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MODERN PRINCIPLES OF TOOTH REGENERATION
AND THEIR SIGNIFICANCE IN PEDIATRIC
DENTISTRY

Introduction In pediatric dentistry, congenital tooth loss and dental anomalies
represent a significant global challenge, inducing severe functional, aesthetic, and
socio-psychological complications in developing children. According to the World
Health Organization (WHO), the prevalence of tooth agenesis exhibits geographic
and ethnic variations, with global prevalence rates ranging widely from 2.2% to
14.7% [1,2]. Meta-analyses indicate a global average prevalence of approximately
6.4%, with regional variations highlighting up to 13.4% in African populations,
roughly 7% in Europe, and 6.3% across Asian cohorts. Clinical screenings within
specific pediatric populations further underscore the magnitude of this pathology;
for instance, certain clinical evaluations within the 513 age group reported agenesis
rates reaching 11.31% [3,4,5].

Tooth agenesis is conventionally classified by severity into hypodontia
(absence of 1 to 5 teeth), oligodontia (absence of 6 or more teeth), and anodontia
(complete absence of teeth). Statistical data indicates that approximately 80% of
affected pediatric patients present with hypodontia, predominantly lacking
mandibular second premolars and maxillary lateral incisors. The etiology of this
pathology 1is multifactorial, strongly associated with genetic mutations,
environmental triggers, prenatal development disruptions, and systemic somatic
conditions, with systemic disorders elevating agenesis incidence up to 19.8%
compared to 9.7% in healthy control groups [6,7,8]. Traditional management
strategies in contemporary dentistry rely heavily on prosthodontics and dental
implantation. While effective in restoring functional and masticatory requirements,
these conventional methods do not provide a biological cure, as they merely
substitute lost structures with artificial, non-vital materials. Consequently,
regenerative dentistry—specifically targeting the natural regeneration of dental
tissues and the bioengineering of functional teeth—has emerged as a vital,
progressive paradigm.

Material and Methods This study was conducted in the form of an analytical
and systematic literature review incorporating elements of a formal systematic
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synthesis. The primary objective was to comprehensively evaluate the biological
mechanisms of the Uterine Sensitization-Associated Gene-1 (USAG-1) protein,
analyze the therapeutic mechanism of the newly developed monoclonal antibody
TRG-035, and assess its strategic prospects within pediatric regenerative dentistry.
A comprehensive literature search was executed across major high-impact scientific
databases, including PubMed, Scopus, Web of Science, and Google Scholar,
covering peer-reviewed literature published between the years 2010 and 2025. The
search algorithm integrated specific keywords and Boolean combinations: “tooth
regeneration”, “USAG-1", “SOSTDC1"”, “TRG-035", “tooth development”, “Wnt
signaling”, “BMP signaling”, “third dentition”, and “dental stem cells”. Strict
inclusion criteria were applied to the retrieved literature: studies explicitly focusing
on the molecular pathways of tooth development and biological regeneration;
investigations exploring the functional roles of the USAG-1 protein or
corresponding molecular signaling regulators; experimental models evaluated in
vivo (animal models) or preliminary clinical trials; and articles published
exclusively in the English language. Exclusion criteria comprised duplicate
publications, papers lacking accessible full texts, and studies unrelated to the
targeted molecular mechanisms[9,10].

Results and Discussion Historical embryological data reveals that the concept
of a third dentition set is not entirely exclusive to modern 21st-century science.
Fundamental histological studies in the late 19th and early 20th centuries by
researchers such as W. Leche (1893) and C. Rose (1895) first identified epithelial
rudiments corresponding to a third dental set in mammals and humans, a finding
later substantiated by H. Ahrens (1913) and T. Fuyjita (1943 [11,12].

Modern molecular biology establishes that odontogenesis is strictly governed
by reciprocal epithelial-mesenchymal interactions mediated by a precise network of
signaling pathways, including Wnt, Bone Morphogenetic Protein (BMP), Fibroblast
Growth Factor (FGF), and Sonic Hedgehog (SHH). The USAG-1 protein (also
known as SOSTDCI) serves as a critical antagonistic regulator during this
developmental cascade. Under normal physiological conditions, USAG-1 actively
binds to and suppresses both BMP and Wnt signaling pathways, thereby acting as a
molecular brake that systematically prevents the hyper-activation of accessory tooth
germs and halts the development of supernumerary teeth. Experimental genetic
models have validated that the targeted inactivation or knockout of the USAG-1
gene directly results in the uninhibited development of extra, fully formed functional
teeth. To translate this biological phenomenon into a practical therapeutic
intervention, Japanese researchers at Kyoto University engineered TRG-035, a
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molecularly targeted monoclonal antibody designed to selectively inhibit the
USAG-1 protein. By neutralizing the antagonistic action of USAG-1, TRG-035
effectively restores the functional equilibrium of the Wnt and BMP signaling
cascades, subsequently reactivating "sleeping" or latent embryonic tooth buds
within the jaw. While concurrent research pathways in regenerative dentistry
continue to explore dental stem cell transplantation, bioengineered scaffolds, and
direct gene therapies, molecular targeted therapies like TRG-035 represent a far
more precise, non-invasive, and clinically viable approach.

Conclusion The targeted molecular inhibition of the USAG-1 protein via the
monoclonal antibody TRG-035 signifies a major technological paradigm shift in
dental medicine, transitioning the therapeutic standard from artificial mechanical
replacement to authentic biological regeneration. Qualitative synthesis of
contemporary scientific data confirms that this innovative pharmacological agent
successfully overrides internal inhibitory mechanisms, safely triggering the
reactivation and maturation of latent third dentition germs.

For the discipline of pediatric dentistry, these advancements offer
revolutionary clinical possibilities. The successful implementation of TRG-035
could potentially eliminate the long-term biological, anatomical, and economic
drawbacks associated with conventional pediatric prosthetics and early dental
implants. It establishes a foundation for non-surgical, biomimetic therapies tailored
to treat congenital tooth agenesis, severe dental trauma, and premature tooth loss,
drastically reducing surgical burdens and improving the long-term quality of life for
pediatric patients. Nevertheless, maximizing the clinical utility of this technology
requires comprehensive long-term surveillance regarding genetic stability,
individual immune responses, and longitudinal safety profiles across diverse patient
populations.
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