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Oral Genomics on the Cloud: An Interdisciplinary Perspective
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Abstract :

The study of oral genomics—including both host and microbial components—is critical for ad-
vancing precision oral health. However, the complexity of high-throughput sequencing data re-
mains a major barrier for clinicians and researchers without computational expertise. To bridge
this gap, we have developed fully automated, user-friendly bioinformatics pipelines tailored for
oral microbiome and cancer genomics research. These systems integrate established tools—for
sequence processing, microbial taxonomy profiling, and somatic variant calling—to deliver re-
sults in clean, structured, and accessible formats. To ensure reproducibility and minimize errors,
we adopt a test-driven development approach and continuously refine our workflows for im-
proved accuracy. Furthermore, the computational demands of large-scale sequencing data posed
a critical challenge. To address this, we have collaborated with industry partners to implement
scalable, cloud-based infrastructures capable of handling the sheer volume of data. In this talk, I
will demonstrate the practical usability of our systems through two case studies, including anal-
yses of the oral cancer-associated microbiome, and a customized cBioPortal platform for oral
cancer research. By lowering technical barriers, our pipeline enables more effective interdiscipli-
nary collaboration among clinicians, biologists, and data scientists.
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Bridging Oral Microbiota and Orofacial Pain Disorders : The Case of
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Abstract :

Building on our recent finding that primary burning-mouth syndrome (BMS)is marked by a
Streptococcus-rich, diversity-poor salivary microbiota with predicted up-regulation of neuro-im-
mune metabolic pathways, this presentation extends that dysbiosis-pain paradigm to temporo-
mandibular disorders (TMD). Using the same 16S rRNA sequencing workflow, we analysed sali-
va from well-phenotyped TMD patients spanning muscular and arthrogenous subtypes and
stratified by pain intensity. Microbiome profiles segregated along pain gradients and converged
with the BMS signature, showing consistent enrichment of acidogenic Streptococcus and Veil-
lonella species, loss of butyrate-producing taxa, and up-regulation of pathways for tryptophan-de-
rived neuromodulators and Toll-like-receptor signalling. These shared microbial patterns mir-
rored overlapping clinical features—burning sensations, mechanical allodynia, and psychosocial
distress—implying a common dysbiosis-driven neuro-immune mechanism across mucosal and
musculoskeletal orofacial pain. Through case-control studies in both disorders, I aim to elucidate
the relationships between patients' clinical and psychological characteristics and their salivary
microbiota profiles, and to discuss the potential of these findings for biomarker discovery and
the development of related therapeutic strategies. By juxtaposing two seemingly disparate con-
ditions, this work positions the oral microbiome as a tractable interface between local ecology
and trigeminal pain processing, laying a foundation for longitudinal and interventional studies
aimed at progressing from association to causation. While based on cross-sectional data, this
work juxtaposes two seemingly disparate conditions to suggest that the oral microbiome may
serve as a modifiable interface between local ecology and trigeminal pain processing, thereby in-
forming hypotheses for future longitudinal and interventional research.
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Abstract :

Various stimuli to the exposed surface of dentin induce deformation of odontoblast cell mem-
brane by dentinal fluid movement inside the dentinal tubules, which activates mechanosensitive
ion channels, such as transient receptor potential channel subfamilies(TRPV1, TRPV2, TRPV4
and TRPA1), and Piezol channels(Piezol), leading to an intracellular free Ca?* concentration
([Ca?*]i)increase in odontoblasts. Interestingly, inhibition of Piezol exhibited an obviously high-
er suppressive effect on the [Ca?']i increase by mechanical stimulation to odontoblasts, com-
pared to the inhibition of the other TRP channels. Although Piezol activation mediated mech-
anosensitive Ca?* influx, it reduced dentin mineralization levels. We, thus, aimed to clarify how
Piezol provides most upstream signal for mechanosensitive processes, as well as modulatory
processes in dentinogenesis, by regulating other plasma membrane proteins and/or intracellular
molecules as downstream signals in odontoblasts. Direct mechanical stimulation to acutely isolat-
ed odontoblasts induced biphasic [Ca2?*]i increases consist of an initial-transient component me-
diated by Piezol, TRPV1 and TRPAI, along with TRPV4, as well as a steady-state component
by TRPV1 activations. A pharmacological Piezol activator, Yodal, elicited triphasic [Ca2?*]; in-
creases composed of an initial-peak component via Piezol, a second-peak component by TRPV1
and TRPAI, and a steady-state component mediated by TRPV1 activations. Direct mechanical
stimulation-induced [Ca?*'J; increases were inhibited by cytosolic phospholipase A2(PLA2)and
cyclooxygenase (COX)inhibitors. COX activator elicited [Ca%*]; increase, which was sensitive to
each TRPV1 and TRPAI antagonist. Yodal-induced Piezol activation reduced dentin mineraliza-
tion levels, while inhibitors for cPLAZ and COX did not affect the reduction. Our results demon-
strated that Piezol orchestrates mechanotransduction processes in odontoblasts. Activation of
intracellular cPLAZ-indued COX1 activity following Piezol activation produces arachidonic acid
metabolites, which are capable to activate TRPV1 persistently and TRPA1 transiently. Thus,
functional Piezol-TRP coupling in association with ¢cPLA2-COX signaling mediates mechanosen-
sory process for occurrence of dentinal sensitivity.
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Abstract :

Dental pulp is a valuable source of stem cells capable of differentiating into various cell types,
making it highly promising for regenerative medicine. In clinical dentistry, procedures such as
direct pulp capping are employed to preserve pulp vitality and stimulate reparative dentin for-
mation, thereby extending tooth longevity. However, efficient differentiation of dental pulp cells
into odontoblasts—the cells responsible for dentin production—remains a significant challenge. A
key objective in reparative dentin formation is to induce dentin-specific matrix proteins like
Dspp and Dmpl, rather than generating bone-like tissue. To achieve this, our research has fo-
cused on activating canonical Wnt signaling, which promotes odontoblast differentiation. Howev-
er, unregulated Wnt activation poses a potential tumorigenic risk, requiring safer strategies for
clinical application. We investigated the role of heparan sulfate proteoglycans(HSPGs)on the
surfaces of dental pulp cells and odontoblasts. HSPGs regulate growth factor signaling by modu-
lating ligand-receptor interactions. We discovered that WntlOa binds strongly to HSPGs, and
that selective desulfation at the 6-O position—catalyzed by Sulfl/2 enzymes—enhances Wnt sig-
naling by increasing ligand accessibility to receptors. Based on this, we proposed a novel method
to promote odontoblast differentiation through glycan modification. Initial experiments using
perchloric acid, a potent oxidizer, confirmed that Wnt signaling and odontoblast markers are up-
regulated. However, its uncontrolled radical activity raised safety concerns. We subsequently
evaluated MA-T, an alternative reagent that generates radicals under controlled conditions.
MA-T successfully promoted odontoblast differentiation at much lower concentrations and with-
out cytotoxicity. This presentation will outline recent findings in odontoblast differentiation and
reparative dentin formation, highlighting novel experimental strategies—particularly gly-
can-based modulation of Wnt signaling—as a safe
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Abstract :

Tooth loss remains a major clinical challenge, and stem cell-based approaches offer promising
solutions for dental tissue regeneration. In this study, we established a xeno-free, feeder-free pro-
tocol to differentiate human induced pluripotent stem cells (hiPSCs)into both dental epithelial
cells(DECs) and dental mesenchymal cells(DMCs). These hiPSC-derived cells were recombined
and encapsulated in various biomaterials—GelMA, collagen, and agar matrices—to evaluate their
mineralization potency. Functional assays confirmed that these differentiated cells contribute to
mineralized tissue formation both in vitro and in vivo.

To further enhance the regenerative application of dental mesenchyme, we investigated the role
of positional information in tooth development. Using mouse tooth germs at the cap stage, we
dissected lingual and buccal mesenchymal regions and performed bulk RNA sequencing. Gene
ontology analysis revealed that the lingual mesenchyme is enriched in odontogenesis and pat-
terning genes, while the buccal mesenchyme shows higher expression of stem cell maintenance
and regeneration-related genes. Functional reaggregation and transplantation analyses con-
firmed that only the lingual mesenchyme retains strong odontogenic potential.

Together, these findings highlight the critical role of positional identity in dental mesenchyme
and the importance of precise cell characterization for tooth bioengineering. Our hiPSC-derived
dental cells, combined with insights into regional mesenchymal specification, provide a robust
platform for developing functional bioengineered teeth and advancing regenerative dental medi-
cine.
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Abstract :

Mesenchymal stem cells (MSCs) reside in microenvironments (niches), where sensory nerves are
emerging as critical components. However, their role in regulating the behavior of MSCs re-
mains largely unknown. Using the continuously growing mouse incisor as a model, we found
that sensory nerve depletion (via Advillin-CreER : DTA mice)reduced MSCs and impaired inci-
sor growth. We performed scRNAseq of trigeminal ganglion at adult stage and postnatal day 3
(PN3, initial stage of tooth root development), integrated with tooth datasets, and identified FGF
signaling as a key mediator of neuron-tooth cell crosstalk. Mechanistically, sensory neuron-de-
rived FGF1 sustain MSCs through FGFRI in Glil+MSCs(via GlilCreER : Fgfr1fl/fl mice)and
activated mTOR/autophagy axis. Disrupting this axis recapitulated sensory nerve ablation phe-
notypes, including abnormal dentin formation, decreased MSCs, and impaired odontoblast differ-
entiation. During tooth root development, sensory nerve regulated progenitor cells by binding to
FGFR2. Deletion of FGFR2 in Glil+cells by generating GlilCreER ; Fgfr2fl/fl mice led to short-
ened roots with impaired proliferation and differentiation of progenitor cells. Beyond homeostasis
and development, sensory nerve also orchestrated tooth repair by modulating immune and en-
dothelial cell. Together, our work unveils sensory nerve niche that governs tooth homeostasis,
development and repair.
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