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Abstract: Protein 53 (P53) shows different functions either to support or to contrast malignant growth. P53 

history tells that discoveries of molecular features have contributed to the emergence of P53 functions. 

Conversely, the shift of paradigms demonstrates that P53 functions coexist even if are in conflict with one 

another. Since 1979, five paradigms have been assembled then deconstructed by taking into account P53 

functions of viral protein, oncogene, tumor suppressor gene, transcription factor, apoptotic factor. By 

summarizing the past five disassembled P53 paradigms, in this investigation the current paradigm involving 

P53 in the modulation of a composite bio-morphological entity namely, tumor immune microenvironment 

(TIME) is analyzed. The aims of this investigation were to provide an overview of solid and validated 

knowledge occurring in all P53 paradigms and to determine P53 abilities to modify TIME through 

manipulation of viruses. As a result, definitive P53 evidence concerns its genetic localization, amino acids 

composition, its isoforms and subcellular expression in organelles. P53 “mutome” assembles all mutations 

affecting this complex protein. Lastly, both categories of tumor promoting and non-oncogenic viruses related 

to P53 were scrutinized. In conclusion, paradigms teach that P53 is undruggable because its drugs inevitably 

target all P53 functions. 

Keywords: wtP53; P53 paradigms; P53 mutome; tumor immune microenvironment (TIME) 

cytokines; P53-related tumor promoting virus; P53-related non-oncogenic viruses 

 

1. Introduction 

Protein 53 (P53) is the most popular protein favoring cancer development. In almost forty-five 

years, the number of P53 abilities is progressively implemented by bringing to light new aspects and 

proprieties. 

On the occasion of the thirtieth anniversary of P53 discovery, two more than complete timelines 

were compiled by researchers who have contributed to the discovery of P53 features (see Timeline in 

ref. [1] and Figure 1 in ref. [2]) [1,2]. By examining the text of timelines, it emerges that contrasting 

functions have been reported for P53. At large, these conflicting abilities are the contingent issues that 

have led to the failure of numerous P53 dogmas regarding the functions and mechanisms of action 

by which this protein induces cancerous proliferation. 
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Figure 1. Legend: Data are taken from Ref. *[9–15,19,20]; **[21–23]; ***[24–27]; ̂ [6,28–30]; 

^^[6,31–35]; ^^^[68,69]. 

By facing these issues, Soussi T has already called into question the model of scientific paradigms 

discussed by the American physicist Thomas Kuhn in the book titled “The structure of scientific 

revolutions” [2,3]. For the propose of reconstructing the history of the different P53 functions, Soussi 

T used the shift of scientific paradigms and then, he associated P53 history with the history of theories 

proposed concerning the onset of cancer (see Figure 1 in ref. [2]) [2]. 

This question is still relevant today because the mixed activities of P53 reflect the fact that 

currently p53 has not passed the rigorous procedures to be validated as a diagnostic or therapeutic 

biomarker [4]. In actuality, P53 remains substantially undruggable and hence, in the USA or Europe 
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there are no approved cancerous therapeutic drugs targeting P53 [5,6]. Lamivutide, statins or 

Zoledronic acid have been used in different clinical trials (CT) to target P53 in cancerous diseases. 

However, these medicinal products have been approved by U.S. Food and Drug Administration for 

treatments of non-cancerous diseases such as infection by human immunodeficiency virus (HIV) or 

for control of cholesterol and Calcium blood levels [7,8]. 

Therefore, by archiving P53 functions through timeline makes scientific conclusions unclear 

because they are providing heterogeneous features. In order to understand achievements and failures 

of therapeutic approaches targeting P53 functions, it could be useful to overcome the line of time by 

reporting the sequence of P53 paradigms revolutions. Indeed, the shift of P53 paradigms is 

independent of time because a paradigm has an indefinite period; conversely, it depends on scientific 

interpretation of discoveries and then, it is determined by validity of the investigation’s conclusions 

(Figure 1). 

Mainly, the current review provides an overview of solid and validated knowledge occurring in 

all P53 paradigms. 

By focusing on the current P53 paradigm, this study is aimed at assessing the abilities of P53 to 

modulate tumor immune microenvironment (TIME) through the usage of viral nanoparticles (np). 

Therefore, P53 related viruses are scrutinized whether these belong to tumor promoting or are part 

of the non-oncogenic virus category. Then, cytokines expressed in TIME are examined. Mostly, 

cytokines involved in P53 immune response during thyroid cancer development are investigated. 

2. P53 History: Timeline Progression Vs Paradigm Revolutions 

P53 Timeline 

In 1979, the P53 story starts by the publication of seven investigations [9–15]. Aimed to find the 

principles governing cancerous growth, several teams have focused their main research interests on 

Simian Vacuolating 40 (SV40). This is a small thermophilic non-enveloped DNA virus belonging to 

the polyomaviridea family, highly stable even in extremal high environmental temperature [16,17]. 

Then, these investigators almost concurrently described an association between SV40 large T antigen 

with a polypeptide of molecular weight ranging between 48-55 kDa. Mostly, this protein has a facility 

to accumulate in the nuclear compartment of cancerous cells. 

On the timeline progression, two original articles are firstly placed [9,10] (Figure 1). 

By the report of Lane & Crawford’s team from the United Kingdom (UK), the research 

community was informed about a protein that came from SV40 infection and was expressed in 

transformed cells [9]. Almost simultaneously, “Virology” journal published a study on a polypeptide 

with 48-55 kDa of molecular weight that immunoprecipitated either with serum against T antigen of 

SV40 or with antitumor serum [10]. 

In a period of two months after the American team of Linzer & Levine reported a 54 kDa protein 

showing similar features [11]. In the same month, through immunological approaches, a 53kDa 

protein associated with SV40 was found from the New York team of Lloyd Old [12]. Peculiarly, only 

four years after the publication of this report, this investigation was included among studies that 

have identified P53 [18]. 

In August of 1979, a 55 kDa protein with comparable properties was described from the French 

team of Kress [13]. 

Lastly, in October, Smith’s team from UK found similar traits; whereas, Linzer and colleagues 

connected SV40 genetic product to levels of a 54 kDA protein in cells infected or transformed by virus 

[14,15]. 

In 1983, during the first P53 Workshop in UK, this protein was officially called P53 because of 

its purported molecular mass. This is actually a misnomer since the human P53 has a molecular 

weight of 43.7 kDa [1]. 

P53 Paradigms 
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By cataloging P53 functions through the revolutions of scientific paradigms, five P53 paradigms 

have already become established over time and then, disassembled (Figure 1). 

The first function reported for P53 falls within the scope of the viral paradigm. Indeed, human 

P53 was correlated to SV40 only and exclusively because this virus can activate cancerous 

proliferation through inhibition of P53 [19,20]. Since, this correlation aimed to find the cause of 

cancers, the P53 immuno-pathways activated during viral infections were considered of subordinate 

importance. In search of the cancer origin, the viral paradigm gave way to the oncogenic paradigm. 

In fact, the second paradigm incorporated the investigations pointing to demonstrate the 

oncogenic function of P53 (Figure 1) [21–23]. The reasons for which P53 was retained an oncogene 

were based on transfection experiments demonstrating that co-operations of P53 with oncogenes of 

the RAS family induced cellular transformations. 

Then, it was the turn of paradigms related to P53 functions of the tumor suppressor gene, 

transcription factor and apoptotic factor operating without transcriptional mechanisms (Figure 1). 

The functions of the tumor suppressor gene came up because of P53 expressions in cancerous 

cells. Since P53 could be recognized in wild-type status (wtP53) but also and especially in mutated 

forms (mutP53), P53 gene was included among tumor suppressor genes [24–27]. 

The fourth P53 paradigm inferred to the ability of P53 to act as a transcription factor. In this 

condition, wtP53 can promote cell cycle arrest, apoptosis and DNA repair by arranging the 

distribution of target genes [6,28–30]. 

Lastly, antiproliferative effects of wtP53 without using transcription established the fifth P53 

paradigm [6,31,32]. Specially, in mitochondria, wtP53 displays a direct pro-apoptotic role [31,33–35]. 

Indeed, wtP53 may modulate noncoding regulatory RNA molecules such as microRNA (miR), too. 

Notably, by removing a large intron of 30 kilobases (Kb), wtP53 can directly target the gene encoding 

miR34a (miR-34a). In cancerous cellular models, this wtP53 activity produces inactivation of miR-34a 

by prejudicing P53 apoptosis pathway [36,37]. 

To note, no drugs have been developed to target the P53 functions reported in the first two 

paradigms. The majority of therapies targeting P53 were developed under the auspices of third 

paradigm settled on wtP53 function of tumor suppressor. By using different strategies, P53 

medicaments were based on a single principle: to work toward restoration of tumor suppressor 

function to prevent the onset and spread of cancerous diseases. Therefore, myriad compounds were 

initially identified as useful for this work as recently reported with great detail [6,8,38,39]. 

On this line, P53 tumor suppressor paradigm has brought to a continuous development of 

strategies encompassing from immuno to gene therapies by including also personalized drugs 

targeting selectively one mutP53 [6]. The main principle underpinning this type of therapeutic 

approach derived by the ability of wtP53 and its own mut forms to be immunogenic molecules [40]. 

Indeed, specific anti-P53 antibodies and P53 antigen-specific T cells were identified in patients 

affected by cancer [41]. More deeply, the working principle of these therapeutic approaches is the 

same that has led to the results reported from the team of Lloyd Old in 1979. Therefore, in 45 years, 

the principles have remained unchanged whereas the agents with which to target P53 immune-

structures have been replaced. 

3. What Remains of the Five P53 Disassembled Paradigms: Evidences, Functions and Hypotheses 

Though paradigms shifted, some P53 evidence were anyhow dragged in subsequent paradigms 

and so, they are definitive data. However, by re-assembling in the context of a new paradigm, these 

ultimate evidences are able to generate new functions. 

At this time, there are definitive evidences about P53 genetic localization, number of residues of 

amino acids (aa) composing wtP53, and its expression in subcellular organelles [34,35,42]. 

Conversely, wtP53 functional domains and their nano- structures are still to be defined [35,43–45]. 

By consisting of 20Kb, P53 gene is placed in correspondence to the short arm of chromosome 17 

at 13.1 locus (Figure 2). By spanning from 7,687,490-7,668,421 loci, P53 gene is built by a sequence of 

19,070 bp that includes 11 exons and 10 introns [46,47] (Figure 2). The fourth exon is highly conserved 
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during the evolution; however, it manifests haplotype diversity either in Caucasians, Africans or 

Asians [47,48]. 

 

 

Figure 2. Legend A: Data are taken from Ref. [46,47]. *Data and abbreviations are taken from Ref. [43]. 

TAD: transcription activation domain (amino acid 1-60); TAD1: transcription activation domain 1 
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(amino acid 1-40); TAD2: transcription activation domain 2 (amino acid 41-60); PRR: proline-rich 

region (amino acid 61-93); DBD: DNA-binding domain (amino acid 102-293); TD: tetramerization 

domain (amino acid 323-353) and CTD: C-terminal domain (amino acid 364-393). ^Data and 

abbreviations are taken from Ref. [35]. TAD-1: transcription activation domain-1 (amino acid 1–39); 

TAD-2: transcription activation domain-2 (amino acid 40–60); PRD: proline-rich domain (amino acid 

61–93), DBD: DNA-binding domain (amino acid 94–292); HD: hinge domain (amino acid 293–322); 

OD: oligomerization domain (amino acid 323–355) and CTR: C-terminal regulatory domain (amino 

acid 356–393). §Data and abbreviations are taken from Ref. [44]. TAD1: transcription activation 

domain-1 (amino acid 1–39); TAD2: transcription activation domain-2 (amino acid 40–60); PRR: 

proline rich region (amino acid 61–93), DBD/core: DNA-binding or Core domain (amino acid 94–292); 

linker (amino acid 293–322); TET: tetramerization domain (amino acid 323–355) and REG: regulatory 

domain (amino acid 356–393). #Data and abbreviations are taken from Ref. [45]. TAD1: transcription 

activation domain 1 (amino acid 1-40); TAD2: transcription activation domain 2 (amino acid 41-60); 

PRD: proline-rich domain (amino acid 64–92); DBD: DNA-binding domain (amino acid 94–292); TET: 

tetramerization domain (amino acid 325–356) and REG: regulatory domain (amino acid 356–393). 

P53 gene encodes a sequence of 393 aa showing several functional domains [49]. By taking into 

account recent data coming up about P53 human transcript, wtP53 aa sequence can be subdivided in 

five, six or even in seven functional domains (Figure 2) [35,43–45]. 

Nevertheless, from N-terminal to C-terminal of P53 aa sequence, there can be comprehensively 

found two transactivation domains (TAD), namely, TAD-1 (1-39 aa) and TAD-2 (40-60 aa), a proline-

rich domain (PRD, 61-93), a DNA-binding domain (DBD, 94-292), a hinge domain (HD, 293-322 aa), 

an oligomerization domain also named tetramerization domain (OD, TET, 323-355), and C-terminal 

regulatory domain (CTR, 356-393) (see Figure 1 in Ref. [35]) [35]. Differences in subdivision of wtP53 

domains are caused by TAD segment (1-60 aa) because it is composed by TAD-1 and TAD-2 domains 

(Figure 2). Further, there are three segments for which the number of residues is not overlapping in 

recent data [35,43–45]. The first segment is corresponding to 94-102 aa sequence because it can even 

be included in DBD domain (Figure 2). The second segment is encompassing from 294 to 322 aa, it 

makes up HD domain and it is alternatively namely “linker” [44] (Figure 2). This sequence counts 

about 29 aa that can even be included in TD/OD/TET domain (Figure 2). Indeed, in this region, Bakker 

MJ et al. have reported a pre-tetramerization loop composed by residues, ranging between 292 and 

325 aa and corresponding to an intrinsically disordered region (IDR) required by tetramerization 

mechanism (see Figure 1. In ref. [45]) [45]. Computational techniques and molecular dynamics have 

provided to show the flexibility of IDR. Transmission electron microscopy images have supplied IDR 

nanostructure by showing that tridimensional conformation varies [45,50]. Machine learning 

techniques have contributed to demonstrate that IDR conformational landscape is mainly altered by 

restricting the end terminals [8,45]. 

The third segment spans from 354 to 364 aa, it can be included in CTD/CTR/REG domain; it is a 

part of IDR since it allows the p53 monomers to link, in so far, it increases DNA binding affinity 

(Figure 2) [45,51]. 

In cellular compartments, P53 can be equally found in both the nucleus and cytoplasm. In fact, 

cytoplasmatic organelles such as mitochondria, lysosomes and endoplasmic reticulum may express 

P53, too [52–55]. To note that in the cytoplasm, wtP53 retains its exonuclease activity that matches 

with that endonuclease in in vitro biochemical analysis [34,56]. 

Furthermore, it is now known that P53 has two homologs namely, P63 and P73, respectively. 

The first, is located on the long arm of chromosome 3 at q 27-29 region; whereas the second, lies on 

the short arm of chromosome 1 at p36 loci [57,58]. P53 and its own homologs show a quite similar 

sequence for the genomic trait concerning the DNA binding domain. For this reason, their protein 

products are included among the P53 protein family. However, the high similarity of sequences does 

not guarantee overlapping functions [59]. 

On the other hand, twelve isoforms of P53 aminoacidic sequence have been identified namely 

FLP53, P53β, P53γ, Δ40α, Δ40β, Δ40γ, Δ133α, Δ133β, Δ133γ, Δ160α, Δ160β and Δ160γ, respectively 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 16 July 2024                   doi:10.20944/preprints202407.1319.v1

https://doi.org/10.20944/preprints202407.1319.v1


 7 

 

[60]. These proteins are particularly abundant in cancerous tissues pertaining to several organs such 

as thyroid and head neck [61,62]. 

Since P53 isoforms play a role to modulate P53 expression, these are the best candidates as 

regulator molecules by tissue specific mode [63]. This is especially due to expressions of P53 isoforms 

that appear tissue and cancer specific. In fact, P53 isoforms show a distinct subcellular localization in 

connection to benign growth or malignant histotypes [61,62,64]. 

The high genomic instability of P53 has been unequivocally proven since more than 2000 

different forms of mutP53 proteins have been screened [65]. Indicatively, P53 alterations are 

predominantly missense mutations that may determine either loss or gain of function (LOF and GOF, 

respectively) as well as inhibition of wtP53 allele that is indicated as mutation by dominant-negative 

inhibition (DNI). However, this categorization of P53 mutations results insufficient to include the 

wide spectrum of mutP53 and their own distinctive work. In fact, some mutants showing GOF 

activity may retain DNI ability [65]. 

Hence, the concept of “mutome” has been associated to mutP53 to explain the remarkable 

functional differences among P53 mutated forms [66]. P53 “mutome” is a new notion of complex 

protein that picks up old and novel oncogenic P53 functions by including tumor progression, 

metastatic growth and drug resistant effects [65–67]. 

At large, P53 mutations are considered as variable categories potentially associated each in order 

to identify P53 molecular diseases. By demonstrating that mutp53 forms contribute in varying 

degrees to regulate P53 functions, the P53 molecular diseases have been distinguished in P53 caused 

diseases and P53 linked diseases [65]. The concept of P53 “mutome” has the greatest achievement of 

enclosing all known as well as unknown P53 mutations in a unique categorization since the genetic 

alterations are inter-dependent with each other [65–67]. 

4. The Last P53 Paradigm 

A new P53 paradigm is currently assembling on the basis of P53 abilities to modulate cytokines 

and growth factors during cancer development (Figure 1). In fact, P53 shows features of 

immunomodulator agent and it plays a role in the regulation of TIME [68,69]. 

TIME is a complex bio-morphological entity built up by distinct cellular types, molecules such 

as cytokines and np. 

Morphologically, TIME is identified as extracellular “stroma” of cancerous proliferations and it 

includes cells such as fibroblasts, fibrocytes, immune-cells, extracellular matrix and blood vessels 

[68,70–72]. 

Thyroid cellular growth could represent an ideal model to individualize the role of TIME in the 

context of both benign and malignant proliferations [73,74]. 

In brief, the stromal capsule plays a crucial role to distinguish benign from malignant thyroid 

proliferations. Further, the absence of a stromal capsule in non-goitrogenic hyperplastic nodules 

allows to distinguish these lesions from benign adenomas. This distinction is highly significant 

because the absence of fibrosis ensures complete healing of hyperplastic lesions. Conversely, thyroid 

adenomas provided by capsule do not spontaneously heal. 

During thyroid benign and malignant cellular growth, TIME cells share propensity to express 

cytokines such as interleukin 6 (IL-6), ligands for tumor necrosis factors such as CD30 ligand (CD30L) 

and even a mesenchyme-derived pleiotropic cytokine namely, hepatocyte growth factor (HGF) [75–

77]. In ex vivo thyroid cancer tissues, cellular and subcellular localization of IL-6, CD30L and HGF 

have been identified [76,78]. Indeed, for some time now these molecules have been detected in 

stroma/TIME associated with thyroid cancerous proliferations belonging to follicular cells [76,78]. 

HGF, IL-6 and CD30L work as ligands for receptors such as c-met protooncogene, IL-6 receptor (IL-

6R) and CD30, or antigen K1 [76,78]. By taking into consideration the expression of cognate receptors, 

the distribution of these ligands was evaluated in the context of stroma/TIME and in carcinomatous 

cells. As a result, immune-expressions of ligands were arranged according to those of the receptors: 

ligands were specially detected in stroma/TIME; whereas, receptors were found in follicular 

epithelial cells [76,78]. More deeply, the passage from the benign cellular growth to malignant 
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proliferations was marked by a change in distribution of ligands [76,78]. Peculiarly, IL-6, CD30L and 

HGF settlements transited from stroma/TIME to epithelial cells. In fact, these ligands were found 

more frequently in malignant follicular cells (see Figure 1 in ref. [76] and [78]) [76,78]. 

The role of wtP53 in TIME associated with c-met, CD30 and IL-6 has been broadly reported in 

cancerous cells [72,79–82]. Therefore, in view of new therapeutic targets, the translational approaches 

of wP53 functions in TIME milieu have to consider the expressions of these cytokines. In support of 

this argument there are HGF and IL-6 effects mediated by signal transducer and activator of 

transcription (STAT), specially STAT3 [83–86]. 

Both HGF/c-met and IL-6/IL-6R axes can recruit STAT3 effector (Figure 3). HGF/c-met axis is 

initiated by the interaction of receptor and ligand which is also present in extracellular matrix 

[78,83,84]. The heterodimeric tyrosine kinase c-met is auto-phosphorylated for which it provides 

binding sites for molecules showing SH2 groups. By acting as intracellular transducers, these groups 

recruit and phosphorylate cytoplasmatic STAT3 that migrates into the nucleus (Figure 3) [83,84]. 

Even IL-6/IL-6R axis is initiated by the interaction of receptor and ligand which is present in 

extracellular matrix [76,85]. After binding IL-6R, IL-6 induces homodimerization and 

autophosphorylation of gp-130, therefore, Janus protein tyrosine kinases are activated and STAT 3 is 

phosphorylated. In such form, STAT3 transits from the cytosol to the nucleus [85] (Figure 3). Once 

inside the nucleus, STAT3 can bind sis-inducible elements but also a P53 responsive element (P53-

RE) [83–86] (Figure 3). 

 

Figure 3. Title: From HGF and IL-6 to P53 pathways. Legend: HGF/c-met interaction leads to 

phosphorylation of two tyrosine residues (Tyr 1349 and Tyr1356) recruiting substates by SH2 domain. 

IL-6/IL-6R binding induce autophosphorylation of gp-130 and activation of Janus protein tyrosine 

kinases. 

Legend: HGF/c-met interaction leads to phosphorylation of two tyrosine residues (Tyr 1349 and Tyr1356) 

recruiting substates by SH2 domain. IL-6/IL-6R binding induces autophosphorylation of gp-130 and activation 

of Janus protein tyrosine kinases. By phosphorylation STAT3 migrates to nucleus and subsequently it binds SIE 

to induce cellular morphogenetic response. Further, STAT3 can bind a P53 promoter Abbreviations. HGF: 

hepatocyte growth factor; c-met: mesenchymal epithelial transition factor; IL6: interleukin 6; IL6R: interleukin 6 

receptor; gp130: glycoprotein 845 130; JAK: Janus chinasi; STAT3: signal transducer and activator of transcription 

3; 846 847 SIE: sis-inducible element; P53-RE: P53 responsive element 
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By phosphorylation STAT3 migrates to nucleus and subsequently it binds SIE to induce cellular 

morphogenetic response. Further, STAT3 can bind a P53 promoter Abbreviations. HGF: hepatocyte 

growth factor; c-met: mesenchymal epithelial transition factor; IL6: interleukin 6; IL6R: interleukin 6 

receptor; gp130: glycoprotein 130; JAK: Janus chinasi; STAT3: signal transducer and activator of 

transcription 3; SIE: sis-inducible element; P53-RE: P53 responsive element. 

STAT3 orchestration by HGF/c-met and IL-6/IL-6R axes have been also proved through 

simultaneous cellular expression of these molecules in malignant and benign proliferation pertaining 

to thyroid gland and pituitary adenomas [87,88]. Further, HGF/c-met/STAT3 pathway is expressed 

in colorectal tumors [89]. 

5. Time Viral Np: Tumor Promoting And Non-Oncogenic Viruses 

Among np isolated in TIME, viral strings of acid nucleic are of great importance. This is because 

these np are able to drive cells toward growth or apoptosis through P53 manipulation [72,90–92]. 

By finding viral np in TIME, the first P53 paradigm is re-evaluating and thereby, P53 pathways 

activated via viral infections are re-assessing, too by the scientific outlook of P53 TIME paradigm 

[72,93–95]. 

Actually, both categories of tumor promoting and non-oncogenic viruses are associated with 

wtP53 [94,95]. 

Among tumor promoting viruses, in particular DNA viruses, such as SV40 and human 

papilloma viruses, have been related to P53 [91,96]. Conversely, DNA, RNA and even retro-viruses 

are listed in the category of non-oncogenic viruses associated with wtP53 [94,95]. Human herpes 

simplex virus-1(HSV-1) and three members belonging to the poxvirus family namely, smallpox, 

vaccinia and Tanapox viruses, are recorded in the category of non-oncogenic DNA viruses [94,97–

99]. Among non-oncogenic RNA viruses, wtP53 is relevant to the Influenza A virus (IAV) and 

members of the Flavivirus family such as Zika virus (ZIKV) and the west Nile viruses [94,100–102]. 

Lastly, lentivirus HIV-1 of the retrovirus family can interact with wtP53, too [103]. 

By rejoining strategies that viruses put in play for viral replication, survival and spreading, it is 

irrefutable that viruses manipulate wtP53 for their own support. However, now it is also appearing 

quite clearly that wtP53 can stop viral spreading by molecular remodeling of TIME molecules [72]. 

To induce cancerous proliferation, viruses manipulate P53 through three pathways. Firstly, 

DNA tumor promoting viruses use transcription mechanisms that host cell employs to replicate DNA 

[94]. In this way, an aberrant entrance in S phase is aided that will be promptly annulled by wtP53 

that promotes apoptosis [104]. However, by binding wtP53, these viruses are going right to inactivate 

wtP53, the reason why the host cells grow abnormally. Secondly, oncogenic viruses can use “DNA 

mimicry”. By this option, SV40 inhibits P53 transcription since P53-RE are included in T antigen 

[1,105,106]. Therefore, P53 transcriptional regulation is repressed and then, cells move toward an 

uncontrolled proliferation [105]. On this road, wtP53 may have a “helper” function for the benefit of 

SV40 due to providing transcriptional promoting proteins [107], Lastly, SV40 can activate “p53 host 

defense mechanisms”, too [94]. This pathway is based on a competitive binding between P53 and a 

host protein, namely Sp1, which is crucial for SV40 assembly [94]. By this direction it might explain 

why in the first phase of infection, wtP53 is detected in cells in which SV40 is unexpressed. 

Different pathways are activated by non-oncogenic viruses associated with P53. In regard to 

HSV-1, wtP53 plays two conflicting roles. In fact, wtP53 can support efficient HSV-1 replication but 

can even reduce its expression [97]. Conversely, to gain advantage to proliferate, non-oncogenic DNA 

poxviruses downregulate wtP53 [94]. In fact, by exploiting either phosphorylation or acetylation 

pathways these produce reduction of wtP53 expression [94]. 

In the course of infection by IAV and West Nile virus, wtP53 can act both as an antiviral and as 

a promoter of viral infection [94]. The relationship between wtP53 and ZIKV remains constantly 

monitored, especially because this virus has been associated with increasing incidence of congenital 

microcephaly (CM). Indeed, wtP53 has already been related to abnormal development of the nervous 

system (NS) in animal models and human fetuses [101,108]. 
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In animal models, Trp53 knockout mice developed abnormalities in the neural tube [109]. 

Human fetuses affected by NS malformations showed reduced amounts of wtP53 in both NS 

including dysplastic neuronal cells and placenta; whereas, high wtP53 amounts were detected in non-

malformed organs [108]. As a consequence, this organ-specific distribution of wtP53 is indicative of 

wtP53 role in normal fetal development of SN [108]. 

Depending on the infection stage, HIV-1 turns wtP53 abilities to its advantage. HIV-1 can 

contribute to wtP53 suppression; however, it can also facilitate wtP53 activation [103]. In the early 

phase of infection, HIV-1promotes wtP53 suppression by interaction of nanostructures belonging to 

both HIV-1 and wtP53, therefore, the viral transcription is improved [94]. In the later stage, HIV-1 

induces wtP53 expression without interacting through wtP53 [94]. In fact, to support its own viral 

replication, HIV-1 prevents binds among wtP53 and its inhibitors [110]. 

This has several relapses in cancerous theories because P53 may arrest the cancerous 

proliferation by TIME activation. Further it has pharmacological implications because of viral 

therapeutic agents should be useful in both infective and cancerous diseases. Indeed, Lamivutide was 

in a clinical trial (CT) to cure cancerous lesions. Essentially, the CT namely, NCT03144804 was 

designed by Lamivutide usage for metastatic colorectal cancer. To date, this phase 2 study was 

completed showing as a result that Lamivutide should help to prevent the growth and spread of 

cancerous cells. 

6. Conclusion And PerspectiveS 

P53 is a multifunctional aminoacidic sequence that shows different functions in malignant 

proliferation and in viral inflammatory diseases. 

The lesson of paradigms teaches P53 functions can’t be catalogued in a table as independent 

discoveries. In fact, the shift of paradigms displays that P53 functions are synchronous, even if they 

appear discordant. P53 paradigms are independent by time: information, systematically examined 

and quantified in each paradigm, can be re-used in the future in a new context for new usages. 

Further, the interpretation of the tremendous data reporting P53 functions through paradigms 

explains why P53 is actually undruggable. This is because drugs inevitably target all P53 functions 

to a greater or lesser degree. The future prospectives concern P53 translational researches to find 

medicaments able to modulate multiple P53 functions to achieve the desired effects. 
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Appendix A 

The appendix is an optional section that can contain details and data supplemental to the main 

text—for example, explanations of experimental details that would disrupt the flow of the main text 

but nonetheless remain crucial to understanding and reproducing the research shown; figures of 

replicates for experiments of which representative data is shown in the main text can be added here 

if brief, or as Supplementary data. Mathematical proofs of results not central to the paper can be 

added as an appendix. 

Appendix B 

All appendix sections must be cited in the main text. In the appendices, Figures, Tables, etc. 

should be labeled starting with “A”—e.g., Figure A1, Figure A2, etc. 
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