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Association of mitochondrial DNA displacement loop polymorphisms
and aggressive periodontitis in a Chinese population: a pilot study

Xiaoxuan Wang, Yuan Guo, and Qingxian Luan

Department of Periodontology, Peking University School and Hospital of Stomatology, Beijing, China

Abstract

To examine whether certain mitochondrial DNA (mtDNA) haplogroups and/or alterations
affect susceptibility to aggressive periodontitis (AgP), we analyzed the mtDNA D-Loop region
in a Han Chinese population. The mtDNA haplogroups were analyzed in 58 patients with AgP
and 50 periodontally healthy controls. The frequency of haplogroups A in AgP group was
significantly higher than that in the control group (p¼ 0.007). Furthermore, the frequency of
haplogroup D was higher in the control group than that in AgP group (p¼ 0.007). The
frequencies of D-Loop polymorphisms m.16126T4C, m.16290C4T and m.152 T4C were
significantly higher in patients with AgP compared with controls (p¼ 0.029, 0.014 and
0.022, respectively). Additionally, the frequencies of three other D-Loop polymorphisms,
m.16223C4T m.489 T4C and m.515CA deletion (del) were significantly lower in patients with
AgP compared with controls (p¼ 0.042, 0.003 and 0.026, respectively). Our study showed for
the first time, an association between AgP and mtDNA haplogroups. Haplogroups A was
implicated as a risk factor for AgP, while haplogroups D exhibited a protective effect in this
disease. These observations may provide a new perspective on the study of the pathogenesis of
periodontitis.
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Introduction

Aggressive periodontitis (AgP) is a rare and severe form of
periodontal disease that is characterized by early onset, rapid
disease progression and familial aggregation (Armitage, 1999).
It is generally considered that an imbalance between dental
microbial plaque formation and host immune responses contribute
to the periodontal tissue destruction in AgP, including attachment
loss and alveolar bone loss. Different host responses to microbial
plaque lead to differences in the quality and quantity of local
inflammatory and immune reactions, which causes periodontal
tissue destruction (Page et al., 1997). Genetic factors are partly
responsible for the host response to microbial plaque and, to date,
numerous nuclear genes related to inflammatory and immune
reactions have been involved to study the susceptibility of AgP
(Kinane & Hart, 2003; Loos et al., 2005).

The mitochondrial genome, which is unique in that it exists
outside the nucleus in humans, is a circular double-stranded DNA
molecule of 16,569 bp found adjacent to the mitochondrial inner
membrane. It encodes 37 genes composed of 2 rRNA genes, 22
tRNA genes and 13 genes essential for oxidative phosphorylation.
The displacement loop (D-loop) is the only noncoding region
(nucleotide position [np] 16,024–576¼ 1122 bp) of the mito-
chondrial genome which is known to accumulate alterations at a
higher frequency than the coding region (Michikawa et al., 1999).
The D-Loop region is a hot spot for mitochondrial DNA (mtDNA)
alterations containing three highly polymorphic hypervariable

segments: HV1 (np 16,024–16,383), HV2 (np 57–333) and HV3
(np 438–574; Imaizumi et al., 2002; Lutz et al., 2000; Penta et al.,
2001; Yakes & van Houten, 1997).

mtDNA haplogroups are characteristic of specific ethnic
groups. However, there are differences in the mtDNA sequence
between individuals of the same ethnic group. Most mitochondrial
mutations occur in pre-existing haplogroups and have essential
implications for the investigation of disease associations (Graven
et al., 1995; Lertrit et al., 1994; Obermaier-Kusser et al., 1994). It
is increasingly found that certain mtDNA clusters are related to
distinct disorders (Sun et al., 2012; Torroni et al., 1997). However,
the relationship between mtDNA haplogroups, alterations and
susceptibility to AgP has not yet been reported. In this study, we
analyzed the mitochondrial D-Loop region in a Han Chinese
population to examine whether certain mtDNA haplogroups and/
or alterations affect susceptibility to AgP.

Materials and methods

Subjects

The study was approved by Institutional Review Board and Ethics
Committee of Peking University Health Science Center and each
patient signed informed written consent. A total of 108 unrelated
subjects were recruited at the Department of Periodontology,
Peking University School and Hospital of Stomatology (Beijing,
China). Fifty-eight patients with AgP (mean age, 27.29� 4.453
years; 36 females and 22 males) were enrolled in the study
according to the recommendations of the 1999 International
Classification Workshop (Armitage, 1999). Fifty control subjects
(mean age�SD, 26.96� 5.387 years; 30 females and 20 males)
were periodontally healthy or showed minimal signs of periodon-
tal disease. Exclusion criteria were as follows: pregnancy, the
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presence of systemic diseases, obvious malocclusion or a history
of orthodontic treatment.

DNA extraction

Peripheral blood samples were collected from fasting participants
into a tube containing EDTA by venipuncture. Genomic DNA was
extracted from peripheral blood samples using a DNA isolation
kit (DP1801, Bioteke, Beijing, China) according to manufac-
turer’s instructions and then stored at �20 �C for later use.

Genotyping of the entire mtDNA D-loop region

Two pairs of corresponding primers (Table 1) were synthesized
and purified (Shanghai Sangon Corporation, China) according to
previously described methods (Andrews et al., 1999). The
mtDNA D-Loop region was amplified in two separate PCRs
that were performed in a 25 ml reaction volume containing 5 ml
5�PrimeSTAR Buffer (Mg2þ Plus), 35 ng genomic DNA,
200mm/each dNTP (TaKaRa, Japan), 0.2 mm/each primer, 0.625
units PrimeSTAR� HS DNA Polymerase (TaKaRa) and 15.75 ml
sterile distilled water. The single set of thermal cycling conditions
was as follows: initial denaturation at 98 �C for 5 min, 30 cycles of
98 �C for 30 s, 61 �C for 10 s and 72 �C for 1 min, followed by a
single elongation incubation at 72 �C for 10 min. Reactions were
performed using a DNA Engine PTC-200 (Bio-Rad, Hercules,
CA). After amplification, PCR products (765 bp and 954 bp,
respectively) were separated by 1% agarose gel electrophoresis of
of Goldview (SBS, Beijing, China) stained samples and visualized
using a UV transilluminator.

PCR products were purified by ethanol precipitation and
sequenced using the BigDye Terminator Cycle Sequencing Ready
Reaction kit (PE Applied Biosystems, Carlsbad, CA) on an ABI
3730 automated sequencer according to manufacturer’s
instructions.

Data analysis

Sequences were compared with the revised Cambridge Reference
Sequences (rCRS; GenBank accession number NC_012920) using
Nucleotide BLAST in NCBI (Anderson et al., 1981; Andrews
et al., 1999; http://blast.ncbi.nlm.nih.gov/) and MITOMAP (http://
www.mitomap.org). Sequence variations found in both AgP
patients and controls were checked against the MITOMAP.
Alterations that appeared in the database were reported as
polymorphisms and those not recorded in the database were
categorized as novel mutations. The haplogroup classification was
based on the phylogeny proposed by van Oven & Kayser (2009).
The ages of AgP patients and control subjects were compared by
the unpaired Student’s t-test. Chi-square tests were used to assess
the differences in the sex ratio, frequencies of haplogroups and
alterations among the two groups. Binary logistic regression
models were used to analyze the associations. Bonferroni
corrections were applied for multiple testing. Data were presented
as mean�SD and p values below 0.05 were considered
statistically significant. All statistical analyses were performed

using the Statistical Package for Social Science program
(SPSS13.0 for Windows (Chicago, IL)).

Results

Patient background and clinical periodontal
characteristics

The genotyping of the mtDNA D-Loop region was completed in
58 patients with AgP and 50 controls. Comparisons of the
background characteristics, including age and sex ratio, showed
that there was no difference between the AgP and control groups
(Table 2).

The typical clinical periodontal characteristics are shown in
Figure 1(A). The full mouth X-ray investigation showed severe,
generalized alveolar bone loss in all erupted teeth of a 23-year-old
female with AgP. The alveolar bone loss was indicated as a
radiolucent projection extending from the crest into the inter-
dental septum. In contrast, normal appearance of interdental septa
was revealed in a 25-year-old healthy female (Figure 1B).

A total of 13 haplogroups were found in both AgP patients and
controls including Z, F, N9a, G, R, A, B, C, Y, Uk, T, D and M
(Table 3). The phylogenetic tree of mitochondrial haplogroup
classification, including rCRS showed the significant differences
in the frequencies of haplogroups A and D (p50.01) between the
AgP and control groups, while none were detected between the
other types of haplogroups (Figure 2).

Haplogroups A and D are associated with AgP

A significant difference in the frequency of haplogroup A was
detected between the AgP patients (8/58) and controls (0/50;
p50.01). A significant difference in the frequency of haplogroup
D was also detected between the AgP patients (8/58) and controls
(18/50; p50.01, odds ratio (OR)¼ 0.284; Figure 3).

D-Loop alterations in AgP

MtDNA alterations in D-Loop region were analyzed in blood
samples from all 58 AgP patients and 50 controls. Patients with
AgP showed comparatively higher alteration frequency compared
with the numbers of alterations identified in each individual than
controls (Table 2). In this study, we identified nine novel
mutations in the D-Loop region of patients with AgP, among
which three were nucleotide deletions, five were nucleotide
insertions, and one was base substitutions (Supplemental Table).
In addition, we identified 171 reported polymorphisms in the
D-Loop region of AgP patients and/or controls (Supplemental
Table). Overall, among the identified 171 reported polymorph-
isms, 155 were base substitutions, seven were nucleotide
deletions, and nine were nucleotide insertions. All the alterations
in the D-Loop region that had statistically significant differences
in frequency between AgP and control subjects are polymorph-
isms and listed in Table 4. The frequencies of D-Loop
polymorphisms m.16126T4C, m.16290C4T and m.152 T4C
were significantly higher in patients with AgP compared with
controls (p¼ 0.029, 0.014 and 0.022, respectively). Additionally,

Table 2. Characteristics of total study subjects.

Control group,
n¼ 50

AgP group,
n¼ 55 p Valuea

Mean age at diagnosis 26.96� 5.387 27.29� 4.453 0.726
Sex ratio (female to male) 30:20 36:22 0.826
Number of alterations 11.5� 2.279 12.62� 2.758 0.025

aValues observed after ‘‘t test.’’
AgP, aggressive periodontitis.

Table 1. PCR primers.

Primer name Primer sequence 50–30 30 positiona Length

1F TCATTGGACAAGTAGCATCC 15811 765
1R GAGTGGTTAATAGGGTGATAG 5
2F CACCATTCTCCGTGAAATCA 16420 954
2R AGGCTAAGCGTTTTGAGCTG 775

aPosition of 30-end of primer.
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the frequencies of three other D-Loop polymorphisms,
m.16223C4T m.489 T4C and m.515CA deletion (del) were
significantly lower in patients with AgP compared with controls
(p¼ 0.042, 0.003 and 0.026, respectively). M.16290C4T was
linked to mitochondrial haplogroup A while m.16126T4C,

m.152 T4C, 16223C4T and m.489 T4C were linked with
multiple mtDNA haplogroups. However, m.515CA del was not
linked to haplogroups (van Oven & Kayser, 2009).

Polymorphism in the C-stretch of the mtDNA HV1, HV2
and HV3 regions of controls

Nineteen types of C-stretch sequences detected in np 16,184–
16,193, np 303–315 and np 568–573 are shown in Table 5.
The type with the highest frequency was CCCCCTCCCC-
CCCCCCCCTCCCCCC- CCCCCC (14/50), followed by
CCCCCTCCCC- CCCCCCCTCCCCCC- CCCCCC (8/50;
Figure 4A–D). No cases were found with the same structure as
the rCRS.

Polymorphism in the C-Stretch of the mtDNA HV1, HV2
and HV3 regions of patients with aggressive periodontitis

Eighteen types of C-stretch sequences detected in np 16,184–
16,193, np 303–315 and np 568–573 are shown in Table 6. As
with the control group, the type with the highest frequency was
CCCCCTCCCC- CCCCCCCCTCCCCCC- CCCCCC (17/58),
followed by CCCCCTCCCC- CCCCCCCTCCCCCC- CCCCCC
(10/58; Figure 3A–D). No cases were found with the same
structure as the rCRS.

Discussion

A variety of nuclear genetic factors are known to be associated
with various diseases. For example, the frequency of haplotype

Figure 1. Full mouth X-ray films of a severe generalized AgP patient and a healthy control individual. (A) Severe generalized aggressive periodontitis in a
23-year-old female patient. Radiolucent projection from the crest into the interdental septum indicates alveolar bone loss. Arc-shaped loss of alveolar bone
in the first molar extends from the distal surface of the second premolar to the mesial surface of the second molar (red oval box). The arrow shows the
wedge-shaped alveolar bone loss. The bone resorption of incisors extended to the root tip (yellow oval box) and alveolar bone loss of the other tooth can
also be observed. (B) Normal radiopaque lamina dura around the roots and interdental septum in a 25-year-old female control individual.

Table 3. Haplogroups frequencies, Chi-square test and binary logistic
regression test in patients with AgP and controls.

Haplogroup
AgP

group
Control
group p Valuea OR 95%CI p Valueb

Z 3/58 2/50 1.000 – – –
F 10/58 5/50 0.278 – – –
N9a 3/58 4/50 0.839 – – –
G 2/58 3/50 0.865 – – –
R 6/58 3/50 0.642 – – –
A 8/58 0/50 0.007 – – –
B 5/58 4/50 1.000 – – –
C 4/58 2/50 0.815 – – –
Y 1/58 0/50 1.000 – – –
Uk 1/58 0/50 1.000 – – –
T 1/58 0/50 1.000 – – –
D 8/58 18/50 0.007 0.284 0.111–0.731 0.009
M 6/58 9/50 0.251 – – –

aChi-square test was applicated.
bIf the distribution frequencies of haplogroups were significantly different

between AgP group and control group, binary logistic regression models
were further used to analyze the association between the mtDNA
haplogroups and AgP.

The boldface values represent that there is no need to do the binary
logistic regression test or the data cannot be analyzed by the test.
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‘‘-12915T-301 G-546 C’’ (formyl peptide receptor 1 gene) was
significantly higher in AgP patients than in healthy control
subjects (Gunji et al., 2007). However, the role of nuclear DNA
mutations in diseases is highly complex; mtDNA may provide a

better defined approach to the exploration of these effects. The
human complete mitochondrial genome was first sequenced in
1981 (Anderson et al., 1981) and subsequently, details of
numerous polymorphisms, mutations, haplogroups and haplo-
types have been reported (Sun et al., 2012).

The mitochondrial D-Loop is a hot spot for mtDNA alterations
and thus sequence alterations of the D-Loop may contribute to
altered replication and/or transcription of mitochondrial genes
(Clayton, 2000). This directed our attention to this mtDNA
region. MtDNA haplogroups can be classified according to the D-
Loop polymorphisms. Certain mtDNA haplogroups are known
contribute to the genetic susceptibility to various disorders
(Hofmann et al., 1997). For diabetes mellitus, haplogroup M is
a protective factor due to the mitochondrial A10398G poly-
morphism (Liao et al., 2008), while haplogroup N is a risk factor
for breast and esophageal cancer due to the mtDNA G10398A
polymorphism (Darvishi et al., 2007). It has been suggested that
haplogroups A and M7 are risk factors for chronic obstructive
pulmonary disease (COPD), while haplogroups D, F, and M9 are
related to individual COPD resistance in Han Chinese populations
(Zheng et al., 2012a). Furthermore, haplogroups D and F have
been implicated in decreased risk of lung cancer, whereas
haplogroups G and M7 are risk factors (Zheng et al., 2012b).
Haplogroups D, D4a, and D5 might increase the susceptibility for
esophageal cancer in the two high-risk areas in China (Li et al.,
2011). Some studies have reported the sequences of the HV1,
HV2 and HV3 regions of mtDNA in recurrent oral ulceration
(ROU) patients and indicated that haplogroups D5 and R function
as protective factors for ROU (Sun et al., 2012). This phenomenon
has not yet been described for AgP patients. Accumulation of D-
Loop alterations has also been reported in several complex human
diseases (Chen et al., 2012; Michikawa et al., 1999; Mueller et al.,
2011; Wang et al., 2011), but they have not yet been systemat-
ically characterized in AgP. In this study, we report for the first
time a comprehensive study of D-Loop alterations in AgP.

We identified haplogroups associated with AgP by sequencing
the D-Loop region containing the HV1, HV2 and HV3 regions. In
our study, the distribution frequencies of haplogroups A in AgP
patients was significantly higher than that in the controls, thus
implicating haplogroup A as a risk factor that increase the
incidence of AgP (p¼ 0.007). In contrast, the frequency of
haplogroup D in AgP patients was lower than that in the controls,
indicating that haplogroup D is a protective factor for AgP

Figure 2. The phylogenetic tree of mitochon-
drial haplogroup classification, including
revised Cambridge Reference Sequence
(rCRS). The diagnostic mitochondrial D-
Loop region DNA variation markers used for
haplogroup classification, according to the
mitochondrial DNA rCRS, are reported along
the tree branches. The tree is rooted in
macrohaplogroup L3. Suffix «d» indicates
deletion.

Figure 3. Differential distribution of frequencies of mtDNA haplogroups
in the AgP and control groups. The x-axis shows two mtDNA
haplogroups and the y-axis shows percentage frequencies of subjects.
*Represents p50.01.

Table 4. Polymorphisms in mtDNA D-Loop region with statistically
significant differences between AgP patients and controls.

Mitochondrial
polymorphisms

AgP
group

Control
group

p
Valuea OR 95%CI

p
Valueb

16126 6/58 0/50 0.029 – – –
16223 32/58 37/50 0.042 0.432 0.191–0.979 0.044
16290 7/58 0/50 0.014 – – –
152 22/58 9/50 0.022 2.784 1.137–6.816 0.025
489 23/58 34/50 0.003 0.309 0.140–0.684 0.004
515 4/58 12/50 0.026 0.235 0.070–0.783 0.018

aChi-square test was applicated.
bIf the distribution frequencies of polymorphisms were significantly

different between AgP group and control group, binary logistic
regression models were further used to analyze the association between
the polymorphisms and AgP.

The boldface values represent that the data cannot be analyzed by the
binary logistic regression test.
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[p¼ 0.009, OR¼ 0.284(0.111–0.731)]. To our knowledge, it is the
first study to trace mtDNA H variants in patients with AgP.

The haplogroup A is characterized by several D-Loop
polymorphisms such as m.235 A4G, m.16290C4T, and
m.16319G4A, which we used for genotyping. And the

haplogroup D is characterized by D-Loop polymorphism
m.16362T4C. We found that the frequency of D-Loop poly-
morphism m.16126T4C, m.16290C4T and m.152 T4C was
higher in patients with AgP than in controls (p¼ 0.029, 0.014 and
0.022, respectively). Furthermore, m.16223C4T m.489 T4C

Figure 4. The sequences of mtDNA np 16,184–16,193, np 303–315 and np 568–573. (A) np 16,184–16,193, CCCCCTCCCC; (B) np 303–315,
CCCCCCCCTCCCCCC; (C) np 568–573, CCCCCC; (D) np 303–315, CCCCCCCTCCCCCC.

Table 5. C-stretch sequences and frequencies of mtDNA HV1, HV2 and HV3 regions in the controls.

C-Stretch sequences

np 16,184–16,193 np 305–315 np 568–573 n %

1 CTCCCTCCCC CCCCCCCTCCCCCC CCCCCC 1 1/50
2 TCCCCTCCCC CCCCCCCTCCCCCC CCCCCC 3 3/50
3 CCCCCTCCCC CCCCCCCCCTCCCCCC CCCCCC 3 3/50
4 CCCCCTCCCC CCCCCCCTCCCCCC CCCCCC 8 8/50
5 CCCCCTCCCC CCCCCCCCTCCCCCC CCCCCC 14 14/50
6 CTCCCTCCCC CCCCCCCCTCCCCCC CCCCCC 2 2/50
7 CCCCCCCCCC CCCCCCCCTCCCCCC CCCCCCCCCCC 1 1/50
8 CCCCCCCCCCC CCCCCCCCCTCCCCCC CCCCCC 2 2/50
9 CCCCCCCCCCCC CCCCCCCCCTCCCCCC CCCCCC 3 3/50
10 CCCCCCCCCCC CCCCCCCCTCCCCCC CCCCCC 2 2/50
11 CCCCCCCCCC CCCCCCCCCTCCCCCC CCCCCC 1 1/50
12 CCCCCTCCTC CCCCCCCCTCCCCCC CCCCCC 2 2/50
13 CCCCTTCCCC CCCCCCCTCCCCCC CCCCCC 1 1/50
14 CCCCCCCCCdel CCCCCCCCCTCCCCCC CCCCCC 1 1/50
15 CCCCCTCCTC CCCCCCCTCCCCCC CCCCCC 1 1/50
16 CCCCCCCCCCC CCCCCCCTCCCCCC CCCCCC 2 2/50
17 CCCCCTCCCT CCCCCCCCTCCCCCC CCCCCCCCCCC 1 1/50
18 TCCCCCCCCC CCCCCCCTCCCCCC CCCCCC 1 1/50
19 CCCCCCCCCC CCCCCCCTCCCCCC CCCCCC 1 1/50

np, frequency of each C-stretch observed. del, nucleotide deletion, n¼ 50.
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and m.515CA del were lower in AgP patients than in controls
(p¼ 0.042, 0.003 and 0.026, respectively). Interestingly,
m.16290C4T is present only in the A haplogroup, but
m.515CA deletion is not linked with haplogroups. Other four
polymorphisms are present in several haplogroups among the
global population. In detail, m.152 T4C is present in haplogroup
A, etc; m.489 T4C in haplogroup D, etc; m.16223C4T in
haplogroup A, D and others. However, m.16126T4C is
not present in haplogroup A and D. (Coskun et al., 2003).
Therefore, the results of the mitochondrial D-Loop polymorphism
analysis are consistent with the results of mitochondrial
haplogroup frequencies. Mitochondrial polymorphisms appear
to be common in this Han Chinese population, with an average of
11–13 for each individual in reference to rCRS. The actual
number of polymorphisms may be less if the reference sequence
was of Han Chinese origin.

Substitutions in the D-Loop may constitute a haplotype with
mutations in the coding region of mtDNA. Polymorphisms in the
D-Loop may be selectively neutral; however, they are responsible
for increased risk of disease or the production of a severe clinical
outcome when combined specifically with established pathogenic
mtDNA mutations. Compared with the relatively constant char-
acteristics of the mtDNA coding region, the high degree of
variability in HV1, HV2 and HV3 presents useful criteria for
pathogenetic studies (Arnestad et al., 1999).

During this investigation of mtDNA haplogroups and alter-
ations, we observed the interesting phenomenon of the C-Stretch
generation. Polymorphism in these sequences result from infidel-
ity in the polymerase-catalyzed mtDNA replication process and
regulation of nuclear code factors (Tuo et al., 2007). It has been
reported that the polymorphism of the C-stretch is maternally
inherited based on the observation of a similar distribution along
the maternal lineage (Malik et al., 2002a). Along with an increase
in the number of cytosines, polymorphism of the C-Stretch
becomes more unstable and the mtDNA replication fidelity
declines significantly (Malik et al., 2002b). However, no signifi-
cant differences in the polymorphisms of the C-Stretch in mtDNA
were detected between the AgP and control group.

Conclusions

Pathogenesis of AgP is complicated and its heredity is not well
characterized. For the first time, our results demonstrate an

association between AgP and mtDNA haplogroups. Haplogroups
A is implicated as risk factors for AgP, while haplogroups D
appears to exert a protective effect against AgP. These observa-
tions may provide a new perspective for the investigation of the
pathogenesis of periodontitis. A larger sample size is needed to
further confirm the relation between AgP susceptibility and
haplogroup A and D.
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