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ABSTRACT 

Tooth loss is a prevalent health issue that traditional solutions address through 

either prosthodontic restorations or dental implants. Laboratory-produced 

bioengineered teeth are no longer a scientific speculation, as regenerative 

medicine continues to make innovative progress. The critical advancement within 

this research area relies on USAG-1 (Uterine Sensitization Associated Gene-1) 

gene suppression which blocks tooth development. Scientists have shown that 

USAG-1 inhibition leads to supernumerary tooth growth through recent studies 

thereby creating a modern dental therapeutic option. The investigative analysis 

reviews existing knowledge about lab-grown teeth to explore USAG-1 regulation 

of dental tissue regeneration together with potential treatments despite 

implementation barriers.  
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BACKGROUND  

Tooth loss is a severe social health problem globally whose 

origins can be traced to numerous factors, such as traumatic 

events, periodontal diseases, and birth malformations [1]. 

The tooth can be fractured or lost completely by the 

traumatic injuries like accidents or sport incidents and the 

periodontal diseases can also cause the progressive loss of 

gums and other bone structures that support the tooth and 

result in the loss of the tooth [2]. Also, a hereditary disorder 

like hypodontia, in which a person is born with missing 

teeth, also plays a role in the tooth loss in the entire world. 

All these types of tooth loss pose significant challenges to 

patients, both aesthetically and functionally, i.e. the elderly 

find it difficult to chew, talk and smile without fear [3]. 

 After these difficulties, traditional solutions, such as 

dentures, braces, and dental implants have been developed. 

There are significant limitations to these methods though. 

Dentures and braces can be used to replace missing teeth, 

but no longer address the loss of bone that frequently occurs 

after removing teeth that lead to bone loss and bone erosion 

[4]. Dental implants carry a risk of complications such as 

peri-implantitis, infections and implant failure in severe 

cases particularly in patients with low bone density or 

compromised healing abilities [5].  

Such restrictions have necessitated the development of 

better and improved solutions in the area of regenerative 

dentistry. Regenerative dentistry is a new branch which 

focuses on the restoration of natural tooth structures by 

encouraging the natural regenerative potential of the tooth. 

Regenerative dentistry aims to exploit the potential of 

biological pathways to achieve fully functional and natural 

teeth, contrary to other traditional approaches that use 

external prosthetics or implants [6]. In this technique the full 

tooth structures are bioengineered such as roots and 

supporting tissues to produce a solution that replicates the 

normal development of teeth. The use of genetic solutions 

to induce tooth regeneration has been one of the most 

promising directions in this field and can present a 

permanent and biologically incorporated solution [7]. 

 

 Among the host of the genetic targets, that are currently in 

consideration is the Uterine Sensitization Associated Gene-

1 (USAG-1), which may be said to be an important factor 

in the formation and posterior development of teeth. USAG-

1 is an extracellular protein that inhibits crucial signaling 

systems regulating tooth formation, i.e. the bone 

morphogenic protein (BMP) signaling pathway and the Wnt 

signaling pathway [8]. Here are the pathways which take 

place during the process of development of the teeth i.e. 

odontogenesis. Scientists have identified how to control the 

regulation of the USAG-1 gene to prevent or ablate this 

gene can trigger tooth repair through natural acquisition of 

a juvenile or adult mammal by stimulating the formation of 

teeth [9].  

 

Controlling expression of USAG-1 offers an unprecedented 

possibility as regenerative therapies are involved and, 

hopefully, will eventually lead to the elimination of the need 

to use dental implants and other artificially manufactured 

structures. Recent researches have shown that by stopping 

USAG-1 production, an additional tooth can be produced 

and that an identical process can be employed to regenerate 

missing teeth in humans. This has dramatic consequences 

not only in treating diseases that are inherent, like 

hypodontia, but also in patients who have lost teeth in 

trauma or by disease [10]. 

Scientists have been discovering more ways through which 

teeth can be repaired using this gene without causing one to 

go through a major medical procedure, which can be 

regarded a non-surgical type of treatment that can transform 

the entire face of dentistry [11]. Thus, the purpose of the 

review is to examine what is known about the research on 

the USAG-1 inhibition and how it can transform tooth 

regeneration with regard to its therapeutic value, challenges 

and future possibilities of lab-grown teeth as an alternative 

to regular dental therapies 

REVIEW 

History of USAG-1 and its role in the formation of the 
teeth: The Uterine Sensitization Associated Gene-1 
(USAG-1) was discovered during studies about gene 
regulation in developmental biology. USAG-1 was first 
discovered as an important regulator of mammalian 
tooth development and plays a role in suppressing tooth 
formation during early embryonic development [12]. 
The gene has a protein secreted that is negative 
regulation of two key signaling pathways; Bone 
Morphogenic Protein (BMP) and Wnt signaling. These 
signaling pathways are critical to the odontogenesis or 
formation of teeth. The role of USAG-1 was initially 
identified as researchers noticed that the expression of 
it suppressed tooth development by preventing BMP 
and Wnt signaling, both of which are necessary in tooth 
bud formation [13]. 

 Preliminary experiments in mice suggested that this 
destruction of USAG-1 expression during embryonic 
development resulted in the natural generation of teeth. 
The result prompted the consideration of the possibility 
of taking advantage of USAG-1 manipulations as a way 
to restore teeth, which would be a novel method to avoid 
the use of conventional dental prosthetics [14].  

The rise of USAG-1 in Tooth Regeneration: The role of 
USAG-1 in tooth development is not new, but it was only 
many years later, when gene-editing and antibody 
therapies were developed, that the application of USAG-
1 became more widely recognized in tooth regeneration. 
When scientists started to explore the regenerative 
medicine in more detail, the USAG-1 as a potential 
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genetic target to trigger tooth growth became a popular 
topic of discussion [15]. 

In a study, the regeneration of teeth was also possible 
when the SOSTDC1 gene was knocked out to express 
USAG-1 mouse embryonic stem cellsIt is after this way 
of control that supernumerary teeth formation was 
realized and this was initial positive signal that USAG-1 
inhibitory impact causes tooth growth. This study 
opened the door to use of USAG-1 blocking as 
nonsurgery procedure to repair lost-teeth in human 
beings. Based on this finding, scientists started to 
investigate the possibility to prevent USAG-1 by other, 
more practical methods like monoclonal antibodies 
[16]. 

The finding of the ability to silence the expression of 
USAG-1 under specific therapy preceded this change in 
interest to study the therapeutic development. The 
inhibition up to the USAG-1 very soon became one of the 
hottest regenerative dentistry genetic methods. With 
scientists starting to study antibody therapies or gene-
editing approaches, including CRISPRCas9, to either 
activate or silence the gene, the USAG-1 gene started 
taking center stage in regenerative dental research [17]. 

DISCUSSION 

 In 2007-2008, researchers at Kyoto University came across 

a breakthrough in understanding this when they discovered 

that in mice lacking USAG-1 gene (gene that produces a 

tooth suppressing protein) more teeth were growing in the 

mice. This finding supported the role of USAG-1 in 

controlling emanation of teeth. Following this result, in 

2018, a research team at Kyoto University has made a 

monoclonal antibody capable of inhibiting the USAG-1 

protein.  

They also managed to demonstrate that this antibody could 

make the teeth develop in mice and ferrets which is a big 

jump in the dentistry regeneration field [8].  

 

Research published in 2021 found the administration of the 

USAG-1-blocking antibody to promote tooth regeneration 

as an effective and potentially promising alternative in the 

treatment of the human mouth. Toregem BioPharma, a start-

up that Dr. Takahashi is a cofounder of, announced in May 

2024 the official beginning of human clinical trials, which 

represents a significant step towards translating laboratory 

results into practice [19].  

 

The clinical trials commenced in October 2024 at Kyoto 

University Hospital in 30 healthy adult men who had at least 

one missing tooth. The initial one, which will take 11 

months, is aimed mainly at assessing drug safety. After the 

first stage is completed, researchers will start a second stage 

of trials with children aged 2 to 7 years with congenital tooth 

agenesis. Should the trials turn out to be successful, around 

2030, the treatment could be offered to the general 

population and represent a new step in tooth regeneration 

therapy [20].  

 

CONCLUSION 

To conclude, it can be asserted that the inhibition of USAG-

1 has a tremendous potential as a paradigm shift in 

regenerative dentistry, which promises natural tooth 

regeneration. Emerging developments such as positive 

results in animal research and initiation of human clinical 

trials are steps toward the realization of this novel treatment. 

USAG-1-based treatments would provide a viable 

alternative to conventional dental prosthetics in case of 

success. Further studies and clinical trials will play a 

significant role in establishing its future effects in the sphere 

of dental care. 

  

REFERENCES  
  

1.  Ong G. et al. Int Dent J. 1998 Jun;48(3 Suppl 1):233-8. 
[PMID: 9779103] 

2. Gasner NS et al. Periodontal Disease. [Updated 2025 May 
12]. In: StatPearls [Internet]. Treasure Island (FL): 
StatPearls Publishing; 2025 Jan-. Available from: 
[https://www.ncbi.nlm.nih.gov/books/NBK554590/] 

3. Rakhshan V et al. Dent Res J (Isfahan). 2015 Jan-
Feb;12(1):1-13. [PMID: 25709668] 

4. Taban M et al. Eur J Transl Myol. 2023 Nov 
21;33(4):11727. [PMID: 37990970] 

5. Dutta SR et al. Natl J Maxillofac Surg. 2020 Jan-
Jun;11(1):14-19. Epub 2020 Jun 18. [PMID: 33041571] 

6. Thalakiriyawa DS et al. Int Dent J. 2024 Feb;74(1):25-34. 
Epub 2023 Aug 2. [PMID: 37541918] 

7. Kaur T et al. J Pharm Bioallied Sci. 2024 Dec;16 (Suppl 4): 
S3041-S3043. Epub 2024 Nov 13. [PMID: 39926970] 

8. Murashima-Suginami A et al. Sci Adv. 2021 Feb 
12;7(7):eabf1798 [PMID: 33579703] 

9. Liu M et al.  Cells. 2022; 11(14):2216. [DOI: 
10.3390/cells11142216] 

10. Ravi V et al. Regen Ther. 2023 Feb 3;22:160-168. [PMID: 
36819612] 

11. Siddique N et al. Genes (Basel). 2016 Nov 10;7(11):98. 
[PMID: 27834914] 

12. Li X et al. J Immunol Res. 2021 Aug 7;2021:9752139. 
[PMID: 34414243] 

13. Zhang F et al. Genes Dis. 2016 Dec;3(4):263-276. [PMID: 
28491933] 

14. Saito K et al.  BMC Dev Biol 16, 14 
(2016[DOI:10.1186/s12861-016-0117-x] 

15. Takahashi K et al.  Inflamm Regener 40, 21 (2020). 
[DOI:10.1186/s41232-020-00130-x] 

16. Sui Y et al.  Cell Regen 14, 33 (2025). [DOI: 
10.1186/s13619-025-00249-7] 

17. https://www.dentinova.co.uk/2025/05/01/tooth-
regeneration-with-human-anti-usag-1-therapy/ [Last 
accessed: 06/09/2025] 

18.  https://jstories.media/article/the-worlds-first-drug-
that-helps-patients-grow-new-teeth-update [Last 
accessed: 06/09/2025] 

19.  https://adanews.ada.org/huddles/can-teeth-be-
regrown/#:~:text=by%20ADA%20Huddles,no%20side
%20effects%20present%20themselves. [Last accessed: 
06/09/2025] 

20. https://conciergedentalgroup.com/blog/tooth-
regrowth-drug/ [Last accessed: 06/09/2025] 

 

https://www.ncbi.nlm.nih.gov/books/NBK554590/
https://jstories.media/article/the-worlds-first-drug-that-helps-patients-grow-new-teeth-update
https://jstories.media/article/the-worlds-first-drug-that-helps-patients-grow-new-teeth-update


                                                      USAG-1 Inhibition 271 

Ethical Approval: Institutional Review Board approval 
was not required. 
 
Declaration of Patient Consent: Patient consent was not 

required as there are no patients in this study. 

Financial Support and Sponsorship: Nil 

Conflicts of Interest: The authors declare that they have 

no conflicts of interest. 

Use of Artificial Intelligence (AI) - Assisted 

Technology for Manuscript Preparation: The authors 

confirm that no artificial intelligence (AI)- assisted 

technology was used to assist in the writing or editing of 

the manuscript, and no images were manipulated using 

AI tools. 

AUTHOR CONTRIBUTIONS: 

Sajda Khan Gajdhar : Contributed to the conceptualization, 

writing of the original draft, and submission of the 

manuscript.   

ABBREVIATIONS USED IN THE STUDY: 

a) USAG-1: Uterine Sensitization Associated Gene-1 

b) BMP: Bone Morphogenic Protein 

c) Wnt: Wingless-related integration site 

d) CRISPR-Cas9: Clustered Regularly Interspaced 

Short Palindromic Repeats-Cas9 

DECLARATION ON PUBLICATION ETHICS: 

The authors declare that they adhere to the COPE 

guidelines on publishing ethics, as described elsewhere at 

https://publicationethics.org/. The authors also undertake 

that they are not associated with any other third party 

(governmental or non-governmental agencies) linking 

with any form of unethical issues related to this 

publication. The authors also declare that they are not 

withholding any information that is misleading to the 

publisher regarding this article.  

DECLARATION ON OFFICIAL E-MAIL: 

The corresponding author declares that a lifetime official 

e-mail from their institution is not available for all authors.  

 

 

 

 

 

 

COMMENTS FROM READERS: 

Articles published in the ORAL SPHERE JOURNAL OF 

DENTAL AND HEALTH SCIENCES are open for 

relevant post-publication comments and criticisms, which 

will be published immediately, linking to the original 

article without open access charges. Comments should be 

concise, coherent, and critical in fewer than 1000 words. 

DISCLAIMER: 

The Oral Sphere Journal of Dental and Health Sciences 

provides a platform for the scholarly communication of 

data and information to create knowledge in the dental and 

medical domains after adequate peer/editorial reviews and 

editing, with entertaining revisions where required. The 

views and opinions expressed are those of the author(s) 

and do not reflect the views or opinions of Oral Sphere 

Journal of Dental and Health Sciences (and/or) its 

publisher, Font Fusions Publication Pvt. Ltd. Font Fusions 

Publication remains neutral and allows authors to specify 

their address and affiliation details, including territory 

where required.  

  


