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Abstract: Overexpression of Vascular Endothelial Growth Factor (VEGF) has been associated with increased
anglogenesis, tumor growth and metastasis m tumors. Fibroblast Growth Factor Receptor 3 (FGFR3) acts as an
oncogene m several tumor types, including multiple myeloma, bladder cancer and cervical cancer. Our previous
studies have shown that inhibition of FGFR3 caused down regulation of VEGF in multiple myeloma. In order
to better understand the molecular mechanism of FGFR3 and VEGF, L6 cells lacking any endogenous FGFR were
stably transfected with FGFR3 at the present study. The FGFR3 expression was validated by Northemn blot and
Western blot. Compared with parental L6 cell and L6V (transfected with vector only), L6 cells with stably
transfected FGFR3 showed overexpression of VEGF. [’H] Thymidine uptake and CellTiter 96 Aqueous One
Solution cell proliferation assay demonstrated that DNA synthesis and cell proliferation were increased in
FGFR3 expression L6 cells. These observations indicate that FGFR3 might be associated with regulation of
VEGF, suggesting that combimations of mhibition of VEGF and mtubition of FGFR3 may have an advantage for
the treatment of FGFR3 overexpression neoplastic disease.
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INTRODUCTION

Fibroblast Growth Factor Receptor 3 (FGFR3) 15 a
membrane spanning tyrosine kinase that serves as a high
affinity receptor for Fibroblast Growth Factors (FGFs)
(Martin, 1998). FGFR3 contains three glycosylated
extracellular immunoglobulin-like (Ig-like) domains, a
Transmembrane (TM) domaimn and a spht mtracellular
tyrosine kinase domain. FGFR3 is highly expressed in the
cartilage growth plates, skin and central nervous system
mn a developing mouse. In adult tissues, it 1s detected in
the bram, kidneys, testes and resting cartilages. Under
ligand stimulation, FGFR3 undergoes dimerization and
tyrosine  autophosphorylation, resulting in
proliferation, differentiation and migration n many
different tissues. Depending on the cell context, this is
achieved through different signal transduction pathways
(Kanai et al., 1997, Chest et al., 2001).

The t (4;14) (pl6,q32) translocation occurs 1n
approximately 20% of Multiple Myeloma (MM) cells and
tumors (Chesi et ol., 1997). This translocation results
in ectopic expression of functional FGFR3 and

cell

promotes myeloma cell proliferation and prevents
apoptosis (Plowright et al., 2000). Cappellen et al. found
expression of a constitutively activated FGFR3 m a large
proportion of 2 common epithelial cancers, bladder and
cervix (Cappellen et al., 1999). These evidences indicate
an oncogenic role for FGFR3 in carcinomas. Our previous
results showed that miubition of FGFR3 will decrease
(VEGF) expression when we compared the gene
expression profiles of FGFR3 inhibited samples with those
of control samples in OPM-2 MM cells using microarray
analysis (Zhu et al., 2005). This phenomena also exist in
the KMS-11 MM cell line (Qian et al., 2005).

VEGF is a key mediator of tumor angiogenesis
(Folkman, 1995). VEGF mediates its activity mainly via
2 Receptor Tyrosine Kinases (RTKs): Flt-1 and KDR.
These receptors are localized on the cell surface of
various endothelial cell types. Over-expression of VEGF
has increased angiogenesis,
tumor growth and metastasis m solid tumors as

been associated with

well as in hematologic malignancies (Folkman, 1995;
Holmgren et al., 1995, Hanahan et al., 1996; Fidler and
Ellis, 1994, Kim et al., 1993; Dankbar et al., 2000,
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Bellamy et al, 1999, Podar et al, 2001,
Tartaglia et al, 2001). In MM, studies showed that
bone marrow angiogenesis increases with progression
from Monoclonal Gammopathy of Undetermined
Significance (MGUS) to nonactive MM to active MM
(Vacca et al., 1999, 1994). Importantly the angiogenic
factor VEGF 18 secreted by MM cells as well as bone
marrow stromal cells. VEGF, in addition to stimulating
bone marrow angiogenesis, also plays an important role
in both autocrine and paracrine growth of MM
cells and that cormrelates with disease progressionand
poor prognosis (Vacea et al., 1999; Ribatti et al., 1999).
In order te better understand the meolecular
mechamsm of FGFR3 and VEGF mvolvement in the
pathogenesis of oncogenesis, we analysis VEGF
expression in L6 cell line, which has no endogenous
FGFRs, by stable transfection with plasmid pcDNA3
containing full-length ¢DNA encoding FGFR3. Present
results revealed FGFR3 expression increase cell
proliferation and up-regulate VEGF expression.

MATERIALS AND METHODS

All experiment was conducted at City of Hope National
Medical Center between June 2004 to March 2005
Expression vector construction: A vector contaimng full-
length human FGFR3 cDNA was a gift from Dr. Podolsky's
lab. To construct FGFR3 expression vector, a Hind
II/Kpn 1 fragment was released from the vector
containing full-length FGFR3 ¢cDNA to remove the 3’
untranslated region. This fragment was subsequently
ligated mnto a Hind II/Kpn [-digested pcDNA3 plasmid
(Tnvitrogen, San Diego, CA).

Cell culture and transfection: The L6 rat myoblast cell
line devoid of endogenous FGFR was cultured in
Dulbecco’s modified Eagle’s medium (Cellgro, Mediatech
Inc., Hemndon, VA) with 100 IU mL™ penicillin,
100 pg mL™" streptomycin and 10% fetal calf serum
(Sigma). Cells were transfected using Lipofectin (Life
Technologies, Inc.) with 1 pg of pcDNA3 plasmid
contaimng full-length human cDNA encoding FGFR3 and
peDNA3  plasmid only. Stable transfectants were
established by selection in medium supplemented with
800 ug mL.~ G418 (Life Technologies, Inc.) for 3 weeks.
This clone was designated L6F. The clone contaiming the
peDNA3 vector only was designated L6V,

KMS-11 cell line characterized by the t (4;14) and
FGFR3 overexpression was kindly provided by Dr. P. Lief
Bergsagel. Cells were cultured in RPMI 1640 medium
supplemented with 10% Fetal Bovine Serum (FBS), 1%
(v/v) penicillin and streptomycin (100 pug mL™") and
maintained at 37°C in a 5% CO, atmosphere.
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Northern analyses: Total cellular RNA was extracted from
cells and Northern blot analysis was performed. RNA was
separated on a 1% agarose gel and then transferred
to a Hybond-N membrane. The filter was then probed with
*P-end-labeled cDNA fragment of human FGFR3. The
filter was exposed to X-ray film and relative amounts of
mRNA were quantitated by densitometer tracing of the
autoradiogram.

Antibodies and Western Blot analysis: Human anti-VEGF
polycolonal antibody was purchased from ZYMED (San
Francisco, CA) and anti-FGFR3 polyclonal antibody,
which recognizes the C-terminal FGFR3, was purchased
from Santa Cruz Biotechnology (Santa Cruz, CA).

Cells were harvested, washed with ice-cold PBS and
lysed mn RIPA buffer (1xPBS, 1% NP40, 0.5% sodium
deoxycholate, 0.1% SDS) with freshly added inhibitors
{100 ug mL™" phenylmethylsulfonyl fluoride (PMSF),
1 mM sodium orthovanadate and 30 pl mL ™" aprotinin).
The samples were separated on 7.5% sodium dodecyl
sulfate-polyacrylamide gel by loading equivalent amounts
of protein. After electrophoresis, the proteins were
transferred to a PVDF membrane (Amersham Pharmacia
Biotech). The membrane was incubated with antibodies.
The immunoblots were detected by the Western-Light™
system (Applied Biosystems. Fpster City, CA). PVDF
membranes were stripped and reprobed with ¢-tubulin as
loading control. Values of the relative amounts of protein
were determined by the densities of the bands using
Image Quant version 5.2.

Immunohistochemical analysis: Cells were trypsinized
and washed with PBS. The cells were then {rozen in -70°C
as a tissue block . In brief, frozen sections (5 um) were cut,
transferred onto poly-L-lysine-coated slides, air-dried and
then washed in PBS, followed by quenching of
endogeneous peroxidase activity with 0.3% hydrogen
peroxide in methanol. After being further rinsed with PBS,
the sections were incubated with normal goat serum for
20 min at room temperature to block nonspecific binding
and then incubated with primary anti-VEGF antibody at a
1:75 dilution for 14 h at 4°C. After being washed in 0.2%
Triton X-100 m PBS, the sections were further incubated
with biotinylated anti-rabbit IgG for 30 min at room
temperature and then washed mn 0.2% Triton X-100 n PBS.
After the addition of streptavidin-biotin-conjugated
peroxidase and mcubation for 30 min at room temperature,
the sections were washed in 0.2% Triton X-100 in PBS and
the localization of the proteins was visualized by
incubating the sections with 3,3’- diaminobenzidine. The
slides were counterstained with Mayer’s hematoxylin,
dehydrated in a graded alcohol series, cleared in xylene
and mounted.
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DNA-synthesis assay: The effects of FGFR3 fransfection
on DNA syntheses were determined by measuring the
incorporation of radiolabeled thymidine into the nucleic
acids of cells. 1x10° cells/well were plated into 6-well
plates and incubated at 37°C in a 5% CO, atmosphere.
After 24 h, the cells reached about 70% confluence,
0.1 pM [*H] thymidine (0.5 pCi/mL) were added and
incubated for 1 h at 37°C, then washed with ice-cold PBS.
The nucleic acids were precipitated with ice-cold 10%
Trichloroacetic Acid (TCA) and collected on Whatman
GF/C filters. The filters were then washed 3 fimes
with 5 mL ofice-cold 10% TCA followed by 2 washes with
95% ethanol, dried and incubated with 0.25 mL of 4 N HCI
at 65°C for 1 h. The samples were then neutralized by
addition of 0.4 mL of 2.5 N NaOH. After addition of 5 mL
of scintillation fluid, the radioactivity in each sample was
quantified by scintill ation spectrometry.

Cell proliferation assay: CellTiter 96 Aqueous One
Solution Cell Proliferation Assay Kit (Promega, Madison,
WI, USA) were uzed to further validate cell proliferation.
Briefly, 2,000 cells/well were seeded in quadruplicate in
96-well plates. Day 1, 2, 3 and 4 after plating, 20 pL of
CellTiter 96 Aqueous One Solution Reagent were added
into each well followed by a 2 h incubation at 37°Cin a
humidified, 5% CO2 atmosphere. The absorbance at
490 nm was recorded using a microplate autoreader
(Bio-Tek instruments).

Enzyme linked immunosorbent assay: The cells were
collected and washed three times with 2 mL PBS. Under
gonication, the proteing were extracted from each
gample and then analyzed by VEGF-enzyme-linked
immunosorbent assays (ELISA) according to the
manufacturer’s protocol (R and D Systems, Minneapolis,
MN). Briefly, 96-well plates were coated with anti-human
VEGF antibody, rinsed and blocked with phosphate-
buffered saline (PBS), 1% bovine serum albumin (BSA),
5% sucrose and 0.05% NaN3 for 2 h. After washing,
sample or standards were added to the wells and
incubated for 2 h at Room Temperature (RT). The wells
were rinsed again and biofinylated anti-human VEGF
antibody was added for 2 h at RT. After a further
washing step, the wells were incubated with streptavidin
horseradish peroxidase for 20 min at RT andrinsed again.
The reaction was started by the addition of H,O, and
tetramethylbenzidine for 30 min at RT. After stopping the
reaction with 1 M H,S0O, the optical density of each well
wasg detected by means of a microplate autoreader at 450
nm. Each well was analyzed in triplicate.

RESULTS

FGFR3 expression in L6 cells: The L6 rat myoblast cell
line has been used in this study because this cell line

does not express any endogenous FGFRs. L6 cells were
stably transfected with plasmid pcDNA3.1 containing
full-length ¢cDNA encoding FGFR3. Stably transfected
clones were selected after prolonged culture in selection
medium and designated as L6F (L6 cells expressing
FGFR3) or L6V (L6 cells expressing vector only). The
expression of FGFR3 was confirmed by Northern blot and
Western blot. Az shown in Fig. 1A, parental L6 cells and
L6V clone demonstrated no detectable level of FGFR3
mRNA. Whereas, L6F transfectant expressed higher levels
of FGFR3, but was relatively lower than KMS3-11 cells,
which are characterized by the t(4;14) and FGFR3
overexpression (Chesi ef al., 1997) and used as positive
control in this study. The protein expression of FGFR3
from cell lysates using an antibody that recognizes the
carboxyl terminus of FGFR3 demonstrated that FGFR3
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Fig. 1: Expression of FGFR3 in L6F Clone. L6 cells,lacking
endogenous FGFR3, were ftransfected using
Lipofectin with pcDNA3.1 plasmid containing full-
length human ¢DNA encoding FGFR3. (A)
Northern blot analysis revealed the expression of
the FGFR3 mRNA in the L6F clone. The arrows
indicate mRNA from the endogenous FGFR3 (top)
and the fransfected FGFR3 (bottom). 285 rRNA
and 185 rRNA were used as loading control. (B)
Western blot analysis revealed the expression of
FGFR3 protein in L6F clone. a-tubulin was used ag
loading control. KMS-11 cells were used as a
positive control
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Fig 2: Effect of FGFR3 on DNA synthesis and cell
proliferation. {A) [*H]-Thymidine incorporation
was used to determine the effect of FGFR3 on
DNA synthesis. Data represent means and SDs for
triplicate experiments. (B) CellTiter 96 Aqueous
One Solution reagent were used to fest cell
proliferation. Each point represents the mean+SD
of quadruplicate. Statistical significance was
determined by t-testt *p<0.05, **p<0.01 as
compared with L6 control

protein was indeed present in L6F clones but not in
parental L6 Cells and L6V clones (Fig. 1B). This result was
consistent with Northern blot analysis.

FGFR3 induces proliferation in L 6F clone: To determine
whether FGFR3 expression has effects on 1§ cells,
we then examined whether FGFR3 induced thymidine
incorporation in DNA synthesis. As shown in Fig. 2A,
L6F significant increased thymidine incorporation to 2
fold compared with parental L6 cells whereas [H]
thymidine uptake almost didnot change in the L6V clone
compared with parental L6 cells. To further wvalidate
FGFR3 expression induced L6F cell proliferation, CellTiter
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Fig. 3: Expression of VEGF Protein in L6F Clone. (A)
Western blot analysiz and quantitative ratio were
examined with anti-VEGT antibody and a-tubulin
control as described in materials and methods. (B)
The level of VEGF protein was measured by
ELISA. Each experiment was performed in
triplicate. Results are presented az {meant SD).
*p<0.05, t-test, compared with L6 control
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96 Aqueous One Solution Cell Proliferation Assay was
conducted. As shown in Fig. 2B, L6F cells exhibited
enhanced proliferation compared with L6 and L&V.

VEGF expression was increased in the L6F clone: To
asgess wWhether FGFR3 changes VEGF expression,
parental 16 cell, L6V and L6F cells were harvested and
VEGF protein expression were tested. As shown in
Fig. 3A, VEGF expression was increased compared to L6
cells and L6V clones uzing Western blot. To further
validate the increase of VEGF, we performed VEGF ELISA
analyses to quantitate VEGF from cell lyzates and found
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LoV

Fig. 4: Immunohistochemical analysis of VEGF. Immunohistochemistry examined by antibody was performed as

described in materials and methods. L6F showed significant increase of VEGI expression while there was no
significant difference between L6 and L6V (magnification: 400%)

2.5-fold mncrease n the L6F clone compared to parental L6
cells (Fig. 3B). Immunohistochemistry also showed that
VEGF staining in the L6F clone was greater than in L6 or
L6V (Fig. 4). These results clearly suggest that FGFR3
over-expression will up-regulate VEGF expression.

DISCUSSION

VEGF 1s a key mediator of tumor angiogenesis.
Overexpression of VEGF has been associated with
increased angiogenesis, tumor growth and metastasis in
solid tumors and hematologic malignancies (Fidler et al.,
1994; Kim et al., 1993; Dankbar et al., 2000; Bellamy er al.,
1999. Podar et al., 2001). We previously found that
inhibition of FGFR3 expression would decrease VEGF
expression in MM cell lines (Zhu et al., 2005; Qian ef al..
2005). This raised the question about the relationship
between FGFR3 and VEGF. Therefore, the present study
is aimed at investigating FGFR3 and VEGF. We stable
transfected plasmid pcDNA3.1 containing full-length
¢DNA encoding FGFR3 into L6 cells, which has no
endogenous FGFRs and subsequently detected
overexpression of VEGF in L6F clones using Western
blot, ELISA and immunohistochemistry. Present result
clearly demonstrated that FGFR3 up-regulate VEGF
expression. MM is an aggressive neoplastic disease
characterized by the increased proliferation and extended
life span of monoclonal plasma cells. Microvessel density
of the bone marrow is increased in patients with active
MM. Myeloma cells express and secrete VEGF (Dankbar
et al., 2000; Bellamy er al., 1999; Vacca ef al., 1999)and
fibroblast growth factor (Bellamy er al.. 1999; Vacca et al..
1999: Otsuki ef al., 1999), both of which are considered
potent angiogenic cytokines (Carmeliet and Jain, 2000)
and are likely to contribute to the increased
angiogenic potential of bone marrow plasma cells in
progressive MM (Vacca et al., 1999), FGFR3 is normally
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not or very minimally expressed in plasma cells, but 1s
overexpressed as a consequence of the chromosome
translocation (Chesi ef al., 1997, 2001; Otsuki et al., 1999).
In some cases, activating mutations have also been
found on the translocated allele (Ronchetti et al., 2001;
Soverini er al., 2002). Activation of FGFR3 is a
transforming event in haematopoietic cell allele
(Chesi et al., 2001; Ronchetti et al., 2001: Li et al., 2001).
Accumulated evidence demonstrated that FGFR3 play an
oncogenic role in MM (Chesi et al., 2001; Plowright et al.,
2000; Keats et al., 2003; Dvorak et al., 2003). In this study,
we found that overexpression of FGFR3 into Lo cells
caused increased DNA synthesis and proliferation.

In addition, many tumor cell lines, as well as freshly
isolated hematological tumor cells, including MM cells,
have been reported to produce and secrete VEGF
(Dankbar et al., 2000, Bellamy ef al., 1999; Podar et al.,
2001; Fiedler et al., 1997, Dias et al., 1998), suggesting an
autocrine VEGF loop in MM. Podar ez al. (2001) reported
that VEGF has direct effects on MM cells. VEGF
stimulates proliferation and migration of MM cells by
both autocrine and paracrine mechanisms. VEGF triggers
tumor cell proliferation via a Raf-1-MEK-extracellular
signal-regulated protein kinase pathway and migration via
a PKC-dependent pathway (Podar et al., 2001). Preclinical
studies demonstrated that inhibition of VEGF receptor
blocks the growth and migration of MM cells in the bone
marrow (Podar et al., 2004; Lin et al., 2002). Benvacizumab
is a humanized form of a murine monoclonal antibody to
VEGF. In a randomized chinical trial of bevacizumab in
patients with metastatic renal cell cancer, the time to
disease progression was prolonged but overall survival
was not improved in patients (Yang et al., 2003).

From the published data we can conclude that both
FGFR3 and VEGF play important roles in pathogenesis of
MM or other cancers. But there is a lack of research that
linked them together. In this study we demonstrated that
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FGFR3 can up-regulate VEGF expression. Though there is
no direct evidence showing how FGFR3 up-regulate VEGF
expression, some evidence demonstrated that FGFR3,
through the MAPK and STAT3 pathway, enable cell
proliferation and oncogenesis (Kanai et al., 1997,
Chesi et al., 2001; Plowright et of., 2000). MAPK signaling
cascade 15 essential for VEGF expression. Accumulated
evidence showed that activating MAPK pathway would
stimulate VEGF expression, while treatment with the
MAPK mhibitor reduced expression of VEGF (Wu et al.,
2003; Chelouvhe-Lev et al., 2004, Cassano et al., 2002).
There was also direct evidence indicating that STAT3
protein binds to the VEGF promoter and STAT3 activity
up-regulates VEGF expression using VEGF promoter
mutagenesis and chromatic immunoprecipitation assays
(Niu et al., 2002). Thus FGFR3 could, through MAPK and
STAT3 pathway, up-regulate VEGF expression.

Owur present study coupled with previous results
mndicated that FGFR3 might be associated with the
regulation of VEGF. FGFR3 might mediate expression of
VEGF and that may have a direct impact on the
progression of myeloma or other cancers as well. Though
complete elucidation of the role of FGFR3 in cancers
requires further investigation, owr observations suggest
that the combination of intubition of VEGF and inhibition
of FGFR3 may be advantage for the treatment of FGFR3
OVerexpression cancer patients.
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