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Human Head and Neck Squamous Cell Carcinoma Cells
Are Both Targets and Effectors for the Angiogenic

Cytokine, VEGF
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ABSTRACT

Former vascular endothelial growth factor (VEGF)-head and neck squamous cell carcinoma (HNSCC) studies have focused on VEGF's
contributions toward tumor-associated angiogenesis. Previously, we have shown that HNSCC cells produce high levels of VEGF. We therefore
hypothesized that VEGF serves a biphasic role, that is, pro-angiogenic and pro-tumorigenic in HNSCC pathogenesis. Western blots confirmed
the presence of VEGF’s primary mitogenic receptors, VEGFR-2/KDR and VEGFR-1/Flt-1 in cultured HNSCC cells. Subsequent studies
evaluated VEGF’s effects on HNSCC intracellular signaling, mitogenesis, invasive capacities, and matrix metalloproteinases (MMPs) activities.
Introduction of hiVEGF,¢;5 initiated ROS-mediated intracellular signaling, resulting in kinase activation and phosphorylation of KDR and
Erk1/2. As high endogenous VEGF production rendered HNSCC cells refractory to exogenous VEGF’s mitogenic effects, siRNA was employed,
inhibiting endogenous VEGF production for up to 96 h. Relative to transfection vector matched controls, siRNA treated HNSCC cells showed a
significant decrease in proliferation at both 30 and 50 nM siRNA doses. Addition of exogenous hr'VEGF g5 (30 and 50 ng/ml) to siRNA-
silenced HNSCC cells resulted in dose-dependent increases in cell proliferation. Cell invasion assays showed VEGF is a potent HNSCC
chemoattractant and demonstrated that VEGF pre-treatment enhanced invasiveness of HNSCC cells. Conditioned media from VEGF
challenged HNSCC cells showed a moderate increase in gelatinase activity. Our results demonstrate, for the first time, that HNSCC cells
are both targets and effectors for VEGF. These data introduce the prospect that VEGF targeted therapy has the potential to fulfill both anti-

angiogenic and anti-tumorigenic functions. J. Cell. Biochem. 105: 1202-1210, 2008. © 2008 Wiley-Liss, Inc.
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s ; ascular endothelial growth factor (VEGF) is involved with
every stage of vascular development promoting survival,
migration, specialization, and proliferation of endothelial cells
[Ferrara et al., 2003]. The resulting formation of new blood vessels
and vascular network (neovascularization) is essential for both
normal growth and development and also for sustaining the
progression, invasion and metastasis of solid tumors [Folkman,
1992]. The transition of tumor cells to an angiogenic phenotype,
referred to as the “angiogenic switch,” contributes to the disruption
of balance between angiogenic promoters and inhibitors [Hanahan
and Folkman, 1996]. Experimental and clinical reports confirm that
VEGF plays a central role in regulating angiogenesis and
vasculogenesis in solid tumors and is tightly associated with the
angiogenic switch [Naumov et al., 2006; Ribatti et al., 2007]. This
transition to a pro-angiogenic phenotype has been demonstrated to

be crucial in the progression of oropharyngeal epithelial dysplasia to
invasive head and neck squamous cell carcinoma (HNSCC) [Hasina
and Lingen, 2001; Johnstone and Logan, 2006].

HNSCC is the sixth most common human cancer worldwide with
along-term survival rate of less than 50% [Chin et al., 2006]. Radical
surgery remains the primary treatment modality for carcinomas
of the head and neck [Gourin et al.,, 2005]. The economic,
physiological, and psychosocial impacts of this treatment modality
are substantial, especially in cases where post-surgical disfigure-
ment and/or disability result [Gourin et al., 2005; Chin et al., 2006].
Furthermore, many patients who have had an HNSCC removed
encounter tumor recurrence and/or develop a second primary
HNSCC [Gourin et al., 2005; Chin et al., 2006]. Current research
efforts are accordingly focused towards the discovery of adjuvant
therapies to suppress progression of pre-malignant disease and/or
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inhibit HNSCC recurrence or development of second primaries
[St John et al., 2006]. Growth factors and their receptors are leading
targets for such tumor-directed therapies [Fujita et al., 2007; Sano
et al., 2007; Zhang et al., 2007]. A phase II clinical trial led by Fury
et al. [2007] showed that treatment targeting VEGFR-2 decreased
tumor vascularity in five of seven HNSCC patients.

As a central mediator of angiogenesis, VEGF expression is
increased in many cancers [Ferrara, 2005]. A previous study from
our lab demonstrated that cultured HNSCC cells produced VEGF
levels were appreciably higher than other human cancers and
normal keratinocytes [Rodrigo et al., 2006]. Related studies, which
quantified VEGF expression in HNSCC tumors, failed to show an
association between VEGF secretion and microvessel density
[Moriyama et al., 1997; Artese et al., 2001]. Collectively, these
data suggest that HNSCC-produced VEGF may fulfill other functions
in addition to angiogenic induction [Kyzas et al., 2005]. Like most
cytokines, VEGF isoforms elicit intracellular effects by binding to
and activating their analogous receptors [Olsson et al., 2006]. At
least three receptor tyrosine kinases (RTKs) have been identified for
VEGF; among which, VEGFR-2 (or kinase insert domain-containing
receptor, KDR), is considered the dominant mediator of mitogenesis
in endothelial cells [Kanno et al., 2000]. VEGF receptors were once
thought to be expressed exclusively on endothelial origin cells
[Millauer et al., 1993; Breier et al., 1995]. Recent studies, however,
discovered that human epithelial lineage cancer cells including head
and neck cancers also express VEGFR-1 and/or VEGFR-2 [Neuchrist
etal., 2001; Lalla et al., 2003; Stewart et al., 2003]. Clinical data have
shown that high VEGF levels in HNSCC tumors were positively
correlated with both KDR expression and HNSCC tumor progression
[Kyzas et al., 2005].

VEGFR-1/Flt-1 was found to be associated with mediation of the
“epithelial to mesenchymal transition” (EMT) in human pancreatic
and colon carcinomas [Bates et al., 2003; Yang et al., 2006]. Recent
studies also suggest a phenotypic plasticity, which enhances
invasiveness and ultimately metastasis, exists in some carcinomas.
[Thiery and Chopin, 1999; Gotzmann et al., 2004; Christiansen and
Rajasekaran, 2006]. Expression of genes associated with EMT
has been shown to be one of the most significant molecular
characteristics demonstrated by high-risk HNSCC tumors [Chung
et al., 2006]. Studies from our lab, which showed the angiostatic
agent, endostatin, significantly reduced HNSCC cell migration and
invasion, implied that endothelial-like mesenchymal phenotypic
properties are retained in cultured HNSCC cells [Wilson et al., 2003].

Based on these clinical and experimental data, this study
investigated the hypothesis that HNSCC generated VEGF fulfills a
direct pro-tumorigenic role via autocrine-paracrine HNSCC cellular
effects. Our results, which show VEGF elicits HNSCC intracellular
signaling, stimulates proliferation and induces invasion in HNSCC
cells, support this premise.

CELL CULTURE

Three human HNSCC cell lines (SCC4, SCC9, and SCC15), derived
from squamous cell carcinomas of the tongue, were obtained
from the American Type Cell Culture (ATCC, Manassas, VA). For

expansion, cells were cultured in DMEM/F-12 medium supple-
mented with 10% fetal bovine serum (GIBCO, Grand Island, NY) at
37°C, 5% CO,. Human umbilical vein endothelial cells (HUVECp,
Cascade Biologics, Portland, OR) were cultured in Medium 200
supplemented with LSGS (Cascade Biologics) at 37°C, 5% CO,. In
order to investigate VEGF-specific cellular effects, serum free
medium was used in selected experiments as described.

WESTERN BLOT ANALYSIS

HUVECs or HNSCC cells which had undergone 24 h sera deprivation,
were incubated with (20 min incubation) or without human
recombinant VEGF g5 (h"'VEGF 45, R&D Systems, Minneapolis, MN)
in fresh sera free medium. The cell monolayers were then washed
with ice cold PBS and lysed with M-PER mammalian protein
extraction reagent (Pierce, Rockford, IL) with 1X protease inhibitor
cocktail or 1X phosphatase inhibitor cocktail (Pierce). Total protein
concentrations were detected by Bio-Rad protein assay (Hercules,
CA). Samples containing equivalent amounts of protein were then
separated by SDS-PAGE on 6% or 10% acrylamide/bis gels, and
transferred to Hybond-P PVDF membranes (Amersham, Piscataway,
NJ). Electrophoresis duration was prolonged in experiments
investigating KDR isoforms to achieve a distinctive separation at
high molecular range. Immunoblotting was conducted using
standard methods. Proteins were visualized using the enhanced
chemiluminescence (ECL) system (Amersham) followed by exposure
to CL-Xposure films (Kodak, Rochester, NY). The antibodies and
working dilutions were as follows: Flk-1/KDR mouse monoclonal
antibody (1:200 dilution, Santa Cruz, CA), Flt-1 rabbit polyclonal
antibody (1:200, Abcam, Cambridge, MA), phosphorylated Flk-1/
KDR (Tyr951) rabbit polyclonal antibody (1:200, Santa Cruz), Erk1/2
(p44/42) mouse monoclonal antibody (1:2,000, Cell Signaling Tec.,
Boston, MA), and phosphor-Erk1/2 (phospho-p44/42) polyclonal
rabbit antibody (1:1,000, Cell Signaling Tec.). Kodak 1D3 image
analysis software (Kodak) was employed to perform densitometry
analyses. Data were normalized relative to protein levels of B-actin,
which was probed by a mouse monoclonal antibody (1:1,000, Santa
Cruz).

DETECTION OF INTRACELLULAR REACTIVE OXYGEN SPECIES (ROS)
HNSCC cells (1 x 10*/chamber) were seeded on Lab-Tek chamber
slides (Nalge Nunc Int., Naperville, IL) in serum free DMEM/F12
medium (base medium) and were incubated at 37°C, 5% CO, for 24 h.
The conditioned media were removed, followed by addition of fresh
base medium with PBS (negative control), 0.1 mM H,0, (positive
control) or two doses of h*VEGF,¢s (30 and 50 ng/ml). Chamber
slides were incubated at 37°C for 15 min. Cells were then treated
with 10 pM of ROS detecting probe CM-H, DCFDA (Molecular
Probes, Eugene, OR) and incubated for an additional 5 min.
Generation of intracellular ROS was observed with an Olympus
fluorescence microscope.

SIRNA TRANSFECTION

Pre-designed siRNA against VEGF and FAM™-Labeled GAPDH
siRNA were purchased from Ambion, Inc. (Austin, TX). The sense
sequence for VEGF siRNA is: 5'-GGAGGAGGGCAGAAUCAUCtt-3’
and the antisense sequence is: 5'-GAUGAUUCUGCCCUCCUCCtt-3'.
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The siRNA was mixed with the transfection agent SiPORT
NeoFX (Ambion, Inc.) 10 min before pre-coating the culture plates
at a final concentration of 30 or 50 nM. HNSCC cells were then
seeded at 3 x 10" cells/well in the siRNA pre-coated 24-well plates.
GAPDH siRNA (30 nM) was used as the positive control, and 2 wl/
well of the transfection agent NeoFX alone was used as the negative
control. Transfected cells were incubated at 37°C, 5% CO,, for 24 h.
The conditioned medium of each well was then collected for VEGF
ELISA analyses or replaced by serum free DMEM/F-12 base medium
with or without VEGF for the cell proliferation assay, according to
the experimental plan.

ENZYME-LINKED IMMUNOSORBENT ASSAY

Samples of the conditioned medium obtained at 24, 48, 72, and 96 h
after siRNA transfection were analyzed by ELISA (Human VEGF
DuoSet ELISA Development Kit, R&D Systems) to determine the
concentration of VEGF protein secreted by HUVEC and HNSCC cells.
Results are expressed as pg/10* cells with cell numbers determined
as described in the following section.

VEGF INDUCED CELL PROLIFERATION

Twenty-four hours after siRNA transfection, HNSCC cells were
stimulated with O (control), 30, or 50 ng/ml hrVEGF,es in fresh
serum free base medium. Every 24 h, conditioned media were
removed, followed by addition of fresh base media with the
appropriate treatment to the 24-well plates. Each experimental
group had at least four replicate wells. HUVECs were used as positive
controls to validate h7VEGF65's mitogenic activity. Cell numbers
were determined using the methylthiazoyltetrazolium chloride
(MTT) assay (CellTiter Non-Radioactive Cell Proliferation Assay,
Promega, Madison, WI). Cell harvest time points were: 0, 24, 48, and
72 h after hrVEGF 5 stimulation. A matched cell line specific
standard curve was run concurrently with each assay.

CELL INVASION ASSAY

Following 24 h sera deprivation, conditioned media were removed
and HNSCC cells were incubated with fresh serum free base medium
(negative control), 10% FBS supplemented base medium (positive
control), or pre-treated with 100 ng/ml hrVEGF 45 for an additional
24 h prior to the cell invasion assay (InnoCyte cell invasion Kkit,
Calbiochem, San Diego, CA). Cells (4 x 10*/well) were then seeded in
the upper chambers with fresh serum free base medium. Ten percent
FBS or 100 ng/ml h#VEGF 45 were added to selected lower chambers
as chemoattractants. The invasion plates were then incubated at
37°C, 5% CO, for 48 h. A standard curve consisting of cell line
matched cells was run concurrently with each assay for determina-
tion of invaded cells.

MMP2 AND MMP9 ZYMOGRAPHY

Twenty-four hours sera deprived HNSCC cells (1 x 107) were grown
in fresh sera free base medium with or without 100 ng/ml h*VEGF ;45
for an additional 24 h. Conditioned media were then collected and
clarified by cold centrifugation at 1,000g for 10 min. Sample media
with or without 2 h pre-incubation of the pro-MMP activator
p-aminophenylmercuric acetate (APMA, 1 mM, Calbiochem) were
separated by a 7.5% non-reducing SDS-PAGE gel copolymerized
with 0.1% gelatin. The gelatinolytic activities were analyzed as

described previously [Pei et al., 2006]. Densitometry analysis was
performed by Kodak 1D3 image analysis software.

STATISTICAL ANALYSIS

siRNA and cell invasion data were analyzed by one way ANOVA
followed by Tukey-Kramer multiple comparisons test. Analysis of
the cell proliferation data were conducted using the unpaired #-test.
Graphpad InStat 3 (Graphpad Software, Inc., San Diego, CA)
software was employed for the statistical analyses. The level of
significance was established at P < 0.05.

CULTURED HNSCC CELLS RETAIN VEGFR-2/KDR

AND VEGFR-1/FLT-1

The primary translational product of KDR is a 150 kDa immature
protein. During post-translational processing, KDR protein is rapidly
glycosylated to a 200 kDa intermediate form. The functional
mature KDR is a fully glycosylated cross-membrane protein with a
molecular weight of 230 kDa [Takahashi and Shibuya, 1997].
Western blots conducted on three HNSCC cell lines demonstrated the
presence of KDR (both immature and intermediate forms) and Flt-1.
Relative to HNSCC cells, HUVECs were found to contain higher
levels of the immature KDR (150 kDa) protein. One HNSCC cell line
(SCC4) demonstrated higher levels of Flt-1 compared to HUVECs
(Fig. 1A,B).

hrVEGF, g5 INCREASES PHOSPHORYLATED LEVELS OF KDR AND
ERK1/2 IN HNSCC CELLS

Introduction of hrVEGF ¢5 (100 ng/ml) to HNSCC cells increased
phosphorylated levels of KDR relative to the PBS matched negative
controls in every cell line evaluated (Fig. 2A). Increased

A HUVEC SCC4 SCCY SCC15
Glycosylated

T e
200 kDa . -
Immature
150 kDa H n =< KDR
_ Actin
43 kDa R = e
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— = -
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Fig. 1. Cultured HNSCC cells retain possession of VEGFR-2/KDR and VEGFR-
1/FIt-1. A,B: Three HNSCC cell lines, SCC4, SCC9, and SCC15, were screened for
the cytoplasmic production of KDR and FIt-1 proteins by Western blot. HUVECs
were included as the positive control.
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Fig. 2. VEGF induced phosphorylation of KDR and Erk1/2 in cultured HNSCC
cells. A,C: HUVECs and 24 h serum deprived HNSCC cells were challenged with
PBS (negative control) or 100 ng/ml VEGF for 20 min in serum free media.
Western Blot analyses were then conducted to determine phosphorylated and
total levels of KDR and Erk1/2. hiVEGF,gs activated intracellular kinases,
resulting in increased phosphorylated ratios of KDR and Erk1/2. Densitometry
analyses results were demonstrated in panels B,D,E, respectively.

phosphorylated Erk1/2 levels were also observed in two of
three HNSCC cell lines (SCC4 and SCC9) in response to VEGF
stimulation (Fig. 2C). In contrast, SCC15 cells showed high
baseline levels of phosporylated Erk1/2 and demonstrated a decrease
in Erk1/2 phosphorylation following VEGF introduction (Fig. 2C).

Densitometry analyses revealed cell line specific differences in
phosphorylation ratios of KDR and Erk1/2 following VEGF
challenge (Fig. 2B,D,E). Of all cell lines evaluated, SCC4 was
unique with regard to the high extent of VEGF-mediated kinase
activation.

ADDITION OF HRVEGF, g5 INITIATES INTRACELLULAR REACTIVE
OXYGEN SPECIES (ROS) GENERATION IN HNSCC CELLS

Recent studies show that VEGF induces rapid increase in the
intracellular generation of ROS via activation of VEGFR-2/KDR in
endothelial cells [Colavitti et al., 2002]. We have asked whether
VEGF has a similar effect on epithelial origin HNSCC cells. Our data
revealed that VEGF induced comparable fluorescence intensities as
the positive control H,0, in all HNSCC cell lines (Fig. 3).

hrVEGF, g5 INCREASES HUVECS CELL PROLIFERATION

To confirm the functional activity of hrVEGF 5, we first evaluated
its mitogenic effects on HUVECs, which are established as VEGF
target cells [Kanno et al., 2000]. Introduction of hrVEGF 45 to
HUVEGCs significantly increased cell proliferation compared to the
control HUVECs, which received base medium only (Fig. 4A).
Based on the preliminary experiments to optimize the effective
doses of h*VEGF 45 (data not shown), we selected two VEGF doses,
30 and 50 ng/ml, to be used in the subsequent HNSCC cell
proliferation studies.

ROS Probe (CM-H,DCFDA) Staining

0.lmM
H,0,

30ng ml
VEGF

PBS

Bright Field (200X)

Fluorescence (200X)

Fig. 3. Introduction of hVEGF,g5 initiated release of intracellular reactive
oxygen species. HNSCC cells were seeded on chamber slides and incubated at
37°C, 5% CO, for 24 h in serum-free medium. 0.2 mM H,0, (positive control),
30 ng/ml hiVEGF, g5 or equal volume of PBS (negative control) were then added
to the chambers and incubated for 15 min, followed by 5 min staining of
10 wM CM-H, DCFDA. Increases in fluorescence intensities reflect intracellular
probe oxidation.
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Fig. 4. Endogenous VEGF renders HNSCC cells refractory to exogenous VEGF. A: Human umbilical vascular endothelial cells (HUVECs) served as positive control in this study to
validate h'VEGF;g5's functional activity. Experimental groups were treated with h’VEGF, g5 containing medium versus control group received base medium alone. B: Serum
deprived non-siRNA-silenced HNSCC cells were challenged with fresh hVEGF, g5 every 24 h. Control group received serum free base medium only. C: HNSCC cells were
transfected with different concentrations (0, 30 and 50 nM) of anti-VEGF siRNA and incubated at 37°C, 5% CO,. ELISA and MTT assay were performed every 24 h after
transfection to determine the amount of VEGF production (presented as picogram per 10* cells) in the conditioned medium. Values were then normalized to the percentage of
negative control for comparisons. D: Impact of VEGF silencing on HNSCC cell proliferation. [Data collected from three HNSCC cell lines, mean + SE,n = 12.*P < 0.05; /P < 0.01;
#P<0.001, compared with the control group (Tukey-Kramer multiple comparisons test).]

following transfection. Though the silencing effect diminished over
time due to cell proliferation, VEGF inhibition remained >45.9% at
96 h after transfection (Fig. 4C).

ENDOGENOUS VEGF PRODUCTION RENDERS HNSCC CELLS
REFRACTORY TO EXOGENOUS VEGF

As we previously reported, HNSCC cells produce and secrete
abundant endogenous VEGF [Rodrigo et al., 2006]. Accordingly, our
results showed introduction of h*VEGF, 45 to HNSCC cultures did not
promote cell proliferation (Fig. 4B). These data suggested that high
endogenous VEGF production minimized the effects of exogenous
VEGF.

BLOCKING VEGF EXPRESSION DECREASES HNSCC

CELL PROLIFERATION

Relative to the negative control group, which received the empty
transfection vector alone, cell proliferation was significantly
decreased in VEGF-silenced HNSCC cells (Fig. 4D). The greatest
suppression of cell growth was observed 96 h after siRNA
transfection (22.2% and 23.5%, respectively, for the 30 and
50 nM groups).

PRE-DESIGNED SIRNA AGAINST VEGF SUCCESSFULLY INHIBITED
ENDOGENOUS VEGF PRODUCTION IN HNSCC CELLS

HNSCC cells were successfully transfected with the FAM-labeled
siRNA (>95%) with assistance of a lipid-based transfection agent,

NeoFX (Fig. 5A,B), and the fluorescence signal of siRNA sustained hrVEGF,ss PROMOTES CELL PROLIFERATION OF VEGF-SILENCED

for more than 96 h. We then transfected the HNSCC cells with pre-
designed VEGF siRNA, and determined the amount of VEGF protein
(ELISA) per 10" cells (MTT assay), 24, 48, 72, and 96 h after
transfection. VEGF production was significantly suppressed by
siRNA in all three HNSCC cell lines, and the most prominent
inhibition effect was obtained at 48 h (up to 53.5% inhibition)

HNSCC CELLS

A significant dose-dependent increase in siRNA-silenced HNSCC
cells was observed upon VEGF treatment. Both the amount of siRNA
transfected and the amount of VEGF introduced subsequently
affected HNSCC proliferation. As can be appreciated in Figure 5C,D,
the greatest increase in HNSCC cell growth was observed in cells that
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Human recombinant VEGF; g5 promoted HNSCC cell proliferation following suppression of endogenous VEGF production. A,B: HNSCC cells were successfully transfected

with NeoFX/FAM-labeled siRNA (72 h after transfection, 200x). C: Serum deprived HNSCC cells were pre-treated with 30 nM siRNA to inhibit the endogenous VEGF production
24 h prior to exogenous hVEGF, g5 stimulation. D: HNSCC cells were pre-treated with 50 nM siRNA. Cell proliferation was determined using the MTT assay. Data of cell numbers
from three HNSCC cell lines were normalized to percentage of control group and combined for statistic analysis (mean = SE, n =20); *P < 0.05; (unpaired t-test).

received 50 nM siRNA + 50 mg/ml VEGF. In all groups, h#VEGF 45's
pro-proliferative effects on VEGF-silenced HNSCC cells increased
over time.

VEGF IS COMPARABLE OR SUPERIOR TO 10% FBS AS AN HNSCC
CELLULAR CHEMOATTRACTANT

In this component of the study, we explored the role of hrVEGF ;5 in
HNSCC cell migration and invasion through a synthetic basement
membrane. Our data demonstrate that 100 ng/ml hrVEGF 45 exerted
equivalent or greater chemoattractive effect relative to 10% FBS in
all three HNSCC cell lines (Fig. 6). Also apparent from the data
depicted in Figure 6 is the marked heterogeneity among the three
tested HNSCC cell lines with regard to invasive capacity.

PRIOR EXPOSURE TO HRVEGF,ss ENHANCES HNSCC CELL
INVASIVENESS IN TWO HNSCC CELL LINES

Two HNSCC cell lines (SCC4 and SCC15) demonstrated significantly
increased invasive capacity following a 24 h 100 ng/ml hrVEGF s
pre-treatment with VEGF as the chemoattractant relative to all other
groups (negative control, 10% FBS chemoattractant, 10% FBS pre-
treatment plus 10% FBS chemoattractant, and 100 ng/ml VEGF
chemoattractant alone) (Fig. 6). Cell invasion was increased by
118.8% and 89.6%, respectively in SCC4 and SCC15 cells, compared

HNSCC Cell Invasion Assay

5000 5
T
. 4000 o O Serum Free Medium
2 0 10%FBS without FBS pre-treatment
E 10%FBS with 24h FBS pre-treatment
E S0 @ 100ng/ml VEGFwithout VEGF pre-treatment
8 B 100ng/ml VEGF with 24h VEGF pre-treatment
£ 2000
R
>
=
1000 S
0 - T
SCC15 SCCY
Fig. 6. hVEGF,gs is a potent chemoattractant for HNSCC cells. Five experi-

mental groups for each cell line were included in the cell invasion assay: (1)
negative control, 72 h serum deprived HNSCC cells in the insert chamber with
SF medium in the lower chamber; (2) positive control, 72 h serum deprived cells
with SF medium + 10% FBS in the lower chamber serving as chemoattractant;
(3) positive control, 48 h serum deprived and 24 h 10% FBS pre-treated cells
with 10% FBS chemoattractant; (4) 72 h serum deprived cells with 100 ng/ml
VEGF chemoattractant; (5) 48 h serum deprived and 24 h 100 ng/ml VEGF pre-
treated cells with 100 ng/ml VEGF chemoattractant. Invaded cell numbers were
determined after 48 h incubation relative to a cell line matched standard curve
(mean 4 SE, n =4 for each group. “P< 0.05, “*P< 0.01, /P < 0.001, Tukey-
Kramer multiple comparisons test).
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with the group that received VEGF only as a chemoattractant
(Fig. 6).

hrVEGF,; g5 MODESTLY INCREASES GELATINASES RELEASE BY
HNSCC CELLS

To explore potential mechanisms whereby VEGF enhances HNSCC
invasiveness, we evaluated the release of the basement membrane
degrading gelatinases MMP2 and MMP9 (Matrix Metalloprotei-
nases) in conditioned media following VEGF stimulation. Gelatin
zymography results showed a cell line associated release pattern of
both latent and active MMP2 and MMP9 (Fig. 7A,C). As would be
anticipated, introduction of APMA resulted in significant conver-
sion of pro-MMPs to their respective activated isoforms (Fig. 7A,C).
Release of the latent pro-MMP2 was increased by 4.30% and 8.54%
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83— Active-MMP9
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£ adba 280 | o
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Fig. 7. Treatment of HNSCC cells with hVEGF,¢5s modestly increased gela-
tinase release. A,C: HNSCC cells (SCC4 and SCC15) were serum deprived for
48 h followed by fresh treatment of serum-free medium with or without
presence of 100 ng/ml VEGF for 24 h. In selected groups, the conditioned
media were pre-incubated with the pro-MMP activator, APMA, for 2 h. Gelatin
zymography were then conducted to demonstrate released gelatinases (MMP2
and MMP9) levels in the conditioned media. B,D: Densitometry analyses were
performed using Kodak 1D3 image analysis software.

in SCC4 and SCC15 respectively after 24 h VEGF treatment. VEGF’s
modulation of pro-MMP9 release was cell line dependent, as VEGF
increased SCC15 pro-MMP9 by 5.60% while decreased its release by
3.66% in SCC4 (Fig. 7B,D).

The assumption of mesenchymal phenotypic properties via the EMT
by carcinomas enhances cell invasion and facilitates cancer
progression [Thiery and Chopin, 1999; Gotzmann et al., 2004;
Christiansen and Rajasekaran, 2006; Chung et al., 2006]. Our lab
previously reported that the angiostatic agent, endostatin, which
was presumed to target endothelial cells, also significantly inhibited
HNSCC cell migration and invasion [Wilson et al., 2003]. Similarly,
in this current study, we demonstrated that HNSCC cells exhibit an
“endothelioid” phenotype, as these cells serve as both effectors and
targets of VEGF. Our data, in conjunction with clinical evidence
which shows retention of VEGF receptors in HNSCC tumors [Lalla
et al., 2003; Kyzas et al., 2005], imply that a plasticity in the HNSCC
phenotype underlies, at least in part, its aberrant progression,
invasion, and metastasis.

Due to its multifaceted biologic functions, VEGF is regarded as an
important tumor promoter [Folkman, 1992]. Doses of VEGF used in
this study, which ranged from 30 to 100 ng/ml (approximately 1.5-5
nM), were selected based on the results of our preliminary
experiments. h*VEGF 45 (293-VE/CF, R&D, same as used in this
current study) has been shown to have a wide bioactivity range
[0.05-250 nM (1-5,000 ng/ml)] with a maximum effect at 25 nM
(500 ng/ml) on HUVECs, as reported by Pan et al. [2007].

The delineation of KDR and Flt-1’s distinctive roles in VEGF
signaling in cancer cells remains elusive. Studies employing breast
cancer cells revealed that both KDR and Flt-1 may have the potential
to activate downstream kinases in the VEGF intracellular signaling
cascade [Huh et al., 2005; Weigand et al., 2005; Wu et al., 2006; Lee
et al., 2007]. Our data demonstrated that SCC4 cells, which have
highest level of Flt-1 and greatest levels of KDR activation, are also
most responsive to VEGF in the cell invasion assay. These data
strongly imply a potential co-contributory role for Flt-1 in
conjunction with KDR towards augmentation of the HNSCC cellular
aggressive, invasive phenotype. Studies are ongoing to further
characterize this VEGF-associated signaling mechanism in HNSCC
cells. Furthermore, we speculate that the high ‘“baseline” phos-
phorylated Erk1/2 in non-siRNA silenced SCC15 cells reflects
endogenous VEGF production rendering these cells relatively
refractory to signaling induction by exogenous VEGF.

The contribution of ROS as intracellular signaling mediators is an
area of intense investigation [Finkel, 1998; Rhee et al., 2000].
Introduction of VEGF induces intracellular ROS generation in
endothelial cells [Colavitti et al., 2002]. Reciprocally, intracellular
levels of ROS may also regulate VEGF expression [Xia et al., 2007].
Our data, which show VEGF initiated comparable ROS generation in
HNSCC cells as H,0,, imply that ROS function in the VEGF
receptor(s)-mediated signaling pathway(s) in HNSCC cells.

Our results showed that HNSCC cell proliferation was significantly
decreased by VEGF siRNA silencing; implying the presence of an
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autocrine-paracrine VEGF growth loop. Similarly, down-regulation
of VEGF expression also induced apoptosis and decreased cell
proliferation in some breast cancer cell lines [Weigand et al., 2005;
Lee et al., 2007]. Furthermore, once endogenous HNSCC VEGF
production was reduced by siRNA, a dose-dependent, exogenous
VEGF-mediated increase in cell proliferation occurred. While
statistically significant, the actual percentage changes in cell
proliferation induced by VEGF were relatively modest, which likely
reflects the contribution of multiple growth factors in HNSCC cell
proliferation. These findings suggest that in addition to its angiogenic
function, VEGF fulfills other roles by maintaining proliferation,
enhancing survival, and increasing invasion of carcinomas.

VEGF was found to have similar or greater chemoattractant
efficacy as 10% FBS in all HNSCC cell lines evaluated. Pre-treatment
with VEGF increased the abilities of two of three HNSCC cell lines to
invade a synthetic basement membrane. Gelatin zymograghy,
however, did not demonstrate the anticipated comparable increase
of the basement membrane degrading gelatinases MMP-2 or MMP-
9. These data imply that VEGF pre-treatment may concurrently up-
regulate additional enzymes such as the membrane-bound
metalloproteinases (MT-MMPs), which are critical for invasion of
basement membranes and have been revealed to be expressed in
HNSCC cells and tumors [Bassi et al., 2003]. The complexity of the
parameters that affect HNSCC invasion were demonstrated by
previous investigations from our lab [Wilson et al., 2003; Pei et al.,
2006]. While N-acctylcysteine-mediated inhibition of gelatinase
activation and function suppressed HNSCC invasion [Pei et al.,
2006], introduction of a tropomysin binding agent (endostatin)
[Wilson et al., 2003] was necessary to maximally inhibit HNSCC
invasive capacity. Based on our previous and current findings, we
speculate that VEGF’s pro-invasive effects reflect upregulation of
multiple, complementary functions including augmentation of
basement membrane invasion and enhancement of cell motility,
necessary for cell invasion. Consequently, studies to assess VEGF’s
effects on HNSCC gene expression profiles are ongoing.

Interestingly, unlike the cell proliferation assay, non-siRNA treated
HNSCC cells exhibited significantly increased intracellular signaling and
invasiveness in response to exogenous VEGF. We propose two possible
reasons for these findings. Firstly, due to the short duration (<30 min) of
the signaling assays, there is insufficient time for accumulation of
endogenous VEGF to render these cells refractory to exogenous VEGF.
Secondly, as VEGF’s chemoattractive and mitogenic roles are distinct;
the corresponding signaling pathways are likely different.

In conclusion, our results demonstrate that in addition to its
paracrine function essential for tumor-associated angiogenesis, VEGF
also plays an important autocrine function by directly enhancing
HNSCC cell mitogenesis and invasiveness. These data introduce the
prospect that agents, which interfere with HNSCC VEGF production
and responsiveness could have a biphasic therapeutic effect by
concurrently reducing angiogenesis and HNSCC tumorigenesis.
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