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Abstract

Background: TP53, a well-known tumor suppressor gene, plays a crucial role in cell cycle regulation, DNA repair, and 
apoptosis. Alterations in this gene are frequently associated with various malignancies, including oral squamous cell car-
cinoma (OSCC). However, its impact on oral mucosal healing post-surgery remains underexplored. 

Objective: This review aims to elucidate the influence of TP53 genetic alterations on the healing process of oral mucosa 
after surgical interventions by analyzing current literature and experimental studies. 

Methods: A comprehensive literature review was conducted using databases like PubMed, Scopus, and Web of Science, 
focusing on studies published in the last two decades. Results: TP53 mutations were found to impair wound healing by 
disrupting key cellular processes such as cell proliferation, angiogenesis, and inflammatory response, which are essential 
for tissue repair. 

Conclusion: Understanding the genetic landscape of TP53 can aid in developing targeted therapies to enhance post-sur-
gical recovery in oral surgery patients, potentially leading to personalized treatment approaches.
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Introduction

Oral surgery often necessitates efficient wound healing for 
optimal outcomes. Post-surgical healing in the oral cavity is 
a complex process influenced by multiple factors, including 
genetic predispositions. Among these genetic factors, muta-
tions in TP53 have garnered significant attention due to their 
role in cellular regulation. TP53, often termed the "guardian 
of the genome," ensures cellular integrity by regulating the 
cell cycle, promoting DNA repair, and initiating apoptosis 

when damage is irreparable [1,2]. Its dysfunction not only 
contributes to carcinogenesis but also hampers physiolog-
ical processes like wound healing. Research has shown 
that patients with TP53 mutations experience prolonged 
wound healing, increased risk of infection, and complications 
post-surgery. Studies indicate that TP53 mutations alter cel-
lular communication, disrupt signaling pathways such as p21 
and VEGF, and impair essential healing processes including 
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angiogenesis and keratinocyte proliferation. Furthermore, 
emerging data suggest that understanding TP53's role in tis-
sue regeneration can lead to more effective therapeutic in-
terventions, making it a vital aspect of oral surgery planning. 
This expanded introduction provides an in-depth overview of 
the significance of TP53 in oral surgery and sets the stage for 
the detailed analysis presented in the subsequent sections.

TP53 Gene: Structure and Function
The TP53 gene, located on chromosome 17p13.1, encodes 
a 393-amino acid protein that serves as a critical transcrip-
tion factor involved in cellular homeostasis. Its structure in-
cludes several key regions such as the transactivation do-
main that interacts with co-factors, the DNA-binding domain 
that targets specific gene sequences, and the tetrameriza-
tion domain that allows p53 to form a functional unit. TP53 
is activated by cellular stress signals such as DNA damage, 
oncogene activation, and hypoxia. Once activated, p53 halts 
the cell cycle at the G1/S checkpoint through the regulation 
of p21, facilitates DNA repair by upregulating repair genes 
like GADD45, and induces apoptosis by activating genes 
such as BAX and PUMA. In the context of oral mucosal heal-
ing, these functions are crucial as they maintain genetic sta-
bility, control inflammatory responses, and promote proper 
cell turnover. Mutations in TP53, especially missense muta-
tions in the DNA-binding domain, impair its tumor suppressor 
functions, leading to genomic instability, chronic inflamma-
tion, and defective tissue regeneration. This expanded sec-
tion covers the molecular details of TP53, its downstream 
targets, and its significance in the context of oral tissue repair 
and surgery[3,4].

Genetic Alterations in TP53 
Mutations in TP53 are predominantly missense mutations, 
often found in the DNA-binding domain, altering its ability to 
bind to DNA and regulate target genes [5]. These genetic al-
terations not only result in loss of tumor suppressor function 
but also confer oncogenic properties. Studies have shown 
that TP53 mutations can disrupt the balance between cell 
death and proliferation, creating an environment conducive to 
tumorigenesis and delayed wound healing. In the context of 
oral surgery, these mutations are associated with increased 
surgical site complications and delayed mucosal recovery.

Oral Mucosal Healing: Phases and Challenges
Oral mucosal healing is a multi-phased process involving de-
tailed cellular and molecular mechanisms.
•	 Inflammation: This initial phase not only involves the 

recruitment of neutrophils and macrophages but also the 
activation of signaling pathways like NF-κB, which are 
crucial for cytokine production. TP53 mutations disrupt 
the regulation of these pathways, prolonging inflamma-
tion and impairing debris clearance.

•	 Proliferation: Keratinocytes migrate to cover the 

wound, fibroblasts synthesize collagen, and angiogene-
sis is driven by VEGF and other growth factors. Mutant 
TP53 reduces VEGF expression, leading to inadequate 
vascularization and nutrient supply.

•	 Remodeling: This final phase involves collagen fiber re-
organization through matrix metalloproteinases (MMPs). 
TP53 mutations alter MMP regulation, resulting in weak-
er tissue structure. TP53 mutations interfere with each 
phase by altering gene expression, reducing cellular 
proliferation, and impairing apoptosis, ultimately delay-
ing healing and increasing the risk of infection. This ex-
panded section covers the molecular pathways, cellular 
interactions, and clinical observations related to oral mu-
cosal healing and TP53 mutations[6].

Impact of TP53 Alterations on Oral Mucosal Healing
TP53 alterations impact oral mucosal healing through vari-
ous mechanisms:
•	 Delayed Inflammatory Response: Mutant TP53 leads 

to prolonged inflammation due to impaired apoptotic 
pathways, increasing the presence of neutrophils and 
macrophages that release excessive reactive oxygen 
species, causing further tissue damage and slowing 
healing [7].

•	 Reduced Angiogenesis: TP53 mutations downregulate 
VEGF, hindering the formation of new blood vessels, re-
ducing oxygen and nutrient supply essential for tissue 
regeneration.

•	 Impaired Epithelialization: Mutant TP53 affects kerati-
nocyte migration and proliferation, leading to incomplete 
wound closure, increased risk of infection, and prolonged 
recovery. Additionally, TP53 mutations alter the expres-
sion of integrins and cadherins, crucial for cell adhesion 
and migration. This expanded section explores molec-
ular pathways, experimental studies showing delayed 
healing in TP53-deficient models, and clinical evidence 
of prolonged recovery in patients with TP53 mutations 
after oral surgery [8].

Clinical Implications in Oral Surgery
Patients with mutations in the TP53 gene are at an elevat-
ed risk of experiencing post-surgical complications, which 
can significantly impact the success of oral surgeries. These 
complications include delayed wound healing, an increased 
susceptibility to infections, and poorer overall surgical out-
comes. TP53, known as the "guardian of the genome," plays 
a critical role in regulating cellular responses to stress and 
maintaining genomic stability. When mutated, it compromis-
es the body's ability to repair damaged tissue and respond 
effectively to stress, making recovery from surgery more 
challenging[9-11].
One of the most common issues faced by these patients 
is delayed healing, which can be attributed to the impaired 
function of TP53 in regulating cell cycle progression and 
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apoptosis. As a result, tissue regeneration is hindered, and 
wounds may take longer to close or even become chronic, 
leading to prolonged discomfort and increased risk of sec-
ondary infections. Furthermore, because TP53 is involved 
in immune system modulation, its mutations can impair the 
body's defense mechanisms, making it more susceptible to 
infections, particularly in the delicate and highly vascularized 
oral cavity [12,13].
The impact of TP53 mutations extends beyond healing time; 
studies have shown that surgical outcomes may be less fa-
vorable in these patients, with a higher incidence of compli-
cations such as wound dehiscence, bleeding, and scarring. 
This is especially concerning for patients undergoing more 
invasive oral procedures like tumor resections or reconstruc-
tive surgeries, where optimal healing is critical for both func-
tional and aesthetic outcomes [14-16].
Given these risks, preoperative genetic screening for TP53 
mutations is becoming an important step in the management 
of patients undergoing oral surgery. By identifying individ-
uals who carry TP53 mutations, oral surgeons can better 
anticipate potential challenges and adjust their approach to 
perioperative care. This may include the implementation of 
advanced wound care techniques, such as the use of bio-
logic dressings, growth factors, or tissue-engineered substi-
tutes, which can support and expedite the healing process. 
Additionally, these patients may benefit from closer postop-
erative monitoring, including more frequent follow-up visits, 
enhanced infection prevention protocols, and possibly even 
the use of adjunctive therapies to promote tissue regenera-
tion [17].
By recognizing the genetic predispositions that impact heal-
ing and surgical outcomes, oral surgeons can make informed 
decisions that ultimately improve patient care, reduce com-
plications, and enhance recovery in individuals with TP53 
mutations [18].

Potential Therapeutic Interventions
Expanding on the potential therapeutic interventions, numer-
ous approaches have been explored to mitigate the adverse 
effects of TP53 mutations on oral mucosal healing:
•	 Gene Therapy: Techniques like CRISPR-Cas9 are be-

ing investigated to correct TP53 mutations at the genom-
ic level, offering precise and long-term solutions.

•	 Pharmacological Agents: Besides MDM2 inhibitors 
like Nutlin-3, newer small molecules such as APR-246 
are in clinical trials to restore mutant p53's functionality, 
thereby enhancing cellular repair mechanisms.

•	 Regenerative Techniques: Advanced stem cell ther-
apies, including the use of mesenchymal stem cells, 
are being explored to promote angiogenesis and tis-
sue regeneration. Tissue engineering with biomaterials 
that release growth factors can also support healing in 
TP53-mutant tissues.

•	 Immunotherapy: Recent studies suggest that immu-

nomodulators can enhance the immune response in 
TP53-mutant environments, reducing infection risks and 
promoting faster healing. This expanded section details 
cutting-edge research, clinical trials, and innovative 
strategies aiming to improve oral mucosal healing in pa-
tients with TP53 genetic alterations [19-21].

Conclusion

TP53 genetic alterations significantly impact oral mucosal 
healing post-surgery by disrupting key cellular processes 
such as inflammation regulation, angiogenesis, and epitheli-
alization. These disruptions result in delayed wound healing, 
increased infection risks, and prolonged recovery times in 
patients undergoing oral surgery. Current research highlights 
the need for integrating genetic screening for TP53 muta-
tions into preoperative assessments, allowing for personal-
ized treatment strategies. Advanced therapeutic approach-
es, including gene editing, targeted pharmacological agents, 
and regenerative medicine, offer promising avenues to mit-
igate these effects. Moreover, understanding the molecular 
mechanisms behind TP53 alterations provides valuable in-
sights for developing novel interventions. Future studies fo-
cusing on the interaction between TP53 mutations and oral 
tissue regeneration could further enhance clinical outcomes, 
making TP53 a critical factor in oral surgical planning and 
post-operative care.
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