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Abstract. - OBJECTIVE: Oral tongue squa-
mous cell carcinoma (OTSCC) is the most fre-
quently encountered malignant epithelial tu-
mors. Semaphorin-7A is a membrane-associat-
ed/secreted protein that plays an essential role
in the migration and progression of human ma-
lignancies. We aimed to investigate the mecha-
nisms of Semaphorin-7A in the growth and mi-
gration of OTSCC.

MATERIALS AND METHODS: The expres-
sions of Semaphorin-7A in cells were tested
by RT-PCR, Western blot, and Immunofluores-
cence, separately. The activities of OTSCC cells
(HSC-3 and Tca8113) were analyzed by MTT, fol-
lowing treatment with Semaphorin-7A or PBS.
The migration, invasion, and apoptosis of cells
were also determined. The protein expressions
of epithelial mesenchymal transition (EMT) path-
way were analyzed by Western blot, after treat-
ed with Semaphorin-7A in vitro and in vivo. Fi-
nally, the mouse model of OTSCC was treated
with antibody target for Semaphorin-7A (AntiSe-
ma-7A), Semaphorin-7A or PBS, then the tumor
size was determined, and histopathological ex-
amination and western blot was applied for fur-
ther confirmation.

RESULTS: In OTSCC cells, Semaphorin-7A was
highly expressed, and Semaphorin-7A promoted
growth in multiple metastatic OTSCC cell lines.
Further study indicated that Semaphorin-7A
resulted in up-regulation of Snail, N-cadher-
in and Vimentin expression, and downregulat-
ing of E-cadherin. In addition, The Ets2-repres-
sor factor (ERF) expression was down-regu-
lated, and transforming growth factor (TGF-B)-
induced EMT was promoted in OTSCC cells.
Then, the proteins of collagen types | (CT-I)
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and fibronectin (FIB) were also up-regulated
after Semaphorin-7A treatment. Furthermore,
our results indicated that inhibition of Sema-
phorin-7A by antibody target for Semaphorin-7A
(AntiSema-7A) suppressed OTSCC growth and
increased survival in a mouse model of OTSCC.
Histopathological examination confirmed the in-
hibitory effects in vivo.

CONCLUSIONS: Semaphorin-7A promoted
growth and migration of OTSCC by regulat-
ing TGF-B-induced EMT signaling pathway in
OTSCC cells, which provided a new intercon-
nection between the Semaphorin-7A and TGF-f-
induced EMT signaling pathway.
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Abbreviations

CT-I = collagen types I; DMEM = Dulbecco’s Modified
Eagle Medium; DMSO = Dimethyl Sulphoxide; EGF =
epidermal growth factor; EMT = epithelial mesenchymal
transition; ELISA = enzyme-linked immunosorbent as-
say; ERF = Ets2-repressor factor; Erk = extracellular-re-
sponse kinase; FIB = fibronectin; HE = Hematoxylin and
eosin; MAPK = mitogen-activated protein kinase; MTT =
(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bro-
mide); NOEC = normal oral epithelial cells; OD = optical
density; OTSCC = Oral tongue squamous cell carcino-
ma; PCR = polymerase chain reaction; PBS = phosphate
buffered saline; RT-PCR = reverse transcriptase-poly-
merase chain reaction SPF = Specific Pathogen Free;
TGF = transforming growth factor.
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Introduction

Oral tongue squamous cell carcinoma (OTSCC)
is one of the most common types of oral tumors'.
OTSCC was reported frequently occurring more
common in male than in female, and it was charac-
terized with local infiltrating growth in oral cavity
and expanding invasion into lymph node metasta-
sis>3. In recent years, the incidence of OTSCC in
the profile of young patients with squamous cell
carcinoma of tongue ranged from 0.4% to 3.9%,
and presented an increasing trend*. Surgery was
the primary treatment used in the patients with
OTSCC, of whom median follow-up period was 36
months and 24.1% patients relapsed carcinoma’®.
OTSCC has been traditionally believed to be asso-
ciated with easy recurrence, metastasis and a poor
prognosis due to rapid migration and invasion’.
Metastasis is the main reason leading to mortality
of OTSCC, and positive surgical margins are as-
sociated with poor prognosis among patients with
OTSCC?. Previous study’ indicated that prognosis
of patients with OTSCC could be improved by
early detection and appropriate medical regimens.
Therefore, efficient diagnosis and treatments for
patients with OTSCC are required to improve a
five-year survival.

Semaphorin-7A was a member of Semaphorins,
which induced termination of protein synthesis
and activation of ribosomal RNA gene transcrip-
tion'. Semaphorin-7A is a membrane-anchored
protein expressed in multiple cell types, which
promotes attachment of cells. Semaphorin-7A as
anovel substrate for epithelial mesenchymal tran-
sition (EMT) can be used to monitor transform-
ing growth factor (TGF-f) activity in mammary
epithelial cells. And inhibition of Semaphorin-7A
activation could suppress angiogenesis''?. Previ-
ous studies'*!'* have indicated that Semaphorin-7A
played a vital role in neovascularization during
the course of ocular angiogenesis analysis. Sema-
phorin-7A has been identified as a potent driver
of ductal carcinoma in situ progression, and over-
expression of Semaphorin-7A occurred in a large
percentage of breast cancer cells and promoted
tumor cells invasion and lymph angiogenesis via
activation of PBl-integrin receptor'’. In addition,
Scott et al”® has indicated that Semaphorin-7A
involved in axon guidance and stimulated me-
lanocyte adhesion through opposing actions of
Bl-integrin and Plexin Cl receptors. Therefore,
Semaphorin-7A activity may affect mitogen-ac-
tivated protein kinase and inactivate cofilin in
tumor cells migration and metastasis.
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In this work, we investigated the expression
and mechanisms of Semaphorin-7A in the growth
and migration of OTSCC. We examined the
signaling pathway of Semaphorin-7A and migra-
tion and invasion-related protein expression in
OTSCC cells.

Materials and Methods

Cell Lines

Oral squamous carcinoma cell lines, HSC-
3 and Tca8113, were purchased from Ameri-
can Type Culture Collection and cultured in
Dulbecco’s Modified Eagle Medium (DMEM)
(HyClone, South Logan, UT, USA) supplement-
ed with 10% fetal bovine serum (FBS) (Gib-
co, Rockville, MD, USA) and 2 mM penicillin/
streptomycin (Gibco, Rockville, MD, USA) in
a humidified incubator (37°C, 5% CO,) (Forma,
USA). Cells treated with Semaphorin-7A (Bio-
Techne China Co.Ltd., Shanghai, China) or PBS
were incubated in 96-well plates for 72 hours in
triplicate for each condition.

MTT Assay

After culture, 20 pL of MTT (5 mg/mL, Sig-
ma-Aldrich, St Louis, MO, USA) in PBS solution
was added to each well, the plate was further in-
cubated for 4 hours. Most of the medium was re-
moved and 100 pL of dimethyl sulfoxide (DMSO)
was added into the wells to solubilize the crystals.
The OD was measured by a Bio-Rad (Hercules,
CA, USA) (ELISA) reader at wavelength of 450
nm.

Real-time Quantitative PCR (RT-qPCR)

Total RNA was extracted from HSC-3 and
Tca8113 cells by using RNA easy Mini Kit (QIA-
GEN, Gaithersburg, MD, USA). Expressions of
Semaphorin-7A in HSC-3 and Tca8113 cells were
measured using RT-qPCR kit (QIAGEN, Gaith-
ersburg, MD, USA) with B-actin expression as
an endogenous control according to the manufac-
turer’s instructions. All the primers were synthe-
sized by Invitrogen (Invitrogen, Shanghai, Chi-
na). Relative Semaphorin-7A expression level was
calculated by 224", The results were presented as
the n-fold way compared to B-actin.

Cells Invasion and Migration Assays

For invasion assay, Semaphorin-7A-treated
cells were suspended as a density of 1 x 10° in
serum-free DMEM and then subjected to the tops
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of BD Bio Coat Matrigel Invasion Chambers (BD
Biosciences, Franklin Lakes, NJ, USA) according
to the manufacturer’s instructions. For migration
assay, HSC-3 and Tca8113 cells were treated with
Semaphorin-7A or PBS for 24 hours by using a
control insert (BD Biosciences, Franklin Lakes,
NJ, USA) instead of a Matrigel Invasion Cham-
ber. The tumor cells invasion and migration were
counted in at least three randomly stain-field mi-
croscope (Nikon, Chiyoda, Tokyo, Japan) every
membrane.

Flow Cytometry Analysis

The cells were subsequently treated with cis-
platin for 12 hours. The apoptosis of suspended
cells were analyzed by flow cytometry described
in the previous study'®.

Animal Study

Six-eight weeks old male BALB/c (SPF) nude
mice were purchased from Slack Experimental
Animals co., LTD (Slack, Shanghai, China). A
total volume of 200M1 HSC-3 cells (1x10°) were
injected into subcutaneous back site in BALB/c
nude mice. Tumor-bearing mice were randomly
divided into 3 groups (n=20). HSC-3-bearing
mice were treated with Semaphorin-7A (50 mg),
AntiSema-7A (50 mg) or PBS when tumor diame-
ters reached 5 to 6 millimeters at the seventh day
after tumor inoculation. The mice were treated
every 2 days, and the total treatments were 10
times. Tumor diameters were recorded every two
days and tumor volumes were calculated by using
the formula: 0.52 x smallest diameter’* x largest
diameter.

Western Blot and Histological Analysis
HSC-3 and Tca8113 cells were cultured and
lysed. The expressions of Ras, extracellular-re-
sponse kinase (Erk), TGF-B, Vimentin (Vim),
collagen types I (CT-I) and Slug were determined
according to previous study'’. Tumors from ex-
perimental mice were fixed by using 10% form-
aldehyde followed with embed in paraffin. Tumor
samples were fabricated to tumor sections and
antigen retrieval was also performed in tumor
sections. Tumor sections were incubated with
primary antibodies. Then, appropriate secondary
antibodies were applied for specimens and spec-
imens were visualized. A Ventana Benchmark
automated staining system was used for observa-
tion of the purpose protein Ras, Erk, TGF-f, Vim,
CT-1 and Slug expression. Also, tumor vessel
morphology was identified by HE staining.

Immunofluorescence

HSC-3 cells were cultured until the forma-
tion of about 95% monolayer cells. The cells
subsequently incubated with primary antibodies.
Then, appropriate secondary antibodies target for
primary antibodies were applied for immobilized
cells. Rabbit polyclonal antibody S17S against
Ets2-repressor factor(ERF), actin (Sigma-Al-
drich, St. Louis, MO, USA), fibronectin (Santa
Cruz Biotechnology, Santa Cruz, CA, USA), rab-
bit polyclonal antibodies against p42/p44 mitogen
activated protein kinase (MAPK) (Cell Signaling
Technology, Beverly, MA, USA), horseradish per-
oxidase (HRP) anti-rabbit and anti-mouse (Jack-
son ImmunoResearch Laboratories, West Grove,
PA, USA), mouse monoclonal antibody against
E-cadherin (BD Transduction Laboratories, Lex-
ington, KY, USA) and S47 conjugated anti-rabbit
and anti-mouse (Pierce, Rockford, IL, USA) goat
antibodies were used in this experiment. A Ven-
tana Benchmark automated staining system was
used for observation of E-Cadherin/DNA and
Fibronectin/DNA by confocal microscopy.

Statistical Analysis

SPSS version 19.0 statistical software (IBM
Corp., Armonk, NY, USA) was used. All the
data are presented as mean =+ standard deviation,
t-test was used for data analysis between the two
groups, One-way ANOVA followed by LSD post-
test was used. p < 0.05, p < 0.01 were considered
statistically significant.

Results

Expression of Semaphorin-7A in
Cultured OTSCC Lines

OTSCC cells (HSC-3 and Tca8113) and normal
oral epithelial cells (NOEC) were cultured and
harvested for RT-qPCR analysis. The results in
Figure 1A demonstrated that mRNA level of
Semaphorin-7A was up-regulated in HSC-3 and
Tca8113 cells compared with NOEC. We found
that Semaphorin-7A protein level was higher in
HSC-3 and Tca8113 cells compared with NOEC
(p < 0.01, Figure 1B). In addition, in order to
determine whether Semaphorin-7A is expressed
in OTSCC, the cultured HSC-3 and Tca8113
cells were immune-stained for Semaphorin-7A.
As shown in Figure 1C, we found that Sema-
phorin-7A expression level was lower in NOEC.
Furthermore, an increase in Semaphorin-7A ex-
pression was confirmed by immunofluorescence
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Figure 1. Expression of Semaphorin-7A in cultured HSC-3 and Tca8113 cells. A, Relative Semaphorin-7A mRNA expression
in OTSCC cell lines, HSC-3 and Tca8113. B, Semaphorin-7A protein expression level in OTSCC cells. C, Immunofluorescence
analysis of Semaphorin-7A protein expression level in OTSCC cells or oral epithelial cells as control. D, Relative Ras and
TGF-B mRNA expression in OTSCC cell lines, HSC-3 and Tca8113 cell lines. Student #-test revealed a significant effect. *p <

0.05, **p < 0.01, vs. control.

in the cultured HSC-3 and Tca8113 cells. Then,
the results in Figure 1D showed that Ras and
TGF-B expression were increased in HSC-3 and
Tca8113 cells compared with NOEC. These da-
ta indicated that Semaphorin-7A expression was
up-regulated in HSC-3 and Tca8113 cells com-
pared with NOEC.

Semaphorin-7A Promoted Growth,
Migration and Invasion of OTSCC

In order to investigate the biological role of
Semaphorin-7A in OTSCC progression, HSC-3
and Tca8113 cells were treated by Semaphorin-7A.
The results in Figure 2A showed that Sema-
phorin-7A treatment promoted the growth of
HSC-3 and Tca8113 cells compared with control
(p <0.01). Our results in Figure 2B indicated that
Semaphorin-7A treatment significantly promoted
the growth rate and augmented the anchorage-in-
dependent growth ability in HSC-3 and Tca8113
cells (p < 0.01). Moreover, the invasive ability of
OTSCC cells was significantly enhanced in the
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OTSCC cells treated with Semaphorin-7A (Fig-
ure 2C). Furthermore, overexpression of Sema-
phorin-7A also enhanced the apoptotic resistance
of HSC-3 and Tca8113 cells induced with the
chemotherapeutic agent cisplatin (Figure 2D).
We also found that Semaphorin-7A treatment
promoted HSC-3 and Tca8113 cells growth as a
dose-depend manner. Collectively, these results
suggested that up-regulation of Semaphorin-7A
promoted the growth and aggressiveness of HSC-
3 and Tca8113 cells in vitro.

Semaphorin-7A Promoted Growth,
Migration and Invasion Through
TGF-p-mediate EMT Signaling Pathway
In order to investigate the possible mecha-
nism of Semaphorin-7A-induced OTSCC cells
migration, ERF as a Ras/Erk mediator during
TGF-B-induced EMT signaling pathway was an-
alyzed in cells. The results in Figure 3A indicated
that Ras, Erk and TGF-B expression levels were
up-regulated after Semaphorin-7A treatment. In
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Figure 2. The promotive effects of Semaphorin-7A on OTSCC cells in vitro. A, Semaphorin-7A promoted OTSCC cells growth
after inoculation 72 hours. B, OTSCC cells migration was promoted by Semaphorin-7A treatment. C, Semaphorin-7A treatment
enhanced OTSCC cells invasion compared to normal oral epithelial cells. D, Semaphorin-7A treatment enhanced apoptotic
resistance of OTSCC cells induced by cisplatin. Student ¢ test revealed a significant effect. *p < 0.05, **p < 0.01, vs. control.

addition, migration and invasion-related proteins
of Vim, CT-I and Slug were analyzed after Sema-
phorin-7A treatment. Our results showed that
Semaphorin-7A up-regulated these invasion-pro-
moted protein expression levels in OTSCC cells
(Figure 3B). In order to analyze EMT signaling
pathway, immunofluorescence was used to ana-
lyze Semaphorin-7A promoted TGF-f—induced
EMT signaling pathway in HSC-3 and Tca8113
cells. The results in Figure 3C and D showed
that E-Cadherin/DNA levels were downregulated
(Figure 3C) and Fibronectin/DNA (Figure 3D)
expression levels were up-regulated in HSC-3
and Tca8113 cells after Semaphorin-7A treat-
ment. These indicated that Semaphorin-7A pro-
moted growth, migration and invasion through
TGF-B-mediated EMT signaling pathway.

Inhibition of Semaphorin-7A
Expression Showed Beneficial
Effects on OTSCC-Bearing Mice
For confirming the Semaphorin-7A efficacy,
we analyzed the effects of Semaphorin-7A in

HSC-3-bearing mice in vivo. HSC-3 (1 x 10°)
cells were injected subcutaneously into BALB/c
nude mice. The mice were divided into three
groups and received Semaphorin-7A, Anti Se-
ma-7a with the same volume of PBS as control
respectively, when tumor diameter reached 5-6
mm. We found that Semaphorin-7A significantly
contributed to tumor growth (Figure 4A), while
AntiSema-7A-treated mice greatly inhibited tu-
mor growth compared with PBS-treated mice.
At the 25th day after tumor cells inoculation, we
analyzed Semaphorin-7A expression in tumors
of each experimental mouse (Figure 4B). In ad-
dition, we detected TGF-B, Ras, ERK and ERF
expression in tumors by Western blot in different
treatment groups. The results in Figure 4C indi-
cated that Semaphorin-7A up-regulated TGF-p,
Ras, ERK and ERF expression in vivo, while An-
tiSema-7A inhibited TGF-fB, Ras, ERK and ERF
expression compared to PBS group. Further-
more, the Snail, N-cadherin and Vimentin were
down-regulated after Anti-Sema-7A treatment
compared with Semaphorin-7A and PBS groups
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Figure 3. Molecules changes in TGF-B-mediate EMT signaling pathway after Semaphorin-7A treatment. A, Analysis of Ras,
Erk and TGF-f protein expression changes in HSC-3 and Tca8113 cells after treatment with Semaphorin-7A. B, Analysis of
Vim, CT-I and Slug protein expression changes in HSC-3 and Tca8113 cells after treatment with Semaphorin-7A. C, E-cadherin
expression (ERF, M1-7 and FSF/FKF) in HSC-3 cells by staining for E-cadherin with the respective specific antibody (red)
and TOPRO-3 for DNA (blue) and analyzed by confocal microscopy. D, Fibronectin expression (ERF, M1-7 and FSF/FKF) in
HSC-3 cells by staining for E-cadherin with the respective specific antibody (red) and TOPRO-3 for DNA (blue) and analyzed

by confocal microscopy.

(Figure 4D). We found that Anti-Sema-7A-treated
decreased Snail, N-cadherin, and Vimentin ex-
pression in tumors. These results suggested that
Semaphorin-7A was a tumor-promoted protein
that enhances tumor growth, migration, invasion
and tumor angiogenesis in OTSCC

Discussion

Semaphorins were originally identified as axon
guidance molecules in neural development. How-
ever, the accumulated evidence indicates that
several semaphorins play crucial roles in physi-
ological and pathological immune responses'®-".
Semaphorin-7A is one of Semaphorins members
that was identified as a signaling molecule to
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induce termination of protein synthesis through
controlling of many biochemical reactions to
regulate metabolism''. Previous study has showed
that inhibition of axonal outgrowth in the tu-
mor environment selectively inhibited melano-
ma cells growth?*?'. In addition, Semaphorin-7A
stimulated melanocyte adhesion and dendricity
through opposing actions of betal-integrin and
Plexin Cl1 receptors'®. Furthermore, Semaphor-
ing-7A was identified as a potent driver of ductal
carcinoma in situ progression, which occurred
in a large percentage of breast cancers and was
associated with decreased overall and distant me-
tastasis-free survival''.

The clinical value of OTSCC-target molecular
not only predicts the degree of aggressive tumor
behaviors, but also provides tumor target ther-
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apeutic agents for patients with OTSCC, which
achieved early diagnosis and efficient treatment
for patients in the mild stage in clinical®**.
Therefore, the identification of selective and
specific tumor markers can define the OTSCC
cells phenotype and achieves more efficient tar-
get therapy for patients with OTSCC. In this
investigation, we identified Semaphorin-7A was
a contributor for OTSCC metastasis both in vitro
and in vivo. Our results presented that Sema-
phorin-7A promoted tumor cells growth, migra-
tion and the invasive abilities of OTSCC cells
through EMT signaling pathway. EMT signaling
pathway is a key process in tumor cells progres-
sion and metastasis stimulated by epidermal
growth factor (EGF)/Ras and TGF-f signaling

pathways, which lead to a complex biochemical
reaction processes in tumor cells*>*. Previous
work?” has explained the molecular mechanisms
of EMT signaling pathway by Ras-induce sig-
naling, which regulated EMT process in human
tumor cells. Marylineet al'”” demonstrated that
Semaphorin-7a reversed the ERF-induced inhi-
bition of EMT signaling pathways in Ras-de-
pendent mouse mammary epithelial cells. These
results identified that Semaphorin-7a was a po-
tential tumor-target suppressor protein in pro-
gression of neoplasm, and suggested inhibition
of Semaphorin-7a expression may suppress mi-
gration, invasion and metastasis through loss
of inhibitory signaling on TGF-B-mediate EMT
signaling pathway.
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EMT signaling pathway has been indicated
as a developmental process in tumors progres-
sion and metastasis, which has been extensively
studied in previous researches?”*’. TGF-f and
Ras are essential proteins for EMT signaling
pathway that often depend on tumor cell types?’.
Our findings suggested that Semaphorin-7A
overexpression promoted TGF-B-induced EMT
signaling pathway.

In addition, our results have showed that the
levels of the epithelial marker E-cadherin were
downregulated and the mesenchymal marker Fi-
bronectin were up-regulated in OTSCC cells. Fur-
thermore, Vim, CT-I and Slug expression levels
were also up-regulated after Semaphorin-7A treat-
ment. These results suggested that Semaphorin-7A
expression contributed to OTSCC cells growth and
metastasis through TGF-p-induced EMT signaling
pathway, which indicated blocking Semaphorin-7A
expression may play a vital role in regulating EMT
process. Noteworthy, Semaphorin-7A enhanced
density of blood vessels in tumor tissues, and this
assumed that Semaphorin-7A played an important
role in the progression, dissemination and metas-
tasis of OTSCC.

Conclusions

We showed that the overexpression of Sema-
phorin-7A in OTSCC cell lines, and Sema-
phorin-7A promoted growth, migration and in-
vasion of OTSCC cells. Semaphorin-7A-over-
expressing accelerated TGF-B-induced EMT,
retained expression of epithelial markers and
formed blood vessel density in OTSCC. Our data
suggested that the Semaphorin-7A/TGF-B/EMT
signaling network contributed to TGF-p-induced
apoptosis resistance, tumor progression and me-
tastasis.
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