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I. Introduction 
Since the creation of the central dogma of molecular biology, researchers have made great efforts to 

develop new technologies to edit, modify, or manipulate genomes. 

Precise editing of genomic information is essential to understand the functions of a given gene and 

more importantly to introduce useful genes into genomes or replace deficient genes in genomes, termed gene 

therapy. 

Genomes of eukaryotic organisms are composed of billions of DNA bases. The ability to change these 

DNA bases at precisely predetermined locations holds tremendous value not only for molecular biology but also 

for medicine and biotechnology to be able to modify these DNA bases at specific predefined sites. Genome 

editing, also known as genetic engineering, has seen significant changes in the last ten years due to the scientific 

discovery of a novel genetic modification technique called CRISPR (Clustered Regularly Interspaced Short 

Palindromic Repeats) and its related nucleases.1,2 This approach was developed to overcome and address 

various challenges in the earlier generation gene manipulation technologies. These earlier generations relied on 

synthesized transcription activators like effector nuclease (TALEN) and endonucleases like zinc finger 

endonuclease (ZFN) to function3,4. 

The third generation of CRISPR-Cas9 gene-editing technology targets the genomic sequence more 

precisely and accurately with little off-target effects compared to earlier gene-editing techniques. There are 

many possible uses for this technique in the treatment of different genetic disorders5–7 In recent times, genomic 

dentistry has served two primary purposes like preventive and predictive.8 Due to the severity and morbidity 

associated with various disorders and developmental anomalies, researchers are now more focused on 

investigating gene activities on a genome-scale that will in turn help in the management of these conditions. 

Moreover, genome editing has substantial translational and therapeutic promise.2 Various studies have been 

conducted in this regard about human genome variation for numerous oral and craniofacial conditions.8 Hence 

this review focused on providing a comprehensive summary of major genome-editing nucleases, along with 

various aspects of the CRISPR/Cas9 system in dentistry. 

 

II. Mechanism Of CRISPR–Cas9 Technology 
The CRISPR-Cas9 pathway is Activated by a bacterium as a natural immune response to a virus. When 

a virus infects a bacteria, a little section of its DNA gets incorporated as spacers in the bacterial genome's 

CRISPR locus. As a result, the bacteria develop an adaptive immunity against the virus. Subsequent infection 

with a similar virus activates the CRISPR locus to form pre-rRNA and tracrRNA. They facilitate the formation 

of guide RNAs (gRNAs). The guide RNAs (gRNAs) form a cleavage in the complementary segments of the 

attacking virus genome, using Cas9 9, 10. 

 

Wound healing and tissue regeneration 

Tissue and wound healing may be accelerated by gene therapy. CRISPR may open the door to new 

approaches to the repair and regeneration of skin wounds, muscles, cartilage, nerves, and cleft palates, among 

other birth defects. 

 

Cell therapy and tissue engineering 
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CRISPR techniques can be used to generate or modify a patient's autologous cells to transplant or swap 

damaged tissue, encourage cell growth, or modulate immune function, for generating skin grafts with 

therapeutic potential. 

 

Flap biology and grafts 

To improve tolerance and avoid immune system rejection, vascularized complex allografts of the hand 

or face can be reprogrammed through the use of CRISPR gene editing techniques in addition to modifying tissue 

flaps. 

 

Gingivitis and periodontitis 

Porphyromonas gingivalis is a gram-negative anaerobic rod that causes chronic periodontitis. Ninety-

five percent of these bacteria were found to carry CRISPR arrays. As a result, CRISPR technology appears to be 

a viable technique in dental clinics for preventing plaque buildup, which leads to periodontitis 11. 

 

Salivary dysfunction 

Cancer patients treated with ionizing radiation often suffer from xerostomia. Here, it is possible to 

increase the expression of the AQP1 gene by using the CRISPR Cas9 system. 11 Aquaporin 1 (AQP1), a water-

specific protein, may promote salivation. The CRISPR/Cas9 system has recently been utilized to successfully 

target key genes in the treatment of primary Sjogren's syndrome 12,13 

 

Genome Editing Techniques in the Oral and Craniofacial Field 

There is limited literature available on the application of genome editing techniques in oral and 

craniofacial biology since it has emerged over a period of only a few years 

 

1) Head And Neck Cancer 

Cancer is a genetically complex disease that arises from a sequence of genetic and epigenetic 

alterations. therefore, cancer research benefits tremendously from the CRIPSR/Cas9 techniques. CRISPR/Cas9 

has been used to change several genes in several head and neck cancer cell lines. Those attempts confirm the 

involvements of fibronectin and LDB1 for cancer cells and invasiveness14 and identify novel therapeutic targets 

such as p75NTR and MUL1- HSPA5 axis (Huang et al. 2017; Kim et al. 2018). CRISPR may provide greater 

breakthroughs in treating head and neck cancer. 

The ongoing clinical trials use CRISPR/Cas9-edited immune cells to fight against cancer cells, which 

could be applied to treat head and neck cancer. Lessons learned from treating monogenic diseases such as 

Duchenne muscular dystrophy by direct local injection also highlight the possibility of utilizing the same 

strategy to treat head and neck cancer. 

 

Craniofacial Defects and Tissue Engineering 

In vertebrates, the development of the craniofacial region entails the precise and tightly controlled 

patterning of tissues from the neural crest and all three germ layers. A failure in any of the precise spatiotemporal 

sequences of events leads to oral and craniofacial anomalies, such as cleft lip and palate15 

The CRISPR technology has made significant improvements that can impact cells, particularly stem 

cells, within the tissue engineering triad. 

Currently, two types of stem cells serve as research tools: one is pluripotent stem cells featuring ESCs 

and induced pluripotent stem cells (iPSCs); the other is multipotent tissue-specific stem cells that reside in 

native tissues such as hematopoietic stem cells and mesenchymal stem cells (MSCs). Since they may quickly 

repopulate after editing, ESCs and iPSCs are perfect targets for CRISPR.16 

Generations of mutant animals have been substantially aided by CRISPR-edited embryonic stem cells. 

Genetic modification of the embryonic tissues is particularly desirable since many craniofacial defects appear 

early in the embryonic phase. 

However, there is controversy surrounding this issue. As a result, before clinical applications, extensive 

preclinical research is required. 

Through the ectopic activation of the master transcription factors (e.g., OCT4, SOX2, KFL4, MYC) in 

somatic cells to activate the pluripotency network, CRISPR also plays a role in the generation of iPSCs. 

The traditional transfection method used in iPSC induction showed a high level of cytotoxicity along 

with poor effectiveness. The CRISPR activation system has been proven to boost the endogenous OCT4 or 

SOX2 expression that is sufficient to trigger pluripotency reprogramming.17 

When it comes to treatments for diseases of the oral cavity and cranium, MSCs have drawn more 

interest lately. There is proof that certain MSC subsets are present in the tooth pulp, periodontal ligament, and 

alveolar bone. MSCs with CRISPR/Cas9 editing may prove to be a useful tool in the treatment of craniofacial, 
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periodontal, and oral abnormalities. 

 

Applications of Genome Editing Techniques in the Oral Infections Infectious diseases 

Dental caries are usually caused by Streptococcus mutans 18 They produce biofilm dysbiosis and 

imbalances in bacterial populace, which leads to tooth surface demineralization and the possibility of cavities. 19 

Scientists used RNA-gated nucleases (RGN) CRISPR / Cas to produce antimicrobial drugs with pre-selected 

activity ranges. RGN also manipulates bacterial populations by knocking out specific strains depending on 

genetic fingerprints 20 

Caries and periodontal diseases are the most prevalent infectious diseases affecting humans. Both 

diseases are etiologically attributed to bacterial plaque. Naturally occurring CRISPR loci can be found in most 

human oral microbiota (Rho et al.2012)21 

Gong Tao et al. in his in vitro study, highlighted the significance of CRISPR-Cas9 system elements in 

the defence against mobile genetic elements and created a novel technology that precisely and successfully edits 

the genome of S. mutans UA159 using self-targeting CRISPR arrays, reducing the synthesis of EPS and the 

formation of biofilms.22According to Serbanescu et al. (2015), the CRISPR system of Streptococcus mutans has 

an effect on stopping the absorption and spread of antibiotic resistance genes. This discovery suggested that S. 

mutans’s CRISPR system may be used to target its antibiotic resistance. When the CRISPR loci in the dental 

plaque biofilm of healthy and periodontitis patients were compared, it was found that the CRISPR components 

in the healthy patients were more similar to one another, forming a strong and functional bacterial community 

that could prevent bacteriophage invasion(Zhou et al.2015). 

Since the elucidation of CRISPR-Cas system bacterial adaptive immunity in S. thermophilus and 

programmable editing demonstrated using the S. pyogenes-derived SpyCas9, there has been a boom and boon of 

CRISPR-Cas research and applications thereof. The classification scheme of CRISPR-Cas systems has 

expanded substantially in the past decade, including the recent notable increase of class 2 systems, and new 

subtypes and variants are sure to be uncovered and characterized in the near future23. 

 

CRISPR/Cas9 genome editing technology in herpes simplex virus 

Since the discovery of the 29 nt tandem interval repeat sequences in E. coli. in 1987, the next-

generation sequencing technology facilitated the discovery of the CRI host defence mechanism of bacteria and 

archaea against virus infection in 2005 

Zhang et al. invented the CRISPR/Cas9 technology in 2013 based on the host defence mechanism, 

which made genome editing of mammalian cells efficient and convenient 24,25,26. The CRISPR/Cas9 technology 

has reached high efficiency and specificity although there is still room to improve. 

Soon after the invention, the CRISPR/Cas9 technology was successfully used in genome editing of 

HSVs in 2016. The efficiency and specificity of HSV genome editing using the CRISPR/Cas9 technology were 

even higher than those of mammalian genome editing because HSV genomes are relatively smaller than 

mammalian genomes 27 

CRISPR/Cas9 cleavage rate was 80% or higher, and HDR was increased about 10,000–1,000,000 

times than naturally occurring HDR, and the increased HDR efficiency was about 1–10% 27 Future studies 

would increase the HDR efficiency. 

First, Lin et al. developed the automated screening of recombinant HSVs produced by HDR following 

CRISPR/Cas9 cleavage. The development of this ground-breaking idea would greatly speed up HSV research. 

By streamlining the experimental processes, future research could increase the effectiveness of producing 

recombinant HSVs. 

Current studies have set good examples of how the CRISPR/Cas9 technology accelerated HSV 

research in basic biology, pathogen treatment, and gene therapy. As the CRISPR/Cas9 and flow cytometric 

technologies made gene editing efficient, accurate, and automated, we could give the perspective that their 

application would trigger great advances in the fields of HSV and other virus research. 

Future studies on unknown functions of specific viral genes would be possible because almost every 

gene of HSVs can be targeted by gRNA-guided Cas9 28-32. Considering that the functions of >79 genes of HSVs 

and some non-coding sequences have not been fully understood, future studies would focus on these functional 

researches using the CRISPR/Cas9 technology. 

We believe that the CRISPR/Cas9 technology would potentially be worthwhile for clinical trials of 

HSV treatment in the future since it completely suppressed HSV replication by using two sets of gRNAs 39. The 

novel technology invented by Lin et al. will become a revolutionary way to create novel oncolytic HSVs to kill 

tumors more effectively 38 

 

The role of CRISPR-Cas in advancing precision periodontics 

Currently, the utility of CRISPR–Cas application in clinical settings is limited. CRISPR–Cas9 can be a 
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useful tool to create knockouts (CRISPR KO) in vitro and in animal models as a screening tool to identify 

cellular pathways involved in the pathogenesis of periodontitis, alternative CRISPR systems such as CRISPRa, 

CRISPRi, and Cas13 can be used to modify the transcriptome and gene expression of certain genes involved in 

periodontitis progression without altering the genome sequence, and CRISPR systems such as Cas3 can be used 

to target the periodontal biofilm and to develop new strategies to reduce or eliminate periodontal pathogens.33 

 

Application of CRISPR-Cas in HPV-driven oral squamous carcinoma tumor growth 

The current standard treatments for oropharyngeal cancer (OSC) consist of radiotherapy or 

chemoradiotherapy 34. It is well known that human papillomavirus positive (HPVþ) cancers present better 

prognosis than HPV-negative (HPV- ) cancers 
35. However, the lines of treatment for both HPVþ and HPV- OSCs have not changed much over time 

and have remained limited 36. Finding a novel therapeutic approach that improves the quality of life of patients 

undergoing current standard treatment regimens is crucial. 

Danyelle Assis Ferreira, Nigel A.J. McMillan, and Adi Idris in their in vivo study using an inducible 

CRISPR platform have successfully regressed HPVþ OSC tumours by deleting E7.37 

 

Application of genome editing in oral potentially malignant disorders (OPMD) 

Tumors develop through a succession of changes in cellular genomes and epigenomes that confer 

growth advantages to certain cell populations. 

This ultimately causes either an increase in cell division or a suppression of cell death, which results in 

the growth of those cells that display these genotypes and phenotypes. Each of the clonal expansions generates 

cell populations with increased neoplastic phenotypes until finally, a primary tumor develops38. Some argue that 

these changes occur in the stem cell population of a tissue 39 whilst others support the notion that the cells of 

origin are non-stem cell transit amplifying cells 40. 

The molecular profile of head and neck cancer has been extensively documented by researchers and 

the information available about OSCC is frequently derived from the HNSCC data.41,42-45Notably there is no 

early intervention to prevent OSCC because OPMD is relatively little known about condition46.Furthermore, 

surgical biopsy is the conventional method of monitoring OPMD, although it only provides a moment in time. 

An understanding of the temporal events leading up to malignant transformation may be more important for 

clinical management. 

The clinical management of OPMD is extremely difficult. S.S. Prime et al In their review, examined 

what is already known about some of the genetic changes associated with OPMD and made recommendations 

for change based on these findings. S.S.Prime proposed that OPMD can be monitored more dynamically and at 

a molecular level using liquid biopsies and suggested an appropriate biomarker of transformation in their 

context. The molecular profile of OPMD, however, can also be used to identify tractable gene targets and, in the 

short term, re-purposed existing drugs may be useful in the development of new treatment options. they 

highlighted recent work that identifies the interactions between genes associated with common driver mutations 

and, also, new advances in the identification of survival genes using CRISPR-Cas9 technology, both of which 

have translational implications. Further, we propose that digital technology has the potential to create novel 

datasets that will facilitate the use of machine learning and artificial intelligence to improve clinical outcomes.47 

Oral cancer is a global health problem that warrants a preventative strategy. It has been suggested that the 

management of the early premalignant stage should be central to the prevention of this debilitating malignancy. 

It has been suggested that the use of re-purposed drugs and/or new drug development should be based on what 

is already known about the molecular landscape of OPMD. The prevention of malignant transformation in this 

way is likely to have therapeutic benefit, this approach could also be a paradigm for the management of other 

aerodigestive tract cancers. It is an exciting challenge but eminently achievable. 

 

Limitations of CRISPR technology 

The safety and effectiveness of CRISPR-Cas9 technology still require the validation of extensive 

research therefore there is a scope for more research in this field. Further, the CRISPRCas9 methodology can be 

complicated and time-consuming to develop. 

Selecting a target location and creating a sgRNA are challenging procedures. The universality of 

CRISPR-Cas9 technology is not high.48 Unexpected results can be obtained in the experimental treatment of 

critically ill patients. The greatest fear of CRISPR is that the modified gene may be passed down from 

generation to generation 49 

 

III. Conclusions 
By modulating or completely removing defective genes CRISPR technology treats oral diseases. While 

this technology appears to be life-saving, related research is not sufficient to truly consider CRISPR Cas9 
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technology for oral diseases as a treatment. Changes in the human genetic code can have eternal and random 

consequences for future generations. Consequently, for their application in dentistry, evidence-based research is 

required. 
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