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Objective: The aim of the present study was to investigate the D-loop gene mutation and 
microsatellite instability in the mitochondrial DNA (mtDNA) and the correlation with the 
clinical and pathological parameters in laryngeal cancer.
Methods: The tumor tissues and paratumor tissues in 60 cases of laryngeal cancer were 
selected, and DNA was extracted from these tissues. The D-loop region in mtDNA was 
amplified by PCR with the gene sequence of the amplified product being detected. The gene 
sequence of the detected region was compared with the revised Cambridge Reference 
Sequence (rCRS) and the related database by using the Mitomaster software. The correlation 
between the D-loop gene mutation and the clinical and pathological parameters was 
investigated.
Results: A total of 174 mutations across 38 sites were detected in 51 (85%) of samples. 
Most of the mutations were concentrated in the high various (HV) I region, and the main 
types of mutations were the substitution of a single base or insertion and deletion of a single 
base. There was also microsatellite instability in the D310 region. The statistical results 
showed that there was no correlation between the age, gender, tumor diameter, and TNM 
stage, and the number of the D-loop mutations in mtDNA (P > 0.05).
Conclusion: There existed high-frequency mutation of the D-loop gene in mtDNA in 
laryngeal cancer, which might play an important role in the pathogenesis of laryngeal cancer.
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Introduction
Laryngeal cancer is a relatively common malignant tumor in the head and neck, 
accounting for 1–5% of malignant tumors in the body. Squamous cell carcinomas 
account for 96–98% of laryngeal cancers. Incidences of laryngeal cancer are 
increasing yearly as the smoking population expands, and the environment deterio-
rates. In 2015, there were 26,400 new cases of laryngeal cancer in China. Among 
these, 14,500 people died. The male to female ratio was 9:1.1 The incidence of 
laryngeal cancer is high in middle-aged and older males. In recent years, more 
incidences of laryngeal cancer are being found in the younger population, with 
significant differences among different races and regions.2 In China, the incidence 
of laryngeal cancer is highest in the Northeast and the North. In the United States, 
over the past 40 years, the percentage of patients with laryngeal cancer who survive 
for five years or more has decreased from 66% to 63%,3 suggesting the need for 
innovation in detection and treatment. Mitochondria are widely involved in cellular 
activities, including the regulation of cell cycle, oxidative stress, and apoptosis.4 

Mitochondrial DNA (mtDNA) injury is closely correlated with tumors, aging, and 
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neurodegenerative diseases.5,6 The D-loop region is the 
non-coding region in mtDNA. Most of the regulatory 
sequences related to the mtDNA replication, transcription, 
and translation are found in this region, which is prone to 
mutation. Although there have been achievements in the 
field concerning the relationship between tumorigenesis 
and mitochondrial mutation, and some related research at 
home and abroad have clarified some related mechanisms, 
the research on the relationship between tumorigenesis and 
mtDNA remains unclear. Moreover, no direct relationship 
between the abnormal changes of mtDNA and tumorigen-
esis has been found so far. Although many studies have 
reported the relationship between mitochondrial gene 
mutations and various tumors, the study on the mechanism 
of laryngeal cancer has not been reported. The purpose of 
the present study was to investigate the relationship 
between the D-loop gene mutation in mtDNA and the 
clinical and pathological parameters of laryngeal cancer 
by gene sequencing.

Subjects and Methods
Case Selection
From June 2013 to June 2019, 60 patients with squamous 
cell laryngeal carcinoma were selected from the First 
Affiliated Hospital of Henan University of Science and 
Technology. No patients received radiotherapy or che-
motherapy before the operation. The age ranged between 
40–80, with an average age of 59.12 ± 10.35. There were 
55 males and five females. There were 15 cases in stage I, 
26 in stage II, ten in stage III, and nine in stage IV 
(according to the 2017 UICC staging criteria). The speci-
mens from all cases were diagnosed and screened by the 
pathological experts of the First Affiliated Hospital of 
Henan University of Science and Technology. This study 
was approved by the medical ethics committee of the 
Henan University of Science and Technology. Written 
informed consent was obtained from all participants. This 
study complied with the Declaration of Helsinki.

Main Reagents and Instruments
Reagents
DNA Marker DL2000 (CB15727772 TAKARA, Japan); 
10Xbuffer (Mg2+plus) (DR001AM TAKARA, Japan); 
dNTPs (DR001AM TAKARA, Japan); Taq DNA polymer-
ase (DR001AM TAKARA, Japan); agarose (D1200 
Beijing Solabo Technology Co., Ltd); Primers (JN0060- 
02 Shanghai Bioengineering Technology Co., Ltd).

Instruments
Thermo high-speed centrifuge (USA); PCR instrument 
(ABI, USA); Gel imaging system (USA); −80°C refrig-
erator (Japan).

DNA Extraction
The specimens resected during laryngeal cancer surgery 
were removed, and the central part of the specimen with 
cancer focus was taken as the cancer tissue. 
Approximately 20 mg of the cancer tissue was cut and 
placed in a centrifuge tube. The tissue was broken into cell 
suspension by a high-speed tissue homogenizer. The fol-
lowing procedures were operated according to the kit 
instructions. After a series of extraction and washing, the 
final purified DNA solution was placed in a −20°C refrig-
erator for storage and further detection.

PCR Reaction
The sequence in the D-loop region in mtDNA was the target 
sequence with a full length of 1122 bp. The primers and 
probes were synthesized by the Shanghai Bioengineering 
Technology Service Co., Ltd. The sequences of primers 
were as follows: the upper primer 5′- 
CCATTAGCACCCAAAGCTAAG-3′, the lower primer 5′- 
TGCTTTGAGGTAAGCTACA-3′. The reaction system was 
50 μL, with 5 μL of the 10 × buffer (Mg2+ plus) solution, 4 
μL of the mixture of dNTP, 0.25 μL of the DNA polymerase, 
and 1 μL of the upper primer and 1 μL of the lower primer, 1 
μL of the template DNA, and 37.75 μL of distilled water. 
The reaction conditions were as follows: 94°C 30s, 55°C 
30s, 72°C 90s, with a total of 30 cycles. The electrophoresis 
of the PCR products was under the condition of 120V for 30 
minutes. After the electrophoresis, the gel imaging system 
was used to take photos to confirm that the amplified frag-
ment was the desired target fragment.

Gene Sequencing
The purification of the PCR products and the determination 
of gene sequences were completed by the Beijing Sequencing 
Department of Shanghai Yingjun Biotechnology Co., Ltd. 
The quality of the peak map was evaluated by Chromas 
2.31 software, and the samples with low quality were re- 
sequenced. After landing on the website (https://www.Ncbi. 
Nlm.Nih.gov), the “Align two (or more) sequences using 
BLAST” software was used to compare the gene sequence 
of laryngeal cancer tissue with the Cambridge standard 
sequence. Once the mutation site is identified, the Chromas 
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software should be adopted to observe the sequencing peak 
and compare it with the database’s reported mutation site. If 
there is no report, it is considered a novel mutation. At the 
same time, these mutation sites were compared with the sub- 
database of the polymorphic sites of the mtDB database. If 
the mutation frequency was more than 1% in all populations 
tested in the database, it was regarded as the single nucleotide 
polymorphism (SNP). The gene sequencing data was pro-
vided in the Supplementary Document.

Statistical Analysis
The Prism GraphPad 5.0 software was used for statistical 
analysis of the results. The Pearson’s or the Spearman 
correlation test was adopted to test the correlation between 
the two variables, and χ2 test was used to compare the 
number of mutations between genders. P < 0.05 was 
considered statistically significant.

Results
Results of the mtDNA PCR Product
The length of the target gene was 1122bp after the PCR 
amplification of the full length of the D-loop region 
(Figure 1). A single bright band was demonstrated by the 
gel imaging instrument, and the molecular weight was 
determined by the standard of DL2000DNAMark.

Sequencing Results and Analysis
Among the 60 samples, 38 mutation sites had been 
detected in 51 samples (85%), with a total of 174 muta-
tions. In three HV in the D-loop, 160 mutations had been 
detected, accounting for 91.9% of the total mutations 

(Table 1). Microsatellite instability existed in the D310 
regions in 15 cases (25%) (Figure 2), mainly manifested 
as the increased insertion of poly-C. Among them, nine 
cases showed insertion of one base C, six cases showed 
insertion of two bases, and the base pair exchanges within 
a microsatellite were found in two cases (Figure 3).

The Correlation Between the D-Loop 
Region Mutation in mtDNA and the 
Clinical and Pathological Parameters in 
Laryngeal Cancer
As shown in Table 2, there was no correlation between the 
age, gender, tumor diameter, TNM stage, and the number 
of the D-loop mutations in mtDNA in the 51 specimens 
with mutations (P > 0.05).

Discussion
Mitochondria are the only organelles with DNA outside 
the nucleus in the eukaryotes, which are the main sites for 
oxidative phosphorylation to produce active oxygen and 
provide necessary energy and oxygen radicals for cell 
activities. When mtDNA mutation occurs, the cellular 
energy supply is dysfunctional, and a large number of 
ROS are produced. This leads to changes in cell function 
and even cell necrosis, thus showing a variety of clinical 
symptoms. Mitochondrial dysfunction may play an impor-
tant role in tumor development, early diagnosis, drug 
resistance, prevention of recurrence, and prognosis.7–9 

MtDNA is a closed-loop double-stranded DNA molecule 
composed of 16,569 base pairs. As the main non-coding 
region, the D-loop region of npl6024-np576 is responsible 

Figure 1 Results of the mtDNA PCR product.
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for regulating mtDNA replication and transcription.10 

Sanchez-Cespedes et al11 found that 41% of head and 
neck squamous cell carcinoma had mutations in the 

D-loop region, including the deletion, insertion, and point 
mutation. Ha et al12 revealed that patients with head and 
neck tumors had the change of poly-C in the D-loop region 

Table 1 Sequencing Results and Analysis

No. Nucleotide 
Site

Type of 
Mutation

Number of 
Mutation 
(%)

High 
Various

No. Nucleotide 
Site

Type of 
Mutation

Number of 
Mutation 
(%)

High 
Various

1 125 T→G 2(3.3) II 20 16,203 A→G 2(3.3) I

2 151 C→T 5(8.3) II 21 16,245 C→G 2(3.3) I
3 186 C→G 1(1.6) II 22 16,258 A→C 4(6.7) I

4 189 A→G 1(1.6) II 23 16,265 A→C 2(3.3) I

5 194 C→T 2(3.3) II 24 16,273 G→A 3(5.0) I
6 199 T→C 2(3.3) II 25 16,288 T→C 2(3.3) I

7 207 G→A 1(1.6) II 26 16,290 C→T 5(8.3) I
8 235 C→T 31(52.0) II 27 16293 A→C 3(5.0) I

9 310 T→G 45(75.0) II 28 16,297 T→C 2(3.3) I

10 499 G→A 24(40.0) III 29 16,314 A→G 2(3.3) I
11 16,086 T→C 1(1.6) I 30 16,319 G→A 1(1.6)

12 16,093 T→C 2(3.3) I 31 16,322 A→T 2(3.3)

13 16,111 C→T 2(3.3) I 32 16,325 T→C 2(3.3)
14 16,126 T→C 2(3.3) I 33 16,344 C→T 2(3.3)

15 16,172 T→C 3(5.0) I 34 16,357 T→C 2(3.3)

16 16,186 C→T 4(6.7) I 35 16,384 G→A 1(1.6)
17 16,188 T→C 2(3.3) I 36 16,390 G→A 1(1.6)

18 16,193 A→C 2(3.3) I 37 16,450 G→C 2(3.3)

19 16,196 G→A 1(1.6) I 38 16,455 G→C 1(1.6)

Figure 2 Microsatellite instability in D310 region (insertion of base pair C).

Figure 3 Microsatellite instability in D310 region (T, C exchange).
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of mtDNA. Our experiment confirmed this. In recent 
years, the D-loop region is agreed to be the HV of 
mtDNA mutations. In the present study, 91.9% of the 
mutation sites were concentrated in the HV region, con-
sistent with the above view. Microsatellites are the short 
tandem repeats in the human genome. Microsatellite 
instability refers to the changes of microsatellite in length 
and the emergence of new microsatellite alleles in tumors 
due to the insertion or deletion of repeat units compared 
with normal tissues. Habano et al13 first proposed the 
mitochondrial microsatellite instability in a study on rectal 
cancer. In the present study, microsatellite instabilities 
were found in 15 cases of laryngeal cancer, mainly con-
centrated in the D310 region and manifested as the 
increase of poly-C insertion. Among these cases, nine 
showed insertion of one base C, six showed insertion of 
two bases, and base exchanges within a microsatellite 
were found in two cases. This was consistent with the 
study by Sanchez-Cespedes et al that 41% of head and 
neck squamous cell carcinoma had mutations in the 
D-loop region area.11 The HV of the D310 region may 
be related to its location in the intron, coder, and promoter 
of the gene and the repeated repair caused by slip error 
during replication.14 Therefore, the analysis of mtDNA 
mutations, especially the detection of changes in the 
D310 region, may play an important role in the cytological 
diagnosis, especially for cases with no obvious morpholo-
gical changes or rare tumor cells. In conclusion, PCR 
amplification and direct sequencing were used in the 

present study to detect the D-loop gene changes in 
mtDNA in samples of laryngeal cancer tissue. It was 
found that there were a large number of mutations and 
microsatellite instability in the D-loop region in mtDNA of 
patients with laryngeal cancer, indicating that the D-loop 
gene mutations in mtDNA may play an important role in 
the development of laryngeal cancer.
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