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Summary
Imatinib mesylate (Gleevec) is known to exert anti-growth effects through many protein tyrosine kinases (PTKs)
such as platelet-derived growth factor receptor (PDGFR), c-Kit, and c-abl. The serine/threonine kinase Akt, or
protein kinase B (PKB), was described to be the downstream effector of many PTKs and inhibits apoptosis in
cancer cells. The purpose of this study was to examine the expression of these PTKs and Akt in head and neck
squamous cell carcinoma (HNSCC) after exposure to Imatinib and to determine if this drug will inhibit the growth
of HNSCC cells at clinically relevant doses. Imatinib was introduced into cultures of the squamous cell lines
UMSCC10B, HN12 and HN30 at clinically used concentrations. Protein tyrosine kinases, PDGFR, c-Kit, and c-Abl,
were evaluated by Western blot. Cell viability was assessed by clonogenic survival analysis. HNSCC tissue samples
were stained for PDGFR, c-Kit and phosphorylated Akt (p-Akt). Akt kinase activity was measured in the presence
or absence of Imatinib. In addition, Akt phosphorylation following Imatinib treatment was assessed using Western
blot. Akt siRNA was used as the positive control for complete inhibition of Akt. Colony forming efficiency decreased
with an increase in concentration of Imatinib. Three µM of Imatinib completely reduced cell viability in HN12 and
HN30 and 10 µM in UMSCC10B. Immunohistochemistry confirmed high expression of PDGFR, c-Kit, and p-Akt in
human HNSCC tissues. Expression of PDGFR, c-Kit, and c-Abl in the HNSCC cell lines did not change after
Imatinib treatment. Akt kinase activity was significantly inhibited with increasing concentration of Imatinib in
HNSCC cells, and near complete dephosphorylation of Akt was observed at 6 µM of Imatinib in the UMSCC10B
and HN30 cell lines. Akt SiRNA alone, however, significantly reduced the cell viability by approximately 1/3.
Imatinib at clinically relevant concentrations caused a dose dependent decrease in HNSCC survival with a complete
inhibition of growth at the highest concentrations tested. The decreased cell survival may be related to the
inhibition of PTKs and a reduction of Akt kinase activity but was not due to inhibition of Akt alone.

I. Introduction
Head and neck squamous cell carcinoma (HNSCC) is

the sixth most common malignant neoplasm in the world

today (Jemal et al, 2004). The overall 5-year survival rate
for patients is less than 50%, among the lowest of the
major cancer types, and has not improved during the last
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decade (Jemal et al, 2004). The lack of progress in head
and neck oncology emphasizes the importance of
molecular genetic studies that correlate with tumor
biology. The molecular alterations observed in HNSCC
are mainly due to oncogene activation and tumor
suppressor gene inactivation, leading to deregulation of
cell proliferation. Understanding the molecular
mechanisms of the tumor biology will aid in identifying
targets for treatment.

Protein-tyrosine kinases (PTKs) are important
regulators of intracellular signal-transduction pathways
mediating cell development, growth, and multicellular
communication. Their activity is normally tightly
controlled and regulated. Perturbation of PTK signaling by
mutations and other genetic alterations results in
deregulated kinase activity and malignant transformation
(Blume-Jensen and Hunter, 2001). Protein kinases were
thought to be poor therapeutic targets because of their
ubiquitous nature and crucial role in many normal
physiologic processes.

The advent of Gleevec (STI-571, imatinib, CGP
57148; Novartis Pharmaceuticals, Basel, Switzerland)
demonstrated that kinases could be clinically useful drug
targets for treating certain types of cancer. Imatinib is a
PTK inhibitor, which selectively suppresses the activity of
c-Abl, Bcr-Abl, platelet-derived growth factor receptor
(PDGFR), and c-Kit (Buchdunger et al, 1996; Druker et al,
1996; Heinrich et al, 2000; Capdeville et al, 2002;
Roskoski, 2003). This compound is now standard
treatment for chronic myelogenous leukemia (CML)
(Druker et al, 2001; Kantarjian et al, 2002; Kurzrock et al,
2003). Human CML and some forms of Philadelphia
chromosome-positive acute lymphocytic leukemia are
characterized by reciprocal translocation between
chromosomes 9 and 22. This translocation results in the
fusion of two cellular genes, Abl and Bcr, resulting in the
formation of a chimeric gene termed Bcr-Abl (Shore et al,
1990). Imatinib occupies the nucleotide-binding pocket of
Bcr-Abl protein and blocks access to ATP thereby
preventing phosphorylation of any substrate (Druker et al,
1996; Kurzrock et al, 2003) and inducing apoptosis
(Druker et al, 1996; Kantarjian et al, 2002; Kurzrock et al,
2003).

Imatinib is not specific for Bcr-Abl, and its action
extends to c-Kit and PDGFR (Heinrich et al, 2000; Pietras
et al, 2001, 2002). The c-Kit proto-oncogene is a 145 kD
transmembrane glycoprotein and a number of the receptor
PTK subclass III family that includes receptors for PDGF,
macrophage colony-stimulating factor, and flt3 ligand
(Yarden et al, 1987, Small et al, 1994). Its ligand,
alternatively known as stem cell factor, mast cell growth
factor, or steel factor, is an early growth factor that
supports the growth and differentiation of multiple
hematopoietic lineages (Besmer, 1991; Ashman, 1999). In
addition to its importance in normal cellular physiologic
activities, c-Kit plays a role in biologic aspects of certain
human cancers, including germ cell tumors, mast cell
tumors, gastrointestinal stromal tumors (GIST), small-cell
lung cancer (SCLC), melanoma, breast cancer, acute
myelogenous leukemia (AML), and neuroblastoma
(Besmer, 1991; Hibi et al, 1991; Beck et al, 1995; DiPaola

et al, 1997; Hirota et al, 1998; Ashman, 1999; Tian et al,
1999; Heinrich et al, 2000). Imatinib has been recently
approved for the treatment of c-Kit-positive advanced
and/or surgically unresectable GISTs and is undergoing
trials for the treatment of SCLC.

Autocrine PDGFR stimulation is found in several
human tumor types, including dermatofibroma
protuberans, giant cell fibroblastoma, and glioblastoma,
each of which responds to Imatinib with inhibition of
growth and apoptosis in vitro and in xenograft models
(Buchdunger et al, 2000; Sjoblom et al, 2001).

A significant advantage of Imatinib is that it is
effective when administered orally. Many anticancer drugs
are effective only when injected intravenously. In contrast
to other chemotherapy drugs, side effects from Imatinib
are mild. The most common side effects are mild nausea,
edema, myalgias, arthralgias, diarrhea, and skin rash
which occur in about 10% of patients (Druker et al, 2001;
Kurzrock et al, 2003).

In a preliminary study, we found that PDFGR, c-Kit,
and c-Abl were highly expressed in cultured squamous
cell lines by Western blot analysis. For stimuli that induce
PTK activity in cells almost invariably induce subsequent
activity of proteins with Src homology domains, such as
phophoinositide 3-kinases (PI3Ks) which in turn generate
inositol phospholipids (Stephens et al, 1993;
Vanhaesebroeck and Alessi, 2000). These lipids and the
protein kinase are mostly likely activated by the protein
kinase Akt (also known as PKB), and trigger a cascade of
responses, from cell growth and proliferation to survival
and motility that lead to tumor progression
(Vanhaesebroeck and Alessi, 2000; Blume-Jensen and
Hunter, 2001; Amornphimoltham et al, 2004). Most of the
growth factors activate Akt through a PI3K signaling
pathway-dependent mechanism (Cross et al, 1995; Franke
et al, 1995), but a few PI3K-independent mechanisms also
have been reported (Moule et al, 1997; Filippa et al, 1999).
Because these mechanisms may be involved in the action
of Imatinib against cancer cells, we designed a study to
investigate the effect of Imatinib in human HNSCC where
PTKs such as PDGFR and c-Kit are expressed, and to
examine its effect on the activation of Akt as a probable
mechanism of action.

II. Materials and Methods
A. Reagents
Imatinib (Novartis, Basel, Switzerland) was dissolved in

Me2SO4 (DMSO) to a stock concentration of 3 mM and stored at
-20°C. Dilutions for all experiments were freshly made before
use.

B. Cell lines and tissue culture
Human HNSCC cell lines UMSCC10B, HN12, and HN30,

were used in this study. UMSCC10B was supplied by Dr. Tom
Carey form University of Michigan. HN12 and HN30 cell lines
were obtained form Dr. J.S. Gutkind, Oral and Pharyngeal
Cancer Branch, National Institute of Craniofacial and Dental
Research, National Institutes of Health, Bethesda, MD. All cell
lines were grown in Dulbecco’s modified Eagle’s medium,
supplemented with 10% fetal bovine serum, 10,000 unit/ml
penicillin G sodium, 10 mg/ml streptomycin sulfate (Invitrogen
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Co., Carlsbad, CA), and L-glutamine (Invitrogen Co.) at 37°C in
5% CO2.

C. Western blot analysis for PDGFR, c-Kit,
and c-Abl

After twenty-four hours of achieving cell confluence, 5 ml
of 6 µM of Imatinib was added to each plate in duplicate for 24
hours at 37 °C, and 5 ml of DMSO was added to the control
plate. Cells were lysed in lysis buffer containing  20 mM Tris (pH
7.5), 150 mM NaCl, 1 mM EDTA, 1mM EGTA, 1% Triton, 2.5
mM sodium pyrophosphate, 1 mM β-glycerophosphate, 1 mM
Na3VO4, and 1 µg/ml leupeptin. Cell lysates were separated on
10% NuPAGE® Novex Bis-Tris Gels (Invitrogen Co.) and
transferred electrophoretically to a nitrocellulose membrane
(0.45 µm; Bio-Rad Laboratories, Hercules, CA). Membranes
were incubated for one hour at room temperature with primary
antibodies in the following concentrations: anti-PDGFR-α
antibody (1:200 dilution), anti-PDGFR-β antibody (1:200), anti-
c-Kit antibody (1:200), and anti-c-Abl antibody (1:100; all from
Santa Cruz Biotechnology, Santa Cruz, CA). Appropriate
secondary antibodies (1:2,000 dilution anti-rabbit antibodies for
PDGFR-α, PDGFR-β, and c-Kit; 1:2,000 antimouse for c-Abl)
were added. Immunoreactive proteins were visualized with the
enhanced chemiluminescence detection system (Pierce,
Rockford, IL).

D. Clonogenic survival analysis
Cultures were trypsinized to generate a single cell

suspension, which was seeded onto 50 mm tissue culture plates
at a density of 700 cells/plate in triplicate. To assess the effect of
Imatinib on cell proliferation, the HNSCC cell lines were
incubated for a total of 8 days in various concentrations (0, 0.5,
1, 3, 6, and 10 µM) of Imatinib which was renewed on day 4.
Control plates received DMSO only. Eight days after seeding,
colonies were stained with crystal violet, and the number of
colonies containing at least 50 cells was counted using
AlphaImager 2200 and 1220 software (Alpha Innotech Co., San
Leandro, CA). All of the assays were performed in triplicate and
were repeated at least twice.

In a separate experiment, Akt siRNA (SignalSilenceTM

siRNA kit; Cell Signaling Technology) at a concentration of 100
nM was added to UMSCC10B without the addition of Imatinib
and incubated for 10 days. A repeat dose of Akt siRNA was
added on day 4. Colonies were counted using the above method
at the end of the 10th day.

E. HNSCC specimens and
immunohistochemical analysis

Immunohistochemical studies on archived, formalin fixed,
paraffin embedded HNSCC tissue samples were performed using
polyclonal rabbit antibodies against PDGFR (Santa Cruz
Biotechnology) and c-Kit (Santa Cruz Biotechnology). A mouse
monoclonal antibody against p-Akt (Ser 473) (Cell Signaling
Technology, Beverly, MA) was used for phosphorylated Akt.
Negative control slides were from the same tissue but without the
addition of the primary antibodies. As normal controls, 5
specimens each of normal tonsils, uvula, and laryngeal mucosa
were included.

The tissue sections were deparaffinized in xylene and
rehydrated in ethanol. Antigen retrieval was performed by steam
heating with 1x DAKO Target Retrieval solution. The sections
were then allowed to cool to room temperature in the solution.
The endogenous peroxidase was removed by 3% H2O2. Non-
specific binding of biotin and avidin was abolished by blocking
solution for 30 minutes (Protein Block Serum-Free, DAKO,
Carpinteria, CA). The background staining was reduced with

incubation of goat serum (1:20 dilution) for 60 minutes. Primary
antibodies were placed on slides and incubated for 1 hour at
room temperature in the case of PDGFR and c-Kit and overnight
at room temperature in the case of p-Akt. Secondary antibodies
conjugated with Strepavidine/HRP (LSAB2, DAKO) were used.
The slides were washed and antibody complex visualized by
3,3’-diaminobenzidine (DAB, DAKO). The nuclei were
counterstained by Gill’s II hematoxylin. Immunoactivity in the
tissues was estimated by counting the number of positive cells
per 1,000 tumor cells. Cases were considered positive if more
than 20% of the tumor cells were staining.

F. Akt kinase activity assay
Equal numbers of cells were seeded into 3 cell culture

plates (100 mm). After allowing cells to attach overnight,
Imatinib or DMSO was added at concentrations of 0, 5, and 10
µM. Cells were harvested after 24 hours for Akt kinase assay
(nonradioactive, Cell Signaling Technology). The harvested cell
pellet was lysed with 1 mM phenylmethylsufonyl fluoride
(PMSF) and 0.5 ml of cell lysis buffer. Cell lysates (supernatant)
were prepared after sonication and centrifugation for 10 minutes
at 4°C. The total protein of each cell line was standardized using
a BCA protein assay reagent kit (Pierce, Rockford, IL).
Immobilized Akt monoclonal antibody (Cell Signaling
Technology, Beverly, MA) was added to an equal amount (200
µl) of each cell lysate and incubated overnight at 4°C in rocker.
The immunoprecipitate was washed twice each with cell lysis
buffer and kinase buffer containing 25 mM Tris (pH 7.5), 5 mM
β-glycerophosphate, 2 mM DTT, 0.1 mM Na3VO4, and 10 mM
MgCl2. The pellet was re-suspended in 50 µl of kinase buffer, 10
mM of ATP, and 1 µg of GSK-3 fusion protein. After incubation
for 30 minutes at 30°C, the reaction was terminated with 25 µl
3% SDS buffer. Samples were loaded on 10% NuPAGE® Novex
Bis-Tris Gels (Invitrogen Co.) and transferred electrophoretically
to a nitrocellulose membrane. The volume of sample per well on
gel was adjusted appropriately according to the total protein
amount of each sample that was determined by BCA protein
assay. The membrane was incubated for 2 hours with blocking
buffer that contained PBS and 5% nonfat dry milk. GSK-3
phosphorylation was detected using phosphopho-GSK-3α/β
(Ser21/9) antibody (1:1,000 dilution) and horseradish
peroxidase-conjugated anti-rabbit antibody by Western blot. To
assess the level of expression of p-GSK, SeeBlue Plus2®

(Invitrogen Co.) was used as a standard ladder.

G. Akt siRNA as a positive control
To investigate the mechanism of action of Imatinib on Akt,

we compared the expression of Akt and p-Akt after exposure to
Imatinib, using Akt siRNA (SignalSilenceTM siRNA kit; Cell
Signaling Technology) as the positive control. The three HNSCC
cell lines were cultured in three 50 mm culture plates and
allowed to grow to less than 50% confluence. Then the cells were
incubated with either Akt siRNA or 6 µM of Imatinib for 24
hours. The expression was compared to the control samples that
were exposed to Transfection reagent (SignalSilenceTM siRNA
kit component; Cell Signaling Technology).

For cells incubated with Akt siRNA, two sets of 1 ml
serum-free media were prepared in sterile microfuge tubes. 20 µl
of Transfection reagent were added to the each tube, followed by
incubation for 10 minutes in room temperature. Akt siRNA was
added at a concentration of 100 nM and was incubated for
another 10 minutes at room temperature. This mixture was added
to one set of the culture plates and agitated for 30 seconds. The
contents of the other microfuge tube were added to another plate
as a control. The three cell lines were exposed to either Akt
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siRNA or Imatinib at 6ÌM for 24 hours. Scramble siRNA was
used as a negative control.

After incubation with Imatinib or Akt siRNA, cells were
harvested and centrifuged at 2,000 rpm. Protein was extracted
from cells using lysis buffer containing protease inhibitor and
was separated using 10% NuPAGE® Novex Bis-Tris Gels and
blotted onto a nitrocellulose membrane. The membrane was
probed using anti-p-Akt antibody (1:100; Cell signaling
Technology), anti-Akt1 antibody (1:100; Santa Cruz
Biotechnology), and anti-β-actin antibody (1:5,000; Sigma-
Aldrich Inc.), followed by 1-hour room temperature incubation
with the following secondary antibodies: anti-mouse antibody
(1:5,000) for p-Akt; anti-goat antibody (1:10,000) for Akt1; and
anti-mouse antibody for actin (1:2,000). Positive protein signals
were visualized with the enhanced chemiluminescence detection
system.

III. Results
A. Expression of TKs in HNSCC cell lines

By Western Blot analysis, human HNSCC cell lines,
UMSCC10B, HN12, and HN30, were shown to express
PDGFR-α, PDGFR-β, c-Kit, and c-Abl (Figure 1).
Exposure of HNSCC cells to 6 µM Imatinib for 24 hours
has no apparent effect on the quantitative expressions of
these PTKs.

B. Inhibition of cell growth by Imatinib at
clinically relevant concentrations

The effect of Imatinib on three HNSCC cell lines
was measured by means of clonogenic survival analysis. A
near-complete growth inhibition in HN12 and HN30 cells
was observed when treated with 3 µM Imatinib, whereas
UMSCC10B cells exhibited a similar response at a
concentration of 10 µM (Figure 2).

Figure 1. Western blot analysis of
PDGFR-α, PDGFR-β, c-Kit, and c-
Abl in UMSCC10B, HN12, and
HN30 cells. The protein tyrosine
kinases were present in all three cell
lines, but their expression was not
changed after 24 hours of Imatinib
treatment at 6 µM.

 

Figure 2. Clonogenic assay in three head and neck squamous cell
carcinoma (HNSCC) cell lines. Each cells line was exposed to
control (DMSO) or increasing concentration of Imatinib (0, 0.5, 1,
3, 6, and 10 µM) and stained eight days after seeding. The darker
staining spots represented viable cells. The viability of
UMSCC10B cell (A) was grossly inhibited only at the dose of 10
µM Imatinib. Cell viability of HN12 cells (B) and HN30 (C) cells
were markedly inhibited at the dose of 3 µM Imatinib. Each assay
condition was performed in triplicate.
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The concentration of 3 to 6 µM can be achieved by
once daily administration of Imatinib orally in patients (4).
Consistent with the results from viability staining assays,
the quantitative analyses of colony forming efficiency
demonstrated that Imatinib exerted a significant inhibitory
effect on cell growth of HNSCC cell lines (Figure 3).

Akt siRNA alone at a concentration of 100 nM for 10
days achieved approximately 33% inhibitory effect on the
cell colony. The number of colonies in the control cells
was 459+/-31. Cells treated with Akt SiRNA had a
reduction of colonies to 300+/-54 (p=0.01, Figure 4).

C. Immunohistochemical study
Immunohistochemistry was performed on 37

HNSCC tumors and 5 controls. Figure 5 shows a
representative example of immunohistochemical staining
for (A) PDGFR, (B) c-Kit, and (C) p-Akt. Positive
staining is located in the cytoplasm of PDGFR and c-Kit,
and in the cytoplasm and nucleus for the phospho-Akt.
PDGFR was positive in 36 of 37 cancer samples (97.3%)
as well as all 5 control specimens. The proportion of
positive staining for c-Kit and p-Akt were 70.3% (26 of
37) and 67.6% (25 of 37), respectively. In contrast, the
control cases showed no expression in p-Akt and c-Kit
(p=0.07).

D. Effect of Imatinib on Akt kinase
activity

HNSCC cells in the presence of Imatinib inhibited
Akt kinase activity in a dose-dependent fashion (Figure
6). Imatinib at a concentration of 5 µM inhibited the Akt
kinase by approximately 50% in these cell lines. At a
concentration of 10 µM, all three cell lines revealed
further reduction, but not complete absence of Akt kinase
activity.

E. Akt SiRNA vs. Imatinib effect on
phosphorylated Akt

Figure 7 showed the presence of Akt1 and
phosphorylated Akt (p-Akt) in cells after exposure to 6 uM
of Imatinib vs. Akt SiRNA for 24 hours. Both Akt siRNA
and Imatinib caused a near-complete dephosphorylation of
Akt, as evidenced by a significant reduction in p-Akt
expression, in all three cell lines, to levels that were
comparable to those seen after exposure to Akt SiRNA in
UMSCC10B cells. The expression of Akt1 remained
present after Imatinib treatment, although there appeared
be a reduction of Akt1 in UMSCC10B after exposure to
Imatinib. In contrast, Akt siRNA caused marked reduction
of both Akt1 and the p-Akt.

Figure 3. Effect of Imatinib on
tumor cell viability. Colony-forming
efficiency was determined 8 days
later. The colonies were counted if
they had equal or greater than 50
cells. Each value represented the
mean ± standard deviation for three
independent experiments.

Figure 4. Clonogenic assay on cell
UMSCC10B after 10 days of
incubation with 100 nM Akt SiRNA.
The number of colonies counted in
control cells was significantly higher
than that treated with Akt SiRNA
(p=0.01).
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Figure 5. Immunohistochemical
detection for PDGFR (A), c-Kit (B),
and phospho-Akt (C) and negative
control (D). Positive staining
indicated the presence of p-Akt.
Positive staining was observed
mainly in the cytoplasm and evenly
distributed within the tumor. p-Akt is
a phosphorylated form of Akt. All
images were photographed at 400X
magnification..

Figure 6. Analysis of Akt kinase
activity in Imatinib-treated head
neck squamous cell carcinoma cell
lines. Cells were exposed to 0, 5, and
10 µM of Imatinib for 24 hours and
lysed for immunoblot analysis.
Kinase assay was performed using
GSK-3 fusion protein as a substrate.
The protein levels of phosphorylated
GSK reflect the Akt kinase activity.
Akt kinase was reduced by
approximately 50% at 5µM of
Imatinib in all three cell lines, and
approximately by 75% at 10µM in
UMSCC10B and HN30 cells.

Figure 7. Imatinib or Akt SiRNA-
dependant suppression in Akt
expression. Western blots showed
phosphorylated Akt (p-Akt), Akt1,
and β-actin from three HNSCC cell
lines. The three cell lines were
treated with Imatinib at 6 µM for 24
hours and separate UMSCC10B cells
were treated with 100 nM Akt
SiRNA for 24 hours as positive
control. The expressions of Akt1
were not significantly altered with
Imatinib treatment, with the
exception of UMSCC10B, that
showed approximately 50%
reduction in Akt1 expression. The
presence of p-Akt was severely
reduced to a level similar to the
effect of Akt SiRNA.
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IV. Discussion
In the current study, we found that HNSCC cell lines

as well as human HNSCC’s expressed high levels of
PDGFR, c-Kit, and c-Abl tyrosine kinases (TKs). The
receptor tyrosine kinases (RTKs), PDGFR and c-Kit, and a
non-receptor thyrosine kinase, c-Abl, are the main targets
for Imatinib (Buchdunger et al, 2000; Vlahovic and
Crawford, 2003). Since Imatinib has proven to be an
effective inhibitor for various tyrosine kinases, we
hypothesized that this tyrosine kinase inhibitor could also
inhibit the proliferation of HNSCC cells.

The clonogenic analysis showed a significant
inhibition of cell viability in HN12 and HN30 cells at a
concentration of 3 µM Imatinib, which was the serum
level achieved by the typical dosage of 300mg Imatinib
taken orally in the once daily for CML treatment
(Roskoski, 2003).

Though the activity of these target kinases are
presumably lowered by Imatinib, the protein levels of
PDGFR, c-Abl and c-Kit expression in HNSCC cells were
not altered following Imatinib treatment. Because of its
critical role in the downstream-signaling pathway of PTKs
such as PDGFR and c-Kit, we proceeded to measure Akt
kinase activity following the treatment of Imatinib. We
hypothesized that Imatinib would inhibit cancer cell
proliferation either through inhibition of PI3K/Akt or
PI3K-independent Akt pathway. Akt is a 57 kD
serine/threonine kinase with pleckstrin homology (PH)
domain that preferentially binds phophatidylinositol
(Blume-Jensen and Hunter, 2001; Roskoski, 2003)
diphosphate (PtdIns(3,4)P2) and PtdIns(3,4,5)P3 over other
phosphoinositides (PIs) (James et al, 1996; Stephens et al,
1998; Vanhaesebroeck and Alessi, 2000). Stimuli that
induce PTK activity in cells almost invariably lead to the
generation of PtdIns(3,4)P2 and PtdIns(3,4,5)P3 (Stephens
et al, 1993).

Akt itself has a pivotal role in cell cycle progression,
differentiation of smooth muscle cells, angiogenesis,
inhibition of apoptosis, and cell growth (Franke et al,
1995; Brennan et al, 1997; Muise-Helmericks et al, 1998;
Hayashi et al, 1999; Ozes et al, 1999; Verdu et al, 1999;
Okano et al, 2000). Akt also plays a key role in cancer
progression by stimulating cell proliferation and inhibiting
apoptosis (Blume-Jensen and Hunter, 2001; Vivanco and
Sawyers, 2002). Akt promotes cell survival through
downstream signaling. Phosphorylation of Akt contributes
to the activation of Akt (Kohn et al, 1996). To date, there
are at least seven signaling pathways downstream of Akt
(McCormick, 2004). Proteins that encourage apoptosis,
such as BAD, caspase-9, are among the first targets of Akt
to be identified. In addition, Akt triggers other cell-death
regulators such as IKKα, the forkhead transcription
factors, Mdm2 and Yap (Basu et al, 2003; Wendel et al,
2004). Such association has been shown in several cancer
types such as breast, pancreatic, and ovarian cancer
(Cheng et al, 1992, 1996; Ballacosa et al, 1995).

The involvement of Akt in human HNSCC has been
demonstrated previously in a number of in vitro and in
vivo studies. For example, Amornphimoltham et al.
(Amornphimoltham et al, 2004) demonstrated that
activation of Akt could be detected in head and neck

tumors with a pattern of expression and localization
correlating with the progression of lesions. Grille et al.
(Grille et al, 2003) reported that activation of the Akt
pathway led to epithelial-mesenchymal transition (EMT)
and invasion in HNSCC cells. In this study, we also found
a high percentage of p-Akt expression in human HNSCC
by immunohistochemistry.

Previous studies have demonstrated that Imatinib
activity is mediated in part through direct inhibition of the
Akt signaling pathway (Matei et al, 2004; Appel et al,
2005). In this study, we also demonstrated the inhibitory
effect of Imatinib on Akt in the HNSCC cells, mainly in
the phosphorylated, comparable to that of Akt siRNA.
When used Akt siRNA as a positive control to completely
block Akt, we observed that Imatinib at 6Ì remarkably
inhibits phospho-Akt in all three cells to a similar level as
to when cells were exposed to Akt siRNA. However, the
near absence of p-Akt did not correlate with the growth
inhibition in UMSCC 10B cells, which required a higher
dose (10µM) of Imatinib. We concluded that Imatinib-
induced growth inhibition was not due to the blocking of
Akt phosphorylation alone. Furthermore, different cell
lines with different genomic instability may have
unpredictable sensitivity to Imatinib.

In addition, directly incubating the UMSCC10B cells
with the Akt siRNA showed significant growth inhibition,
but failed to demonstrate the growth inhibitory effect
similar to that of Imatinib. Therefore, inactivation of Akt
alone did not appear to account for the action of Imatinib.
This growth inhibition may involve other PTKs, perhaps
in combination with Akt or Akt independent pathways.
However, in the absence of additional information on
other signal transduction pathways mediating cell
proliferation and multicellular communication, it is
difficult to present an exact molecular mechanism of
growth inhibition of HNSCC by Imatinib. We expect that
Imatinib can inhibit cancer cell proliferation at more than
one level. We are actively investigating other TKs that
maybe modulated by Imatinib.

In contrast to CML, in which one gene mutation
drives cancer progression (Sawyers, 1999), most solid
tumors are thought to be the result of several genetic
alterations (Hanahan and Weinberg, 2000). Our study
shows that a high percentage of human HNSCC tissue
expressed PDGFR, c-Kit, and p-Akt. Drugs like Imatinib,
which target PTKs and possibly Akt in cancers that over-
express them, may prove to be useful as single agent, or in
combination with other types of therapy, especially since
their toxicity profile is very acceptable.

In summary, we have demonstrated that at
concentrations achieved in serum by oral administration of
standard therapeutic doses, Imatinib caused significant
inhibition of cell proliferation in three HNSCC cell lines.
The mechanism of this inhibition may involve many PTKs
with or without inactivation of Akt. This study serves as
the first step in exploring the role of Imatinib in the
treatment of HNSCC. The marked inhibition of Imatinib
on proliferation and survival of HNSCC cell lines justifies
a similar study in animal models. Because of the low
toxicity of Imatinib, the data from this study can also
support preliminary clinical trials of this drug as an
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adjunct to other treatment modalities, such as surgery,
radiation therapy and chemotherapy in HNSCC.
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