
Abstract. Background/Aim: Targeted therapy in head and
neck squamous cell carcinoma (HNSCC) is limited. HIF-1α
and mTOR are involved in the formation of local tumor
progression and distant metastasis. The present study
analyzed the influence of well-established tyrosine kinase
inhibitors nilotinib, dasatinib, erlotinib and gefitinib on the
expression of HIF-1α and mTOR in p16-positive and 
-negative squamous cancer cells (SCC) in vitro in order to
develop novel strategies in the treatment of HNSCC.
Materials and Methods: Expression of HIF-1α and mTOR
was analyzed by using Sandwich-ELISA in p16-negative and
p16-positive SCC after treatment with nilotinib, dasatinib,
erlotinib and gefitinib (20 μmol/l, 24-96 h of incubation).
Results: All substances significantly reduced mTOR
expression in both, p16-negative and p16-positive SCC
(p<0.05). HIF-1α expression was significantly reduced by
all tested substances in p16-negative SCC. However, a
statistically significant increase of HIF-1α was observed in
p16-positive SCC. Conclusion: This is the first study to
investigate the alteration of expression levels of HIF-1α and
mTOR under selective tyrosine kinase inhibition in both p16-
positive and -negative SCC. Our findings provide novel
insights for a better understanding of HIF-1α and mTOR in
the tumor biology of HNSCC and their interaction with
selective small-molecule inhibitors.

Squamous cell carcinoma of the head and neck (HNSCC) is
the sixth most common cancer with a global incidence of
more than 680,000 cases (1). Environmental factors such as
tobacco smoke and alcohol abuse are known to be the
greatest risk factors for the development of HNSCC (2, 3).
The variety of therapeutic options includes surgery, radiation,
platinum-based chemotherapy and immunotherapy. However,
patients with advanced-stage or metastatic tumor disease still
have limited therapeutic options and a poor prognosis (4-6). 

Up to date, the status of human papillomavirus (HPV)-
association is mandatory and part of every pathological
analysis of oropharyngeal tumor specimen as HPV-infection
has be proven to be associated with oropharyngeal squamous
cell carcinoma (7). Recently, HPV-status has been introduced
in the staging criteria of oropharyngeal squamous cell
carcinoma in the 8th Edition of the American Joint
Committee on Cancer (AJCC) (8). Unlike a decrease of
tobacco use in western countries, the incidence of
oropharyngeal cancer has been rising (9, 10). More than 200
subtypes of HPV have been analysed but high-risk subtype
16 can be detected in approximately 90% of HPV-related
oropharyngeal squamous cancer cells (11). The expression
of two HPV-related oncogenic proteins, E6 and E7, is crucial
for the carcinogenesis as p53 is degraded by E6 and an
Retinoblastoma tumor suppressor protein is degraded by E7
(12, 13). HPV-positive squamous cell carcinoma of the
oropharynx is associated with a favorable prognosis and a
higher sensitivity to radiation (14, 15). 

In the process of local tumor progression hypoxia triggers
glycolysis as a response to a lack of oxygen which can lead
to a formation of irregular tumor vascularization to enhance
the nutritive support for the tumor microenvironment (16).
Hypoxia-inducible factors (HIF) are up-regulated in the case
of hypoxia and promote cell survival through the up-
regulation of glycolysis enzymes to enhance adenosine
triphosphate (ATP) synthesis and vascular endothelial growth
factor (VEGF) to promote neoangiogenesis (17, 18).
Hypoxia also influences the sensitivity to local radiotherapy
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because free radical formation is dependent on oxygen to
induce cell death by DNA strand breaks (19). Therefore,
hypoxic tumor environment decreases the sensitivity to
radiation (20, 21). Moreover, hypoxia is associated with an
aggressive tumor phenotype and consequently leads to tumor
progression (22). The ability of tumor cells to maintain
nutrition during hypoxia is mediated by proteins like
hypoxia-inducible factor 1 alpha (HIF-1α) (23). HIF-1α is
then stabilized and translocated into the nucleus and
heterodimerizes with HIF-1β (24, 25). HIF-1 binds to
hypoxia response elements (HRE) to promote the hypoxia-
induced mechanisms. The acquirement of oxygenation by
inhibitors of angiogenesis could therefore increase the
sensitivity to radiation (26). The down-regulation of HIF-1α
could also be accomplished by suppression of the rat
sarcoma (RAS)/rapidly accelerated fibrosarcoma (RAF)
pathway (27). Targeting hypoxia could be a possible
approach to sensitize tumor cells for radiation and
consequently decrease the progression of local tumor growth. 

The deregulation of key signaling pathways is crucial for
the development of HNSCC. One of the most frequently
modified pathways in cancerous disease is the
phosphoinositide 3-kinase/protein kinase B/mammalian
target of rapamycin (PI3K/AKT/mTOR) signaling pathway
(28). mTOR is a downstream effector of AKT and activated
mTOR promotes cell growth and proliferation, cell
metabolism and T-cell activation (29). mTOR is part of two
catalytic complexes, mTORC1 and mTORC2, which regulate
protein translation through phosphorylation of key signaling
proteins resulting in increased cell proliferation and
angiogenesis (30). The activation of mTORC1 is mediated
though AKT while mTORC2 activates AKT (31). The
activation of PI3K is regulated by phosphatase and tensin
homolog (PTEN). Loss-of-function mutation of PTEN is a
main principle in cancer development which leads to an
uncontrolled activation of PI3K/AKT/mTOR (32). The
activation of mTOR can be induced by several regulators as
increased expression of epidermal growth factor receptor
(EGFR) or an inactivation of PTEN and has been detected
in more than 80% in HNSCC, resulting in a poor prognosis
(33, 34). Activated mTOR also increases the translation of
HIF-1α and therefore stimulates angiogenesis (35).

Targeted therapies have been introduced in the therapy of
several cancers, including HNSCC. Nilotinib and dasatinib
were at first designed for the treatment of chronic myeloid
leukemia as alternative drugs for non-responders to first
generation inhibitors of the breakpoint cluster region protein
and Abelson murine leukemia viral oncogene (BCR-ABL)
(36). Besides the effect on BCR-ABL, nilotinib and dasatinib
use platelet derived growth factor receptor (PDGFR) and
tyrosine-protein kinase KIT (cKIT) to mediate their
antiproliferative effects whereas dasatinib additionally acts
through the inhibition of Sarcoma tyrosine kinase (Src) (37).

Erlotinib and gefitinib are selective inhibitors of EGFR by a
competitive inhibition of the ATP binding side to EGFR and
subsequently reduce autophosphorylation (38). Gefitinib can
be used in first-line therapy of non-small cell lung cancer
(NSCLC) with a proven EGFR mutation whereas Erlotinib
is currently in use applied for advanced or metastatic
NSCLC and metastatic pancreatic cancer (39-41). 

The effect of nilotinib, dasatinib, erlotinib and gefitinib on
the expression of HIF-1α and mTOR has not yet been
demonstrated in HPV-related HNSCC. The aim of the
current study was to evaluate the expression HIF-1α and
mTOR in p16-positive and -negative squamous cell
carcinoma cells in vitro and gain novel insights in the tumor
biology of HNSCC and propose additional information for
possible new strategies for targeted therapies in HNSCC. 

Materials and Methods

Cell lines. We used p16-negative cells originating from a primary
SCC of human epiglottis (HNSCC 11A) and skin metastasis of a
human floor of mouth SCC after surgery and radiation therapy
(HNSCC 14C) (T.E. Carey, Ph.D., University of Michigang, Ann
Arbor, USA). P16-positive cells were derived from human SCC of
the uterine cervix (Cell Lines Service GmbH, Eppelheim,
Germany). HNSCC 11A and HNSCC 14C were cultured with
Eagle’s minimum essential medium (Gibco, Life Technologies,
Carlsbad, MA, USA) with a supplement of 2 mM of L-glutamine
and 10% fetal calf serum (Gibco, Life Technologies). Pen-Strep was
added according to the manufacturer’s instructions (Gibco, Life
Technologies). Eagle’s minimum essential medium was used for cell
culture of CERV196 cells (Gibco, Life Technologies). The cell
culture was supplemented with 2mM L-glutamine, 1 g/l sodium
bicarbonate, 1 g/l sodium pyruvate, 0.1 mM non-essential amino-
acids and 10% of fetal bovine serum (Gibco, Life Technologies).
Incubation was performed under standardized conditions at 37˚C,
5% CO2 and 95% humidity. Subcultures were generated by using
0.05% trypsin/0.02% EDTA EDTA solution for 5 min at 37˚C
(Sigma Aldrich, St. Louis, MO, USA). Incubation was performed
for 24, 48, 72 and 96 h. 

Selective tyrosine kinase inhibitors nilotinib, dasatinib, gefitinib
and erlotinib were gratefully provided by Professor Hofheinz,
Oncological Department, University Hospital Mannheim GmbH.
The drugs were dissolved in dimethylsulfoxide at a concentration
of 20 μmol/l. 96-well microtiter plates were used for cell
proliferation assay (alamarBlue®, AbD Serotec, Oxford, UK). The
experiments were independently repeated for three times (n=3). 

Enzyme-linked immunosorbent assay (ELISA) for total HIF-1α and
mTOR. ELISA technique was used for the determination of protein
concentrations. Sandwich ELISA was performed for the quantitative
measurement of HIF-1α and mTOR. We used DuoSet ELISA
development kits (R&D Systems, Wiesbaden, Germany) for the two
target proteins (DYC1665 and DYC1935, R&D Systems,
Wiesbaden, Germany) acccording to the manufacturers’ instructions.
The optical density was measured by MRX Microplate Reader
(DYNEX Technologies, Chantilly, VA, USA) at a wavelength of
450 nm with a wavelength correction of 540 nm. The calibrations
on each microtiter plate included HIF-1α and mTOR standards that
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were provided in the manufacturers’ kits. Concentrations were
recorded as pg/ml. The interassay coefficient of variation was below
10% according to the manufacturer.

Statistical analysis. Means of each experiment were generated and used
for statistical analysis. Time of incubation, cell line and applied drug
(including negative control) were used as determinants for multiple-
coefficient variance test. Dunnett’s test was performed to adjust p-
values and analyse statistical significance (Version 9.3 SAS/STAT of
SAS Institute Inc., Cary, NC, USA). For all analyses, p≤0.05 was
considered to be statistically significant. Statistical analyses were
performed in cooperation with Dr. Svetlana Hetjens, Institute of
Biomathematics, University Hospital Mannheim GmbH, Germany.

Results
HIF-1α expression levels in HNSCC 11A, 14C and
CERV196. HIF-1α expression was detected in every cell line
tested. The levels of expression were constant in p16-
negative HNSCC 11A and HNSCC 14C. There was a
marginally reduced expression in p16-positive CERV196
cells, however, without statistical significance. In HNSCC
11A expression of HIF-1α was notably elevated after 48 h
in the negative control and after treatment with dasatinib and
gefitinib. Any of the tested substances decreased HIF-1α
expression statistically significant in any of the tested cell
lines when compared to the negative control. In HNSCC 11A
nilotinib reduced HIF-1α expression statistically significant
after 24 (p=0.049), 48 (p=0.003) and 72 (p<0.001) h. After
96 h of incubation the decreasing effect was without
statistical significance. Dasatinib led to a statistically
relevant increase of HIF-1α in HNSCC 11A only after 24 h
(p<0.001). After 48 and 72 h, we observed an increase of
expression, although not statistically significant. A decrease
of HIF-1α occurred after 96 h without statistical
significance. Erlotinib reduced HIF-1α expression in
HNSCC 11A after 24 to 96 h, but with statistical significance
only after 48, 72 and 96 h (p≤0.002). A statistically
significant decrease of HIF-1α expression in HNSCC 11A
could be measured after incubation with gefitinib after 24-
96 h (p≤0.006). For HNSCC 14C, HIF-1α was significantly
reduced after treatment with any of the tested drugs. HIF-1α
was significantly decreased after incubation with nilotinib
after 24 (p=0.005) and 48 (p<0.001) h. A moderate increase
of HIF-1α in HNSCC 14C was seen after treatment with
nilotinib after 72 h (p=0.567). Dasatinib decreased HIF-1α
expression levels in HNSCC 14C after 24 to 96 h, although
statistically significant only after 48 to 96 h (p≤0.002).
Erlotinib and gefitnib decreased HIF-1α expression in
HNSCC 14 C after 24 to 96 h. A statistically significant
reduction of HIF-1α was observed after treatment with
erlotinib after 48 (p<0.001) and 96 h (p<0.001) and after
treatment with gefitinib after 24 (p=0.031), 48 (p<0.001)
and 96 h (p<0.001). In CERV196 HIF-1α expression was
not detected in the negative control after 24 h, but after

treatment with any of the tested substances. An expression
of HIF-1α was then detected after 48 h in the negative
control. Surprisingly, the level of HIF-1α expression was
elevated after incubation with any of the tested drugs after
48 h with one exception for nilotinib. A statistically
significant increase of HIF-1α after 48 h in CERV196 was
seen after treatment with erlotinib (p=0.005) and gefitinib
(p=0.008). After 72 and 96 h of incubation the level of HIF-
1α expression in CERV196 was decreased after treatment
with EGFR-inhibitors erlotinib and gefitinib, however,
without statistical significance. On the contrary, the level of
HIF-1α in CERV196 was increased after treatment with
nilotinib and dasatinib after 72 h, but again, without
statistical significance. After 96 h, nilotinib led to a
statistically significant increase of HIF-1α expression in
CERV196 (p<0.001). Data are shown in Figure 1 and Table
I (drug concentration of 20 μmol/l). All statements related to
statistically significant differences are comparisons referred
to the negative control.

mTOR expression levels in HNSCC 11A, 14C and CERV196.
mTOR expression was observed in every cell line tested.
There was no significant difference in expression levels with
respect to the p16 status. In HNSCC 11A, nilotinib led to a
slight increase of mTOR expression after 24 h but afterwards
the level of mTOR decreased after 48 to 96 hwith a
statistically significant reduction after 72 and 96 h
(p<0.001). The exact same pattern was observed after
incubation with erlotinib in HNSCC 11A. Dasatinib
increased mTOR expression after 24 and 48 h however,
without statistical significance. Then, after 72 and 96 h,
mTOR expression decreased statistically significant in
HNSCC 11A (p<0.001). A statistically significant decrease
of mTOR expression in HNSCC 11A was also detected after
treatment with gefitinib after 72 and 96 h (p<0.001) whereas
mTOR expression was initially increased after 48 h. In
HNSCC 14C, mTOR expression was significantly decreased
by dasatinib, erlotinib and gefitinib after 96 h of incubation
(p<0.001). For nilotinib, a statistically significant reduction
was only observed after 72 h of incubation (p=0.034) but a
decrease of mTOR expression after treatment with nilotinib
was notable for any point of time in HNSCC 14C. The
expression levels of mTOR after treatment with dasatinib in
HNSCC 14 C decreased after 24 to 96 h with a statistically
significant decrease after 72 and 96 h (p<0.001). Erlotinib
initially increased mTOR expression after 24 h in HNSCC
14C, but without statistical significance. Then, mTOR
expression levels decreased again after 48 to 96 h with a
statistically relevant reduction after 48 (p=0.014) and 96 h
(p<0.001). In p16-negative HNSCC 14 C, mTOR expression
was decreased after treatment with gefitinib with an
exception after 72 h, but without statistical significance. In
p16-positive CERV196 we observed a reduction of mTOR
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Figure 1. HIF-1α expression in HNSCC 11A, 14C and CERV196 after incubation with nilotinib, dasatinib, erlotinib or gefitinib compared to the
negative control. Data are mean values. Standard deviation is indicated.



expression by nilotinib after any point of time. A statistically
significant reduction was only observed after 72 h
(p=0.024). The expression of mTOR in CERV196 was
initially elevated after treatment with dasatinib after 24 h but
then decreased after 48 to 96 h with a statistically significant
decrease after 72 and 96 h (p<0.001). The same pattern was
observed after treatment with erlotinib in CERV196 with a
statistically significant decrease of mTOR expression levels
after 72 (p<0.001) and 96 h (p=0.003). Surprisingly, mTOR
expression in CERV196 was initially elevated by gefitinib
after 24 h (p=0.05) and then decreased after 48, 72 and 96
h of incubation. A statistically significant decrease was only
observed after 72 h (p<0.001). Data are shown in Figure 2
and Table II (drug concentration of 20 μmol/l). All
statements related to statistically significant differences are
comparisons referred to the negative control.

Discussion

In this study we analyzed the alteration of the expression of
HIF-1α and mTOR in the presence of selective tyrosine
kinase inhibitors nilotinib, dasatinib, gefitinib and erlotinib
in p16-positive and -negative squamous tumor cells in vitro. 

The investigation of selective tyrosine kinase inhibitors in
HPV-associated squamous cell carcinoma has already been
introduced regarding key signalling proteins that are
associated with the tumor growth (42, 43). The activation of
PI3K/AKT/mTOR has been detected in many types of
cancers and is associated with local tumor progression and
the formation of a favourable tumor microenvironment (44).

It has been reported that genomic mutations in the HNSCC
genome affect the PI3K-mTOR pathway in over 30% (28).
The function of mTOR is essential as it is an important
regulatory kinase which is involved in the stimulation of
several key signalling processes as proliferation, survival and
angiogenesis (45). We observed that all tested substances
significantly decreased the expression of mTOR in every cell
line tested. Furthermore, the effects were independent of the
p16-status. None of the tested drugs acts as direct inhibitor
of mTOR. However, several studies have been performed to
investigate the effect of combined BCR-ABL and mTOR
inhibition (46-48). In these studies, the promising results of
a combined targeted therapy by using nilotinib and
everolismus indicate synergistic effects of both substances by
modifying the tumor stromal reduction to provide optimal
conditions for the response to the target inhibition (49). Our
findings help give rise to the question how the tyrosine kinase
inhibitors influence mTOR expression in squamous cell
carcinoma cells. One possible explanation could be that
nilotinib and dasatinib, not only affect BCR-ABL, but also
PDGFRs that act as downstream mediators of AKT and
mTOR. Sabha and colleagues showed that nilotinib inhibited
PDGFR-α and PDGFR-β and consequently decreased mTOR
expression in vestibular schwannoma cells (50). Our findings
are also consistent with the findings of Boehrer et al. who
demonstrated a decrease of mTOR activation by erlotinib in
acute myeloid leukemia cells (51). The results, therefore,
suggest indirect inhibiting mechanisms of mTOR by the
inhibition of upstream regulators as PI3K which are affected
by activated extracellular protein ligands like EGFR. The
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Table I. HIF-1α expression in HNSCC 11A, 14C and CERV196 after incubation with nilotinib, dasatinib, erlotinib or gefitinib compared to the
negative control. Statistically significant differences (p<0.05) are shown in bold.

Incubation time         Negative     Nilotinib                                 Dasatinib                                  Erlotinib                                  Gefitinib                
(h)                                control     (20 μmol/l)                              (20 μmol/l)                               (20 μmol/l)                               (20 μmol/l)

                                     Mean           Mean             p-Value              Mean                p-Value            Mean              p-Value              Mean              p-Value

HNSCC 11A                                                                                                                                                                                                                  
  24                                2.02             0.83                0.049                 6.64                 <0.001              1.33                 0.357                0.45                0.010
  48                              18.74             2.50                0.003               28.96                   0.059              1.53                 0.002                3.88                0.006
  72                                6.46             2.49              <0.001                 7.69                   0.340              2.01              <0.001                1.28              <0.001
  96                                6.67             5.07                0.136                 5.89                   0.679              3.46                 0.002                1.67              <0.001
HNSCC 14C                                                                                                                                                                                                                  
  24                                1.26             0.22                0.005                 0.30                   0.075              1.16                 0.999                0.12                0.031
  48                                6.91             1.73              <0.001                 1.02                 <0.001              0.47              <0.001                0.89              <0.001
  72                                1.83             2.55                0.567                 0.07                   0.020              0.71                 0.212                1.63                0.995
  96                                5.75             5.26                0.951                 0.65                 <0.001              0.35              <0.001                0.86              <0.001
CERV196                                                                                                                                                                                                                       
  24                                0.00             0.17                0.184                 0.79                 <0.001              0.49              <0.001                0.74              <0.001
  48                                0.19             0.10                0.983                 0.65                   0.110              0.98                 0.005                0.94                0.008
  72                                1.21             2.88                0.064                 1.34                   0.999              0.70                 0.868                0.59                0.765
  96                                0.44             2.66              <0.001                 0.34                   0.996              0.21                 0.897                0.38                0.999
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Figure 2. mTOR expression in HNSCC 11A, 14C and CERV196 after incubation with nilotinib, dasatinib, erlotinib or gefitinib compared to the
negative control. Data are mean values. Standard deviation is indicated.



activation of mTOR in HPV-related tumors occurs in more
than 60%, outlining the significant role of mTOR in the
appearance of p16-associated tumors (52). In our previous
work we already showed a distinct decrease of mTOR
expression in both p16-negative and p16-positive squamous
cancer cells by direct mTOR inhibition (53). The activity of
mTOR can be regulated through AKT signalling and through
direct enhanced phosphorylation of mTOR through p16-
associated oncoprotein E6 (52). Indirect inhibition of mTOR
through PDGFR inhibition or EGFR inhibition significantly
reduced mTOR expression in p16-associated tumor cells. This
indicates that the additional support to sustain mTOR activity
through E6 might be compromised by indirect inhibitors of
mTOR. Therefore, these tyrosine kinase inhibitor proteins
might be suitable to destabilise the continuous support in p16-
related squamous tumor cells that are needed to maintain
antiapoptotic and proliferative supply for continuous tumor
progression. Further studies to investigate the role of mTOR
in the tumor microenvironment of HNSCC are mandatory to
understand the influence of selective tyrosine kinase
inhibitors. Our findings could be useful to detect possible
vulnerable targets for a better understanding and a more
selective use of targeted therapy in HNSCC. 

Tumor vascularization is dependent on many variables and
is necessary for the progression of the tumor as well as the
formation of lymphonodal and distant metastasis. Hypoxia-
mediated effects lead to an overexpression of proangiogenic
factors and are linked by HIF-1 and HIF-2 (54). It is, therefore,
reasonable to observe the reaction of HIF-1α on potent selective
tyrosine kinase inhibitors. The suppression of HIF-1α could

prevent neovascularization and hinder tumor progression.
Moreover, it has been reported that a lack of oxygen would
indeed lead to a repression of abnormal tumor vasculature and
could paradoxically improve oxygenation with a better
sensitivity to radiation (26). In HNSCC, EGFR mediated
signalling is important for angiogenesis through HIF-1α and
translocation-associated Notch homolog 1 (Notch1) (55). We
found that the expression of HIF-1α was decreased by all tested
substances in p16-negative HNSCC with one exception for
dasatinib after 24 h. Wang and colleagues demonstrated that
EGFR expression is correlated with a higher HIF-1α expression
in adenoid cystic carcinoma cells of the salivary gland in head
and neck (56). Our findings are consistent with this observation
as EGFR inhibitors erlotinib and gefitinib significantly reduced
HIF-1α levels in p16-negative cancer cells. In another study of
Pore et al., VEGF expression was decreased by gefitinib and
erlotinib via two possible mechanisms, a down-regulation of
HIF-1α and a decrease of the specificity protein 1 (Sp1) binding
to the proximal core VEGF promoter (57). This could be
another possible mechanism to explain the down-regulation of 
HIF-1α by erlotinib and gefitinib in p16-negative HNSCC.
Nilotinib and dasatinib inhibit not only BCR-ABL, but also
PDGFR and cKIT and dasatinib also inhibitis Src expression.
As previously described, the expression of EGFR positively
correlates with HIF-1α expression. The degradation of EGFR
is a possible mechanism discussed for dasatinib-induced
apoptosis (58). Therefore, this degradation could affect HIF-1α
expression in HNSCC. In a previous study we could also
observe decreasing EGFR levels in p16-negative and p16-
positive HNSCC in vitro (59). Another possible mechanism
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Table II. mTOR expression in HNSCC 11A, 14C and CERV196 after incubation with nilotinib, dasatinib, erlotinib or gefitinib compared to the
negative control. Statistically significant differences (p<0.05) are shown in bold.

Incubation time        Negative     Nilotinib                                 Dasatinib                                  Erlotinib                                  Gefitinib 
(h)                                control     (20 μmol/l)                              (20 μmol/l)                               (20 μmol/l)                               (20 μmol/l)               

                                     Mean           Mean             p-Value              Mean                p-Value            Mean              p-Value              Mean              p-Value

HNSCC 11A                                                                                                                                                                                                                  
  24                              25.00           29.67                0.850               34.67                   0.304            36.00                 0.209              21.33                0.933
  48                              31.00           26.33                0.481               34.67                   0.680            27.33                0,.680              36.67                0.316
  72                              65.00           43.33              <0.001               33.67                 <0.001            36.67              <0.001              29.33              <0.001
  96                              77.67           48.67              <0.001               24.33                 <0.001            36.67              <0.001              17.33              <0.001
HNSCC 14C                                                                                                                                                                                                                  
  24                              56.33           39.67                0.362               50.00                   0.948            67.00                 0.729              45.67                0.727
  48                              89.67           77.67                0.558               77.33                   0.534            57.33                 0.014              56.67                0.013
  72                              10.00           86.33                0.034               45.67                 <0.001            97.00                 0.558            105.67                1.0000
  96                            192.33         164.00                0.565               70.33                 <0.001            78.33              <0.001              77.00              <0.001
CERV196                                                                                                                                                                                                                       
  24                              25.00           20.00                0.568               27.33                   0.955            29.33                 0.683              36.00                0.050
  48                              30.00           19.67                0.093               22.67                   0.302            27.33                 0.942              31.67                0.992
  72                              72.33           54.00                0.024               38.33                 <0.001            25.77              <0.001              31.00              <0.001
  96                              58.00           72.00                0.105               27.67                 <0.001            32.33                 0.003              48.00                0.321



for the EGFR reduction could be that dasatinib decreases cell
proliferation by effective Src inhibition which has been
shown in NSCLC EGFR-expressing cells (60). Surprisingly,
we observed an increase of HIF-1α in p16-positive CERV196
cells under the influence of all tested drugs, especially after
treatment with erlotinib and gefitinib. In a study of Kim et al.
HPV-associated tumor cells of tonsillar cancer showed an
inverse correlation association with EGFR amplification
compared to p16-negative cancer cells (61). This could be a
possible explanation why EGFR inhibitors such as erlotinib
and gefitinib could not decrease HIF-1α expression because
the target protein was not amplified. HPV-related oncogene
E6 could therefore lead to an up-regulation of HIF-1α (62).
Moreover, there could be unknown HPV-related mechanisms
of drug resistance that would affect the impact of selective
EGFR tyrosine kinase inhibitors. In response to tyrosine
kinase-inhibiting proteins HPV-related cells could also
provide proangiogenic factors like VEGF or HIF-1α as
compensatory up-regulation mechanisms to keep up support
for tumor vascularization (63, 64). 

In conclusion, this is the first study that analyses the effect
of nilotinib, dasatinib, erlotinib and gefitinib on the
expression of mTOR and HIF-1α in p16-negative and 
-positive SCC cells in vitro. Our findings provide novel
insights in the response of the tumor biology of squamous
cell carcinomas with respect to HPV status to selective
tyrosine kinase inhibitors. Our data provide novel
information for a better understanding of selective tyrosine
kinase inhibition and could be useful to improve targeted
therapies in the treatment of HNSCC. 
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