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IMPORTANCE Ficlatuzumab can be used to treat head and neck squamous cell carcinoma

(HNSCC) by inhibiting c-Met receptor-mediated cell proliferation, migration, and invasion.
OBJECTIVE To understand the effect of ficlatuzumab on HNSCC proliferation, migration, and

invasion.
DESIGN, SETTING, AND PARTICIPANTS The effects of ficlatuzumab on HNSCC proliferation,
invasion, and migration were tested. Mitigation of c-Met and downstream signaling was
assessed by immunoblotting. The tumor microenvironment has emerged as an important
factor in HNSCC tumor progression. The most abundant stromal cells in HNSCC tumor
microenvironment are tumor-associated fibroblasts (TAFs). We previously reported that TAFs
facilitate HNSCC growth and metastasis. Furthermore, activation of the c-Met tyrosine kinase
receptor by TAF-secreted hepatocyte growth factor (HGF) facilitates tumor invasion.
Ficlatuzumab is a humanized monoclonal antibody that sequesters HGF, preventing it from
binding to and activating c-Met. We hypothesized that targeting the c-Met pathway with
ficlatuzumab will mitigate TAF-mediated HNSCC proliferation, migration, and invasion.
Representative HNSCC cell lines HN5, UM-SCC-1, and OSC-19 were used in these studies.
EXPOSURES FOR OBSERVATIONAL STUDIES The HNSCC cell lines were treated with
ficlatuzumab, 0 to 100 μg/mL, for 24 to 72 hours.
MAIN OUTCOMES AND MEASURES Ficlatuzumab inhibited HNSCC progression through c-Met
and mitogen-activated protein kinase (MAPK) signaling pathway.
RESULTS Ficlatuzumab significantly reduced TAF-facilitated HNSCC cell proliferation (HN5,
P< .001; UM-SCC-1, P< .001), migration (HN5, P = .002; UM-SCC-1, P = .01; and OSC-19,
P = .04), and invasion (HN5, P = .047; UM-SCC-1, P = .03; and OSC-19, P = .04) through a
3-dimensional peptide-based hydrogel (PGmatrix). In addition, ficlatuzumab also inhibited
the phosphorylation of c-Met at Tyr1234/1235 and p44/42 MAPK in HNSCC cells exposed to
recombinant HGF.
CONCLUSIONS AND RELEVANCE We demonstrate that neutralizing TAF-derived HGF with
ficlatuzumab effectively mitigates c-Met signaling and decreases HNSCC proliferation,
migration, and invasion. Thus, ficlatuzumab effectively mitigates stromal influences on
HNSCC progression.
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ead and neck squamous cell carcinoma (HNSCC) is the
sixth most common cancer worldwide, with approximately 40 000 new cases per year in the United States
and 500 000 worldwide.1 HNSCC arises from the epithelial lining of the upper aerodigestive tract, and the 5-year mortality
rate from this disease is still close to 50%.2 Historically, surgery and radiation have been the mainstays of treatment. Traditionally, the role of chemotherapy has been enhancing the
effects of radiation therapy. There are only 6 US Food and Drug
Administration–approved drugs for the treatment of HNSCC,
and only 2 that have been approved since 1978. However, the
survival rates continue to be very low, highlighting the need
for improved therapeutic approaches.
c-Met is a proto-oncogene and encodes tyrosine kinase activity, which is overexpressed in several cancers, including
HNSCC3; HNSCC tumors are associated with various stromal
cells, and these cells are active contributors to neoplastic transformation, tumor invasion, and metastasis. The tumor microenvironment has emerged as an important factor in HNSCC tumor
progression.4 The molecular crosstalk has not been fully elucidated and continues to be studied. The most abundant stromal cells in the HNSCC tumor microenvironment are tumorassociated fibroblasts (TAFs). We previously reported that TAFs
facilitate HNSCC growth and metastasis.5 In addition, we reported that TAFs, but not HNSCC cell lines, secrete hepatocyte
growth factor (HGF); HGF was initially discovered as a mitogen
that promoted growth of hepatocytes, epithelial tissues, endothelial cells, and melanocytes.6 In addition, fibroblast-secreted
HGF was found to dissociate epithelial cells and to induce a more
invasive phenotype in several carcinoma cell lines.7,8 Hepatocyte growth factor is present in higher serum concentrations
in patients with HNSCC compared with healthy individuals.9
Also, HGF is present in higher concentrations locally in HNSCCs
that have metastasized, compared with normal oral cavity epithelium, and nonmetastatic lesions.9 An elevated HGF level in
the tumor is an indicator of poor prognosis in non–small-cell
lung cancer (NSCLC) and breast cancer.10,11 We reported that
both HGF and c-Met levels are increased in HNSCC compared
with normal mucosa and that HGF acts in a paracrine manner
to facilitate HNSCC cell proliferation and invasion.12
Activation of the c-Met triggers various signaling pathways that drive several tumorigenic properties.12 Ligand binding activates signaling cascades, including the mitogenactivated protein kinases (MAPKs), phosphatidylinositide
3-kinases (PI3Ks), signal transducer and activator of transcription 3 (STAT3), RAS, and notch pathways, resulting in cell morphogenesis, motility, growth, and survival. Inhibition of the HGF
c-Met axis is an attractive target in the treatment of HNSCC. Ficlatuzumab is a humanized IgG1 HGF-inhibitory monoclonal antibody that binds HGF with a high affinity and specificity. Preclinical trials have shown that ficlatuzumab does effectively bind
HGF and has antitumor effects on NSCLC and glioma preclinical models.13,14 It has a half-life of approximately 7 to 10 days
and has a low systemic clearance. A phase 1 trial has shown it
to be well tolerated, with the most common reported adverse
effects including fatigue, peripheral edema, headache, diarrhea, and rash.15 Herein, we demonstrate that ficlatuzumab effectively inhibits TAF-facilitated HNSCC invasion and migra1134

tion in several HNSCC cell lines. Furthermore, we demonstrate
the efficacy of ficlatuzumab in inhibiting TAF-facilitated
HNSCC proliferation and c-Met signaling. Together, these data
indicate that ficlatuzumab may be effective in mitigating stromafacilitated HNSCC progression.

Methods
Tissue Culture and Reagents
Previously described and well-characterized HNSCC cell lines
that are human papilloma virus (HPV) negative were used in
this study. HNSCC cell lines HN5, UM-SCC-1, and OSC-19 were
established from an oral cavity tumor, a floor-of-mouth tumor and metastatic tongue HNSCC, respectively. Cells were cultured and maintained in Dulbecco modified Eagle medium
(DMEM) with 10% heat-inactivated fetal bovine serum (Invitrogen). The TAFs were isolated from primary HNSCC explants as previously described.12 Primary HNSCC specimens
were collected under the auspices of the biospecimen repository core at the University of Kansas Cancer Center with written informed consent from patients, using protocols approved by the institutional review boards at the University of
Kansas Medical Center. Antibodies to phospho–c-Met and phospho-p44/42 MAPK were purchased from Cell Signaling; vimentin, from Abcam; and β-tubulin, Sigma-Aldrich. Ficlatuzumab was obtained under a material transfer agreement from
AVEO Pharmaceuticals Inc.

Conditioned Media
The TAF cells were grown to 90% to 100% confluence. Growth
media on confluent cultures were replaced with serum-free
DMEM for 48 hours. Supernatants were clarified by centrifugation at 4700 rpm for 10 minutes, aliquoted, and stored at −80°C.
Conditioned media were used within 1 month of collection.

Migration Assay
Cell migration was evaluated in vitro using semipermeable
modified Boyden inserts with a pore size of 8 μm (Coaster). The
HNSCC cells were plated in triplicate at a density of 2 to 3 × 104
per well in serum-free media or TAF-conditioned media in the
insert. Outer wells contained vehicle control (DMEM), TAFconditioned media with or without ficlatuzumab, or with ficlatuzumab alone. HNSCC cells (2000 per well) were simultaneously plated in 96-well plates to assess cell viability. After 24
hours at 37°C in a 5% carbon dioxide incubator, the cells that
migrated through the insert were fixed and stained with Hema
3 (Fisher Scientific) per the manufacturer's instructions. Cells
plated in 96-well plates were subjected to the CyQuant cell proliferation assay (Life Technologies). The number of migrating
cells was normalized to the cell viability. Fold change in migration relative to the vehicle control (DMEM) was determined.

Invasion Assay
Cell invasion was evaluated in vitro through synthetic matrixcoated semipermeable modified Boyden inserts with a pore
size of 8 μm (Coaster). The PGmatrix kit (PepGel LLC) consists of self-assembling peptide nanofiber hydrogel solution
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(PGMatrix) and a gel trigger solution (PGworks). Inserts were
coated with PGmatrix (1:0.2 dilution of gel in 12 DMEM) and
allowed to set at 37°C for 1 hour per the manufacturer’s instructions. HNSCC cells were plated in triplicate at a density
of 2 × 104 per well in serum-free media or TAF-conditioned media on top of the synthetic gel in the insert. Outer wells contained vehicle control (DMEM) or TAF-conditioned media with
or without ficlatuzumab or with ficlatuzumab alone. HNSCC
cells (2000 per well) were simultaneously plated in 96-well
plates to assess cell viability. After 24 hours at 37°C in a 5% carbon dioxide incubator, the cells in the insert were removed by
wiping gently with a cotton swab. Cells that invaded the matrix and passed through the membrane pores of insert were
fixed and stained with Hema 3 (Fisher Scientific) according to
the manufacturer’s instructions. Cells plated in 96-well plates
were subjected to a CyQuant cell proliferation assay (Life Technologies). The number of invading cells was normalized to the
cell viability. Fold change in invasion relative to the vehicle control (DMEM) was determined.

Immunofluorescence
HN5 and UM-SCC-1 cells (20 000 per well) were cultured in
4-chamber slides, and serum was starved for 48 hours. Cells
were treated with vehicle control or ficlatuzumab (20 μg/mL)
with or without TAF-conditioned media for 24 hours. Cells were
washed, fixed with 2% paraformaldehyde, permeabilized with
0.1% Triton X-100 in phosphate-buffered saline (PBS), and
blocked with 2% bovine serum albumin in PBS for 45 minutes at room temperature. Cells were incubated with primary
antibody (1:500) at 4°C overnight, followed by the appropriate DyLight 488-conjugated secondary antibodies (1:1000)
(Thermo Fisher). The cells were imaged by confocal microscopy (using a Nikon Eclipse E2000-U inverted with heated
environmental chamber).

Proliferation Assay
The HN5 and UM-SCC-1 cells were seeded in 96-well plates
(1500 cells per well), and after 12 hours cells were treated with
DMEM alone or TAF-conditioned media with or without ficlatuzumab at various doses. After 72 hours of treatment, media were discarded and cells subjected to a freeze-thaw cycle
at −80°C for 10 minutes followed by 37°C for 10 minutes to completely lyse the cells. Cell viability was determined using the
CyQuant proliferation kit (Life Technologies) according to the
manufacturer’s instructions.

Immunoblotting
Whole-cell lysates were extracted using lysis buffer and a mixture of protease and phosphatase inhibitors as previously
described.5 Lysates were sonicated on ice, centrifuged for 30
minutes at 13 000 rpm, and the supernatants stored at −80°C.
Equal amounts of proteins (50-60 μg of total protein) were separated through a 10% sodium dodecyl sulfate-polyacrylamide gel
electrophoresis and transferred to nitrocellulose membranes.
Nitrocellulose blots were blocked with Odyssey blocking buffer (LI-COR) 1:1 in PBS 1% Tween 20 (PBS-T) and incubated with
primary antibody in blocking buffer overnight at 4°C. Immunoblots were washed 3 times with PBS-T followed by 1 to 2 hours
jamaotolaryngology.com
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of incubation with DyLight 488-conjugated secondary antibody. Protein bands were detected using the LI-COR Odyssey
protein imaging system (LI-COR Biotechnology) and quantified using Image J software (version 1.48).

Statistical Analysis
All in vitro assays were repeated 3 times in triplicate. Data are
reported as the mean (standard error of mean [SEM]). Statistical analyses were conducted using GraphPad Prism 6 software (version 6.03). Significance in treatment responses was
obtained using analysis of variance with unpaired 2-tailed t test.
P < .05 was considered statistically significant.

Results
Inhibition of TAF-Facilitated HNSCC Migration and Invasion
Metastatic spread is a major concern in HNSCC.16 The metastatic
process involves cell migration and invasion through locoregional tissue. Migrations is a process whereby cells move across
the surface of the tissue or basement membrane. Invasion
encompasses migration and also tissue penetration mediated
by proteolytic degradation surrounding the matrix. Tumorsecreted factors, including matrix metalloproteases, actively
degrade the surrounding extracellular matrix (ECM).17 We previously reported that the TAFs increase invasion and migration
of HNSCC cells via activation of c-Met.5,12 We tested the efficacy
of ficlatuzumab in mitigating TAF-facilitated HNSCC invasion
through PGmatrix, a synthetic hydrogel matrix. The synthetic
matrix does not contain growth factors present in commercially
available ECM, such as Matrigel (Corning Life Sciences). To determine whether HGF inhibitor ficlatuzumab abrogates TAFfacilitated migration and HNSCC invasion, HNSCC cells were
treated with vehicle control (DMEM), TAF-conditioned media
with or without ficlatuzumab, or with ficlatuzumab alone. Ficlatuzumab significantly reduced TAF-mediated HNSCC migration (Figure 1A-C) (HN5, P = .002; UM-SCC-1, dP = .01; and
OSC-19, P = .04) and invasion (Figure 1D-F) (HN5, P = .047;
UM-SCC-1, P = .03; and OSC-19, P = .04). These results suggest
that ficlatuzumab effectively decreased TAF-conditioned mediafacilitated HNSCC migration and invasion.

Inhibition of Epithelial to Mesenchymal Marker Vimentin
Expression in HNSCC Cells
Vimentin is an established marker for epithelial-to-mesenchymal
transition (EMT) in cancer cells. The acquisition of a mesenchymal phenotype facilitates epithelial cell motility. To determine
if TAF-conditioned media induced EMT in HNSCC via c-Met, we
carried out immunofluorescence analyses for vimentin. The
TAF-conditioned media increased vimentin levels in HNSCC cell
lines (Figure 2). Furthermore, ficlatuzumab inhibited TAFconditioned media-induced vimentin expression in HNSCC.
Thus, ficlatuzumab effectively mitigates TAF-facilitated EMT
in HNSCC cells.

Inhibition of TAF-Facilitated HNSCC Proliferation
We previously reported5 that TAF-secreted HGF facilitated
HNSCC cell proliferation. To determine the antitumor effi-
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Figure 1. Inhibition of TAF-Induced HNSCC Migration and Invasion
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Head and neck squamous carcinoma
(HNSCC) cells were treated with
Dulbecco modified Eagle medium
alone, tumor-associated fibroblast
(TAF)-conditioned medium (TAF-CM)
with or without ficlatuzumab (20
μg/mL) or ficlatuzumab alone in
transwell migration chambers for 24
hours. Invasion of HNSCC cells
through a synthetic hydrogel matrix
(PGMatrix) was assessed over 24
hours. Ficlatuzumab significantly
inhibited TAF-CM induced migration
(A-C) in HN5 (P= .002), UM-SCC-1
(P= .09), and OSC-19 (P= .04) cells
and invasion (D-F) in HN5 (P= .047),
UM-SCC-1 (P= .03), and OSC-19
(P= .04) cells. The data represent
cumulative results from 3
independent experiments. Error bars
represent the mean ± SEM

Figure 2. Mitigation of TAF-Induced Vimentin Expression in HNSCC Cells
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Head and neck squamous carcinoma
(HNSCC) cells treated with Dulbecco
modified Eagle medium alone,
tumor-associated fibroblast
(TAF)-conditioned medium (TAF-CM)
with or without ficlatuzumab (20
μg/mL) or ficlatuzumab alone were
analyzed by immunofluorescence for
vimentin (green) expression. TAF-CM
induced vimentin expression was
effectively reduced in the presence of
ficlatuzumab.

UM-SCC-1

cacy of ficlatuzumab, HN5 and UM-SCC-1 cells were treated
with vehicle control (DMEM), TAF-conditioned media with or
without ficlatuzumab, or ficlatuzumab alone for 72 hours. Ficlatuzumab significantly reduced HNSCC viability (HN5,
P < .001; UM-SCC-1, P < .001) despite stimulation with
TAF-conditioned medium (Figure 3A and B). We used 5
doses of ficlatuzumab (0, 1, 10, 50, and 100 μg/mL) for the
treatment of HNSCC cells exposed to TAF-conditioned
medium. We found that, even at the lowest dose of 1 μg/mL,
there was an 80% reduction in TAF-conditioned, mediumfacilitated HNSCC proliferation. This result strongly sug1136

gests that ficlatuzumab effectively reduces proliferation
induced by TAF-secreted HGF in HNSCC cells.

Inhibition of HGF-Mediated Signaling in HNSCC Cells
Hepatocyte growth factor stimulation results in activation of
c-Met and downstream signal transduction pathways.12 Activation of c-Met and downstream p44/42 mitogen-activated
protein kinase (MAPK) has been reported to facilitate HNSCC
progression.12 We assessed the ability of ficlatuzumab to mitigate HGF-stimulated phosphorylation of c-Met and p44/42
MAPK. After 72 hours of serum starvation, HNSCC cells were
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Figure 3. Inhibition of TAF-Induced HNSCC Cell Proliferation
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Figure 4. Inhibition of TAF-Induced c-Met and p44/42 MAPK
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strongly suggest that inhibition of HGF by ficlatuzumab can
deregulate MAPK signaling implicated in the regulation of
HNSCC cell proliferation.
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Discussion
The proto-oncogene c-MET encodes a receptor tyrosine kinase that is activated by the primary ligand, HGF. Ligand binding activates signaling cascades, including MAPK, RAS, PI3K,
STAT3, and NOTCH, resulting in cell morphogenesis, motility, growth, and survival. c-Met and HGF are reported to be
overexpressed in over 80% of HNSCCs and increased c-Met
copy numbers in 13% of HNSCC tumor samples.12,18 c-Met expression is a prognostic biomarker in HPV-negative HNSCC,
with overexpression correlating with reduced disease-free and
overall survival.19,20 Furthermore, c-Met expression has been
implicated in resistance to radiation, cisplatin, and cetuximab therapy.21-23 c-Met overexpression results in enhanced
cell motility, angiogenesis, and invasion/metastases, and therefore is an important therapeutic target.
The c-Met receptor is unique among receptor tyrosine
kinases in which a single amino ac id sequence
(Y1349VHVNATY1356VNV) forms a docking region for several SH-2 domain-containing signal transducers.24 It has been
jamaotolaryngology.com

Head and neck squamous carcinoma (HNSCC) cells were serum starved for 72
hours and treated with Dulbecco modified Eagle medium alone and
recombinant hepatocyte growth factor (HGF) (30 ng/mL) with or without
ficlatuzumab (100 μg/mL) for 10 minutes. Cell lysates were analyzed for
phospho-c-Met and p44/42 mitogen-activated protein kinase (MAPK) by
immunoblotting. Ficlatuzumab inhibited HGF-mediated phosphorylation of
c-Met and p44/42 MAPK in (A) HN5, (B) UM-SCC-1, and (C) OSC-19 cells.

shown that replacement of Tyr1349 and Tyr1356 within this
multifunctional docking site by phenylalanines blocks HGFmediated cell proliferation, migration, and invasion.25,26 Furthermore, phosphorylation of these tyrosine residues is critical for binding of most transducers.26 Even though the tyrosine
kinase domain of the c-Met receptor is critical for the actual
activation of downstream transducers, binding of ligand to the
receptor is probably necessary to bring the transducers in position to be activated. Ligand binding to c-Met recruits ATP to
the tyrosine kinase domain of the receptor and leads to phosphorylation of tyrosine residues 1230, 1234, and 1235, which
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Figure 5. Model Summarizing the Antitumor Effects of Ficlatuzumab
on Paracrine Stimulation of HNSCC by TAF-Secreted HGF
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Hepatocyte growth factor (HGF) binds to the tyrosine kinase receptor.
Activation of downstream signal molecules facilitates head and neck
squamous carcinoma (HNSCC) cell proliferation, migration, and invasion.
Ficlatuzumab, a monoclonal antibody binds HGF, downregulating c-Met and
downstream targets, inhibiting HNSCC proliferation, migration and invasion.
TAF indicates tumor-associated fibroblast.

is indispensable for downstream kinase activity.27 Accordingly, in most studies, prevention of ligand binding effectively abrogates the c-Met-mediated signaling.28
Ficlatuzumab is a humanized monoclonal IgG1 antibody
with a high affinity and specificity for HGF. In a preclinical trial13
using a murine model and glioblastoma cells, ficlatuzumab provided an important survival advantage compared with the control group as a single-agent therapy, and also when combined
with a traditional chemotherapy agent, temozolomide. In a
phase 1 trial15,29 in advanced solid tumors and multiple myeloma, ficlatuzumab was fairly well tolerated, with the most
common adverse effects of peripheral edema, fatigue, and nau-

Conclusions
Herein, we have demonstrated for the first time, to our knowledge, that the HGF-targeted antibody ficlatuzumab inhibits
TAF-facilitated HNSCC cell migration, invasion, and proliferation (Figure 5). Furthermore, ficlatuzumab mitigated the effects of TAF-secreted HGF-mediated c-Met phosphorylation
and downstream signaling through MAPK. Together, these
findings strongly suggest that ficlatuzumab may be efficacious in treating HNSCC.
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sea up to a maximum dose of 20 mg/kg, administered every 2
weeks. In a phase 2 trial30 in Asian patients with adenocarcinoma of the lung, ficlatuzumab was tested in combination with
the tyrosine kinase inhibitor gefitinib. No benefit in progression-free survival was seen in the overall group.29,30 In retrospective analyses of patients with activating mutations of
EGFR, there was a significant benefit in progression-free survival and overall survival seen with ficlatuzumab and gefitinib compared with gefitinib alone.29-31 A phase 2, global, randomized, double-blind clinical trial evaluating ficlatuzumab
in combination with erlotinib (Tarceva) in patients with NSCLC
with activating EGFR mutations is currently under way
(NCT02318368).
An ongoing phase 1 clinical trial combining ficlatuzumab
with chemoradiotherapy is also under way (Ficlatuzumab, Cisplatin and IMRT in Locally Advanced HNSCC [NCT02277184]).
Resistance to the epidermal growth factor receptor (EGFR) has
been reported to be mediated by c-Met activation.32 A combination of ficlatuzumab and the EGFR inhibitor cetuximab is
being tested in a phase 1 trial in patients with recurrent/
metastatic HNSCC (NCT02277197). There are several receptor tyrosine kinase inhibitors and monoclonal antibodies that
are currently being tested against c-Met and HGF in earlyphase clinical trials.
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