
Abstract. Background: About two thirds of head and neck
squamous cell carcinoma (HNSCC) cases are attributable to
heavy tobacco and alcohol consumption. Tobacco
carcinogens cause cellular damage in large areas of the
upper aerodigestive tract mucosa and contribute to distinct
molecular changes, such as increasing levels of epidermal
growth factor receptor (EGFR), during carcinogenesis. P-
Glycoprotein (P-GP) is a multidrug-resistance transporter
protein capable of extruding not only cytotoxic drugs, but
also certain tobacco-related carcinogens. EGFR plays a
major role in the transcriptional and functional regulation
of P-GP and previous studies in our laboratory showed that
stimulation of EGFR protection protected oropharyngeal
cells from a carcinogen that is substrate of P-GP. Therefore,
we evaluated expression levels of EGFR and P-GP and
looked for a possible association with the smoking status of
patients. Materials and Methods: Tissue cultures of healthy
oropharyngeal mucosa were produced from 30 patients
undergoing surgery at our Department. Expression levels of
EGFR on P-GP were determined by immunohistochemical
staining. To evaluate possible influences of EGFR on P-GP
expression, we stimulated the receptor using transforming
growth factor alpha (TGF-α) for 24, 48 and 72 h. Results:
Current and former smokers had significantly higher
EGFR/P-GP levels than never smokers. While EGFR
expression was detected in almost all samples, P-GP
expression was largely restricted to former and current
smokers. TGF-α had no detectable effect on EGFR/P-GP
levels. Conclusion: These results show an association

between tobacco use and levels of both proteins. Since both
these proteins are involved in drug resistance of head and
neck cancer, this study might help to further understand the
differences in response to therapy and prognosis of tobacco-
related and -unrelated cancer.

Head and neck squamous cell carcinoma (HNSCC), the sixth
most common cancer type worldwide, was long thought to be
a relatively homogenous disease compared to other tumor
types (1, 2). In fact, recent insight has revealed that HNSCC
is a far more heterogenous disease than expected. At least two
types of HNSCC must be distinguished, human papilloma
virus (HPV)-positive and HPV-negative. About 25% of
HNSCC contain HPV genomic DNA, predominantly in
oropharyngeal cancer (3). HPV-DNA-encoded oncoproteins
E6 and E7 lead to proteolytic degradation of the tumor
suppressors p53 and pRb, thus causing genetic instability (4).
HPV-positive cancer arises more often in individuals who are
non- or never-smokers and can develop independently of the
presence of other carcinogens (3). 

Approximately two-thirds of HNSCC can be attributed to
tobacco smoking, which is classified as group 1
(carcinogenic to humans) by the International Agency for
Research on Cancer (IARC). These types of cancer develop
predominantly in men in their sixties (5, 6). Tobacco-
containing carcinogens exert their harmful effects on upper
aerodigestive tract mucosa in a chronic manner, leading to
the accumulation of genetic alterations. In this regard,
tobacco smoke literally reaches every corner and damages
the entire epithelium lining the upper aerodigestive tract.
According to the Slaughter’s concept of field cancerization,
HNSCC arises from a multifocal precancerous lesion within
large areas of damaged mucosa (7).

Epidermal growth factor receptor. Epidermal growth factor
receptor (EGFR) is a prototypal receptor tyrosine kinase with
five genetically distinct ligands including epidermal growth
factor (EGF) and transforming growth factor alpha (TGF-α).
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It is expressed on all epithelial and stromal cells. In polarized
epithelium, EGFR expression is largely restricted to
basolateral aspects, allowing signal transduction from
fibroblast-derived TGF-α in the stroma. Physiologically it
plays a pivotal role during the maturation of epithelial organs
in the neonatal period and organ-repair in adults (8).

EGFR biology in HNSCC. EGFR is an established oncogene in
HNSCC. High expression levels of the receptor were detected in
up to 90% of tumors. It activates several downstream pathways
leading to a high proliferation rate, inhibition of apoptosis,
enhanced invasion, metastasis and neoangiogenesis, and serves
as a transcription factor (2, 9, 10). High EGFR expression is an
independent prognostic marker associated with poor overall and
disease-free survival (11). EGFR-antisense therapy using the
monoclonal antibody cetuximab (Erbitux™) significantly
increases 5-year survival of patients treated with radiotherapy
(12). EGFR was also shown to influence sensitivity to cytotoxic
drugs. Targeting EGFR in various cell lines enhanced sensitivity
to cisplatin, a chemotherapeutic drug widely used in HNSCC
(13, 14, 15). On the other hand, we showed that the stimulation
of EGFR reduces cisplatin-induced DNA damage in
oropharyngeal cells (16). In clinical trials, the combination of
cetuximab with a platinum-based chemotherapy significantly
prolonged overall survival by 2.7 month (17). Moreover,
cetuximab was shown to overcome cisplatin-resistance (18). 

There are still many open questions regarding EGFR
biology in HNSCC. Studies reporting EGFR overexpression
by immunohistochemical staining sometimes lack normal
tissue controls. Moreover, we certainly do not know the exact
mechanisms of all tyrosine phosphorylation sites within
EGFR (at least 13) and their different downstream effects
(2). At present, EGFR-specific proliferation is most probably
not accessible to EGFR-targeted therapy (8).

The role of EGFR in head and neck carcinogenesis.
Alterations in EGFR expression can be detected early in
head and neck carcinogensis. In 1993, Grandis and Tweardy
reported increased production of EGFR mRNA in
histologically normal mucosa of HNSCC patients (19). Three
years later, by quantitative immunohistochemical analysis,
the same group confirmed an almost two-fold higher EGFR
protein expression in histologically normal mucosa from
HNSCC patients compared to non-tumor controls (20).
Intriguingly, elevated levels of TGF-α, were also detected.
Thus, an autocrine EGFR stimulation loop was supposed to
be a major contributor to malignant transformation. In later
stages of carcinogenesis, EGFR expression was shown to be
gradually elevated in normal tissue adjacent to the tumor,
hyperplasia and dysplasia. A dramatic increase of EGFR
levels was detected in the step from dysplasia to squamous
cell carcinoma (21). Thus, elevated EGFR levels are an
established marker for head and neck field cancerization (2).

The underlying mechanisms of increasing EGFR
expression during carcinogenesis remain elusive. Gene
amplification might be one cause and was found to coincide
with elevated EGFR expression in 30 % of oral squamous
cell carcinoma (22). When we examined healthy mucosa
from HNSCC patients and non-tumor controls, we found
EGFR amplification in 7.7% of tumor patients, but none in
the controls (23). 

Since increased levels of EGFR and its specific ligand
TGF-α are already present in histologically normal mucosa
of HNSCC patients, we looked for the receptor’s role in
chemical mutagenesis. Tissue cultures produced from
oropharyngeal mucosa of HNSCC patients and controls were
stimulated with TGF-α for 24 h. During a 1 hour incubation,
DNA damage was introduced using benzo(a)pyrene diol
epoxide (BPDE), the activated metabolite of benzo(a)pyrene,
a tobacco-related carcinogen classified as group 1 by IARC
(24). In cultures derived from HNSCC patients, TGF-α
stimulation resulted in a decrease of BPDE-induced DNA
damage by 36%. In controls, TGF-α did not cause any
significant change (25). In a subsequent study we showed
that this effect was completely abrogated when EGFR was
blocked before stimulation, indicating an EGFR-specific
mechanism (26). 
P-Glycoprotein. P-Glycoprotein (P-GP) is the archetypal
member of the ATP-binding cassette (ABC) transporter
family, which are also referred to as multidrug-resistance
(MDR) proteins. P-GP, also called MDR1, is product of the
ABCB1 gene and is the first MDR discovered, the best
studied and has the broadest substrate specifity. About 40
years ago, clinical oncologists became aware of the
phenomenon that certain tumors exhibit inherent resistance
to cytotoxic drugs while others developed resistance during
therapy. Moreover, cancer that had become resistant to one
single chemotherapeutic drug suddenly also showed
resistance to many other drugs; 30 years later, researchers
clearly established that this phenomenon is due to the
expression of MDR transporters. Today we know that MDR
transporters are highly conserved during evolution and are
present in practically all living organisms. Although still
referred to as multidrug-resistance pumps, these proteins did
not evolve to protect cancer cells, but rather participate in a
general chemoimmunity defense system (27).

P-GP in head and neck cancer. In 1993, Kelley and
colleagues detected P-GP expression in 60% of HNSCC
specimens. P-GP levels accurately predicted clinical response
to chemotherapy (28). In oral squamous cell carcinoma and
premalignant lesions, P-GP was shown to positively correlate
with p53 protein expression, which is suspected to influence
P-GP levels (29). In a study of 111 patients with advanced
HNSCC treated with concurrent chemoradiation, co-
expression of p53 and P-GP led to a significantly lower
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disease-free and overall survival. In this study, 62% of
carcinomas were P-GP positive (30). In another study
evaluating 45 oral carcinomas P-GP was detected in only
18% and had no significant influence on survival (31). Knock
down of P-GP in laryngeal cancer cells led to increased
sensitivity to cytotoxic drugs (32). Together, these data
suggest a major role of P-GP in drug resistance of HNSCC.

P-GP in xenobiotic defense. High expression of P-GP is
observed in tissue that forms some kind of barrier (27). This
is exemplified by ABCB1 knockout mice lacking a functional
blood brain barrier which were accidently killed when their
cages were treated with ivermectin, a neurotoxin used to
extinguish mites (33). Evaluation of P-GP expression in the
upper aerodigestive tract led to controversial results: in a
study of oral cancer patients in Europe, 4 out of 6 samples of
healthy oral mucosa exhibited P-GP expression (34). Yet in a
Japanese study, healthy oral epithelium from tumor patients
did not show any P-GP expression (35). P-GP expression is
inducible by various stress factors (36, 37). In 1992, Yeh et
al. demonstrated, that P-GP is capable of extruding
benzo(a)pyrene (BPDE) from multidrug resistant cancer cells
(38). Myllynen et al. reported 1.5- to 2-fold increased
formation of BPDE-DNA adducts after P-GP inhibition in
the same cell line (39). Thus, it became evident that P-GP
plays an important role in the protection of cells against
mutagens and carcinogens (40, 41). In a case control study of
more than 400 smokers and tobacco chewers, individuals
with the TT genotype of ABCB1, which is associated with
significantly lower P-GP expression, had a greatly increased
risk of developing upper aerodigestive tract cancer (42).

Available data indicates a pivotal role of EGFR and P-GP
in drug resistance of HNSCC. Both proteins are associated
with poor prognosis. EGFR-targeted therapy was shown to
be effective in drug-resistant cancer (18). Moreover, the
receptor was shown not only to regulate the transcription of
MDR proteins (43 - 45), but also to directly enhance P-GP
activity (46). Since P-GP is likewise crucial in the protection
against tobacco carcinogens (38-41) and its expression is
inducible (36, 37), we investigated the expression of EGFR
and P-GP in healthy oropharyngeal mucosa and looked for a
possible association with smoking. We also examined the
influence of EGFR stimulation on the expression of P-GP.
To gain results comparable to previous studies of our
laboratory, we again used the model of oropharyngeal
mucosa cultures.

Materials and Methods

Tissue culture. The study was approved by the Ethics Committee of
the University of Munich, Germany. All biopsy donors were
informed by the investigators and signed an informed consent
statement.

We prepared tissue cultures from freshly biopsied mucosa.
Samples were harvested during resection of oropharyngeal
squamous cell carcinomas and tonsillectomy. Biopsies of tumor
patients were taken from macroscopically normal mucosa close to
the tumor-free resection margins. For these patients, tumor resection
with or without selective neck dissection was the primary treatment.
In patients diagnosed with cancer of unknown primary, tissue
samples were taken during tonsillectomy. Diagnosis and staging of
all patients are shown in Table I.

Specimens were dissected into cubes of 1 mm3, excluding deeper
layers, and were washed three times in bronchial epithelial cell basal
medium (BEGM, supplemented with bovine pituitary extract,
insulin, hydrocortisone, epinephrine, triiodothyronine, transferrin
and retinoic acid; Promocell, Heidelberg, Germany). Cubes were
placed one to each well of 24-well plates, coated with 0.75% Noble
Agar (Difco, Detroit, MI, USA) and dissolved in Dulbecco’s
modified eagle’s medium (Gibco), 10% fetal calf serum (Gibco),
nonessential amino acids (Gibco) and amphotericin B (all Gibco,
Eggenstein, Germany). After about 20 days in 250 μl BEGM at
37.5˚C, 5% CO2 and 100% relative humidity, tissue cultures were
completely coated with epithelium. BEGM was replaced every
second day during cultivation. Every seventh day, multiwell plates
were changed to avoid adherence (47). 

Stimulation of EGFR expression. To evaluate possible effects on the
expression of EGFR and P-GP, we stimulated the receptor with
TGF-α (50 ng/ml; Sigma-Aldrich, Steinheim, Germany) for 24, 48
and 72 hours. After all incubations, BEGM was replaced twice.

Immunohistochemical staining. All tissue cultures were embedded
in Tissue-Tek® and frozen in liquid nitrogen. Cryosections were cut
(5 μm-thick), airdried overnight and fixed in acetone. Epitopes were
stabilized and fixed in parafomaldehyde for 5 minutes before slides
were washed with hydroxyethylpiperazine-N’-2-ethanesulphonic-
acid-(HEPES)-buffered Ringer solution buffer.

EGFR. Staining of the EGFR was carried out according to the EGFR
pharmDx™ protocol (Dako Corp., Carpinteria, CA, USA). In brief,
specimens were covered with proteinase K solution for 5 minutes,
before intrinsic peroxidase was blocked using hydrogen peroxide (5
minutes). The primary antibody, or the negative control reagent, was
added for 30 minutes, before specimens were covered with the
labeled polymer (horseradish peroxidase) solution for half an hour.
Finally, DAB+ substrate chromogen solution was added and
specimens incubated for 10 minutes (see Figure 1). Counterstaining
was carried out using hematoxylin (Dianova, Hamburg, Germany). 

P-GP. For the evaluation of P-GP expression, the primary p170
antibody (BioPrime, Gaithersburg, MD, USA) was used. Slides
were stained by a streptavidin-biotin immunoperoxidase technique
using the NOVA Detect HRPO/DAB standard streptAB system kit
(Dianova). For counterstaining, hematoxylin (Dianova) was used.
The specimens were incubated with the primary antibody overnight
at 4˚C, followed by the secondary, biotin-labeled antibody. The
results were visualized with diaminobenzidine. For positive control,
specimens of a human hepatocellular carcinoma were used; for
negative controls, normal mouse IgG at the same concentration as
the primary antibody was applied.

After each step, slides were rinsed using phosphate buffered
saline, excess buffer was tapped off the slides. All steps were
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performed in a humid chamber. Protein expression was scored semi-
quantitatively. For each slide, the area with the most intensive
staining was selected for analyses. The number of positively stained
cells was divided by the total number of evaluated cells and
multiplied by 100. Thus, slides were categorized as follows:
no detectable expression ==> 0; 10 to 20% positive cells ==> 1; 20 to
30% ==> 2: 30 to 60% ==> 3; > 60% ==> 4. Sections were reviewed
and scored independently by two investigators (MM and SSZ). 

Statistical analysis was performed using SPSS software (Munich,
Germany). 

Results

Patient characteristics and individual expression levels are
displayed in Table I. To determine, if our results agree with
other studies (15, 16), we initially grouped the patients
according to their diagnosis into tumor cases and non-tumor
controls. There were significantly higher levels of EGFR and
P-GP in the tumor group compared to controls for the basal

expression (0 hours) and for all expression levels after the
different stimulation periods (24 h, 48 h and 72 h), except
for P-GP expression after 72 hours of stimulation with TGF-
α (Mann Whitney U-test, see Figures 2 and 3) confirming
the results of previous studies. No influence of duration of
incubation with TGF-α on EGFR and P-GP levels was
detected after 24, 48 and 72 hours of incubation (Wilcoxon
signed rank test).

Table II shows the overall EGFR and P-GP expression
according to smoking habit. Since all biopsies were taken
from normal mucosa, for all further analyses we no longer
distinguished between cases and controls. As there was no
significant difference between EGFR/P-GP expression
immediately after cultivation (0 hours) and following
different periods of stimulation with TGF-α, the average
levels of all available (Σ) slides are also shown in Table II.
Smoking status for 26 patients was available for analyses.
Patients were grouped into three categories: never, former
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Table I. Patient characteristics; expression levels ==> 0=0% of cells stained. 1=10-20% of cells stained; 2=20-30% of cells stained; 3=30-60% of
cells stained; 4=>60% of cells stained.

Gender Age Diagnosis EGFR expression P-GP expression Smoking status Alcohol
(years) Consumption

0h 24h 48h 72h 0h 24h 48h 72h Never Former Current

1 Female 25 Chronic tonsillitis 3 2 2 2 0 0 0 0 X 0
2 Female 49 Chronic tonsillitis 0 0 1 1 0 0 0 0 N/A N/A N/A N/A
3 Male 22 Chronic tonsillitis 1 1 1 2 0 2 2 2 X 0
4 Female 15 Chronic tonsillitis 1 2 1 2 0 0 0 0 X 0
5 Male 30 Chronic tonsillitis 1 1 1 2 0 0 0 0 X 0
6 Female 18 Chronic tonsillitis 1 1 1 2 0 0 0 0 X 0
7 Female 50 Chronic tonsillitis 2 2 1 1 0 0 0 0 X 0
8 Female 21 Chronic tonsillitis 2 1 1 1 0 0 0 0 X N/A
9 Female 22 Chronic tonsillitis 2 2 2 2 2 1 1 2 X 0

10 Female 19 Chronic tonsillitis 2 2 3 1 2 3 3 3 1.5 PY 0
11 Female 30 Chronic tonsillitis 2 3 4 2 3 4 3 4 12 PY 0
12 Male 34 Chronic tonsillitis 0 0 1 2 1 1 2 3 X 0
13 Female 23 Chronic tonsillitis N/A 0 0 1 N/A 0 0 0 X 0
14 Male 38 Chronic tonsillitis 2 3 2 2 0 0 0 0 X 0
15 Male 21 Chronic tonsillitis 1 3 2 2 0 0 0 0 X 0
16 Male 41 pT2 pN2c cM0 base of tongue 3 3 3 3 1 1 1 2 N/A N/A N/A N/A
17 Male 71 Cancer of unknown primary 2 2 2 3 1 1 0 0 80 PY Former abuse
18 Male 53 pT1 pN2b cM0 right tonsil 3 4 4 3 3 3 2 2 >20/d Not regularly
19 Male 47 Cancer of unknown primary 3 4 4 3 2 2 2 1 20/d Former abuse
20 Male 67 pT3 pN2c cM0 right tonsil 2 3 2 2 0 2 1 1 60 PY Not regularly
21 Female 69 pT2 pN0 cM0 right tonsil 1 2 2 2 N/A 2 2 2 40 PY Not regularly
22 Male 75 pT2 pN2c cM0 left tonsil 0 1 1 0 3 3 3 3 >20/d Not regularly
23 Male 78 pT2 pN0 pM1 right tonsil 3 2 N/A 2 1 1 N/A 1 N/A N/A N/A N/A
24 Male 56 pT3 pN2b cM0 base of tongue 3 2 2 3 3 3 3 3 20/d 7.5 Units/d
25 Male 48 pT3 pN2b cM0 right tonsil 3 3 3 3 3 3 3 2 >20/d 25 Units/d
26 Male 66 pT2 pN0 cM0 left tonsil 1 1 1 2 2 2 1 2 25 PY 2.5 Units/d
27 Male 54 pT2 pN0 cM0 right tonsil 3 2 2 2 3 2 3 2 >20/d 5 Units/d
28 Male 61 pT2 pN1 cM0 right tonsil 2 2 2 2 1 2 2 2 20/d 10 Units/d
29 Male 67 pT2 pN2a cM0 right tonsil 2 2 3 3 1 0 0 1 40 PY Not regularly
30 Male 74 pT2 pN0 cM0 base of tongue 3 3 3 3 2 1 1 2 20/d 10 Units/d

Smoking status ==> PY=Pack years; 20/d=20 cigarettes per day; Alcohol ==> 1 beer (500 ml)=2.5 units.
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Figure 1. Histological slide of a mini-organ culture (hematoxylin/eosin staining, ×500; a) and immunohistochemical staining of epidermal growth
factor receptor (b).



and current smokers. Never smokers did not consume
tobacco so far, former smokers stopped smoking at least six
month before their operation and current smokers currently
smoked at the time of the procedure. Evaluating slides
without EGFR stimulation, there was a significantly higher
expression of the receptor in current smokers compared to
former smokers and to never smokers. No difference was
seen between former and never smokers. When all available
slides were considered, current smokers expressed
significantly more EGFR than never smokers as did former
smokers, whereas there was no difference between current
and former smokers (see Table III).

Regarding initial P-GP expression levels, 17/28 cultures
(60.7%) in total, 14/15 cultures (93.3%) from patients with
smoking history and 2/11 cultures (16.7%) from never
smokers, were P-GP positive. Again there was no statistically
significant difference between expression in those of current
and former smokers, but there was between current and never
smokers, as well as former and never smokers. Analyses of

all slides confirmed these findings. Expression levels are
illustrated in Figures 4 and 5, p-levels are summarized in
Table III.

Discussion

Our results indicate a clear association between EGFR and
P-GP levels on one hand, and smoking on the other hand.
Stimulation of EGFR with TGF-α had no influence on
expression of either protein. Thus, at least within 72 hours,
EGFR did not increase P-GP transcription. The
antimutagenic effect of TGF-α that we showed in previous
studies using the same tissue cultures must therefore be
interpreted as a consequence of the direct enhancement of
P-GP function by EGFR signaling. Smoking seems to have
a long lasting impact on oropharyngeal cells, since 7/8
cultures from current smokers and 7/7 cultures from
former smokers showed EGFR expression. P-GP was
detectable in 8/8 cultures of current and 5/6 cultures of
former smokers. P-GP seems to be a more sensitive marker
for smoking since 10/11 cultures of never smokers showed
EGFR, but only 2/11 cultures of never smokers P-GP
expression (initial levels).

The results of this study clearly indicate that exposure of
oropharyngeal mucosa to cigarette smoke leads to increasing
P-GP expression and that EGFR plays a major role in the
functional regulation of this transporter. Moreover, the results
offer a good explanation for previous findings of our
laboratory that EGFR stimulation protects oropharyngeal
cells from BPDE-induced DNA damage (25, 26). 

Seen from the oncologist’s perspective, the proposed
mechanism harbors a significant problem. Tumors arising
from tissues with high P-GP expression usually have the
same high levels themselves (48). If smoking induces P-GP
expression, about two-thirds of head and neck carcinomas
arising in patients with a history of considerable tobacco
consumption will highly express P-GP and, hence, increased
drug resistance and poor prognosis.

The identification of HPV as a causative factor of
oropharyngeal squamous cell carcinoma offers a good
opportunity to study molecular features of tumors of a
completely different etiology. Whereas overall incidences of
head and neck cancer are slightly decreasing, most likely due
to less tobacco consumption at least in the Western world, an
increase in cancer in the base of tongue and tonsils has been
noted during the last two decades (49). For these and other
oropharyngeal squamous cell cancer a strong association
with HPV, mainly type 16, was found (50). HPV-positive
carcinoma of the tonsils and the base of tongue
predominantly affect younger patients with less tobacco
consumption (3, 51, 52). Consequently, these types of cancer
frequently do not show the typical alterations of field
cancerization; EGFR expression is distinctly lower than in
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Table II. Epidermal growth factor receptor and P-GP expression levels
grouped by smoking status.

Never smokers Current smokers

EGFR (0 h); n=11 1.33 EGFR (0 h); n=8 2.5
EGFR (Σ); n=47 1.47 EGFR (Σ); n=32 2.53

P-GP (0 h); n=11 1.5 P-GP (0 h); n=8 2.5
P-GP (Σ); n=47 0.4 P-GP (Σ); n=32 2.34

Former smokers

EGFR (0 h); n=7 1.71
EGFR (Σ); n=28 2.11

P-GP (0 h); n=6 1.5
P-GP (Σ); n=27 1.7

Table III. P-values (Mann Whitney U-test) for comparison of data shown
in Table II. Epidermal Growth Factor Receptor/P-GP (0 h), initial
expression after cultivation; EGFR/P-GP (∑), average expression after
0, 24, 48 and 72 h of stimulation with Transforming Growth Factor α.

EGFR (0h) EGFR (∑)

Former vs. never 0.395 Former vs. never 0.032
Current vs. former 0.022 Current vs. former 0.162
Current vs. never 0.018 Current vs. never 0.010

P-GP (0h) P-GP (∑)

Former vs. never 0.011 Former vs. never 0.004
Current vs. former 0.065 Current vs. former 0.268
Current vs. never <0.001 Current vs. never <0.001
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Figure 2. Epidermal growth factor receptor expression after cultivation (0 h) and different stimulation periods using transforming growth factor α
(50 ng/ml).

Figure 3. P-GP expression after cultivation (0 h) and different stimulation periods using transforming growth factor α (50 ng/ml).



tumors associated with tobacco use. Young et al. also
reported increased EGFR gene copy number largely
restricted to tumors negative for p16 expression, a robust
surrogate marker for HPV infection. At the protein level, 8
out of 10 EGFR-negative carcinomas were p16 positive (53,
54). Similar results were found in a study 106 of newly
diagnosed cases of oropharyngeal cancer. HPV associated
tumors and EGFR levels were inversely correlated (55). Our
institution routinely determines HPV association of HNSCC
by p16 immunohistochemical staining. In this study, 13
tissue donors had histologically proven oropharyngeal
cancer, 4/13 were p16-positive. In our study, there was no
difference in EGFR and P-GP levels in tissue cultures
derived from patients with p16-positive or negative tumors,
most probably because all cancer patients were former or
current smokers. This view is underlined by a study of Won
and colleagues presented during the 2010 Annual Meeting of
the American Society of Clinical Oncology reporting an
inverse correlation of EGFR and HPV positivity in 66 tonsil
cancer, but elevated EGFR levels in HPV-positive cancer of
smokers (56). 

The lack of molecular features of tobacco-induced field
cancerization in many cases of HPV-positive oropharyngeal
cancer has an immense impact on tumor biology. In a
retrospective analysis of 111 cases of oropharyngeal cancers,
enrolled in the TAX 324 trial and whose pretreatment
biopsies were assessable, 5-year survival after induction
chemotherapy followed by chemoradiation of patients with
HPV-DNA positive cancers was 82% compared to 35% of
HPV-negative tumors (57). In a prospective study of 66
patients with oropharyngeal cancer treated with induction
chemotherapy (cisplatin/carboplatin plus 5-fluoruracil)

followed by concurrent chemoradiation for responders and
surgery for non-responders, p16 expression in pretreatment
biopsies was inversely correlated with EGFR levels and low
EGFR combined with high p16 expression were markers of
good response to non-surgical therapy (58). The favourable
cancer biology of HPV/p16-positive tumors is in some sense
overruled by the negative effects of enhanced EGFR levels
and heavy smoking, respectively. In a retrospective analysis
of 71 cases of HNSCC, Szabó et al. could not observe any
improved survival of HPV positive patients, most probably
due to heavy tobacco and alcohol consumption by the
majority of patients. Again, intensive EGFR expression was
correlated with poor prognosis (59). 

In summary, the results presented here, findings of
previous studies in our laboratory, available data from other
laboratories and clinical trials point to the following: i.
EGFR and P-GP levels in healthy oropharyngeal mucosa are
related to smoking history. ii. EGFR and P-GP mediate
chemoimmunity of mucosal cell to mutagens and
carcinogens. iii. In the case of malignant transformation,
EGFR and P-GP contribute to drug resistance of cancer.

References

1 Argiris A, Karamouzis MV, Raben D and Ferris RL: Head and
neck cancer. Lancet 371: 1695-1709, 2008.

2 Leemanns CR, Braakhuis BJM and Brakenhoff RH: The
molecular biology of head and neck cancer. Nature Rev Cancer
11: 9-22, 2011.

3 D’Souza G, Kreimer AR, Viscidi R, Pawlita M, Fakhry C, Koch
WM, Westra WH and Gillison ML: Case-control study of human
papillomavirus and oropharyngeal cancer. N Engl J Med 356:
1944-1956, 2007.

ANTICANCER RESEARCH 32: 1639-1648 (2012)

1646

Figure 4. Average Epidermal Growth Factor Receptor (∑) expression
according to smoking status. 

Figure 5. Average P-GP (∑) expression according to smoking status. 



4 Munger K and Howley PM: Human papillomavirus
immortalization and transformation functions. Virus Res 89: 213-
228, 2002.

5 International Agency for Research on Cancer (IARC): Tobacco
smoking. IARC Monographs on the Evaluation of Carcinogenic
Risks to Humans, Volume 38. IARC Press, Lyon, France, 1998.

6 Vineis P, Alavanja M, Buffler P, Fontham E, Franceschi S, Gao
YT, Gupta PC, Hackshaw A, Matos E, Samet J, Sitas F, Smith J,
Stayner L, Straif K, Thun MJ, Wichmann HE, Wu AH, Zaridze
D, Peto R and Doll R: Tobacco and cancer: recent
epidemiological evidence. JNCI 96: 99-106, 2004.

7 Slaughter DP, Southwick HW and Smejkal W: Field
cancerization in oral stratified squamous epithelium: clinical
implications of multicentric origin. Cancer 6: 963-968, 1953.

8 Wells A: EGF receptor. J Biochem Cell Biol 31: 637-641, 1999.
9 Ozanne B, Richards CS, Hendler F, Burns D and Gusterson B:

Over-expression of the EGF receptor is a hallmark of squamous
cell carcinomas. J Pathol 149: 14, 1986.

10 Kalyankrishna S asnd Grandis JR: Epidermal growth factor
receptor biology in head and neck cancer. J Clin Oncol 17:
2666–2672, 2006.

11 Ang KK, Berkey BA, Tu X, Zhang HZ, Katz R, Hammond EH,
Fu KK and Milas L: Impact of epidermal growth factor receptor
expression on survival and pattern of relapse in patients with
advanced head and neck carcinoma. Cancer Res 62: 7350-7356,
2002.

12 Bonner JA, Harari PM, Giralt J, Cohen RB, Jones CU, Sur RK,
Raben D, Baselga J, Spencer SA, Zhu J, Youssoufian H, Rowinsky
EK and Ang KK: Radiotherapy plus cetuximab for locoregionally
advanced head and neck cancer: 5-year survival data from a phase
3 randomised trial, and relation between cetuximab-induced rash
and survival. Lancet Oncol 11: 21-28, 2010.

13 Christen RD, Hom DK, Porter DC, Andrews PA, MacLeod CL,
Hafstrom L and Howell SB: Epidermal growth factor regulates
the in vitro sensitivity of human ovarian carcinoma cells to
cisplatin. J Clin Invest 86: 1632-1640, 1990.

14 Dai Q, Ling YH, Lia M, Zou YY, Kroog G, Iwata KK and Perez-
Soler R: Enhanced sensitivity to the HER1/epidermal growth
factor receptor tyrosine kinase inhibitor erlotinib hydrochloride
in chemotherapy-resistant tumor cell lines. Clin Cancer Res 11:
1572-1578, 2005.

15 Hiraishi Y, Wada T, Nakatani K, Tojyo I, Matsumoto T, Kiga N,
Negoro K and Fujita S: EGFR inhibitor enhances cisplatin
sensitivity of oral squamous cell carcinoma cell lines. Pathol
Oncol Res 14: 39-43, 2008.

16 Baumeister P, Reiter M, Schwenk-Zieger S and Harréus U:
Transforming growth factor alpha stimulation of mucosal tissue
cultures from head and neck squamous cell carcinoma patients
increases chemoresistance to cisplatin. Chemotherapy 56: 268-
274, 2010.

17 Vermorken JB, Mesia R, Rivera F, Remenar E, Kawecki A,
Rottey S, Erfan J, Zabolotnyy D, Kienzer HR, Cupissol D,
Peyrade F, Benasso M, Vynnychenko I, De Raucourt D,
Bokemeyer C, Schueler A, Amellal N and Hitt R: Platinum-
based chemotherapy plus cetuximab in head and neck cancer. N
Engl J Med 359: 1116-1127, 2008.

18 Baselga J, Trigo JM, Bourhis J, Tortochaux J, Cortés-Funes H,
Hitt R, Gascón P, Amellal N, Harstrick A and Eckardt A: Phase
ll multicenter study of the antiepidermal growth factor receptor
monoclonal antibody cetuximab in combination with platinum-

based chemotherapy in patients with platinum-refractory
metastatic and/or recurrent squamous cell carcinoma of the head
and neck. J Clin Oncol 23: 5568-5577, 2005.

19 Grandis JR and Tweardy DJ: Elevated levels of transforming
growth factor alpha and epidermal growth factor receptor
messenger RNA are early markers of carcinogenesis in head and
neck cancer. Cancer Res 53: 3579-3584, 1993.

20 Grandis JR, Melhem MF, Barnes EL and Tweardy DJ: Quantitative
immunohistochemical analysis of transforming growth factor-α and
epidermal growth factor receptor in patients with squamous cell
carcinoma of the head and neck. Cancer 78: 1284-1292, 1996.

21 Shin DM, Ro JY, Hong WK and Hittelman WN: Dysregulation
of epidermal growth factor receptor expression in premalignant
lesions during head and neck tumorigenesis. Cancer Res 54:
3153-3159, 1994.

22 Sheu JJ, Hua CH, Wan L, Lin YJ, Lai MT, Tseng HC, Jinawath,
N, Tsai MH, Chang NW, Lin CF, Lin CC, Hsieh LJ, Wang TL,
Shih IM and Tsai FJ: Functional genomic analysis identified
epidermal growth factor receptor activation as the most common
genetic event in oral squamous cell carcinoma. Cancer Res 69:
2568-2576, 2009.

23 Reiter M, Welz C, Baumeister P, Schwenk-Zieger S and Harréus
U: Mutagen sensitivity and DNA repair of the EGFR gene in
oropharyngeal cancer. Oral Oncol 46: 519-524, 2010.

24 International Agency for Research on Cancer (IARC): Some
Non-heterocyclic Polycyclic Aromatic Hydrocarbons and Some
Related Exposures. IARC Monographs on the Evaluation of
Carcinogenic Risks to Humans, Volume 92. IARC Press, Lyon,
Francy, 2010.

25 Baumeister P, Schwenk-Zieger S, Reiter M, Welz C and Harréus
U: Transforming Growth Factor-alpha reduces carcinogen-
induced DNA damage in mini-organ cultures from head-and-
neck cancer patients. Mutat Res 677: 42-45, 2009.

26 Baumeister P, Heinrich K, Märte M, Reiter M, Schwenk-Zieger S
and Harréus U: The impact of EGFR stimulation and inhibition
on BPDE induced DNA fragmentation in oral/oropharyngeal
mucosa in vitro. Oral Oncol 47: 1141-1147, 2011.

27 Sarkadi B, Homolya L, Szakács G and Váradi A.: Human
multidrug resistance ABCB and ABCG transporters:
participation in a chemoimmunity defense system. Physiol Rev
86: 1179-1236, 2006.

28 Kelley DJ, Pavelic ZP, Gapany M, Stambrook P, Pavelic L,
Gapany S and Gluckman JL: Detection of P-glycoprotein in
squamous cell carcinomas of the head and neck. Arch
Otolaryngol Head Neck Surg 119: 411-414, 1993.

29 Ralhan R, Swain RK, Agarwal S, Kaur J, Nath N, Sarkar G,
Mathur M and Shukla NK: P-glycoprotein is positively correlated
with p53 in human oral pre-malignant and malignant lesions and
is associated with poor prognosis. Int J Cancer 84: 80-85, 2000.

30 Wamakulasunya S, Jia C, Johnson N and Houghton J: P53 and
p-glycoprotein expression are significant prognostic markers in
advanced head and neck cancer treated with chemo/radiotherapy.
J Pathol 191: 33-38, 2000.

31 Friedrich RE, Punke C and Reymann A: Expression of multi-
drug resistance genes (mdr1, mrp1, bcrp) in primary oral
squamous cell carcinoma. In Vivo 18: 133-148, 2004.

32 Zhigang H, Qi Z, Jugao F, Xiaohong C, Wei Z, Hong W, Hu H,
Na M, Zheng Y and Demin H: Reverse multidrug resistance in
laryngeal cancer cells by knockdown MDR1 gene expression. J
Otolaryngol Head Neck Surg 38: 440-448, 2009.

Baumeister et al: EGFR and P-GP Expression in Association with Smoking

1647



33 Schinkel AH, Mayer U, Wagenaar E, Mol CA, van Deemter L,
Smit JJ, van der Valk MA, Voordouw AC, Spits H, van Tellingen
O, Zijlmans JM, Fibbe WE and Borst P: Normal viability and
altered pharmacokinetics in mice lacking mdr1-type (drug-
transporting) P-glycoproteins. Proc Natl Aca Sci USA 94: 4028-
4033, 1997. 

34 Lo Muzio L, Staibano S, Pannone G, Mignogna MD, Serpico R,
Rubini C, Fioroni M, Fanali S, Piattelli A: The human multidrug
resistance gene (MDR-1): immunocytochemical detection of its
expression in oral SCC. Anticancer Res 20: 2891-2897, 2000.

35 Uematsu T, Hasegawa T, Hiraoka BY, Komatsu F, Matsuura T,
Yamada AS and Yamaoka M: Multidrug resistance gene 1
expression in salivary gland adenocarcinomas and oral
squamous-cell carcinomas. Int J Cancer 15: 187-194, 2001.

36 Chin KV, Chauhan SS, Pastan I and Gottesman MM: Regulation
of mdr RNA levels in response to cytotoxic drugs in rodent cells.
Cell Growth Differ 1: 361-365, 1990.

37 Chin KV, Tanaka S, Darlington G, Pastan I and Gottesman MM:
Heat shock and arsenite increase expression of the multidrug
resistance (MDR1) gene in human renal carcinoma cells. J Biol
Chem 265: 221-226, 1990.

38 Yeh GC, Lopaczynska J, Poore CM and Phang JM: A new
functional role for P-glycoprotein: efflux pump for
benzo(alpha)pyrene in human breast cancer MCF-7 cells. Cancer
Res 52: 6692-6695, 1992.

39 Myllynen P, Kurttila T, Vaskivuo L and Vähäkangas K: DNA
damage caused by benzo(a)pyrene in MCF-7 cells is increased by
verapamil, probenecid and PSC833. Toxicol Lett 169: 3-12, 2007.

40 Ferguson LR and Baguley BC: Multidrug resistance and
mutagenesis. Mutat Res 285: 79-90, 1993.

41 Ferguson LR and De Flora S: Multiple drug resistance,
antimutagenesis and anticarcinogenesis. Mutat Res 591: 24-33,
2005.

42 Sam SS, Thomas V, Sivagnanam K, Reddy KS, Surianarayanan
G and Chandrasekaran A: ABCB1 genetic polymorphism and
risk of upper aerodigestive tract cancers among smokers, tobacco
chewers and alcoholics in an Indian population. Pharmacogen
Genomics 17: 861-866, 2007.

43 Rohlff C and Glazer RI: Topical review – regulation of
multidrug resistance through the cAMP and EGF signalling
pathway. Cell Signal 7: 431-443, 1995.

44 Scotto KW: Transcriptional regulation of ABC drug transporters.
Oncogene 22: 7496-7511, 2003.

45 Yang JM, Vassil AD and Hait WN: Activation of phospholipase
C induces the expression of the multidrug resistance (MDR1)
gene through the Raf-MAPK pathway. Mol Pharmacol 60: 674-
680, 2001.

46 Yang JM, Sullivan GF and Hait WN: Regulation of the function
of P-glycoprotein by epidermal growth factor through
phospholipase C. Biochem Pharmacol 53: 1597-1604, 1997. 

47 Kleinsasser NH, Juchhoff J, Wallner BC, Bergner A, Harréus UA,
Gamarra F, Bührlen M, Huber RM and Rettenmeier AW: The use
of mini-organ cultures of human upper aerodigestive tract epithelia
in ecogenotoxicology. Mutat Res 561: 63-73, 2004. 

48 Beck WT and Dalton WS: Mechanisms of drug resistance. In:
Cancer, Principles & Practice of Oncology, 5th Edition, De Vita
VT and Rosenberg HS (eds.), Lippincott-Raven p. 503, 1995.

49 Saraiya M and Kawaoka K: Incidence of human papillomavirus
(HPV)-related head and neck cancers in the U.S. from 1998-
2003: Pre-HPV vaccine licensure. J Clin Oncol 25: 6003, 2007.

50 Hobbs CG, Sterne JA, Bailey M, Heyderman RS, Brichall MA
and Thomas SJ: Human papillomavirus and head and neck
cancer: a systematic review and meta-analyses. Clin Otolaryngol
31: 259-266, 2006.

51 Marur S, D’Souza G, Westra WH and Forastiere AA: HPV-
associated head and neck cancer: a virus-related cancer epidemic
Lancet Oncol 11: 781-789, 2010.

52 Nguyen NP, Chi A, Nguyen LM, Ly BH, Karlsson U and Vinh-
Hung V: Human papillomavirus-associated oropharyngeal
cancer: a new clinical entity. QJM 103: 229-236, 2010.

53 Young RJ, Rischin D, Fisher R, McArthur GA, Fox SB, Peters
LJ, Corry J, Lim A, Waldeck K and Solomon B: Relationship
between epidermal growth factor receptor status, p16INK4A, and
outcome in Head and Neck Squamous Cell Carcinoma.Cancer
Epidemiol Biomark Prev 20: 1230-1237, 2011.

54 Robinson M, Sloan P and Shaw R: Refining the diagnosis of
oropharyngeal squamous cell carcinoma using human
papillomavirus testing. Oral Oncol 46: 492-496, 2012.

55 Reimers N, Kasper HU, Weissenborn SJ, Stützer H, Preuss SF,
Hoffmann TK, Speel EJ, Dienes HP, Pfister HJ, Guntinas-
Lichius O and Klussmann JP: Combined analysis of HPV-DNA,
p16 and EGFR expression to predict prognosis in oropharyngeal
cancer.Int J Cancer 120: 1731-1738, 2007.

56 Won H, Sun D, Chun S, Jeon E, Chang M, Jung C, Shim B, Lee
M, Kang J and Kim J: Prognosis of HPV-positive squamous cell
carcinoma of tonsil expressing high level of p16 and low level of
EGFR. J Clin Oncol 28(Suppl 15): 5546, 2010.

57 Posner MR, Lorch JH, Goloubeva O, Tan M, Schumaker LM,
Sarlis NJ, Haddad RI and Cullen KJ: Survival and human
papillomavirus in oropharynx cancer in TAX 324: a subset
analysis from an international phase III trial. Ann Oncol 22:
1071-1077, 2011.

58 Kumar B, Cordell KG, Lee JS, Worden FP, Prince ME, Tran HH,
Wolf GT, Urba SG, Chepeha DB, Teknos TN, Eisbruch A, Tsien
CI, Taylor JM, D’Silva NJ, Yang K, Kurnit DM, Bauer JA, Bradford
CR and Carey TE: EGFR, p16, HPV Titer, Bcl-xL and p53, sex,
and smoking as indicators of response to therapy and survival in
oropharyngeal cancer. J Clin Oncol 19: 3128-3137, 2008.

59 Szabó B, Nelhűbel GA, Kárpáti A, Kenessey I, Jóri B, Székely
C, Peták I, Lotz G, Hegedűs Z, Hegedűs B, Füle T, Döme B,
Tímár J and Tóvári J: Clinical significance of genetic alterations
and expression of epidermal growth factor receptor (EGFR) in
head and neck squamous cell carcinomas. Oral Oncol 47: 487-
496, 2011.

Received March 5, 2012
Revised April 6, 2012

Accepted April 9, 2012

ANTICANCER RESEARCH 32: 1639-1648 (2012)

1648


