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Abstract. Head and neck squamous cell carcinoma (HNSCC) 
is an aggressive epithelial malignancy known to be the most 
common neoplasm appearing in the upper aerodigestive tract. 
The poor five-year survival rate has remained unchanged in 
the last decades despite the emergence of improved techniques 
in surgery, radiation and chemotherapy. In the last 20 years 
awareness of a subset of squamous cell carcinomas induced 
by oncogenic forms of the human papilloma virus (HPV) 
(high-risk types 16 and 18) has increased. The incidence of 
HPV-associated oropharyngeal cancer is rising, indicating the 
increased importance of the viral etiology. Cell proliferation, 
migration, induction of tumor vascularization and carcinogen-
esis, as well as invasion facilitation is regulated by a variety 
of angiogenic peptides like PDGF, PDGF-R and VEGF. They 
might be an encouraging target for biological anticancer therapy 
by inhibiting disrupted cellular signaling pathways. Imatinib has 
been shown to target specific tyrosine kinases, inhibiting prolif-
eration in various cancer entities. The purpose of this study was 

to evaluate the expression pattern of angiogenic factors (VEGF, 
PDGF and PDGF-R) in HPV-positive (p16-CERV196 SCC) 
and (-negative squamous cell carcinoma (HNSCC). The study 
also evaluated the vulnerability of anti-angiogenesis therapy 
depending on the HPV status as potential treatment modality 
compared to established platinum-based chemotherapeutic 
drugs. The different squamous tumor cell lines were incubated 
with increasing concentrations of carboplatin (3 and 7.5 µmol) 
and imatinib (18 and 30 µmol). ELISA immunohistochemical 
methods were carried out after 48, 72, 120, 192 and 240 h. We 
demonstrated a significant reduction of VEGF and PDGF-Rα/β 
expression patterns after incubation of imatinib in ELISA and 
immunohistochemical methods, irrespective of the HPV status 
of the tumor cells, whereas the application of carboplatin had 
no impact on the expression of angiogenic peptides. Viral 
oncogen-transformed squamous cell carcinoma (CERV196) 
cells were characterized by a reduced susceptibility for an 
imatinib-altered VEGF expression. Further studies are planned 
to investigate this observance in HPV-positive HNSCC in vitro. 
The implementation of a selective molecular anti-angiogenic 
therapy in established chemotherapeutic regimens may 
enhance the efficacy of platinum-based chemotherapy without 
an increased toxicity profile and could thus improve the clinical 
outcome in HNSCC, irrespective of the HPV status.

Introduction

Head and neck squamous cell carcinoma (HNSCC) is an 
aggressive epithelial malignancy known to be the most common 
neoplasm appearing in the upper aerodigestive tract. With a 
global annual incidence of approximately 644,000 cases and 
352,000 associated deaths, HNSCC is the fifth most common 
cancer worldwide (1,2). Head and neck cancer is a hetero-
geneous group that differs greatly 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 (3). Identification of predictive markers is urgent to 
optimize treatment and reduce impairment for the individual 
patient. Incidence of oropharyngeal cancer, especially in the 
tonsil and tongue base, has steadily increased over the past two 
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decades, notably in individuals 40-55 years of age. In contrast, 
incidence of HNSCC has decreased overall, which is attributed 
to a reduced prevalence of smoking (4-6). The most important 
risk factors are chronic tobacco and alcohol consumption. 
These appear to have a synergistic effect on the mucosal 
surfaces ‘field cancerization’. Tobacco and alcohol use, poor 
oral hygiene and mutational loss of regulatory proteins remain 
important risk factors for head and neck tumors overall.

In the last 20 years there has been increasing awareness of a 
subset of squamous cell carcinomas induced by oncogenic forms 
of the human papilloma virus (HPV) of the squamous mucosa 
surface, which shows similarities to HPV-positive cervical SCC. 
High-risk HPV infection has been associated with anogenital 
carcinomas, including cervical, anal, vulvar and penile cancers, 
and more recently, breast cancer (7). In contrast to the falling 
incidence of head and neck cancers overall in the USA in recent 
years, the incidence of HPV-associated oropharyngeal cancer is 
rising, indicating the increased importance of the viral etiology 
(8-10). In the USA, 40-80% of oropharyngeal cancers are 
associated with HPV, whereas in Europe data are heterogenous 
and vary from 20% in countries with high tobacco and alcohol 
consumption to 90% in Sweden. This suggests that HPV is now 
the primary cause of tonsillar carcinoma in North America 
and Europe (11-14). Augmented incidence of HPV-associated 
oropharyngeal cancers represents an emerging viral epidemic 
of cancer. The International Agency for Research on Cancer 
(IARC) designates HPV as a risk factor for cancerogenesis of 
oropharyngeal cancer, and recent molecular and epidemio-
logical data support the theory that high-risk types of HPV 
are responsible for a subset of oropahryngeal cancers (15-18). 
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. HPV-positive HNSCCs occur more often in 
younger patients with minimal tobacco exposure but greater 
exposure to marijuana, oral sex or multiple sexual partners 
(19-21), which is consistent with the known predominant means 
of HPV transmission via sexual contact (21,22). HPV-positive 
HNSCC patients are often of higher socioeconomic status with 
better dentition, nutritional status and overall health compared 
to non-HPV HNSCC patients (23).

There is evidence that links this viral etiology to specific 
subtypes of HPV-associated HNSCC like HPV 16 and 18, 
especially to those arising from the tonsils and the tongue base.

HPV is a circular, double-stranded DNA virus. The viral 
genome, consisting of approximately 8,000 base pairs in size, 
encodes two regulatory proteins, three oncoproteins (E5, E6, 
and E7), and two structural capsid proteins (L1 and L2) (11). At 
present, the family of Papillomaviridae contains at least 200 
genotypes or subtypes based on the ability to infect mucosal 
surfaces and based on genomic characteristics (13). These 
subtypes could be classified in low- and high-risk subpopula-
tions based on their capacity to persist in basal mucosa cells, 
thereby avoiding the clearance of the immune system, and 
based on their potential for transformation by expression of 
viral oncogenes. Mucosal HPV infections are known to be 
associated with a spectrum of human diseases, ranging from 
benign papillomas (or warts) to invasive carcinomas such as 
cervical, vulvar, vaginal, anal, penile, recurrent benign papillo-
matous tumor of the upper airway, and more recently, HNSCC 

(22-24). Clinical appearance is characterized by an exophytic 
strawberry-like lesion on gross inspection. HPV infection typi-
cally affects the basal layer of stratified squamous epithelium 
through structural breaks or microabrasion in the skin and 
the mucosa surface (25). Thus on one hand, the HPV infec-
tion evades the host immune system by residing in the basal 
epithelium, and on the other hand, viral oncogenes suppress 
pro-inflammatory signaling (26). The expression of the above-
mentioned oncogenes and the loss of function of several key 
regulatory proteins cause cell cycle progression, proliferation 
and dedifferentiation of the infected mucosa cells and thereby 
prove to be necessary for the induction and maintenance of the 
transformed phenotype (27,28). These oncoproteins degrade 
and destabilize two major tumor suppressor proteins, p53 and 
pRb, through ubiquitination and directly bind to multiple other 
host proteins. This further contributes to genetic instability 
by integration of its viral DNA into the host genome, leading 
to dysregulated expression of E6 and E7 (28,29). In cervical 
cancer, the integration of viral DNA into the host genome is a 
crucial step for the progression from dysplasia to carcinoma. 
The biological pattern of HPV-positive oropharyngeal cancer 
is distinct from p53 degradation, retinoblastoma pathway 
inactivation, and p16 up-regulation. This is in contrast to oro -
pharyngeal cancer, which is induced by repeated alcohol and 
tobacco exposure and is characterized by mutational loss of 
p16 and p53 genes, TP53 mutation and further down-regulation 
of CDKN2A (30-33), leading to uncontrolled cellular growth 
in up to 80% of HNSCC. The tumor suppressor gene p53 posi-
tively regulates the expression of angiogenic inhibitors and 
inhibits pro-angiogenic factors (34-36).

In addition to the etiological differences, HPV-positive 
cancers are different from HPV-negative cancers with regard 
to treatment response and survival outcome. HPV-positivity 
is considered to be a favorable prognostic biomarker for 
survival outcome. Data of retrospective analyses suggest that 
patients with HPV-positive oropharyngeal cancer have higher 
response rates to chemotherapy and radiation and therefore, 
have a significantly increased survival rate and locoregional 
control (32,37,38). The literature offers different explanations 
for the overall advantage that patients with HPV-associated 
HNSCC have, such as augmented sensitivity to chemo- and 
radiotherapy and absence of exposure to tobacco and alcohol 
accompanied by field cancerization and presence of functional 
TP53 (37).

Important support functions, including promotion of 
tumor growth, angiogenesis and invasion, have been attributed 
to the different cell types populating the tumor stroma, like 
the endothelial cells, cancer-associated fibroblasts (CAFs), 
pericytes, and the infiltrating inflammatory cells that form the 
extracellular matrix (ECM). These cell types are functionally 
important for carcinogenesis because they provide proliferative 
and antiapoptotic regulatory factors, support tumor angio-
genesis, and thus facilitate invasion (39-43). Various studies 
demonstrate the fundamental role of a concerted performance 
of genetically altered tumor cells interacting with ostensibly 
normal cell types in cancerogenesis. These factors constitute 
a concerted interaction of the tumor and its microenviron-
ment (44,45). A variety of angiogenic peptides released from 
tumor cells, macrophages and the extracellular matrix regulate 
the induction of tumor vascularization. Various functions, 
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including endothelial cell migration, proliferation and capil-
lary tubule formation, are executed by these factors.

As a potent endothelial mitogenic factor, the vascular 
endothelial growth factor (VEGF) activates the angiogenic 
switch in vivo and enhances vascular permeability. It is asso-
ciated with an increase of tumor growth and angiogenesis 
in vivo in a mouse model (46-48). Cell proliferation, differen-
tiation and migration of vascular cells is promoted by VEGF. 
Enhanced expression of VEGF has been detected in a number 
of malignant human tumors, including HNSCC (49,50). VEGF 
expression in HNSCC tumors is strongly correlated with 
tumor angio genesis and is inversely correlated with apoptosis 
(51,52), which illustrates the anti-apoptotic potential of VEGF. 
For example, VEGF expression could be induced by loss or 
inactivation of tumor suppressor genes or overexpression of 
oncogenes. Several studies demonstrate that HPV16 onco-
proteins E6 and E7 strongly stimulate various pro-angiogenic 
factors, including VEGF (53). Tumor angiogenesis, microvessel 
density and VEGF expression have been associated with 
poor prognosis of head and neck cancers (50-52). Inhibition 
of angiogenesis by blocking angiogenic cytokines or their 
pathways has become a major target not only in experimental 
cancer therapies.

Platelet-derived growth factor (PDGF) plays a crucial role 
in cellular interaction and phenotypic character of tissue archi-
tecture. The involvement of the different PDGF isoforms and 
the corresponding receptor plays a decisive role in regulating 
cell proliferation, chemotaxis and survival in normal cells as 
well as in the process of tumorigenesis by autocrine and para-
crine stimulation. The biological activity of PDGF is linked to 
two tyrosine-kinase receptors: PDGF-R and PDGF-Rβ. The 
PDGF ligand binds to its receptor, thus providing intrinsic 
tyrosine-kinase activity. Hereby, receptor activation by dimer-
ization and autophosphorylation is generated. The activation of 
the receptor induces signaling molecules that are responsible 
for the different biological effects of PDGF (54,55). Previous 
studies demonstrated the increased expression of PDGF and the 
associated receptors in various malignant human tumors such 
as non-small cell lung (NSCLC) and prostate cancer (56,57). 
PDGF promotes the establishment of a well-vascularized 
stroma and tumor proliferation by stimulating the process of 
angiogenesis (55-57) in fibrosarcomas (58), breast carcinoma 
(59), melanoma (60) and HNSCC (61).

The protein-tyrosine-kinase-receptors (PTKs) are essential 
elements of the intracellular signal transduction pathway that 
regulates cell growth, development and apoptosis. When muta-
tions of various cancers occur, PTKs often disrupt the normal 
cell signaling pathway and may lead to malignant transforma-
tion (62). The superfamily of transmembrane receptor proteins 
is activated by binding to the corresponding ligand, such as the 
epidermal growth factor (EGF) or the transforming growth 
factor (TGF), and phosphorylation of the tyrosine-kinase 
domain. These second messenger molecules provide signals that 
enhance cell survival and increase cell proliferation (62). Unlike 
standard cytotoxic therapies that generally lack specificity for 
tumor cells and possess various toxic side effects, the targeted 
molecular approach exploits known molecular changes in 
neoplastic cells.

The tyrosine-kinase inhibitor imatinib (Gleevec®), also 
known as STI571 (Novartis, Basel, Switzerland), is a small 

molecular agent belonging to the 2-phenylaminopyrimidine 
class. Initially designed to inhibit bcr-abl, c-kit and PGDF-
receptor, it is currently established in the treatment of chronic 
myeloid leukemia (CML) (63-66).

The ability of imatinib to target several specific tyrosine-
kinases that are implicated in carcinogenesis and metastasis, 
like c-Abl and PDGF-R, makes it an ideal therapeutic agent 
with less toxic side effects. This therapeutic option is used 
currently in a limited number of cancers, such as gastrointes-
tinal stromal tumors, melanomas, and various forms of lung 
cancers (66-70). Since these studies have demonstrated the 
proapoptotic effect of imatinib, this agent was subsequently 
evaluated in combination with different drugs, especially 
platinum-based chemotherapeutic drugs. Prior studies illus-
trated the potential synergistic effects of combining imatinib 
and carboplatin/cisplatin to regulate distinctively different 
biological targets and to elevate the therapeutic ratio in HNSCC 
(71,72). Less is understood about the correlation of VEGF, 
PDGF and PDGF-R and positive HPV status of squamous cell 
carcinoma or the impact of tyrosine-kinase inhibitory therapy 
on angiogenic factors.

The purpose of this study was to evaluate the expression 
pattern of angiogenic factors (VEGF, PDGF and PDGF-R) 
in HPV-positive and negative squamous cell carcinoma and 
the vulnerability of anti-angiogenesis therapy dependent on 
the HPV status as a potential treatment modality compared 
to established platinum-based chemotherapeutic drugs. To 
our knowledge, this is the first report of a chemotherapeutic 
study to treat HNSCC and HPV 16-positive SCC with imatinib 
and carboplatin as single, active drugs and the first study to 
compare expression patterns of angiogenic peptides.

Materials and methods

Cell lines. The two different UM-SCC 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 CERV-196 cell line was 
established from a poorly differentiated squamous cell carci-
noma of the cervix that is HPV 16 positive (CLS, Eppelheim, 
Germany). A CERV196 tumor is established in vitro from the 
xenotransplant cervix carcinoma MRI-H-196. The 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 bovine serum. 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., Gaithersburg, MD, USA). Imatinib 
was gratefully provided by the manufacturer (Novartis, Basel, 
Switzerland). 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 combi-
nations of imatinib (18, 30 µmol/ml) and/or carboplatin (3, 
7.5 µmol/ml) for 2, 3, 5, and up to 8-10 days. These different 
drug concentrations and combinations were selected after 
performing the alamarBlue (AbD Serotec, Oxford, UK) cell 
proliferation assay, quantitatively measuring proliferation of 
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HNSCC tumor cell lines and establishing the relative cyto-
toxicity of the chemotherapeutic drugs examined. After the 
defined incubation time, the supernatants were collected in 
sterile tubes and stored at -20˚C until further analysis. After 
harvesting, cells were stored at -80˚C for PCR analysis.

Immunohistochemistry of PDGF-α/β. Immunohistochemical 
studies were performed using a monoclonal rabbit anti-human 
antibody directed against PDGF-α/β (ACRIS Antibodies, 
Herford, Germany). The cells were cultured overnight on 
glass coverslips (Nunc, Wiesbaden, Germany) before immu-
nohistochemistry was preformed. When 50% confluent, the 
cells were exposed to the different chemotherapeutic drug 
concentrations and different incubations periods (48-240 h) 
and underwent a fixation with acetone and alcohol (2:1). 
Afterwards, the cells were washed with phosphate-buffered 
saline (PBS). Adjacent cells were incubated with the peroxi-
dase block (Dako Hamburg, Germany) for 30 min. The cells 
were then washed three times with PBS for 5 min each time. 
This was followed by incubation with 10% sheep serum for 
30 min. Cells were exposed to the rabbit polyclonal antibody 
against PDGF-α/β as the primary antibody solution for 30 min 
at room temperature, using a working dilution of antibody 
to cells of 1:100. The incubated cell lines were refrigerated 
overnight. Afterwards, the cells were washed three times with 
PBS-buffer and incubated with a secondary antibody (anti-
rabbit, Amersham, Freiburg, Germany) in a 1:100 solution for 
45 min at room temperature. Following incubation, the cells 
were washed three times. Subsequently, cells were exposed 
to an enzyme suspension [AEC, aminoethylcarbazole (red) or 
DAB, diaminobenzidine (brown)] for 5-15 min. The sections 
received a counterstaining with Mayer's-hematoxylin for 
30 sec. This procedure was followed by dehydration in graded 
ethanol and coverslipping.

The results of the observed immunohistochemical rates 
of PDGF expression were determined semiquantitatively. The 
staining 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 negative immunostained cells (0% 
reactivity).

ELISA total PDGF-R-α/β and VEGF. After incubation in 
the 6-well chamber with the different chemotherapeutic drug 
concentrations, the cells were rinsed with PBS and then 350 µl 
per well of lysis buffer were added. After gently agitating the 
lysed cells with a vortex at 2-8˚C for 30 min and microcentri-
fuging at 14,000 x g for 5 min, the supernatant was transferred 
into a clean tube.

VEGF concentrations were determined by the enzyme-
linked immunosorbent assay (ELISA) technique (R&D 
Systems, Wiesbaden, Germany). The system used a solid-phase 
monoclonal antibody and an enzyme-linked polyclonal antibody 
raised against recombinant VEGF165. The specificity of anti-
human VEGF antibodies used in the ELISA kit was examined 
by sodium dodecyl sulfate polyacrylamide gel electrophoresis 
(SDS-PAGE) followed by Western blotting. According to the 
manufacturer's directions, each ELISA m was performed 
in 100 µl of supernatant. All analyses and calibrations were 
carried out in duplicate. The calibrations on each microtiter 

plate included recombinant human VEGF standards that were 
provided in the kit. Optical density was determined using 
a microplate reader at a wavelength of 450 nm. Wavelength 
correction was set to 540 nm and concentrations were reported 
as pg/ml. The interassay coefficient of variation reported by the 
manufacturer varied from 6.2 to 8.8% when VEGF concentra-
tions ranged between 50 and 1,000 pg/ml.

The DuoSet IC ELISA (R&D Systems) measures human 
PDGF-Rα/β by development of a sandwich ELISA with an 
immobilized capture antibody specific for human PDGF-R, 
which binds both tyrosine-phosphorylated and unphospho-
rylated PDGF-R. After washing away the unbound material, 
a biotinylated detection antibody specific for total human 
PDGF-R is used to detect tyrosine-phosphorylated and 
unphosphorylated PDGF-R, utilizing a standard strepavidin-
HRP format.

The capture antibody was diluted to the concentration 1:180 
(4 µg/ml). The diluted capture antibody was carried out in 100 µl 
per well and the plate was sealed and incubated overnight. 
Afterwards, the contents of each well were aspirated and the 
wells were washed three times with 400 µl Tween wash buffer. 
The plates were blocked by adding 300 µl block buffer to each 
well and incubating at room temperature for 1-2 h. According 
to the manufacturer's directions, each ELISA measured 100 µl 
of supernatant of the sample. This was followed by washing 
with Tween buffer as described. After diluting the detection 
antibody to a concentration of 500 ng/ml, the detection antibody 
(100 µl) was added to each well with an incubation period of 
2 h. Again cells were washed. Adding 100 µg of streptavidin-
HRP to each well was followed by incubation for 20 min at 
room temperature. Afterwards, 100 µl of substrate solution 
was added to each well for 20 min followed by 50 µl of stop 
solution. Optical density was determined using a microplate 
reader at a wavelength of 450 nm. Wavelength correction was 
set to 540 nm and concentrations were reported as pg/ml. All 
analyses and calibrations were carried out three times.

Statistical analysis. Statistical analysis was performed in 
cooperation with Dr Chr. Weiss, Institute of Biomathematics, 
Faculty of Medicine, Mannheim. All data were subjected to 
the means procedure. A p-value ≤0.05 was considered statis-
tically significant. The statistical tests performed were the 
two-coefficient variance analysis (SAS Statistics, Cary, NC) 
and the Dunnett's test.

Results

Immunohistochemistry for PDGF-α in HNSCC 11A, 14C 
and CERV196. The immunohistochemically-detected protein 
expression of PDGF-α was assessed by two independent 
observers in order to semiquantitatively calculate the rates of 
protein expression. All tumor cell lines, regardless of HPV 
status, expressed PDGF-α to a similar extent. The controls 
showed high reactivity against PDGF-α. Furthermore, in 
HNSCC 11A and 14C cells a decreased reactivity of PDGF 
expression was detected, dependent on an extended incubation 
period with imatinib. CERV196 cells, an HPV 16 positive 
carcinoma cell line, showed a lower reduction of PDGF-α 
expression under increased imatinib concentrations and thus 
was considered to be less sensitive to anti-angiogenic therapy. 
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Immunostaining was localized in the cytoplasm of the cells 
(Fig. 1, Table I).

ELISA for VEGF expression on HNSCC 14C, 11A and CERV196. 
VEGF levels showed a consistent trend towards significantly 
decreased expression that was dependent on the agent added for 
an extended incubation period, whereas increased concentra-
tions of the added 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. Furthermore, the 
application of carboplatin had no influence on VEGF expres-
sion levels. In addition to performing descriptive imaging of 
the results (mean values and percent reduction of the effect 
variable compared to control), a two-coefficient analysis and 
the Dunnett's test were conducted.

For HNSCC 11A cells, there was no significant reduction 
of VEGF and no evident dose- or incubation period-dependent 
influence of carboplatin when compared to the negative 
control. Effects of carboplatin as a single agent on VEGF 
expression of HNSCC 14C were negligible; only a single 
statistical outlier after 5 and 8 days with p<0.04 and p=0.01 
was detected. Again, no dose- or incubation period-dependent 
effect was statistically detectable. The influence of carboplatin 

on VEGF expression was also insignificant for the CERV16 
cell line (Table II, Fig. 2).

In contrast to the carboplatin application, non-HPV 
associated HNSCC tumor cell lines (HNSCC 11A and 14C) 
incubated with imatinib showed a significant reduction of 
VEGF expression levels in an incubation period-dependent 
correlation (especially for HNSCC 11A) when compared 
to the negative control. The degree of concentration had no 
significant influence on expression of VEGF.

Within the timeframe of 48-192 h, there was an insig-
nificant reduction of VEGF expression levels in CERV196. 
The CERV 196 tumor cells seemed to be less vulnerable 
towards PTK inhibitory therapy according to suppression 
of the expression of VEGF. Only after 240 h of incubation 
did the CERV196 cells show a decreased VEGF expression 
with significant correlation to negative controls (p<0.0001). 
Compared to non-HPV associated tumor cell lines after the 
same incubation time (240 h), CERV196 proved to have the 
highest decrease of VEGF (p<0.0001) (Table II).

The statistical comparison of the efficacy of the different 
chemotherapeutic applications clarifies the significant advan-
tage of imatinib in suppressing VEGF levels in HNSCC 11A 
and 14C. In CERV196 cells, imatinib prevailed against carbo-
platin after an incubation period of more than 120 h (Table II).

Table I. Grading of immunostaining for PDGF-α.

 Immunostaining index
 ------------------------------------------------------------------------------------------------------------------------------------------------------------------------
 48 h 72 h 120 h 240 h

Control group
  HNSCC 14C ++ (3/3) +++ (2/3) ++ (2/3) +++ (3/3)
  HNSCC 11A ++ (3/3) ++ (2/3) +++ (3/3) +++ (2/3)
  CERV196 ++ (3/3) ++ (3/3) +++ (3/3) ++ (2/3)

Carboplatin 3 µmol
  HNSCC 14C + (1/3) ++ (2/3) ++ (2/3) ++ (1/3)
  HNSCC 11A ++ (2/3) ++ (1/3) ++ (1/3) +++ (2/3)
  CERV196 +++ (2/3) +++ (1/3) +++ (3/3) +++ (2/3)

Carboplatin 7.5 µmol
  HNSCC 14C ++ (2/3) ++ (2/3) ++ (2/3) ++ (2/3)
  HNSCC 11A ++ (2/3) +++ (2/3) ++ (1/3) +++ (1/3)
  CERV196 +++ (3/3) +++ (3/3) +++ (2/3) +++ (2/3)

Imatinib 18 µmol
  HNSCC 14C ++ (2/3) + (2/3) + (1/3) + (1/3)
  HNSCC 11A ++ (1/3) ++ (1/3) ++ (1/3) ++ (2/3)
  CERV196 +++ (3/3)  ++ (1/3) ++ (2/3)

Imatinib 30 µmol
  HNSCC 14C ++ (2/3) 0 (1/3) 0 (1/3) 0 (1/3)
  HNSCC 11A + (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.
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Table II. VEGF expression in ELISA.

  Carboplatin 7.5 µmol/ml Imatinib 30 µmol/ml
   ----------------------------------------------------- -------------------------------------------------------------
Time of incubation (h) Control group Mean value p-value Mean value p-value

HNSCC 11A
 48 2044.5 2036 0.9 1871 <0.0001
 72 2003.6 1993.3 0.9 1580 <0.0001
 120 2030 1942.6 0.3 1536 <0.0001
 240 2014.5 1934.3 0.2 1399.6 <0.00001

HNSCC 14C
 48 1969 1850.3 0.9 1939.6 0.9
 72 2111 2063.6 0.5 1656.3 <0.0001
 120 2108 1823.6 <0.04 1729.3 <0.0001
 240 2224.5 1954 0.9 1673 0.0001

CERV196
 48 2060.6 1940 0.8 1920.3 0.47
 72 2064.6 2029.6 0.9 1845.3 0.26
 120 1823.6 1847.6 0.6 1533 0.2
 240 2048.3 1877.6 0.09 726.6 <0.0001

VEGF expression in HNSCC 11A, 14C and CERV196 after different periods of incubation. Mean values and statistical correlation compared 
to the negative control (p-value, Dunnett's test). Bold indicates statistically significant differences.

Figure 1. (A) Negative control of HNSCC 11A cells and positive immunohistochemical reactivity against PDGF-α after incubation with imatinib (30 µmol/ml) for 
(B) 120 and (C) 240 h. (D) Negative control of HNSCC 14B cells and positive immunohistochemical reactivity against PDGF-α after incubation with imatinib 
(30 µmol/ml) for (E) 120 and (F) 240 h. (G) Negative control of CERV196 with strong immunoreactivity with typical growth pattern in tumor cell colonies. 
(H and I) Decreasing immunoreactivity was detected with a prolonged incubation period (120 and 240 h) with imatinib (30 µmol/ml).
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ELISA of PDGF-Rα/β expression in HNSCC 14C, 11A and 
CERV196. Carboplatin had no statistically significant impact 
on the expression of PDGF-Rα/β, regardless of the dosage or 
incubation time. Only a moderate suppression of PDGF-Rβ for 
CERV196 was notable (Tables III and IV, Figs. 3 and 4).

In contrast, imatinib as a tyrosine-kinase inhibitor showed 
a statistically significant reduction of PDGF-Rα/β levels in 
all incubated tumor cell lines, irrespective of HPV status, 
depending on the length of incubation (Tables III and IV). 
Several times a decent reduction of the initial value of the 
PDGF-R expression level was illustrated. There was a slight 
but not statistically significant difference in suppression of 
the PDGF-R expression when comparing HPV-positive with 
HPV-negative tumor cell lines (Figs. 3 and 4).

Discussion

Despite the general decrease in incidence of HNSCC that can 
be attributed to a reduced prevalence of chronic alcohol and 
tobacco exposure, the incidence of squamous cell carcinoma 
of the oropharynx and oral cavity is rising. A growing number 
of malignant lesions of the tonsils and tongue base is particu-
larly notable (4-6,11-14). Apart from the above-mentioned 
risk factors, a growing body of evidence highlights an 
infectious etiology initiating the cancerogenesis of HNSCC. 
Epidemiological data suggest that an infection of oncogenic 
high-risk papilloma virus in carcinogenesis of HNSCC is 
responsible for a subset of oropharyngeal cancer. HNSCC is a 
heterogeneous group of epithelial malignancies that differ in 
their aggressiveness, treatment response and clinical outcome. 
Despite the established therapeutic options over the last 
decades, HNSCC tumors still have poor prognosis. New treat-
ment modalities are urgently necessary to improve the clinical 
outcome, long-term survival and quality of life for head and 
neck tumor patients. HPV-positive SCC appears to be different 
from HPV-negative HNSCC in molecular, epidemiological 
and clinical aspects as well as in the overall survival rate due 
to increased chemotherapeutic sensitivity as described in the 
literature (32,37). Less is known about HPV-positive HNSCC 
tumor biology, carcinogenesis and the role of the immune 
system and cellular pattern in new treatment regimes. One 
strategy in novel approaches to cancer therapy is the inhibition 
of angiogenesis of malignant tumors. Various studies detect 
the induced angiogenic response in vivo, and the correlation 
between high microvessel counts and recurrent or metastatic 
disease in HNSCC (51,52). A variety of angiogenic factors 
released from tumor cells and the extracellular matrix regulate 
the induction of tumor vascularization.

PDGF promotes the establishment of a well-vacularized 
stroma and thus tumor proliferation by stimulating the angio-
genesis process (55-57) in melanoma (58), fibrosarcoma (59), 
breast carcinoma (60) and squamous carcinoma (61). VEGF, 
as another fundamental stimulator of angiogenesis, enhances 
vascular permeability (46) and is associated with an increase of 
tumor growth and angiogenesis. Disrupted PDGF and PDGF-R 
signaling pathways could also prove to be a functional element 
in HNSCC tumor biology and correlate inversely with the 
clinical outcome in patients who suffer from HNSCC (48,49). 
Thus, these angiogenic peptides might function as surrogate 
markers in cases of dysregulated expression with poor overall 
survival and therefore, could be potential clinical targets in 
molecular-specific therapy. Previous studies have demonstrated 
the statistically significant antiproliferative impact of imatinib 
in conjunction with platinum-based chemotherapy in HNSCC 
in vitro by reducing VEGF and PDGF and the corresponding 
tyrosine-kinase receptor (71,72). The precise mechanism of 
synergism remains unclear. It is postulated that the synergism 
is the result of an alteration of PTK expression, modulation of 
the phosphorylation status of the PTK receptor, or change in 
the apoptotic threshold by promoting pro-apoptotic balance of 
Bcl-2 family regulators.

Strong expression levels of VEGF could be detected in 
the HPV-positive SCC tumor cell line (CERV196) through 
immunohistochemistry and ELISA methods. Compared to 
HPV-positive SCC, HPV-negative HNSCC tumor cells were 

Figure 2. VEGF expression in HNSCC 11A, 14C and CERV196 cells. 
Decreased VEGF expression after a prolonged incubation period (48, 72, 
120, 192 and 240 h).
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Table III. PDGF-Rα expression in ELISA.

  Carboplatin 7.5 µmol/ml Imatinib 30 µmol/ml
   -------------------------------------------------------- ----------------------------------------------------------
Time of incubation (h) Control group Mean value p-value Mean value p-value

HNSCC 11A
 48 895.6 792.8 0.5 555.6 0.02
 72 878.2 929 0.9 775 0.5
 120 825.3 826.3 1 706.6 0.9
 192 941.3 919.3 0.9 795.6 0.4
 240 914.3 1000 0.9 589 0.045
HNSCC 14C
 48 842.1 858 0.4 911.3 0.8
 72 981 845.6 0.6 744.3 0.4
 120 1150.6 1034 0.1 699.6 0.09
 192 1028 987.1 0.9 576 0.01
 240 1000 925 0.3 557 0.001
CERV196
 48 1477.95 1494.5 0.6 1431 0.9
 72 1602.4 1680 0.8 1457 0.4
 120 1779.0 1754.1 1 1556.4 0.09
 192 1756 1596.6 0.2 1462.8 0.01
 240 1852.3 1657.4 0.3 1422.1 0.001

PDGF-Rα expression in HNSCC 11A, 14C and CERV196 after different periods of incubation. Mean values and statistical correlation com-
pared to the negative control (p-value, Dunnett's test). Bold indicates statistically significant differences.

Table IV. PDGF-Rβ expression in ELISA.

  Carboplatin 7.5 µmol/ml Imatinib 30 µmol/ml
   -------------------------------------------------------- ----------------------------------------------------------
Time of incubation (h) Control group Mean value p-value Mean value p-value

HNSCC 11A
 48 80.7 80.4 0.9 60.5 0.2
 72 85.9 75.4 0.6 65.1 0.1
 120 101.7 76.4 0.3 47.9 0.01
 192 78.4 73 0.5 54.6 0.05
 240 101.6 74.3 0.07 47.1 0.001
HNSCC 14C
 48 51.2 40.7 0.1 31.4 0.001
 72 50.5 39.3 0.07 35.6 0.004
 120 70.7 61.1 0.2 32.8 <0.0001
 192 96.8 69.4 0.0005 30.4 <0.0001
 240 75.9 44.7 0.6 33.6 0.005
CERV196
 48 71.6 94.5 0.02 96.4 0.09
 72 102.8 105.4 0.7 83.1 0.1
 120 103.5 78.1 0.09 59.1 0.006
 192 101.1 82.3 0.1 55.8 0.004
 240 126.4 85.6 0.01 47.4 0.0002

PDGF-Rβ expression in HNSCC 11A, 14C and CERV196 after different periods of incubation. Mean values and statistical correlation com-
pared to the negative control (p-value, Dunnett's test). Bold indicates statistically significant differences.
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more susceptible to incubation time-related suppression of 
VEGF with imatinib treatment (p<0.0001). HPV 16 positive 
squamous cell carcinoma seemed to be less vulnerable to 
imatinib-associated VEGF suppression. A predominance of 
imatinib-related VEGF suppression in CERV196 tumor cells 
could only be proven after a prolonged incubation time. Dose 
escalation of the applicated drugs had no statistically signifi-
cant influence on VEGF expression in either the CERV196 
or the HNSCC tumor cell line. As previously documented, 
carboplatin had no impact on expression patterns in squamous 
cell carcinoma (84). VEGF expression in HNSCC tumors 
strongly correlated with tumor angiogenesis and inversely 
correlated with apoptosis (53,54), which illustrates the anti-
apoptotic potential of VEGF. By significantly suppressing 
VEGF expression in HPV positive/negative SCC, imatinib as 

a molecular-specific agent might improve the clinical outcome 
of patients suffering from a malignant tumor disease in the 
future.

Furthermore, we detected a significant reduction of 
PDGF-Rα/β expression in an incubation time-dependant 
manner for imatinib in all incubated tumor cell lines, irrespective 
of HPV status, whereas the application of a platinum-based 
chemotherapy had no influence on the expression of the tyro-
sine-kinase receptor. PDGF and the corresponding receptor 
PDGF-Rα/β are fundamental effectors in tumor cell growth, 
angiogenesis and survival of the tumor (64,65,77,78), and 
therefore, are warrantors of the carcinogenesis progression. 
These data suggest that a reduction of PDGF and PDGF-R 
expression levels by imatinib induces a reciprocal suppression 
of VEGF concentration within a blocked paracrine stimulation 

Figure 4. PDGF-Rβ expression in HNSCC 11A, 14C and CERV196 cells. 
Decreased PDGF-Rβ expression after a prolonged incubation period (48, 72, 
120, 192 and 240 h).

Figure 3.PDGF-Rα expression in HNSCC 11A, 14C and CERV196 cells. 
Decreased PDGF-Rα expression after a prolonged incubation period (48, 72, 
120, 192 and 240 h).
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(73). One hypothesis for the mutual interaction of these angio-
genic peptides is the PDGF/PDGF-R autocrine secretion of 
the tumor and a stimulated paracrine VEGF loop (73). The 
interference of angiogenic effectors could be specifically 
targeted by imatinib. Matei et al (73) and Vlahovic et al (70)
also detected this correlation of the potential paracrine VEGF 
expression induction with the increased PDGF/PDGF-R acti-
vation in ovarian cancer and in a xenograft small lung cell 
cancer model. The suggested underlying mechanism for the 
imatinib associated-VEGF suppression is the sole inhibition 
of the interaction of PDGF-ligand and its corresponding 
tyrosine-kinase receptor (72,73).

In summary, this study demonstrates the efficacy of 
imatinib as a single agent in the significant suppression of 
VEGF expression in HPV-negative HNSCC in an incubation 
time-related context. Viral oncogene transformed squamous 
cell carcinoma (CERV196) cells were characterized by 
reduced susceptibility for imatinib-altered VEGF expres-
sion. The observed effect of decreased VEGF expression in 
HPV-negative HNSCC could only be verified for HPV-positive 
SCC after a prolonged incubation time. According to PDGF-
Rα/β expression patterns, a statistically significantly reduction 
was notable for HPV transformed squamous cell carcinoma as 
already published for HPV- negative HNSCC (84).

This marked effect of selective tyrosine-kinase inhibi-
tory therapy in suppressing VEGF, PDGF and PDGF-R as 
warrantors of tumor vascularization and therefore promoters 
of carcinogenesis in HPV-positive tumor cell lines justi-
fies an eventual extension of this study to an animal model. 
Further studies are planned to investigate this observation 
in HPV-positive HNSCC in vitro. The implementation of a 
selective molecular anti-angiogenic therapy in established 
chemotherapeutic regimens might enhance the efficacy of 
platinum-based chemotherapy without an increased toxicity 
profile and could thereby improve clinical outcome in HNSCC, 
irrespective of HPV status.
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