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a  b  s  t  r  a  c  t

Aggressive  periodontitis  (AgP)  is a form  of  periodontitis  that  affects  adolescents  and  has  a  significantly
higher  prevalence  in  individuals  of African  descent.  AgP  typically  shows  familial  aggregation,  suggesting
a  genetic  predisposition.  Young  age, good  health  status,  rapid  attachment  loss,  and  familial  aggrega-
tion  are  the  primary  features  of  this  disease.  AgP  has  been  closely  linked  to  specific  bacterial  strains
of  Aggregatibacter  actinomycetemcomitans. A.  actinomycetemcomitans  strains  isolated  from  patients  with
AgP  produce  leukotoxin  (LtxA),  which  specifically  affects  polymorphonuclear  leukocytes  in primates,
especially  humans.  High-throughput  16S rRNA  gene  sequencing  and  bioinformatics  analyses  revealed
differences  in  the  subgingival  microbiota  between  patients  with AgP  and  those  with chronic  periodonti-
tis  (ChP).  The  genera  Atopobium  and  Prevotella  show  increased  prevalences  in AgP  than  in ChP.  According
to  AgP  susceptibility,  several  single  nucleotide  polymorphisms  have  been  detected  in  different  genes  in
African descent individuals  of African  descent.  Interleukin  (IL)-1�  and  IL-1�  genetic  polymorphisms  may  be associated
with  the  severity  of  both  ChP  and  AgP. An  elevated  serum  level  of IL-17  produced  by Th17  cells  may  be  a
characteristic  of AgP.  Analyses  of  the  relationships  among  bacteria,  host  defenses,  genetic  predisposition,
and  numerous  other  factors  are  required  to  understand  the  progression  of  this  disease.

©  2021  The  Authors.  Published  by  Elsevier  Ltd on behalf  of The  Japanese  Association  for  Dental
Science.  This  is  an  open  access  article  under  the  CC  BY-NC-ND  license  (http://creativecommons.org/

b
fi

s
(
4
C
0
t
H

a

1. Introduction

Aggressive periodontitis (AgP) is rapidly progressing periodon-
titis that occurs in systemically healthy individuals [1]. This form of
periodontitis is characterized by pronounced attachment loss and
vertical alveolar bone destruction and early onset in childhood or
adolescence, whereas chronic periodontitis (ChP), a common form
of periodontitis, occurs after 30 years old [1,2]. AgP typically shows
familial aggregation, suggesting a genetic predisposition [3–5].
Young age, good health status, rapid attachment loss, and familial
aggregation are the primary features of this disease [1,2]. Local-
ized AgP (LAgP) affects the periodontal tissues of the incisors and

first molars [3,4]. In general, LAgP occurs around puberty, whereas
generalized AgP (GAgP) usually occurs before 30 years of age but
sometimes occurs at older ages [3,4]. GAgP can be localized initially
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ut over time will affect other teeth in addition to the incisors and
rst molars, eventually becoming generalized [3,4].

The reported prevalence rates of AgP vary considerably among
tudies. A meta-analysis revealed a higher AgP prevalence of 4.2%
95% confidence interval [CI] 2.0–7.1) in Africa, with a rate of
.0% (95% CI 0.9–9.1) in South Africa, compared with 1.2% (95%
I 0.5–2.2) in Asia, 0.8% (95% CI 0.4–1.4) in North America, and
.1% (95% CI 0.1–0.2) in Europe. The prevalence of LAgP appears
o be higher in individuals of African descent (6.9%) compared with
ispanic (1.92%) and Caucasian (0.14%) populations [6,7].

Unlike ChP, LAgP has been closely linked to specific strains of
 single organism, Aggregatibacter actinomycetemcomitans [8–10].
. actinomycetemcomitans strains isolated from patients with AgP
end to produce significant levels of leukotoxin (LtxA), whereas
trains isolated from healthy subjects tend to produce much lower
evels of this LtxA [11–13]. Exotoxin-producing bacteria are very

are in the oral microbiome. Of the highly leukotoxic strains, the JP2
lone differs genetically from the others. A 530-bp deletion in the
romoter region of the LtxA operon containing the ltxA gene was

ound in the JP2 clone, which resulted in increased LtxA produc-
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tion [14–16]. LtxA binds specifically to human leukocytes, causing
toxicity [16–18]. Thus, LtxA has immunosuppressive activity and
is suspected to be closely associated with AgP. Neutrophils from
humans, great apes, and most Old World monkeys are susceptible
to LtxA, whereas polymorphonuclear leukocytes (PMNs) from the
prosimii, New World monkeys, and lesser apes are not suscepti-
ble to LtxA [19,20]. These data suggest that LtxA has specificity for
particular primate PMNs and is especially potent against human
leukocytes. This specificity of LtxA limits the ability to produce ani-
mal  experimental models of A. actinomycetemcomitans infection,
which has hampered AgP research. In addition to LtxA, A. actino-
mycetemcomitans expresses cytolethal distending toxin (CDT) and
is the only known oral species to do so. The pathogenic effects of this
toxin are DNA damage, cell cycle arrest, and apoptosis of the intoxi-
cated cells [21]. The surface of A. actinomycetemcomitans is covered
by lipopolysaccharide (LPS), a potent pro-inflammatory molecule.
A previous review gives the detailed virulence-related properties
of A. actinomycetemcomitans LPS and other virulence factors [21].

LAgP has etiologically and clinically unique characteristics
compared with ChP. In the 2017 World Workshop on the Classi-
fication of Periodontal and Peri-implant Diseases and Conditions,
periodontitis was reclassified into three categories: necrotizing
periodontitis, periodontitis as a manifestation of systemic disease,
and periodontitis. The final category includes most cases of peri-
odontitis, including ChP and AgP, as a single category [22,23].
The workshop attendees agreed on a classification framework for
periodontitis further characterized based on a multidimensional
staging and grading system [22,23]. Staging is dependent upon the
severity of disease at presentation, while grading provides supple-
mental information about biological features of the disease [22,23].
Thus, ChP and AgP are classified as the same disease in the cur-
rent classification of periodontal disease. However, the purpose of
this review is to consider the etiology of AgP by comparing it with
ChP. Therefore, it will be described based on the previous classifi-
cation.

This nonsystematic review presents the clinical, epidemiologi-
cal, microbiological, immunological, and genetic characteristics of
AgP (LAgP/GAgP). The characteristics that are distinct from those
of ChP will contribute to clarification of the features of, and devel-
opment of preventive and therapeutic approaches for, this disease.

2. Clinical characteristics of aggressive periodontitis

ChP is the most common form of advanced periodontal dis-
ease affecting the general population and is a major cause of tooth
loss after the age of 30 years (Table 1) [1,2]. ChP is classified as
generalized when it affects more than 10 of the 32 teeth in the
human dentition and as localized when fewer teeth are involved
[3,4]. On the other hand, LAgP affects systemically healthy chil-
dren or adolescents and is associated with significant and rapid
progression of bone loss localized to the permanent incisors and
first molars [3,4]. Patients with LAgP have low levels of supragin-
gival plaque and inflammation despite deep periodontal pockets
and severe bone loss, whereas those with ChP have moderate to
severe inflammation with plaque and calculus. In GAgP, the disease
can be localized to the incisors and first molars initially and then
affects the other teeth over time [3,4]. It is still unclear why  LAgP
affects only the incisors and first molars. The eruption ages of the
first incisors (upper: 7–8 years, lower: 6–7 years) and first molars
(upper and lower: 6–7 years) are almost same and may  explain
why LAgP is limited to these teeth. The biological events occur-

ring at this age may  influence the localization of LAgP. In addition,
AgP shows familial aggregation, suggesting a genetic predisposi-
tion. In addition to its predominance in young healthy patients with
rapid attachment loss and familial aggregation, AgP has a num-
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er of other specific characteristics compared with ChP, including
istinct racial tropism [24]. A study by the National Institute of
ental and Craniofacial Research in 1987, performed in 11,007
hildren aged 14–17 years in the USA, reported 15.1- and 24.6-
old higher incidences of LAgP and GAgP, respectively, in African
merican than white children [25]. A study of 1200 high school
tudents in Sudan showed that the prevalence of AgP was signifi-
antly higher in students of African heritage compared with those of
fro-Arabian descent (6% vs. 2.3%, respectively, P = 0.01) [26]. Thus,

ndividuals of African descent are more sensitive to AgP than are
aucasians and Asians. Although this strict tropism is a major char-
cteristic of AgP, the reason for the increased prevalence of AgP in
ndividuals of African descent is still unclear. At present, no disease-
pecific biomarkers are available to distinguish between ChP and
gP.

. Epidemiology of aggressive periodontitis

Data from the 2009–2012 National Health and Nutrition Exam-
nation Survey (NHANES) cycles estimated that over 46% of the
dult population in the United States has periodontitis and con-
luded that periodontitis is ubiquitous in elderly individuals [26].
revious epidemiological studies of AgP showed that its prevalence
aries among racial groups and/or countries [25–28]. However,
irect comparisons are not possible due to differences in condi-
ions (study population, evaluation criteria, etc.) among studies.
aking these differences into account, the prevalence of AgP ranges
rom 0.13%, according to a survey performed in Iran, to 9.9%,
ccording to a survey performed in Brazil [29,30]. The wide range
mong countries is reasonable considering that this infectious dis-
ase shows racial tropism. The prevalence of LAgP is much lower
han that of ChP in most populations, with a prevalence of >50%.

any investigations have reported a higher prevalence of LAgP
n individuals of African and Middle Eastern descent and a rela-
ively low prevalence in individuals of Caucasian and Asian descent
31,32].

. Aggregatibacter actinomycetemcomitans as a causative
icroorganism of aggressive periodontitis

A. actinomycetemcomitans, a gram-negative coccobacillus and
onmotile component of the oral microflora [33], was recovered

rom the subgingival plaque of some patients with LAgP from
frica, the Middle East, Brazil, and the USA [34–39]. In contrast,

his organism was not recovered from LAgP patients in Asian pop-
lations, including Japan and China, or in Caucasian populations
24]. These findings suggest that LAgP has no significant associa-
ion with this organism in patients from these regions. There are a
umber of possible explanations for these differences. Some strains
f A. actinomycetemcomitans show enhanced production of LtxA
haracterized by a 530-bp deletion in the promoter region of the
txA operon [34,40]. Of 326 isolates from 29 countries, including
hose in Asia, Europe, Africa, South America, and North America,
8 belonged to a single clone of serotype b with a 530-bp dele-
ion in the promoter region of the LtxA operon. Among these 38
solates, 36 were associated with LAgP. Research regarding the
eographic dissemination of this clone revealed that all subjects
arrying this clone had a genetic affiliation with African popula-
ions [24,41]. These results suggest that AgP in some adolescents of
frican descent is associated with this clone of A. actinomycetem-
omitans, and that A. actinomycetemcomitans has racial tropism.

here is a marked contrast in the etiology of LAgP between Cau-
asians and patients genetically associated with certain African
opulations. Haubek et al. reported that AgP may represent two dif-

erent types of disease with distinct etiologies and epidemiologies
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Table  1
Characteristics of aggressive periodontitis and chronic periodontitis.

Aggressive periodontitis Chronic periodontitis Sources

Locus Locarized: first molars and incisors All tooth 3, 4
Age  Up to 30 years After 30 years 1, 2
Clinical features Rapid and vertical bone loss Slow and horizontal bone loss 1, 2

Low  levels of supragingival plaque and inflammation Moderate to severe inflammation with plaque and calculus
Epidemiologic Rare (prevalence 0.1−2%) Common (prevalence 40−50%) 6, 7
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Race  African-Americans, Middle Easterners, Hispanic 

Microbiological Aggregatibacter actinomycetemcomitans 

Genetic Familial aggregation 

[24]. In the first type, a diverse array of A. actinomycetemcomitans
clones found worldwide act as opportunistic pathogens, whereas
the second is a particular clonal type of A. actinomycetemcomi-
tans serotype b characterized by the 530-bp promoter deletion and
acts as an exogenous pathogen [24]. A. actinomycetemcomitans is
dominant in patients with AgP in Brazil, whereas Porphyromonas
gingivalis is abundant in the subgingival plaque and saliva of Chi-
nese patients with AgP [42–45]. In research performed in the
U.S., the detection rate of A. actinomycetemcomitans was high in
African American and Hispanic populations, lower in Asian, Pacific
Islander, and Caucasian populations, and negligible in Native Amer-
ican and Alaskan Native populations [24]. That longitudinal study
concluded that the presence of A. actinomycetemcomitans, Strep-
tococcus parasanguinis,  and Filifactor alocis together at a site is
an indicator of future bone loss in LAgP [46]. These data clearly
indicate the racial tropism of A. actinomycetemcomitans. However,
a LAgP has also been observed in non-African or non-Hispanic
populations, races in which A. actinomycetemcomitans has not
been detected [47]. Based on these observations, we  speculated
that the LAgP has a distinct etiology, and that the so-called AgP
disease state differs among races. That is, there may  be two dif-
ferent disease states, i.e., A. actinomycetemcomitans-related and
-unrelated AgP, which need to be clarified among different racial
groups.

5. Comparison of the microbiome between aggressive
periodontitis and chronic periodontitis

As described above, the 2017 World Workshop on the Classi-
fication of Periodontal and Peri-Implant Diseases and Conditions
grouped the diseases previously recognized as ChP or AgP under
the same category as “periodontitis” [22,23]. Previous studies
attempted to identify microbiological elements that allow differ-
ential diagnosis between AgP and ChP, but the suggestion that AgP
has a distinct microbiological pathogenesis from that of ChP has
not been confirmed [48] A systematic review revealed that 13 of
56 articles reported that A. actinomycetemcomitans was elevated in
AgP compared with ChP in subgingival microbiota, while Fusobac-
terium nucleatum,  Parvimonas micra, and Campylobacter rectus were
elevated in AgP in a few studies [49]. None of these species were
elevated in ChP. However, of these studies, most did not find a
statistical difference between AgP and ChP [49]. Therefore, this
systematic review suggested an association of A. actinomycetem-
comitans with AgP. However, no bacterial species studied to date
is specific to AgP and ChP or can distinguish between them. One
polymerase chain reaction (PCR)-based study revealed a relation-
ship between the presence of highly toxic or low toxic strains of
A. actinomycetemcomitans in the subgingival microbiota and the
occurrence of AgP [50]. The prevalence of JP2 and non-JP2 clones
was analyzed in 180 young African-Americans with/without LAgP

in north Florida [50]. Of the 60 LAgP subjects, JP2 was  positive in 45
(75%) diseased sites and 34 (56.67%) healthy sites. JP2 carriage was
detected in 16 (26.67%) of 60 healthy siblings (HS) and 24 (40%) in
60 unrelated healthy controls (HC). Non-JP2 was  equally positive
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No specific ethnic distribution 6, 7
Anaerobic gram-negative rods 8, 9, 10
No familial aggregation 1, 2, 3, 4, 5

n = 11, 18.33%) in both diseased and healthy sites of LAgP subjects:
 (10%) HS sites and 3 (5%) HC sites. Thus, the presence of the JP2
equence is strongly associated with LAgP-diseased sites in young
frican-American, significantly more so than non-JP2 [50]. High-

hroughput 16S rRNA gene sequencing and bioinformatics analyses
evealed differences in the subgingival microbiota between AgP
nd ChP; the genera Pseudoramibacter,  Wolinella, Lactococcus, Kleb-
iella, and Bulleidia were more abundant in ChP, while Atopobium
nd Prevotella were more abundant in AgP. Within the limitation of
he small sample size (n = 3), that study indicated a shift in the sub-
ingival microbiome between healthy subjects and patients with
gP/ChP [48].

Research regarding the microbiota has progressed with the
evelopment of microbiological methodologies. For example, the
evelopment of anaerobic culture techniques revealed the con-
ribution of anaerobic bacteria to periodontal disease. However,
acteria that could not be cultured using anaerobic culture tech-
iques or culture media have been eliminated from among the
tiological candidates. Therefore, the results obtained using new
ethodologies involve bias, and interpretation of the results has

hanged accordingly. At present, the most commonly used method
s next-generation 16S rRNA gene sequencing. However, the data
btained represent the periodontal condition according to the
xtent of disease progression. Therefore, it is necessary to follow
hanges in the microbiome from disease onset to final progres-
ion. It will be necessary to characterize the dynamic changes in
he subgingival microbiome during the disease course in both AgP
nd ChP.

. Genetic factors associated with aggressive periodontitis

As described above, the incidence of AgP is higher among indi-
iduals of African descent. Therefore, there are ethnic disparities
mong patients with AgP worldwide. The etiology of infectious
isease is related to the interaction between microorganisms and
ost immunity. This is also true for periodontitis, which is a major

nfectious disease. Periodontal pathogens are oral commensals,
nd periodontitis is considered an endogenous infection. However,
here are high degrees of interindividual susceptibility to such com-

ensals, but the differences in periodontal pathogens composing
he individual microbiota cannot explain the differences in disease
everity. Multifactorial diseases, such as periodontitis, include mul-
iple biological pathways that may  contribute to similar clinical
henomena. The gene variants associated with these pathways are
onsidered susceptibility or disease-modifying loci. The number
nd types of relevant genetic variants may  vary depending on the
eriodontitis form and ethnicity. Several studies investigating the
ssociations between gene variants (polymorphisms) and AgP sus-
eptibility have been reported [51–54]. Polymorphisms can cause
lterations in the proteins encoded by the affected genes or in their

xpression. These variants result in alterations of host immune
esponses and susceptibility to pathogens. Single nucleotide poly-

orphisms (SNPs), which are relevant in periodontitis, are thought
o affect genes encoding cytokines and cytokine receptors, regula-
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Table  2
Characteristics of Leukocyte adhesion deficiency-I.

Descriptions Sources

Pathophysiology Rare disorder of leukocyte adhesion and transmigration 73
Cause  of disease Mutations in the ITGB2 gene encoding for the �2 integrin component, CD18 73
Outcome of illness Severe LAD-I (<2% of CD18-expressing neutrophils): infant mortality 73

Moderate LAD-I (2%−30% of CD18-expressing neutrophils): recurrent infections of skin and mucosal surfaces
Intraoral findings Recurrent painful oral ulcers that often impede eating 76
Periodontitis The most frequent (>50%), severe, early onset (prepubertal periodontitis) 77, 78
Characteristics of periodontitis Severe inflammation (enlarged gingiva), rapid loss of alveolar bone, tooth mobility, complete bone loss and

tooth loss
79, 80

Subgingival microbiome Reduced microbial diversity: a bacterium not typically found in subgingival plaque was also detected in LAD-I
patients (Pseudomonas aeruginosa).
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Periodontitis-associated species in the LA
Parvimonas micra, Porphyromonas endodo

Inflammations Exaggerated IL-23 and IL-17 signature wi

tors of immunity. Several SNPs in different genes with positive and
negative associations with AgP have been evaluated in populations
of African descent [55–67]. Interleukin (IL)-1 is a proinflamma-
tory mediator mainly released by monocytes, macrophages, and
dendritic cells (DCs). Genetic polymorphisms in IL-1� and IL-1�
have been suggested to be associated with the severity of ChP and
AgP [59,64,67]. In addition, polymorphisms in the genes encoding
lactoferrin, vitamin D receptor, glycosyltransferase 6 (expressed in
leukocytes involved in GATA3 signaling in immune cell develop-
ment), and other proteins have been examined [68–71]. However,
the associations are controversial due to differences in conditions
among studies (country, sample numbers, etc.).

Genome-wide association studies in AgP samples from popula-
tions in Germany and the Netherlands validated the associations of
AgP/ChP with SNPs in the sialic acid binding Ig-like lectin 5 gene
and downstream of the defensin alpha 1 and alpha 3 locus [72].
These results highlight the roles of innate and adaptive immunity
in the etiology of periodontitis.

Some hereditary diseases associated with immunodeficiency
cause periodontitis. Leukocyte adhesion deficiency type I (LAD-I)
is an autosomal recessive immunodeficiency disorder character-
ized by mutations in the CD18 subunit of �2 integrins, receptors
expressed on leukocytes, which lead to impaired adhesion and
chemotaxis (Table 2) [73,74]. LAD-I is invariably associated with
recurrent skin infections that can be chronic and refractory to treat-
ment [75]. In addition to these infections, LAD-I patients typically
have oral ulcers, which cause severe pain and periodontitis, lead-
ing to complete loss of adult teeth in almost all patients [75–79].
Defects in neutrophil recruitment in LAD-I patients exhibiting
LAD-I-associated periodontitis are associated with excessive pro-
duction of predominantly T-cell-derived IL-17 in the periodontal
tissue [80]. Previous investigation has reported that subgingi-
val microflora of LAD-I is distinct from that of other types of
periodontal disease [81]. As periodontitis-associated species in
the LAD-I subgingival microbiome, Parvimonas micra, Porphy-
romonas endodontalis, Eubacterium brachy and Treponema species
are included [81]. In addition, Pseudomonas aeruginosa,  a bacterium
not typically found in subgingival plaque is detected in LAD-I
[81]. Thus, very characteristic bacteria are found in the subgingival
flora of LAD-I patients. In LAD-I patients, a dominant IL-23/IL-17
signature is seen at sites of inflammation. Local treatment with
ustekinumab, an antibody that binds to the p40 subunit of IL-23
and IL-12 and blocks the activity of these cytokines inhibiting IL-23-
dependent IL-17 production, was administered to LAD-I patients.
After 1 year of treatment, the patient showed resolution of the
inflammatory lesions [82]. Additionally, the subgingival plaque

microbiota in patients with LAD-I is quite different from that in
patients with ChP [81]. The diversity of the subgingival microflora
is reduced in LAD-I patients [81]. Although LAD-I periodontitis and
AgP are distinct clinical entities with different etiologies, the eti-
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icrobiome:
 Eubacterium brachy, Treponema species.
he inflammatory periodontitis lesions 82

logy of LAD-I periodontitis may  provide insight to elucidate the
tiology of AgP.

. Immunology of aggressive periodontitis

There have been a number of in vitro investigations of the
mmune responses of innate and acquired immune cells to A. acti-
omycetemcomitans. However, the analyses of immune responses

n AgP patients have been insufficient. The first line of periodontal
efense is provided by non-hematopoietic host barriers, including
ingival epithelial cells, resident gingival fibroblasts, and periodon-
al ligament fibroblasts [83]. One candidate causative pathogen
f AgP, A. actinomycetemcomitans, colonizes the gingival sulcus
y attaching to the sulcular/junctional epithelial cells. A. actino-
ycetemcomitans invades through the epithelium via proapoptotic

irulence mechanisms, penetrates into the subgingival connective
issue, and stimulates epithelial cells and fibroblasts to secrete
roinflammatory cytokines. These barriers are normally engaged
ontinuously in the response to dental plaque under conditions
f preclinical physiological inflammation [83]. The host inflam-
atory responses play an important role in disease initiation and

rogression, and individuals with AgP are characterized by a hyper-
esponsive inflammatory phenotype. The levels of calprotectin,
olony stimulating factor 1, macrophage migration inhibitory fac-
or, monokine induced by interferon �, and matrix metalloprotease
MMP)-8 in serum and saliva were measured in patients with
gP or gingivitis and healthy controls in Turkey [84]. The lev-
ls of calprotectin and MMP-8 in serum and the level of MMP-8
n saliva were elevated in the patients with AgP [84]. Following
he initial colonization, innate immune cells derived from myeloid
ematopoietic cells, neutrophils, monocytes, and DCs are recruited

nto the periodontal tissue, local sites of infection, and perpetuate
he host inflammatory response. There is accumulating evidence
or the presence of neutrophils in gingival lesions and in root sur-
aces in AgP. Increased respiratory burst activities and nitric oxide
ynthase activities in neutrophils, and superoxide production and
hemiluminescence in peripheral polymorphonuclear leukocytes,
ave been reported in AgP patients [85]. These neutrophil features
ight render individuals more susceptible to periodontitis upon

ubgingival microbial colonization. In addition, excessive local and
ystematic inflammatory responses specific to macrophage inflam-
atory protein 1� (MIP-1�/CCL3) and bacterial lipopolysaccharide

ave been reported in AgP patients [86].
On the other hand, DCs, which are involved in the innate

mmune system, are the most potent antigen-presenting cells that
ctivate naïve T cells, and the play a critical role as effectors in the

nduction of adaptive immunity. There are three types of immature
Cs, Langerhans cells, submucosal DCs, and plasmacytoid DCs, in
eriodontal tissue [87]. Langerhans cells constitute a distinct popu-

ation and differentiate into mature DCs following antigen capture.
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DCs play critical roles in the initiation and amplification of adap-
tive immune systems by antigen presentation [88]. Immature and
mature DCs in gingival tissue obtained from patients with AgP or
ChP and healthy controls were compared, and immature DCs were
shown to be more abundant in AgP patients than in ChP patients
and healthy controls [88]. Conversely, mature DCs were more abun-
dant in ChP patients than in AgP patients and healthy controls [88].
There is evidence that immature DCs undergo transdifferentiation
into osteoclasts, and that DC-derived osteoclasts are present dur-
ing immune interactions with CD4+ T cells and microbial products
under inflammatory conditions. These observations suggest that
DCs are involved in inflammation-induced osteoclastogenesis and
bone loss in periodontal disease [89]. However, further functional
studies of increased numbers of immature DCs in AgP periodontal
tissue are required.

Naïve T cells are induced to differentiate into effector T cells
upon antigen presentation by antigen-presenting cells. The level
of IL-17 was reported to be significantly higher in the serum from
patients with LAgP or GAgP than in that from healthy controls [90].
These results indicate the dominance of Th17 subsets in patients
with LAgP or GAgP and suggest that IL-17 production by Th17
cells may  be a characteristic of AgP. Despite the lack of compar-
ison with ChP, the elevated IL-17 level in AgP is consistent with
neutrophil infiltration in the periodontal lesions of AgP. IL-17 pro-
duced by Th17 cells stimulates epithelial cells and fibroblasts to
produce chemokines, such as CXCL8, and recruit neutrophils to sites
of bacterial colonization. In addition, Th17 cells possess osteoclas-
togenic ability attributed mainly to their production of IL-17, which
stimulates the expression of the pro-bone resorptive factor, recep-
tor activator of nuclear factor �B ligand, in fibroblasts, which acts
as a signal for osteoclast differentiation and maturation [90,91].
Recently, periodontitis was shown to be characterized by alveolar
bone resorption as a consequence of Th17/Treg (regulatory T cells)
imbalance due to increased Th17 and decreased Treg numbers, pro-
tective against CD4+ T cells, in periodontal tissue [91]. However,
the roles of Th17 and IL-17 in AgP are still unclear, and further
functional studies are required.

8. Etiology of aggressive periodontitis

Despite the limited number of studies in AgP, it is clear that
periodontal disease is a complex process involving multiple fac-
tors. Bacteria, host defenses, and genetic predisposing factors play
distinct roles in the susceptibility to AgP. The relationships among
these factors have not been clarified. In addition, numerous factors,
including lifestyle-related factors (e.g., local diets in North Africa or
the Mediterranean diet) and hormone imbalances during adoles-
cence (e.g., sex hormones such as androgens and estrogens) may
modify the onset and progression of this disease.

9. Conclusions

AgP has a characteristic pathophysiology in its onset and
progression compared with ChP. This review presents evidence
obtained from previous investigations regarding the etiology of
AgP. However, these pathological conditions are described inde-
pendently, and the interrelationships between these pathological
conditions and factors involved in the pathological condition
formation have not been analyzed. Clarifying the relationships
between factors involved in disease pathogenesis may  help
elucidate the pathogenic mechanism of AgP. The mechanisms

underlying AgP onset and progression have yet to be clarified. How-
ever, the unique characteristics of AgP will facilitate further studies
to obtain clinical, epidemiological, microbiological, immunological,
and genetic insights into this disease.
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