
Introduction

The survival rate for the patients with squamous cell carcino-

ma of the head and neck (SCCHN) remains poor despite of

advances in diagnosis and treatment1). Head and neck cancers

usually develop in areas of the carcinogen-exposed epithelium

and likely result from the accumulation of cellular and genetic

alterations, leading to aberrant expression of many proteins

involved in cell growth regulation2-4). Blockade or modification

of the function of one or several of these proteins may impede

or delay the development of cancer. 

To enable tumors to grow and progress, tumor cells must

have the ability to first increase in numbers and then move

into, and survive in, ectopic locations. Cell survival is the

result of a balance between programmed cell death and cellular

proliferation. Cell membrane receptors, and their associated

signal transducing proteins, control these processes. In addi-

tion, a subset of these pathways promotes cell migration; this is

required for tumor invasion. Of the numerous receptors and

signaling proteins described, protein kinases and phosphotases

modulate most signaling pathways. Protein kinases selectively

transfer phosphate groups from adenosine triphosphate (ATP)

to protein substrates; this regulates their activity and/or interac-

tions with other signaling molecules. 

At least 60 cell surface receptors with intrinsic tyrosine

kinase activity have been described. First recognised in 1980,

these receptors can be subdivided into several families, for

example epidermal growth factor receptor (EGFR), fibroblast

growth factor receptor and platelet-derived growth factor

receptor5). Epidermal growth factor receptor is an important

receptor involved in signaling pathways implicated in the pro-

liferation and survival of cancer cells. EGFR is often highly

expressed in human tumors, including oral squamous cell car-
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Cell survival is the result of a balance between programmed cell death and cellular proliferation. Cell membrane receptors and their associated sig-

nal transducing proteins control these processes. Of the numerous receptors and signaling proteins, epidermal growth factor receptor (EGFR) is one of

the most important receptors involved in signaling pathways implicated in the proliferation and survival of cancer cells. EGFR is often highly

expressed in human tumors including oral squamous cell carcinomas, and there is increasing evidence that high expression of EGFR is correlated with

poor clinical outcome of common human cancers. Therefore, we examined the antiproliferative activity of gefitinib, epidermal growth factor receptor

tyrosine kinase inhibitor (EGFR TKI), in head and neck cancer cell lines.

SCC-9, KB cells were cultured and growth inhibition activity of gefitinib was measured with MTT assay. To study influence of gefitinib in cell

cycle, we performed cell cycle analysis with flow cytometry. Western blot was done to elucidate the expression of EGFR in cell lines and phosphory-

lation of EGFR and downstream kinase protein, Erk and Akt.

Significant growth inhibition was observed in SCC-9 cells in contrast with KB cells. Also, flow cytometric analysis showed G1 phase arrest only in

SCC-9 cells. In Western blot analysis for investigation of EGFR expression and downstream molecule phosphorylation, gefitinib suppressed phospho-

rylation of EGFR and downstream protein kinase Erk, Akt in SCC-9. However, in EGFR positive KB cells, weak expression of active form of Erk and

Akt and no inhibitory activity of phosphorylation in Erk and Akt was observed. The antiproliferative activity of gefitinib was not correlated with

EGFR expression and some possibility of phosphorylation of Erk and Akt as a predictive factor of gefitinib response was emerged. Further investiga-

tions on more reliable predictive factor indicating gefitinib response are awaited to be useful gefitinib treatment in head and neck cancer patients.
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cinomas, and high expression of this receptor frequently

accompanies development and growth of malignant tumors6-8).

There is increasing evidence that high expression of EGFR is

correlated with advanced tumor stage and metastasis, and poor

clinical outcome of common human cancers such as breast,

cervix, lung, and head and neck carcinomas6-8).

These observation has prompted the development of specific

pharmacologic inhibitors such as gefitinib (AstraZeneca,

Macclesfield, UK), which disrupts EGFR kinase activity by

binding to the adenosine triphosphate (ATP) pocket within the

catalytic domain9). However, in addition to inhibiting the

receptor itself, the molecular inhibition of EGFR activity will

consequently silence the downstream targets of this pathway

(RAS/RAF/MAPK), as well as the EGFR dependent phos-

phatidylinositol 3'-kinase/Akt and Stat 3 pathways10). To this

end, decreased activity of MAPK (Erk1/2) has been shown to

follow decreased activity of EGFR  in a recent clinical trial of

SCCHN patients treated with gefitinib11). However, most

reports showed the limited efficacy of gefitinib in squamous

cell carcinomas and other types of head and neck cancers do

not have much data about response of gefitinib  treatment.

The aim of this study was to examine the effect and mecha-

nism of gefitinib with respect to EGFR inhibition in head and

neck cancer cell lines and to support data for clinical applica-

tion of gefitinib in head and neck cancer patients.  

Materials and Methods

1. Cell culture 

Head and neck cancer cell lines were used in this study. Cell

line SCC-9 was established from the tongue and obtained from

ATCC (Manassas, VA, USA). KB cell line was originated

from human oral epidermoid carcinoma and this cell line was

obtained form Department of Oral and Maxillofacial Surgery,

School of Dentistry, Seoul National University. SCC-9 cell

line was grown in Ham/F12: Dulbecco's modified Eagle's

medium (DMEM) (1:1) (Gibco, Grand Island, NY, USA) with

supplemented with 10% fetal bovine serum (FBS), 0.4 μg/ml

hydrocortisone (Sigma, St. Louis, MO, USA) and 100 units/ml

penicillin and streptomycin. KB cell line was grown in

RPMI1640 media (Gibco, Grand Island, NY, USA) containing

10% FBS, 100 units/ml penicillin and streptomycin. EGFR-

selective TKI, gefitinib (ZD1839, Iressa) was provided by

AstraZeneca Pharmaceuticals (Macclesfield, UK). This drug

can be dissolved in dimethylsulfoxide in appropriate concen-

trations and stored at -20℃ until use.

2. Cell proliferation assay

The anti-proliferative effect of gefitinib on the in vitro

growth profile of each cell line was examined. All cell lines

were plated at a concentration of 1 × 105 cells/well into 24-

well plates in a triplicate. Eighteen hours later, the drug was

added in a range of concentration (0-100 μM) for 48 hours. In

the time-dependent experiment, cells were treated with drug

with fixed concentration of 1 μM. Cell growth inhibition was

measured by determining cell density with MTT assay.

Briefly, the MTT solution (2.5 mg/ml, Sigma, St. Louis, MO,

USA ) 100 μl was added for 4 hours at 37℃ incubator to allow

MTT metabolization. After the supernatant was removed, the

formazan crystals on the bottom were dissolved in 200 μl of

0.4 M HCl in isopropanol. And then, each formazan dye solu-

tion was transferred to a microplate. The absorbance of for-

mazan formed was measured at 570 nm with 690 nm back-

ground subtracting using a microplate reader. The all experi-

ments were repeated three times. 

3. Flow cytometric analysis

Cells (1×106) treated either with or without 1 μM gefitinib

for 48 hours were harvested by trypsinization, washed twice

with cold phosphate-buffered saline (PBS), and then fixed in

ice-cold 70% ethanol and stored at -20℃ for 18 hours prior to

DNA analysis. After the removal of ethanol by centrifugation,

the cells were washed with PBS left to room temperature. Cells

were stained with 500 μl/tube PI/RNase solution (BD pharmin-

gen, San Diego, CA, USA) for 15 min at room temperature.

Data were acquired on a FACS Calibur (BD pharmingen, San

Diego, CA, USA) using Cell Quest Pro software(version 5.1.1,

BD pharmingen, San Diego, CA, USA).

4. Western blot analysis

Cells (1×105) were seeded into 100 mm dish. After grown

about 70% confluence, they were treated either with or without

1 μM gefitinib for 72 hours. Cells were washed with cold PBS

and lysed in lysis buffer (20 mM Tris-HCl, 0.5 M NaCl, 0.25%

Triton X-100, 1 mM EDTA, 1 mM EGTA, 10 mM b-glyc-

erophosphate, 10 mM NaF, 1 mM benzamidine, 2 mM PMSF,

300 mM Na3VO4, 1 mM DTT with freshly added protease

inhibitors) for 20 min at 4℃. The lysate was performed cen-

trifugation for 10 min at 14000 rpm, 4℃, and the supernatant

(protein extracts) was used or stored at -80℃. Protein concen-

tration was determined by the Bradford assay using Biorad

Protein Assay reagent (Biorad, Hercules, CA, USA).
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For western blot, twenty microgram of protein extracts was

denatured by boiled with 5X SDS buffer. And then, they were

performed electrophoresis on 12% of tris-glycine SDS poly-

acrylamide gel. The protein was then transferred to HybondTM-

ECL nitrocellulose membrane (Amersham Bioscience,

Piscataway, NJ, USA). Non-specific binding sites were

blocked using 5% skim milk in Tris-buffered saline (TBS) for

2 hours at room temperature and bindings with rabbit anti-

human EGFR, p-EGFR and ERK1/2 antibodies (1:200, Santa

Cruz Biotechnology, Santa Cruz, CA, USA), rabbit anti-human

Akt, p-Akt and p-ERK1/2 antibodies (1:200, Cell Signaling,

Danvers, MA, USA) and mouse anti-b-actin antibodies

(1:1000, Sigma, St. Louis, MO, USA) carried out overnight at

4℃ in TBS followed by being washed three times with TBS

containing 0.1% Tween 20 and incubation with HPR-conjugat-

ed goat anti-rabbit or mouse antibodies (1:2000, Santa Cruz

Biotechnology, Santa Cruz, CA, USA) for an hour at room

temperature. Finally, ECL western blotting substrate (Pierce,

Rockford, IL, USA) was added and the membrane was

exposed to Kodak film (Rochester, NY, USA). Equal loading

of extracts was confirmed using β-actin expression.

5. Statistical Analysis

Data were expressed as mean±standard deviation. Statistical

significance of differences between control and treated sam-

ples was calculated by Student's t-test. P<0.05 was considered

significant.

Results

1. Growth inhibition by gefitinib

The antiproliferative effect of gefitinib was observed on

three head and neck  cancer cell lines in different manner.

Treatment with gefitinib in several concentrations for 48 hours

led to a dose-dependent decrease of cell density in SCC-9

cells, however, in KB cells, no significant growth inhibition by

gefitinib was observed (Fig. 1). Similar antiproliferative effect

was observed in time-dependent growth curve profile (Fig. 2).

Only in SCC-9 cells, significant growth inhibition was

observed.

Fig. 1. Growth inhibition curve of gefitinib in several concentrations. SCC-9 cells were examined significant growth inhibition

by gefitinib, while KB cells do not showed significant antiproliferative activity of gefitinib under < 10 μM (p<0.05).  

SCC-9 KB

Fig. 2. In 1 μM gefitinib, growth inhibition curve in cell lines. SCC-9 cells were examined significant growth inhibition time-

dependently, while KB cells showed no significant antiproliferative activity of gefitinib (p<0.05).

SCC-9 KB



2. Flow cytometric analysis

To study whether growth inhibition of head and neck cancer

cells by gefitinib resulted form cell cycle delay, we examined

the distribution of cell cycle by flow cytometry in the presence

and absence of gefitinib. Table 1 shows that 1 μM  gefitinib

treatment for 48 h led to a significant increase in G0-G1 phase

and this indicate that gifitinib treatment induced G1 arrest in

SCC-9 cells as compared with the control. However, in KB

cells, G1 arrest was not observed (Fig. 3).   

3. Effect on downstream signal pathways of EGFR

To elucidate the molecular mechanism of treatment effect of

gefitinib, we evaluated whether EGFR is expressed in cell

lines and the EGFR blockade affects the activation of intracel-

lular downstream molecules. As shown in Fig. 4, EGFR

expression is positive in SCC-9 and KB cells. In SCC-9 cells,

gefitinib treatment induced a significant suppression of EGFR

autophosphorylation and phosphorylation of Erk, Akt that are

involved in downstream signaling of EGFR. However, in KB

cell, only EGFR phophorylation was inhibted and phospho-

form of Erk and Akt expression was weak and gefitinib do not

suppress phosphorylation of Erk, and Akt.
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Table 1. Cell cycle analysis.

SCC-9 KB

Phase control gefitinib control gefitinib

G0-G1 60.0 76.6* 58.4 61.5

S 20.5 11.1* 19.6 21.3

G2-M 11.4 4.7* 15.0 12.5

*means significant difference from control statistically by t-test from

three data points (p<0.05).

Fig. 3. Histogram of cell cycle distribution. SCC-9 cells were examined significant G1 arrest with gefitinib in contrast with KB

cells.

SCC-9 KB

Fig. 4. Western blot analysis of EGFR expression and phos-

phorylation of downstream signaling molecule. EGFR

expression is positive in SCC-9 and KB cells. In SCC-9

cells, gefitinib treatment induced a significant suppression

of EGFR auto-phosphorylation and phosphorylation of Erk,

Akt that are involved in downstream signaling of EGFR.

However, in KB cells, EGFR phophorylation was inhibited

and active form of Erk and Akt expression was weak and

gefitinib do not suppress phosphorylation of Erk and Akt.
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Discussion

The human epidermal growth factor receptor (EGFR) is a

170 KD transmembrane cell surface protein with tyrosine

kinase activity which is activated following the binding of sev-

eral ligands including EGF, TGF alpha, ampiregulin, HB-EGF,

betacellulin, epiregulin and epigen to its external domain10).

This receptor is the prototype of the type-I growth factor

receptor subfamily, which include erbB2 (HER-2), erbB3

(HER-3) and erbB-4 (HER-4). The EGFR exists as an inactive

monomer, however, the binding of ligands to the external

domain of the EGFR leads to the formation of homo or het-

erodimers with the EGFR and other members of this family

and autophosphorylation of several tyrosine residues in its

intracellular domain, which ultimately lead to activation of

downstream signalling molecules involved in cell proliferation

or survival pathways of the ras/raf/Erk and PI-3/Akt respec-

tively12-14). It follows that monitoring the phosphorylated

(active) status of EGFR, Erk and Akt in cell lines could be

potentially used to determine gefitinib efficacy.

In the past 20 years, several groups have investigated the

expression of the EGFR in head and neck cancer biopsies and

the cell lines established from such tumors15-26). Overall, in the

majority of such studies overexpression of the EGFR has been

shown to be a characteristic feature of head and neck squa-

mous cell carcinoma and this in turn has been correlated with a

poor prognosis and resistance to radiotherapy21,26-29). 

Gefitinib has been studied in recurrent and metastatic

SCCHN as a single agent in single-arm phase II trials30,31), only

a minority of patients showed response to this agent like our

study. In addition, there was no association between the

expression of the EGFR levels and tumor response to gefitinib

treatment. In our study, both SCC-9 and KB cell lines showed

EGFR expression, but gefitinib response was different. Like

other reports, our study showed that EGFR expression can not

be a predictive factor of gefitinib response.

Currently, several critical issues about the gefitinib resistance

mechanisms are ongoing. Emerging data suggest that EGFR

inhibition may not be effective in the presence of independent-

ly activated proteins (eg, ERK, AKT, STAT332,33)), tumor cell

dedifferentiation (eg, epithelial to mesenchymal transition34,35),

or the expression of other cell surface receptors (eg, insulin-

like growth factor I receptor36). Erk and Akt are downstream

signaling molecules that can be activated by EGFR and other

cell surface receptors. If other cell surface receptors such as

HER-2, HER-3, HER-4 and insulin-like growth factor receptor

are expressed, gefitinib cannot block activation of downstream

signaling molecules Erk and Akt. So activated (phosphorylat-

ed) form of Erk and Akt can be a more reliable predictive fac-

tor of gefitinib response. In our study, gefitinib sensitive SCC-

9 cells showed strong expression of p-Erk and p-Akt, but in

KB cells, weak expression of active form of Erk and Akt was

observed and this cell line showed gefitinb resistance. In stud-

ies about gefitinib response in NSCLC patients, gefitinib sensi-

tivity was correlated with phophorylation of Akt37,38). Cappuzzo

et al have reported that patients with phospho-Akt-positive

tumors who received gefitinib had a better respose rate in

terms of stable disease, disease control rate, and time to dis-

ease progression than patients with phospho-Akt-negative

tumors38).    

Additionally, there is currently studies on the expression pat-

tern (i.e. membranous, cytoplasmic, nuclear), and prognostic

significance of wild type EGFR, together with phosphorylated

EGFR, and EGFRvIII in patients with head and neck cancer.

Such investigation may unravel the relative contribution of

each factor to the malignant behavior of the head and neck

cancer and response to the EGFR inhibitors. 

In common with cytotoxic drugs, the target recognised by the

EGFR TKIs is intracellular which may have contributed to the

lack of association between the levels of the EGFR expression

and response to the EGFR TKIs. In molecular therapy of

human cancers using TKIs, a key aim should be the selection

of the patients whose tumors are dependent on the phosphory-

lation of such antigens for proliferation and metastasis. The

potential of several proteins (pEGFR, EGFR, EGFRvIII, HER-

2, HER-3, HER-4, IGF-IR, pErk, pAkt, p27) in determining

the biologic behavior of the head and neck cancer and in pre-

dicting response to the EGFR inhibitors should be established.

In addition, such investigation should be performed in patients

with different types of tumors. The lack of correlation between

these factors and response to gefitinib in one type of cancer

(eg. NSCLC) dose not indicate that the same could be true in

other types of cancer such as head and neck cancer. The results

of such investigations may lead to the identification of more

reliable predictive factors for the selection of a more specific

population of patients who would benefit from gefitinib treat-

ment.  

Conclusions

We investigate the antiproliferative effect of gefitinib,

EGFR-TKI in head and neck cancer cell lines. SCC-9 cells

were observed significant growth inhibition in contrast with

KB cells. Also, flow cytometric analysis showed G1 phase

arrest only in SCC-9 cell. In Western blot analysis to investi-

gate EGFR expression and downstream molecule phosphoryla-
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tion, gefitinib suppressed phosphorylation of EGFR and down-

stream protein kinase Erk, Akt in SCC-9. However, in EGFR

positive KB cell, weak expression of active form of Erk and

Akt and no inhibitory activity of phosphorylation in Erk, Akt

was observed. The antiproliferative activity of gefitinib was

not correlated with EGFR expression and some possibility of

p-Erk and p-Akt as predictive factor of gefitinib response was

emerged. Further investigations about more reliable predictive

factor indicating gefitinib response are awaited to be useful

gefitinib treatment in head and neck cancer patients.
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