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Abstract: Non-small cell lung cancer (NSCLC) is the leading cause of cancer-related deaths worldwide. Mutations within the TP53
gene represent critical molecular events in NSCLC, contributing to the tumorigenesis in the pulmonary epithelial tissues. TP53 is
a widely researched prognostic indicator in NSCLC, and pathological investigations have revealed a weak to mild negative predictive
effect for TP53. Mutated p53 protein may have some pro-oncogenic impact, and the variations may change tumor inhibitors into
oncogenes. The diverse mutational spectrum of TP53 in NSCLC with different mutations is linked to varied treatment responses. In
contrast, first-line chemotherapeutics to this progress are limited, however, randomized trials with new chemotherapeutics have shown
significant survival benefits. This review highlighted the critical influence of TP53 gene mutations on pathological-sensitivity and
overall survival outcomes in NSCLC. Further research is needed to explore TP53 mutation-specific pathways and their effects on
NSCLC progression and treatment effectiveness.
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Introduction

Lung cancer is the leading cause of cancer-related deaths worldwide, accounting for over a million new cases each year.
Most of such cases are ascribable to external factors like smoking.'” Changes or mutations within the TP53 gene
represent a critical molecular event in lung cancer, significantly contributing to the tumorigenesis in the epithelial tissues
of the pulmonary. Lung malignancies among humans are categorized into 2 principal forms of lung cancer: non-small cell
lung cancer (NSCLC) and small cell lung cancer (SCLC) comprising multiple subtypes. Among these, adenocarcinoma
(AC) is the utmost prevalent sub-type of NSCLC, with its occurrence growing globally. Adenocarcinoma (AC) is the
peak prevailing form of lung carcinoma among the individuals who have never smoked.'**** In 1991, Dr. Curt Harris and
his collaborators established a TP53 mutations database to assist the reclamation and investigation of identified
mutations. The up-to-date description comprises more than 80401 alterations. In this issue, more than 6870 variants
are recorded. The most extensively studied genetic alterations in pulmonary tumors are TP53-tumor suppressor gene
(MIM#191170) happen in just around 50-55% of NSCLC and over 69% of SCLC.**

Studies have revealed that TP53 mutated bands in lung malignancy exhibit hotspots which are seldom perceived in
former kinds of humanoid tumors, signifying the presence of carcinogenic mutations. Yet tobacco smoke susceptibility is
the most eminent and extensively premeditated mutagen, compared to other factors inferred with work-related and
ecological influences contributing to lung cancer.®®

The progression of cancer can be elucidated through a Darwinian framework, wherein cells undergo selection based
on their adaptability to an altered environment. Survival advantage is conferred upon cells exhibiting superior fitness,
achieved through sequential accrual of genetic modifications in genes governing cell proliferation, lifespan, stress
response, interactions with neighboring cells, and genetic integrity. Among the multifarious genetic-pathways implicated
in cancer advancement, the TP53-gene (OMIM #191170) emerges as a pivotal nexus, transcending the tissue and cellular
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Graphical Abstract
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origins of tumors. Perturbation of the TP53-pathway is a hallmark of the common aggressive cancers, commonly
mediated by allele loss, point mutations (predominantly missense), and protein inactivation via sequestration by viral
antigens or cellular proteins.” "' The International Agency for Research on Cancer meticulously curates a comprehensive
repository of such mutations.'*'* We go over the salient features of the complex interplay between TP53 and lung cancer
development in this review.

TP53, situated on chromosome 17p13, comprises 11 exons spanning 20 kilobases, encoding a predominantly nuclear
phosphoprotein with a molecular weight of 53 kDa. This gene belongs to a family of highly conserved genes, including at
least two other members, TP63 and TP73."*"'® However, TP53 distinguishes itself through its unique tumor-suppressive
function. TP53-deficient mice exhibit normal development but display a heightened susceptibility to early-onset tumors,
unlike TP73- or TP63-deficient counterparts, which manifest intricate developmental anomalies and physiological
aberrations but do not demonstrate increased cancer incidence.* The pivotal role of TP53 in cancer defense is under-
scored by Li-Fraumeni Syndrome (LFS), an inherited syndrome predisposing individuals to diverse cancers, often
associated with the hereditary transmission of a mutant TP53 allele.'®'® The p53 protein conforms to the classic
structure of a sequence-specific transcription factor, featuring an acidic N-terminus housing transactivation domain,
a hydrophobic central core binding to specific DNA sequences (consensus repeats of RRRCA/TA/TGYYY), and a basic
C-terminus encompassing oligomerization and regulatory domains. Predominantly, identified mutations aggregate within
the DNA-binding domain, underscoring its pivotal biochemical role in p53’s function as a tumor suppressor. Almost all
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tissues express the constitutively repressed p53 protein. Different signal classes can de-repress p53 and induce accumu-
lation of post-translational modifications.'® 2" These signals include genotoxic chemicals (damaging DNA), constitu-
tively activated growth signaling cascades (oncogenic stress), and other stressors like ribonucleotide deficiency or
hypoxia. Consequently, p53 is situated at the intersection of numerous, distinct stress-response pathways.”> Once
activated, p53 induces a range of coordinated antiproliferative effects, including those on angiogenesis, apoptosis,
DNA repair, and differentiation, as well as the cell cycle.?’ Transcriptional regulation (either activation or repression)
and direct binding to other proteins to modify their activity are the mechanisms by which p53 controls these
processes.”>** An incomplete list of effectors engaged in signaling pathways downstream of p53 is given in Figure 1.
Depending on the type and strength of the inducing signal, the tissue under consideration, and the degree of cell
differentiation, individual cells may have distinct combinations of effectors triggered by p53.%° 7 Additionally, it is
important to consider the concurrent activation of other pathways that influence the regulation of cell growth and

survival.

TP53 Genetic Alterations
Assortment of TP53 Mutations in Malignancy

TP53, which is distinct from utmost other tumor suppressor genes in that more than 75% of known mutations are missense,
resulting in substitution of a solitary amino acid (AA). TP53 exhibits unique mutation patterns compared to other tumor
suppressor genes eg APC, RB, and BRCA1 (Breast cancer type 1) are frequently altered by deletions, frameshift alterations,
and nonsense mutations disrupting protein sequence and function.”'? Mutations in TP53 are dispersed across all coding-
exons, with a substantial prevalence in exons 4-9, which encode the protein’s DNA-binding domain.?*?® Exon 2 (1%
coding-exon, programming extreme N-terminus) and exon 11 (the closing exon, representing the extreme C-terminus)
account for barely 1.5k of 15k alterations discovered to IARC TP53-database, (RS version). This is especially interesting
because these sections have important post-translational modification sites and regulatory domains, which are essential for
controlling the protein’s function. While the C-terminus is involved in controlling DNA-binding activity, the N-terminus
comprises the binding-site for MDM2, the primary-regulator of p53-protein stability.” ! Additionally, both domains have
locations for post-translational changes, such as sumoylation (at lysine 386), acetylation (at lysines 371, 373, and 382), and
phosphorylation (at serines 6, 9, 15, 20, 376, 378, and 392). It is noteworthy that in human malignancies, none of these
residues had mutations.
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Figure | Genes and proteins are regulated in response to p53 activation. A: activation; R: repression; GO, G1, S, G2, M are the cell cycle phases. Data from et al
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A significant number of mutations occur in p53’s DNA-binding domain, which has a complicated structure consisting
of 2 B-sheets stacked in a toasty-like manner and joined by loops and helices.*>** The binding of a zinc atom stabilizes
these loops, which is critical to the domain’s structural stability. Notably, mutations do not occur uniformly across all
residues in this region. Approximately 30% of the mutations occur at six “hotspot” codons identified in nearly all cancer
types (codons 175, 245, 248, 249, 273, 282). Located at the protein’s DNA-binding interface, these residues are essential
for both protein structure (codons 175, 249, 282) and protein—DNA interactions (codons 245, 248, 273). Nevertheless,
inactivating mutations can also be found at a number of additional locations, such as residues that are involved in zinc
binding (codons 176, 179, 238, 242). These changes together account for about 5% of all mutations.>> >’ There are two
widely accepted theories that explain the observed differences in the frequency of mutations between residues. First, the
suggestion is for targeted mutagenesis.>®>*' Out of the six “hotspot” mutations found, five of them are located at
cytosines that are part of di-pyrimidine repeats (CpG sites). The human genome has many methylation sites, and one

typical mechanism for these mutations is the spontaneous deamination of methylated cytosine-to-thymine.*>*°

Furthermore, a number of codons are recognized locations for DNA damage brought on by external carcinogens.*>
For example, aflatoxin-B;, a cancer-causing mycotoxin, causes G to T transversing at codon 249, whereas tobacco smoke
components cause G to T transversions at codons 157, 158, 248, and 273. As a result, connections between different
mutation types and cancer risk factors can be found by comparing the mutation patterns of various tumors.

Functional selection is the subject of the second explanation. For DNA-binding capabilities, just about all commonly
altered-codons are crucial.**' It has been suggested that the position of the mutation within the protein may affect how
many wild-type p53 functions are disrupted. In fact, the data points to the fact that not every mutation has the same
functional consequences. The identical mutation at codon 273 and the Arginine-Histidine mutation at codon 175 show
higher in-vitro effects.’>>* It is up to dispute whether these variations are related to the clinical features of malignancies.
Recent research, however, indicates that the position of the mutation might affect how the body reacts to cytotoxic
treatment.

Why p53 is Frequently Altered in Humanoid Malignancies

There is no clear motive to regard the TP53 gene as being located in a hypermutable area of the humanoid genome. Thus,
the increased incidence of alterations observed in malignancy is most probably the result of an assortment process: cells
with an intact, functional TP53-pathways are incapable to advance to a full neo-plastic phenotype, necessitating the
commotion of this route for cancer to grow fast. When malignant cells hold normal TP53-alleles, the protein’s
expressions or regulations are commonly influenced via additional mechanisms, such as, amplification and/or over-
expression of the p53 regulatory protein MDM2).27°>3¢ According to the theory put forth above, p53 function activation
and regulation happen as a typical defensive mechanism against neoplastic alteration ensuing the following mentioned
mechanisms.

Furthermore, the data points to the possibility that p53 protein might be rendered inactive by means additionally than
direct mutations, which thwarts it from folding into proper wild-type conformation needed for DNA binding. The
renowned but excessively restrictive description of p53 as a “guardian of the genome” against DNA damage originated
from its identification of this DNA-damage pathway that was the first p53-regulatory pathway to be identified.>’

It is hypothesized that all cancer cells probably display some level of p53 malfunction, either because of direct gene
alterations or indirect changes impacting other p53 pathway components. The second pathway uses the pl4arf protein
(ARF-tumor suppressor) as its key effector and functions, at least in part, independently of accumulated DNA damage.
The INK4a/CDKN2A gene, this furthermore codes for the p16 cyclin kinase inhibitor, also yields an alternate product
called P14arf.”®> These two proteins have different reading frames, but their exon 2 DNA sequences are similar, and
different promoters’ control how these proteins are expressed. By binding to mdm2, pl4arf inhibits mdm2’s capacity to
repress p53. This may be achieved by isolating mdm2 from p53 and locating it in the nucleolus, which is home to p14arf.
Growth-promoting (GP) and carcinogenic stimuli, like transfection of adenoviral protein (AP) E1A, which repossesses
and suppresses the retinoblastoma protein, or an active Ras gene, activates the action of pl4arf. It is yet unknown how
pl4arf recognizes these cancer-causing signals; however, it’s suggested that DAP-kinase, a protein-kinase that is
frequently methylated-inactivated in several cancers, may be regarded in this mechanism.*® %% Dysregulation of pathways
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Figure 2 The three distinct and convergent pathways of p53 activations. These pathways act as channels for various types of selection pressure during neoplastic
transformation.

such as B-catenin/c-Myc pathway or the Ras/Rb/E2F pathway can activate pl4arf during neoplastic alteration, resulting
in growth inhibition that is dependent on p53. Thus, the only cells that can develop into complete neoplasia are those that
are able to avoid this p53-dependent repression.?”*?

There is less knowledge about the 3™ path, which arbitrates non-genotoxic signs. The pathways for p53 activations
are given in the Figure 2. It has been demonstrated that hypoxia causes p53 levels to rise over time in a way that is
independent of mdm?2 activity and different from DNA-damage signaling. The specifics of this mechanism’s operation
are still unknown, though.®'** These three mechanisms are frequently implicated in the pathogenesis of most cancer
types. DNA impairment arises as a result of disclosure to environmental mutagens, as well as via endogenic mechanisms
like polymerase-errors or deficiencies in DNA restoration. Activation of growth-signaling pathways serves as
a ubiquitous feature across nearly all primary-cancers. Hypoxia represents a common occurrence at numerous stages
of solid tumor progression.””**®7 Consequently, throughout the initiation and progression of cancer, diverse assortment
of stresses congregate on p53 via these all three mechanisms, operating either independently or in tandem.

TP53 Variations in Lung Malignancy

Alterations in TP53 in lung cancer, including frequent damage of heterozygosity (LOH) observed in lung cancer cell
lines and tumor samples at TP53 gene locus on chromosome 17p13, indicate the likely involvement of this gene in lung
cancer pathogenesis. Genetic abnormalities of TP53 in lung cancers have been linked with low survival prognosis and
augmented cellular resistance to treatment.®®*’" The highest frequency of TP53 alterations is observed in specimens of
small-cell lung carcinoma (SCLC). Conversely, TP53 mutations are most prevalent in squamous cell carcinomas and less
frequent in adenocarcinomas among NSCLC tumor samples.®®®° Somatic-mutation and augmented expression of TP53
are commonly detected in approximately 23% and 65% of NSCLC, both with and without allele loss at 17p13, primarily
located inside the DNA-binding sphere of TP53. Since coding alterations of TP53 typically happen, initially, in lung
cancer and may be necessary for sustaining malignant phenotype, acquired TP53 alterations persist throughout cancer
progression and metastatic dissemination.”””* Studies by Chang et al reported a 23.2% occurrence of TP53 mutations in
initial tumors and a 21.4% incidence in metastatic lymph nodes among patients with NSCLC who experienced invasive
resection, with a 92.9% concordance in TP53-gene status between primary-tumors growths and metastatic lymph
nodes.”* 7 This finding suggests that TP53 alterations often follow lymph nodes metastasis, with utmost mutations
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occurring before metastasis initiation and persisting via subsequent stages of cancer growth development, indicating no
choice in contrast to TP53 alterations during metastasis.

TP53 Mutations
Prognosis of NSCLC Patients in Wild-Type TP53 and Mutant TP53

TP53 is the utmost and widely researched prognostic indicator in NSCLC, and investigations have revealed a weak to
mild -ve predictive effect for TP53. Some studies demonstrated that abnormal TP53 is a prognostic aspect in NCSCL at
any stage and histology, including squamous cells carcinoma (SCC) and adenocarcinoma.”’ *° Furthermore, no sig-
nificant variations were identified, comparing various antibodies employed in the immunohistochemical (IHC)
experiments.** The DNA mutations and protein expression were separately analyzed by Mitsudomi et al in lung cancer,
and the concordance between these two assays up to 70% abnormal TP53 was generally more frequent in SCC, but their
importance as a predictive was important in adenocarcinomas. Shortly, existence of an abnormal TP53 may indicate an
illness with clear symptoms and, thus, a possibly shorter lifespan.®'*? Adjuvant treatment for Cancer and Leukemia
Group B (CALGB) patients with tumors >4 cm significantly affected both overall survival (OS) and disease-free survival
(DFS) in Phase III studies. OS and DFS were linked to the IHC staining for TP53, BCL-2, blood group antigen A, and
mucin and mucin expression was 45% and TP53 was 47%, respectively.**** Univariate examination for DFS revealed
significant impact for inclusion of the COX model and correlation between mucin and TP53. In another advanced
NSCLC study, TP53 expression of proteins was assessed by IHC in tissue specimens, where the prevalence of TP53
protein upregulation was 52% (132 patients). Untreated TP53-positive patients had significantly shorter overall survival
than patients with TP53-negative tumors (P = 0.03; HR 1.89; 95% CI, 1.07-3.34). However, these TP53-positive patients
also had a significantly greater survival benefit from adjuvant chemotherapy (P = 0.02; HR 0.54) than patients with
TP53-negative tumors (P = 0.26; interaction P = 0.02; HR 1.40), indicating that TP53 protein overexpression is
a significant marker of poor prognosis as well as a significant predictive marker for a differentially greater benefit
from adjuvant chemotherapy in completely resected NSCLC patients.** Individuals with advanced NSCLC who had
undergone neoadjuvant chemo were examined for TP53 genotype of tumors.® The existence of mutant TP53 genotype
was significantly associated with resistance to chemotherapy. The mutant TP53 genotype identified non-responders with
a sensitivity of 94%. Different evidence suggests that TP53 changes are correlated with a survival benefit. Because of
this, most individuals have poor prognosis; nevertheless, there is no evidence to definitively prove that TP53 status plays

a part in the treatment of individual NSCLC patients.*®%°

TP53 Mutational Spectra Between Never-Smokers and Smokers

As NSCLC is categorized into numerous subtypes and their prevalence has altered during the previous decades. Tobacco
use is the most significant risk factor for lung cancer, and the risk of lung cancer rises with the amount of cigarettes
smoked and the smoking period.”®’! It’s responsible for >90% of lung cancers in males and up to 80% in females in
Europe and the US. The TP53 alterations in female nonsmokers with AC were mostly transient (up to 83%). However,
among smokers, TP53 alterations were mostly transversions (up to 60%) and deletions (20%). According to current
studies, smoking promotes lung cancer by a direct mutagenesis impact on DNA as seen in >50% cases, thus TP53 gene
must be recognized as one of the most common targets of tobacco smoking-related DNA alterations. Individuals via
tobacco-related cancer had a greater incidence of up to 71% of mutations in TP53 than people who had never smoked (up
to 47%) (Figure 3 and Table 1). Multiple investigations have previously shown hotspots on TP53 gene, with G: C to T:
A (G to T) alterations being a typical outcome in tobacco-related lung cancers. Ninety percent of the guanines are
experiencing these transversions incidents resulting in non-transcribed DNA.*'*%2%% The mutational-hotspots inside
Tp53 gene, for instance, codon 157, have been noticed for tobacco-associated lung cancer; however, similar alterations
are seldom detected in other malignancies. The prevalence of G to T alterations in nonsmokers is much less than in
smokers. For smokers and non-smokers, respectively, the percentage of G to T alterations to G: C to A: T (G to A)
transversions was 1.0 and 0.34. The spectrum of G to T transversions is apparently produced by polycyclic-aromatic
hydrocarbons (PAH) found in tobacco smoking. One of the most thoroughly studied members of the PAH class is benzo
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Figure 3 Mutations of TP53 existence/occurrence with smoking duration. The percentages of TP53 mutations and wild-type are denoted in the Figure: Mutated (M) and
Wild-type (WT).

[a]pyrene, and its main metabolite is benzo[a]pyrene diol epoxide (BPDE), one of the most potent carcinogens present in
tobacco smoke in large quantities. The BPDE-DNA adduct pattern in TP53 gene in BEC (bronchial-epithelial cells)
corresponds to G to T alterational-hotspots at codons (C) 157, 248, and 273 in smoking-related lung malignancies. G to

Table | Details and Characteristics of Smoking for Lung Cancer.”*

Patient’s Gender Smokers® Former-Smokers® | Never-Smokers All Cases
(n=63), n (%) (n =27), n (%) (n=14),n (%) | (n=104), n (%)

Male 37 (59) 20 (74) 5 (36) 62 (60)
Female 26 (41) 7 (26) 9 (64) 42 (40)

Tumor histology (no. of cases)

Adenocarcinoma 38 (60) 15 (56) 14 (100) 67 (64)
SCC 25 (40) 12 (44) - 37 (36)

Age at diagnosis

Age range 35-78 45-79 48-76 35-79
Mean age 56 £ 9 6l £3 59+9 58+ 9
Median age 57 60 58 58
Daily smoking

4-25 cigarettes/day (no. of cases) 49 (78) 15 (56) - -
2660 cigarettes/day (no. of cases) 12 (19) 11 (41) - -
ND* 2(3) 1 (4) - -
Mean consumption (cigarettes/day) 23+ 10 28 + 15 - 24+ 12
Median consumption (cigarettes/day) 20 23 -

Duration of smoking

5-20 yrs (no. of cases) 12 (19) 9 (33) - -
21-35 yrs (no. of cases) 25 (40) 10 (37) - -
36-60 yrs (no. of cases) 25 (40) 6 (22) - -
ND* 1 (2) 2(7) - -
Mean yrs of smoking 3312 28+ 9 - 32+ 11
Median yrs of smoking 33 30 - 3

Notes: *Smokers included current smokers and those who quit smoking within | year before surgery. PFormer-smokers were defined as those
who gave up smoking. | year before the surgery. “ND, not defined. Reproduced with permission from Anna L, Holmila R, Kovacs K, et al.
Relationship between TP53 tumour suppressor gene mutations and smoking-related bulky DNA adducts in a lung cancer study population from
Hungary. Mutagenesis. 2009;24(6):475-480. Copyright © 2009, © The Author 2009. Published by Oxford University Press on behalf of the UK
Environmental Mutagen Society. All rights reserved] to use these data.”
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T transversions are characteristic for massive adduct-producing mutagens, which include the PAH class, and BPDE
adducts at these C (codons).*>**

Alternatively, individuals with AC who were not smokers are more probable to have alterations in the epidermal
growth factor receptor (EGFR) tyrosine kinase and respond well to its blockers than individuals with tobacco-related
lung cancers. It was observed that TP53 alterations are strongly associated with smokers, but EGFR alterations are
statistically much more prevalent in females and non-smokers in AC. Moreover, the incidence of alterations in K-RAS
and TP53 varies between individuals with lung cancer who were not smokers and those with tobacco-related lung cancer.
TP53 mutations represent a clinically relevant mechanism of resistance to EGFR-TKISs, regardless of their generation.””
Smokers have the majority of TP53 changes, indicating that tobacco exposure plays a role in TP53 mutations. Females
and non-smokers are more likely to have EGFR mutations, suggesting that other variables including genetic or
environmental predispositions may be involved. The efficiency of EGFR-targeted treatments may be diminished by
mutations that confer resistance. Aggressive tumor behavior and a worse overall survival rate may be associated with
combined EGFR/TP53 mutations. Knowledge of the interaction between EGFR and TP53 may guide combination
therapy approaches, such as concurrent EGFR inhibition and p353 reactivation.’™** Researchers can get new under-
standing of the intricate connections between TP53 changes and EGFR mutations in AC by investigating these regions,
which can ultimately help develop more potent treatment plans.

TP53 Mutations in Cancer Progression: “Late” or “Early” Event?

In contrast, TP53 alterations appear to develop at any early stage in various forms of cancers that are directly induced by
external factors inducing cancers. This is true for smoker’s lung cancers, non-melanoma skin tumors following UV
exposure, and the majority of esophageal tumors. In such tumors, TP53 alterations are frequently evident in dysplastic
and hyperplastic lesions.® > It is important to use caution when interpreting the role of TP53 alterations in the timings
of cancer progression. Indeed, many investigations are retrospective, using pathological archives, and a greater pre-
valence of TP53 alterations was associated with histological staging. In comparison, there are only a few prospective
studies in which the same lesions are biopsied many times to track the buildup of genetic-lesions. One of such
investigation has demonstrated that TP53 mutations may develop at the metaplastic stage.””"’**'¥? Figure 4 offers
a model that demonstrates how TP53 alteration might arise as an initial or final incident in cancer development. In
accordance with our premise that assortment pressure is the factor for the development of an alteration, we propose that
the site of the variation depends on the biological mechanism of stimulating p53 protein activity. In tissues extensively
subjected to carcinogens (like lung tissues in smokers), the p53 protein is activated in healthy cells as a natural reaction to
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Figure 4 TP53 mutations as an “early” or “late” event in carcinogenesis.
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DNA damages.**® This initiation causes damaged cells to be suppressed, and individual cells with variant TP53 would
escape and go on to expand clonally. In contrast, in tissues where contaminants do not directly trigger the growth of
cancer, other genetic modifications (because of inherited abnormalities or poor DNA repairmen’s) happen 1% and cause
the establishment of an initial lesion w/o TP53 alteration. Though, these genetic modifications will cause oncogenic
stress, which stimulates the p53-protein via the pl4arf pathway.”> * Therefore, the existence of wild-type (WT) p53 is
a restricting event for the evolution of such lesions, and only such cells that have missing TP53 activity will be capable to
advance to invasive malignancy. The model in Figure 4 only displays two stages of collection for TP53 alterations, but
it’s evident that this approach may be extended to clarify the incidence of TP53 alterations at nearly every step of cancer
progression. Further variables, including hypoxia, telomere erosion, or loss of adhesion qualities, may potentially add to

the selection forces operating on the p53 checkpoint.’®’*7°

Mutant p53 Protein: More Than Just “Loss of Function”
One of the utmost startling pathological findings about modifications to TP53 is that many do not result in protein loss.
On the contrary, most cancerous cells acquire altered p53 protein and even maintain this high amount of protein in
metastatic regions. These elevated planes are attributable to the reality that altered p53 is more persistent than WT,
resulting in protein aggregation.®®”" Therefore, cancer cells act as if they are selectively keeping the altered p53 protein.
This feature cannot be explained just on the assumption that the mutation promotes the deactivation of protein activity
(loss of function, LOF). It was proposed that mutated p53 protein may have some pro-oncogenic impact, and that
variation was really changing this tumor inhibitor into some sort of oncogene.>®:¢*64:66

There are at least two mechanisms by which mutant p53 might induce cancer. The 1** is a dominant negative effect
(DNE). This impact correlates to the altered protein’s ability to combine with the product of remaining WT allele and
deactivate its activity. Therefore, DNE completely disables p53 protein activity, even if the wild-type protein is still
produced in cells. The 2" mechanism is called gain-of-function (GOF), and this does not need the existence of a WT
allele. Indeed, altered p53 accumulates in cells which lost the WT allele, indicating that the mutant protein promotes
itself.®*"°% The mechanisms of this GOF are currently unclear. Mutant p53 has been demonstrated to increase transcrip-
tion of genes including the multidrug resistance gene MDRI1, but w/o directly interacting in the region of the promoter. In
recent times, it has been revealed that altered p53 may form highly stable complexes with products of another member of
TP53 gene family, p73 and p63, which inhibit their trans-activation potential. These proteins perform many functions in
variation and development, and they may also operate as an inhibitor when p53 is deactivated.”>”° Therefore, the
sequestration of these proteins by altered p53 may confer a further survival benefit, clarifying why mutant p53 protein is
selectively maintained in cancerous cells. Figure 5 demonstrates in what way LOF, DNE, and GOF all exhibit the
phenotypic consequences of altered p53. For all known hotspot mutations, the initial consequence is LOF. Though, the
degree of LOF varies, and certain mutant proteins may maintain some transcriptional activity for subsets of target-genes.
DNE is an extra feature of some altered p53 proteins. To enable mutant p53 to interact with WT, the protein’s C-terminal
oligomerisation region must be intact.”*® The properties of GOF alterations are poorly understood. On the molecular
level, criteria for GOF are not exactly as those for DNE, subsequently binding of altered p53 to p63 and p73 does not
need the oligomerization domain but appears to include a component of the core, DNA-binding domain. Moreover, it is
possible that altered p53 will attach to previously unknown protein or DNA targets.’>

Therapeutic Strategies for NSCLC with TP53 Mutation

TP53 mutations play a crucial role in the tumorigenesis of lung epithelial cells, occurring in approximately 50% of
NSCLC cases. Given that TP53 mutations are present in up to 50% of NSCLC cases, with their incidence increasing
annually, targeting these mutations to eliminate their oncogenic effects is vital for the successful treatment of NSCLC.
Multiple investigations show that TP53 alterations give chemo-resistance (CR) to lung cancers cells in vitro and
in vivo.*”**2% Evaluating TP53 status importance in deciding on chemo/radiation treatment. For example, it is widely
recognized that tumors with the altered TP53 are utmost susceptible to ionizing radiation compared to those with WT
TP53. The widespread deactivation of TP53 in human malignancies implies that the rebuilding of the TP53-mediated
pathway in cancerous cells may be an appealing tumor cells-specific technique for treating cancers.*®*’ Virus-based
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Figure 5 Biological properties of mutant p53.
Abbreviations: DNE, dominant-negative; LOF, loss of function; GOF, gain of function.

treatment techniques for mutant TP53-carrying tumors are among the most sophisticated methods to therapeutically
target the TP53 pathway in cancer. WT TP53 restoration in altered TP53-carrying cancers is possible by gene therapy,
which involves introducing an entire cDNA copy grounded on an adenovirus (Adp53). Because of the common alteration
in TP53 in lung-cancers, concurrent therapy with various types of chemotherapy and TP53 gene substitution techniques
have been investigated in both clinical and preclinical environments. In pre-clinical tests with lung-cancer cell lines
expressing mutant TP53, the TP53-replacement method enhanced chemotherapy and radiation outcomes. TP53 gene-
therapy also investigated in clinical-trials in lung-cancer patients, and clinical investigations have really shown
a favorable impact of the combination of Adp53-gene therapy with chemo-therapeutic medicines and
radiation 2127:28:32.33

In a Phase-I clinical study, patients with NSCLC whose malignancies had progressed despite traditional therapies
were given the Adp53 gene directly into their tumors without any additional treatment.”” In this study, 89% of the
patients were assessed with a decrease in tumor size. In another experiment, Adp53 was provided via bronchoscopic
intra-tumoral injection in individuals with advanced endo-bronchial NSCLC, in which (50%) patients demonstrated
considerable reduction in airway barrier. Individuals with advanced NSCLC and atypical TP53 activity got intra-tumoral
Adp53 injections along with intravenous cisplatin, and 71% patients showed greatest clinical reaction of steady illness;
up to 8% attained a partial response; the remaining maximum individuals showed advanced disease.'>'*13-20-22:95 Ag
previously stated, reconstituting the disordered TP53 tumor suppressor pathways, such as introducing Adp53 in tumor
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cells, is one of the most favorable approaches for enhanced therapy. Recently, numerous techniques for identifying small
compounds that hit altered TP53 have been used ie RITA.”® RITA reactivates TP53 and causes apoptosis via disrupting
its connection with HDM-2. It was postulated as a critical chemical to hit wild-type TP53 malignancies, which may show
tolerance to medications that restore mutant-TP53 activity, like PRIMA-1 (p53 reactivation and production of large
programmed cell death). According to Zhao et al demonstrated that RITA-induced reaction is reliant on the existence of
mutant-TP53 and is maintained by restoration of apoptosis.”’ They found that RITA is a potential lead in the creation of
anticancer medicines which again activate the tumor suppressive activity of TP53, regardless of whether they show
mutant or WT TP53.”7%° PRIMA-1 binds to mutant TP53 core and restores its WT conformation, causing apoptosis of
tumor cells. Moreover, PRIMA-1MET/APR-246, a methylated structural analog of the compound PRIMA-1 may act
synergistically with cisplatin or other frequently prescribed antitumor drugs to activate tumors cell apoptosis. Another
research found that PRIMA-1 did not cause apoptosis but did significantly impair cell viability in NSCLC cell lines
expressing various TP53-proteins: A549 (p53wt), LX1 (p53R273H), and SKMesl (p53R280K). With adriamycin,
PRIMA-1 increases the adriamycin-induced cell death in A549 and LX1."? Adp53 gene treatment, along with small
molecules, like PRIMA-1 and PRIMA-1MET, which may repair the transcriptional activity of mutant-TP53, or RITA,
which intervenes with MDM2-directed TP53 erosion, have been verified in preclinical settings, and some are presently in
clinical trials (Figure 6). Furthermore, innovative TP53-based treatment methods for NSCLC can be coupled with
traditional and molecular-targeting cancer therapies, such as EGFR-TKI. The investigation of somatic genetics of the
TP53-pathway in tumors has been verified to be valuable in the search of targeted therapeutics, and TP53 mutational
status could serve as a prognostic indicator in some malignancies.®™

The primary challenge moving forward is to develop comprehensive approaches that analyze the complex interactions
between p53 and other cellular factors. This requires expanding our understanding of p53’s role beyond individual
signaling pathways to encompass entire networks of interactions.'''?

Non-small cell lung cancer (NSCLC) poses a significant-rising occurrence of this ailment among younger individuals
in recent years. NSCLC was diagnosed at an advanced or metastatic stage in 79.7% of the cases. Median overall survival
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Figure 6 Therapeutic Strategies for NSCLC with TP53 Mutation.
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stood at 8 + 0.72 months. Univariate analysis identified tumor stage, CRP levels, and patients’ general condition,
assessed by the World Health Organization’s Performance Status (PS) score at admission, as significant survival
influencers. Multivariate analysis pinpointed elevated CRP levels and a PS index of >2 as predictors of unfavorable
prognosis. Despite therapeutic advancements, the prognosis for young NSCLC patients remains bleak. Timely diagnosis
and intervention are crucial for enhancing survival prospects.**

Therapeutic Associations of TP53
Disruption of p53 in Human Cancer Cells Alters the Responses to Therapeutic
Agents

The information presented here has significant implications for understanding and evaluating the use of therapeutic drugs
in cancer treatment. It confirms previous research indicating that p53 mutations contribute to treatment resistance.?’
However, this study expands on previous findings by demonstrating that while antimetabolite and DNA-damaging drugs
also operate in a p53-dependent manner, their therapeutic effects differ significantly. Specifically, colorectal cancer cells
with disrupted p53 exhibit increased susceptibility to radiation and adriamycin-induced apoptosis but decreased suscept-
ibility to 5-fluorouracil (5-FU)-induced apoptosis.*** Interestingly, these observations align with results obtained from
normal mouse intestinal cells, where p53 deficiency enhances the resistance to 5-FU. Furthermore, the cytotoxicity
induced by 5-FU in normal mouse colonic epithelial cells is associated with RNA metabolism rather than DNA
metabolism, consistent with observations in the human cells examined. These findings suggest that disruptions in
RNA metabolism may underlie at least some of the major effects of 5-FU.>*®"%> The contrasting responses of p53-
deficient cells to 5-FU compared to DNA-damaging agents, along with the inhibitory effect of uridine on apoptosis,
indicate that the current model may be insufficient. This suggests that agents targeting RNA metabolism, in addition to
those targeting DNA metabolism, may be worth exploring in cancer treatment. It is important to note that extrapolating
these findings from a single-cell line to the heterogeneous nature of naturally occurring cancers would be premature. The
observed cellular responses in vitro were more pronounced than those observed in vivo, highlighting the complexity of
translating laboratory findings to clinical settings. Despite these limitations, further elucidation of the molecular
mechanisms underlying 5-FU activation of p53, and induction of apoptosis will provide valuable insights into the action
of this critical chemotherapeutic drug.®*-63-70-71.74.77.78

Furthermore, after 5-FU treatment, conventional colony formation assays did not reveal any effects of p53 disruption.
However, p53 disruption significantly influenced the extent of 5-FU-induced apoptosis in tissue culture and the responses
of tumor xenografts to 5-FU in vivo. These findings highlight the challenges of extrapolating in vitro results to in vivo
contexts and suggest that apoptosis may serve as a more reliable indicator of drug response in vivo compared to colony
formation in certain scenarios. Our results hold relevance for colorectal cancer therapy, given that 5-FU is the primary
drug utilized in this context. It’s crucial to emphasize that our findings do not suggest ineffectiveness of 5-FU in cancers
with p53 mutations. Tumors with p53 mutations are less prone to respond to 5-FU compared to tumors without such
mutations. Drug responses, including those to 5-FU, are multifaceted and are unlikely to be solely attributed to a single
genetic alteration. The strength of our approach lies in its capability to identify specific genetic modifications and assess
their impact on drug sensitivity. This methodology could potentially serve as a model for understanding the role of other

genetic alterations in response to established or novel medications.>*#>-66:7297

p53 Alterations and Survival in Stage-|
According to Ahrendt et al, p53 gene mutations were observed in 55% (n = 188) of cancers. Statistical analysis revealed
that p53 gene mutations were significantly linked with reduced OS (P < 0.05). Four years OS was significantly less in
patients with p53 variations compared to those with WT p53. Additionally, the age of patient and pathological tumor-
node-metastasis (TNM) stage was prognostic of OS which was significantly reduced in patients with metastases in N2
lymph nodes (P < 0.001).5-6>%

In this study, p53 alteration status and pathological stage were comparatively non-significant. In contrast, p53
alteration status did not correlate with worse outcomes in patients with stage Il or IIIA NSCLC (P > 0.05) except
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stage 1. Thus, p53 alterations were independently prognostic of reduced survival only in patients with pathological stage
I NSCLC. Patients whose tumors harbored truncating, structural, or DNA contact p53 mutations had significantly worse
survival compared to those with wild-type p53 (P = 0.01).'*%>°

The p53 mutations were linked with significantly less survival than WT p53. In stage I NSCLC individuals, those
with alterations predicted to affect p53 function or structure mutations had significantly worse four-year overall actuarial
survival compared to those with wild-type p53 (P = 0.001). P53 gene alteration is a significant predictor of poor
outcomes in patients with NSCLC, with the greater risk of deaths being most pronounced in those with stage-I disease.
Furthermore, the clinical behavior of NSCLC tumors harboring a p53 mutation varies depending on the type and location
of the mutation and is also associated with smoking and other carcinogens.’'*!'?

Numerous studies have examined the prognostic role of p53 alterations in NSCLC. Molina-Vila et al concluded that
nondisruptive TP53 mutations are an independent prognostic factor for shorter survival in advanced NSCLC. Clinical
trials are warranted to determine whether patients with these types of mutations could benefit from drugs that reactivate

14,15,18,20,23-25
mutant p53.7" 7

Overall Survival (OS) and TP53 Mutations

In a cohort study conducted by Molina-Vila et al, participants with TP53 mutations had an average overall survival (OS)
of 17.5 months compared to 22.9 months for patients with WT TP53.*°> Recognizing that different types of TP53
mutations have varying impacts on protein functionality, the study classified TP53 alterations into disruptive and
nondisruptive categories. It was found that patients with advanced NSCLC with these two types of TP53 mutations
represent distinct prognostic groups.>:100-103. 104

In this investigation, patients with nondisruptive mutations exhibited a median overall survival (OS) of 13.3 months,
contrasting with 24.6 months observed in patients with wild-type TP53 or harboring disruptive mutations (P < 0.001).
Notably, the correlation between nondisruptive mutations and shorter survival persisted even when patients were stratified
based on EGFR status,>2>324246:92101 Eyidermal growth factor receptor (EGFR) mutations are detected in 15% of NSCLC
patients in the United States, with a notably higher prevalence among Asian populations. These mutations are more commonly
observed in female patients and individuals who do not smoke. Targeting EGFR primarily involves two main strategies: tyrosine
kinase inhibitors (TKIs) and monoclonal antibodies.'%*

Within the EGFR wild-type (EGFR-WT) cohort, patients with non-disruptive TP53 alterations exhibited an average
OS of 8.5 months, contrasting with 15.6 months observed in other patients (P = 0.003) represented in Figure 7. Among
the EGFR-mutated (EGFR-mut) individuals, those with TP53 nondisruptive mutations demonstrated an OS of 17.8
months, compared to 28.4 months in other patients (P = 0.04).%°*?>°7 Multivariate analysis revealed that the presence of
a nondisruptive TP53 mutation emerged as the sole independent prognostic factor for OS.*
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Figure 7 Kaplan-Meier plots of OS among EGFR wild-type (EGFR-WT) or EGFR mutated (EGFR-MT) cohort, patients with non-disruptive (NoD) TP53 alterations. Data from et al.”®
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Conclusion and Future Challenges

In conclusion, this review highlights the critical influence of TP53 gene mutations on treatment sensitivity and overall
survival outcomes in non-small cell lung cancer (NSCLC). The diverse mutational spectrum of TP53 in NSCLC presents
a complex challenge, with different mutations linked to varied treatment responses and prognostic outcomes. Targeted
therapies and precision medicine strategies emerge as promising approaches to improve clinical results, emphasizing the
need for continued research into TP53 mutation-specific pathways and their effects on NSCLC progression and treatment
effectiveness. By enhancing our understanding of TP53 mutations in NSCLC, we can drive the development of more
effective therapeutic interventions and improve survival rates for patients with this aggressive cancer. Advancements in
the NSCLC treatment landscape have led to better median overall survival (OS) and 1-year survival rates. Despite these
advancements, recent reviews indicate that the contribution of improved first-line chemotherapy to this progress is
limited. While pivotal randomized trials with new chemotherapy agents have shown statistically significant survival
benefits, subsequent trials comparing these regimens with other platinum doublets have not consistently replicated these
superior outcomes. This inconsistency underscores the challenges in achieving sustained improvements in survival
benefits with third-generation chemotherapy agents in NSCLC.
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