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ABSTRACT

Background: The Journal of Oral Biosciences is devoted to the advancement and dissemination of fundamental knowledge regarding every aspect of oral
biosciences.

Highlight: This editorial review features summaries of review articles in the fields of “Bone Biology,” “Epigenomics,” “Periodontium,” and “Amelogenesis” in
addition to review articles by winners of the Lion Dental Research Award (“Role of non-canonical Wnt signaling pathways in bone resorption,”
“Mechanisms of orofacial sensory processing in the rat insular cortex,” and “Analysis of the mechanism in salivary gland development using gene da-
tabase”) and the Rising Members Award (“Synergistic findings from microbiological and evolutional analyses of virulence factors among pathogenic
streptococcal species” and “Free fatty acids may be involved in the pathogenesis of oral-related and cardiovascular diseases”), presented by the Japanese
Association for Oral Biology.

Conclusion: These reviews published in the Journal of Oral Biosciences have inspired the readers of the Journal to broaden their knowledge of various

aspects in the oral biosciences. This editorial review summarizes these exciting articles.
© 2019 Japanese Association for Oral Biology. Published by Elsevier B.V. All rights reserved.

1. Introduction

In addition to original articles, the Journal of Oral Biosciences
also publishes review articles by winners of the Lion Dental Re-
search Award (“Role of non-canonical Wnt signaling pathways in
bone resorption,” “Mechanisms of orofacial sensory processing in
the rat insular cortex,” and “Analysis of the mechanism in salivary
gland development using gene database”) and the Rising Members
Award (“Synergistic findings from microbiological and evolutional
analyses of virulence factors among pathogenic streptococcal
species” and “Free fatty acids may be involved in the pathogenesis
of oral-related and cardiovascular diseases”), presented by the Ja-
panese Association for Oral Biology. The Journal also publishes
review articles in the fields of “Bone Biology,” “Epigenomics,”
“Periodontium,” and “Amelogenesis.” These reviews, presented in
the jJournal of Oral Biosciences, have inspired the readers to
broaden their knowledge of various aspects of the oral biosciences.
In this editorial review, we have summarized these exciting
articles.

2. JAOB/Lion dental research award

Bone remodeling is necessary for maintaining bone mass and
calcium concentrations in bodily fluids. Disruptions in the balance
between bone resorption and formation lead to the development
of osteopenia or osteopetrosis. Various signaling pathways, such as
Wnt signaling pathways, have been implicated in the regulation of
the balance between bone resorption and formation. Wnt ligands
activate canonical -catenin-dependent and non-canonical B-ca-
tenin-independent signaling pathways [1]. When the Wnt ligand
binds to a receptor complex composed of Frizzled receptor and
low-density lipoprotein receptor-related protein 5 (Lrp5) or Lrp6,
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[-catenin accumulates in the cytoplasm due to the suppressed
activity of its degradation complex. The accumulated B-catenin
then translocates to the nucleus and induces the expression of
target genes, including T-cell factor and lymphoid enhancer factor.
It has been shown that activation of the Wnt/p-catenin signaling
pathways in mature osteoblasts induces the expression of osteo-
protegerin (OPG), which in turn suppresses bone resorption [2].
However, the involvement of the non-canonical Wnt signaling
pathways in bone resorption remains unclear. In their review ar-
ticle, Kobayashi and colleagues describe the mechanisms by which
non-canonical Wnt5a signaling promotes osteoclast differentia-
tion and function [3]. Wnt5a is a typical non-canonical Wnt ligand
that activates (-catenin-independent signaling with co-receptors,
such as receptor tyrosine kinase-like orphan receptors (Rors) 1/2
[4]. Kobayashi and colleagues demonstrated that Wnt5a secreted
from osteoblasts binds to Ror2 receptors and promotes the ex-
pression of receptor activator of NF-kB (Rank) through activation
of c-Jun N-terminal kinases, thereby enhancing Rank ligand
(Rankl)-induced osteoclastogenesis [5]. Furthermore, they clarified
that Wnt16, an inhibitory Wnt ligand of osteoclastogenesis, tightly
regulates bone resorption in conjunction with Wnt5a [6]. Thus,
these Wnt ligands tightly regulate osteoclast differentiation and
function to maintain bone mass under physiological conditions.
Orofacial structures process multiple sensations, and dental
nociception, gustation, and periodontal ligament (PDL) sensations
are specific to this region. This sensory information is processed in
the primary sensory cortices, including the somatosensory, visual,
and auditory cortices; however, accumulating evidence suggests
that, in addition to the primary (S1) and secondary somatosensory
(S2) cortices, orofacial sensations also involve the insular cortex
(IC). Kobayashi and colleagues quantified the spatiotemporal pro-
files of the electrical and mechanical stimulation-induced excita-
tion that propagates across cortical areas, including the S1, S2, and
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IC, with a focus on physiological functions, especially orofacial
somatosensation, in the rat IC [7] based on previous findings
[8-12]. Orofacial structures receive abundant and distinctive types
of sensory information. By integrating all these types of informa-
tion, humans can perform the fine and powerful motions involved
in mastication and swallowing, and thus enjoy eating food. The IC,
in cooperation with the S1 and S2, likely plays a central role in the
integration of these types of sensory information. Moreover, the IC
receives limbic information, which might play a role in integrating
sensory information with emotions.

Salivary gland hypofunction, also known as xerostomia, which
can be caused by radiation therapy for head and neck cancers and
Sjogren's syndrome, leads to various oral health problems and
profoundly reduces quality of life. In their review article, Sakai and
colleagues investigated the mechanism of salivary gland devel-
opment and described approaches for salivary gland regeneration
[13]. The salivary glands are formed by branching morphogenesis,
which involves cell proliferation, cleft formation, differentiation,
cell migration, and apoptosis, as well as reciprocal interactions
between epithelial, mesenchymal, neuronal, and endothelial cells
[14]. Fibronectin is an important molecule in cleft initiation [14],
and its accumulation rapidly induces the expression of BTB [POZ]
domain containing 7 (Btbd7), which induces the expression of
Snail2 and suppresses E-cadherin, a cell-cell adhesion molecule
[15]. T7-SAGE databases were created of both the cleft and endbud
of the salivary gland epithelium. In these databases, fibronectin
and Btbd7 were shown to be important inducers in branching
morphogenesis. Understanding the mechanism of salivary gland
development could provide a model for gland restoration, and the
establishment of a database of effective inducers if salivary gland
development may be useful for the restoration of damaged sali-
vary glands.

3. JAOB/Rising members award

A variety of bacteria and other microorganisms inhabit the
human body, and Streptococci are major colonizers of the skin and
mucosa at various body sites, including the oral cavity. Some
streptococcal species have adapted to the host environment and
exist as non-pathogenic commensal bacteria, while others have
acquired virulence factors and have become important pathogens,
and Streptococcus pyogenes, Streptococcus agalactiae, and Strepto-
coccus pneumoniae, are important human pathogens that cause
serious bacterial infections. [16]. In his review article, Yamaguchi
discussed the recently reported virulence factors of pathogenic S.
pyogenes, S. agalactiae, and S. pneumonia [17] based on their
published data [18,19]. They reported that pathogenic bacteria are
evolving to adapt to the host environments under the selective
pressure exerted by the host immune system, antimicrobial drugs,
and vaccines [20,21]. Generally, microbiological analyses are per-
formed on only a few representative bacterial strains, which can
reveal the relationships between genes and phenotypes, whereas
genome-wide association studies (GWAS) can reveal correlations.
The application of GWAS makes it possible to trace bacterial evo-
lution in nearly real-time. Continued innovations in analysis
technologies are vital to minimize pathogen outbreaks and the
global spread of multidrug-resistant bacteria.

Obesity is a global health issue that is associated with an in-
creased risk of metabolic diseases, which cause increased mor-
bidity and mortality. Overweight and obese people have a greater
than 10-fold higher risk of developing type 2 diabetes (T2D)
compared to normal-weight people [22]. In obese individuals and
patients with T2D, blood levels of free fatty acids (FFAs) are ele-
vated [23], and saturated fatty acids (SFAs), such as palmitate (Pal)
and stearate, can induce pro-inflammatory responses mainly via

the Toll-like receptor (TLR) signaling pathway [24,25]. In his re-
view article [26], Shikama highlighted recent findings on the po-
tential involvement of Pal in the pathogenesis of periodontitis,
primary Sjégren's syndrome (SS), and cardiovascular diseases and
discussed the potential of lipid profile improvement as a new
strategy for the treatment of these diseases. Although the mole-
cular mechanisms underlying the relationship between metabolic
disorders and SS are largely unknown, Shikama and colleagues
demonstrated that Pal can induce IL-6 secretion and o-fodrin
cleavage in salivary gland epithelial cell lines, suggesting a possible
link between the pathogenesis of primary SS and Pal levels in the
blood [27]. They also showed that Pal induced IL-6, IL-8, and CXCL1
secretion in human gingival fibroblasts (HGFs), and that doc-
osahexaenoic acid (DHA) suppressed Pal-induced IL-6 and IL-8
production. Treatment of HGFs with a CD36 inhibitor also
inhibited Pal-induced pro-inflammatory responses. They also de-
monstrated that P. gingivalis LPS and heat-killed P. gingivalis aug-
mented Pal-induced chemokine secretion in HGFs [28]. The mo-
lecular mechanisms of vascular inflammation and atherosclerosis
have been extensively studied, and the crucial role of vascular
endothelial cell adhesion molecules, such as ICAM-1 and E-se-
lectin, in the interaction between leukocytes and the vascular
endothelium has been established. The Pal-induced increase in the
ratio of IL-1PB/IL-1Ra (p/Ra9) secretion in monocytes can upregu-
late endothelial adhesion molecules, which may enhance leuko-
cyte adhesion to the endothelium [29]. These results demonstrate
the importance of FFAs in the pathogenesis of oral-related and
cardiovascular diseases and suggest that supplementation with
polyunsaturated fatty acids or derivatives may be beneficial for the
treatment of primary SS, periodontitis, and cardiovascular
diseases.

4. Bone biology

Bone is one of the largest tissues in the human body; it pro-
vides structural support to the body and also functions as an en-
docrine organ that affects global metabolism and energy balance
[30]. Synthesis of the biomechanical signals and the interactions of
bone with biochemical and neural signals maintain bone mass and
bone matrix quality, which allow it to tolerate large physical loads
[31]. Wang and Kamioka discuss the endocrine role of bone and
the interactions of bone with the nervous system, vasculature,
muscle, and fat tissue as well as the functional significance of
these connections in their review article [32]. Osteocytes have
endocrine functions [33-35], and osteoblasts affect glucose me-
tabolism [36]. In addition, osteocytes play an important role in
mineral homeostasis, which can affect bone mass density [37]. The
cellular biorhythm, which assigns a different timing to the peak
energy consumption of individual cells, and cell migration appear
to be effective solutions to energy support limitations, which could
greatly improve the efficiency of energy support. Sclerostin is the
key regulator of bone modeling and remodeling, and its expression
can be influenced by mechanical stimuli and hormonal signals
from other organ systems. Serum sclerostin, an inhibitor of Wnt
signaling, can also influence global energy metabolism to balance
energy consumption between bone and other organ systems.
Studies of the connections between bones and other organ sys-
tems suggest the possible existence of a temporospatial pattern of
energy metabolism that acts through cellular biorhythms and cell
migration.

5. Epigenomics

Epigenetic processes regulate gene activity without altering
DNA sequences through various mechanisms, such as DNA
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methylation, histone modifications, and non-coding RNAs [38].
These epigenetic processes have been shown to be significantly
associated with various oral health problems, including period-
ontitis and oral cancer. In their review article, Singh and colleagues
reviewed detailed epigenetic mechanisms and their possible ap-
plications in oral health and dental medicine as biomarkers and
for personalized medicine [39]. In periodontitis, in which in-
flammation is mainly caused by inflammatory products released
by bacteria, epigenetic modifications play a vital role in regulating
the host immune response, especially at the biofilm-gingival in-
terface. Since epigenetic modifications may occur in conjunction
with other epigenetic processes, various studies have focused on
the changes in DNA methylation and histone modification [40,41].
A few studies have focused on the role of histone modifications
and histone deacetylases (HDACs) in periodontitis, while other
studies have examined the microRNA (miRNA) profiles in period-
ontal diseases [42-44]. Various studies have suggested both hy-
permethylation and hypomethylation as early events in oral can-
cer. There is a need to explore the effects of epigenetic changes on
the pathogenesis of periodontitis and oral cancer and to under-
stand the dysregulated signaling pathways in these diseases. By
evaluating the information in these studies, including the related
exposomes, genomes, epigenomes, proteomes, and metabolomes,
a personalized medicine approach can be developed for the
treatment of periodontal diseases using biomarkers that will allow
dentists and clinicians to decide if a specific pathology in a specific
individual will respond to a specific therapy.

6. Periodontium

High mobility group box 1 (HMGBT1) is one of the most abundant
nuclear non-histone proteins [45], and it functions as a DNA cha-
perone that regulates transcription [46]. HMGB1 is secreted by acti-
vated dendritic cells, macrophages, and necrotic cells. In their review
article, Kanzaki and Nakamura reviewed the relationship between
orthodontic tooth movement (OTM) and HMGB1 [47]. PDL cells play
a pivotal role in the site-specific, mechanical force-mediated bone
remodeling that occurs during OTM. HMGB1 is released from the
necrosed cells and is closely related to the activation of inflammatory
cells; thus, the appearance of hyalinized necrotic tissue in the PDL at
the initial stage of OTM strongly indicates that HMGB1 is involved in
the reaction of the cells in the PDL. HMGB1 plays some important
roles in the reaction of PDL during OTM. HMGB1 modulates RANKL-
mediated osteoclastogenesis [48], and several osteogenic differ-
entiation parameters, such as alkaline phosphatase (ALP),
osteopontin, osteocalcin, runt-related transcription factor 2 (RUNX2),
bone morphogenetic protein 2, 4 (BMP2, 4), and cementum protein 1
(CEMP1), were significantly induced by HMGB1 [49]. In addition,
heat shock protein (HSP) directly modulates osteoclastogenesis and
osteoblastogenesis via the induction of cytokines and protects cells
from autophagy [50-53]. In conclusion, orthodontic force induces
HMGB1 transcription in PDL cells, which induces osteoclastogenic
and osteoblastogenic cytokine expression. HMGB1 functions as an
accessory regulator of tissue remodeling, including bone resorption
and bone formation, during OTM.

7. Amelogenesis

The enamel proteins present in secretory-stage (immature) en-
amel, in descending order of abundance, are amelogenin, amelo-
blastin, and enamelin. These enamel proteins are produced and
secreted by ameloblasts and are slowly processed by matrix me-
talloproteinase 20 (MMP20) [54,55]. These proteins are later de-
graded by kallikrein 4 (KLK4), which is secreted from ameloblasts

during the secretory and maturation stages [56]. Transforming
growth factor-p (TGF-f) isoforms secreted from ameloblasts have
also been reported to be present in the enamel matrix [57]. TGF-p1
regulates the mRNA expression of both MMP20 and KLK4 [58,59].
Moreover, through the secretion of KLK4, TGF-P1 regulates the
calcification and maturation of enamel [60]. In their review article,
Yamakoshi and colleagues introduced previously obtained results
regarding the regulatory mechanism of enamel formation, focusing
on TGF-f1, and discussed the activation and inactivation mechan-
isms, protein-protein interactions, and TGF-f-induced signaling, to
elucidate the dynamics at the protein and genetic levels [61]. They
also reported that in enamel formation, TGF-P1 influences various
enamel proteins in a complicated autocrine system. Latent TGF-f1
produced and secreted from secretory-stage ameloblasts is acti-
vated by MMP20, and TGF-P1 maintains its activity by binding to
amelogenin degradation products that were also processed by
MMP20. Activated TGF-p1 then travels through the aqueous phase
with water-soluble, 13 kDa amelogenin, binds to its receptor on the
ameloblast cell surface, and induces autocrine signaling. After
the transition from the secretory stage to the maturation stage,
KLK4 produced and secreted by maturation-stage ameloblasts de-
grades TGF-B1, which then loses its activity. Thus, this TGF-p1 au-
tocrine system is associated with the process of enamel formation
in the enamel matrix.
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