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Abstract. The most common neoplasm arising in the upper 
aerodigestive tract is head and neck squamous cell carcinoma 
(HNSCC). Tumor growth, invasion and systemic dissemina-
tion is a multistep process of dysregulated cellular signaling 
pathways and an altered cell-cell and cell-matrix interaction. 
Aberrant Wnt/β-catenin signaling is linked to tumor develop-
ment and dissemination in several tumor entities. β-catenin is 
a multifunctional protein within the canonical Wnt pathway, 
which is an important factor for reducing cell-cell adhesion 
in malignant tissue and for triggering cell cycle progression 
and unscheduled proliferation. Another pivotal factor in carci-
nogenesis is the tyrosine kinase receptor c-kit, which in the 
case of dysregulated expression is associated with neoplastic 
transformation in epithelial tissue. This study evaluates the 
expression pattern of secreted and nuclear β-catenin and c-kit 
in p16-positive and HPV-negative squamous cell carcinomas 

(SCC) and the vulnerability of therapy with the tyrosine kinase 
inhibitor imatinib as a potential targeted treatment modality 
compared to platinum-based chemotherapeutic drugs. The 
different squamous tumor cell lines were incubated with 
increasing concentrations of carboplatin (3 or 7.5 µmol/ml) and 
imatinib (18 or 30 µmol/ml). ELISA and immunohistochemical 
methods were carried out after 48, 72, 120, 192 and 240 h. 
We detected a reliable trend towards significantly decreased 
cytosolic and nuclear β-catenin and c-kit expression levels 
in p16-positive SCC and non-HPV HNSCC cells induced by 
imatinib exposure for an extended incubation period, whereas 
platinum-based agents had no or, at best, a slight influence. 
Virus-transformed squamous cell carcinoma (CERV196) cells 
were characterized by a reduced susceptibility to an imatinib-
altered β-catenin expression. Further studies are planned to 
investigate this observance in HPV-positive HNSCC in vitro. 
The implementation of a selective molecular therapy in estab-
lished chemotherapeutic regimes may enhance the efficacy of 
platinum-based chemotherapy without increased toxicity and 
could thus improve the clinical outcome in HNSCC, irrespec-
tive of the HPV status. 

Introduction

With a global annual incidence of ~644,000 cases and 352,000 
associated deaths, head and neck squamous cell carcinoma 
(HNSCC) is the fifth most common cancer worldwide (1,2). 
HNSCC is a heterogeneous group, consisting of various tumor 
entities, which differ greatly in tumor aggressiveness and 
response to treatment. HNSCC is characterized by local inva-
siveness and a propensity for dissemination to cervical lymph 
nodes and systemic metastasis. The poor five-year survival rate 
has remained unchanged in the last decades despite improved 
techniques in diagnostics and treatment modalities in surgery, 
radiation and chemotherapy (3). Therefore, it is urgently 
necessary to identify new molecular determinants in order to 
develop innovative therapeutic approaches in HNSCC. 

Recently there has been increasing awareness about 
a subset of squamous cell carcinomas (SCCs) induced by 
oncogenic forms of the human papilloma virus (HPV) (high-
risk types 16 and 18). Not only molecular pathology but also 
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epidemiological studies proved the causal association between 
HPV16 and a subset of oropharyngeal cancers. Furthermore, 
this viral etiology seems to be linked to specific subtypes of 
HPV-associated HNSCC like HPV 16 and 18, especially to 
those arising from the tonsils and the tongue base. In contrast 
to the overall falling incidence of head and neck cancers in the 
USA in recent years, the incidence of HPV-associated oropha-
ryngeal cancer is rising, indicating the increased importance 
of elucidating the viral etiology (4-7). High-risk HPV infection 
has been associated with anogenital carcinomas, including 
cervical, anal, vulvar and penile cancers, and more recently, 
breast cancer (7). Augmented incidence of HPV-associated 
oropharyngeal cancers represents an emerging viral epidemic. 
HPV-positive HNSCC may be responsible for oropharyngeal 
cancer and seems to be different from tobacco- and alcohol-
induced HNSCC (non-HPV) in its genetic, molecular and 
clinical profile. In the USA, 40-80% of oropharyngeal cancers 
are associated with HPV, whereas in Europe data are hetero-
geneous and vary from 20% in countries with high tobacco 
and alcohol consumption, such as Russia, to 90% in countries 
with low tobacco and alcohol consumption, such as Sweden. 
This implies that HPV is now the primary cause of tonsillar 
carcinoma in North America and Europe (8-11). 

Based on their capacity to persist in basal mucosa cells, the 
family of Papillomaviridae, consisting of at least 200 geno-
types could be classified in low- and high-risk types (11). Due 
to the above-mentioned capacity, the infected cells avoid the 
clearance by the immune system, and evolve their potential for 
transformation by expression of viral oncogenes. Typical sites 
of HPV infection are the basal layer or the stratified squamous 
epithelium through structural breaks or microabrasions in 
the skin and mucosa surfaces (12). Evading the host immune 
system by residing in the basal epithelium, HPV-infected 
cells depict viral oncogenes, which suppress pro-inflammatory 
signaling (13). 

The expression of the E6 and E7 oncogenes and the loss 
of function of several key regulatory proteins affect cell 
cycle progression, proliferation and de-differentiation of the 
infected mucosa cells and thereby prove to be indispensable 
for the induction and maintenance of the transformed pheno-
type (14,15). In consequence, the genetic instability increases 
by integration of its viral DNA into the host genome, leading 
to dysregulated expression of E6 and E7 (15,16). Furthermore, 
E6 and E7 oncoproteins are able to immortalize primary kera-
tinocytes from the upper respiratory tract epithelium and to 
alter cell cycle regulatory pathways in HNSCC (17,18). Various 
studies have proven the ability of E6 and E7 in participating in 
the control of genome stability or in the regulation of signaling 
pathways that involve cell-cell interactions and cytoskeleton 
organization (19). The unconstrained expression of the afore-
mentioned viral oncoproteins perturbs cell differentiation, 
tissue architecture and enhances cell cycle progression (15,16). 
Tumor growth, angiogenesis and invasion is a multistep process 
of dysregulated cellular signaling pathways, uncontrolled cell 
proliferation and an altered cell-cell and cell-matrix interaction 
with degradation of ECM (extracellular matrix) and intercel-
lular junctions. Epithelial tumor cells migrate by overcoming 
adherent cell-cell contact and invade through the basement 
membrane and stroma. In HNSCC, invasion of tumor cells and 
extension into the underlying tissues is a precondition for the 

development of metastasis to regional lymph nodes and distant 
sites, which adversely affect patient survival (20). 

During the development of complex organisms, various 
cell surface receptors and ligands facilitate tissue pattern 
formation and cellular differentiation (21). The expression of 
these receptors and ligands is often no longer required in fully 
matured adult tissues. Thus, the impact of these cascades on 
cellular de-differentation and tissue patterning, is of special 
interest if activated unconstrained. Genes of the wingless 
(Wnt) and frizzled (Fz) class have an established role in cell 
morphogenesis, cellular differentiation and morphologic 
patterning (22). One crucial cellular signaling cascade is the 
Wnt/β-catenin pathway, the aberrant activation of which has 
been linked to tumor development and dissemination, in several 
tumor entities (23-27). β-catenin is a multifunctional protein 
within the Wnt-pathway, which is considered to be one of 
the most important factors for reducing cell-cell adhesion 
in malignant tissues (28). β-catenin serves as a component 
of the cytoskeleton in a multiprotein complex linked to an 
epithelial adhesion molecule of the cadherin protein family 
(29). β-catenin/E-cadherin association is critically important 
for the maintenance of tight cell-cell adhesion and thus tissue 
architecture. Loss of cell adhesion and transformation in a 
mesenchymal phenotype, described as epithelial mesenchymal 
transition (EMT) is one fundamental step inducing invasion 
and progression (30,31).

As a nuclear downstream effector of the canonical 
Wnt-signaling cascade, β-catenin plays a crucial role in 
the development of head and neck cancer (32,33). Reduced 
assembly of membranous β-catenin, through destabilization 
of cell-cell adhesion, or alteration of the degradation complex, 
induces the accumulation of cytoplasmic β-catenin leading 
to its nuclear translocation. As a co-activator for the LEF/
TCF transcription factor, β-catenin activates target genes 
like cyclin D1, c-myc, matrix metalloproteinase-9 (MMP-9) 
and other oncogenes resulting in dysregulation of cell-cycle 
progression and unscheduled proliferation (33-36). In normal 
tissue in the absence of Wnt-ligands, cytosolic β-catenin is 
rapidly phosphorylated at multiple serine and threonine sites 
near the NH2-terminal region of the protein by the catenin 
destruction complex. A multiprotein complex including 
adenomatosis polyposis coli (APC), glycogen synthase kinase 
3β (GSK-3β) and axin/conductin, facilitates phosphorylation 
and proteasomal degradation of β-catenin, thereby seques-
tering a major fraction of the pool of β-catenin protein and 
ensuring low cytosolic concentrations (37,38). In various 
types of cancer, mutations in key phosphorylation sites in 
the NH2-terminal region of β-catenin confer resistance to 
ubiquitination and subsequent degradation, thereby increasing 
the amount of free/cytosolic β-catenin available for nuclear 
translocation (39).

Protein tyrosine kinase receptors (PTKs) are essential 
elements of the intracellular signal transduction pathway 
that regulates cell growth, development and apoptosis (40). 
Disruption of regulated PTK activity has been observed in 
various cancers. Constitutively active PTKs often perturb the 
normal cell signaling pathway and might lead to malignant 
transformation (41). The superfamily of transmembrane 
receptor proteins is activated by binding of the corresponding 
ligand, such as the epidermal growth factor (EGF), vascular 
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endothelial growth factor (VEGF), platelet-derived growth 
factor (PDGF) or the transforming growth factor (TGF), to 
the tyrosine kinase domain of the receptor. Second messenger 
molecules provide downstream signals that enhance cell 
survival and increase cell proliferation (41). Targeted molecular 
therapy is a promising new development in treating human 
cancers. Unlike standard cytotoxic therapies that generally 
lack specificity for tumor cells and possesses various toxic 
side-effects, the targeted molecular approach exploits known 
molecular changes in neoplastic cells.

c-kit is as member of the receptor tyrosine kinase family 
and is structurally related to the PDGF receptor. Stem cell 
factor (SCF) is the pleiotropic ligand for the tyrosine kinase 
receptor, c-kit (42). The SCF-c-kit interaction leads to distinct 
biological cell responses by initiating signaling cascades 
involving the phophatidylinositol-3 (PI-3, kinase/Akt and 
RAS-mitogen-activated protein (MAP) kinase pathways 
(43,44). The coordinated interplay of SCF and c-kit is of 
fundamental importance for recruitment of progenitor cells 
and cell differentiation in various biologic systems (45).

Various studies have observed the association between 
ectopic or dysregulated expression of c-kit and neoplastic 
transformation primarily in epithelial tissue (46-48). Ongkeko 
et al first reported the significantly increased expression of c-kit 
in HNSCC compared to benign samples (49). The expression 
patterns vary depending on the tumor site. Pharyngeal HNSCC 
showed extended c-kit expression compared to malignancies 
of the larynx. The majority (>90%) of adenoid cystic adenocar-
cinomas of the head and neck were described as c-kit positive 
(49). A down-regulation of c-kit and a growth inhibitory effect 
could be demonstrated in adenoid cystic carcinomas treated 
with imatinib (50).

The tyrosine kinase inhibitor imatinib (STI571, Gleevec®), 
Novartis, Basel, Switzerland), is a small molecular agent of 
the 2-phenylaminopyrimidine class and furthermore a potent 
inhibitor of bcr-abl, c-kit and of the PGDF receptor. It was 
initially applied in the treatment of chronic myeloid leukemia 
(CML) (51-54). The ability of imatinib to target specific tyrosine 
kinases, which are involved in tumorigenesis and metastasis, 
makes it an excellent therapeutic agent with few toxic side 
effects. This therapeutic option of TKI (tyrosine kinase inhib-
itor) is currently used in a limited number of solid cancers like 
gastrointestinal stromal tumors, melanomas and various forms 
of lung cancers (55-57). Prior studies illustrated the potential 
synergistic effects of the combined therapy with imatinib 
and cisplatin in HNSCC, regulating distinctively different 
biological targets and elevating the therapeutic impact (58,59). 
In addition, as a single-treatment drug, imatinib proved to be 
effective in suppressing angiogenic peptides, like PDGF and 
VEGF expression in HNSCC- and p16-positive SCC. 

The complexity of the Wnt-signaling pathway parallels the 
complexity observed in the diversity of Wnt-receptors. A vast 
number of receptors take part in this concerted performance 
of extracellular ligand and transmembrane receptor interaction. 
Wnt receptors include the Fz family, low density lipoprotein 
receptor-related proteins-5/6 (LRP-5/6) and receptor tyrosine 
kinase-like orphan receptor-1/2 (ROR1/2). In many analyzed 
receptor structures, the N-terminus is characterized by the 
presence of an α-helical, cysteine-rich domain (CRD) that 
interacts with Wnts and other Wnt receptors. Notably, this 

CRD motif is not unique to Fz and Fz-type receptors. It is also 
found in tyrosine kinase receptors (60,61).

The purpose of this study was to evaluate the expression 
pattern of secreted and nuclear β-catenin and c-kit in p16-posi-
tive SCC and HPV-negative squamous cell carcinoma (HNSCC) 
cells and the vulnerability of a tyrosine kinase inhibitory therapy 
dependent on the HPV status as a potential targeted treatment 
modality compared to established platinum-based chemo-
therapeutic drugs. To our knowledge, this is the first report of 
a chemotherapeutic study to treat HNSCC- and p16-positive 
SCC with imatinib as a single, active drug and the first study 
to compare expression patterns of effector molecules of the 
Wnt-pathway and c-kit expression in viral-transformed squa-
mous epithelium.

Materials and methods

Cell lines and culture. The two different HNSCC cell lines 
11A and 14C were obtained from Dr T.E. Carey (University 
of Michigan, MI, USA). These cell lines originate from human 
HNSCC of the oropharynx and larynx. The CERV196 cell 
line was established from a poorly differentiated SCC of the 
cervix that is HPV-16 positive (CLS, Eppelheim, Germany). 
A CERV196 tumor was established in vitro from the xeno-
transplant cervix carcinoma MRI-H-196. CERV196 cells 
were cultured in Eagle's minimum essential medium with 
2 mM L-glutamine and Earle's BSS adjusted to contain 1.5 g/l 
sodium bicarbonate, 0.1 mM non-essential amino acids, 1.0 mM 
sodium pyruvate and 10% fetal calf serum (FCS). Cell cultures 
were carried out at 37˚C in a 5% CO2 fully humidified atmo-
sphere using Dulbecco's modified minimum essential medium 
(DMEM) (Fisher Scientific Co., Pittsburgh, PA, USA) supple-
mented with 10% FCS and antibiotics (Life Technologies Inc., 
Gainthersburg, MD, USA). Imatinib was gratefully provided 
by the manufacturer (Novartis). Imatinib and carboplatin 
were 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 (18 or 30 µmol/ml) 
and/or carboplatin (3 or 7.5 µmol/ml) for 2, 3, 5, and up to 
8-10 days. These different drug concentrations and combina-
tions were selected after performing the alamarBlue (AbD 
Serotec, Oxford, England) cell proliferation assay, quantita-
tively measuring proliferation of HNSCC tumor cell lines and 
establishing the relative cytotoxicity of the chemotherapeutic 
drugs used. After the defined incubation time, the supernatants 
were collected in sterile tubes and stored at -20˚C until further 
analysis.

Characterization of the cell lines (immunohistochemistry). 
Immunohistochemical analysis was performed using a mono-
clonal mouse anti-human antibody directed against β-catenin 
(β-catenin: C19220; Transduction Laboratories, Lexington, 
KY, USA). Immunostaining was performed using the alkaline 
phosphatase-anti-alkaline phosphatase method (APAAP). 
HNSCC cells were cultured on glass coverslips overnight 
before immunohistochemistry. When conf luent, cells 
underwent a fixation with acetone and alcohol (2:1) and were 
subsequently washed with PBS and pre-treated in a microwave, 
which required boiling for 15 min at 600 W using citrate buffer 
for β-catenin. The following steps were performed by an auto-
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mated staining system, Dako TechMate 500 (Dako, Hamburg, 
Germany). Sections were incubated with the primary antibody 
solution for 25 min at room temperature, using a working 
dilution of the antibody 1:300 for β-catenin. Slides were 
rinsed once in buffer (Buffer kit, Dako). Immunoreaction 
was demonstrated with the Dako ChemMate Detection kit 
(APAAP, mouse, no. K5000; Dako) according to the speci-
fications of the manufacturer. Sections were incubated with 
the chromogen alkaline phosphatase substrate (Neufuchsin; 
Dako) for 20 min at room temperature. Finally, sections were 
counterstained by Mayer's hematoxylin for 3 min, dehydrated in 
graded ethanol, and a coverslip was applied. Negative controls 
used all reagents except the primary antibody. The results of 
the immunohistochemically obtained rates of expression 
were analysed semi-quantitatively. The staining intensity was 
recorded as follows: strong reactivity, >80% of the epithelium 
cells were positive; moderate reactivity, 50-80% reactive; 
weak reactivity, <50% reactive; and no positive cells.

β-catenin and c-kit ELISA. Cell culture supernatants were 
collected in sterile test tubes and stored at -20˚C until 
used. Secreted β-catenin and c-kit were measured in the 

supernatant of the cell lines using an ELISA technique 
(R&D Systems, Wiesbaden, Germany). The system uses 
a solid-phase monoclonal antibody and an enzyme linked 
polyclonal antibody raised against β-catenin. The specificity 
of the anti-human β-catenin and c-kit antibodies used in 
the ELISA kit was examined by sodium dodecylsulphate 
polyacrylamide gel electrophoresis (SDS-PAGE) followed 
by Western blotting. 

A volume of 100 µl of supernatant was used for each ELISA 
assay. After 48, 72, 120, 192 and 240 h of incubation with 
imatinib (18 or 30 µmol/ml) or carboplatin (3 or 7.5 µmol/ml), 
the protein expression of β-catenin and c-kit in the superna-
tants of the treated and untreated culture cells was analyzed. 
All analyses and calibrations were carried out in duplicate. 
The calibrations on each microtitre plate included β-catenin 
and c-kit standards provided in the kit. The optical density 
was determined using a microplate reader at a wavelength of 
450 nm. Wavelength correction was set to 540 nm and concen-
trations were reported in µg/ml.

Statistical analysis. Statistical analysis was performed in 
cooperation with Dr C. Weiss, Institute of Biomathematics, 

Figure 1. (A-C) Negative control and declining immunohistochemical reactivity against β-catenin after incubation with imatinib (30 µmol/ml) for 120 and 
240 h (HNSCC 11A). (D-F) Negative control and declining immunohistochemical reactivity against β-catenin after incubation with imatinib (30 µmol/ml) for 
120 and 240 h (HNSCC 14C). (G-I) Negative control of CERV196 with strong immunoreactivity with typical growth pattern in tumor cell colonies. Decreasing 
immunoreactivity was detected with a prolonged incubation period (120 and 240 h) with imatinib (30 µmol/ml).
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Faculty of Medicine, Mannheim. All data were subjected 
to the means procedure. p≤0.05 was considered statistically 
significant. The statistical tests performed were the two-
coefficient variance analysis (SAS Statistics, Cary, NC, USA) 
and the Dunnett's test.

Results

Immunohistochemistry for β-catenin in HNSCC 11A, 
14C and CERV196 cells. The results of the immunohisto-
chemically observed rates of expression were determined 
semiquantitatively by two independent observers. β-catenin 
immunostaining was localized in the cytoplasm and nucleus 
of the cells (Fig. 1, Table I).

Immunohistochemical studies against β-catenin could 
illustrate that all tumor cell lines, irrespective of HPV status, 
expressed β-catenin to a similar extent. The controls showed 
high reactivity against secreted and nuclear β-catenin. Further- 
more, a decreased reactivity of cytosolic β-catenin expression 
was detected, dependent on an extended incubation period with 
imatinib for HNSCC 11A and 14C. For CERV196, an HPV16-
positive carcinoma cell line, under prolonged incubation time a 
declining immunoreactivity against β-catenin was detectable. 
Exposure to a platinum-based chemotherapy had no impact on 
β-catenin expression and no differences in β-catenin expression 
patterns of negative control and tumor cell after carboplatin 
incubation was discernable. Increased concentrations of the 
treatments had no significant influence on β-catenin expres-
sion levels by immunohistochemistry.

ELISA for β-catenin expression in HNSCC 14C, 11A and 
CERV196 cells. β-catenin expression levels in HNSCC as well 
as in CERV196 tumor cells, showed a trend towards signifi-
cantly decreased expression with imatinib treatment for an 
extended incubation period, whereas increased concentrations 
of the agents had no significant influence. For the purpose of 
simplification, only the 30-µmol/ml concentration of imatinib 
and the 7.5-µmol/ml concentration of carboplatin are presented 
and discussed in the results. Also, exposure to carboplatin had 
no impact on the expression of β-catenin. 

For HNSCC 11A cells, there was no significant reduction 
of β-catenin expression levels and no evidence for a dose- or 
incubation period-dependent influence of the platinum-based 
chemotherapy when compared to the negative control. Also the 
effect of carboplatin, as a single active drug, in reducing cyto-
plasmic β-catenin expression in HNSCC 14C- and p16-positive 
SCC (CERV196) was negligible. Again, no dose- or incubation 
period-dependent effect was statistically detectable. 

In contrast to treatment with carboplatin, HNSCC- and 
HPV16-positive CERV196 cells treated with imatinib consis-
tently showed a significant reduction of cytoplasmic β-catenin 
expression levels in an incubation period-dependent manner, 
when compared to the negative control. The concentration 
had no significant influence on the expression of β-catenin. 
Within the time frame of 48-72 h, there was an insignificant 
reduction of β-catenin expression in CERV196 cells (p>0.05). 
Apparently there is a time lag until the imatinib-induced PTK 
inhibition has an effect on reducing β-catenin in CERV196. 
Whether the HPV16-positive squamous carcinoma cell line 

Table I. ELISA for β-catenin expression in HNSCC 14C, 11A and CERV196 cells.

	 β-catenin expression, pg/ml (p-value)
	 --------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Time of incubation (h)	 Control group	 Carboplatin	 Imatinib

HNSCC 11A
    48	 23904	 25288.6 (0.49)	 19134 (0.9)
    72	 23631	 26263.6 (0.2)	 18020 (<0.001)
  120	 24206	 24874.3 (1)	 17886.3 (<0.001)
  192	 20799.6	 21553.3 (0.1)	 15794.3 (0.0002)
  240	 20929.6	 21322.3 (0.8)	 16420.3 (0.008)
HNSCC 14C
    48	 23892	 21295.6 (0.1)	 19713.3 (0.0004)
    72	 22692.6	 21761 (0.9)	 18127.3 (0.008)
  120	 20784	 20171 (1)	 17442.6 (0.09)
  192	 21606.3	 19971 (0.7)	 16515 (0.002)
  240	 19801	 18569.6 (0.7)	 15548.6 (0.001)
CERV196
    48	 15861.3	 17229.3 (0.09)	 17927.6 (0.12)
    72	 17727.6	 17365 (0.9)	 16286.3 (0.1)
  120	 16626.3	 16318 (1)	 13830.3 (0.01)
  192	 16436	 15992.3 (0.7)	 10867 8 (0.0005)
  240	 16962.3	 15600.6 (0.7)	 11870.6 (0.0075)

β-catenin (pg/ml) expression in HNSCC 11A, 14C and CERV196 cells after different periods of incubation with carboplatin (7.5 µmol/ml) 
or imatinib (30 µmol/ml). Mean values and statistical correlation compared to the negative control (p-value, Dunnett's test). Bold indicates 
statistically significant differences.
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is less vulnerable towards PTK therapy, particularly after 
short incubation periods (until 72 h) remains to be assessed. 
Compared to non-HPV-associated tumor cell lines, negative 
controls of CERV196 showed lower intrinsic expression levels 
of secreted β-catenin. The percent suppression of secreted 
cytosolic β-catenin in HPV- vs. non-HPV-associated malig-
nant tumor cells was equal (Table I). In non-HPV-associated 
HNSCC a consistent statistical significant suppression of cyto-
plasmatic β-catenin could be measured. In HNSCC 11A cells 
a maximal reduction of β-catenin was observed after 192 h of 
imatinib treatment (Cimatinb192h = 15794 pg/ml; Cnegative_control192h = 
20799 pg/ml; p<0.002). In HNSCC 14C cells imatinib induced 
a time-dependent suppression of β-catenin (Table II, Fig. 2).

ELISA for c-kit expression in HNSCC 14C, 11A and CERV196. 
In this study we could detect a consistent trend towards signifi-
cantly incubation period-dependent suppression of c-kit for 
non-HPV-positive HNSCC exposed to imatinib. The concen-
tration of the treatments had no statistical significant impact 

on the reduction of c-kit expression levels. p16-positive SCC 
showed less susceptibility for the tyrosine kinase inhibitory 
effects of imatinib. Only after 240 h of incubation a statisti-
cally significant reduction of c-kit was notable (p=0.006). 
Furthermore, carboplatin had no effect on the c-kit expression 
in CERV196 cells, neither in a dose- nor in a time-dependent 
manner. Compared to HPV-associated SCC, HNSCC 11A and 
14C cells were characterized by significantly reduced c-kit 
levels of the supernatants with imatinib treatment. Analyzing 
the effect of platinum-based chemotherapy on the expres-
sion of c-kit in HNSCC, a distinct significant trend towards a 
suppressed c-kit expression with prolonged incubation time 
could be shown. Comparing the different chemotherapeutic 
active substances concerning the effect on a reliable decrease 
of the proto-oncogene, imatinib was superior to platinum-
based chemotherapy (Table III, Fig. 3; statistically significant 
differences).

Discussion

Head and neck cancer is the sixth most common cancer 
worldwide. HNSCCs are marked by local invasiveness and 
propensity for systemic dissemination to cervical lymph nodes 

Figure 2. β-catenin expression in HNSCC 11A, 14C and CERV196 cells. 
β-catenin expression decreased over time (incubation periods, 48, 72, 
120, 192 and 240 h). Considerably lower intrinsic β-catenin expression in 
CERV196 cells.

  B

  C

  A

  C

  B

  A

Figure 3. c-kit expression in HNSCC 11A, 14C and CERV196 cells. Decreased 
c-kit expression over time (incubation periods, 48, 72, 120, 192 and 240 h).
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Table II. Immunoreactivity against β-catenin in HNSCC 11A, 14C and CERV196.

Immunostaining index	 48 h	 72 h	 120 h	 240 h

Control group
  HNSCC 11A	 +++ (3/3)	 +++ (2/3)	 ++ (2/3)	 +++ (3/3)
  HNSCC 14C	 +++(3/3)	 ++(2/3)	 +++ (3/3)	 +++ (2/3)
  CERV196	 ++ (3/3)	 ++ (3/3)	 +++ (3/3)	 ++ (2/3)
Carboplatin, 3 µmol
  HNSCC 11A	 ++ (1/3)	 ++ (2/3)	 +++ (2/3)	 ++ (1/3)
  HNSCC 14C	 ++ (2/3)	 +++ (1/3)	 ++ (1/3)	 +++ (2/3)
  CERV196	 +++ (2/3)	 +++ (1/3)	 +++ (3/3)	 +++ (2/3)
Carboplatin, 7.5 µmol
  HNSCC 11A	 +++ (2/3)	 ++ (2/3)	 ++ (2/3)	 ++ (2/3)
  HNSCC14C	 ++ (2/3)	 +++ (2/3)	 ++ (1/3)	 +++ (1/3)
  CERV196	 +++(3/3)	 +++ (3/3)	 +++ (2/3)	 +++ (2/3)
Imatinib, 18 µmol
  HNSCC 11A	 ++ (2/3)	 + (2/3)	 + (1/3)	 + (1/3)
  HNSCC 14C	 ++ (1/3)	 ++ (1/3)	 ++ (1/3)	 ++ (2/3)
  CERV196	 +++ (3/3)		  ++ (1/3)	 ++ (2/3)
Imatinib, 30 µmol
  HNSCC 11A	 ++ (2/3)	 0 (1/3)	 + (1/3)	 0 (1/3)
  HNSCC 14C	 + (2/3)	 + (2/3)	 ++ (2/3)	 + (1/3)
  CERV196	 ++ (2/3)	 ++ (1/3)	 ++ (2/3)	 + (1/3)

0, no positive cells; +, weak immunostaining; ++, moderate immunostaining; +++, strong immunostaining. (x/3), number of positive cell lines 
out of the HNSCC lines 14C, 11A and CERV196.

Table III. c-kit expression in HNSCC 11A, 14C and CERV196 cells.

	 c-kit expression, ng/ml (p-value)
	 --------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Time of incubation (h)	 Control group	 Carboplatin	 Imatinib

HNSCC 11A
    48	 0.551	 0.46 (0.0001)	 0.428 (0.001)
    72	 0.591	 0.5326 (0.6)	 0.435 (0.008)
  120	 0.6936	 0.505 (0.004)	 0.343 (0.0002)
  192	 0.6576	 0.4473 (0.01)	 0.3756 (0.01)
  240	 0.57563	 0.77113 (0.6)	 0.347 (0.002)
HNSCC 14C
    48	 0.441	 0.5036 (0.4)	 0.513 (0.8)
    72	 0.5136	 0.4683 (0.8)	 0.3883 (0.001)
  120	 0.6043	 0.5261 (0.5)	 0.40586 (0.01)
  192	 0.6346	 0.4413 (0.04)	 0.3823 (0.0008)
  240	 0.668	 0.481 (0.03)	 0.3443 (0.004)
CERV196
    48	 0.6383	 0.546 (0.4)	 0.5006 (0.3)
    72	 0.70786	 0.7846 (0.6)	 0.5246 (0.09)
  120	 0.5723	 0.5443 (0.8)	 0.4336 (0.07)
  192	 0.5343	 0.4253 (0.7)	 0.3926 (0.1)
  240	 0.558	 0.496 (0.4)	 0.2696667 (0.006)

c-kit expression (ng/ml) in HNSCC 11A, 14C and CERV196 cells after different periods of incubation with carboplatin (7.5 µmol/ml) or 
imatinib (30 µmol/ml). Mean values and statistical correlation compared to the negative control (p-value, Dunnett's test). Bold indicates 
statistically significant differences.
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and are characterized by differences in tumor aggressiveness 
and response to treatment. The poor five-year survival rate has 
remained unchanged in the last decades even though improved 
techniques in surgery, radiation and chemotherapy have been 
established. Identification of predictive markers is urgent to 
optimize treatment and reduce impairment for the individual 
patient. In recent years oncological research placed more 
emphasis on a new etiological agents for the carcinogenesis 
of head and neck cancer. Epidemiological and molecular 
data demonstrated that high-risk human papillomaviruses 
(HPV) constitute important risk factors for the development 
of a subset of oropharyngeal cancers, which is distinct from 
non-HPV-associated HNSCC in their genetic, molecular and 
clinical profiles (62-64). HPV status is a profound prognostic 
factor for overall and progression free survival, treatment 
response and local tumor control. The superior outcome is 
independent of the nodal state, age, stage, tumor differentia-
tion, gender and treatment modality (65). HPV-positive-SCC 
appears to be different from HPV-negative HNSCC in its 
molecular, epidemiological and clinical aspects as well as in 
the overall survival rate due to increased chemotherapeutic 
sensitivity (66-68). In multicellular organisms, the interaction 
between cells and the extracellular matrix (ECM) that maintain 
groups of cells together is mediated by adhesion molecules. 
These interactive processes are involved in different types of 
molecules that engage in the process of morphogenesis, normal 
growth, maintenance of tissue integrity, wound healing and 
cell polarity (29,39).

The basic prerequisite of tumor progression and growth 
is unconstrained proliferation by dysregulation of cellular 
signaling and changes in tissue pattern by alteration of cell-
cell interactions. Various studies of epithelial malignancies 
have demonstrated that loss of sufficient cell adhesion and the 
acquisition of mesenchymal features, the so-called epithelial-
mesenchymal transition (EMT), are guarantors for invasion 
and systemic dissemination (30,31). The E-cadherin/catenin 
complex plays a pivotal role in the maintenance of normal adhe-
sion in epithelial cells, and has been demonstrated to suppress 
tumor invasion and participate in cell signaling in human carci-
nomas. The hallmark of human carcinomas is defective cell-cell 
and cell-matrix adhesion. A loss or decrease in E-cadherin 
expression is common in many human epithelial malignancies. 
Tumor invasion is a complex process that requires active inter-
actions between the invading cell, the ECM and other stromal 
elements (69). At least three coordinated processes are neces-
sary for invasion: changes in cell-cell and cell-matrix adhesion; 
degradation of the ECM; and cell migration (69).

As a functional component of the cadherin/catenin adhe-
sion system and a nuclear effector of the canonical Wnt 
signaling pathway thus regulating the expression of several 
proto-oncogenes including c-myc, cyclin D1 and matrix metal-
loproteinase-7 (MMP-7), the cytoplasmic β-catenin pool, which 
possesses tumorigenic behavior demands strict regulation. For 
the establishment and maintenance of the malignant phenotype 
the expression of viral oncogenes E6 and E7 are pivotal in 
human carcinogenesis and in DNA synthesis induction, cell 
death modulation, cellular life span extension, genomic insta-
bility, cytoskeleton changes, alteration of the cellular polarity, 
as well as induction of pro-angiogenic factors and of the EMT, 
a process which is important in invasion and metastasis (70,71). 

E6 and E7 enhance cell proliferation of the infected cells on the 
basal layer of the epithelial surface (80). Numerous studies have 
shown that the Wnt-pathway is activated in virally-associated 
cancers, including cancer induced by herpes and hepatitis 
viruses (72). Various viral oncoproteins have been shown to 
activate Wnt-signaling through stabilization of transcription-
ally-active β-catenin by different mechanisms (72).

Rampias et al demonstrated the activated Wnt-signaling 
pathway and the up-regulated cytoplasmic pool of β-catenin 
in HPV-positive oropharyngeal cancer compared to non-
HPV-associated HNSCC and further suggested that nuclear 
accumulation of catenin is a direct consequence of E6 and E7 
oncogene expression in HPV 16-positive oropharyngeal and 
cervical cancer cell lines (73). The cytosolic accumulation 
was not contributed to a β-catenin relocalization from the cell 
membrane. It was hypothesized that E6/E7 alters the Siah‑1-
mediated degradation of β-catenin. Siah-1 is a target gene 
of p53. Restoration of p53 leads to increased degradation of 
cytoplasmic β-catenin (73).

The data provide evidence that HPV infection of squa-
mous epithelial surfaces is associated with a strong nuclear 
translocation of transcriptionally active β-catenin and with 
activation of the Wnt-pathway and vice versa that repression 
of viral oncogenes like E6 and E7 leads to a down-regulation 
of nuclear catenin (73). Al Moustafa et al suggest that E6/E7 
cooperate with ErbB-2, a member of the EGF receptor family 
of receptor tyrosine kinases, in head and neck carcinogenesis, 
at least in part, via the conversion of β-catenin from a cell 
adhesion to a nuclear compartment molecule, that acts as a 
potential transcriptional regulator (74). The dysregulated acti-
vation of ErbB-2 provokes a dissociation of the E-cadherin/
catenin complex by tyrosine phosphorylation of β-catenin. 
These studies provide evidence that the ErbB2 receptor 
cooperates with high risk HPV infections in human carcino-
genesis including cervical, head and neck, breast and probably 
colorectal cancers and their metastases. Further data by Uren 
et al illustrate that viral E6 and E7 gene expression activates 
the canonical Wnt-pathway and therefore, high-risk HPV 
infection is per se sufficient to promote carcinogenesis (75).

The studies of Lichtig et al provide support for an augmented 
Wnt/β-catenin oncogenic signaling pathway in HPV-associated 
SCC (76). This stimulatory effect seemed to be independent of 
inhibiting p53 and GSK-3β or APC. The underlying mechanism 
is yet unknown. The purpose of this study was to investigate 
the effect of tyrosine kinase inhibitory therapy with imatinib 
on HPV-16-associated SCC compared to non-HPV-induced 
HNSCC and its impact on the expression pattern of β-catenin 
and c-kit. We demonstrated that the β-catenin expression levels, 
in HNSCC as well as in CERV196 tumor cells, showed a reli-
able trend towards a significantly decreased expression under 
imatinib treatment for an extended incubation period, whereas 
increased concentrations of the treatments had no significant 
influence. In contrast to previously reported data, we observed a 
lower intrinsic expression levels of secreted β-catenin in negative 
controls of CERV196 cells compared to non-HPV-associated 
tumor cell lines. The imatinib-induced β-catenin reduction 
appeared with delay; whether this effect is contributed to viral 
oncogene E6/E7-augmented Wnt-activation or less vulner-
ability of HPV-16-associated SCC remains to be discussed. 
Apparently there is a time lag until the imatinib-induced PTK 
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inhibition takes effect in reducing β-catenin in CERV196. The 
reason why the p16-positive squamous carcinoma cell line is 
less vulnerable towards PTK therapy, particularly after short 
incubation periods (until 72 h) remains unclear. Increased 
expression levels of cytosolic and nuclear β-catenin have been 
found to be associated with worse outcome in a variety of 
malignancies including ovarian, non-small cell lung cancer, 
melanoma, cervical, breast, bladder and nasopharyngeal carci-
noma. To the contrary, cytoplasmic accumulation and nuclear 
translocation of β-catenin has been correlated with poor 
outcome in hepatocellular, esophageal, hepatoblastoma, thyroid, 
breast and head and neck carcinomas (77). The reduction in 
the level of mural expression of β-catenin has been associated 
with loss of differentiation in laryngeal carcinomas (78). In 
laryngeal cancer, the percentage of tumors showing increased 
cytoplasmic reactivity for β-catenin increased with histological 
dedifferentiation (79). Increased cytoplasmic β-catenin is to be 
a pivotal feature of malignancy. Pukkila et al have shown that 
the nuclear β-catenin expression is an independent predictor 
of a shorter overall survival in HNSCC (77). The elucidated 
suppression of cytosolic β-catenin by imatinib, irrespective of 
the HPV status, may stabilize unconstrained proliferation and 
reduce the invasive potential of neoplastic cells.

Ligands and receptors are usually expressed in different 
cell types. The stem cell factor (SCF) is the pleiotropic ligand 
for the tyrosine kinase receptor, c-kit. It has been reported 
that the binding of SCF to c-kit promotes cell proliferation, 
differentiation and recruitment of progenitor cells. Several 
cell types have been shown to co-express SCF and c-kit, as 
for example human mast cells (80). However, the majority of 
studies exploring the expression of the c-kit receptor and its 
ligand indicate a possible association of their co-expression 
with neoplastic transformation, primarily in epithelial tissues 
(46-48,81). Furthermore, ectopic expression of c-kit in NIH 3T3 
fibroblasts induces tumorigenesis (82). Wang-Rodriguez et al 
observed the frequent expression of c-kit in HNSCC, indicating 
that these membranous proteins could be relevant targets of 
small molecule inhibitors (58). Furthermore, the data suggest 
that imatinib does not alter the expression level of c-kit, but 
rather acts by way of inhibiting PTK phosphorylation and 
activation. In contrast we could demonstrate that imatinib 
significantly alters the expression level of c-kit in HNSCC- and 
HPV-associated SCC, but in a more subtle manner.

The marked effect of selective tyrosine kinase inhibitory 
therapy in suppressing ectopic c-kit and β-catenin expression 
as warrantors of unconstrained cell proliferation and disrupted 
cell-cell interaction as well as cell differentiation in p16-positive 
and -negative tumor cell lines, justifies an eventual extension of 
this study to an animal model. Further studies are planned to 
investigate this observance in HPV-positive HNSCC in vitro. 
The implementation of a selective molecular therapy in estab-
lished chemotherapeutic regimes may enhance the efficacy of 
platinum-based chemotherapy without increasing toxicity and 
could thereby improve clinical outcome in HNSCC, irrespec-
tive of HPV status. 
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