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Abstract. Tobacco-associated nitrosamines are known 
carcinogens causing DNA damage in epithelial cells of the 
head and neck. A matched case-control study was performed 
to evaluate the sensitivity of patients with squamous cell 
cancer (SCC) of the oropharynx, and controls to tobacco-
associated nitrosamines. Quantitative DNA repair was 
evaluated following a period of 15 and 30 min. Fresh biopsies 
from 100 male donors of macroscopically healthy oropharyn-
geal cells and lymphocytes (50 SCC patients and 50 controls) 
were incubated with N-nitrosodiethylamine (NDEA), 
4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK) or 
N-nitrosonornicotine (NNN). DNA damage in epithelial 
cells and lymphocytes was assessed using the comet assay. 
Following incubation with NDEA, cells underwent a period 
of DNA repair. All of the nitrosamines caused equivalent 
genotoxic damage in mucosal cells and lymphocytes of the 
two groups. Lymphocyte DNA repair capacity in the control 
group (26.8 and 37.1% after 15 and 30 min) was comparable 
to the tumor group (23.6 and 40.6%). However, epithelial cell 
DNA repair capacity of carcinoma patients was significantly 
reduced to 17.1% (15 min) and 23% (30 min) compared to the 
DNA repair of the control group (36.2%, 15 min and 46.0%, 
30 min). Mutagen sensitivity was comparable in patients and 
controls. Thus, reduced epithelial cell DNA repair capacity 
of tumor patients is a possible endogenous risk factor for the 
development of head and neck squamous cell cancer.

Introduction

The incidence and mortality of upper aerodigestive tract carci-
nomas remain persistently high regardless of diagnostic and 

therapeutic improvements (1). Exogenous risk factors, such as 
tobacco smoke and alcohol consumption, are acknowledged 
causes of head and neck cancer (2). However, only a fraction 
of smokers are likely to develop head and neck cancer during 
their lifetime. Therefore, the importance of endogenous risk 
factors is of growing interest in the multifactorial genesis of 
head and neck squamous cell cancer (HNSCC). Individual 
mutagen sensitivity and DNA repair capacity are likely 
to be candidates affecting an individual's susceptibility to 
cancer (3).

Tobacco-associated nitrosamines, such as N-nitro- 
sonor-nicotine (NNN), 4-(methylnitrosamino)-1-(3-pyridyl)-
1-butanone (NNK) and N-nitrosodiethylamine (NDEA) 
are known to be involved in the carcinogenesis of HNSCC. 
NNN is classified as a class 1 carcinogen by the IARC  (4). 
This nicotine derivative is found in tobacco smoke, with 
200-3000 ng in cigarettes without filters (5). NNK is classified  
as class 1 by the IARC as well, although it was found to be 
a stronger carcinogen in animal testing  (4,6). NDEA is a 
class 2b carcinogen, and its effect is local and systemic, with 
20-70 ng in the smoke of cigarettes without filters (5,7). The 
nitrosamines are metabolized in the cells by cytochrome 
P-450‑dependent hydroxylases into an alkylating agent, which 
may induce DNA strand breaks and cause incomplete base 
excision repair. Furthermore, NNN and NNK have genotoxic 
effects through the formation of oxygen radicals (8).

As in most tumors, the regulatory steps are altered during 
multi-step tumor development  (9). Regular cell survival is 
dependent on a well-balanced relationship between ongoing 
DNA damage and repair  (10,11). The importance of DNA 
repair capacity (DRC) on cancer susceptibility was previously  
described in lung cancer patients  (12). The ability to detect 
and repair DNA damage caused by environmental toxicants 
or endogenous processes is assumed to be a significant 
defense mechanism against the development of head and 
neck cancer.

Most studies on DRC are based on lymphocytes as the 
surrogate cell type (13,14). However, environmental carcino-
gens primarily damage the mucosa of the upper aerodigestive 
tract, with epithelial cells being the first target for head and 
neck carcinogenesis. Due to previous findings showing poor 
correlation between genotoxic sensitivity of peripheral blood 
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lymphocytes and upper aerodigestive tract epithelia, we 
included the two cell types in our investigations to further 
differentiate systemic and local effects (15).

The aim of the study was to evaluate mutagen sensitivity 
and DRC in human lymphocytes and epithelial cells of the 
oropharynx of patients with and without squamous cell carci-
noma (SCC) of the oropharynx. DNA fragmentation following 
nitrosamine-induced damage, as well as DNA repair capaci-
ties in 15 and 30 min, were measured using the alkaline single 
cell microgel electrophoresis (comet) assay. DRC following 
nitrosamine-induced DNA damage was presented within 
matched patient groups using parameters such as age, gender, 
tobacco and alcohol consumption.

Materials and methods

Biopsies and blood samples. Macroscopically healthy 
epithelial biopsies were obtained from oropharyngeal resec-
tion specimens of SCC patients and from surgery of the 
oropharynx in patients without SCC. For the evaluation of 
DNA damage and repair using nitrosamines, SCC patients 
(n=50, all male, mean age 51.3 years; range 35-62) were 
matched to control patients (n=50, all male, average age 50.4 
years; range 35-62). Only mucosa that had to be resected 
for surgical reasons were used to avoid additional stress for 
the patients. Subjects were informed about the experiments 
and had signed a written consent statement. Tumor patients 
were first-time cancer patients and did not receive any prior 
treatment, including radiotherapy or chemotherapy. Control 
patients underwent tonsillectomy based on the diagnosis 
of tonsillitis or obstructive sleep apnea syndrome (OSAS). 
Lymphocytes were isolated by centrifugation of 20 ml hepa-
rinized peripheral blood, which was drawn prior to treatment. 
Patients included in the study were matched by gender, age, 
alcohol and tobacco consumption. All of the subjects were 
consumers of alcohol and tobacco smoke. Patient data are 
shown in Tables I (controls) and II (patients with SCC). The 
study was approved by the Ethics Commission of the Medical 
Department, Ludwig-Maximilians-University Munich 
(No. 221/04).

Cell separation. The mucosa samples underwent enzymatic 
digestion using collagenase P, hyaluronidase (Boehringer, 
Mannheim, Germany) and protease E Type XIV from 
Streptomyces griseus (Sigma, Deisenhofen, Germany) for 
45 min in a 37˚C shaking water bath to gain single cells (16). 
Lymphocytes derived from heparinized blood samples were 
separated in equal amounts of Lymphoprep (Nycomed, 
Oslo, Norway) using density gradient centrifugation (20 min, 
2000 U/min, 20˚C). Viability and cell count were investigated 
using trypane blue staining.

Incubation with nitrosamines. Cell aliquots (5x104) of the two 
cell types were incubated for 60 min with NNN (10 mM, CAS 
no. 53759-22-0; Merck, Darmstadt, Germany), NNK (10 mM, 
CAS no. 64091-91-4; Merck) and NDEA (50  mM, CAS. 
no.  55-18-5, Merck). Dimethyl sulfoxide (DMSO, 166  mM; 
Merck), a solvent of the nitrosamines, served as a negative 
control. NDEA, as an exemplary representative of the nitrosa-
mines, was used to induce damage prior to DNA repair. After 

NDEA was washed from the cells using Joklik medium and 
centrifugation (24˚C, 400 U/min, 5 min), aliquots were resus-
pended in Joklik medium and underwent a DNA repair period 
of 15 and 30 min in a shaking water bath at 37˚C. Epithelial 
cells were suspended in Joklik medium, whereas lymphocytes 
were maintained in PBS (12).

Comet assay. The performance of the comet assay for 
the two cell types was mainly based on the protocol of 
Singh et al  (17). Special slides were designed for the comet 
assay with a frosting of 5 mm along the long edges (76x26 mm, 
Langenbrinck, Emmendingen, Germany), prepared with 
85  µl of 0.5% normal melting agarose (Biozym, Hameln, 
Germany). Following incubation and repair periods, respec-
tively, cell viability was again examined using trypan blue 
staining. Having obtained viabilities between 90 and 100%, 
the remaining aliquots were suspended with 75 µl of 0.7% low 
melting agarose (Biozym) and applied to the prepared slides. 
Alkaline lysis (10 ml DMSO, 1 ml Triton-X® and 89 ml alka-
line lysis buffer) followed for 1 h. The slides were dried and 
placed into a horizontal gel electrophoresis chamber (Renner, 
Dannstadt, Germany), and covered with alkaline buffer solu-
tion containing NaOH (10  mM) and Na2EDTA (200  mM) 
with pH 13.2. Following a 20 min DNA unwinding period, the 
electrophoresis was started with 25 V and 300 mA for 20 min. 
Following neutralization (0.4 M Tris, pH 7.5, Merck), the cells 
were stained with 85 µl ethidium bromide (20 µg/ml, Sigma). 
The slides were covered with cover slips and stored for less 
than three days in humidified boxes at 5˚C.

Digital analysis. The cells were investigated using a DMLB 
microscope (Leica, Heerbrugg, Switzerland) with an adapted 
CCD camera (Cohu Inc., San Diego, CA, USA). A total of 
40 representative cells were investigated per slide, using two 
slides for each aliquot tested. For data analysis the median of 
each subject was used. Cells were counted and analyzed from 
different spots on the slide to account for variability of the 
signals. The comets were measured using an image analysis 
system (Comet++™, Kinetic Imaging, Liverpool, UK). 
Comet analysis was performed blinded by one examiner to 
reduce observer-based divergence. To quantify DNA damage, 
the Olive Tail Moment (OTM: median DNA migration 
distance x relative amount of DNA in the tail of the comet) 
was used (18). DNA repair was calculated by comparing the 
initial damage in each subject in relation to the damage left 
after 15 and 30 min of repair time.

Statistical analysis. Statistical analysis was performed using 
SPSS 16.0™. The OTM values of the patients in the two groups 
were compared (Mann-Whitney U test) as well as tail moments 
within each group (Wilcoxon test). General acceptance of the 
level of significance was p≤0.05. Bonferroni correction was 
used where necessary. Standard box-plots (lower, median and 
upper quartile) were used to show the results.

Results

The Comet assay was confirmed as being a sensitive method 
to quantify DNA damage and DRC. DRC was measured 
after 15 and 30  min (DRC15 and DRC30). The OTM 
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Table I. Characteristics of male control patients.

No.	 Age	 BMI	 Diagnosis	 Cig/d	 Py	 Alcohol /d (g)	 Occupational
							       hazards

1	 50	 27	 Acute tonsillitis	 10	 30	 100	
2	 48	 22	 Sleep apnea	 30	 23	 64	
3	 40	 24	 Chronic tonsillitis	 15	 20	 10	
4	 47	 27	 Acute tonsillitis	 15	 15	 25	
5	 50	 22	 Chronic tonsillitis	 20	 20	 20	
6	 42	 29	 Sleep apnea	 40	 50	 10	
7	 46	 28	 Sleep apnea	 50	 36	 125	 Paints, lubricants,
							       varnish
8	 54	 22	 Chronic tonsillitis	 25	 38	 25	 Metal dust
9	 40	 25	 Chronic tonsillitis	 5	 3	 25	
10	 42	 27	 Chronic tonsillitis	 20	 25	 72	 Chemicals
11	 52	 30	 Chronic tonsillitis	 20	 10	 175	
12	 34	 22	 Chronic tonsillitis	 2	 1	 50	 Paints
13	 56	 22	 Chronic tonsillitis	 10	 10	 20	
14	 40	 22	 Chronic tonsillitis	 5	 2	 37	
15	 54	 30	 Chronic tonsillitis	 20	 80	 10	 Wood dust
16	 42	 28	 Chronic tonsillitis	 60	 50	 20	
17	 54	 21	 Chronic tonsillitis	 20	 20	 15	
18	 51	 33	 Chronic tonsillitis	 15	 16	 45	 Paints
19	 48	 31	 Chronic tonsillitis	 10	 24	 10	
20	 54	 27	 Sleep apnea	 20	 40	 125	 Metal dust
21	 50	 27	 Sleep apnea	 40	 20	 290	
22	 45	 28	 Sleep apnea	 30	 15	 25	
23	 49	 29	 Sleep apnea	 5	 8	 20	
24	 43	 25	 Sleep apnea	 12	 15	 40	
25	 53	 19	 Chronic tonsillitis	 10	 23	 30	
26	 57	 28	 Sleep apnea	 5	 15	 50	
27	 52	 22	 Acute tonsillitis	 12	 15	 30	
28	 54	 20	 Acute tonsillitis	 20	 34	 175	
29	 53	 26	 Chronic tonsillitis	 5	 7	 60	 Wood dust, glue
30	 46	 25	 Chronic tonsillitis	 12	 20	 65	
31	 36	 25	 Acute tonsillitis	 30	 21	 4	 Solvents
32	 51	 24	 Chronic tonsillitis	 10	 15	 15	
33	 44	 31	 Sleep apnea	 20	 13	 30	
34	 44	 28	 Sleep apnea	 15	 18	 40	
35	 50	 31	 Acute tonsillitis	 10	 12	 25	
36	 51	 24	 Sleep apnea	 20	 35	 12,5	
37	 57	 28	 Chronic tonsillitis	 2	 3	 69	 Chalk dust
38	 53	 27	 Chronic tonsillitis	 20	 18	 120	
39	 61	 27	 Sleep apnea	 30	 40	 30	
40	 45	 27	 Sleep apnea	 20	 5	 25	
41	 47	 32	 Sleep apnea	 25	 26	 50	
42	 43	 23	 Chronic tonsillitis	 20	 18	 10	
43	 61	 33	 Papilloma	 60	 80	 100	 Chemicals
44	 63	 28	 Chronic tonsillitis	 25	 50	 45	
45	 63	 27	 Chronic tonsillitis	 40	 60	 50	 Wood dust
46	 61	 27	 Chronic tonsillitis	 25	 53	 250	
47	 61	 31	 Sleep apnea	 50	 27	 66	 Paints
48	 60	 26	 Sleep apnea	 20	 40	 40	
49	 61	 28	 Sleep apnea	 30	 25	 50	
50	 62	 30	 Chronic tonsillitis	 15	 30	 25	

BMI, body mass index; cig/d, cigarettes per day; py, pack years; alcohol/d (g), alcohol per day in grams.
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Table II. Characteristics of male SCC patients. 

No.	 Age	 BMI	 Diagnosis	 TNM	 Grading	 Cig/d	 py	 Alcohol/d	 Occupational
								        (g)	 hazards

1	 50	 25	 Oropharynx carcinoma	 pT4 pN3 cM0	 G3	 50	 75	 240		
2	 50	 32	 Oropharynx carcinoma	 pT2 pN3 cM0	 G2	 50	 120	 900		
3	 40	 22	 Oropharynx carcinoma	 pT3 pN2a cMx	 G3	 20	 13	 175		
4	 47	 24	 Oropharynx carcinoma	 pT2 pN2b cM0	 G2	 25	 40	 100		
5	 53	 24	 Oropharynx carcinoma	 pT2 pT1 cM0	 G3	 30	 50	 125	 Kerosene
6	 46	 28	 Oropharynx carcinoma	 pT1 pN1 cM0	 G3	 40	 45	 50	 Wood dust
7	 48	 23	 Uvula carcinoma	 pT3 pN2b cM0	 G3	 20	 35	 100		
8	 57	 25	 Oropharynx carcinoma	 pT4 pN0 cM0	 G3	 35	 20	 205	 Polyvinylchloride
9	 44	 19	 Base of tongue carcinoma	 cT4 cN0 cM0	 G1	 100	 125	 200		
10	 47	 23	 Oropharynx carcinoma	 pT3 pN1 cM0	 G3	 20	 30	 150		
11	 48	 31	 Tonsillar carcinoma	 pT2 pN3 cM0	 G2	 30	 48	 300	 Bitumen
12	 35	 22	 Oropharynx carcinoma	 cT4 cN2a cMx	 G1	 50	 40	 250		
13	 56	 19	 Oropharynx carcinoma	 pT3 cN2c cM0	 G2	 60	 60	 220	 Metal dust
14	 44	 20	 Oropharynx carcinoma	 pT4 cN2a cM0	 G3	 10	 5	 10		
15	 56	 27	 Oropharynx carcinoma	 pT4 cN2c cM0	 G3	 30	 25	 100		
16	 47	 19	 Base of tongue carcinoma	 pT4 pN1 cM0	 G3	 20	 20	 900		
17	 56	 23	 Tonsillar carcinoma	 pT2 pN3 cM0	 G3	 20	 80	 60	 Polyvinylchloride
18	 54	 19	 Oropharynx carcinoma	 pT3 pN2b cM0	 G2	 12	 20	 160	 Chemicals
19	 50	 27	 Base of tongue carcinoma	 pT1 pN1 cM0	 G1	 20	 34	 123		
20	 54	 23	 Tonsillar carcinoma	 pT2 pN2b cM0	 G2	 30	 55	 200	 Oils
21	 52	 24	 Tonsillar carcinoma	 pt1 pN2b cM0	 G3	 30	 40	 144		
22	 46	 22	 Vallecula carcinoma	 pT2 pN0 cM0	 G3	 20	 63	 375	 Paints
23	 50	 29	 Oropharynx carcinoma	 pT2 Pn0 cMx	 G2	 25	 23	 100		
24	 43	 24	 Tonsillar carcinoma	 pT3 pN1 cM0	 G2	 25	 15	 205		
25	 55	 25	 Oropharynx carcinoma	 pT3 pN1 cM0	 G3	 4	 5	 50		
26	 56	 25	 Tonsillar carcinoma	 pT3 pN2b cM0	 G3	 30	 72	 63	 Solvents
27	 52	 32	 Tonsillar carcinoma	 pT2 pN2b cM0	 G2	 30	 25	 8		
28	 55	 22	 Oropharynx carcinoma	 pT2 pN1 cMx	 G3	 40	 60	 40		
29	 53	 18	 Oropharynx carcinoma	 pT4 pN3 cM0	 G3	 10	 8	 30		
30	 46	 25	 Oropharynx carcinoma	 pT1 pN3 cM0	 G1	 15	 12	 300		
31	 42	 24	 Oropharynx carcinoma	 pT1 pN2b cM0	 G1	 20	 20	 1000		
32	 51	 24	 Tonsillar carcinoma	 pT2 pN1 cM0	 G3	 20	 25	 400		
33	 47	 26	 Uvula carcinoma	 pT3 pN1 cM0	 G1	 30	 15	 90		
34	 42	 27	 Vallecula carcinoma	 pT2 pN0 cM0	 G2	 15	 15	 100		
35	 54	 21	 Oropharynx carcinoma	 pT4 pN2c cM0	 G3	 50	 80	 100		
36	 49	 20	 Oropharynx carcinoma	 pT1 pN0 cM0	 G1	 20	 30	 125	 Metal dust
37	 55	 24	 Tonsillar carcinoma	 pT3 pN2b cM0	 G2	 35	 60	 80		
38	 53	 27	 Oropharynx carcinoma	 pT4 pN2a cM0	 G2	 20	 20	 80		
39	 61	 29	 Uvula carcinoma	 pT2 pN0 cM0	 G2	 40	 60	 100	 Paints
40	 42	 21	 Tonsillar carcinoma	 pZ3 pN2a cM0	 G2	 40	 20	 100		
41	 67	 25	 Oropharynx carcinoma	 pT1 pN1 cMx	 G3	 25	 35	 132	 Chemicals
42	 43	 19	 Oropharynx carcinoma	 pT2 pN0 cM0	 G3	 20	 27	 250	 Cement dust
43	 62	 20	 Oropharynx carcinoma	 pT3 pN2a cM0	 G1	 15	 23	 60		
44	 62	 31	 Oropharynx carcinoma	 pT1 pN2a cM1	 G3	 20	 10	 55	 Paints
45	 62	 20	 Vallecula carcinoma	 pT1 pN1 cM1	 G3	 5	 12	 35		
46	 61	 27	 Tonsillar carcinoma	 cT4 cN3 cM1	 G3	 20	 23	 100		
47	 62	 22	 Base of tongue carcinoma	 PT2 cN2c cM0	 G2	 12	 13	 50		
48	 60	 25	 Base of tongue carcinoma	 pT3 pN2b cM0	 G2	 30	 40	 20		
49	 60	 29	 Oropharynx carcinoma	 pT4 pN2b cM0	 G2	 20	 10	 25	 Asbestos
50	 62	 25	 Base of tongue carcinoma	 pT2 pN2b cM0	 G1	 25	 30	 40		

BMI, body mass index; cig/d, cigarettes per day; py, pack years; alcohol/d (g), alcohol per day in grams.
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values provided are medians. History data and diagnoses 
of the patients are shown in Tables I (controls) and II (SCC 
patients).

DNA damage in lymphocytes of patients without carci-
noma and patients with oropharyngeal carcinoma following 
incubation with nitrosamines is shown in Fig.  1A. While 
the solvent DMSO as a negative control did not induce any 
damage in lymphocyte DNA in tumor and control patients 
(OTM 1.0 vs. 1.2), significant DNA damage was found 
following incubation with NDEA (OTM 7.3), NNK (OTM 5.8) 
and NNN (OTM 5.1) in controls. Only OTMs >2 are consid-
ered to reflect relevant DNA damage (16). DNA fragmentation 
in the SCC group was comparable with OTMs 7.4, 6.0 and 5.2 
following  incubation with NNN (p=0.58), NNK (p=0.48) and 
NDEA (p=0.67), respectively.

Fig. 1B shows genotoxicity levels of oropharyngeal epithe-
lial cells following incubation with DMSO (negative control) 
and the nitrosamines NNN, NNK and NDEA. In the control 
group, OTMs of 1.3 (DMSO), 8.3 (NDEA), 4.7 (NNK) and 
3.9 (NNN) were determined. DNA derived from oropharyn-
geal epithelial cells of cancer patients yielded OTMs of 7.9 
(NDEA), 4.8 (NNK) and 4.0 (NNN) following nitrosamine 
incubation with an OTM of the negative control of 1.3 
(DMSO). No significant differences were observed in DNA 
damage between tumor patients and patients without malig-
nancy [p=0.55 (NDEA), p=0.95 (NNK) and p=0.67 (NNN)].

DNA repair in lymphocytes following NDEA incubation 
is shown in Fig. 2A. For the controls, DRC15 was 26.8% and 
DRC30 was 37.1%. The mean DRC15 and DRC30 of cancer 
patients was 23.6 and 40.5%, respectively. Differences in 
lymphocyte DNA repair were not observed between the two 
groups of donors, with p=0.46 (DRC15) and p=0.62 (DRC30).

However, significant differences were found for the DNA 
repair capacity between cases and controls for DRC30. The 
results are shown in Fig. 2B. Following DNA damage caused 
by NDEA, controls reached DRC levels of 36.2% (DRC15) 
and 46% (DRC30). Cells of SCC patients yielded a DRC15 of 
23% and a DRC30 of 17.1%. OTM values following damage 
and 15‑min repair were 7.3 and following a 30‑min repair 
period 7.86, which demonstrates the arrest of repair action in 
the cells of carcinoma patients after 20% of repaired damage. 
Statistical evaluation of DNA repair of the two groups resulted 
in p=0.09 (DRC15) and p≤0.01 (DRC30).

 Figure 1. Results of genotoxicity tests in (A) human peripheral lymphocytes 
and (B) human oropharyngeal mucosa cells after incubation with dimethyl 
sulfoxide (control/C) as a negative control and the nitrosamines NNN, NNK 
and NDEA. (A and B) Box plots show the lowest and highest values of OTM 
as well as the 1st and 3rd quartile and the median. Values are provided for 
patients without carcinoma (control patients) and the SCC patients.

  A

  B

Figure 2. (A) Mean DRC measured in lymphocytes after incubation with 
NDEA and 15 and 30 min repair intervals. Values are provided for patients 
without carcinoma (control patients) and the SCC patients. (B) Mean  
percentage of DNA repair capacities measured in oropharyngeal mucosa 
cells after incubation with NDEA and 15 and 30 min repair intervals. Values 
are provided for patients without carcinoma (control patients) and the  
SCC patients.

  A

  B
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Discussion

Besides laryngeal cancer, oropharyngeal SCC is the most 
common alcohol- and tobacco-induced head and neck 
malignancy. Over 90% of all cases are histopathologically 
classified as SCC (1). In 100 cancer and non‑cancer patients, 
we investigated mutagen sensitivity following exposure to 
tobacco-associated nitrosamines. Consecutively to NDEA‑ 
induced damage, we determined DRC after 15 and 30  min. 
We applied the alkaline comet assay as an established sensi-
tive method for the detection of DNA damage and repair and 
as an accepted biomarker model  (19). The comet assay is 
widely used in ecogenotoxicology studies and as a predictor 
for tumor therapies, such as radiotherapy  (20). While it 
remains the subject of controversy, OTM is the most informa-
tive measure in the comet assay (21).

Oropharyngeal epithelium is the first target for ingested 
and inhaled carcinogens and therefore employed as test 
material in this study. Lymphocytes, which have been used 
in numerous other previous studies evaluating DRC with the 
comet assay, were also utilized (13,14,22,23).

In the present study, no significant differences in lympho-
cytic or mucosal mutagen sensitivity were determined between  
cancer and non-cancer patients. Wu et  al found mutagen 
sensitivity to be a marker for the identification of an increased 
risk of developing premalignant lesions in the head and neck, 
using lymphocytes exposed to benzo[a]pyrene diol epoxide 
(BPDE) and bleomycin (24). In our study, following incubation 
of the mucosal cells of SCC patients and controls with BPDE, 
OTMs of the initial DNA damage did not significantly differ. 
Increased lymphocyte sensitivity to bleomycin has also been 
observed in lung cancer patients and proven to be a potential 
biomarker for second primary tumor development in the upper 
aerodigestive tract  (14,25). Further support for the impact of 
mutagen sensitivity on the carcinogenic process results from 
the findings by Schantz et al. These authors correlated mutagen 
sensitivity to chromosome 3p losses known to play a key role in 
the initiation phase of head and neck cancer development (26).

Following incubation of lymphocytes with NDEA, 
increased mutagen sensitivity was determined in patients 
suffering from nasopharyngeal carcinoma, whereas no 
increased sensitivity was observed following exposure to 
sodium dichromate and nickel sulphate (27). This may be due 
to different patient groups and diversity of cells compared 
to the present study. Investigations on mucosa of head and 
neck cancer patients indicated increased levels of mutagen 
sensitivity for SCC patients  (16). Studies using the comet 
assay revealed significantly higher DNA damage in Barrett's 
epithelium compared with healthy squamous epithelium 
of the oesophagus  (28). However, although we compared 
patients with SCC of the oropharynx to non-tumor patients in 
an extended case‑control study, including matching of gender, 
age, tobacco and alcohol consumption, we did not find any 
significant differences in mutagen sensitivity using lympho-
cytes or mucosa cells. The results demonstrate the importance 
of matched groups. Moreover, testing of mutagen sensitivity 
appears to depend on the test system and mutagen used, as 
well as on the population and cell type to be investigated.

Notably, mutagen sensitivity did not appear to be a risk factor 
for the development of malignant lesions in our test system. 

Accordingly, DNA repair was investigated as another possible 
endogenous marker in head and neck carcinogenesis. The 
comet assay has been adapted for the detection of DNA repair 
in lymphocytes  (12,29,30). Certain investigations reported  
differences in DNA repair following stimulation, dependent 
on the type of DNA damage induced (31,32). Lymphocytes in 
our study were not stimulated prior to testing, due to recom-
mendations by Mayer et al after the determination of a lack of 
differences in lymphocytic DRC following PHA-stimulation 
and γ-irradiation  (33). Consequently, the group considered 
unstimulated mucosa cells from fresh biopsy samples. The use 
of mucosa cells has previously been described with only minor 
changes to original lymphocyte protocol  (12) and has been 
published earlier (15,29).

In the present study, lymphocyte DRC15 (p=0.455) and 
DRC30 (p=0.619) did not differ between cancer patients 
and patients without malignancy following incubation with 
NDEA. However, in mucosal cells, DRC15 and DRC30 levels 
were found to be lower in patients with oropharyngeal tumors 
vs. controls, although the significance was only observed in 
DRC30 (Fig. 2B).

The present study demonstrates that DRC of the upper 
aerodigestive tract target cells is a potential endogenous factor 
for head and neck cancer susceptibility. However, our data 
provide evidence that there is no difference in DNA fragility to 
cigarette smoke‑related carcinogens. By contrast, overall DRC 
appears to be rapidly saturated in HNSCC patients, whereas 
patients without malignancy are able to continuously increase 
the proportion of repaired DNA damage with time. The find-
ings of other groups support the role of hereditary reduced 
DNA repair capacities as risk factors for head and neck 
cancer (13,34). Additionally, gene polymorphisms in proteins, 
such as XPD and XRCC1 exert a major role in DNA repair, 
and thus affect head and neck carcinogenesis (30,35,36). Due 
to the diverse findings in the cell systems tested in this study, 
we recommend the use of target tissue cells to investigate DRC 
in upper aerodigestive tract carcinogenesis. Further studies 
are likely to focus on the identification of specific chromo-
somal and genetic alterations in mucosal cells of the upper 
aerodigestive tract. Previously, a higher sensitivity to tobacco‑ 
related carcinogens was determined in chromosomes 3, 5 and 8  
in oropharyngeal epithelia of head and neck tumor patients 
compared to controls  (37,38). Further investigation of such 
data would provide more detailed information on cancer risks 
and may be the basis for new preventive and therapeutic treat-
ments in head and neck carcinogenesis.
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