
Abstract. Squamous cell carcinoma of the head and neck
(HNSCC) is the most common neoplasm arising in the upper
aerodigestive tract. Unfortunately, the survival for this type of
cancer has not improved significantly in the past 25 years. To
enhance the survival rate multimodal therapy regimens have
been set up. In these regimens chemotherapy plays a pivotal
role in the majority of advanced cases. Transmembrane protein-
tyrosine kinases (PTK) are fundamental elements of the signal
transduction. In consequence, they might be promising targets
for cancer therapy. Imatinib (STI 571) was originally designed
to inhibit the BCR-ABL tyrosine kinase in chronic myeloid
leukemia. But imatinib also has an inhibitory impact on
the PTK receptor c-kit and on its PTK activity. Furthermore,
growth and invasion of HNSCC are strongly influenced by
the extracellular matrix (ECM). The ECM is altered by
matrix metalloproteinases (MMP). In this study, we incubated
different HNSCC cell lines with rising concentrations of
imatinib and/or carboplatin. After an incubation time of up to
10 days, we evaluated c-kit, MMP-2 and MMP-14 by ELISA
techniques and immunohistochemical methods. Especially the
combination of 7.5 μmol carboplatin with 30 μmol imatinib
resulted in a significant decrease in MMP-2 expression in
all observed cell lines (p<0.05). We did not demonstrate a
significant alteration in c-kit expression by imatinib and
carboplatin. We observed an increase in apoptosis in HNSCC
cells by the combination of the two observed chemo-
therapeutic drugs. In all cell lines tested, expression of c-kit
and MMP could be demonstrated. Our results indicate that
MMP-2 expression was suppressed in the presence of imatinib.
Thus, imatinib may exert in part its inhibitory effect on malig-
nant cell growth via the blockage of the signal transduction

of PTK receptors. Further studies are warranted, especially
one keeping in mind the moderate toxicity of imatinib.

Introduction

Head and neck squamous cell carcinoma (HNSCC). HNSCC
is an aggressive epithelial malignancy. It is the most common
neoplasm arising in the upper aerodigestive tract. According
to actual data, HNSCC was ranked as the sixth of the most
common cancers in the world (1). Unfortunately, the survival
for this type of cancer has not improved significantly in
the past 25 years (2). The overall 5-year relative survival rate
from HNSCC is less than 50% (3). The management of the
malignancy requires multimodal therapy including surgery,
chemoradiation and often the combination of these strategies
(2). Chemotherapy is employed in the majority of the advanced
cases but the response rates are poor (3). Thus, new treatment
modalities are developed to improve long-term survival in
HNSCC disease. In the past years, many biological markers
have been described in HNSCC. For example, various studies
have suggested potential prognostic values for p53 mutations,
enhanced expression of epidermal growth factor (EGFR),
transforming growth factor (TGF) ·, or cyclin D1 (4-6). More
recently, novel CD44v6 targeting humanized antibodies were
coupled to toxic substances in order to improve response rates
in HNSCC (7).

Protein-tyrosine kinases (PTK). An essential element of
signal transduction pathways are PTKs. The intracellular
signal transduction is of essential interest in cell growth,
metastasis and apoptosis. Numerous factors regulate the
activities of these PTKs. However, genetic alterations of PTKs
often cause malignant transformations (8). Especially trans-
membrane PTK receptors are of interest. These receptors are
responsible for the transduction of signals from outside and
inside the cell. PTKs are important targets for chemical agents
that inhibit their activities. In HNSCC only the EGFR-PTK
inhibitor gefitinib (Iressa®) has been studied extensively (9).

Imatinib. The PTK inhibitor imatinib (Glivec® or Gleevec®,
also known as STI 571, Novartis, Basel, Switzerland) belongs
to the 2-phenylaminopyrimidine class, which was developed
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for its selectivity against BCR-ABL in patients with chronic
myeloid leukemia (CML) (10), but, it is also an inhibitor of
platelet-derived growth factor receptor (PDGFR) PTK (11,12).
Recently, the crucial role of PDGFR in HNSCC growth has
been described (13). In 2000, a close homology between the
PTK domains of PDGFR and the PTK receptor c-kit has been
published (14). The PTK receptor c-kit is a 145 kDa trans-
membrane protein and the product of the c-kit gene. Imatinib
exclusively inhibits c-kit PTK activity and thus activation of
various other proteins, which are necessary in proliferation
and long-term survival of leukemic cell groups (14). The
inhibitory effects of imatinib are brought about by binding
with non-reserved amino acid residues in the ATP binding
site of mutant PTKs (11). In consequence the auto-phos-
phorylation is being blocked and an alteration of the PTK is
taking place (12).

c-kit. In several solid tumors, such as GIST and breast
cancer, c-kit has been described as overexpressed (15,16).
Recently, the first report about the expression of c-kit in
HNSCC has been published. The authors described a
significantly higher expression of c-kit in HNSCC compared
to benign samples. Surprisingly the expression of c-kit was
significantly elevated in carcinomas of the pharynx compared
to carcinomas of the larynx (17), but also over 90% of the
adenoid cystic carcinomas of the head and neck are c-kit
positive. The treatment of adenoid cystic carcinoma primary
cultures with imatinib showed a down-regulation of c-kit
expression and growth-inhibition (18).

MMP-2. Matrix metalloproteinases (MMP) represent a family
of zinc- or calcium-dependent endopeptidases. MMPs degrade
as gelatinases the extracellular matrix (ECM). This degra-
dation of the ECM plays a key role in tumor angiogenesis,
tumor progression and facilitates metastasis. Expression of
MMP-2 is associated with tumor invasion and metastasis in
HNSCC (19). Okada et al reported that the majority of MMPs
are generated in the stromal compartment by fibroblast tissue
surrounding the tumor (20).

The purpose of this study was to evaluate the effects
of imatinib (STI 571) in HNSCC cell culture. The expression
of c-kit, MMP-2 and apoptosis was analysed not only after
incubation with imatinib but also after combination of
imatinib with carboplatin. To our knowledge, this is the first
report of a chemotherapeutic study treating HNSCC with
imatinib and carboplatin.

Materials and methods

Cell culture. The three different UM-SCC cell lines 11B,
14C and 22B were obtained from Dr T.E. Carey (University

of Michigan, MI, USA). These cell lines originate from
human HNSCC of the oro-, hypopharynx and larynx. Cell
cultures were carried out at 37˚C in a 5% CO2 fully humidified
atmosphere using Dulbecco's modified minimum essential
medium (DMEM) (Fisher Scientific Co., Pittsburgh, PA,
USA) supplemented with 10% fetal calf serum (FCS)
and antibiotics (Life Technologies Inc., Gainthersburg,
MD, USA). Imatinib was gratefully provided by the
manufacturer (Novartis). Imatinib and carboplatin (Medac,
Wedel, Germany) was stored at 4˚C and dissolved in
sterile water at the time of use. The HNSCC cell lines were
incubated with different concentrations and combinations
of imatinib and/or carboplatin from 48 h to 10 days. After
the defined incubation time the supernatants were collected
in sterile tubes and stored at -20˚C until further analysis
(Table I).

C-Kit/MMP-ELISA principle. c-kit and MMP-2 concen-
trations were determined by ELISA technique (c-kit: sCFsR,
DSCR00; MMP-2: DMP2F0, R&D Systems, Wiesbaden,
Germany). The system used a solid-phase monoclonal
antibody and further an enzyme-linked polyclonal antibody
against c-kit or MMP-2. The specificity of anti-human anti-
bodies used in the ELISA kit were examined by sodium
dodecylsulphate polyacrylamide gel electrophoresis (SDS-
PAGE) followed by further Western blotting. Following the
manufacturer's instructions, each assay measured 100 μl
of supernatant. All calibrations and analyses were carried
out in duplicate. The calibrations on each microtiter plate
included c-kit standards provided in the kit. Optical density
was determined using a micro-plate reader at a wavelength of
450 nm. Wavelength correction was set to 540 nm. Concen-
trations of c-kit and MMP-2 were reported as ng/ml. After
48, 72 h, 5 and 10 days of incubation with 3 or 7.5 μmol
carboplatin, 18 or 30 μmol imatinib, 3 μmol carboplatin and
18 μmol imatinib, 7.5 μmol carboplatin and 30 μmol imatinib,
the expression of c-kit or MMP-2 in the supernatants of the
incubated cultures and untreated cultures was determined.

Characterisation of the cell lines (immunohistochemistry).
Immunohistochemical studies were performed using a
monoclonal mouse anti-human antibody directed against
c-kit (NB 100-1766, Novus Biologicals, Littleton, USA) and
MMP-14 (ab73879, Abcam, Cambridge, UK). Immuno-
staining was performed using the streptavidin horseradish
method. The cells were cultured on Nunc eight well chambers
overnight before immunohistochemistry. When confluent,
cells underwent a fixation with acetone and alcohol (2:1),
were washed with PBS and dried overnight at 37˚C. Slides
were rinsed in PBS. Cells were incubated with the primary
antibody solution for 30 min at room temperature, using a
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Table I. Characteristics of the cell lines.
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Cell line Gender Primary tumor location Specimen site Type of lesion
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
UM-SCC 11B Male Supraglottic larynx Larynx Metastatic tumor
UM-SCC 14C Male Floor of the mouth Oral cavity Local recurrence
UM-SCC 22B Male Sinus piriformis Hypopharynx Metastatic tumor
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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work dilution of antibody to cells of 1:300. Slides were rinsed
three times in buffer (Buffer Kit, Dako, Hamburg, Germany).
Furthermore, the cells were incubated in normal sheep serum.
Immunoreaction was demonstrated with the monoclonal
mouse anti-human antibody c-kit (NB 100-1766, Novus
Biologicals) and MMP-14 (ab73879, Abcam). The incu-
bation was followed by a specific biotinylated secondary
antibody and a strepatvidin-biotin horseradish peroxidase
complex (Amersham, Freiburg, Germany). After that
peroxidase reaction was performed using aminoethylcarbazol
as chromogen. After blocking of endogenous peroxidase,
cells were washed various times. Finally sections received
a counterstaining with Harris' hematoxylin for 30 sec. This
procedure was followed by coverslipping. Negative controls
used all reagents except the primary antibody. The results
of the immunohistochemically observed rates of expression
were determined semi-quantitatively. The stain intensity was
described as follows: strong reactivity, >80% of the cells were
positive; moderate reactivity, 50-80% of the cells stained
positive; weak reactivity, <50% of the cells were positive; and
no positive cells.

Statistical analysis. For statistical analysis was performed
in cooperation with Mrs. Dr C. Weiss, Institute of Bio-
mathematics, Faculty of Medicine, Mannheim. The differences
in c-kit and MMP expression between incubated cultures
and control cultures were analyzed using the Dunnet's test
being part of GLM procedure. All data were subjected to
the Means procedure. A p-value ≤0.05 was considered
statistically significant.

Results

Effect of carboplatin and imatinib on HNSCC cell lines. To
analyze the effects of imatinib and carboplatin on UM-SCC
cell lines, we added rising concentrations of the two chemo-
therapeutical agents (imatinib 18 and 30 μmol; carboplatin
3 and 7.5 μmol). In order to determine MMP-2 as well as
c-kit expression in the supernatant of the cell lines, ELISA
was carried out after 2, 3, 5 and 10 days after the start of
incubation.

In UM-SCC 11B MMP-2 levels in all treated and control
cultures were measured as mean 0.307 ng/ml (SD ± 0.072)
after 48 h, 0.371 ng/ml (SD ± 0.131) after 72 h, 0.493 ng/ml
(SD ± 0.312) after 5 days and 0.519 ng/ml (SD ± 0.384) after
10 days. But the analysis of the various treatment options
revealed a difference in MMP expression. After incubation
with 3 μmol carboplatin and 18 μmol imatinib a mean MMP
expression of 0.3 ng/ml was measured, without regarding the
duration of incubation. The incubation with 18 or 30 μmol
imatinib with or without 7.5 μmol carboplatin showed a
mean expression of 0.2 ng/ml (SD ± 0.1 with carboplatin, ±
0.0 without carboplatin). MMP-2 expression after incubation
with 3 μmol carboplatin and 18 μmol imatinib showed a
decrease of 12.25%. The incubation with 7.5 μmol carboplatin
and 30 μmol imatinib resulted in a stable situation, and
30 μmol imatinib showed a decrease of 16.82% of MMP-2.
The comparison of the MMP expression after the treatment
with 3 μmol carboplatin and 18 μmol imatinib, 7.5 μmol
carboplatin and 30 μmol imatinib, and 30 μmol imatinib

revealed a significant decrease to the control groups (p<0.05).
In UMM-SCC 11B cell cultures c-kit expression was also
determined using ELISA techniques. The mean expression
of c-kit was determined 0.4 ng/ml (SD ± 0.0) after incubation
with 30 μmol imatinib, but for example 1.4 ng/ml (SD ± 1.3)
after incubation with 7.5 μmol carboplatin. We could not
observe a statistically significant difference in c-kit expression
compared to the controls in the 11B cell lines (Fig. 1). The
determination of the total protein content showed a decrease
after incubation, for example a decrease of 66% after 10
days of incubation with 3 μmol carboplatin and 18 μmol
imatinib in UM-SCC 11B. The mean concentrations of total
protein was from 264.8 μg/ml (SD ± 277.0) after treatment
with 30 μmol imatinib to 1269.0 μg/ml (SD ± 136.9) in the
control groups. Furthermore, the treatment with 18 μmol
and 30 μmol imatinib alone, and 3/7.5 μmol carboplatin
and 18/30 μmol imatinib resulted in a significant decrease
in total protein (p<0.05) in UMM-SCC 11B.

In UMM-SCC 22B the mean MMP-2 expression ranged
from 0.8 ng/ml (SD ± 0.6) during treatment with 30 μmol
imatinib up to 2.9 ng/ml (SD ± 1.1) in treatment with 3 μmol
carboplatin. We observed a statistically significant difference
concerning MMP-2 expression after treatment with 30 μmol
imatinib and 7.5 μmol carboplatin with 30 μmol imatinib
compared to the control groups (p<0.05) (Fig. 2). Similarly
to UM-SCC 11B, we failed to determine a statistically
significant alteration in c-kit expression. The results
concerning the total protein content corresponded to those
from 11B.

In UM-SCC 14C we observed a ten times higher
expression of MMP-2 compared to 22B and 11B. Repeated
assays revealed similar results and ratios. The mean MMP-2
expression after treatment with 7.5 μmol carboplatin with
30 μmol imatinib amounted to 11.0 ng/ml (SD ± 8.6), being
the lowest MMP-2 expression compared to other regimens.
A mean MMP-2 expression of 46.8 ng/ml (SD ± 11.5)
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Figure 1. c-kit expression in UM-SCC 22B after incubation with imatinib
30 μmol and the combination of 30 μmol imatinib and additional
7.5 μmol carboplatin.
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was determined after sole carboplatin treatment. Although
the UM-SCC 14C cultures showed differences in MMP-2
expression in absolute numbers in comparison to 22B and
11B, the relations to the control groups remained identical.
The treatment with 30 μmol imatinib and 7.5 μmol carboplatin
with 30 μmol imatinib resulted in a significant decrease in
MMP-2 expression compared to the control groups (p<0.05).
The analysis of c-kit expression showed no significant
alteration, whereas the two above-mentioned regimens
induced a significant decrease of total protein content as a
sign for enhanced apoptosis (Figs. 3 and 4).

SCHULTZ et al:  DOWN-REGULATION OF MMP-2 BY IMATINIB1148

Figure 2. MMP-2 expression in UM-SCC 22B after incubation with imatinib
30 μmol and the combination of 30 μmol imatinib and additional 7.5 μmol
carboplatin.

Figure 3. Total protein content in UM-SCC 14C after incubation with
imatinib 30 μmol and the combination of 30 μmol imatinib and additional
7.5 μmol carboplatin.

Figure 4. Percentage of MMP-2 in regard of the total protein in UM-SCC
14C after incubation with imatinib 30 μmol and the combination of 30 μmol
imatinib and additional 7.5 μmol carboplatin.

Table II. Immunostaining against MMP-14 in UM-SCC cell
lines.
–––––––––––––––––––––––––––––––––––––––––––––––––
Immunostaining
index Day 2 Day 3 Day 5 Day 10
–––––––––––––––––––––––––––––––––––––––––––––––––
Control ++ (3/3) ++ (2/3) ++ (2/3) +++ (3/3)

+++ (1/3) +++ (1/3)

Carboplatin + (1/3) + (1/3) ++ (2/3) ++ (1/3)
3 μmol ++ (2/3) ++ (1/3) +++ (1/3) +++ (2/3)

+++ (1/3)

Carboplatin + (2/3) + (2/3) + (2/3) + (2/3)
7.5 μmol ++ (1/3) ++ (1/3) ++ (1/3) +++ (1/3)

Imatinib + (2/3) + (2/3) + (1/3) + (1/3)
18 μmol ++ (1/3) ++ (1/3) ++ (1/3) +++ (2/3)

+++ (1/3)

Imatinib 0 (1/3) 0 (1/3) 0 (1/3) 0 (1/3)
30 μmol + (2/3) + (2/3) + (2/3) + (1/3)

+++ (1/3)

Carboplatin + (2/3) + (2/3) + (1/3) + (2/3)
3 μmol + ++ (1/3) ++ (1/3) +++ (2/3) +++ (1/3)
imatinib
18 μmol

Carboplatin + (3/3) 0 (2/3) 0 (3/3) 0 (3/3)
7.5 μmol + + (1/3)
imatinib
30 μmol
–––––––––––––––––––––––––––––––––––––––––––––––––
Grading of immunostaining: 0, no positive cells; 1, weak immuno-
staining; 2, moderate immunostaining; 3, strong immunostaining.
(x/3), number of positive cell lines out of the UMSCC lines 14C,
11B and 22B.
––––––––––––––––––––––––––––––––––––––––––––––––––––––
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Immunohistochemistry. The immunohistochemical studies
against MMP-14 showed decreased reactivity with rising
concentrations of imatinib and especially the combination of
imatinib and carboplatin (Table II). The controls showed less
reactivity. Furthermore, therapy with carboplatin or therapy
with imatinib and carboplatin alone could not induce a broad
decrease in reactivity in c-kit (Table III and Figs. 5 and 6).

Discussion

The combination of chemotherapy and radiotherapy of
advanced HNSCC was developed to improve the often poor
prognosis in these malignancies. Concomitant chemoradio-
therapy with cytotoxic chemotherapeutics has improved
overall and five-year survival rates of advanced HNSCC
patients and also improved locoregional control rate. But
new strategies and targeted therapy have been explored in
the attempt to enhance survival rates in advanced HNSCC
and especially unresectable HNSCC. Various experimental
approaches have been investigated, as for example CD44v6
as a potential new target in HNSCC (7). Countless epigenetic
and genetic events, including the aberrant expression and
function of regulators of cell cycle, growth and signaling,
motility, angiogenesis, and apoptosis are involved in patho-
genesis of HNSCC and thus might be plausible targets for

therapy. Thus, recently intracellular signal transduction has
come to special interest also in squamous cell carcinoma.
We set special interest in PTKs, as an essential element of
signal transduction pathways. Defects of PTKs seem to be
responsible for malignant transformations (8). In 2003,
the first report of an EGFR-PTK inhibitor in HNSCC was
described (9). Five years ago the first study analyzing the
expression of c-kit in HNSCC was reported. Ongkeko et al
described a significantly higher expression of c-kit in
HNSCC compared to benign samples (17). Imatinib was
originally designed to inhibit a certain tyrosine kinase in
CML (10). But imatinib does also have an inhibitory impact
on the PTK receptor c-kit and on its PTK activity (14).
Imatinib can be administered orally to the patients and
comparatively limited toxic side effects have been reported
(15). In consequence, we set up the above-mentioned study
to analyze its potency in HNSCC cell lines.
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Table III. Immunostaining against c-kit (CD 117) in UM-SCC
cell lines.
–––––––––––––––––––––––––––––––––––––––––––––––––
Immunostaining
index Day 2 Day 3 Day 5 Day 10
–––––––––––––––––––––––––––––––––––––––––––––––––
Control + (3/3) 0 (2/3) 0 (2/3) 0 (2/3)

+ (1/3) + (1/3) + (1/3)

Carboplatin 0 (2/3) 0 (1/3) 0 (2/3) 0 (3/3)
3 μmol + (1/3) ++ (2/3) + (1/3)

Carboplatin 0 (2/3) 0 (2/3) 0 (2/3) 0 (2/3)
7.5 μmol + (1/3) + (1/3) + (1/3) + (1/3)

Imatinib 0 (2/3) 0 (2/3) 0 (2/3) 0 (2/3)
18 μmol + (1/3) + (1/3) + (1/3) + (1/3)

Imatinib 0 (3/3) 0 (2/3) 0 (1/3) 0 (2/3)
30 μmol + (1/3) + (2/3) + (1/3)

Carboplatin 0 (3/3) 0 (2/3) 0 (2/3) 0 (2/3)
3 μmol + imatinib + (1/3) + (1/3) + (1/3)
18 μmol

Carboplatin 1 (3/3) 0 (3/3) 0 (3/3) 0 (3/3)
7.5 μmol +imatinib
30 μmol
–––––––––––––––––––––––––––––––––––––––––––––––––
Grading of immunostaining: 0, no positive cells; 1, weak immuno-
staining; 2, moderate immunostaining; 3, strong immunostaining.
(x/3), number of positive cell lines out of the UMSCC lines 14C,
11B and 22B.
–––––––––––––––––––––––––––––––––––––––––––––––––

Figure 5. Positive immunohistochemical reactivity against c-kit after
incubation for 5 days in the control group.

Figure 6. Positive immunhistochemical reactivity against c-kit after a 5-day
incubation with 18 μmol imatinib.
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The analysis of the c-kit expression could not demonstrate
a significant difference between the incubated cultures
and the control cultures. Nevertheless, the concentrations of
imatinib used in our experiments were within the range that
is achieved in a clinical trial. Similarly, the concentrations
of carboplatin used in this study are clinically relevant.
The presence of c-kit expression in UMSCC cell cultures
has been demonstrated earlier (21). We supposed an anti-
proliferative effect of imatinib in HNSCC cell culture. In a
similar study with an A549 NSCLC cell line, the incubation
with imatinib and cisplatin resulted in increased anti-
proliferative effects (22). Thus, the c-kit status of the cell line
might not be essential for synergistic effects of carboplatin.
In consequence, some kind of interaction between imatinib
and undefined kinases pertinent to carboplatin sensitivity
might be possible. Furthermore, it is important to recognize
that imatinib does not alter PTK protein expression but
interacts in the PTK phosphorylation and activation (23).
Imatinib connects reversibly to the ATP binding site of their
target kinases and thereby inhibits their catalytic activity.
Also in HNSCC, PTKs seem to be essential elements of
tumor biology. Earlier studies of the cell cycle after imatinib
and cisplatin treatment revealed a G1 accumulation (21).
Imatinib seems to have a slight protective effect on the tumor
cell populations by an enhanced S and G2 phase cell cycle
arrest. This might protect the cells from a decent cytotoxic
DNA damage by platin-containing drugs. Nevertheless,
we did observe a reduced amount of colonies after treatment
with imatinib and carboplatin compared to carboplatin alone.
Furthermore, we found a reduced amount of total protein
content after the combination of these two drugs. Thus,
the protective effects of imatinib seem to be of minor
importance. Another reason might be the down-regulation
of the proapoptotic gene p63 by imatinib (24). This tumor
suppressor demonstrated a remarkable alteration of the
apoptotic impact on cells by cisplatin (24). Besides p73,
p63 is essential for the full apoptotic activity of the p53
family of tumor suppressors (25).

The role of MMP's in tumor progress, invasion and
metastasis has already been extensively studied (26,27).
Hereby MMPs are responsible for the alteration of basement
membrane collagens (28). Thus imatinib, a synthetic serine
protease inhibitor, has antitumor activities toward adeno-
carcinoma, e.g., colon cancer. However, its antitumor effects
on other types of cancer have been less extensively studied.
We investigated the biological activities of imatinib on cell
proliferation, cell-invasive potential and gelatinase production
in HNSCC. In our experiment we illustrated a remarkable
expression of MMP-14 in immunhistochemistry in all three
cell lines. The expression of MMP-14 after incubation with
elevated concentrations of imatinib and carboplatin was
slight to moderate. The ELISA also depicted significant
reduced levels of MMP-2 compared to the controls after
treatment with 30 μmol imatinib and 30 μmol imatinib +
7.5 μmol carboplatin. The inhibitory effect of imatinib on
MMP-expression increased with increasing concentrations
of carboplatin. The maximum concentration of 7.5 μmol
carboplatin showed a significant inhibition if administered
together with rising concentrations of imatinib. Again this
observation may be linked to the cytostatic effect of imatinib

and the fact that carboplatin excerts its function in dividing
cells, especially the S phase of the cell cycle. This has also
been reported in other cytotoxic drugs, as for example 5-FU
(29). The observed synergy between imatinib and carboplatin
should be further evaluated. Paracrine interactions between
proliferating HNSCC cancer colonies and stromal fibroblasts
play a key role in the evaluation of potential synergistic
effects. Gelatinase and various other factors being expressed
by surrounding fibroblasts have a strong influence on the
growth of cancer cells. Recent reports revealed that even the
conditioned media from stromal fibroblasts cultured in the
presence of imatinib suppressed growth in colon cancer cells
(30). Imatinib might affect the secreted factors by fibroblasts
around the cancer cells and thus might alter the growth of the
tumor in the future. Furthermore, fibroblasts express stem cell
factor (SCF), which is the natural ligand of c-kit and
influences in a paracrine loop the invasive potential, growth
and c-kit expression in certain fetal and cancer cells (31).
Further reports, describing stromal fibroblasts as the source
for MMP production in HNSCC, have been published (32).
These data suggest that carcinoma cells might be able to
induce MMP production in stromal fibroblasts. This
overproduction of MMPs might assist cancer cells to
metastasize and invade. MMP-2 expression was suppressed
in the presence of imatinib in our cell cultures. MMP-2
seems to play a key role in degradation of basement
membranes, which facilitates invasion and metastasis of
tumor cells. The overexpression of MMP-2 is associated
with local invasion by the tumor, lymph node metastasis and
a poor survival rate (33). Fibroblasts secrete several growth
factors, such as SCF, HGF, IGF and TGF-ß (31,34). A
proteolytic cleavage by MMPs might activate these growth
factors, which leads to HNSCC cell growth. TGF-ß and IGF
are factors known to increase the membrane MT1-MMP
expression in vascular smooth muscle (35). HGF might
enhance the invasiveness of HNSCC by the induction of
Ets-related E1AF transcription factor genes, whose products
again activate MMP genes (36). Furthermore, HGF may foster
the tumor invasion process by inducing a loss of ß-catenin/
cadherin-mediated cell-cell adhesion (37). Recent studies
revealed an alteration of these cell-cell adhesion proteins in
HNSCC by sulindac sulfone (38). Thus, a model summarizing
the interactions between HNSCC cells and stromal fibro-
blasts may contain the secretion of growth factors by fibro-
blasts that foster the expression of MMPs.

In conclusion, we have shown that HNSCC cell lines
express c-kit and MMP-2. We demonstrated that imatinib
administered in combination with carboplatin can be very
effective in inhibiting HNSCC cell proliferation. Further-
more, MMP-2 expression was suppressed in the presence
of imatinib in the observed cell lines. Therefore, imatinib
may exert in part its inhibitory effect on tumor cell growth
via the blockage of the signal transduction of PTK receptors.
Because of the low toxicity of imatinib in humans, further
studies should be considered. 
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