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Summary

Changes in mitochondrial DNA have been reported in cancer
cells. Since little information exists regarding mt DNA muta-
tions in head and neck, the present study focused on ten head
and neck cancer cell lines in the attempt to detect alterations in
the ND4 gene sequence. DNA was extracted from 10 head and
neck squamous cell carcinoma lines from 9 patients. MtDNA
sequences were compared in normal and tumour cell line
DNA. In ten head and neck squamous cell carcinoma cell li-
nes, 8 somatic mutations and 5 polymorphisms of the mito-
chondrial gene for ND4 were found. All 5 polymorphisms we-
re silent. Of the 8 somatic mutations, 3 altered the amino acid
sequence suggesting a possible effect on enzyme function. The
mitochondrial mutations and polymorphisms found demon-
strated that these can serve as clonal markers for individual
cell lines and demonstrate that the mitochondrial genome re-
mains stable in the cell lines during in vitro culture.

Riassunto

Negli ultimi anni in alcuni tumouri sono state messe in
evidenza mutazioni del DNA mitocondriale, mentre scarse
rimangono le informazioni inerenti i tumouri della testa e
del collo. Abbiamo ritenuto pertanto interessante studiare
su 10 linee cellulari la sequenza del gene mitocondriale
ND4. Il DNA mitocondriale di 10 linee cellulari derivate
da 9 pazienti affetti da carcinoma della testa e del collo è
stato estratto e la sequenza del gene ND4 è stata comparata
con quella del DNA mitocondriale normale dello stesso
paziente. In 10 linee cellulari sono state trovate 8 mutazioni
somatiche e 5 polimorfismi. I 5 polimorfismi erano silenti,
3 delle 8 mutazioni somatiche alteravano la sequenza
aminoacidica, suggerendo un possibile effetto sulla
funzione enzimatica. Le mutazioni somatiche e i polimor-
fismi trovati dimostrano che il genoma mitocondriale
rimane stabile durante la coltivazione cellulare in vitro e
che questi potrebbero essere utilizzati come markers
clonali.

Introduction

Mitochondria have many functions. They produce
energy by oxidative phosphorylation, support cellu-
lar functions in intermediary metabolism, regulate
ion homeostasis, support the biosynthesis of lipids,
amino acids and nucleotides, have an active transport
process, which can affect the movement of cytotoxic
drugs, and have roles in cell proliferation and apop-
totic processes.
Mitochondria have a characteristic shape and size,
carry a genome, and are inherited from the maternal
parent in the cytoplasm of the oocyte 1. The human
mitochondrial genome consists of circular double
stranded DNA of 16 Kb that encodes 13 proteins in-
cluding 4 enzyme complexes of the respiratory chain

(complex I, III, IV, and ATPase synthetase) as well as
2 rRNAs and 22 tRNAs 2 3.
Changes in mitochondrial DNA have been reported
in cancer cells 4 5. The frequency of mtDNA muta-
tions and the types of mutations vary in different tu-
mours and in the various studies 6-9. Mutations of mi-
tochondrial DNA have been reported in 16-70% of
colon cancers 10-12 and in gastric cancer the percent-
age with such mutations varies from 5 to 37% 12-14.
Alonso et al. 12 advanced the hypothesis that a signif-
icant ethnic difference in the pattern of DNA muta-
tions may affect susceptibility to environmental fac-
tors. This concept is supported by the observation of
numerous polymorphisms, as well as different per-
centages of mutations, in the various ethnic groups,
found in these studies.



In the majority of cases, mitochondrial mutations
were multiple, implying possible accumulation of
mtDNA damage such as might occur in a clonal ex-
pansion model, in which the mutant somatic mito-
chondrial genome replicates at a higher rate than the
wild type 10.
The mutations identified are primarily in the protein
coding genes, rRNA genes and in the D-loop region.
Most of these mutations are T to C and G to A base
transitions, indicating possible exposure to mutagens
that generate reactive oxygen species (ROS) 15.
In fact, it is generally accepted that mtDNA muta-
tions are produced during oxidative phosphorylation
through mechanisms involving reactive oxygen
species (ROS). These mutations may accumulate as
the mitochondria lack protective histones and effi-
cient DNA repair mechanisms 4 16.
The respiratory chain protein genes are especially sen-
sitive to oxidative damage, as seen in aging cells 17-19,
increased oxidative damage contributes to a decrease
of oxidative phosphorylation, and then to a decrease
of ATP production as a result of an increase in ROS,
which is, in turn, responsible for further mtDNA
damage 20 21.
In human epithelia cells, tobacco products increase
the production of ROS and induce free radical reac-
tions 22 that may be responsible for single strand
breaks in DNA 23-25 especially in the mitochondria
where they preferentially accumulate. In fact, it is
known that tobacco products are involved in the car-
cinogenesis process of head and neck cancer 26.
Since little information exists regarding mt-DNA
mutations in the head and neck, the present study has
been carried out on ten head and neck cancer cell
lines and normal cells from the same donors in the at-
tempt to detect alterations in the ND4 gene sequence,
an NADHdehydrogenase subunit (nicotinamide ade-
nine dinucleotide hydrogen), that was recently re-
ported to be mutated in these tumours 27.

Materials and methods

DNA SAMPLES

DNA was extracted from 10 HNSCC cell lines from 9
patients. Normal DNA was isolated from fibroblasts
from the same patients. MtDNA sequences were
compared in the normal and tumour cell line DNA to
determine which alterations identified in the tumour
cell lines were polymorphisms and which were mu-
tations.
Five cell lines (UM-SCC-3, UM-SCC-10B, UM-
SCC-11B, UM-SCC-27 and UM-SCC-68) were from
recurrent or metastatic sites, and 5 (UM-SCC-11A,
UM-SCC-16, UM-SCC-62, UM-SCC-82 and UM-
SCC-95) were from primary tumours. UM-SCC-11A
was cultured from a biopsy of a primary laryngeal

cancer and UM-SCC-11B was derived from the la-
ryngectomy specimen of the same patient after
chemotherapy.
The tumour specimen site and the stage of disease, at
the time the tissue was taken for culture, are shown
in Table I.

PCR AMPLIFICATION AND SEQUENCING

The following oligonucleotide primers were used for
ND4 gene PCR amplification and sequencing:
fragment 1 (product size 812bp) from 10688bp to
11500bp,
L 5’-TGGGCCAGCCCTACTAGTCT-’3 and
R 5’-GTCAGGGGGTTGAGAATGAG-’3;
fragment 2 (product size 712bp) from 11295bp to
12076bp,
L 5’-TCACTCTCACTGCCCAAGAA-’3 and
R 5’-GGAGAATGGGGGATAGGTGT-’3.
PCR reactions were carried out with 200-500 ng ge-
nomic DNA as template, PCR buffer (10x) 10 µl, Mg
buffer (25 mM) 6 µl, dNTP (10 mM) 2 µl, primer (10
µM) 2 µl, Taq (5 µl) 0.5 µl (Promega, Wisconsin,
Usa) and water for a total volume of 100 µl.
PCR conditions were: 1 cycle at 94 °C for 5 min fol-
lowed by 30 cycles at 94 °C for 1 min, 60 °C 1 min,
72 °C 1 min, and final extention of 1 cycle at 72 °C
for 7 min.
To confirm the correct size of the PCR products, 10 µl
of amplified DNA was analyzed in 1.5% agarose gel.
The PCR products were purified using the Qiaquick
PCR purification kit (Qiagen, Valencia, CA, Usa).
The DNA concentrations were measured with a spec-
tometer and adjusted to 10 ng/µl. The primer concen-
tration used for sequencing was 3.2 pmol/µl.
DNA sequencing was carried out using an Applied
Biosystems DNA sequencer model 377.
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Table I. Cell lines.

Cell line Specimen Site Stage

UM-SCC-3 Lymph node II

UM-SCC-10B Lymph node III

UM-SCC-11A Larynx IV

UM-SCC-11B Larynx after cx. IV

UM-SCC-16 Larynx II

UM-SCC-27 Lymph node II

UM-SCC-62 Tonsillar fossa III

UM-SCC-68 Lymph node II

UM-SCC-82 Larynx III

UM-SCC-95 Larynx IV



Results

The mitochondrial DNA sequences obtained with the
PCR products were compared to the Cambridge se-
quences 28 given in the mitochondrial genome data-
bank (htt://www.gen.emory.edu/mitomap.htlm). To
distinguish somatic mutations from polymorphisms,
we also compare the tumour sequences to the normal
DNA for each patient.
ND4 gene sequence mutations were observed in 5 of
the 10 (50%) cell lines studied.
The 5 cell lines included UM-SCC-11A and UM-
SCC-11B which were from different biopsies in the
same patient (Table II). Of the 10 cell lines, 4 con-
tained polymorphisms (Table III).
A total of 10 somatic mutations were found in this
study. Of these, 9 were nucletide substitutions and
one was a single nucleotide insertion. One cell line,
UM-SCC-10B, contained a single mutation, 3 cell
lines UM-SCC-11A, UM-SCC-27 and UM-SCC-95
had 2 mutations in each and one cell line UM-
SCC11B had 3 mtDNA mutations (Table III). Exam-
ples of the mutations are shown in Figures 1-3.
Overall, 50% of the metastatic lymph nodes and 50%
of the primary cell lines showed mutations.
The primary tumour cell lines, with mutations UM-
SCC-11A and UM-SCC-95, were from stage IV tu-
mours. The UM-SCC-11B cell line which was de-

rived after chemotherapy treatment contained both of
the mutations in the UM-SCC-11A cell line which
was from a pre-treatment biopsy. In addition UM-
SCC-11B contained a third mutation that was not
present at the time of the first biopsy (Table II). The
cell lines without mutations (UM-SCC-3, UM-SCC-
16, UM-SCC-62 and UM-SCC-68) were from pa-
tients with stage II-III tumours (Table I).
Of the 10 mtDNA mutations, 4 were silent, 5 caused
amino acid substitutions and one, a nucleotide inser-
tion, caused a frameshift mutation (Table II).
Three patients presented polymorphisms that were
present in both the tumour cell lines (UM-SCC-3,
UM-SCC-11A, UM-SCC11B, UM-SCC27) and in
their respective normal fibroblasts (Table III). All the
polymorphisms were silent substitutions and have
been previously reported (Mitomap databank). Two
of these patients also presented with somatic muta-
tions in their tumour cell lines (UM-SCC-11A, UM-
SCC-11B and UM-SCC-27).

Discussion

The upper aerodigestive mucosa is exposed to multi-
ple carcinogenic insults arising from tobacco smok-
ing, as well as from environmental and dietary fac-
tors.
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Table II. Somatic ND4 gene mtDNA mutations.

Cell lines Position DNA sequence Protein change
change

U-SCC-10B 11812 A → G L → L
UM-SCC-11A-B 11288 C → T L → F

11306 C → G A → G
UM-SCC-11B 11125 C → G E → E
UM-SCC-27 11203 T → C F → I

11479 ins G frameshift
UM-SCC-95 11812 A → G L → L

11719 G → A G → G

Table III. ND4 gene polymorphisms.

Cell lines Position DNA sequence Protein change
change

UM-SCC-3 11298 T → C T → T
11467 A → G L → L

UM-SCC-11A-B 10873 T → C P → P
11002 A → G Q → Q

UM-SCC-27 11719 G → A G → G



If these carcinogens are not fully metabolized to non-
hazardous forms, then DNA damage may occur and
the multi-step process of carcinogenesis can begin,
leading to squamous cell carcinoma.
The ability to metabolize carcinogens and repair
DNA defects may vary in different populations due

to polymorphisms in the enzyme that carry out these
processes and can make some individuals more sus-
ceptible to carcinogens.
Mitochondrial DNA is present in multiple copies in
each mitochondrion. Damage is thought to occur
more frequently to mtDNA than to nDNA, through
the production of reactive oxygen species during ox-
idative phosphorylation, as mitochondria DNA lack
protective histones 29-31. Cigarette smoking can cause
an increase in reactive oxygen species (ROS) such as
H2O2 and O-. In addition, many tobacco smoking
metabolic products contain DNA binding agents that
can accumulate preferentially in the mitocondria and
lead to DNA damage 32-35.
Some polymorphic variations in the mtDNA decrease
in oxidative phosphorylation, in synergy with ciga-
rette smoke, could result in subtle changes which
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Fig. 1. ND4 mitochondrial gene mutations present in UM-
SCC-10B tumour cell line but not in UM-SCC-10F fibroblast
culture positions a) 11719 and b) 11812 (arrows).

Fig. 2. ND4 mitochondrial gene mutation in position 11204
T>C (arrow).

Fig. 3. ND4 mitochondrial gene mutation in position 11125
G>C (arrow).



generate an increase in ROS levels known to be mi-
togenic 8 36.
The ND4 gene, encodes one subunit of the NADH
dehydrogenase complex. This complex has an impor-
tant role in the metabolic processing of carcinogen
products. Thus alterations of NADH function could
contribute to an increased likelihood of mutagen ac-
cumulation. In the present study, somatic mutations
affecting the ND4 gene in cell lines were found in
44% of the patients. Curiously, 50% of these patients
also presented polymorphism of this gene.
The cell lines derived from these patients were most-
ly from tumours in an advanced stage and, possibly,
the high rate of mutation detected is due to the ad-
vanced stage of disease in the primary tumours and
the fact that some cell lines were from lymph node
metastases representing a late stage of progression.
This study was not aimed at determining whether
some of these patients were more susceptible to mtD-
NA mutations on account of the presence of poly-
morphic changes in the ND4 gene. In fact, with one
exception, it is unlikely that the polymorphisms de-
tected had any effect on function since only one re-
sulted in an amino acid change.
However, an interesting finding emerging from this
analysis is that mtDNA mutations are fairly common

in HNSCC cells and that once developed in the tu-
mour, these mutations are stable clonal markers of
the in vitro cell lines. Furthermore, the two cell lines
from the same patient reveal that the tumour clone
continues to evolve during the time elapsing between
the first biopsy and laryngectomy performed six
weeks later. Nevertheless, both cell lines maintained
the original mutations during in vitro culture.
Interestingly, Fliss et al. 27 detected a mtDNA muta-
tion in the saliva of patients with mtDNA-mutated
head and neck cancers, thus suggesting a possible
role in early diagnosis.
Ha et al. 37, studying mitochondrial C-tract alter-
ations, have found an increase in mutations in pre-
cancerous lesions of the head and neck with increas-
ing severity of dysplasia.
Furthermore, an increase in the quantity of mito-
chondrial DNA has recently been shown in pre-ma-
lignant and malignant head and neck lesions 38 as a
result of mtDNA functional alteration, due to muta-
tions 39.
Data emerging from these various studies suggest
that it would be interesting to develop research on
mtDNA alterations, in pre-malignant and malignant
lesions, in the attempt to find a useful biomarker for
head and neck cancer.
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