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Abstract: p53 is a nuclear binding phosphoprotein, which regulates the gene expressions and controls several
key genes involved in gene regulation. It facilitates DNA repair. If the damage is beyond repair, p53 triggers
apoptosis of the cell. p53 has been shown to regulate apoptosis in both transcription dependent and independent
manner.

Various types of genotoxic and non genotoxic stresses can lead to p53 activation like radiations, mutagens like
Aflotoxins, benzopyrines, alkylating agents etc. and also the agents which damage mitotic spindle, cause
ribonucleotide depletion, hypoxia, heat stroke, exposure to nitric acid etc. These damages are either repaired
or apoptosis is triggered.

p53 pathways play a critical role in prevention of carcinogenesis. It may turn oncogenic when there is loss of
function, dominant negative activity and oncogenic activity of mutant p53. It plays a critical role in oncogenesis
by several mechanisms, so targeting p53 is a favorite modality for developing a new approach in cancer
therapeutics. The approach includes gene therapy to restore p53 function, inhibition of p53-Mdm interaction,
restoration of mutant p53 to wild p53, targeting p53 family proteins, eliminating mutant p53 and p53 based
vaccine.

It is very interesting to study p53 molecule in this perspective because, this unique molecule, has the property to
trigger oncogenesis as well as it can be targeted therapeutically to treat cancers.
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I.  Introduction

p53 is a nuclear DNA binding phosphoprotein that normally exists as homotetramer or complex of
tetramers. It is transcriptional activator of a specific set of target genes, and can exert transcriptional repression
probably by interaction with transcription factors or the general transcription machinery. It interacts directly
with cellular proteins. Loss of p53 function can contribute to genomic instability within cells. p53 is important
in preventing cancers because of its unique functional capabilities. It regulates gene expression and control
several key genes involved in growth regulation. It facilitates DNA repair. If the damage is beyond repair, p53
triggers apoptosis of these cells, besides DNA damages, p53 dependent apoptosis is also induced by
inappropriate oncogene activation, certain cytokines, hypoxia, heat shock, telomerase erosion etc. DNA damage
can be due to exposure to radiation or drugs, causing damage to signals, the activation of cellular checkpoint
kinase, such as ATM (Ataxia telangiactesia mutated) and ATR (ATM and Rad-3 related), which then leads to
phosphorylation of p53. p53 is normally sequestrated by Mdm2. Phosphorylation of p53 disrupts p53’s
interaction with Mdm2 and ushers its activation. [1].

p53 then holds the cell at check point until the damage is repaired. If the damage is irreversible,
apoptosis is triggered. Oncogene such as myc, Ras V12 and E2F-1 have also been shown to induce apoptosis by
indirectly activating p53 via activation of ARF (Alternating Radiation Frame). ARF acts by sequestering Mdm2
thus releasing p53. [2].

P53 has been shown to regulate apoptosis in both, a transcription dependent and independent manner.
In the transcription dependent pathway p53 activates the expression of several proapoptotic proteins such as
PUMA, Bax and BID, which is involved in the regulation of the intrinsic cell death pathway as well as upgrade
CD95 (Fas/Apol) and DRS5 receptors which mediate the extrinsic cell death signals. In addition, transcriptional
activation of proapoptotic protein p53 has also been shown to suppress anti-apoptotic proteins such as surviving.

3.

Il. P53 Structure And Function
The human TP53 gene spans 20kb on chromosome band 17p13.1. The gene is composed of 11 exons,
the first of which is noncoding. Its promoter does not contain TATA box but harbours a number of consensus
binding sites. For common, transcription factors such as Spl, NF-kappaB or C-Jun. Despite these potential sites
for transcriptional regulation, the expression of TP53 is constitutive and ubiquitous, most of the protein
regulation taking place at the post translational level.
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The p53 protein is a nuclear phosphoprotein, composed of 393 amino acids in human. It has five
structural and functional domains i.e. an N-terminal transactivation domain, a protein rich regulatory domain, an
oligomerization domain and a C-terminal domain involved in the regulation of DNA binding. The most
common mutation that occurs in cancer alters this structure either by abrogating protein-DNA contacts or by
disrupting protein folding.

Various types of genotoxic and non genotoxic stresses can lead to p53 activation, like;-

» Gamma or UV radiation, free radical damage, inhibition of topiosomarase, which causes single or double

strand break in DNA.

Mutagens that form bulky DNA adducts like Aflotoxins, benzopyrines, alkylating agents, etc.

Agents that block elongation by RNA polymerization.

Agents that cause damage to mitotic spindle, ribonucleotide depletion, hypoxia, heat stroke, exposure to

nitric acid etc.

Once activated, p53 can trigger several cellular events, via two distinct parallel pathways i.e. transcription

dependent and/or transcription independent pathways. However the response of p53 activation e.g. cell

cycle arrest or apoptosis depends upon the nature and amplitude of inducing signals and also the tissue and

cell type. It is also important to understand that the two biological responses may co-exist within the same

tissue. [4]

» lts role in carcinogenesis: p53 and its downstream pathways play a critical role in preventing tumour
formation. Its role in oncogenesis may be described under three main actions i.e.

>
>
>
>

1. Loss of function.
2. Dominant negative activity of mutant p53.
3. Oncogenic properties of mutant p53

2.1. Loss of function

More than 50% of cancer patients’ harbour somatic mutation on p53 gene and about 80% mutations are
missense mutations. The germ line p53 mutation causes a rare type of cancer predisposition disorder called Li-
Fraumeni syndrome (LFS). Both somatic and germ line mutations are usually followed by loss of heterozygosity
(LOH) during tumour progression, which results in the inactivation of the remaining wild type alleles of p53. So
the loss of function of p53 causes genomic instability, metastasis, resistance to chemotherapy and radiotherapy,
poor patient survival and tumour progression.

2.2. Dominant negative activity of mutant p53.

The mutated p53 is over expressed in human tumours. This mutant p53 not only loses its tumour
suppressive function but also has dominant negative activity on remaining wild type p53. It leads to accelerated
tumour development and its growth. [5]

2.3. Oncogenic properly of mutant p53.
Mutant p53 acquires oncogenic properties that lead to “gain-of-function”. Several mechanisms are
attributed to this “gain-of-function” phenomenon. e.g.

2.3.1. Mutant p53 can inhibit the function of the p53 family proteins i.e. p63 and p73 by protein-to-protein
interaction. It is found that mutant p53 inhibits p73 and p63 only when it is present in excess. (of p63, and
p73). This situation is common in tumours. [6].

2.3.2. Regulation of gene transcription by mutant p53 is an important “gain-of-function” mechanism. Mutant
p53 have the ability to activate the transcription of multi drug resistance 1 (MDR1) gene, which causes drug
resistance in mutant p53 expressing cancer cells. Besides MDR1 mutant, p53 has been implicated in the
transcriptional regulation of several genes including PCNA, c-myc, FAS, bcl-x1 and VEGF. The transcriptional
regulation of these specific genes by mutant p53 may be modulated through preferential binding to structural
DNA motif such as non-B DNA structures. [7]. It can do so, through interaction of mutant p53 with sequence-
specific transcription factor.

2.3.3. Mutant p53 inhibits the DNA repair pathway and thus have gain-of-function and genetic ~ instability.
8]
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I11.  Targeting P53 Signalling For Cancer Therapy: The Approaches

The p53 plays a critical role in tumorogenesis by several mechanisms. So targeting p53, is a favourite
target and a novel modality for developing a new approach to cancer therapeutics. These approaches include;-
3.1. Gene therapy to restore p53 function.
3.2. Inhibition of p53-Mdmz2 interaction.
3.3. Restoration of mutant p53 to wild type p53.
3.4. Targeting the p53 family proteins.
3.5. Eliminating mutant p53.
3.6. p53 based vaccine.

3.1. Gene therapy to restore p53 function

Delivery of wild type p53 by virus in to the cancer cells is a direct strategy to rescue p53 activity in
cancers. It is believed that restoration of p53 function in tumour cells may block tumour development and may
sensitize cells to cytotoxic killing thus improving therapeutic response.

3.1.1. Retrovirus mediated p53 gene therapy

Retrovirus is an attractive candidate for cancer gene therapy application because they integrate in a
stable form into the genome of infected cells and they require cell division for transduction. Retrovirus has been
used in the majority of approved gene transfer clinical protocols. A phase 1 clinical trial was undertaken to
determine the toxicity of retrovirus mediated delivery of wild type p53. [9].

Nine patients with non-small cell lung cancer for whom conventional treatment failed, were included in
the study. The result shows no significant vector related toxic side effects up to five months after treatment.
Apoptosis was more frequent in post treatment biopsies than pre-treatment biopsies. Retrovirus based gene
therapy has three major drawbacks i.e.

» They may cause damage to genome.
» They may produce high titre of virus.
» Their efficacy for transduction is relatively low especially in non-replicating cells.

3.1.2. Adenovirus mediated p53 gene therapy

The use of adenovirus is another favourite strategy to TP53 gene replacement therapy. It has several
advantages over retrovirus. Their activity is not limited to actively proliferating cells. It has low toxicity profile.
They do not integrate into the genome, so there is no risk of insertional mutagenesis.

In vivo and in vitro studies have demonstrated that adenovirus delivery of wild type p53 (Ad-p53)
triggers a dramatic apoptosis and tumour regression response in various cancer types including head and neck
cancers, lung cancers, prostate cancers, cervical cancer, ovarian cancer and gliomas etc.

The Ad5 CMV-p53 (Advexin®, Gendicine®) has been tested in phase | to phase 1V clinical trials for
the treatment of patients with recurrent malignant gliomas, head and neck cancers, hepatocellular carcinoma,
nasopharyngeal carcinoma and ovarian cancers. The complete response rate, five year survival rate and five year
disease free survival rates were significantly increased in the group receiving Ad-p53, combined with
radiotherapy, as compared to group receiving radiotherapy alone. [10]. The limitation to this approach is that the
virus is not able to infect every cancer cell due to limitation of virus delivery and that host antibodies reduce
adenovirus infectivity.

ONYX-015 is an oncolytic antivirus therapy. It selectively replicate, in p53 dysfunctional tumour cells
and results in, the specific lysis of those cells. Phase-I clinical trials have shown its efficacy with non-significant
side effects. [11]. Its approach is essentially different from ‘replacement’ gene therapy. Indeed it does not
involve transfer of a TP53 gene into the cell but requires the introduction of genetically modified (E1B-
defective Adenovirus) virus that will take advantage of dysfunctional p53 in cancer cells to selectively kill them.

3.2. Inhibition Of The P53-Mdmz2 Interaction

Mdm2 is an E3 ubiquitin ligase which regulates p53 by feedback mechanism. Mdmz2 is up regulated by
p53; it interacts with p53 to promote polyubiquitination and subsequent proteosome dependent degradation of
p53. Mdm2 is frequently amplified in human cancer. [12]. Due to critical inhibitory effect of Mdm2 on p53,
targeting the interaction of Mdm2 with p53 is a potential therapeutic strategy. Some promising inhibitors p53-
Mdmz2 is as below:-

3.2.1. Nutlin-3:- It is a potent and selective inhibitor of Mdm2-p53 interaction. It binds to Mdm2 mimicking
the crucial amino acid residue of p53 that are essential for Mdm2 binding. It has been shown to block cells
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in G1 and G2 phases and induce apoptosis in a wild-type p53 dependent manner. Treatment by Nutlin-
3a shows effective tumour growth inhibition and tumour shrinkage at non-toxic doses in human cancer

3.2.2. RITA: - It is a small molecule compound and is found to prevent the interaction of Mdm2 with p53.
In contrast to Nutlin which binds to Mdm2, RITA binds to p53 thereby preventing Mdm2 interaction. It
induces p53 dependent growth inhibition and apoptosis in tumour cells. [14].

3.2.3. MI-219:- It is a second class of Mdm2 inhibitors. The discovery of MI-219 has demonstrated the utility of
crystal structure guided drug design. It blocks the interaction of p53 with mdm2 by mimicking critical
residue of the p53-mdm2 complex interface. It activates the p53 pathway and  triggers apoptosis in p53 wild
type cancer cells, but not in p53 mutant cancer cells. In a mouse model with wild type p53 human cancer
xenograft, M1-219 induces tumour regression with little toxicity to normal tissue. [15].

3.2.4. RG-7112:- 1t is the first Mdm2 inhibitor which was developed in clinical trials by Hoffman-LA Roche,
USA. It is a member of Nutlin family with improved potency and pharmacological properties. It activates the
p53 pathway leading to cell cycle arrest and apoptosis in wild type p53 expressing cells. Preliminary  clinical
data indicates that RG7112 is well tolerated in patients and provides initial evidence that clinical activity is
consistent with targeting the Mdm2-p53 interaction. [16].

The key limitation of inhibitors of p53-Mdm2 interaction is that they are only effective in wild type
p53 expressing cancer cells, and they have no effect on mutant p53 expressing cancer cells. Wild type of p53
may be over expressed in the normal cells, thus it may lead to toxicity to normal cells. The system which show
high proliferative index like haemopoietic system, intestinal epithelium may show toxicity to this agent due to
cell cycle arrest and apoptosis.

3.3. Restoration Of Mutant Type P53 To Wild Type P53.

Mutant p53 is specifically over expressed in tumour cells, representing a tumour specific target. The restoration
of the over expressed mutant p53 to wild type p53 could result in massive apoptosis in tumour cells. The rescue
strategy depends upon mutant type p53 to wild type p53.

3.1 In tumour harbouring a DNA contact mutant, the attempts were to introduce the functional group, that
create new contacts or to stabilise the scaffolding positioning in remaining contact sites. [17].

3.2. The function of confirmation mutants can be restored by specific small peptides or small molecules
that aid the proper folding of the unfolded p53 conformation. [18].

3.3 PRIMA-1 and MIRA-1:- p53 reactivation and induction of massive apoptosis (PRIMA-1), and mutant p53
reactivation and induction of rapid apoptosis (MIRA-1) are two classes of compounds that suppress the
growth of cancer cells expressing the exogenous mutant p53. They restore the sequence specific DNA binding
and change the mutant p53 conformation to wild type, leading to transactivation of p53 target gene. [19]. both
compounds showed antitumor activity in multiple cancer cell lines without apparent normal  tissue
toxicity. The PRIMA-1/PRIMA-1(mct) has also shown to sensitize the lung cancer cells to action of
Adriamycin and radiation to prostate cancer cells.

3.4. Phikan 083:- It is a carbazole derivative. It was identified by in silico analysis of the crystal ~ structure of

p53 Y220C mutant protein using virtual screening and rational drug design. It can selectively bind to a
unigue pocket in p53 Y220C mutant. [20].

3.5. Ellipticine: - It is a natural compound derived from Aspidos perma williansil (Apocynaceae). Its
anticancer and cytotoxic are well known in various tumours. It is shown to change the p53 conformation
from mutant to wild type, restored the sequence-specific DNA binding and transactivation of p53 driven
luciferase reporter, and activated mutant p53 to induce p53 target genes, p21 and mdm2 in mouse
xenograft tumour tissues. [21]. However the toxic side effects have limited EPC to be developed into an

anticancer therapeutic agent.

3.6. WR-1065:- WR-1065 (aminothiol) is an active metabolite of the cytoprotector amifostine and acts as a
classic scavenger of reactive oxygen species. It was found to activate both wild and mutant p53  and increase
the expression of p53 target genes in a manner, independent of DNA damage. [22].

3.7. NSC 319726:- It was identified by in silico analysis with the NC160 cell-line penal. The screening was
designed to identify the compounds with increased sensitivity in a penal of cell lines carrying p53 mutations
relative to wild type p53 tumour cells. NC 319726 was found to restore wild type p53  activity in R175H
mutant cancer cell lines. [23].

3.8. p53R3:- It is a recently identified small molecule compound. It was found to enhance the recruitment
of both wild and mutant p53 to target promoters and to induce the expression of a number of p53 target
genes. Biologically, the compound induces mutant p53 dependent growth arrest and sensitises TRAIL-
induced cell death in multiple glioma cell lines. [24].
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3.9. CP-31398:- Cp-31398 was the first small molecule that has activity to change p53 confirmation from
mutant to wild type. It was found to stabilize the core domain and enhance transcriptional activity  of
p53 in living cells. It had no effect on p53-mdm2 binding, did not caused DNA damage response, or induce
p53 phosphorylation at ser15 or 20, but rather it increased wild p53 levelsby  reducing p53 ubiquitination.
[25].
3.10. SCH 529074:- It targets the mutant p53. It binds to the DNA binding domain of mutant p53, stabilizes
mutant p53 and induces p53- dependent apoptosis. [26].
IV.  Targeting P53 Family Proteins.

P53 has two more family members, p73 and p63 with significant sequence homology among them.
Like p53 they also bind to the p53 specific DNA binding motif, transactivate p53 downstream target genes, and
suppress tumour cell growth by inducing growth arrest and apoptosis. [27].

Unlike p53, p73 and p63 is rarely mutated in human cancers but could be inactivated by binding to a
subset of p53 mutants. Targeting p73 and p63 has been proposed for cancer therapy with approaches including
gene therapy, small peptides and small molecules. [28].

V.  Eliminating The Mutant P53
Mutant p53 acquires dominant negative activity and oncogenic function, and is, highly expressed in majority of
human tumours. Thus targeting mutant p53 can be explored as a therapeutic strategy to manage tumours that
depend upon mutant p53 for their survival.
5.1. 17AAG:- small molecules that degrade mutant p53 are promising chemicals in anti-cancer ~ therapy. The
molecular chaperon, HSP90 can interact mutant p53, consequently stabilizing the mutant p53
confirmation. The inhibitors of HSP90, 17AAg decrease mutant p53 by destroying the complex of
mutant p53 for its degradation. [29].
5.2. SAHA: - Histone deacetylase HDACS is a positive regulator of HSP90 chaperone activity by regulating
HSP90 deacetylation. Histone deacetylase (HDAC) inhibitor SAHA exhibits preferential cytotoxicity for
mutant p53 human cancer cells, due to its ability to degrade mutant p53 by inhibition of the HDAC 6-
HSP90 chaperone axis. [30].

VI. P53 Based Vaccine.
Human cancer shows a high titre of mutant p53 in their cancer cells; the wild type p53 protein has a very short
half life and is therefore present in very low levels in normal cells. This different level of p53 expression
between normal and cancer cells provides a basis for p53 immuno-therapy. The antibodies against p53 have
been found in patients with various types of cancers, which indicate that the human immune system can
recognise and respond to tumour associated p53.
6.1. p53-SLP:- p53-SLP (P53-synthetic lung peptide) has undergone phase I/11 clinical trial for ~ treatment of
metastatic colorectal cancer. It is found to be non- toxic and p53 specific T-cell responses were induced in 9
out of 10 colorectal patients. [31].
6.2. INGN-225:- In a phase I/11 clinical trial of INGN-225, a p53 modified adenovirus-transduced dendritic cell
vaccine for the treatment of small cell lung cancer (SCLC) was reported. INGN-225 was well tolerated and a
specific anti-p53 immune response was observed in 18 out of 43 (41.8%) patients. INGN-225 appeared
to sensitize SCLC to subsequent chemotherapy. [32].

VII.  Discussion And The Future

The human p53 gene spans 20kb chromosome band 17p13.1.1t is nuclear phosphoprotein compound
having 393 amino acids in human. It regulates gene expression and controls several key genes involved in the
growth regulation. The p53 itself is controlled by multiple negative regulators and activators to ensure
protection of genome, and thus protecting the organism from cancers. In most of the cancers this p53 pathway is
altered by mutation of p53 gene itself or altered sensitivity and effectiveness of p53 pathways. Cancer cells are
exceptionally sensitive to reactivation of p53 function and therefore the treatment that achieves this object is
most effective therapeutic modality.

Among many genetic lesions, mutational activation of p53 tumour suppressor, “the guardian of
Genome” is the most frequently found event in 50% of human cancers. p53 plays a critical role in tumour
suppression, mainly by, inducing growth arrest, apoptosis and senescence as well as blocking angiogenesis. In
addition p53 confers to the cancer cell, sensitivity for chemoradiation. Thus p53 becomes most appalling target
for mechanism driven anticancer drug discovery. Cancer is a complex disease with multiple genetic and
epigenetic alterations. Genetic alterations in any given cancer, even those originating from same tissue/organ,
could have dramatic differences. Conversely cancer derived from different tissue/organ may have similar
alterations’ in a given signalling pathway. Thus an effective personalised cancer therapy requires a thorough
understanding of genetic and epigenetic alterations of each individual cancer, followed by rational design of
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combination therapies which targets these altered molecule and pathways. This knowledge can be utilised to
target p53 and its regulators in an individual tumour basis, e.g. in wild p53 containing tumours, chemoradiation
can be used along with p53 activating or p53 reactivating drugs or drug acting through a synthetic lethal
mechanism that could increase the efficacy against tumour with mutant p53. Moreover the synergistic effect on
cancer cell killing of p53 drugs plus chemoradiation allows lower dose regimen and thus reduced drug/radiation
toxicity to normal tissues.

P53 drugs can be used along with other mechanism driven drugs to activate or synergistic effect by
targeting the same signalling pathway both upstream and downstream. e.g. combination of Nutlins or MI-29,
which activates p53 but with an adverse effect of Mdm2 accumulation with Smac mimetic drugs, which disrupts
XIAP-caspase inhibitory binding to release activated caspase. [33]. A recent report showed that Mdm2 causes
the accumulation by XIAP. This mechanism driven combination would lead to apoptosis induced by p53 being
fully executed by activated caspase.

As we gain better understanding of p53 signalling pathways, additional p53 related targets, upstream and
downstream of p53, can be identified and validated for future discovery of novel compounds that target p53
signalling pathways. [34], [35]

One promising future direction is chemoprevention. It is aimed to Kkill cancer prone cells at the early
stage of carcinogenesis to prevent tumour formation later. Currently our efforts are focussed on cancer therapy
with p53 drugs but chemoprevention could be an exciting future development.
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