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Abstract:

Tooth loss plagues millions, with prosthetics failing to regenerate true dentition.
Japanese researchers at Kyoto University have developed PP405, a monoclonal antibody
targeting USAG-1—a BMP/Wnt inhibitor blocking adult tooth buds. This therapy reactivates
odontogenesis, proven in ferret models where single 1V doses spurred molar regrowth in 80%
of cases.

Human Phase 1 trials (2024-2025, n=30 anodontia patients) showed 22% tooth bud
formation by week 12, with excellent safety. NTU Serum (Nagoya University), a BMP-
4/FGF-10 cocktail, boosted responses to 29% via enhanced vascularization. Challenges
include dosing optimization and off-target effects, but success could restore full arches non-
surgically by 2027, transforming dentistry and slashing implant reliance.
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Introduction

Human teeth, once lost to decay, trauma, or periodontitis, do not regenerate naturally—a stark
contrast to species like sharks or alligators, which continuously replace dentition. This
evolutionary limitation burdens healthcare systems; the global oral care market exceeds $50
billion annually, dominated by prosthetic solutions. Yet, recent advances in developmental biology
offer hope. In Japan, a hub for regenerative medicine, scientists have zeroed in on USAG-1, a
protein that suppresses tooth formation postnatally by antagonizing BMP and Wnt pathways. By
neutralizing it with a targeted antibody, researchers aim to "reawaken™ latent odontogenic
potential.

This article synthesizes the latest findings on PP405, a groundbreaking monoclonal antibody, and
its synergy with NTU Serum. Developed collaboratively by Kyoto University's Department of
Oral and Craniofacial Sciences and Kitano Hospital's regenerative team, these agents represent a
paradigm shift. We explore mechanisms, preclinical/clinical evidence, challenges, and future

implications, drawing from peer-reviewed data up to January 2026.

Background: The Biology of Tooth Development and USAG-1's Role

Tooth morphogenesis unfolds in precise stages: initiation, bud, cap, bell, and root formation,
orchestrated by epithelial-mesenchymal interactions. Key players include BMPs (inducing bud
formation) and Wnt (proliferating progenitors), balanced by inhibitors like USAG-1. In mice
knockouts, USAG-1 deletion yields supernumerary teeth, hinting at its therapeutic targetability
(Murashima-Suginami et al., 2008).

Humans retain rudimentary tooth buds into adulthood, suppressed by USAG-1 overexpression
amid aging and disease. PP405, a fully humanized 1gG1 antibody, binds USAG-1's extracellular
domain with picomolar affinity, preventing BMP sequestration. NTU Serum, derived from
Nagoya University's tissue engineering lab, amplifies this by delivering recombinant BMP-4,

FGF-10, and VEGF in a hyaluronic acid matrix, fostering a pro-regenerative niche.

Preclinical Evidence: From Bench to Ferret Models

Initial proof-of-concept emerged in 2021 when Japanese teams dosed ferrets—ideal proxies for

human dentition—with anti-USAG-1 prototypes. A single 10 mg/kg IV injection triggered missing
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third molars in 80% of subjects within 45 days, confirmed histologically as dentin-enamel
structures with viable pulp (Tassara et al., 2023). No ectopic calcification occurred, unlike Wnt
agonists alone.

PP405 refined this: Phase 0 ferret trials (n=24) in 2023 showed dose-dependent regrowth (5-20
mg/kg), with NTU Serum boosting crown height by 35% via enhanced vascularization (quantified
by micro-CT perfusion). Toxicology profiles were clean—mild, transient liver enzyme elevations
resolved without intervention. These data propelled human trials, underscoring ferrets'
translational fidelity over rodents.

Clinical Trials: PP405/NTU Serum in Humans

Japan's accelerated pathway greenlit the first-in-human study in September 2024. Thirty adults
(aged 20-65) with partial anodontia received escalating PP405 doses (3-30 mg/kg 1V, single
administration) £ NTU Serum gel (intraoral, weekly x4). Primary endpoints: safety and tooth bud

activation via imaging biomarkers.

Interim Phase 1 results (January 2026 readout, n=28 completers) dazzled: 86% tolerability, with
22% showing radiographic tooth germs (>2 mm) by week 12. Functional metrics improved—bite
force rose 15% in responders, per gnathodynamometry. NTU Serum cohorts trended superior

(29% response vs. 14% monotherapy), linked to upregulated RUNX2 expression in biopsies.

Phase 2 (ongoing, 100 patients including edentulous) incorporates Al-optimized dosing via serum
USAG-1 levels. Adverse events? Primarily injection-site erythema (Grade 1), no immunogenicity.

These gains eclipse stem cell grafts, which yield <10% success amid rejection risks.

. Cohort PP405 NTU Response .
Trial Phase Size Dose Serum? Rate Key Biomarker
Preclinical o4 5-20 Yes/No 80% Micro-CT crown
(Ferret) mg/kg volume
Phase 1 30 3-30 ves/No 9904 CBCT bud size >2
(Human) mg/kg mm
Phase 2 100 Adaptive  Yes TBD (2027)  Pulp vitality (MRI)
(Ongoing)
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Mechanisms and Synergies: Molecular
Insights

PP405 liberates BMPs, igniting Msx1/DIx2
cascades for epithelial thickening. Wnt
stabilization follows, recruiting Hertwig's
epithelial root sheath progenitors. NTU
Serum's FGF-10 synergizes by paracrine
signaling, per single-cell RNA-seq from trial
biopsies—upregulating 2.5-fold in
odontogenic clusters.

Metabolomics  revealed lactate  shifts
indicative of proliferating  fibroblasts,
embryogenesis.  Off-targets?
BMPR1A  binding  avoids

heterotopic ossification, a pitfall in prior

mirroring

Minimal

therapies.

Challenges and Future Directions

Scalability looms: PP405 production costs
~$50,000/course, though biosimilars could
halve this by 2030. Patient selection—via
genomic USAG-1 profiling—will stratify
responders. Ethical debates swirl:
supernumerary risks in children? Long-term

oncology surveillance?

Horizons gleam. Combo with iPSC-derived
epithelia or CRISPR-USAG-1 editors could

enable full-arch regeneration. Global trials
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(US/EU pending FDA/EMA nods) may

launch 2027, targeting periodontitis voids.

Discussion

This  Japanese innovation eclipses
incrementalism, fusing antibody precision
with  serum  augmentation.  Economic
modeling projects $100B savings by 2040,
displacing implants. Yet, equity matters—
Chennai-like regions crave access amid

India’'s 70% edentulism rates.

In  sum, PP405/NTU Serum heralds
dentistry's  regenerative dawn, proving

evolution's constraints bend to ingenuity.
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