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Abstract 
 
Tobacco contains more than 60 carcinogens which is the principal risk factor in oral squamous 

cell carcinoma. Tobacco-associated oral carcinoma morbidity and mortality rates are continuously 

increasing globally despite of advanced treatment modalities. The poor survival rate in oral 

cancer patients is attributed to the genetic and epigenetic alterations which are unresponsive to 

conventional chemotherapeutic and radiation therapy, particularly in advanced and recurrent 

cases. P53 tumour suppressor is the principal mutated gene in half of the cancers which is the 

central regulator of 3 billion base pairs human genome playing a significant role in DNA repair 

and apoptosis of the damaged cells. The molecular basis of p53 mutational patterns in smoking-

induced oral carcinoma is poorly understood. This study attempts to screen the existing research 

evidence base to understand the carcinogenic pathways involved in the interaction of different 

tobacco carcinogens causing acquired mutation in wild type P53 gene in oral epithelial cells 

developing oral squamous cell carcinoma. TP53 mutations are detected in all stages of oral 

carcinoma and it is associated with poor prognosis and reduced survival rate. Due to the 

mutation in the P53 sequence, it is inactivated and unable to bind with the DNA to inhibit 

abnormal cell differentiation giving rise to tumorigenesis.  A missense mutation in the DNA 

binding domain of P53 is the most prevalent type of mutation in oral carcinoma.  
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This study highlighted the key role of the P53 DNA binding domain in oral carcinoma. Tobacco 

carcinogenswhen chronically exposed to the epithelial cells bind with the segment of DNA forming 

DNA adducts which triggers P53 mutation in oral mucosa but the molecular mechanism needs 

further exploration. It was revealed that carcinogens, particularly PAH-induced Guanine to 

thymine transversions are attributable to P53 mutations in smoking-associated carcinomas. The 

TP53 mutational patterns in smoke-associated carcinoma are different in comparison to non-

smoking carcinoma suggesting the crucial role of carcinogens in pathways involved in TP53 

mutation in tobacco-induced oral carcinoma. In recent years P53 has been genetically engineered 

to be used as gene therapy in recurrent oral cancer patients as an adjunct to conventional 

treatments because of its tumour suppression mechanism. Multiple clinical trials have been 

conducted, particularly in China to assess the safety and efficacy of P53 as anti-tumour gene 

therapy. Based on the findings investigators reported that P53 is safe and effective as an 

anticancer gene therapy in recurrent patients. Administration of different kinds of genetically 

engineered P53 transgenes in recurrent oral cancer patients demonstrated tumour regression. 

This ground breaking invention could pave the way to improved therapeutic target therapy and 

require further rigorous research. 

 

  

Introduction 

Cancer is the leading cause of death every year even after decades of clinical research and 

innumerable therapies (5). It can be called the king of all life-threatening diseases due to DNA damage-

induced genome-wide genetic instability (4). Cancer encompasses diverse genetic and epigenetic 

aberrations and multiple undiscovered regulatory pathways attributing to poor survival rate (28). 

According to the latest estimates of cancer incidence and mortality by GLOBOCAN 2020 produced by 

the international agency for cancer research; 19.3 million new cancer cases and approximately 10 

million cancer deaths were reported across the globe from 185 countries comprising 36 different 

cancers alone in 2020 (58). The continuously rising global cancer burden at an alarming rate is 

expected to reach 28.4 million cases by 2040. Today cancer is a major public health issue requiring 

immediate attention to implement appropriate interventions preventing end-stage complications (58, 

71). Appropriate public health interventions must be implemented globally to increase awareness 

regarding the harmful effects of smoking and alcohol causing cancer. 
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Background: 

In the last five years, new technological advancements in biomedical research in genomics and 

bioinformatics like next generation DNA sequencing, CRISPR cas 9 technology, molecular docking, 

molecular diagnosticsetc. have revolutionized medicine and pharmaceuticals (28). New technologies 

are unravelling a myriad of unexplored mechanisms in cancer which were difficult to investigate 

earlier with conventional methods (16). The mechanisms causing invasion, distant metastasis and 

drug resistance were poorly understood. But, the field of oncogenomics is facilitating the mapping of 

cancer associated genomic and epigenomic alterations providing a deeper understanding of the 

evolution and progression of cancer at the sub-atomic level (40). This extraordinary progress in 

medicine will greatly improve the understanding of the molecular aspect of cancer. Clinical 

applications of new technology will contribute to the early detection, guided target therapy, and non-

invasive monitoring of cancer. Multiple complex mechanisms are yet to be discovered in cancer biology 

in the coming future for the effective management of cancer (40; 19) 

 

Oral carcinoma: In the new era of cancer genomics 

Epidemiologic studies have established a correlation between tobacco consumption and squamous cell 

carcinoma of the head and neck including oral cancer (20; 9). Oral cancer is one of the most prevalent 

cancers and a major public health issue (71; 58; 52). According to the data from GLOBOCAN 377,713 

new cases (2.0% of total new cancer cases) and 177,757 (1.8% of total cancer deaths) deaths had been 

reported in 2020. These global cancer statistics are indicating that oral carcinoma is prevalent 

worldwide and the morbidityand mortality are continuously rising. Most (90%) of the oral cancers 

constitute Oral Squamous Cell Carcinoma [OSCC] (32). Despite advanced multi-modality therapies 

including chemotherapy, surgery, intensity-modulated radiotherapy and the newest biological 

therapies the overall survival rate of oral cancer remains poor worldwide over the years (35). Therefore, 

novel biomarkers with increased sensitivity and specificity and improved efficiency are required for the 

early detection of oral cancer (52). 

The genomic imbalances caused by the risk factors are poorly understood in oral cancer and 

precancerous lesions (31, 41). It is imperative to understand the molecular mechanisms of each 

carcinogen transforming a normal squamous epithelial cell in the oral mucosa into a malignant cell 

giving rise to aggressive tumorigenesis. The advent of genome-scale analysis technology has facilitated 

the understanding of the genetic alterations underlying diseases (53). Furthermore, the completion of 

the Human Genome Project and development of high-throughput omics technology-enabled oral 

cancer genomic, proteomic, transcriptomic, metabolomic profiling to identify alteration in genes, m-
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RNA and proteins characterizing oral squamous cell carcinoma (62). The genomic–wide profiling in 

OSCC identified deletions of multiple chromosomal regions such as 7p, 8q, 9p, 11q in tobacco-induced 

oral carcinoma (62). Whilst, in many studies the whole-exome sequencing of cancer cell lines revealed 

that TP53 is the most commonly mutated gene in the head and neck squamous cell 

carcinoma (HNSCC) including the oral cavity (35).  

 

Smoking, alcohol and betel-nut: oral cancer enigma 

Bad oral habits account for approximately 75% of oral carcinoma (68; 35). It is well established by 

numerous research studies (38, 33, 60, 37, 51, 55) that deleterious oral habits like persistent tobacco 

smoking, betel quid chewing and alcohol consumption cause genetic aberrations causing mutations in 

the genomic sequence responsible for the malignant transformation and progression in oral 

carcinoma. These three lifestyle factors are the most significant risk factors for oral carcinoma which 

induce cancer development (32). These risk factors produce acquired genetic mutation due to chronic 

exposure of the oral mucosal cells to lethal carcinogens. These acquired mutations are preventable by 

lifestyle modifications. This is unlike the inherited mutation where offspring inherit the mutated copy 

of the gene from one of the parents (17, 15, 64) 

One study conducted a systematic review and meta-analysis of the epidemiological studies which 

evaluated the impact of smoking on oral cancer to assess the consistency of the tobacco induced oral 

cancer evidence base and reported increased susceptibility of tobacco smokers to develop oral 

carcinoma (51). Likewise, another study (48) conducted a meta-analysis of epidemiological studies that 

investigated the correlation between tobacco consumption and oral cancer and concluded that 

smokers are more prone to develop oral carcinoma. The most critical gene is p53 which is mutated in 

approximately 50% of the cancers (49). Researchers consider P53 mutation as an early indicator of 

developing carcinoma. In contrast, a pre-cancerous lesion from a non-smoker does not exhibit p53 

mutation (68). Research evidence analyzed so far is suggesting the association of harmful oral habits 

with oral carcinoma. Among the three most significant environmental risk factors causing oral 

carcinoma; tobacco smoking, alcohol consumption and betel nut chewing this article will explore the 

most significant risk factor tobacco in relation to P53 mutated oral carcinoma. 
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Aim and objectives: 

This review article aims to explore the relationship between the most commonly mutated TP53 gene; 

carcinogens in tobacco and oral squamous cell carcinoma which accounts for most of the oral 

cancers.  

The objectives of this study are  

• To analyze the existing literature to understand the molecular pathways triggered by the 

carcinogens from tobacco which mutate tumour suppressor gene P53 and its role in 

transforming a normal epithelial cell into a cancer cell.  

• To analyze the difference in the P53 mutational patterns in smokers and non-smokers in oral 

squamous cell carcinoma. 

• To predict future research directions emphasizing P53 mutation in smoking-associated oral 

squamous cell carcinoma. 

 

Carcinogens in tobacco:  

Tobacco is consumed worldwide by millions of people. There are 1.3 billion smokers worldwide 

consuming tobacco (27). This lethal substance comprises principally nicotine and carcinogens making 

tobacco a significant risk factor accountable for numerous carcinoma including lung, oesophageal, 

laryngeal, head and neck and oral. Several tobacco carcinogens are N-Nitrosamine, PAHs (Polycyclic 

Aromatic Hydrocarbons), aromatic amines, 1,3-butadiene, benzene, aldehydes, ethylene oxide, 

etc. (24). These tobacco carcinogens cause genetic and epigenetic alteration of oral epithelial cells and 

their metabolites produces oxidative stress on tissues which induces tumorigenesis (27).  

Several studies (2; 7; 6; 46) analyzed pharmacological actions of the major neuroactive compound of 

tobacco, nicotine. The authors reported that it is an addictive which develops tolerance causing 

nicotine dependence. This addiction compels people to consume huge amounts of tobacco over years 

which contain more than 60 carcinogens that induce genetic mutations in tumour suppressor genes 

by interacting with the cell DNA. Chronic exposure of oral epithelium to carcinogens alters the 

genomic sequences resulting in dysplasia, anaplasia, carcinoma-in-situ where the behaviour of cells 

changes and they exhibit poor differentiation (24).  

Jian et al reported that tobacco carcinogens cause abnormal expression of several genes including P53 

resulting in its mutation. Post mutation P53 exhibits loss of all the regulatory effects on DNA repair, 

apoptosis and cell growth. Another study found that P53 overexpression was higher in the malignant 
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lesions of smokers in comparison to non-smokers (29). A similar finding was reported by other studies 

also which verified the association of tobacco carcinogens with P53 gene overexpression in oral 

epithelial cells (4; 65; 11; 66).  

Furthermore, an observational study reported the overexpressed P53 in patients with a history of 

smoking and alcohol consumption. It also highlighted that three-fourth of the patients with poorly 

differentiated oral carcinoma showed p53 overexpression (1). The molecular interaction of P53 with 

different tobacco carcinogens in the development of oral pre-malignancies and malignancies is poorly 

understood (49.).  

 

P53: The guardian of the genome 

P53 is a multi-functional protein exhibiting crucial functions as a central genome regulator including 

tumour suppression, DNA repair, autophagy, apoptosis, senescence, normal homeostasis and control 

of oxidative metabolism (Jain; 25). The most distinctive property of P53 is its relationship with DNA 

damage. DNA damage is universally present in all cancers which activate P53. P53 acts as a brake to 

inhibit the damaged DNA replication forming polymorphic aberrant cells (63). That is why P53 is 

universally known as the “Guardian of the genome and policeman of the oncogenes” because of its 

unique ability to identify the signs of DNA damage; single-stranded or double-stranded breaks 

triggered through multiple pathways. These pathways include signalling cascade of DNA-dependent 

protein kinases ATM (Ataxia Telangiectasia Mutated)/ATR (Ataxia telangiectasia Related) and 

Chk1/Chk2 (16; 63). Double strand breaks in DNA stimulate ATM which stimulates Chk2 (63). These 

kinases conduct P53 phosphorylation which blocks P53-MDM2 interaction stabilizing P53 (63). This 

pathway is found to be permanently activated in all carcinomas illustrating the intrinsic association 

between the DNA damage and P53 activation (16). 

DNA damage activates P53 to initiate the DNA repair mechanism. It induces apoptosis of the damaged 

cells to prevent abnormal cell proliferation. This mechanism makes it an effective tumour suppressor 

gene. This tumour suppressor blocks the cell division at the G1 –S phase activating DNA repair 

mechanism. Oncogenic signalling also activates P53 through another protein ARF (Alternative reading 

frame) which in turn activates MDM2 inhibiting the P53-ubiquitin ligase activity which is a negative 

regulator of the P53 tumour suppressor protein and stabilizes P53 activity (16).  

P53 is responsible for the upregulation and downregulation of biomolecules impacting carcinogenesis. 

A proto-oncogene, MDM2, binds directly to P53 repressing its transcriptional activity resulting in P53 

proteasomal degradation. Deregulation of P53 instigates genetic mutations and epigenetic 
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modifications leading to aberrant protein overexpression (49). Target protein overexpression causes 

damaged cells to proliferate abnormally resulting in local invasion and eventually metastasis which is 

the hallmark of carcinoma. This abnormal proliferation is inhibited by p53 physiologically. This 

mutation allows damaged cells to divide in an uncontrolled manner in the absence of tumour 

suppressor P53. Downregulation of the suppressor genes enhances malignant transformation (49). 

P53 gene is either directly or indirectly inactivated by different mechanisms as a result of genetic 

alterations. The altered gene transmits information to and from p53 initiating cascades of abnormal 

signalling pathways (63). The inactivating mechanisms could be a viral infection, mislocalization of 

P53 from the nucleus to cytoplasm, multiplication of the MDM2 gene in the genome, deletion of P14ARF 

gene and amino acid mutation in the DNA binding domain. Among these mechanisms, an amino acid 

mutation in the DNA binding domain of P53 gives rise to most cancers like breast, pancreas, urinary 

bladder, brain, gastrointestinal and many more (63). The intricate interaction of P53 with numerous 

genes at the ultra-microscopic level needs further exploration for the early detection of malignant 

transformation (49). For this, it is quintessential to have an extensive understanding about the 

molecular domains of P53 which undergo mutation. 

 

P53: Exploring the molecular structure of the tumour suppressor gene 

Human p53 encoded by TP53 gene is a 393 amino acids long flexible multi-domain protein with 191 

amino acids comprising the central sequence-specific DNA binding domain and 53 amino acids 

carboxy-terminal tetramerization domain (42). 
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Image source: pdb101.rcsb.org/motm/31 

Figure 1: The above picture is illustrating the flexible portions of P53 molecules which bind with DNA 

and are subjected to mutations. It consists of (a) Central tetramerization domain (b)Four DNA binding 

domains which is mutation prone (c)Transactivation domain located at the end of every flexible arm. 
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P53 gene is located on chromosome 17 comprises seven domains for molecular binding. P53 

monomers oligomerize to form tetramers which interact with other proteins (20.; 42). From a 

molecular perspective, P53 is a flexible molecule that is composed of 4 identical protein 

chains (Figure.1). The compact globular portions are called “domains”. In Figure 1, there is a central 

part attached to four large globular portions through flexible long chains. The central portion is the 

tetramerization domain (Figure 1, a) tied to four long, flexible chains which in turn is connecting to the 

second domain-DNA Binding Domain [DBD]. These DNA binding domains (Figure 1, b) demonstrate 

maximum mutations. Most of the P53 mutations in cancer are found in the DNA binding domain. 

These domains are rich in arginine residues which interact with the DNA. The most common 

mutations in DBD are arginine 248 which binds to DNA thus forming a stabilizing P53-DNA 

complex (Figure 2). Mutation at arginine 248 causes loss of stabilization leading to genetic error. Other 

mutation sites are arginine 175, 249, 273, 282 and glycine residue 245 (Figure 2). The most common 

mutation is the missense mutation which causes an alteration in the DNA at a specific position. This 

mutation replaces one amino acid with another amino acid changing the genomic sequence. This 

swapping of the amino acid converts wild-type P53 into a mutant P53 which is unable to inhibit the 

abnormal cell-cycle. The third domain is the transactivation domain (Figure 1, c) located at the end of 

the DNA binding domain at every arm. This domain activates the DNA-reading machinery (63). 

Pavletich et.al (42) conducted in vitro experiment using proteolytic digestion to locate the sequence-

specific DNA binding domain in P53 protein. The experiment demonstrated that the highly conserved 

middle portion is resistant to proteolysis indicating a compact structural domain. The central core 

domain constituted a sequence-specific DNA binding domain while the carboxy-terminal contains a 

tetramerization domain. P53 binds to specific DNA sequences to activate the transcription 

process (42). This transcriptional activity of P53 was located at the amino terminus in residue 1-42 

amino acids while the oligomerization activity was detected at the carboxy-terminal portion. (42). P53 

mutant which has lost its regulatory control on cell-cycle failing to bind DNA start forming hetero-

oligomers with wild-type P53 promoting tumorigenesis (47) 
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                                           Image source: pdb101.rcsb.org/motm/31 

Figure 2: P53 complexed with DNA is illustrating different sites of mutations in the DNA binding 

domain of the tumour suppressor gene P53 in cancer. The most common mutation is arginine 248 

(red-coloured) which binds to the minor groove of the DNA (Blue and green coloured) and other 

mutation sites are arginine residues 175, 249, 273, 282 and glycine 245 (Pink-coloured) 
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Very few studies have explored the molecular pathways altering the DNA sequences due to the action 

of various carcinogens from cigarette smoking leading to P53 mutation in oral cancer. Also, the causes 

of P53 mutation particularly in tobacco-associated oral carcinoma are less discussed and poorly 

understood in the existing literature.  

 

P53 mutations in oral carcinoma:  

The development of OSCC involves multiple genetic events which deregulate the functions of proto-

oncogenes and tumour suppressor genes and DNA repair genes resulting in highly disorganized 

signalling pathwaysin a normal cell which causes mutations in transcription factors (31). Several 

oncogenes and tumour promoting genes have been implicated in oral cancer including cyclin family, 

ras,PRAD-1, RB1, cyclin-dependent kinase inhibitors and P53 (31.35; 29).  Lindemann et al; Kaur et al 

demonstrated the tumor suppressing actions of P53 and its significant role in the development and 

progression of oral squamous cell carcinoma. DNA damage is generated by ionizing radiation and 

chemotherapy which activates P53 gene to inhibit DNA damage (35). However, mutation in P53 leads 

to a series of genetic mutations in oral cancer. P53 is unable to bind DNA triggering the cell cycle 

arrest (42). It has been found that P53 is expressed in all OSCC (31.) 

P53 mutation modifies specific molecular pathways increasing the risk of cancer development (30). 

Hence, an aberration in chromosome 17 plays a significant role in the pathogenesis of carcinoma (49). 

It is evident from the results of various clinical trials that P53 mutation is present in all kinds of head 

and neck squamous cell carcinoma including oral cancer. The different kinds of P53 mutations 

observed in OSCC are missense, nonsense, frameshift, inframe deletions, splice site and stop gain 

mutations which develop carcinogenetic changes in a normal oral epithelial cell. The author reported 

that approximately 70% of oral squamous cell carcinoma exhibit P53 mutations. These mutations alter 

the cellular phenotype causing accelerated and unchecked cell growth resulting in malignant 

transformation of the oral tissue (49). 

Therefore, TP53 mutations have been detected in all the stages of Head and neck cancer from 

development, progression, metastasis to disease prognosis. Mutated TP53 has been detected in poorly 

differentiated advanced carcinoma cases predicting poor prognosis. Studies suggested a reduced 

survival period in cancer patients with mutated TP53 gene in comparison to patients with wild-type 

TP53(32). However, the prognostic impact of TP53 mutation on OSCC prognosis requires further 

exploration.  
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Lapke et al reviewed a large observational study (Poeta et al) comprising of 560 patients of Head and 

Neck Squamous Cell Carcinoma [HNSCC]. This study analyzedthe mutational patterns of TP53 genes 

among the patients. Major kinds of P53 mutations detected were missense, stop-gain, splice-site; 

frameshift deletion and inframe deletions (Figure 3). The most notable among these is the missense 

mutation in the DNA binding domain with the highest frequencies recorded in hotspots R273, R248 

and R175 (R depicting arginine residues). A study reported about P53Arginine72 pro polymorphism 

contributing to the pathogenesis of oral cancer (49). These mutations revealed a stop codon in the 

specific DNA binding domain. These are non-conservative mutations called disruptive TP53 mutations 

causing loss of activity and are associated with invasion, poor prognosis and decreased survival 

rates (32). 

 

                                                     Image recreated from: 35; 42 

Figure 3: The above diagram is illustrating the three major structural domains of P53: Sequence-

specific DNA binding domain; tetramerization domain and transactivation domain. Most of the 

mutations in oral carcinoma have been detected in the DNA binding domain [95 to 289 amino acid 

residues] P53 codons. Missense T53 mutation is the most common form of mutation among OSCC 

patients. 
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A study on a population in Northern India consuming betel-quid and tobacco demonstrated 

substitution mutations in P53 genes, majorly missense and nonsense mutations in oral precancerous 

lesions and oral squamous cell carcinoma by polymerase chain reaction amplification of genomic DNA 

and direct sequencing. Mutations were noticed at codons 126, 136 and 174. These malignant lesions 

due to P53 missense mutation showed increased accumulation of P53 protein and circulating P53 

antibodies (50). The findings were highly comparable with the previous studies (32,49,35) which also 

highlighted different kinds of TP53 disruptive mutations in tobacco-induced OSCC. 

Two types of TP53 disruptive mutations were identified in these research studies which are the 

truncating mutations and DNA binding domain missense [DBD] mutation (50, 32). The truncating 

mutations cause loss of the tumour-suppressive activity which results in an unfavourable prognosis. 

On the other hand, DBD mutation induces cell invasion; uncontrolled proliferation; metastasis and 

chemotherapy resistance. Lindemann et al also reported similar findings. Most of the missense 

mutations were found in the DNA binding domain. These mutations block binding of the wild type P53 

gene to the transcription response elements and the transactivating downstream target genes 

inhibiting transactivation (35). Further study is required to confirm these mutations (32l). The 

molecular mechanisms involved in truncating mechanisms had not been explored in this study which 

needs further research. 

Analysis of oral carcinoma cell lines revealed that P53 mutations are responsible for reduced survival 

rates in patients. Hence, early detection of P53 mutation is critical in predicting the generic changes 

and clinicopathological modifications these mutations would be causing (49). This requires advanced 

biological tools which could analyze genomes and detect mutations indicative of the carcinogenetic 

transformation of normal cells. P53 mutation sites could be used as therapeutic targets which could 

be blocked by novel biological tools to inhibit malignant proliferation (49). The genetic variation in the 

cancer cells is indicating the need of classifying patients into molecular subgroups according to the 

specific genetic configuration through genomic sequencing. This will open doors for appropriate 

determination of novel therapeutic therapies for patients with poor prognoses (49).  

P53 mutation is associated not only with oral cancer initiation but also with poor prognosis. The poor 

prognosis could be attributed to TP53 mutation which exhibits a distinct property called “gain-of-

function” which changes DNA binding properties and protein-protein interaction of P53 (32). This 

property of “gain of function” is exhibited by the mutated p53 gene, unlike wild-type P53. The 

oncogenic cell transformation in the epithelial cell is attributed to this gain of function which imparts 

the ability of uncontrolled differentiation invading surrounding tissues without any inhibitory action 

from the mutated P53 leading to tumour formation with distant metastasis observed in mice models 

(32).  
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TP53 missense mutation is likely to alter normal cellular functions. Due to the mutation; cells 

differentiate more aggressively without coordination. This mechanism could explain the cell 

invasiveness, propensity to metastasize resulting in a poor prognosis (32). This new mechanism also 

confers resistance to chemotherapy complicating treatment for example genomic sequence of patients 

demonstrating truncated type P53 mutations demonstrated resistance to an anticancer drug,  

cisplatin (35). So, TP53 leads to tumorigenesis through various molecular pathways through multiple 

genetic events which require further investigations (3). For the early detection of smoking associated 

oral cancer, it is important to comprehend the intricate molecular mechanisms involved in 

carcinogenesis. 

 

Impact of smoking on P53 gene in oral mucosa: 

Different regions of oral mucosa which are susceptible to tobacco carcinogens induced malignant 

transformation are buccal; lingual (tongue), gingival, retromolar trigone, floor of the mouth, alveolar, 

soft palate, hard palate and tonsils (76). It was reported based on the cell line analysis of primary 

tumors of smokers that the regions of the short arm of chromosome 17 containing TP53 are often 

deleted with point mutations in the remaining TP53 allele. Tobacco smoke contains innumerable toxic 

compounds which are carcinogens. Researchers have identified more than 60 carcinogens in tobacco 

smoke which include PAH (Polycyclic aromatic hydrocarbons) like N-nitrosamines/NNK (Nicotine 

derived nitrosamine ketone); BaP (Benzo alpha Pyrene); Dibenz[a,h]anthracene, 5-methylchrysene and 

NNN[N’-nitrosonornicotine] (20) 

While smoking oral epithelial cells are exposed to high concentrations of toxic compounds from 

tobacco smoke. One study examined the buccal mucosa brush biopsies from the oral cavity of 

smokers and non-smokers and found 100 buccal genes with altered expression in the tissues of 

smokers indicating oncogenic mutation (57). It reflected the potential of tobacco to induce genetic 

mutation. However, this study did not reveal the genetic alteration in P53.  

Chronic exposure of oral epithelial cells to tobacco increases the absorption of carcinogens on the 

mucosal surface. These carcinogens undergo metabolic activation to react with DNA forming DNA 

adducts (20). DNA adducts are the complexes formed by the chemical bonding of a segment of DNA 

with the active form of carcinogen. These DNA adducts produce mutations that could initiate 

carcinogenesis (20). These tobacco-induced mutations are evident in both cancerous and non-

cancerous lung cells. However, limited data is available about the relation between DNA adducts and 

oral carcinoma. Tobacco carcinogens, particularly PAH and NHK cause G to T transversions, a 

mutational pattern usually seen also in the DNA adduct formation (1).  
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One significant study in Taiwan used PCR-single strand conformation polymorphism and genomic 

sequencing to map the conserved regions of P53 gene which are exons 5-9 in OSCC samples from 187 

tobacco, alcohol and betel quid consuming patients (76). Approximately, half of the patients (91) 

exhibited P53 mutations at exons 5-9. G:C and A:T were the most predominant transversions in P53 

mutations associated with tobacco induced OSCC in this study on Taiwanese (76). This study strongly 

concluded that tobacco carcinogens forming DNA adducts contribute significantly to P53 mutations in 

OSCC amongst Taiwanese and alcohol enhances the mutagenic effects of tobacco carcinogens (76). 

Different patterns of base-pairs change observed among 187 OSCC tumour samples in this study were 

GC to AT (most prevalent); GC to TA; TA to AT; AT to CG; AT to CG; AT to GC; deletion and insertion of 

the base pairs (least prevalent) (76). It was proposed that methylation and deamination caused by the 

tobacco carcinogens are responsible for GC to AT mutations at CpG dinucleotide (76). 

Another study in Taiwan reported similar findings where P53 was considered the key molecule 

regulating the gene expressions responsible for oral carcinoma. OSCC tumour samples exhibited 

mutations in p53 exon 4, P53 intron 6 regions in patients who had habits of smoking and betel nut 

chewing. Missense and non-sense mutations were detected in the conserved mid-regions of the P53 

gene (exons 5-9) at codons 61, 175, 177, 222, 255, 266, 273, 277 and 282 in betel quid associated 

OSCC in Taiwanese (77). However, these studies were conducted only in Taiwanese population. 

Therefore, more studies are required in different countries to generalize the research findings. 

Hainaut et al reported that there are certain DNA adducts detected in the lung which cause DNA base 

transversions but further research is required to confirm the presence of these adducts in oral 

carcinoma. The author predicted the need for further study to detect DNA adducts causing 

transversions. It can be inferred that tobacco carcinogens cause G to T transversion mutations. 

Results indicated that DNA damage from tobacco carcinogen leads to P53 mutation (22). Chronic 

exposure to carcinogenic cigarette smoke was found to initiate base pairs transversions [ GC to TA] 

which leads to P53 mutation (9). Based on the findings researchers suggested that carcinogens like 

PAH in cigarette smoke induce DNA adduct formation with the guanine residues in DNA resulting in 

GC to TA transversions in oral mucosa initiating malignant transformation (76). 

Furthermore, the examination of autopsy-derived explants of bronchial epithelial tissues showed that 

the cigarette smoke condensates like BAP and PAH bind to the cellular DNA altering the cellular 

phenotype (20). In an in vivo experiment, the non-tumorigenic bronchial epithelial cells grown in the 

deepithelialized rat tracheas showed neoplastic transformation when chronically exposed to the 

tobacco carcinogen NNK illustrating the deleterious effect of tobacco in carcinogenesis. Also, the 

cancer genome atlas revealed that the genome-wide mutational burden was significantly higher in 

patients who are either current or former smokers (20).  
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A genome-wide mutation density study revealed higher mutation amongst smokers in comparison to 

non-smokers (20). A study compared and analyzed 40 buccal biopsies of the smoker to that of 40 non-

smokers to evaluate the effect of cigarette smoke on the transcriptome (the whole RNA analysis) and 

revealed that the chemicals in the tobacco smoke altered the expression of numerous genes. This 

study found that 32 genes demonstrated overexpression while 9 showed reduced expression in the 

oral mucosa of smokers in comparison to the non-smokers. Another study reported similar findings 

and concluded that the toxic components in cigarette smoke alter the transcriptome exhibiting 

overexpression of oncogenic genes (56). There were striking similarities in the patterns of genetic 

alteration between oral and bronchial mucosa after chronic exposure to smoking 8.). 

Not only Cigarette smoking but shisha smoking (waterpipe) is also a very popular form of tobacco 

smoking; exclusively in the Middle Eastern countries and its use is growing worldwide. Public health 

professionals are considering shisha as a global threat because shisha smoke contains 69 carcinogens 

and tumor promoters. To assess the causation of carcinogens the researcher analyzed 105 paraffin-

embedded oral squamous cell carcinoma tissue sections collected from 52 smokers and 53 non-

smoker participants. The majority of the samples from shisha smokers demonstrated positive staining 

for p53 expression. Notably, shisha smoke results in increased smoke exposure with greater levels of 

Carbon monoxide when compared to cigarette smoking because shisha produces both tobacco and 

charcoal smoke imposing a higher risk of carcinoma (68). 

Zaid et al found a positive correlation between tobacco consumption and p53 mutation in the benign 

as well as malignant oral mucosal epithelium. P53 mutation is prevalent in all neoplastic growths 

suggesting that loss of function in the P53 gene is the principal mechanism in tumorigenesis. 

Histological examination of the oral mucosa in a shisha smoker revealed p53 positive mucosa with an 

increased number of proliferating cells. P53 positivity was present mainly at the basal and parabasal 

layers of the oral mucosal epithelium in a pre-malignant lesion while scattered in the epithelial layers 

of poorly differentiated carcinoma. Researchers observed that P53 mutation is an early genetic event in 

tumorigenesis (68). Therefore, detection of P53 is indicative of an initial stage of oral carcinoma which 

is why P53 could be an effective biomarker for the early detection of OSCC.  

Brennan et al sequenced the P53 gene to determine the correlation of P53 with head and neck 

carcinoma. This study conducted sequence analysis of p53 gene in 129 tumour samples collected from 

HNSCC positive patients. Statistically significant results of this study revealed that 42% of patients 

exhibited P53 mutation among which 58% had a medical history of smoking [p=0.001]. Interestingly, 

two patients with a history of alcohol consumption only without any smoking showed no P53 mutation 

in this study. However, patients consuming both tobacco and alcohol demonstrated the highest % of 

P53 mutation. This study highlighted the difference in the P53 mutational pattern in smokers and 
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non-smokers. This striking variation indicates significant role of the tobacco carcinogens in the 

process of genetic mutations responsible for carcinogenesis. Hence, tobacco compounds contribute 

significantly to the HNSCC development and progression at the molecular level. This study revealed 

the lack of data analyzing the molecular targets of cigarette smoke causing P53 mutation (9). 

Brennan et al proposed a mechanism of how carcinogens cause base-pair alteration in DNA leading to 

loss of function. The study proposed that carcinogens cause methylation and deamination of cytosine 

by the cellular enzymatic process. Some authors proposed that alcohol causes oral mucosal injury 

which in turn increases the absorption of carcinogens present in cigarette smoke. It further explained 

that one of the carcinogens Benzo [alpha] pyrene in tobacco smoke causes GC to TA transversion in 

the P53 gene (9). GC to AT transversion has also been identified in oesophageal cancer due to this 

carcinogen which is composed of stratified squamous epithelium similar to the oral epithelium. The 

base-pair transversion is attributed to the toxic carcinogens of tobacco which could increase the 

frequency of P53 mutations. Researchers concluded that transversions by chronic carcinogen 

exposure results in P53 mutation. This substitution of a base at the sub-atomic level suggests the 

interaction of carcinogenic particles with genes increasing the frequency of mutations. Nevertheless, 

the study also reported that P53 mutations have also been detected in cancers without any history of 

smoking and alcohol intake which suggest further research is necessary to confirm these research 

findings (9). Nevertheless, the contribution of smoking in p53 alteration in the oral mucosa cannot be 

refuted based on the current research evidence. Therefore, restoring P53 function could be therapeutic 

in oral cancer treatment. 

 

P53: Potential as a molecular interventional therapy in the management of oral 

carcinoma 

The tumour-suppressing property of TP53 could be used as an effective prognostic molecular marker 

and interventional therapy to predict the clinical outcomes in OSCC patients and as novel treatment 

therapy (35; 13; 69). Despite the wide range of surgical and radical treatments, the overall survival 

rate of oral carcinoma remains poor (10). Cancer is a disease with acquired genetic mutation. Hence, 

appropriate gene therapy could be highly effective, particularly in the treatment of recurrent 

cancer(13). With the advent of gene therapy instead of conventional drugs, scientists are conducting 

experiments to find new therapeutic targets improving the overall survival rate in cancer (69). 

Literature mining analysis and therapeutic target database mining have recognized P53 as a potent 

therapeutic target for oral cancer because it regulates multiple cancer pathways (10). Several studies 
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reported the beneficial effect of administering P53 as therapy with adenovirus or retrovirus viral vector 

in several cancer types including head and neck, lung, liver, breast and cervical (14; 41; 55; 59, 13).  

Detection of clonal-specific P53 mutations at the margins of tumour in radically resected HNSCC is a 

predictor of local recurrence (14). P53 gene therapy aims to restore the anti-tumour functions of wild-

type P53 geneusing a viral vector in HNSCC patients (13; 34). In vivo and in vitro Studies (13; 69; 

34) on recombinant P53 therapy have demonstrated tumour regression in recurrent cancer patients. 

Clinical trials on adenovirus mediated P53 gene therapy administered different types of recombinant 

P53 transgene such as Gendicine, Advexin, ONYX 015 and H 101 in HNSCC patients to change the 

cancer phenotype. Clinical trials of ONYX 015 included oral carcinoma patients (13). Gendicine and 

Advexin used a replication Adp53 vector while ONYX 015 and H 101 used CRAdp53 vectors. Studies 

evaluated the clinical trial data and reported that these therapies are safe and indicated as an adjunct 

to chemotherapy in recurrent HNSCC including oral cancer patients. Also, no severe adverse events 

had been reported during the clinical trials (13, 43). 

Clayman et al provided preliminary support that adenovirus-mediated wild type P53 gene transfer has 

beneficial effects and can be used as a novel interventional therapy in advanced HNSCC in addition to 

surgery to prevent recurrence (14). Phase 1 and 2 clinical trials were conducted to evaluate the 

therapeutic effect of recombinant P53 gene therapy in recurrent HNSCC. The Ad-P53 therapy 

demonstrated an inhibitory effect on the cell proliferation in the xenograft models of HNSCC and 

preventive actions on tumorigenesis in the mouse xenograft models in the pre-clinical phase. 

Therefore, Liu et al conducted a randomized controlled unmasked phase 2 clinical trial in Beijing, 

China to evaluate the therapeutic effect of this recombinant adenoviral human P53 [Rad-P53] gene 

therapy combined with radiotherapy to prevent the recurrence of radically resected advanced oral 

carcinoma (36). This interventional trial was conducted among two groups: 51 patients with tongue 

carcinoma (TCA) and 56 patients with gingival carcinoma (GCA) randomized in experimental and 

control groups. The experimental group was administered multipoint injections of Rad-P53 into the 

tumour margins at a dose of 1x1012 viral particles in addition to radiotherapy while the control group 

was treated only with radiotherapy (dose=60 Gy at 3 weeks post-surgery).  

The recurrent rates were statistically significantly higher in the control group which received only 

radiotherapy in comparison to the experimental group [recurrent rates of33.3% in TCA and 30.8% in 

GCA in the control group in comparison to only 7.4% in TCA and 6.7% in GCA in the experimental group]. 

Also, the overall recurrent rate was statistically significantly lower in the experimental group, which is 

only 7% compared to the four times (32%) higher recurrence in the control group. The 3-year overall 

survival rate and disease-free survival rate were also higher in the experimental group which received 

recombinant P53 therapy in comparison to the control group (36). 
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Based on the above findings investigators of this trial concluded that wound surface injection with 

recombinant P53 therapy as an adjunct to radiotherapy is safe and effective in different types of oral 

carcinoma patients (30). Further trials are required to determine the long-term efficacy of the 

recombinant P53 therapy in oral cancer. Studies from other countries would be beneficial to determine 

the therapeutic benefits of P53 as a target therapy. Evidence-based research will determine the 

scalability of this intervention. P53 gene therapy in the treatment of oral cancer is in its infancy stage 

and in coming days more innovative methods will be evaluated through randomized controlled trials 

for multiple applications of P53 as a therapeutic agent, prognostic marker, and in early detection of all 

the p53 mutated cancers. 

 

Conclusion: 

Multiple studies suggested that tobacco carcinogens play an important role in the inactivation of the 

P53 gene in oral carcinoma inhibiting all the regulatory functions of cell growth. Based on the above 

discussion this study emphasizes abstinence from tobacco and alcohol consumption to alleviate the 

exponential rise in tobacco-induced oral cancer every year worldwide. Millions of cancer cases could be 

prevented every year by the inhibition of deleterious oral habits such as smoking, alcohol intake, betel 

nut chewing. It can be deduced from the studies that these lifestyle modifications will prevent P53 

mutation to a great extent.  

This study explored the relationship of tobacco carcinogen, P53 mutation and oral carcinoma and 

concluded that tobacco carcinogens induce p53 mutation leading to the loss of control on abnormal 

cell growth. The highly intricate genetic events leading to uncontrolled cell differentiation in smoking-

associated oral squamous cell carcinoma are difficult to contemplate from a molecular perspective. 

Further research is required to determine the domains and binding sites of P53 interacting with the 

tobacco carcinogens and rigorous research on the interaction of DNA adducts with oral mucosal cells 

causing p53 mutation. The literature review revealed that limited studies are available exploring the 

pathways triggering p53 mutation in smoking-associated oral carcinoma. Further study is required to 

understand the etiopathogenesis of oral carcinoma and pathways triggering P53 mutation. 

This study revealed the significant role of amino acid arginine which is the most commonly mutated 

residue at DNA binding domain in cancers. Most studies have emphasized the impact of P53 mutation 

on the clinical outcomes of oral cancer patients in comparison to the molecular mechanisms of P53 

mutations and their potential as a therapeutic agent in oral cancer treatment. Hence, further research 

is required to understand the molecular basis of tobacco carcinogen-induced oral carcinoma to 

identify unknown key biomarkers and genes which could be used as therapeutic targets for improved 
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management of oral cancer in the future. This study proposes to conduct further clinical trials to 

explore the therapeutic potential of P53 as an anti-carcinogenic agent. Further research is advised on 

the DNA binding domain of P53 to detect amino acid residues involved in mutations in relation to oral 

carcinoma. 

This study will provide a stimulus for further studies emphasizing the molecular mechanisms of 

tobacco carcinogens causing P53 mutation in oral carcinoma. Also, this study will act as a medium to 

convey the message that smoking is not just a bad oral habit but an appalling risk factor for oral 

squamous cell carcinoma. Every component in tobacco (smoke and smokeless) is a risk factor giving 

rise to numerous cancers. It has the potential to change the genotype of a cell completely inactivating 

physiological functions. Hence more public health interventions must be implemented across the globe 

to raise awareness among people about the negative impact of smoking on human genomics.  
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