MEL-2 cells. Differentially
modulated genes were selected and analyzed by
hierarchical clustering. B. Western blot shown that
the phosphorylation of GSK-33 was inhibited in cells
transfected with siSerpine2.

. p-ERK1/27yr204

. - - p-mTORSer2448

decreased the expression of several pro-me-
tastasis molecules, including mammalian tar-
get of rapamycin, mTOR, GSK-3p, and extracel-
lular regulated protein kinases, ERK1/2 (Figure
5A). To future determine the potential signal-
ing pathways which are involved in Serpine2-
mediated melanoma cell migration and inva-
sion, several potential signaling pathways relat-
ed to migration and invasion of cancer cells
were assayed by western blot assay. As shown
in Figure 5B, the basal level of GSK-3p activa-
tion was found to be significantly down-regulat-
ed in Serpine2 siRNA cells. In combination,
these results strongly suggest that Serpine2
facilitates the activation of GSK-3p signaling
pathway in melanoma cells.

Confirmed GSK-3B pathway is involved in Ser-
pine2-mediated melanoma cells metastasis

Among the metastasis factors that were pin-
pointed by the transcriptional profile, we fo-
cused on GSK-3[ because this molecule is a
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Figure 6. Serpine2 facilities the migration of melanoma cells via GSK3p pathway. A. Expression of SOA-GSK3[3 was
confirmed by western blot with antibody against HA-tag and GSK3(, and GAPDH was used as loading control. B.
Transwell assay was performed to determine the motility of cells co-transfected with Serpine2 silencing plasmid and
S9A-GSK3p plasmid. Columns were data collected from three independent experiments. Representative pictures
were taken after staining with crystal violet. Scale bar represents 50 um. Data were from three independent experi-
ments and are average + S.E. values. **P < 0.01, compared to siSerpine2 cells. C. Invasion assay was performed
to determine the invasion of cells co-transfected with Serpine2 silencing plasmid and S9A-GSK3p plasmid. Columns
were data collected from three independent experiments. Scale bar represents 50 um. Data were from three inde-

pendent experiments and are average + S.E. values. **P < 0.01, compared to siSerpine2 cells.

well known master switch of the metastasis
program. To confirm the role of GSK-3B in
Serpine2-mediated cell metastasis, constitu-
tively active form of GSK-3[ (S9A-GSK3pB) was
introduced into Serpine2-silenced cells and the
expression of S9A-GSK3[B was confirmed by
western blot with anti-HA-tag and anti-GSK-3[3
antibody (Figure 6A). As expected, active GSK-
3B largely restored the impaired migration
(Figure 6B) and invasion (Figure 6C) in Ser-
pine2-silenced SK-MEL-2 cells. To conclude,
these data indicated that GSK-3p signaling is
involved in Serpine2 promoted metastasis of
melanoma cells.
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Serpine2 knockdown reduces the metastasis
of melanoma cells in vivo

To further investigate the role of Serpine2 in
the metastasis of tumor cells in vivo, an ex-
perimental metastasis assay was performed.
Control and Serpine2 knock-down cells were
injected into the lateral tail vein of BALB/c-nu
mice. 2 weeks post inoculation, animals were
sacrificed and all the major organs were ch-
ecked for the generation of lung metastasis.
The tumor metastasis was mainly observed by
hematoxylin and eosin (HE) staining in the
lungs (Figure 7A). The numbers of lung meta-
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Figure 7. The metastasis of melanoma SK-MEL-2 is impaired by Serpine2 silencing in vivo. A. siCTL and siSerpine2
cells were injected into the lateral vein of mice respectively. Representative pictures of lungs from mice were taken
and HE staining after 2 weeks of injection with control cells or with Serpine2 knock-down cells. “T” in white color

represented metastases foci. Scale bar represents 100 ym.

B. Numbers of lung metastasis were quantified and

showed by each data point. Data were from three independent experiments and were average + S.E. values. n=8,
**P < 0.01, compared to mice injected with siTCL cells. C. Western blot showed that the phosphorylation of GSK-33
was inhibited in lung tissue from mice injected with Serpine2 siRNA cells.

static lesions in the mice injecting with siSer-
pine2 cells were greatly decreased compared
with the respective controls group (Figure 7B).
To further examine whether Serpine2 knock-
down suppress melanoma cells growth via
GSK-3B, GSK-3pB activity in lung tissues were
assayed by western blot analysis with speci-
fic antibody. Mice implantation with Serpine2
knockdown cells showed a significant reduction
of p-GSK-3B%¢° in lung tissue (Figure 7C). All
these results implied that Serpine2 silencing
indeed perturbed the metastasis of melanoma
cells not only in vitro but also in vivo via sup-
pressed GSK-30.

Confirm Serpine2 as a novel melanoma metas-
tasis regulator

To further confirm the role of Serpine2 in mela-
noma cells metastasis, we transfected Serpi-
ne2-bio-His into SK-MEL-2 cells. The transfec-
tion efficiency was confirmed by western blot
with Serpine2 antibody (Figure 8A). The metas-
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tasis of Serpine2 over-expressed SK-MEL-2
cells was then examined by migration and inva-
sion assay. As shown in Figure 8B, there were
more Serpine2 over-expressed cells migrated
across the membrane compared with cells
transfected vector. Using invasion analysis, we
investigated the effects of Serpine2 over-ex-
pression on invasion in tumor cells. In accor-
dance with migration result, we found that
SK-MEL-2 transfected with Serpine2 resulted in
significantly increasing invasion (Figure 8B).

To confirm the role of GSK-3p in Serpine2 medi-
ated cell metastasis, SB216763, a GSK-3p sp-
ecific inhibitor was also employed to dissect the
role of GSK-3p signaling in cell migration [25].
As shown in Figure 8C, Serpine2 promoted
metastasis in SK-MEL-2 cells were also abol-
ished by SB216763, as shown by the Transwe-
Il migration and invasion assay. To conclude,
these data indicate that GSK-3f signaling is
involved in Serpine2 promoted metastasis of
melanoma cells.
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Figure 8. Serpine2 over-expression promotes melanoma cells metastasis. A. The expression of Serpine2 was deter-
mined western blot with Serpine2 antibody. GAPDH was used as a loading control. B. The cell motility was evaluated
by Transwell assay and the number of migration and invasion cells was quantified after Serpine2 transfection. Data
were from three independent experiments and are average + S.E. values. **P < 0.01, compared to vector cells. C.
In the presence of SB216763 (2 nM), transwell migration and invasion assay was conducted to evaluate the cell
metastasis after Serpine2 transfection. Data were from three independent experiments and were average + S.E.
values. **P < 0.01, compared to transfected vector cells; ##P < 0.01, compared to transfected Serpine2 cells. D.
Control vector transfected and Serpine2 over-expression cells were injected into the lateral vein of mice respectively.
Representative pictures of lungs from mice were taken after 2 weeks of injection with control cells or with Serpine2
over-expression cells. Numbers of lung metastasis were quantified and showed by each data point. Data were from
three independent experiments and were average * S.E. values. **P < 0.01, compared to mice injected with vector
transfected cells. Scale bars: 100 um. E. Western blot shows that the phosphorylation of GSK-33 was increased in

lung tissue from mice injected with Serpine2 over-expression cells.

To further investigate the role of Serpine2 in
the metastasis of melanoma cells in vivo,
Serpine2 over-expression cells were injected
into the lateral tail vein of BALB/c-nu mice. 2
weeks post inoculation, animals were sacri-
ficed and we found that injection of Serpine2
over-expression cells resulted in the formation
of more lung colonies than vector cells (Figure
8D). These results implied that Serpine2 indeed
perturbed the metastasis of melanoma cells
not only in vitro but also in vivo. Serpine2 has
been identified as a key regulator in the GSK-3f3
and influences cell migration and invasion in
vitro. To investigate Serpine2-mediated metas-
tasis in vivo was through regulation of GSK-3[,
GSK-3p activity in lung tissues was assayed by
western blot. Mice injected with Serpine2 over-
expression cells showed a significant increas-
ing of phospho-GSK-33 expression in lung
(Figure 8E).

Discussion
Currently, the dismal prognosis of malignant

melanoma is due to the late stage at which it is
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usually diagnosed and the highly invasive and
metastatic potential of melanoma, resulting in
a poor overall survival of patients with malig-
nant melanoma [26]. To develop effective new
strategies for the treatment of malignant mela-
noma metastasis, it is of prime importance to
elucidate the molecular events involved in the
metastasis of this disease and to identify effi-
cient therapeutic targets [2]. In the present
study, we identified a novel role for Serpine2 in
the metastasis of melanoma cells. We found
that Serpine2 promotes the metastasis of mel-
anoma cells in vitro and in vivo through the
GSK-3[ signaling pathway. Our results may pro-
vide a new target for intervention in the mela-
noma treatment and may improve the future
treatment of melanoma.

Cancer metastasis is a multistep process in-
volving complex and highly coordinated interac-
tions between tumor cells and a constantly
changing host microenvironment. DNA microar-
ray technology has led to an explosion of on-
cogenomic analyses, generating a wealth of
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data and uncovering the complex gene expres-
sion patterns of cancer. Here, we present On-
comine, a cancer microarray database and
web-based data-mining platform aimed at facil-
itating discovery from melanoma metastasis
genes expression analyses. Oncomine analysis
showed significant levels of Serpine2 in mela-
noma metastasis. We also performed qRT-PCR
and immunoblotting using melanoma-derived
cell lines. Based on the observation that the
Serpine2 is strongly over-represented in the
highly metastatic melanoma cells, we hypothe-
sized that Serpine2 may play an important part
in this complex process.

The extra-cellular Serpine2, also called Prote-
ase Nexin-1 (PN-1) belongs to the Serpin gene
superfamily. Serpins are expressed in tissu-
es throughout the body and function in many
physiological processes including inflamma-
tion, tumor growth and metastasis [12]. In par-
ticular, Serpine2 is up-regulated in a large num-
ber of invasive/metastatic tumors including
breast, prostate, pancreatic, colorectal, oral-sg-
uamous, and testicular cancers and is required
for tumor growth and malignant progression.
Serpine2 is up-regulated by ERK signal trans-
duction and forms covalent complexes with its
protease substrates in the extra-cellular matrix
(ECM) following secretion. Taken together, th-
ese studies reveal the complexity of Serpine2
functions during tumorigenesis. So far, no in-
vestigation has been carried out on the involve-
ment of Serpine2 in melanoma metastasis. In
this work, we firstly reported a novel role for
Serpine2 in the metastasis of melanoma cells.
Investigation with gene silencing of Serpine2
showed that the metastasis of melanoma cells
was significantly decreased as revealed by the
wound healing assay and invasion assay.

The underlying molecular mechanism for Ser-
pine2-regulated melanoma metastasis is iden-
tified to be related to GSK-30 signaling path-
way. Our results showed that down-expression
Serpine2 in melanoma cells induces down-reg-
ulation of GSK-3 phosphorylation. Furthermo-
re, restored GSK-3p activity by an active form
GSK-3B plasmid could rescue the impaired
migration and invasion of melanoma cells in-
duced by Serpine2 silencing. GSK-33 has been
implicated to play roles in cancers which are
resistant to chemo-, radio-, and targeted thera-
py. Targeting GSK-33 may be a means to over-
come the resistance of these cancers to cer-
tain chemotherapeutic drugs, radiation and
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small molecule inhibitors [27]. More convinc-
ingly, Serpine2 silencing markedly impaired the
lung metastasis of melanoma cells in vivo. We
found that tumors in nude mice derived from
transplanted siSerpine2 cells displayed little
lung metastasis than did tumors derived from
control cells. In the presence of SB216763, a
specific inhibitor of GSK-3[ signaling pathway,
Serpine2 over-expression promoted migration
was also significantly inhibited.

All these data presented that Serpine2 is in-
volved in the metastasis of melanoma cells.
Due to the important roles of Serpine2 in the
metastasis of melanoma cells, it may serve as
an attractive target for molecular targeting can-
cer therapy. In the further work, it is worthwhile
to elucidate the precise roles of Serpine2 in
regulating the GSK-3 beta signaling thus medi-
ating the metastasis in melanoma cells.
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