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ABSTRACT

The p53 gene located in human chromosome 17, suspka cell cycle when there is DNA damage. Ifehera

mutation in p53, the cell cycle continues unrestedi and reproduces the damaged DNA, leading to ninméed

cell proliferation and cancer tumors. The p53 piotes a transcription factor and its pivotal rol@ imaintaining

genomic integrity has earned it the nickname “guandof the genome”. p53 gene is mutated in about

human cancers of breast, colon, lung, liver, prtstaladder, and skin. Since the loss of p53 fonds so prevalent
in human cancer, this protein is an ideal candidfde cancer therapy. Several gene therapeutic egjats have
been employed in the attempt to restore p53 fumeta@ancerous cells.
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INTRODUCTION

The p53 gene was discovered by Arnold Levine, Dadde and William Old in 1979. Earlier it was calesied to
be an oncogene but later it was cloned and chaizetieas the tumor suppressor gene. P53 is the eoastonly
varied gene in human cancers. These mutations cftese conformational changes of the p53 protehictw
consequently impairs the capacity of DNA bindindpiet results in the loss of p53 function and redusensitivity
to apoptosis or senescence, a permanent status\wrsible cell cycle arrest. [1]

Furthermore, these conformational changes oftear #ie p53 protein resulting in raising the p53elewn tumors,
which is frequently used as a surrogate markeb8frputation.

TP53 holds its uniqueness among cancer genesde tteys:

» Generally, the alterations in cancer are missengatmans. This is not very common for suppressoregewhich
are inactivated by deletions or non- sense mutstion

» It is altered at a particular frequency (betweera@ 80%) in almost every human cancer, irrespeaivthe
organ site or the histological type.

» The protein itself is reasonably essential for masgects of normal life. This also contrasts witngntumor
suppressors, which encode important proteins.

Therefore, the function of p53 is mainly to guaedlsagainst the occurrence and development oferaarad also as
explained by M. Oren, the “ultimate tumor suppreggEne”
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Trp53 is a master transcription factor which retpgahe expression of a plethora of genes invoirdtie crucial

biological processes, many of which encipher pnat¢hat control the cell cycle or induce apoptoBiecause of its
critical impact on cell predestination, cellular3pactivity must exactly be controlled. It was fithbught to be an
ontogeny, but 10 years later researchers Bert \$tgjaland Ray White, who then studied colon carst@wed p53
to be a tumor suppressor gene. In the past ovarathied of 10 years, the roles of p53 in human eebave been
investigated widely in many aspects.

P53 gene is not responsive in cells where DNA ganmaged. When there is damage in the DNA, the gesigends
the cell cycle until the injury can be repairedthiére is a mutation in p53, the cell cycle corgmuncontrolled and
reproduces the injured DNA, leading to unrestraicell proliferation and cancer tumors. Cancer itssat the cell
with destroyed DNA divides, this DNA is replicatadd each daughter cell's cycle is also uncontro[i2d

All cancer cells contain mutagenesis in combinaiaf tumor suppressors and ontogenesis. The renafval
functional p53, from a cell allows for the accretiof even more DNA damage and the division of dilég contain
damaged DNA. The mutation of p53 is one of the megtlar genetic changes seen in cancer celldditian to
mutations that arise during the growth and advaecgsnof individuals (sporadic mutations), there famens of
cancer associated with the acquisition of a damagesion of p53. In addition, several viruses hdeeeloped
ways of inactivating the p53 protein.

The p53 gene

The Chromosomal Location of p53 genesis: 17

The p53 gene encompasses 20kb of DNA with 11 ewtnich on transcription gives a 3.0kb mRNA havingQip
open reading chase. On translation, this mMRNA pred@a 53kDa protein (hence the name p53)

This very special position of p53 in the controlcell maturation is due to two biological charaistiées. First, p53
is a protein which is inducible at the post- trai®nal level. It is almost absent, or “lateni’most standard cells
and tissues, but becomes steady and actuated ponss to many forms of cellular stress, in paricudtress
generating the formation of DNA-damage. Moreové&3 s capable of limiting many overlapping pathways3 is
a transliteration factor with more than 30 knowrgéd genes in pathways such as cell cycle corapaptosis, DNA
repoint, contradistinction, and senescence. Théejralso acts through direct, convoluted formatwith other
cellular constituents, further increasing the raofjeesponses elicited by p53 activation. OveBl3 radiates to sit
at the midstream of a reticulum of signals thatnem stress response (in particular to DNA damags) growth
regulation. This special function has attained &8 nickname of “guardian of the genome”. Loss 58 function
thus eliminates over shielding system by which scelsually adjust their capacity to proliferate imessful
conditions, and increases the probability that scells may acquire other transmissible changesnducancer
progression. [2]

The p53 protein (p53)
The p53 protein is a combination of 3@%idue polypeptide and form-Nerminal to Cterminal. It contains five
functional domains.

1. N-terminal preserve (residuesiB) that are involved in transcriptional activation

2. A Proline rich preserve (687) and Mdm2 binds to both these domains.

3. The large, central core domain (residues-200) that involves in DNA binding, and is the regiof almost all
oncogenic p53 transposition.

4. The oligomerization domain (residues 3260) contains nuclear determined signals and islved in p53
tetramerization.

5. The basic @erminal preserve (residues 3893) is a negative regulatory domain that can sggpsequenee
specific DNA binding by the core domain.
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Fig 1: p53 protein-TP53 [1]

Features of p53 protein
1) Cofactor Binds 1 zinc per subunit.
2) Subunit Binds DNA as a homotetramer.

Cellular roles of p53

I. The transmission of destroyed genetic informatimmf one cell generation to the next is obviate@5$. It does
this by binding to a transliteration factor callegF.

II. p53 prevents E2F from binding to the advertizerproto oncogenes such asmycandc-fos Transliteration of
c-mycandc-fosis needed for mitosis to blocking the translitematfactorwhich is needed to turn on these genes to
avoids cell division.

Ill. Initiates apoptosis if the damage to the cell ierise and works as an emergency brake on cancanawent by
killing cells that attempt to proliferate in oxygeeficient regions of tumors.

IV. Alteration in p53 can cause cells to becommeogenically transformedind transfection studies have shown that
p53 act as a powerful trans-dominant tumor supprebst some level of normal growth to cancerouls @e vitro.

V. p53 is a powerful transcription factor and oncevated, it represses transcription of one set ofege(several of
which are implicated in stimulating cell growth)

VI. The function of p53 is critical to the way that rgatancer treatments decapitate cells since radiplyeand
chemotherapy act in part by triggering cell suidideesponse to DNA damage.

p53- Activating Signals

It does not interfere with cell cycle progressiord aell survival. p53 is not essential for the nafmepresentation
of cells within the body. A variety of conditionartlead to rapid induction of p53 activity, whicbri@sponds to 5
types of stress, that are likely to favor the emaaog of cancer bound cells. Such conditions incluwtieect DNA
damage as well as damage to the divisions invoiwete proper handling and segregation of the tzllgenetic
materials (eg. The mitotic spindle piece, ribo-eatide depletion, hypoxia, heat shock, and vulrbtabo nitric
oxide (NO).

The p53-Mdm2 Loop

The p53 level is controlled by its inhibiter molézsy Mdm2 (Mouse double minute 2 homolog). Mdmghies major
controller of p53 stability and prevents it fromnding to the promoter and also actively contribthe fast
abasement of p53. Mdm2 is the product of an oncagehose excess activity alleviates various tygelsuman
cancer. [3]
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Fig 2: p53 and MDM2 association [3]

A key player in the ordinance of p53 is the Mdmatpin. Mdm2 exhibits a unique relationship with p&h the
other hand, the Mdmz2 protein binds to p53 and makeésactive. The binding occurs right within thé&3
transactivation domain, interfering with arrangetna&rbasal transcription machinery components.

When a cell suffers from DNA damage by genotoxhemotoxic stress or gets abnormal signals from gece
activation, p53 is activated causing an elevatedllef p53 correlated with its two components, gegion and
phosphorilation.

Recent emerging evidence reveals that p53 can lasactivated by different physiological and patiidal
stressors, which include hypoxia, metabolic strebssomal stress, nutrient deficiency, viral irifec, endoplasmic
reticulum (ER) stress, and psychological stress.

Thus, as a crucial sensor of cellular stress, p&gsm significant role in ensuring proper healid &unction of all
cells by dictating that how processes like apadptosenescence, or transient cell cycle arrest widtur,
depending on the level and nature of the stredsitieacells encounters as well as to see how séverelamaged
and whether the damage can be reversed Thoughessiress and un-repairable damage results in agspto
senescence and modest stress. The repairable daesafjs in transient cell cycle arrest. Cells wallenter the cell
cycle to produce progeny as soon as the damadge IDNA is repaired.

The well regulated induction of apoptosis or searse is the major mechanism through which p53 sagses
tumor development and ensures stability of the genoTherefore, p53 is considered to be the caretake
gatekeeper, and guardian of the genome.

P53 Mutations and Human Cancer

Therefore, p53 represents an interesting target denetic or pharmacological involution in cantreatment.
Below, we briefly review the deduction of TP53 innan cancer, and we describe current approachesafmer
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gene therapy, the P53 protein is pharmacologicalhgulated, and exploitation of TP53 in cancer deircand
monitoring.

The functional P53 molecule is in tetrameric formd dunctions as a transcriptional factor. It isatwed in cell
cycle checks, senescence, genomic unreliability,[2MA repair.

The protein in Figure 3 contains various functiop@serves, as indicated. The number of mutatietescted in the
human cancer that falls within each of this envment is given. The most frequently mutated porti®rthe
sequence-specific DNA-binding domain. Within thisigonment several residues are “hotspots” for tima

depietion
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Figure 3: The p53 signaling pathway.[4]
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Figure 4: Structure of the p53 protein. [4]

The three most recently changed residues in huraacets are represented using a space-fill modshioh each
atom is envisioned as a small sphere. The targ& BNutlined to which p53 is bound.

Inactivation of p53 occurs through various mechasisincluding genetic changes (mutation, deletiovijh the
binding of viral or cellular oncoprotein inactivati of protein is done, and separation in the cy@smpl. The DNA
binding domain contains 93% of all mutations idéedi to date. Since after initial reports that ntigtas tended to
cluster in the central portion of the coding seaqeefDNA binding domain) this high frequency may be
overestimated, most investigators have limitedrtaralysis to exon 5 to 8. A database of all ptielisinversions is
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maintained at the International Agency for ReseaitiCancer. The most frequently mutated residues@mnserved
among species and play an important role in thd¢aot® between the protein and target DNA whethegctlior
indirect. All these mutations result in impaired Bi®inding and loss of transcriptional activity.

Mutations in TP53 are found nearly in every kindhofman tumor. In malignancies the mutation prewdeis
higher than 50% which includes skin cancer (excegianoma), late stage cancer of bladder, and @anas in the
aero-digestive tract. Lymphomas and tumors of tlestpte, brain, breast, and liver shows an interatednutation
frequency between (15 to 35%). Leukemia (10%)idelstr cancer (< 5%), and malignant melanoma (< &eé)the
kinds of Malignancies with low mutation frequendy.cancers such as breast and colon, TP53 mutadies® to
occur late in tumorigenesis. In several other cemtike in the head, neck, lungs and skin, mutationcur very
early and may even precede tumor development. Hbgrer and type of inversions is often informativettee
mutagenic mechanisms that have caused them, maki®®3 an interesting gene to study in molecular
epidemiology.

Mutations in the p53 protein can have at leastetlphenotypic effects: loss of function, in whichmissense
mutation abrogates p53's ability to block cell dieh or reverse a transformed phenotype; gain o€tfan (or
dominant-positive effect), where mutant p53 accuimevel functions as demonstrated with the intrtidncof a
mutant p53 gene into cells lacking wild-type p5&lel which induces a tumorigenic phenotype; trdostinant
mutation (dominant-negative effect), seen when #antuy53 allele is introduced into cells bearingtp53 allele,
resulting in the ability of mutant p53 to drive Bpto a mutant conformation overriding of the ndrimaibitory

function of p53.

oxidative stress, mutagens—aflatoxins, benzo(ajmyrealkylating agents—and inhibitors of topoisorsesma
Moreover, damage to the mitotic spindle, ribonutiten

p53- dependent Apoptosis

p53 activates the genes transcriptionally andldads to cell cycle arrest or cell death(apoptosig) WAF1/CIP1

is a Glcyclin/cyclin reliant protein kinase inhibitor and this inhilsitbampers with the activity of a Glcyclin
dependent protein kinase. This results in cell eyalrest. p5dinding sites in the regulatory region of the gene
directly activate transcription of the Bax gene,iaihis located in mitochondria. When over inductiby induce
apoptosis.

There are several potential mediators of-piced apoptosis. The bax is a protein which Bpégsis inducing
member of the BeR protein family. p5ainding sites present in the regulatory region hef gene initiates the
transcription of the bax gene. Bax is a gene th&ddated in mitochondria. When there is an ov@ression of this
gene apoptosis is induced.

Gene Therapy using P53

The capacity of wild type P53 to arrest the proéfon of cultured cells and induces apoptosis ta@sed an

enormous interest in the possibility that restotting p53 function in tumor cells may block tumowelepment. In

addition, the finding that p53 protein is the kagtbr in determining the response of cancer celtberapy, has led
to the concept that re-introduction of a normalt@iro may sensitize cells to cytotoxic killing arttug improve

therapeutic response. In past ten years, sevdmtsehave been made to translate these laboréitotings into

clinical applications. One of the most popular @ghes to achieve this goal is gene therapy. Belesummarize
the various modalities of p53 based gene theragyhtaive been described in the recent literature.[5]

Replacement Gene Therapy

The function of TP53 is lost in many cancers thioogutation or loss of alleles. Therefore it seeeasonable to try
to restore TP53 function by replacing the mutamegeith a functional, wild-type copy. The primagguirement to
treat cancer with such replacement gene therapith& inecessity for highly efficient delivery otttvild-type TP53
into tumor cells in vivo. There must also be suéfit expression of functional p53 protein to mesliadmor

suppression either through a direct mechanism wivglcell death or growth arrest, or by increassegsitivity to

conventional anti-tumor agents. Other critical ®sscfactors include a low level of toxicity towant@rmal cells
and the absence of a host immune response agaéngehe delivery system. The mechanisms of geivedektan

be subdivided in two broad categories: viral and-wival.[6]

117



Momina S. Alvi et al J. Chem. Pharm. Res., 2016, 8(6):112-118

Recent advances in p53 cancer

When a cell suffers from DNA damage by genotoxlermotoxic stress or gets abnormal signals from gece
activation, p53 is activated causing an elevatedllef p53 correlated with its two components, gegion and
phosphorylation.

Recent emerging evidence reveals that p53 can lasactivated by different physiological and patiidal
stressors, that includes hypoxia, metabolic stmésssomal stress, nutrient deficiency, viral irffen, endoplasmic
reticulum (ER) stress, and psychological stress.

CONCLUSION

As a crucial sensor of cellular stress, p53 plaggaificant role in ensuring proper health andction of all cells
by dictating that how processes like apoptosiagSeence, or transient cell cycle arrest will ocdepending on the
level and nature of the stress that the cells emtessl as well as to see how severe it is damagedvaether the
damage can be reversed. Though severe stress amgbairable damage results in apoptosis or senescand
modest stress. The repairable damage results msi¢ra cell cycle arrest. Cells will re-enter thal cycle to
produce progeny as soon as the damage in the Diepéred.
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