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Abstract. The present study aimed to investigate gene muta-
tions in the displacement‑loop (D‑loop) region of mitochondrial 
DNA (mtDNA) in patients with oral squamous cell carcinoma 
(OSCC) in order to examine the role of gene mutation in mtDNA 
in OSCC tumorigenesis. mtDNA was obtained from cancer 
tissues, paracancerous tissues and normal mucosal tissues of 
thirty patients with OSCC. The D‑loop region of the mtDNA 
was amplified using polymerase chain reaction, sequenced 
and then analyzed by Chromas software and BLAST to iden-
tify the mutation sites. Mutations in the D‑loop region were 
observed in the cancer tissue samples of eight out of thirty 
cases with OSCC, with a mutation rate of 27%. There were 
nine mutations in total, including one point mutation, two base 
deletions, three insertion mutations and three heterozygous 
mutations. In these mutations, base deletions were different 
from each other and heterozygous mutations did not have the 
same mutation form; however, the three insertion mutations 
were the same, consisting of an insertion of a C base. One 
case contained a T/A heterozygous mutation as well as base 
insertion of C. The eight cases with mutations in the D‑loop 
region consisted of three cases of tongue cancer, two cases of 
soft palate cancer, one case of floor of the mouth cancer, one 
case of oropharyngeal cancer and one case of lip cancer. This 
study demonstrated mutations in the mtDNA D‑loop region in 
OSCC cells; however, the association between occurrences of 
OSCC and mtDNA mutations requires further investigation.

Introduction

Oral squamous cell carcinoma (OSCC) is the most common 
malignancy of the oral and maxillofacial region, and the sixth 
most common type of tumor worldwide (1). Although surgical 
treatment, radiotherapy and chemotherapy have been regarded 

as mature technologies, the prognosis of patients with OSCC 
remains poor and the overall 5‑year survival rates have 
remained at 50% (2). Therefore, further investigation into the 
pathogenesis of OSCC continues to be important.

The majority of human cancer types are characterized by 
genetic instabilities. Mitochondrial DNA (mtDNA) is the only 
genetic material of the human genome, with the exception 
of nuclear DNA (3‑5). mtDNA somatic mutations have been 
increasingly observed in human cancer, such as stomach, liver 
and lung cancer (6‑8), and have been proposed as important 
oncological biomarkers. However, the biological significance 
of mtDNA mutations in OSCC remains to be elucidated. 
The displacement‑loop (D‑loop) region, the only non‑coding 
region in mtDNA, is considered to be important as it is the 
major control site for mtDNA expression and it is also involved 
in mtDNA replication. Mutations occur throughout the mito-
chondrial genome in tumors, but are most frequently detected 
in the D‑loop region (6,7).

In the present study, gene mutations in the D‑loop region 
of mtDNA were investigated in thirty patients with OSCC 
in order to examine the role of gene mutations of mtDNA in 
OSCC tumorigenesis.

Materials and methods

Patients and samples. Tumor samples were obtained from 
resected specimens of 30 patients with primary OSCC in the 
Department of Oral and Maxillofacial Surgery, Affiliated 
Hospital Medical College Qingdao University (Qingdao, 
China) between March, 2009 and June, 2010. The study was 
approved by the ethics committee of the Affiliated Hospital 
of Qingdao University (Qingdao, China). Written informed 
consent was obtained from all patients or their families. Fresh 
cancer tissues, paracancerous tissues and normal mucosal 
tissues from the same patient were obtained and immediately 
put into 1.5 ml frozen pipes for preservation in ‑196˚C liquid 
nitrogen. The patients consisted of 21 males and nine females, 
and ranged in age between 29 and 72 years old (mean age, 
56.5 years). The tumor sites included 11 tongue cancers, six 
gingival cancers, four floor of the mouth cancers, four soft 
palate cancers, two buccal mucosa cancers, two oropharyngeal 
cancers and one lip cancer.

Extraction of mtDNA. A total of 30 mg tissue of the sample 
was extracted as required and ground into a fine powder, 
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then mtDNA was extracted using an mtDNA extraction kit 
(Shanghai Genmed Pharmaceutical Scientific Company, 
Shanghai, China). The purity and content of the mtDNA were 
measured using an ultra trace spectrophotometer (NanoDrop 
ND‑2000C; Thermo Fisher Scientific, Waltham, MA, USA). 
The value required was A280/A260>1.80, which meant 20 µl 
(2 ng/µl) mtDNA was obtained.

Polymerase chain react ion (PCR) amplif icat ion. 
The PCR amplification primer sequences were as 
fol lows: P1,  5'‑TGATGTGAGCCCGTCTAAAC‑3'; 
P 2 ,  5 ' ‑ GA A TCG GAG GACA ACCAGTA‑3 ';  P 3: 
5'‑TATCCCGCACA AGAGTGCTACTC‑3'  and P4: 

5'‑CTCCAGCGTCTCGCAATGCTA‑3' which resulted in 
an amplification product of 1,450 bp, including the D‑loop 
region. Amplification was accomplished with a 50 µl PCR 
reaction using 25 µl of Power Taq PCR MasterMix polymerase 
(DR100A; Takara Bio, Inc., Otsu, Japan) and 3 µl template DNA 
(including 15 µl of upstream and 1.5 µl of downstream primers 
supplied by Shanghai Sangon Biological Engineering Co., Ltd, 
Shanghai, China). The PCR conditions were as follows: 94˚C 
for 5 min, 35 cycles of 94˚C for 1 min, 55˚C for 1 min, 72˚C for 
2 min and then an extension step at 72˚C for 7 min followed by 
holding at 4˚C. The specificity of the reactions was confirmed 
using agarose gel electrophoresis. The concentration of each 
purified PCR product was measured using a Tanon 2500 gel 

Table I. Sequences of primers.

Primer	 Sequence

P1	 5'‑TGATGTGAGCCCGTCTAAAC‑3'
P2	 5'‑GAATCGGAGGACAACCAGTA‑3'
P3	 5'‑TATCCCGCACAAGAGTGCTACTC‑3'
P4	 5'‑CTCCAGCGTCTCGCAATGCTA‑3'

Table II. Mutations in the displacement‑loop region of mitochondrial DNA in oral squamous cell carcinoma.

Sample				    Mutation	 Seq.	 Seq.	 Sequence of
no.	 Age	 Gender	 Pathology	 site	 normal	 adjacent	 cancer tissue

1	 57	 Male	 Well‑differentiated SCC	 249	 A	 A	 Deletion mutants A
2	 67	 Male	 Moderately‑differentiated	 16289	 T	 T	 Replacement mutation C
			   SCC
3	 29	 Female	 Well‑differentiated SCC	 519	 T,G	 T,G	 Deletion mutants T,G
4	 72	 Male	 Well‑differentiated SCC	 313	 None	 None	 Insertional mutagenesis C
5	 67	 Male	 Moderately‑differentiated	 16088	 G	 G	 Heterozygous mutation G,A
			   SCC
6	 61	 Male	 Moderately‑differentiated	 313	 None	 None	 Insertional mutagenesis C
			   SCC
7	 55	 Male	 Well‑differentiated SCC	 16263	 C	 C	 Heterozygous mutation C,T
8	 31	 Male	 Well‑differentiated SCC	 313	 None T	 None T	 Insertional mutagenesis C,
				    16522			   Heterozygous mutation T,A

SCC, squamous cell carcinoma; Seq. normal, sequence in normal tissue; Seq. adjacent, sequence in adjacent tissue.

Figure 1. Results of electrophoresis of the mitochondrial DNA polymerase chain reaction product of a random selection of patient cases. Lanes: M: marker;1‑7: 
samples; C: negative control.
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imaging analysis system (Tanon Science and Technology Co., 
Ltd., Shanghai, China).

Gene sequencing and analysis. All PCR products were purified 
and sequenced by Shanghai Maipu Biotechnology Company 
according to the manufacturer's instructions. There were 
four primers as shown in Table I. Chromas software (2.3.0.0; 
Technelysium, Brisbane, Australia) and BLAST (http://blast.
ncbi.nlm.nih.gov/Blast.cgi) were used to analyze the sequencing 

and to search mutations. The sequences of D‑loop region 
mtDNA in the present study were compared with the Cambridge 
Standard sequence in GenBank (http://www.ncbi.nlm.nih.gov/
genbank/). If the sequences in normal tissue, adjacent tissue and 
cancer tissue were the identical, but differed to the Cambridge 
Standard sequence provided in GenBank, they were identified 
as single nucleotide polymorphisms. Mutations were identified 
if the sequence in normal tissue was identical to that of adjacent 
tissue, but differed to that of cancer tissue.

Figure 2. Sequencing results revealed clear peaks. Black marker indicates mutations in the cancer tissues, compared with paracancerous tissue and normal tissue.

Figure 3. BLAST was used to compare the sequencing results with the Cambridge sequence in GenBank. There were multiple single nucleotide polymor-
phisms in each case of oral squamous cell carcinoma.
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Statistical analysis. Statistical analysis using the χ2 test and 
identification of significant mutations were performed using 
SPSS 16.0 software (SPSS, Inc., Chicago, IL, USA).

Results

PCR amplification and sequencing. All PCR amplifica-
tion products of the thirty cases with OSCC exhibited a 
1,450‑bp fragment of the mtDNA D‑loop region, (Fig. 1). The 
sequencing results demonstrated clear peaks (Fig. 2). The first 
line presents the cancer tissue sequence, the second presents 
the adjacent tissue sequence and the third presents normal 
tissue. Black markers indicate the mutation in cancer tissue, 
which was identified as blue peak C differed to red peak T at 
the same position in the adjacent and normal tissues.

Analysis of sequencing. There were multiple single nucleotides 
polymorphisms in each case of OSCC when compared with 
the mtDNA Cambridge sequence in GenBank (http://www.
ncbi.nlm.nih.gov/genbank/) as shown in Fig. 3. Mutations in 
the D‑loop region were identified in the cancer tissue samples 
of 8/30 cases with OSCC, with a mutation rate of 27%. There 
were nine mutations in total, including one point mutation, 
two base deletions, three insertion mutations and three hetero-
zygous mutations. In these mutations, base deletions were 
different from each other and heterozygous mutations did not 
have the same mutation form; however, the three insertion 
mutations were the same, consisting of an insertion of a C 
base. One case contained a T/A heterozygous mutation as well 
as a base insertion of C (Table II).

Clinical significance. The eight cases with a mutation in the 
D‑loop region consisted of three tongue cancers, two soft 
palate cancers, one floor of the mouth cancer, one oropharyn-
geal cancer and one lip cancer.

Discussion

mtDNA is the only genetic material of the human genome 
not contained in the nucleus. It is present in a closed 
double‑stranded state, with a total length of 16,569  bp, 
containing 37 genes, including the structural genes encoding 
the thirteen protein subunits, 12S  rRNA, 16S  rRNA and 
2S  tRNA, that make up the oxidative phosphorylation 
system. The D‑loop region, the only non‑coding region in 
mtDNA, is located at basepairs 1,602‑577, accounting for 6% 
of the total mtDNA. The D‑loop region is the major control 
site in the regulation of mtDNA transcription and is also 
involved in mtDNA replication (3‑5). In recent years, somatic 
mutations in the mtDNA have been increasingly observed 
in human cancers, such as stomach (6), liver (7), lung (8), 
ovarian (9), breast (10) and pancreatic cancer (11). Mutations 
occur throughout the mitochondrial genome in tumors, but 
are most frequently detected in the D‑loop region. At present, 
studies investigating the mtDNA mutations in head and neck 
tumors remain rare.

In our previous small sample study, it was demonstrated 
that there were mutation sites in the D‑loop region of mtDNA in 
three out of seven OSCC cases and numerous single nucleotide 
polymorphisms in the D‑loop region in all cases. In the present 

study, a larger sample study, the D‑loop region of mtDNA in 
thirty patients with OSCC was screened and the rate of gene 
mutation in the D‑loop region was 27%, which was similar to 
other studies in which the mutation rates in human cancers 
were 20‑78% (12‑14).

Excluding single nucleotide polymorphisms, nine muta-
tion sites were found in the D‑loop region of mtDNA in the 
present study and insertional mutagenesis C at site 313 was 
also observed, which was similar to that identified in liver 
cancer and colorectal cancer (13‑14). Site 313 mutations may 
affect the regulation of mtDNA transcription and may be an 
important area of mtDNA investigation in the future.

Bragoszewski et al (15) investigated mtDNA in ovarian 
cancer and identified heterozygous mutations, such as C/T 
replacement at site 16,193 and site 16,218 and G/A replacement 
at site 16,391, which were seldom reported in the literature. In 
the present study, there were similar mutations in the D‑loop 
region of mtDNA which, as a regulatory area, may be able 
to reduce mtDNA replication and ND6 transcription. It was 
hypothesized that these heterozygous mutations were rare 
mutation sites and require further investigation.

Certain gene mutation sites in mtDNA, which are closely 
associated with tumorigenesis and progression, have already 
been identified  (16). However, the functional significance 
of mutations in the D‑loop region of mtDNA and its role in 
tumorigenesis remain to be elucidated and require further 
investigation at the protein level and in larger samples. These 
mutations may in the future provide novel markers for early 
clinical diagnosis and novel targets for chemotherapy.
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