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Abstract: TGF-β1 is involved in the metastasis, angiogenesis and progression of various carcinomas, including oral 
squamous cell carcinoma (OSCC), and its mechanism remains largely unknown. In the present study, we found 
that TGF-β1 overexpression by TGF-β1 cDNA transfection promoted invasiveness, migration and angiogenesis of 
OSCC SCC9 cells in vitro. Targeting Slug to TGF-β1-overexpressing SCC9 cells revealed that TGF-β1-induced Slug via 
MMP-9 and VEGF pathway promotes the cell migration, invasion and angiogenesis. Further studies demonstrated 
that TGF-β1-mediated Slug/MMP-9 activation enhanced cell migration and invasion of SCC9. And TGF-β1-mediated 
Slug/VEGF activation enhanced angiogenesis of SCC9. These results indicate that TGF-β1 promoted progression of 
SCC9 cells, and TGF-β1 may be an attractive target in OSCC therapy.
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Introduction

The Transforming Growth Factor-β (TGF-β) has 
a dual role in tumor development, promoting or 
inhibiting tumor cell invasiveness and metasta-
sis in multiple cell types [1, 2]. In oral squamous 
cell carcinoma (OSCC) cells, TGF-β functions as 
a factor of promoting cell invasion and angio-
genesis [3, 4]. However, it is currently unclear 
how TGF-β influences invasion and angiogene-
sis of human OSCC cells. 

Epithelial-to-mesenchymal transition (EMT) is a 
well-coordinated process. During EMT, the cells 
lose their epithelial features by downregulation 
of E-cadherin expression and other cell junction 
components [5]. EMT has been considered as 
an early step in tumor metastasis [6]. The 
mechanism underlying EMT involves activation 
of TGF-β, Wnt, Hedgehog, Notch, and NF-κB sig-
naling pathways, by which to modulate tran-
scriptional regulators, such as Snail family 
members (Snail and Slug), which are essential 
for enhanced motility and invasiveness [5, 6].

Accumulating evidence suggested that incre- 
ased expression of TGF-β either in tumor cells 

or/and their environment resulted in amplifica-
tion of angiogenesis [11]. And vascular endo-
thelial growth factor (VEGF) plays an important 
role on inducing neoangiogenesis in many kinds 
of tumors, including OSCC [7-9]. In addition, 
TGF-β can stimulate angiogenesis by activating 
VEGF and connective tissue growth factor 
(CTGF) [10, 11]. 

Cao et al has reported that USP4-mediated 
TGF-β1 activation directly upregulated matrix 
metalloproteinase (MMP)-9-mediated cell mi- 
gration and invasion of breast cancer cells [12]. 
In human head and neck squamous cell carci-
noma cell lines and colon adenocarcinoma 
cells, MMP-9 was positively regulated by TGF-
β1 signal [13, 14]. Therefore, understanding 
the TGF-β1 signaling pathway might help us to 
develop novel therapeutic strategies for metas-
tasis in OSCC.

Numerous studies have found that Slug pro-
moted invasiveness and angiogenesis by 
upregulating MMP-9 and VEGF expression in 
many cancer cells [15-19]. Furthermore, TGF-
β1 induced upregulation of Slug promoted EMT, 
resulting in cell invasion [20-22]. In anaplastic 
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media was removed after 12 h, and RNA inter-
ference was allowed to proceed for a total of  
48 h.

Matrigel invasion and transwell migration as-
says

Cells were trypsinized and seeded at a density 
of 50,000 cells/well on either Matrigel-coated 
(BD Biosciences) or uncoated (Corning) Trans- 
well filters in a 24-well plate and allowed to 
invade for 12 h toward 10% FBS in the lower 
chamber. Cells invading and migrating through 
the Matrigel-coated and uncoated filters, res- 
pectively, were stained with Three Step stain 
(Richard-Allan Scientific). Each filter was count-
ed in its entirety with four 10 × fields, and inva-
sion or migration was quantified as fold relative 
to control.

In vitro angiogenesis assay

The endothelial tube-like formation assay was 
performed as described previously [24]. Human 
dermal endothelial cells (HDEC) were seeded 
on 8-well chamber slides at 4 × 104 per well. 
After cells adhered to the well (12 h), growth 
medium was replaced by conditioned medium. 
The conditioned medium collected from SCC9/ 
TGF-β1 cDNA cells or SCC9/pIRES cells or 
SCC9/TGF-β1 cDNA/VEGF siRNA (control 
siRNA) was added to HDEC. After a 24 h culture, 
the dead floating cells were washed away. To 
assess tube formation, the attached living cells 
were stained with anti-vWF (Dako, Carpenteria, 
CA). We quantified tube formation by measuring 
the number of branch points and the total num-
ber of branches per point in triplicate wells.

Western blot

Cellular protein was extracted with 1 × cell lysis 
buffer (Promega, Madison, WI). Protein (50  
μg) from each sample was subjected to 4-20% 
pre-cast polyacrylamide gel (Bio-Rad, Hercules, 
CA) electrophoresis and transferred to nitro- 
cellulose membranes (Bio-Rad). For TGF-β1, 
Slug, VEGF and GAPDH (Santa Cruz Biote- 
chnology, Santa Cruz, CA) detection, the prima-
ry antibody dilutions were 1:200 and 1:1000 
(GAPDH), respectively, followed by 1:3000  
dilution of goat anti-rabbit HRP-labeled anti-
body (Bio-Rad). ECL substrate kit (Amersham, 

thyroid carcinoma cells (ATC), down-regulation 
of TGF-β1 suppressed invasiveness of ATC  
cells by inhibiting SMAD2-dependent S100A4-
MMP-2/9 signaling in vitro [23].

In the present study, we determine the role of 
TGF-β1 on invasiveness, migration and angio-
genesis of SCC9 cells in vitro. Our results indi-
cated that TGF-β1 upregulated Slug-dependent 
VEGF and MMP-9 expression, resulting in devel-
opment of cell invasion and angiogenesis of 
SCC9 cells. Our experimental models demon-
strate that TGF-β1 is an attractive therapeutic 
target for tumor invasion and angiogenesis in 
OSCC.

Materials and methods

Cell culture

The OSCC SCC9 cell was purchased from DSMZ 
(Beijing, China). It was grown in RPMI1640 
medium, supplemented with 10% FBS and 
incubated in 5% carbon dioxide and 95% air at 
37°C. A monolayer of 50-70% confluent cells 
was used in all of the assays.

Overexpression of TGF-β

Long strain TGF-β1 cDNA was subcloned into 
pIRESpuro2 (Clontech Saint-Germain-en-Laye, 
Shanghai, China) from pcDNA3-TGF-β1 as the 
manufacture’s instruction. SCC9 cells at 
50-70% confluent were transfected with 10 μg 
control pIRES plasmid or pIRES-TGF-β1 DNA 
(TGF-β1 DNA) plasmid using Fugene-6 reagent 
(Roche, Beijing, China) according to the manu-
facturer’s instructions. Stable transfectants 
were selected in medium containing 0.5 μg/ml 
puromycin and cloned to isolate colonies over-
expressing high quantities of TGF-β1.

siRNA-mediated gene knockdown

Slug siRNA, MMP-9, VEGF siRNA and its control 
siRNA were purchased from Santa Cruz 
Biotechnology, Shanghai, China. In order to 
knockdown the Slug and VEGF expression, the 
stable TGF-β1 cDNA transfected SCC9 (SCC9/
TGF-β1 cDNA) cells and stable pIRES transfect-
ed SCC9 (SCC9/pIRES) cells were transfected 
with Slug siRNA or MMP-9 siRNA or VEGF siRNA 
with Lipofectamine 2000 reagent in Opti-MEM 
media (Life Technologies) at manufacturer-rec-
ommended concentrations. The transfection 
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differences using SPSS 12.0 software (SPSS 
Inc., Chicago, IL).

Results

TGF-β1 overexpression promotes invasion and 
migration of SCC9 cells in vitro

We first detected the TGF-β1 expression in the 
stable TGF-β1 cDNA transfected SCC9 cells by 
western blot assay. As shown in Figure 1A, 
TGF-β1 protein expression was significantly 
increased in TGF-β1 cDNA transfected SCC9 
cells (SCC9/TGF-β1 cDNA) compared to the 
SCC9/pIRES cells and untreated SCC9 cells (P 
< 0.05). We observed a ~4- to 5-fold increase in 
TGF-β1 protein levels in TGF-β1 cDNA -trans-
fected cells compared to controls.

To assess the effects of TGF-β1 on the invasive-
ness of SCC9 cells, an in vitro invasion assay 

Piscataway, NJ) was used for the chemilumin-
scent detection of signals with autoradiogra- 
phy film (Amersham).

ELISA assay for MMP-9 and VEGF 

Total MMP-9 and VEGF activation in SCC9 cells 
were assessed using the Quantikine Human 
MMP-9 and VEGF Immunoassay Kit (R&D 
Systems, Minneapolis, MN, USA) according to 
the manufacturer’s instructions. The optical 
densities were determined within 30 min and 
recorded with a microplate reader (BioTek, 
EXL800, Winooski, VT) at 450 nm.

Statistical analysis

All data were shown as mean ± standard error 
of the mean (SEM). Statistical significance (P < 
0.05) was determined by t test or analysis of 
variance (ANOVA) followed by assessment of 

Figure 1. TGF-β1 overexpression increases migration and invasion of SCC9 cells in vitro. A. TGF-β1 protein expres-
sion was detected in stable TGF-β1 cDNA or mock transfected SCC9 cells by western blot assay; B. Relative cell 
migration performed using the transwell migration assay is significantly increased following TGF-β1 transfection 
in SCC9 cells. C. Relative cell invasion performed using the matrigel pre coated transwell assay is significantly in-
creased following TGF-β1 transfection in SCC9 cells. Results represent the average of three experiments. Error bars 
represent the s.d of the mean. *P < 0.05; **P < 0.01. 
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β1 cDNA) were significantly increased com-
pared with the control groups (Figure 3A, P < 
0.05). The results confirmed that TGF-β1 en- 
hances the Slug expression in SCC9 cells. 
Subsequently, to detect the effect of TGF-β1-
induced Slug on cell migration, invasion and 
angiogenesis. The SCC9/TGF-β1 cDNA and 
SCC9/mock cells were transiently transfected 
into Slug siRNA or control siRNA for 48 h. Fig- 
ure 3A shows that the silencing efficiency of 
Slug by Slug siRNA reached 80% by western 
blot assay. 

The migration and invasion of SCC9/TGF-β1 
cDNA cells were markedly decreased by Slug 
siRNA, compared with control siRNA (P < 0.01) 
(Figure 3B, 3C). These results suggest that 
TGF-β1-induced Slug upregulates SCC9 cell 
migration and invasion. 

The capillary-like network formation in an in 
vitro angiogenic assay showed that quantifica-
tion indicated about 40% decrease in branch 
points and a 60% decrease in tube length in 
HMECs cultured on TGF-β1 cDNA/Slug siRNA-
CM when compared with HMECs cultured on 
TGF-β1 cDNA/control siRNA-CM (Figure 3D), 

was employed. SCC9/TGF-β1 cDNA or SCC9/
pIRES (mock) or SCC9 cells were plated on 
MatrigelTM-coated wells and induced to migrate 
to the trans-side by the presence of a chemoat-
tractant (serum). After 24 h, cells on the cis-
side were removed, and cells on the trans-side 
were fluorescently stained with propidium 
iodide. As shown in Figure 1B, SCC9/TGF-β1 
cDNA cells increased invasion by ~50% (P < 
0.01, Figure 1B). No effect of pIRES transfec-
tion on the invasiveness of SCC9 cells was 
observed (Figure 1B). In addition, the migra- 
tion rate of SCC9/TGF-β1 cDNA cells was 
136.3% ± 29.8%, which was significantly 
increased than the SCC9/pIRES (mock) (57.8% 
± 10.8%) or SCC9 cells (51.4% ± 9.6%) (P < 
0.01, Figure 1C). These results suggest that 
TGF-β1 can promote invasion and migration of 
SCC9 cells.

TGF-β1 overexpression promotes tumor-in-
duced angiogenesis in vitro

Next, tumor conditioned medium (CM) from 
SCC9 cells transfected with either pIRES (mock) 
or TGF-β1 cDNA were used to induce a capil-
lary-like network formation in an in vitro angio-

Figure 2. TGF-β1 overexpression inhibits tumor-induced angiogenesis. A. The 
tumor cell conditioned medium (CM) was added into 96-well plates, which 
were coated with matrigel and pre-seeded with HMEC (2 × 104 cells/well). 
After overnight incubation at 37°C, cells were observed under the bright field 
microscope for formation of capillary-like structures. B. The degree of angio-
genic induction by Mock-CM, TGF-β1 cDNA was quantified for the numerical 
value of the product of the relative tube length and number of branch points 
per field. Columns, mean of three experiments. bars, SD. *P < 0.01.

genic assay. TGF-β1 cDNA 
elicited a strong angiogenic 
response and induced HMECs 
to differentiate into capillary-
like structures within 24 hrs. 
Quantification indicated about 
50-60% increase in branch 
points and a 60-70% increase 
in tube length in HMECs cul-
tured on TGF-β1 cDNA-CM 
when compared with HMECs 
cultured on mock pIRES-CM 
or untreated (Figure 2A, 2B). 

TGF-β-induced slug promotes 
the migration, invasion and 
angiogenesis of SCC9 cells

To study the mechanism of 
TGF-β-enhanced SCC9 cell 
migration, invasion and an- 
giogenesis, Slug levels was 
detected in SCC9/TGF-β1 
cDNA, SCC9/mock and SCC9 
cells by western blot assay. 
The results showed that Slug 
protein levels in TGF-β1-over- 
expressing cells (SCC9/TGF-
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the TGF-β1-overexpressing cell line (SCC9/TGF-
β1 cDNA) compared with the respective con- 
trol cells by ELISA assay (Figure 4B). 

To further examine the effect of TGF-β1-induced 
Slug on MMP-9 activation, we transfected the 
SCC9/TGF-β1 cDNA and SCC9/mock cells with 
Slug siRNA, and the MMP-9 were detected by 
Western blotting and ELISA. The results showed 
that in the presence of Slug siRNA, MMP-9 was 
obviously inhibited in the SCC9/TGF-β1 cDNA 
cells (Figure 4A, 4B).

The migration and invasion of SCC9/TGF-β1 
cDNA cells were markedly decreased by MMP-9 
siRNA transfection, compared with control 

indicating that TGF-β1-induced Slug upregu-
lates angiogenesis. 

TGF-β1-induced slug through activation of 
MMP-9 promotes the migration and invasion 
of SCC9 cells

We found that the effect of TGF-β1 upregulating 
SCC9 cell migration and invasion is correlated 
to TGF-β1-induced Slug, but the mechanisms 
remained largely unknown. The results showed 
that MMP-9 was significantly elevated in the 
TGF-β1-overexpressing cell line (SCC9/TGF-β1 
cDNA) compared with the respective control 
cells by western blot assay (Figure 4A). Auto- 
crine MMP-9 was also significantly elevated in 

Figure 3. TGF-β-induced Slug promotes the migration, invasion and angiogenesis of SCC9 cells. The SCC9/TGF-β1 
cDNA and SCC9/mock cells were transiently transfected into Slug siRNA or control siRNA for 48 h. A. Slug protein 
expression was detected by western blot assay; B, C. The migration and invasion of those cells were detected by 
transwell migration and matrigel invasion assay, respectively. The scale bar indicates 50 μm. Bars represent the 
average number of migrated or invaded cells. The data are expressed as the mean ± SD of three independent ex-
periments. *P < 0.01 compared with respective controls. D. The degree of angiogenic induction was quantified for 
the numerical value of the product of the relative tube length and number of branch points per field. Columns, mean 
of three experiments. bars, SD. *P < 0.01.
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ELISA assay (Figure 5B). To further examine the 
effect of TGF-β1-induced Slug on VEGF activa-
tion, we transfected the SCC9/TGF-β1 cDNA 
and SCC9/mock cells with VEGF siRNA, and the 
VEGF were detected by Western blotting and 
ELISA. The results showed that in the presence 
of Slug siRNA, VEGF was obviously inhibited in 
the SCC9/TGF-β1 cDNA cells (Figure 5A, 5B).

The capillary-like network formation in an in 
vitro angiogenic assay showed that quantifica-
tion indicated the branch points and tube 
length in HMECs cultured on TGF-β1 cDNA/
VEGF siRNA-CM was significantly decreased 
when compared with HMECs cultured on TGF-

siRNA (P < 0.01) (Figure 4C, 4D). These results 
suggest that TGF-β1-induced Slug through acti-
vation of MMP-9 promotes the migration and 
invasion of SCC9 cells.

TGF-β1-induced slug through activation of 
VEGF promotes angiogenesis

VEGF was significantly elevated in the TGF-β1-
overexpressing cell line (SCC9/TGF-β1 cDNA) 
compared with the respective control cells by 
western blot assay (Figure 5A). Autocrine VEGF 
was also significantly elevated in the TGF-β1-
overexpressing cell line (SCC9/TGF-β1 cDNA) 
compared with the respective control cells by 

Figure 4. TGF-β1-induced Slug through activation of MMP-9 promotes the migration and invasion of SCC9 cells. The 
SCC9/TGF-β1 cDNA and SCC9/mock cells were transiently transfected into MMP-9 siRNA or control siRNA for 48 
h. A. MMP-9 protein expression was detected by western blot assay; B. Autocrine MMP-9 was detected by ELISA; 
B, C. The migration of those cells were detected by transwell migration assay. D. The Invasion of those cells were 
detected by matrigel invasion assay. The scale bar indicates 50 μm. Bars represent the average number of migrated 
or invaded cells. The data are expressed as the mean ± SD of three independent experiments. *P < 0.01 compared 
with respective controls.
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signaling in mouse models lacking TβRI or TβRII 
has revealed defects in angiogenesis leading  
to death of those mice [29], and increased 
expression of TGF-β either in tumor cells or 
their environment resulted in amplification of 
angiogenesis [11]. In the present study, we 
observed that TGF-β overexpression signifi-
cantly increased the branch points and tube 
length in the cultured HMECs cells, indicating 
that TGF-β gene may be associated with  
angiogenesis of human OSCC. In addition, we 
observed that TGF-β overexpression signifi-
cantly increased the expression of VEGF, and 
targeting VEGF inhibited TGF-β-induced branch 
points and tube length in the cultured HMECs 
cells, suggesting that VEGF contributed to TGF-
β-induced angiogenesis of SCC9 cells. 

Although TGF-β overexpression induced MMP-9 
and VEGF expression, the underlying mecha-

β1 cDNA/control siRNA-CM (Figure 5C), indicat-
ing that TGF-β1-induced VEGF upregulates 
angiogenesis.

Discussion

The TGF-β signaling pathway has a pivotal role 
in tumor suppression through inhibition of pro-
liferation and induction of apoptosis in multiple 
cell types, as well as effect on tumor microenvi-
ronment. Yet, TGF-β has a paradoxical role in 
tumorigenesis by which it can also promote 
tumor development by stimulating EMT, tumor 
cell invasiveness and metastasis [25-27]. 
Functional context dependent insights into the 
TGF-β pathway are crucial in developing new 
therapeutics in cancer. 

In this study, we show that overexpression of 
the TGF-β gene increases the invasiveness and 
metastasis of SCC9 cells, indicating that TGF-β 

Figure 5. TGF-β1-induced Slug through activation of VEGF promotes angio-
genesis. The SCC9/TGF-β1 cDNA and SCC9/mock cells were transiently 
transfected into VEGF siRNA or control siRNA for 48 h. A. VEGF protein ex-
pression was detected by western blot assay; B. Autocrine VEGF was de-
tected by ELISA; C. The degree of angiogenic induction by Mock-CM, TGF-β1 
cDNA, or VEGF siRNA was quantified for the numerical value of the product 
of the relative tube length and number of branch points per field. Columns, 
mean of three experiments. bars, SD. *P < 0.01.

gene may be associated with 
invasion and metastatic spr- 
ead of cancerous cells during 
progression of human OSCC. 
Cell migration plays a role  
in inflammation, cancer, and 
development. MMP-9 proteo-
lytically acts on the ECM and 
activates signals involved in 
tumor cell migration. In head 
and neck squamous cell carci-
noma cell lines, it has been 
shown that TGF-β induces 
MMP-9 expression, resulting 
in cell invasion [28]. In the 
present study, we observed 
that TGF-β overexpression sig-
nificantly increased the expre- 
ssion of MMP-9. Furthermore, 
targeting MMP-9 inhibited 
TGF-β-induced invasion and 
metastasis of SCC9 cells, sug-
gesting that transcriptional 
activation of MMP-9 by TGF-β 
contributed to the invasion 
and metastasis of SCC9 cells.

TGF-β can stimulate angio-
genesis by its effects on local 
angiogenic factors such as 
vascular endothelial growth 
factor (VEGF) and connective 
tissue growth factor (CTGF) 
[10, 11]. Impairment of TGF-β 
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[6] Thiery JP. Epithelial-mesenchymal transitions 
in tumour progression. Nat Rev Cancer 2002; 
2: 442-454.

[7] Ferrara N, Davis-Smyth T. The biology of vascu-
lar endothelial growth factor. Endocr Rev 1997; 
18: 4-25.

[8] Morita Y, Hata K, Nakanishi M, Omata T, Morita 
N, Yura Y, Nishimura R, Yoneda T. Cellular fibro-
nectin 1 promotes VEGF-C expression, lym-
phangiogenesis and lymph node metastasis 
associated with human oral squamous cell 
carcinoma. Clin Exp Metastasis 2015; 32: 
739-753.

[9] Shintani S, Li C, Ishikawa T, Mihara M, Na-
kashiro K, Hamakawa H. Expression of vascu-
lar endothelial growth factor A, B, C, and D in 
oral squamous cell carcinoma. Oral Oncol 
2004; 40: 13-20.

[10] Sanchez-Elsner T, Botella LM, Velasco B, Corbí 
A, Attisano L, Bernabéu C. Synergistic coo- 
peration between hypoxia and transforming 
growth factor-beta pathways on human vascu-
lar endothelial growth factor gene expression. 
J Biol Chem 2001; 276: 38527-38535.

[11] Padua D, Massague J. Roles of TGFbeta in me-
tastasis. Cell Res 2009; 19: 89-102.

[12] Cao WH, Liu XP, Meng SL, Gao YW, Wang Y, Ma 
ZL, Wang XG, Wang HB. USP4 promotes inva-
sion of breast cancer cells via relaxin/TGF-β1/
Smad2/MMP-9 signal. Eur Rev Med Pharma-
col Sci 2016; 20: 1115-1122.

[13] Paduch R, Kandefer-Szerszeń M, Szuster-Cie-
sielska A, Plewka K. Transforming growth fac-
tor-beta1 modulates metalloproteinase-2 and-
9, nitric oxide, RhoA and alpha-smooth muscle 
actin expression in colon adenocarcinoma 
cells. Cell Biol Int 2010; 34: 213-223. 

[14] Sinpitaksakul SN, Pimkhaokham A, Sancha-
vanakit N, Pavasant P. TGF-beta1 induced 
MMP-9 expression in HNSCC cell lines via 
Smad/MLCK pathway. Biochem Biophys Res 
Commun 2008; 371: 713-718. 

[15] Yeh YW, Cheng CC, Yang ST, Tseng CF, Chang 
TY, Tsai SY, Fu E, Chiang CP, Liao LC, Tsai PW, 
Yu YL, Su JL. Targeting the VEGF-C/VEGFR3 
axis suppresses slug-mediated cancer metas-
tasis and stemness via inhibition of KRAS/
YAP1 signaling. Oncotarget 2017; 8: 5603-
5618.

[16] Huang TS, Chen YJ, Chou TY, Chen CY, Li HY, 
Huang BS, Tsai HW, Lan HY, Chang CH, Twu NF, 
Yen MS, Wang PH, Chao KC, Lee CC, Yang MH. 
Oestrogen-induced angiogenesis promotes ad-
enomyosis by activating the slug-VEGFaxis in 
endometrial epithelial cells. J Cell Mol Med 
2014; 18: 1358-1371.

[17] Yue B, Ren QX, Su T, Wang LN, Zhang L. ERK5 
silencing inhibits invasion of human osteosar-
coma cell via modulating the Slug/MMP-9 

nisms causing this are not entirely clear. In  
the present study we showed that TGF-β over-
expression increases Slug levels in SCC9 cells. 
Slug-specific siRNA blocked TGF-β-induced 
Matrigel invasion and angiogenesis of SCC9 
cells. Interestingly, Slug-specific siRNA attenu-
ated TGF-β-induced MMP-9 and VEGF expres-
sion, Matrigel invasion and angiogenesis. 
These data demonstrate that TGF-β increases 
MMP-9 and VEGF via Slug signaling, and there-
by contributes to OSCC progression.

In conclusion, we demonstrated that TGF-β 
gene promotes invasion, metastasis and angio-
genesis of human SCC9 cells through upregula-
tion of the MMP-9 and VEGF expression. Future 
studies to investigate the effects of targeting 
TGF-β on OSCC cells in vitro and in vivo. We sug-
gest that control of invasion and metastasis 
through suppression of the TGF-β gene may 
contribute to a novel therapeutic approach 
against OSCC. 
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