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ABSTRACT
Besides the variations in genomic DNA, mitochondrial DNA (mtDNA) mutations are also responsible for many diseases, including
cancer. MtDNA among individuals from the same and different ethnic groups is highly polymorphic. In the present study, we screened
mitochondrial CO-1 and ND4 gene sequences of Turkish head and neck squamous cell carcinoma (HNSCC) patient group and examined the possible relationship between CO-1 and ND4 gene mutations and the development of the disease. Sixty unrelated Turkish
HNSCC patients and thirty six unrelated healthy volunteers from different geographic regions of Turkey were included in this study.
Total DNA isolation from blood samples were carried out and amplification of CO-1 and ND4 gene regions of mtDNA were performed
by PCR reaction. PCR products were purified and sequencing was carried out by Sanger sequencing. Two mutations in CO-1 gene
were identified and among them A6272d mutation was found as statistically significant in the studied HNSCC patient group with respect to control group (p< 0.05). Also differences in the alpha helix structure of the protein in patients with mutations were observed.
Two mutations (A11251G and T11017TA) in the ND4 gene region were identified, however, none of these mutations were seem to
be responsible for the disease development (p>0.05). As a conclusion, for the studied Turkish patient group we showed that A6272d
mutation in CO-1 gene can be related to HNSCC development (p< 0.05). However, we cannot detect a statistically significant alteration between patient and control groups for ND4 gene (p>0.05). These differences can be due to ethnic differences.
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INTRODUCTION
Squamous cell carcinoma of the head and neck
(HNSCC) is a heterogenous malignancy being the
seventh cause of cancer related deaths worldwide.1
Several causes, such as smoking, chewing tobacco, alcohol intake, and HPV infection, cause HNSCC. Alterations in the genomic DNA structure is
the main reason for developing HNSCC.2,3 So far,
several mutations have been identified in different
proto-oncogenes that result in either oncogene activation or inactivation.2,3 While several studies are
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dealing with alterations in the genomic DNA and
HNSCC development, complex genomic molecular
events are still not fully understood.2,3
Mitochondrial DNA (mtDNA) mutations are also
responsible for many disorders, including cancer, in
addition to changes in genomic DNA. Moreover to
its major function in promoting aerobic respiration
in eukaryotes, it has also been shown that mitochondria play a significant role in apoptotic cell death.4,5
mtDNA codes for 22 tRNAs, 2 rRNAs and for 13
proteins.6
doi: 10.4999/uhod.226394
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The respiratory chain and oxidative phosphorylation system subunits are all 13 proteins encoded by
mtDNA (OXPHOS) including Complex I (NADH
dehydrogenase; ND1-4, 4L, 5 and 6), Complex III
(cytochrome b), Complex IV (cytochrome c oxidase; COI-III) and Complex V (ATPase synthase;
ATPase6, ATPase8). Moreover, mtDNA contains a
non-coding control region including D-loop.7,8
Mitochondrial ND4 and ND5 genes encode core
subunits of Complex I of respiratory chain and oxidative phosphorylation system and being the main
entry location of electrons in aerobic cellular respiration, Complex I defects could result in impairment
of the entire process. In addition, NADH dehydrogenase complex has an important role in the metabolic processing of carcinogen products so alterations in the genes of this complex could contribute
to mutagen accumulation.9 Mutations in mt-ND4
and mt-ND5 have been previously associated with
tumorigenesis in different types of cancer.10,11 However, there is still limited information exists regarding mt-DNA mutations in head and neck cancer, in
some of the studies ND4 gene mutations were reported.9,12 Allegra et al., also showed that 50% of
the studied head and neck cancer patients presented
polymorphism of this gene.9
Cytochrome c oxidases (COI, COII and COIII),
due to their antioxidant effects, have function to
decrease the ROS levels. Thus, defects in those
genes can cause a subsequent damage in mtDNA.
Cytochrome c oxidase mutations have been shown
in different types of cancers such as pancreatic,
prostate, colon and thyroid.13-15 The relation between cytochrome c oxidase mutations and HNSCC
susceptibility was not directly shown yet. However,
Challen et al. reported that H314 SCC cell line had
a complex mtDNA genotype with nine homoplastic
point mutations in which three of them located in
COI gene.16
MtDNA is highly polymorphic among people from
the same and different ethnic groups.17 Alonso et al.
indicated that in different ethnic groups there are
different polymorphisms, as well as different percentages of mutations, and this important ethnic
variation in mitochondrial DNA mutation patterns
may influence the susceptibility to environmental factors.18 In comparison to nuclear DNA, since
mtDNA lacks histone proteins and an efficient DNA
repair mechanism, it is more sensitive to oxidative
damage.19
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In a variety of cancer types, including HNSCC,
mtDNA modifications such as deletions, point mutations and variations in copy number have been
shown to be associated.18,20-28 Mitochondrial dysfunction can be observed in tumors due to different mtDNA alterations, particularly in those that
are more aggressive.29 In HNSCC, the association
between mtDNA changes, elevated ROS levels and
hypoxia may be important because of the relationship between hypoxia and disease aggressiveness.30
Therefore, the evaluation of mitochondrial DNA
mutations that may cause the development of HNSCC may be important in the early diagnosis and
prognosis of the disease. In the present study, we
have selected two of the mtDNA genes (ND4 and
COI), which have major roles in the metabolic processing of carcinogen products, screened these gene
sequences in a Turkish HNSCC patient group and
compared them with healthy individuals. ND4 gene
alterations were shown in HNSCC in other populations however up to our knowledge there are no reports in Turkish population. On the other hand, COI
mutations were only reported in a SCC cell line and
the relation between cytochrome c oxidase mutations and HNSCC susceptibility was not directly
shown yet. We aimed to find a possible relationship between CO-1 and ND-4 gene mutations and
the development of the disease in Turkish HNSCC
patients.
PATIENTS AND METHODS
Study Population
Sixty unrelated Turkish HNSCC patients who were
clinically diagnosed at Dışkapı Yıldırım Beyazıt
Training and Research Hospital, Department of
Otorhinolaryngology and 36 unrelated healthy volunteers from different geographic regions of Turkey
were included in this study. Control group was selected to match the patients in terms of demographic
data including age and gender. All individuals in the
study groups gave informed consent and approval
of the local ethics committee was obtained from
Dışkapı Yıldırım Beyazıt Training and Rese-arch
Hospital [2018.11.12; #56/23]. The study was conducted by guidelines of the Declaration of Helsinki.
Clinicopathological parameters of HNSCC patients
and control groups were given in Table 1.
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Table 1. Clinicopathological parameters of HNSCC patients
and control groups
Control group

Patient group

(n= 36)

(n= 60)

Gender (Male/Female)

32/4

50/10

Age [Median (Range)]

58 [45-72]

60 [49-74]

Tumor type

Larynx (41)
Tongue (5)
Hypopharynx (4)
Buccal (3)
Lip (2)
Auricular (1)
Retromolar/oral (1)
Paranasal sinus (1)

tion step at 950C for 5 min followed by 40 cycles of
940C for 1 min, 600C (CO-1) and 620C (ND4) for 1
min, 720C for 1 min and final extension step at 720C
for 5 min.
PCR products were separated on a 1.5% agarose
gel electrophoresis, visualized by ethidium bromide
staining under an ultraviolet illuminator, scanned
and photographed using an imaging system (BioRAD).
PCR products were purified and sequencing was
carried out by Sanger sequencing protocol of BM
Laboratory Systems, Turkey. Sequences were analyzed by MITOMAP and compared with CO-1 and
ND4 NCBI reference sequences.

Nasopharynx (1)
Parotis (1)
Tumor stage

Statistical Analysis

T1: 9

The Statistical Package for Social Sciences (SPSS)
version 16.0 software was used for statistical analysis. The genotype frequencies of mutations were
evaluated by chi-square analysis. A p value lower
than 0.05 was considered as statistically significant.

T2: 15
T3: 28
T4: 8

Determination of Mutations of CO-1 and ND4
Gene Regions Using DNA Sequencing
Total DNA isolation from blood samples were carried out by using QIAamp® DNA Blood Kit (Qiagen, Germany) according to manifacturer’s instructions and whole genomic DNA was used in PCR to
amplify targeted mitochondrial regions.
Amplification of CO-1 and ND4 gene regions of
mtDNA were carried out on a ThermoPCR system
in a 50 μl reaction mixture Easytag (TransGen Biotech, China) containing 10 pmol of forward and reverse primers (Table 2), and 50 ng DNA. The PCR
cycling conditions consisted of an initial denatura-

In Silico Structural Analyses
The obtained data from sequence analysis were
converted to amino acid sequences using NCBI
(National Center for Biotechnology Information)
program. The secondary structure (2D) and threedimensional (3D) protein structure were created and
analyzed using the I-TASSER (Iterative Threading
Assembly Refinement) and Phyre2 (Protein Fold
Recognition Server) online servers programs. The
raw amino acid sequences of CO-1 and ND4 were
uploaded in FASTA format to online servers. 3D
structures were predicted in PDB format.

Table 2. CO-1 and ND4 gene primer squences on mtDNA
Gene

CO-1

Annealing

Primer Sequences

product

600C

735 bp

Forward: 5’-TCTCCTACTCCTGCTCGCAT-3’

		

Reverse: 5’- AGGCCACCTACGGT-GAAAAG-3’

ND-4

Forward: 5’-TTCCTCCGACCCCCTAACAA-3’

620C

		

UHOD

The of size PCR

Temperature		

670 bp

Reverse: 5’-TTGTCGTAGGCAGATGGAGC-3’
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Figure 1. DNA sequencing diagram of CO-1 gene; (A) HNSCC patient (A6272d mutation), (B) Control

RESULTS
Two of the PCR amplifications from patient group
and 6 of the PCR amplifications from control group
for CO-1 and ND-4 genes respectively, have not
been successfully performed so they were excluded
from the study. Since none of the PCR products do
not contain non-specific bands, they were purified
and sequenced for genotyping analysis.
In the mitochondrial CO-1 gene region, we have
observed mainly two mutations as A6272d and
A6281d. Among these mutations, A6272d was

found as statistically significant (p= 0.013) since
none of the individuals in the control group have
this mutation where as 16% of the HNSCC patients
carry it. Figure 1 shows the DNA sequencing diagrams of CO-1 gene from both a HNSCC patient
and a healthy individual for A6272d mutation.
The ratios of the A6281d mutation were found as
14% in control group and 21% in HNSCC patient
group, however it was not statistically significant
among the studied groups. Table 3 shows the frequencies of A6272d and A6281d mutations in CO-1
gene among HNSCC patient and control groups.

Table 3. Frequencies of A6272d and A6281d mutations in CO-1 gene among HNSCC pati-ent and control groups
Control

HNSCC Patients

		

CO-1 gene

n= 36 (n (%))

n= 58 (n (%))

A6272d

0 (0)

9 (16)

0.013*

A6281d

5 (14)

12 (21)

0.405
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Table 4. Frequencies of A11251G and T11017TA mutations in ND4 gene among HNSCC patient and control groups
ND4 gene

Control

HNSCC Patients

n= 30 (N (%))

n= 60 (N (%))

P value

A11251G

3 (10)

11 (18)

0.304

T11017TA

2 (7)

13 (22)

0.072

C

B

A

Figure 2. (A) 3D protein structure prediction of CO-1 protein. Image coloured by rainbow N to C terminus. Model dimensions (Å):
X: 46.739, Y: 62.339, Z: 53.112; (B) 3D protein structure prediction of CO-1(A6272d) protein. Image coloured by rainbow N to C
terminus. Model dimensions (Å): X: 47.468, Y: 62.265, Z: 54.076; (C) 3D protein structure prediction of CO-1(A6281d) protein. Image coloured by rainbow N to C terminus. Model dimensions (Å): X: 48.147, Y: 62.265, Z: 54.737

We have also searched for the mitochondrial ND4
gene region in our study. Among the studied sequences, we have found A11251G and T11017TA
mutations which may have possible correlation with
the HNSCC development. Statistically significant
difference was not found for the ratios of A11251G
mutation between patient and control groups being
18% and 10% respectively. On the other hand, we
have observed a difference between control (7%)
and patient (22%) groups for T11017TA mutation, however it was not statistically significant (p=
0.072). This mutation may be further analyzed with
the large patient and control groups in the future
studies. Table 4 shows the frequencies of A11251G
and T11017TA mutations in ND4 gene among HNSCC patient and control groups.
The data from sequence analysis were converted to
amino acid sequences for 2D and 3D structure prediction by in silico structural analyses in order to
determine whether gene mutations cause changes in
the structure of CO-1 and ND-4 proteins.

Table 5 shows 2D structure prediction of CO-1 and
ND4 proteins. There was no change in beta-sheet
pattern of CO-1 and ND-4 model proteins compared to the control group. The ratios of alpha helix
structure of ND-4 were same when we compare patients and control group for both of the mutations
A11251G and T11017TA. However, there was approximately 5% change in the alpha helix structure
of the CO-1 protein when we compare patient and
control groups for both A6272d and A6281d mutations. Figure 2 shows the 3D structure of CO-1 protein models.
DISCUSSION
A main approach that could be used to enhance HNSCC patient management is the scope for prognostic and predictive biomarkers.27 Somatic mutations
in mtDNA have been frequently observed in several
human cancers in addition to genomic DNA mutations and have been suggested as significant oncological biomarkers.31

Table 5. 2D structure prediction of CO-1, CO-1(A6272d), CO-1(A6281d) and ND4, ND4(A11251G), ND4(T11017TA) proteins
2D structure
CO-1 alpha helix percentage
ND4 alpha helix percentage

UHOD

Control

Patient (A6272d)

Patient (A6281d)

69%

73%

74%

Control

Patient(A11251G)

Patient (T11017TA)

84%

84%

83%
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In various tumors and different investigations, the
occurrence of mtDNA mutations and forms of mutations vary.32-34 The hypothesis that a substantial
ethnic difference in the pattern of DNA mutations
could influence susceptibility to environmental factors was advanced by Alonso et al. The observation
of multiple polymorphisms and varying percentages
of mutations in different ethnic groups confirms this
hypothesis.18 Therefore, determining the polymorphisms in mtDNA for different ethnic groups may
be important for proposing oncological biomarker
for the diagnosis and prognosis of HNSCC disease.
In this study, we have tried to determine possible
mtDNA mutations related to HNSCC development
for a selected Turkish patient group.
In the non-coding regulatory D-loop region, mitochondrial DNA mutations that have been observed
in HNSCC so far are most commonly detected.12,28,35
However, the biological significance of mtDNA
mutations in cancer still remains unclear. Lievre et
al. reported that there was no association in the HNSCC patient group between D-loop mutations and
prognosis or response to chemotherapy.36 On the
other hand, another study revealed that there were
no major variations in demographic and tumor-related features between the mutation group and the
non-mutation group, while patients with D-loop
mutations had higher survival rates.37
Both the non-coding and coding regions of mtDNA
may be involved in mtDNA mutations. The majority of coding mtDNA mutations in HNSCC were
non-synonymous in nature and affected primarily
by cytochrome c oxidase (Complex IV).28 Subunits
I to III of cytochrome c oxidase form the enzyme’s
catalytic center are all synthesized from mtDNA.38
In another study, it was shown that H134 SCC cell
line had three base pair changes in the CO-1 gene.
However, the base changes were all synonymous
and there was no predicted change in the amino
acid sequence of the codon.27 The remaining subunits (IV–VIII) are synthesized from cellular nuclear
DNA.38 In prostate cancer and other mitochondrial
diseases, cytochrome c oxidase dysfunction due to
mutations in different subunits has been reported.38
In the present study, we examined two of the coding mtDNA gene regions which have functions for
oxidative phosphorylation system. First gene was
114

CO-1 which belongs to OXPHOS Complex IV. According to our results, we have identified two mutations in CO-1 gene and among them we found that
A6272d mutation was statistically significant in the
studied HNSCC patient group with respect to control group. It was suprising that none of the individuals in the control group have this mutation. We
have also made in silico structural analysis for this
mutation and when we converted sequence analysis
to amino acid sequence, we observed differences in
the alpha helix structure of the protein in patients
having mutations. This result may indicate that
A6272d mutation may be associated with the HNSCC development.
Second gene that we have studied in this study was
ND4, an nicotinamide adenine dinucleotide hydrogen (NADH) dehydrogenase subunit, which belongs to OXPHOS Complex I. In the metabolic processing of carcinogenic materials, this complex has
a significant role. NADH structure changes might
thus lead to an increased probability of mutagen accumulation.12 Allegra et al. indicated that 50 percent
of HNSCC cell lines had ND4 polymorphisms.9
On the other hand, in cancer patients, mtDNA
anomalies influence the response and outcome of
therapies. Mutations in NADH dehydrogenase
subunit 4 (MT-ND4) have been reported to lead to
acquired chemoresistance during treatment of paclitaxel carboplatin in ovarian cancer.39
In HNSCC, ND4 polymorphisms and mutations are
frequent. Changes in ND4 gene have been reported
in head and neck cancer cell lines. In ten HNSCC
cell lines, 8 somatic mutations and 5 polymorphisms
were found. Among them, all of the polymorphisms
were silent and 3 of the mutations were reported as
altering the amino acid sequence.9
In our study, we detected two mutations (A11251G
and T11017TA) in the ND4 gene region. However,
according to the statistical analysis none of these
mutations were seem to be responsible for the disease development.
The mitochondrial genome differs from the nuclear
genome since it is maternally inherited. In addition, mtDNA heteroplasmy including a mixture of
mutant and normal mtDNA in cells accounts for a
considerable level of variation during embryonic
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development of somatic tissue.40 Following the first
report of somatic mtDNA mutation associated with
human cancer by Polyak et al. in 199841, mtDNA
alterations associated with cancer development and
progression have been shown in many different
cancer types. Numerous somatic mtDNA mutations were reported in a wide variety of tumors such
as, colorectal, breast, bladder, esophageal, head and
neck, ovarian, renal, leukemia, lung and thyroid, so
far.12,37,42,43
Somatic mutations are the ones that cannot be inherited by offspring but found in afterwards proliferating populations of cells. Besides somatic variations,
germline mutations which are heritable from mother
to offspring are found throughout the body of the
offspring and are useful for assigning individuals to certain haplogroups.44 This haplogrouping is
generally used for identifying relationships among
individuals and populations, but it can also possess
sequence variants that can contribute to cancer susceptibility.45 Today, the association among several
germline mtDNA mutations and a broad spectrum
of human malignancies has been widely reported.46-48 The important role of germline mtDNA variants in tumors has been noted conferring risk for
cancer, metastasis and in response to treatment.49
In the literature, there are also indications that different germline mtDNA mutations can contribute to
the development of a certain cancer type in a specific population. Different human populations can
be distinguished by different mtDNA haplogroups,
reflecting mutations accumulated by a discrete maternal lineage that are associated with genetic drift
and/or adaptive selection.50 Booker et al., showed
that a certain haplogroup was related with an increased risk for developing renal cancer in Caucasian American men and also for development of
prostate cancer.51 On the other hand, mtDNA muatations arise in oral cancer either in the germline or
in the mtDNA of the tissues indicate that mtDNA
mutations may confer selective advantage.52
Thus, the interaction between the somatic and germline mtDNA mutations synergistically increases
the effect, which accounts for the progressive course
of mitochondria-associated diseases, including cancer.53
Although somatic mtDNA alterations are the primary targets in the diagnosis and prognosis of vari-
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ous cancers as they are only carried in the tumor tissue; the complexities in dealing with the traditional
mode of cancer diagnostics have needed a shift
into finding out new areas that explores biomarkers
that are less or non invasive with easily accessible
samples such as blood, urine, saliva etc.54,55 In the
literature, there are several studies that support the
relation between somatic and germline mtDNA mutations in both tumor tissues and blood samples of
the same patients. Li et al., showed this relation in
breast cancer patients by detecting mtDNA mutations by using high-throughput sequencing method
in the blood samples of the patients.56 In addition,
Buffet et al., identified a germline mutation in the
SLC25A11 gene which codes for mitochondrial
2-oxoglutarate/malate carrier and showed the correlation with metastatic paragangliomas.57 Non-invasive methods were also reported in patients with
mtDNA-mutated head and neck cancers. Fliss et al.
reported mtDNA mutations in saliva, thus playing a
potential role in early diagnosis.12
In this study, we have focused on germline mtDNA
mutations that can be associated with HNSCC development in a Turkish patient group. The importance
of screening germline mtDNA mutations in HNSCC patient blood samples is to identify a potential
marker by using a less invasive method without taking biopsy samples from tissues. According to our
results, A6272d mutation in CO-1 gene can be a potential biomarker as a germline mutation in the studied Turkish patient group. However, this study still
have some limitations that needs to be addressed in
our future studies. First, this germline mutation is
going to be matched with the somatic mtDNA mutation from the tissue samples of the HNSCC patients.
Secondly, we are going to increase the control and
patient group numbers in order to make a more reliable decision about the incidance of the mutation in
Turkish population.
Conclusion
In this study we have focused on the alterations of
two gene regions (CO-1 and ND4) on mtDNA for
their possible role in the development on HNSCC
in a Turkish patient group. CO-1 mutations were infrequent in HNSCC where as ND4 mutations were
more common. However, for the studied Turkish
115

International Journal of Hematology and Oncology
patient group we showed that A6272d mutation in
CO-1 gene can be related to HNSCC development.
On the other hand, we cannot detect a statistically
significant alteration between patient and control
groups for ND4 gene. These differences can be due
to ethnic differences. In future studies, this germline
mutation should to be matched with the somatic
mtDNA mutation from the tissue samples of the
HNSCC patients and also control and patient group
numbers need to be increased in order to make a
more reliable decision about the incidance of the
mutation in Turkish population.
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