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Abstract 
Biomedical research has been dramatically transformed with the creation of gene editing 
technologies such as Clustered Regularly Interspaced Short Palindromic Repeats (CRISPR). 
Their application spans across multiple systemic diseases as they allow for precise, cost-
effective, and reliable genome modifications. But their potential in the field of oral biology 

remains underexplored. This editorial discusses the emerging role CRISPR is having in oral 
biology, especially its uses in regeneration and oral related diseases treatment. Modifications of 
oral defective cleft lip or amelogenesis imperfecta or dentinogenesis imperfecta can be treated 
with mutation targeting techniques that CRISPR offer us. Not only this, but new oral 

microbiome modulation approaches can be employed to target and prevent dental caries and 
periodontitis. The broader adoption of emerging technologies, including in vivo delivery 
systems and CRISPR diagnostics, pose additional opportunities, but issues such as effective 
delivery to oral tissues, off-target mutations, and ethical implications persist. Multidisciplinary 
CRISPR implementation will help advance medicine and quite literally change the game for 

oral health and patient care across the globe. 
 

Manuscript 
Gene editing technology has significantly revolutionized biomedical research, especially in 
understanding, preventing, and treating diseases that were previously inconceivable. One of the 
most successful technologies is Clustered Regularly Interspaced Short Palindromic Repeats 
(CRISPR) which provides high reliability, precision, and cost-effective modifications of 

genomes.1 While this technology has gained significant attention for its work in systemic 
diseases, its application in the field of oral biology is still very limited. This editorial provides an 
insight into the transformative role CRISPR offers in oral biology with an emphasis on 
regeneration and disease management. 
Oral biology involves numerous structures and systems including the teeth and salivary glands, 

oral microbiome and craniofacial tissues. These features are commonly influenced by genetic, 
developmental and acquired factors. CRISPR technology provides an opportunity to address 
these challenges with the aid of modification on specific genes.1 Some of the commonly seen 
craniofacial defects are cleft lip and palate, craniosynostosis, as well as syndromic orofacial 

deformities and these are oftentimes the result of certain genetic mutations.2 Conventional 
methods are based on surgery, which is both costly and invasive. With CRISPR being an 
effective means of treating these diseases at their source, it helps to alter the specific genes 
causing them.3 Enamel and dentin – the two major mineralized tissues that compose teeth are 
vital to ensuring functionality and durability of the teeth. Genetic disorders like amelogenesis 

imperfecta or dentinogenesis imperfect results in defective production of enamel and dentin 
and leading to lifelong oral health challenges. Through CRISPR, these conditions may be 
addressed by targeting the underlying genetic mutations that are responsible for impaired 
mineralization.4 Another example is the ability of CRISPR to repair AMELX (Amelogenin) and 
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DSPP (Dentin Sialophosphoprotein) gene mutations which are crucial for formation of enamel 
and dentin.5 Furthermore, CRISPR gene activation can also be used to enhance the stem cell's 
ability to regenerate which will lead to new prospects of treatments in restorative of dental stem 

cells.5,6 Such approaches could eliminate the use of traditional crowns and fillings and other 
treatments with biologically integrated solutions. 
The oral microbiome plays a dual role in oral health and disease. A balanced oral microbiome is 
beneficial for oral health, however, dysbiosis results in dental caries, periodontal disease, and 

even endodontic infections. CRIPSR approaches can target and change specific oral microbiome 
bacteria - a great alternative to broad spectrum antibiotics.7 For example, CRISPR-Cas systems 
can be designed to target and destroy cariogenic microbes such as Streptococcus mutans while 
preserving other essential microbes.7 In periodontitis, it is quite possible to use the same 
techniques to target and destroy pathogens such as Porphyromonas gingivalis.8 These types of 

strategies have the potential to revolutionize oral disease from dealing with the effects of a 
condition to preventing its occurrence by modifying the makeup of the oral microbiome. 
Apart from certain structural defects, CRISPR have a lot of potential when it comes to treating 
heritable disorders for oral tissues such as conditions like those of amelogenesis imperfecta 

dentinogenesis, and some rare genetic syndromes that affect salivary glands can be dealt  with 
by choosing gene editing.4 There are in vivo delivery systems, such as or lipid nano particles or 
viral vectors are being developed to deliver CRISPR directly to the area needed genetic 
modification.9 Furthermore, CRISPR can be useful in alleviating some systemic oral genetic 

disorders like epidermolysis bullosa or Ehlers Danlos syndrome which affect numerous body 
systems.10 Treating such oral related issues at the genetic level will enhance the oral and life 
conditions of all the affected people. 
There is extensive scope for CRISPR in oral biology, but it has numerous challenges before 
being used in clinical settings. One major challenge is the delivery of the CRISPER components 

to oral tissues, which is particularly difficult due to their unique structural and biological traits. 
There are also concerns regarding unintended genetic edits which may pose unknown side 
effects, which calls for new and highly specific CRISPR variants to be developed.11 There are 
also ethical questions surrounding the use of CRISPER, especially in regard to germline editing 

such as – how far genetic modification can be taken.11 This, like many other applications of 
CRISPR in oral science will be influenced by the public acceptance as well as regulatory 
oversight. 
With high certainty, repairing or editing mutations of key genes during craniofacial 
development can prevent anomalies during the embryonic period. Animal models have 

recently illustrated the viability of applying CRISPR technology for these specific purposes, 
with candidates MSX1 and FGFR2 being significantly studied for their ability to cause 
craniofacial abnormalities.12 However, there are some ethical implications that accompanies the 
alteration of germline DNA using CRISPR, as such a line of research can put into question the 

manner and the extent in which genomic modification can be accepted.13,14 There is also 
corroborating evidence which shows that attributes such as genomic defects or other alterations 
may come to be expected which has sounded alarms in the technological editing of human 
embryos for clinical purposes.13,14 Public acceptance and regulatory oversight will play critical 
roles in shaping the future of CRISPR applications in dentistry. 

To develop CRISPR in oral biology, research must be approached in a holistic manner, which 
means integrating learning from genetics, bioengineering, and dental science. Some of the other 
areas that need focus are the creation of CRISPR-specific diagnostics for oral and other diseases 
using salivary biomarkers, development of stem cell tissue engineering where 3D bioprinting is 

used for dental and craniofacial construction along with CRIPSR edited cells, and epigenetic 
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modification of oral tissues to gain insights on diseases and their regeneration processes. The 
integration of CRISPR technology into oral biology research requires a multidisciplinary 
approach, combining expertise in genetics, bioengineering, and dental science. Gene editing 

technologies like CRISPR has the potential of revolutionizing oral biology by creating 
innovative ways of regeneration and treating diseases. Modifying a microbiome or even 
correcting genetic disorders are now easier because of CRISPR methodology. Despite the 
advantages associated, comprehensive efforts need to be made to make it a possibility in clinical 

environments since there exist ethical, technical and regulatory challenges. Exploiting the 
power of CRISPR should facilitate oral biological sciences to transition towards the flavor of the 
day: precision medicine - which is key to improving outcomes for patients worldwide. 
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