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Head and neck squamous cell carcinoma (HNSCC)

represents a devastating type of malignancy characterized

by its high incidence of regional and distant metastases at

the time of diagnosis. Vital physiological functions in the

upper aerodigestive tract are often impaired as a result of

the disease and treatment for the disease, giving rise to

severe morbidity in patients suffering from this type of

cancer. It is crucial to delineate the aberrant growth

signaling pathways in HNSCC cells and develop specific

target therapies for the disease to improve the treatment

outcome. Although the epidermal growth factor receptor

pathway has been extensively studied in HNSCC and

anti-epidermal growth factor receptor therapy has already

shown promise in treating HNSCC in phase III clinical

trials, the signaling pathway that accounts for the highly

invasive phenotype of HNSCC needs to be defined and

also therapeutically targeted. The hepatocyte growth

factor-MET signaling pathway has been studied extensively

over the past two decades and it is now clear that it plays

an important role in mediating invasive growth of many

types of cancer. Here, we review comprehensively the

evidence on hepatocyte growth factor-MET cascade

being a key in the signaling pathway in mediating invasive

growth of HNSCC and the potential of this signaling

pathway to be a therapeutic target for the treatment of

HNSCC. Anti-Cancer Drugs 22:665–673 �c 2011 Wolters

Kluwer Health | Lippincott Williams & Wilkins.
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Introduction

Cancers arising from the head and neck region give rise to

severe morbidity as vital functions such as speech and

swallowing become impaired. The majority of head and

neck cancers develop from the squamous epithelium

that lines the upper aerodigestive tract. Common sites

in which head and neck squamous cell carcinomas

(HNSCC) develop include the oral cavity, tongue,

oropharynx, hypopharynx, larynx, and nasopharynx in

endemic areas. Approximately two-thirds of the patients

with HNSCC present with disease at an advanced stage

with regional lymph node metastasis [1], and this disease

causes 350 000 cancer deaths worldwide each year [2]. In

the United States, carcinoma of the oral cavity and

pharynx was ranked in the top ten leading cancer types

among estimated new cancer cases among men as re-

ported in Cancer Statistics, 2009 [3]. The most impor-

tant etiological factors for the development of HNSCC

are tobacco smoking and alcohol consumption [4], and in

the past decade human papilloma virus has also been

identified as associated with the development of a sub-

set of HNSCC such as cancer of the oropharynx [5].

Traditional treatment for HNSCC was extensive surgery

with a poor functional outcome. Radiotherapy allows

organ preservation, and the addition of chemotherapy

concurrent with radiotherapy improves survival when

compared with radiotherapy alone. Advances have been

made in elucidating the molecular signaling pathways

that are important for the development of HNSCC. For

example, the epidermal growth factor receptor (EGFR)

of the tyrosine kinase family has been shown to be

implicated in the growth of HNSCC and therapeutically

targeted [6,7]. Anti-EGFR therapy has shown a promising

efficacy when combined with cytotoxic chemotherapy in

treating advanced HNSCC [8]. The hepatocyte growth

factor (HGF)-MET signaling cascade is another impor-

tant cell signaling pathway for the development of

HNSCC. There is now extensive evidence showing that

this pathway could be a driving force for the invasive

growth and early metastatic potential of HNSCC, and

hence therapy targeting this pathway could be of great

value in treating this devastating malignancy.

Molecular biology of the HGF-MET
signaling pathway
HGF, also known as scatter factor, is a 90-kDa glyco-

protein secreted by mesenchymal cell as an inactive

single-chain polypeptide, which is then cleaved to its

active heterodimer form by proteases [9]. MET is the

transmembrane cell surface receptor for HGF [10,11].

Like HGF, the MET receptor is also a disulfide-linked

heterodimer. The a-chain is heterodimerized to the

amino-terminal of the b-chain and forms the major
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ligand-binding site in the extracellular domain of the

receptor. HGF binding induces MET receptor homo-

dimerization and phosphorylation of two tyrosine residues

(Y1234 and Y1235) within the intracellular tyrosine

kinase domain that activates its catalytic activity [12].

The carboxy-terminal of the b-chain harbors two other

tyrosine residues (Y1349 and Y1356), which serve as

docking sites for intracellular adaptor proteins when

phosphorylated [13,14]. A variety of adaptor proteins

including Grb2, SHC, and Gab1 mediate further down-

stream signaling by other downstream effectors [15].

HGF was first purified from human plasma and rat serum

on the basis of its ability to stimulate growth of rat

hepatocytes. It was found to be present in the plasma of

man with fulminant hepatic failure and plasma of partially

hepatectomized rats, which likely acts as a humoral factor

for liver regeneration [16–18]. HGF was also purified

from the human fibroblast culture medium and shown to

act as a paracrine mediator of proliferation on a variety of

epithelial cells and endothelial cells [19]. Although HGF

expression is predominantly found in the fibroblasts and

stromal cells in the mesenchyme of the mouse embryo,

MET expression is predominantly found in cells of

epithelial origin, and a paracrine mechanism of HGF-

MET signaling exists between mesenchymal cells and

epithelial cells during the development [20]. In parti-

cular, HGF-MET signaling could play a role in mediating

epithelial cells to form lumen-like structures [21]. This

pathway has normal physiological functions in regulating

the embryonic development of a variety of organs includ-

ing the kidney [22,23], mammary gland [24,25], muscle

[26], neural tissues [27], and liver [28]. It also promotes

angiogenesis [29,30] and facilitates wound healing [31].

HGF-MET signaling pathway and
cancer development
MET and/or HGF expression has been found in many

human cancers including carcinoma, sarcoma, and hema-

tological malignancy, and is often associated with worse

prognosis [9]. The HGF-MET signaling pathway has

been shown to play an important role in causing cancer

development and invasion in different animal and human

cell line model systems [32]. Mouse and human cell lines

that ectopically overexpress HGF and/or MET become

tumorigenic and metastatic in athymic nude mice

[33,34], while mouse models that express the receptor

or ligand as a transgene develop different types of tumor

and metastatic lesions [35–37]. Upon MET inhibition,

either by small-hairpin RNA or small-molecule inhibitor,

a decrease in the cell growth and viability was observed

in a variety of cancer cells [38–40]. Amplification of the

MET gene with consequent overexpression of the protein

product has been reported in gastric and esophageal carci-

nomas [41–43], non-small-cell lung carcinomas (NSCLC)

that have acquired resistance to EGFR inhibition [44],

and liver metastasis from primary colorectal carcinoma

[45]. Activating MET gene mutation has been detected

in hereditary and sporadic papillary renal cell carcinoma

[46] and gastric carcinoma [47]. Autocrine mechanism of

the HGF-MET pathway activation with coexpression of

HGF-MET in cancer cells has been described in glioma

[48], breast carcinoma [49], and osteosarcoma [50]. The

fact that HGF is frequently found to be expressed in the

stroma of cancer cells suggests that a paracrine circuit

could also operate in activating the HGF-MET signaling

pathway in cancer cells [9]. It is interesting to note

that other oncogenes such as activated Ras can induce

MET overexpression through transcriptional mechanisms

[51,52], suggesting that MET activation can also be a

secondary event in promoting carcinogenesis in cancer cells.

HGF-MET signaling pathway and
cancer invasion
In addition to promoting cell growth, dysregulated HGF-

MET signaling also enhances the invasiveness and

metastatic potential of malignant cells. A high level of

MET expression was detected in human sarcoma,

a malignancy with high metastatic potential [53,54]. An

autocrine model of HGF-MET signaling in NIH 3T3 cells

was shown to increase cell motility, collagenase activity,

invasiveness in vitro and metastatic activity in vivo
[33,55]. In the pleural fluid of patients whose cancer

had metastasized to the pleura, a significant amount of

HGF has been detected [56]. The molecular basis by

which HGF-MET signaling enhances this invasive and

metastatic phenotype is likely due to the increase in the

level of cell proteases such as urokinase plasminogen

activator, which mediates dissolution of the extracellular

matrix and the basement membrane [57]. Moreover,

HGF-MET signaling can induce several epithelial and

mesenchymal cell types to undergo branching morpho-

genesis when the cells proliferate, migrate, and differ-

entiate to form a connected series of tubules arranged

like tree branches in a three-dimensional matrix [58–60].

Hypoxia-induced HGF-MET signaling model has been

put forward [61]. In this model, hypoxia in the tumor

mass induces HGF production in the stromal cells and

MET expression in the cancer cells. This results in

a paracrine HGF-MET signaling circuit, which can induce

cancer cells to release protease to degrade the extra-

cellular matrix and also factors that enhance angiogenesis,

which helps to confer survival advantage to cancer cells

under hypoxic stress when cells start to migrate,

metastasize, and form new colonies for further prolifera-

tion and survival. In fact, the malignant property of cancer

cells is further enhanced by the activity of the MET

pathway in endothelial cells. HGF has been shown to pro-

mote endothelial cell growth and motility and is a potent

angiogenic factor [29]. Sustained plasma levels of a MET

inhibitor not only retard the growth of MET-positive

xenografts, but also that of MET-negative tumor cells,

indicating that a MET inhibitor could exert its effect by
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inhibition of other mechanisms such as angiogenesis [62].

The Ras-mitogen-activated protein kinase (MAPK) sig-

naling cascade, which operates as downstream effectors

for the activated MET receptor, plays an essential role in

cancer cell invasion by inducing epithelial-to-mesenchymal

transition as a result of loss of intracellular adhesion by

cadherins [63].

HGF-MET signaling pathway in head and neck
squamous cell carcinoma
HNSCC is a highly invasive type of cancer, which often

presents at an advanced stage of disease. Therefore, the

HGF-MET signaling pathway, which is known to drive

cancer cells to acquire an invasive phenotype, has become

a major area of research on HNSCC in the past two

decades. Carcinoma cells need to detach from the

primary tumor mass, survive anoikis (a process in which

cells undergo apoptosis when detached from its adjacent

epithelium), undergo epithelial–mesenchymal transition,

degrade the extracellular matrix and migrate through it,

and form new blood vessels to colonize distant sites. It is

now clear that the HGF-MET signaling pathway plays a

role in all these steps that lead HNSCC cells to migrate

and metastasize. Overexpression of the MET receptor

protein has been shown in nearly all types of HNSCC,

including cancer of the oral cavity, hypopharynx, and

larynx, which often correlates with more advanced clinical

stage especially the nodal stage [64–67]. MET expression

in HNSCC is also associated with worse survival rate [68],

and inferior response to both radiotherapy and chemother-

apy [69,70]. Apart from the primary tumor, METexpression

has also been consistently found in metastatic lymph nodes

of HNSCC [71–74]. Activating mutations have been

detected in the MET gene in the metastatic lymph nodes

of HNSCC, and transfection of the mutant receptor confers

invasive phenotype to cancer cells in vitro [75]. These obser-

vations suggest that the MET pathway could be implicated

in nodal progression of HNSCC.

When HNSCC cell lines are treated with HGF in vitro,

a dose-dependent increase in invasiveness was observed

in cancer cells [76–78]. Cancer cells invade and migrate

through its surrounding extracellular matrix in response

to the stimulation of HGF by phosphorylation of focal

adhesion kinase, which is a crucial signaling protein that

is activated by numerous stimuli and functions as a

biosensor or integrator to control cell motility. In oral SCC

cell lines, it was found that gingival fibroblasts, rather

than carcinoma cells, secrete large amount of HGF, and

serum HGF level was also higher in patients with oral

SCC when compared with normal individuals [79].

Hence, it is possible that HGF mediates its effect on

HNSCC cancer cells by a paracrine mechanism. HGF

decreases E-cadherin expression and induces E-cadherin

translocation from the cell membrane to the cytoplasm in

HNSCC cell lines [80], and it is known that the

disruption of E-cadherin-mediated cell-to-cell adhesion

will result in cancer cell invasion [81]. Therefore, HGF

could mediate cancer invasion by its effect on E-cadherin,

an important cell adhesion molecule, causing cancer cells

to detach from their primary site. It has been shown that

in HNSCC cell lines HGF-induced upregulation of the

transcription factor, snail through the mitogen-activated

protein kinase-Egr-1 signaling pathways, and snail, in

turn, repressed the expression of E-cadherin [82]. Snail is

required for HGF-induced cell scattering as small-hairpin

RNA-mediated ablation of the snail expression prevented

this process. A reverse correlation of E-cadherin and snail

expression was also observed in HNSCC cell line [83].

Snail is implicated in the differentiation and transition of

epithelial cells into mesenchymal cells during the

embryonic development [84], and epithelial cells that

ectopically express snail adopt a fibroblastoid phenotype

with the acquisition of tumorigenic and invasive proper-

ties [85]. Snail has been shown to induce SCC cell lines

to undergo transition of epithelial cells into mesenchymal

cells, a process essential for invasiveness [86].

On loss of contact with the extracellular matrix, HNSCC

cells undergo cell death (anoikis). HGF was found

to protect HNSCC cells against anoikis, a process

dependent on the extracellular signal-mediated protein

kinase-Akt signaling pathways, as inhibition of the

extracellular signal-mediated protein kinase-Akt path-

ways abolished the protective effect of HGF [87]. HGF

also activates the extracellular signal-regulated protein

kinase-Akt pathways to enhance the activity of matrix

metalloproteinase (MMP)-9 and urokinase-type plasmi-

nogen activator, enzymes that degrade the extracellular

matrix and facilitate cell migration [88]. In a highly

invasive oral SCC cell line, HGF stimulated the

expression of the Ets-oncogene family transcription factor

E1AF and the treated cells also express higher levels of

MMP-1, MMP-3, and MMP-9 [89]. When the cell line

was transfected with the E1AF antisense expression

vector, mRNA and protein levels of MMP-1, MMP-3, and

MMP-9 decreased and the transfected cells also showed

lower invasive potential [90]. These observations suggest

that HGF induces HNSCC cells to express protein

enzymes that degrade the extracellular matrix through

the activation of E1AF, which is also an essential process for

invasiveness. Finally, it has been shown that in HNSCC cell

lines, HGF increased the production of angiogenic factors,

interleukin-8 and vascular endothelial growth factor

(VEGF) by cancer cells in a dose-dependent manner.

Increased serum HGF level also correlated with higher

levels of interleukin-8 and VEGF in patients with HNSCC

[91,92]. Therefore, HGF could also mediate HNSCC

hematological spread by its effect on cancer angiogenesis.

As there is now abundant evidence suggesting that the

HGF-MET signaling pathway is important in mediating

invasive growth of HNSCC, this pathway has now become

an attractive therapeutic target for drug development in

treating HNSCC (Fig. 1).
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HGF-MET signaling pathway in
nasopharyngeal carcinoma
Nasopharyngeal carcinoma (NPC) is a specific type of

head and neck carcinoma that is endemic in South East

Asia, especially in the Cantonese-speaking Chinese

population residing in the southern part of China. Like

other HNSCC, NPC is characterized by its invasive

phenotype with high frequency of metastases to regional

lymph nodes or distant organs at the time of diagnosis. It

is also characterized by its high chemosensitivity [93].

Three types of NPC are recognized by the World Health

Organization: type I, differentiated, keratinizing squa-

mous cell carcinoma; type II, nonkeratinizing carcinoma;

and type III, undifferentiated carcinoma, with type III

accounting for the majority (95%) of NPCs in Southern

China and Hong Kong. The World Health Organization

type III NPC is nearly always associated with Epstein-Barr

virus (EBV) infection. The expression of EBV-encoded

viral oncoproteins, such as latent membrane protein-1

(LMP-1), promotes tumor cell growth and survival

advantage [94]. MET expression in NPC cells has been

reported in two major studies [95,96], and the association

of MET expression with cervical lymph node metastases,

more advanced clinical stage and poorer survival was also

shown. HGF was mainly detected in the normal

interstitial tissue surrounding the tumor, suggesting that

MET signaling in NPC could act through a paracrine

mechanism. The expression of LMP-1, transcription

factor Ets-1, and MET correlated significantly in NPC

cells, and transfection of LMP-1 expressing plasmid in an

experimental model induced MET protein expression.

Induction of MET expression by LMP-1 was suppressed

by introducing a dominant negative form of Ets-1 in the

LMP-1-expressing cells [96]. Transformation of epithelial

cells is carried out by EBV, LMP-1-induced Ets-1

expression, and cell invasion [97]. These results suggest

that in NPC, the EBV-encoded oncoprotein LMP-1 could

upregulate the expression of MET protein by the

transcription factor Ets-1, and MET is further activated

by HGF produced by stromal cells in the surrounding

interstitium in mediating cancer development.

Cancer drug treatment targeting the
HGF-MET signaling pathway
In view of the large amount of evidence showing the

importance of the HGF-MET signaling pathway in

mediating invasive growth of different types of malignancy

in the past two decades, multiple strategies have been

Fig. 1
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Schematic diagram showing the hepatocyte growth factor (HGF)-MET signaling pathway in mediating invasive growth of head and neck squamous
cell carcinoma (HNSCC). MET activation could be ligand dependent from HGF secreted by surrounding fibroblast or ligand independent.
Phosphorylated MET protein activates mitogen-activated protein kinase (MAPK)/extracellular signal-mediated protein kinase (ERK) and the
phosphoinositide 3-kinases (PI3K)/Akt pathways in mediating loss of cell adhesion, inhibition of anoikis, production of proteolytic enzymes that
degrade the extracellular matrix (ECM), and production of angiogenic factors [vascular endothelial growth factor (VEGF)/interleukin-8 (IL-8)] to
promote cell invasion and metastasis by further downstream signaling/transcriptional mechanisms. MET also activates focal adhesion kinase (FAK) in
promoting cell migration through the ECM. MMP, matrix metalloproteinase.
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developed to inhibit this signaling pathway for cancer

treatment. These include biological antagonists and decoy

molecules, monoclonal antibodies, and small-molecule

tyrosine kinase inhibitors (TKIs). Table 1 shows a list of

drugs that target the HGF-MET signaling pathway in

cancer. Although biological antagonists and decoy mole-

cules are still at the stage of preclinical development

[62,98], both monoclonal antibodies and small-molecule

TKIs have already entered phase I and phase II clinical

trials. AMG102 is a fully human IgG monoclonal antibody

that selectively binds and neutralizes HGF, thereby

preventing its binding to MET and subsequent activation

[99,100]. An acceptable safety profile was shown in phase I

and II clinical trials [101,102]. AMG102 has been shown to

enhance the effects of various standard chemotherapeutic

agents such as temozolomide and docetaxel in vitro and in

tumor xenografts [103]. A phase I study on AMG102 in

combination with antiangiogenetic agents such as bevaci-

zumab or motesanib showed a best response of stable

disease in eight out of 10 patients without dose-limiting

toxicity [104]. MetMAb (OA5D5) is a humanized, mono-

valent anti-MET antibody, which binds to MET receptor

with high affinity preventing HGF binding and subsequent

pathway activity. It has shown potent effect in glioblastoma

harboring MET-activating mutation in preclinical model

[105]. The phase I clinical trial confirmed that MetMAb

is safe and well tolerated as a single agent at doses up to

30 mg/kg [106].

As MET-pathway activation can be ligand dependent or

independent, theoretically the most effective strategy in

inhibiting this pathway in cancer cells is to inhibit the

tyrosine kinase activity of the MET receptor thereby

preventing the activation of its downstream signaling

cascade. This led to the development of many small-

molecule TKIs, which have nowadays entered phase I and

phase II clinical trials. Some of these small-molecule

TKIs are selective MET inhibitors (ARQ197, JNJ-

38877605, and PF-04217903) while a few others are

broad-spectrum TKIs that have inhibitory effects against

other tyrosine kinase families (PF-02341066, XL880,

XL184, MP470, MGCD265, and MK-2461). Early results

are available for ARQ197, a highly selective MET

inhibitor, which has shown a favorable safety profile and

preliminary anticancer activity in advanced solid tumors

in phase I trial [107]. PF-02341066 is a multitargeted

TKI with activity against both MET and anaplastic

lymphoma kinase. It has a potent inhibitory effects on

MET-dependent proliferation, migration, and invasion of

human tumor cells, and HGF-stimulated endothelial cell

survival in vitro [110,111]. It also has a preferentially

greater potent effect on cellular assays with specific MET

mutation. In a phase I trial, PF-02341066 showed a

manageable toxicity profile and promising clinical activity

against advanced tumors carrying an activating anaplastic

lymphoma kinase gene rearrangement [112]. XL880 is

another multitargeted TKI that has high affinity for both

MET and VEGFR. It has shown inhibition of tumor cell

growth, invasion, metastasis, and angiogenesis in a

preclinical model [113]. XL880 has good oral bioavail-

ability and a manageable toxicity profile in phase I trials

evaluating its effects on advanced solid tumors. Fifteen

out of 41 treated patients achieved disease control with

the longest response over 54 months [114–116]. Phase II

trials are ongoing. There are at least two other selective

MET inhibitors (JNJ-38877605 and PF-04217903)

[108,109] and four other broad-spectrum multitargeted

TKIs against MET in the ongoing phase I clinical trials

(XL184, MP470, MGCD265, and MK-2461) [117–122].

In a preclinical model, invasion of HNSCC cells induced

by HGF derived from tumor-associated fibroblasts was

completely blocked by a HGF-neutralizing antibody, and

the MET inhibitor PF-02341066 was able to cause a 50%

decrease in HNSCC tumor growth in vitro with increased

apoptosis within the tumors [123]. In another study,

MET inhibition with small-molecule TKI SU11247 and

PF-02341066 disrupted MET signaling, cell viability,

motility, and migration in vitro, and tumor angiogenesis

in xenograft of HNSCC. Interestingly, a greater-than-

additive inhibitory effect on HNSCC cell growth was

seen when the MET inhibitor was combined with the

chemotherapeutic agent cisplatin or the EGFR-1 inhi-

bitor erlotinib, and synergy was postulated to be

mediated by EGFR-3 signaling [124]. In fact, in such

MET-EGFR pathways cross-talk has been shown in

NSCLC, in which MET amplification causes resistance

to EGFR-1 blockade by activating EGFR-3 signaling

[125]. MET and Src have been implicated in cooperating

as mediators of EGFR tyrosine phosphorylation and cell

growth in the presence of EGFR inhibitors [126], and the

combination of the MET inhibitor and the EGFR

Table 1 Classes of therapies that target the HGF-MET signaling
pathway for cancer treatment and their stages of development

Class of drug that targets HGF-MET signaling
pathway

Examples (stage of
development)

HGF-MET biological antagonists NK4 (preclinical) [98]
Decoy MET molecule
(preclinical) [62]

Monoclonal antibodies against HGF AMG102 (phase I/II)
[99–104]

Monoclonal antibodies against MET MetMAb/OA5D5 (phase I)
[105,106]

Small-molecule MET tyrosine kinase inhibitors
(selective)

ARQ197 (phase I/II) [107]
JNJ-38877605 (phase I)
[108]
PF-04217903 (phase I)
[109]

Small-molecule MET tyrosine kinase inhibitors
(broad-spectrum multikinase inhibitors)

PF-02341066 (phase I/II)
[110–112]
XL880 (phase I/II)
[113–116]
XL184 (phase I)
[117–119]
MP470 (phase I) [120]
MGCD265 (phase I)
[121]
MK-2461 (phase I) [122]

HGF, hepatocyte growth factor.
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inhibitor erlotinib more potently inhibited NSCLC

xenograft tumor growth in mice compared with either

agent alone [127]. In other preclinical models, the triple

combination of MET, EGFR, and VEGF inhibition

resulted in more potent antitumor effects than any two

agents alone [128], and the addition of an inhibitor of

mammalian target of rapamycin reversed anti-EGFR

resistance by MET inhibition [129]. Phase I clinical trial

evaluating the effect of dual MET and EGFR blockade by

TKI in NSCLC is ongoing [130]. MET amplification has

been identified as a biomarker predictive of treatment

sensitivity to MET inhibitor in epithelial cancers [131].

Further clinical studies on the effect of MET inhibition

in vivo and biomarker predictive of response in HNSCC

are much needed given the large amount of preclinical

evidence showing its efficacy in vitro and promising

results in early phase clinical studies on MET inhibition

in other types of solid tumors.

Conclusion and perspectives

The role of the HGF-MET signaling pathway in promoting

cancer growth, invasion, and metastases is now well

established from numerous preclinical data. It has become

an attractive pathway to study in cancers that are

characterized by highly invasive phenotypes, such as

HNSCC and NPC. Abundant evidence from preclinical

models has shown that this pathway plays an important role

in the invasive growth of HNSCC, and hence this pathway

represents a promising novel therapeutic target in devel-

oping drug treatment for HNSCC. There are now many

different drugs that target the HGF-METsignaling pathway

in advanced solid tumors in phase I and phase II clinical

trials, and it is anticipated that these drugs will be tested in

HNSCC in clinical studies. Biomarkers predictive of

response to HGF-MET pathway inhibition will also be

needed to select patients who will most likely benefit from

targeted treatment for this devastating malignancy.
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