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REVIEW ARTICLE 

Manipulation of p53 Protein in Bladder Cancer 

Treatment 

ABSTRACT   
 

Chemotherapy and radiotherapy are gold standard treatment for bladder cancer (BC) for over 50 years. The efficacy 

on early stage BC patients is virtuous. However, patients with aggressive cancer growth benefited less from the 

therapy. Aberrant p53 was found in more than 50% of high-grade BC patients. Therefore, targeting p53 in a subset 

of high-grade BC patients expressing aberrant p53 is a promising strategy. In this paper, p53 role in BC 

carcinogenesis is discussed. Followed by p53-targeting strategies in current BC treatment. Besides, p53-targeting 

strategies that have been implemented in other types of cancer and their potential to be adapted in BC will be 

deliberated.  Although targeting p53 is promising, none of the strategies studied were successfully implemented in 

healthcare settings. Restoration of p53 as the guardian of the genome is an exciting area for translational research. It 

has potential to replace the genotoxic chemotherapy and radiotherapy, thus, eliminating the notorious painful side-

effects on a subset of high-grade BC patients. Searches were performed on PubMed and Google Scholar web using 

the keywords “bladder cancer” or “urothelial cancer” or “urothelial cell carcinoma” and “p53”. Only full papers of 

research articles and review papers were included for analysis. Papers were categorized as either p53 function, 

current treatment using p53 and future potential treatment using p53 for details analysis. 
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INTRODUCTION 

 

Bladder cancer (BC) is the most expensive cancer to treat 

and manage. Transurethral resection of bladder tumour 

(TURBT) could only remove the tumour temporarily due 

to high recurrence rate. Hence patients need to repeat 

TURBT few months after the initial tumour removal 

though the cost of each TURBT procedure is not cheap. 

This condition has become a burden to the government 

and patients over many years. Thus, to reduce the 

recurrence rate, bacillus Calmette-Guerin (BCG), 

chemotherapy or radiotherapy are combined with 

TURBT procedure. Nonetheless, BCG raised immune 

response in only some patients, while chemotherapy and 

radiotherapy are associated with painful side effects.  

 

Chemotherapy and radiotherapy are gold standard for 

BC management. In high grade BC, these genotoxic 

therapies are less effective because most cases confer 

mutant p53 gene (mt-p53), thus unable to initiate p53-

induced apoptosis. Ideally, the nonfunctional p53 should 

be corrected first, then genotoxic therapies follows. 

Heterozygous p53 mutation comprised of both wild-

type and mt-p53. The mt-p53 protein are overexpressed, 

while wild-type p53 are relatively underexpressed. This 

hindered the normal p53 function in heterozygote 

mutation.1 

 

The transactivation targets of p53 are best described 

through the p53 pathway. In inactive state, p53 is a 

complex-folded structure and constantly bound to          

its regulator protein, Mdm2. The sensing of DNA 

damage by Ataxia Telangiectasia Mutated (ATM) will              

trigger the p14ARF to perform post-transcriptional 

modification on p53. This will caused release of p53 off 

the Mdm2. ATM will then phosphorylate and unfold 
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p53 to facilitate its binding to DNA. This is important as 

the p53 acts as transcription factor for genes involved in 

DNA damage response mechanism. 

 

p53 is the transcription factor for essential genes in 

DNA damage response (DDR) such as CDK inhibitor 

p21, growth arrest and DNA damage 45 (GADD45), 

and BAX. Upon activation, p53 will initiate the 

expression of p21 and GADD45 gene that will act in 

arresting the cell cycle, and repairing the damaged DNA, 

respectively. If the damage is beyond repair, p53 will 

activate BAX gene transcription, on which its protein 

will later bind to apoptosis-inhibiting protein BCL-2. 

Thus, apoptosis is initiated (Figure 1).2,3  

 

This paper discussed p53 role in BC carcinogenesis and 

p53-targeting strategies in current BC treatment. 

Besides, p53-targeting strategies that have been 

implemented in other type of cancer and their potential 

to be adapted in BC is deliberated.   

 

 

 

Role of p53 in Bladder Cancer 

 

Fifty percent of cancer cases acquire a mechanism to 

inactivate p53 function to bypass apoptosis.4 DNA 

damage is sensed by ATM, but DDR could not be 

activated. Cancerous cells continue to proliferate, 

eventually lead to mutation accumulation and genome 

instability (Figure 2). 

 

 

 

 

Figure 1: p53 pathway initiated by DNA damage response 
mechanism. Network pathway can be viewed  in details at https://
string-db.org/cgi/network.pl?taskId=0tAWpxj0Uouf 

60% of BC cases confer mutp53 at exon 5-11. mutp53 

is commonly associated with mutRb gene in high grade, 

invasive and poor prognosis BC.5,6 Whereas, mutation in 

either p53 or RB gene, causes unregulated proliferation 

but less aggressive compared to BC with both 

mutations, which claimed to have the worse prognosis.7 

 

20% of all BC cases were caused by p53 gene mutation 

at exon 1-4 which accompanied with mutCDKN2a and 

ARF loss of function (Figure 3). Therefore, it was 

suggested that p53 mutation may be followed by 

mutation in RB, CDKN2a and ARF gene.5,6 However, 

this could not be validated experimentally because when 

RB and p53 gene were knocked out in mice, they 

suffered early death due to haematopoietic problem, 

neurological disorder, lymphomas and sarcomas, while 

the urothelial cells still intact.8 Although many  

literatures claimed both RB and p53 mutation are 

culprits promoting progression of UCC, both mutations 

were also found incapable to initiate UCC in early                 

stages.8 The culprit initiating ow grade and                

non-invasive UCC is the RAS oncogene, while RB and 

p53 mutation only work later, in order to worsen the 

chaos.8 

 

 

 

 

 

 

 

 

 

 

 

p53 loss of heterozygosity caused overexpression of mt-

p53 protein. Mt-p53 is associated with high-grade and 

invasive UCC with low survival rate and putative UCC 

prognostic marker.6,7 T2 UCC with overexpressed p53 

has higher recurrence rate (80%) compared to T1 

(62%).7 

 

Figure 3: 60% of all bladder cancer cases confer p53 mutation at 
exon 5-11, 20% mutation at exon 1-4 and remaining 20% confer 
wild-type p53. 

Figure 2: DNA damage response is triggered by ATM. DDR will 
then activates p53, followed by transcriptional activation of 
downstream genes which will prompt apoptosis. 

https://string-db.org/cgi/network.pl?taskId=0tAWpxj0Uouf
https://string-db.org/cgi/network.pl?taskId=0tAWpxj0Uouf
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Figure 4: Wild-type p53 acts as a transcription factor for Mdm2, 
thus activating downstream genes to activate tumour suppression. 
However, aberrant p53 can no longer activates tumour suppression 
and accumulates in the nucleus. 

Mt-p53 protein structure nullified its interaction with 

the regulator, Mdm2 via 3 ways. First, mt-p53 protein 

inhibits transcriptional activation of Mdm2 gene. 

Second, it disabled p53 ubiquitination by Mdm2. Third, 

mt-p53 protein structure has disabled its binding to 

Mdm2, thus halting transportation of p53 to cytoplasm. 

Thus, mt-p53 is accumulated in nucleus and cannot be 

degraded by proteasome (Figure 4).4 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

As a response to DDR mechanism, p53 will 

transactivates p21 which will induce cell cycle arrest.4 

However, Mitra suggested that p21  could be activated 

independently without p53 transactivation.7 Apparently, 

p53 mutation with wild-type p21 is associated with 

lower recurrence rate. Expression of wild-type p21 was 

suggested to render the effect of p53 mutation. In 

contrast, p21 loss of function derived from p53 

mutation is associated with high recurrence rate.6,7 p21 

and p53 status may serve as a prognostic tool for UCC, 

as long as the tumour has not spread to lymph node.7 

 

Mdm2 regulates p53. When p53 has done its job or  no 

longer needed, Mdm2 binds to it, initiates                    

its ubiquitination followed by transportation to 

cytoplasm for degradation by proteasome.2 Mdm2 

expression was found to be increasing proportionally 

with the increasing grade of UCC.7 Interestingly, there 

are cases where inhibited p53 function found in BC 

patients with wild-tye p53. The inhibited function is 

caused by overexpression of Mdm2 and its associate, 

Mdm4 which initiates p53 proteasomal degradation.9 

Thus, aberrant p53 is caused by a wide spectrum of 

mutations, on which they can be manipulated and 

served as potential targets for p53-based BC therapy. 

Role of p53 in Current Bladder Cancer Treatment 

 

Chemotherapy usually combines few regiments that 

target cells at different stages of proliferation for 

maximal efficacy. Some destroy cells during cytokinesis, 

others target the newly synthesized DNA during 

chromosome duplication. Regiments that are commonly 

prescribed for metastatic BC are methotrexate, 

vinblastine, adriamycin and cisplatin (MVAC) with 2-

year survival rate of up to 20%. Gemcitabine and 

cisplatin are more preferred due to their lower toxicity 

risk compared to MVAC.11 

 

Radiotherapy utilizes shots of ionizing waves onto 

specific cancer cell areas with minimal damage to 

surrounding normal tissue. In BC management, 

radiotherapy is performed post-TURBT to kill the 

remaining cancer cells. Five-year survival rate for 

patients who underwent radiotherapy post-TURBT was 

doubled compared to radiotherapy only. Radiotherapy 

post-TURBT and chemotherapy are commonly 

prescribed for BC stage T2. However, there is still no 

specific guideline on BC management and treatment. 

Treatments are indeed dependent on the respective 

urologists evaluation.12 

 

While chemotherapy and radiotherapy are gold standard 

in BC management, the efficacy of these 2 regiments is 

minimal. No one having these treatments has known to 

be cured from BC. There are barriers blocking the 

treatments from activating p53-induced apoptosis. One 

of the greatest concerns recently is the involvement of 

nuclear factor kB (NF-kB) on p53-induced apoptosis.  

 

In normal individual, NF-kB was found to be activated 

during immunity and inflammatory response. Besides 

the tumour suppressor function, it also promotes cancer 

development. For the latter, it acts in 2 mechanisms; 

enhancing tumour cells proliferation and suppressing 

p53-induced apoptosis.13 NF-kB was found to 

downregulate PTEN expression; the TSG that 

suppressed cell survival through PI3K/Akt pathway. NF

-kB also involves in the activation of rat sarcoma (RAS) 

in MAPK pathway which leads to constitutive growth 

and survival of cancer cells.13,14 
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On the other hand, PTEN abrogation was found to play 

a role in suppression of p53-induced apoptosis through 

the activation of NF-kB transcription factor on various 

types of apoptosis inhibitor molecules.15,16 NF-kB 

stimulate the expression of FLICE-like inhibitory 

protein (FLIP), a molecule that possess high similarity of 

homology to caspase-8 but without the protease 

property. FLIP competes with caspase-8 for forming 

complex with death-inducing signaling complex (DISC), 

thus blocking caspase-8 and downstream effector 

caspases to perform apoptosis.13,17 Other molecules 

being overexpressed via NF-kB transcription factor are 

inhibitor of apoptosis (IAP) as well as the antiapoptotic 

member of bcl-2 family, whereby both in turns inhibit 

effector caspases and the proapoptotic members of bcl-

2 family, respectively.13,18 

 

NF-kB transcription factor is essential in activating 

production of immunoglobulins and other pro-

inflammatory molecules. Although NF-kB inhibition 

may restore the function of proapoptosis members of 

bcl-2 family, we could not simply resort to that option 

because it will jeopardize one’s immunity. Thus, 

scientists are now trying to find possible downstream 

molecule in NF-kB pathway that could be silenced, 

without having to risk the patients’ immunity.13,14 

 

Correlation of p53 status and response to treatment is 

controversial and debatable. Most literatures suggested 

that patients with mutation in p53 were found to be less 

responsive to chemotherapy and radiotherapy. Wu and 

colleagues had tested responsiveness of radiotherapy 

prior to cystectomy procedure on muscle invasive- BC 

patients confer either wild-type p53 or mt-p53. Patients 

confer wild-type p53 produced higher survival rate and 

lower risk to metastasize compared to those confer mt-

p53.19 However, this study was contradictory to other 

studies on muscle invasive – BC which stated that p53 

status has no association with survival rate and response 

to genotoxic therapies.20,21 

 

Furthermore, Slaton and his team had reported that BC 

patients with mt-p53 responded poorly to chemotherapy 

because mutation at the DNA-binding domain blocked 

the mutated protein from binding to downstream 

responsive genes involved in apoptosis.22 This however 

had contradicted the earlier experiment by Cote, who 

claimed that invasive BC patients with wild-type p53 

showed minimal response to adjuvant chemotherapy 

compared to those with the mt-p53, which showed 

encouraging response with low recurrence rate and high 

survival rate.23 This has been partially supported by 

Zamble who concluded that the mt-p53 only responded 

to drug that induce DNA damage by nucleotide excision 

such as cisplatin.24 

 

On the other hand, most tumours in premalignant stage 

are found to be sensitive to genotoxic therapies and able 

to activate apoptosis because mutation of p53 or LOH 

only developed at the later stage of cancer.25,26 In 

contrast, most malignant tumour possessed resistance 

towards genotoxic agents because p53 mutate at this 

stage and the tumour, especially the solid ones, are 

getting used to various non-genotoxic stresses such as 

hypoxia and limitation of growth factor supply, thus 

made them adapted and resisted apoptosis.25 This issue 

will continue to be debated and on-going research for 

deeper elucidation of the p53 correlation on genotoxic 

therapies and p53-induced based therapy are underway. 

 

Potential Strategies for Bladder Cancer Therapy 

Targeting p53 

 

Chemotherapy and radiotherapy activate p53 induced-

apoptosis by damaging cancerous cells’ DNA. However, 

patients with mt-p53 poorly-respond to these 

treatments. Most high stage BC patients are 

overexpressing mt-p53 protein. Thus, DNA damage is 

sensed by ATM, but mt-p53 fails to perform 

transactivation of pro-apoptotic downstream genes.27 

p53 function can be restored by various means; wild-

type p53 gene delivery by virus, p53 peptide delivery by 

non-viral methods, and the manipulation of p53 

regulators.  

 

p53 Gene Therapy using Viruses 

 

p53 gene therapy in BC cell lines a few days prior to 

cisplatin treatment was found to significantly increase 

chemosensitivity.28,29 Furthermore, synergistic effect of 

p53-gene therapy with radiotherapy was also seen in 

other type of cancers.30,31 
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Wild-type p53 gene is administered through various 

vectors such as adenoviral, retroviral, lentiviral and 

liposome. Adenoviral vector gain most concern and 

regarded as the best wild-type p53 transporter.32 A good 

transporter is able to specifically target cancer cells 

without messing surrounding normal cells.32 Besides, 

adenovirus possess additional features such as high 

expression of transgene, capability to transfect various 

type of human tissues, low risk of xenograft and a well-

established safety procedure.32 

 

Trials of p53 gene therapy are performed               

through 2 approaches; intratumoural injection and          

intravesical instillation. Intratumoural injection involved 

injection of vectors directly to the tumour area. Whereas, 

intravesical instillation delivers vectors into bladder 

cavity via catheterization. Catheter is sealed temporarily 

for optimal vector exposure to bladder wall. Patients are 

asked to turned around in several positions to ensure 

homogenous vector distribution, followed by irrigation 

with saline.33 

 

Kuball and his colleagues tested the efficacy of both 

approaches. Prior to cystectomy, adenoviral-p53 vector 

were administered in BC patients via either 

intratumoural injection or intravesical instillation. The 

transduction enhancing agent, CHAP is used in 

intravesical instillation, but not in intratumoural 

injection. Level of p53 transactivation target genes such 

as p21, Bax and bcl-2 gene were analysed on 

cystectectomy biopsies. Intravesical instillation with 

CHAP was significantly more effective compared to 

direct intratumoural injection.32,33 

 

p53 gene delivery through intratumoural injection was 

found to produce encouraging result during phase 1 

clinical trial on non-small cell lung cancer (NSCLC), 

head and neck cancer, ovarian cancer and liver cancer. 

However, it was found to be not significant during phase 

2 clinical trial on NSCLC due to insufficient transgene 

delivery and transduction.34,35 This suggested that 

intratumoural injection works better in solid tumours 

compared to cancer of cavity organs. Intravesical 

instillation was found to be more effective because it 

allows better vector exposure to tumour cells and 

homogenous distribution in bladder cavity.33 Adenoviral 

vector is considered safe in which it produces minor side 

effects such as fatigue, minor burning sensation of 

urethra and bladder. This could be relief by reducing the 

instillation duration.33,36,37 

 

p53 gene therapy experiences several failed clinical trials 

and it is still far from 100% efficacy. There are barriers 

that blocked gene therapy efficacy. Firstly, the coxsackie 

and adenoviral receptor (CAR) on cancer cells’ surface, 

which assists the attachment and penetration of 

adenoviral vector into BC cells through endocytosis, is 

harboring varying amount of expression between 

individuals and even within the same tumour of 

different region.32,36 What makes it worse is that the 

CAR expression was found to be low or null in high 

grade BC.38 To overcome this, CAR cDNA sequence is 

added in adenoviral-p53 vector. This increased CAR 

expression on cancer cells, thus promote vector 

uptake.39,40 

 

Glycosaminoglycan layer (GAG) is essential in 

protecting urothelial layer from infection. However, 

GAG is blocking vector from binding to CAR.36 This 

problem can be overcome by supplementing gene 

therapy with molecules that could break open the layer 

and drive the vector across GAG straight into the target 

site; such as CHAP, detergent dodecyl maltoside 

(DDM) and polyamide Syn-3. Nevertheless, efficacy and 

safety of these molecules are still being studied.40,41 

 

p53 Peptide Delivery to Bladder Cancer Cells using 

Non-viral Methods 

 

The efficacy of p53 gene therapy via viral delivery is 

better in non-invasive BC compared to invasive 

counterpart. Major drawback of this method is that it 

could not be administered systemically, thus less 

applicable to invasive and metastasized BC. Better 

approach to treat invasive and metastasized BC is 

through p53 peptide delivery via membrane-permeable 

peptide vectors. It is a new approach for p53-based BC 

therapy which expected to tackle the invasive and 

metastasis problem.42 

 

There are few types of vectors that have been used in 

p53 peptide delivery, namely; cell penetrating peptide 

(CPP), protein transduction domain (PTD) and short 

peptide vector. They are composed of less than 12 
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amino acid residues such as polyarginine, PTD of HIV 

Type 1 TAT protein and PTD of flock house virus. 

These vectors attached-p53 peptide were administered 

into target cells and successfully activated various 

downstream target genes of wild-type p53-transcription 

factor.43 Unlike gene therapy using viral method, these 

vectors are internalized into cells through lipid raft-

dependent macropinocytosis rather than endocytosis 

and specific receptor as in the CAR.43,44 

 

p53 transcription factor composed of 3 domains; 

activation domain, sequence-specific DNA binding 

domain, and oligomerization domain. There are 2 

sequence-specific DNA binding domains. The first 

DNA binding domain binds only to specific DNA 

sequence of the DDR genes such as p21 gene,  

GADD45 gene and Bax gene. The second DNA 

binding domain is less specific in which it binds to 

various DNA structures such as short single strands, 

irradiated DNA as well as DNA sequence having 

insertions or deletions.45 

 

The non-specific DNA binding domain is composed of 

30 amino acids which located at the residue number 363 

to 393 towards the end of C-terminal, thus this domain 

is also called p53 C-terminus. Whereas, the sequence-

specific DNA binding domain is known as the core 

domain. The p53 C-terminus is associated with the 

capability of core domain to bind to its cognate region. 

In other words, p53 C-terminus served as regulator of 

the core domain which function to activate the latent 

p53. In response to DDR, p53 C-terminus is subjected 

to conformational modification via acetylation and 

phosphorylation, which activates the core domain to 

bind to its cognate region, thus activates p53 protein.45,46 

Unfortunately, this vital regulatory domain was found to 

be not functional in most of invasive BC cases.43 

 

p53 C-terminus delivery has potential to be manipulated 

for BC treatment. Researchers incorporated p53 C-

terminus with 11 poyarginine vector (11R-p53C’) which 

successfully got itself into plasma membrane of cancer 

cells and halting the proliferation of BC cells and oral 

cancer cells.48 Although this method possessed less 

toxicity compared to p53 gene therapy via adenoviral, 

the BC cells need high and frequent dosage of 11R-

p53C’to counteract rapid degradation of the molecule by 

ubiquitination. Besides, some of them were entrapped in 

macropinosome which hindered them to be fused into 

the target region.44,48 

 

However, recent research on haemagglutinin-2 protein 

had shed light that may lead us to solution of this 

problem. This NH2-terminal 20 amino acid peptide of 

the influenza virus haemagglutinin-2 protein (HA-2) 

with its pH-based fusogenicity got the entrapped 11R-

p53 to be released from macropinosome so that the 

molecule could swim right through towards the target 

region, and got fused with the mt-p53 C-terminus at pH 

5, thus turning on the latent p53 protein to action.43,49-51 

 

Manipulation of p53 Regulators 

 

Mdm2 and Mdm4 are negative regulators of p53 of 

which high expression was found during embryogenesis. 

They prevent p53 mediated-cell cycle arrest and 

apoptosis, thus promote proliferation and 

differentiation. There are 2 hypothesis on how Mdm2 

and Mdm4 function as p53 regulators. The first 

hypothesis, Mdm2 and Mdm4 inhibit p53 via 2 different 

pathways. Mdm2 directly drives ubiquitination of p53 

for degradation by proteasome, whereas Mdm4 

antagonizes the transcription of downstream genes such 

as p21, GADD45 and Bax during transactivation by p53 

protein during the cell cycle checkpoints. Second 

hypothesis suggested simultaneous p53 inhibition by 

both Mdm2 and Mdm4. They pair to form heterodimer 

complex before approaching p53. The complex drives 

p53 for degradation by proteasome.52 

 

Almost 50% of all cancer patients confer wild-type p53. 

Theoretically, this could perfectly initiate cell cycle arrest 

and apoptosis. However, this does not happened 

because the regulator, Mdm2 and Mdm4 were also 

highly expressed in most wt-p53 patients.52,53 

Nonetheless, scientists are puzzled on how Mdm4 are 

overexpressed in tumour cells that possessed wild-type 

p53. Theoretically, Mdm4 is inversely correlated to p53. 

Gilkes suggested that Mdm4 gene expression is among 

one of the downstream targets of mitogenic signaling 

derived from oncogenes RAS and FGFR.54 On the 

other hand, Reimenschneider and his team claimed that 

in certain cancer, Mdm4 gene itself has turned into an 

oncogene, in which it is commonly mutated through 
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gene amplification and SNPs.55,56 

Therefore, deleting Mdm2 and Mdm4 functions may 

restore p53 function and could promote suppression of 

tumour cells growth. Knockdown of Mdm4 expression 

resulted in increase apoptosis in mice lymphoma57-59 and 

breast cancer cell lines.60 However, the function and 

regulatory mechanism of Mdm4 needs to be further 

elucidated, so that other external factors which 

contribute to Mdm4 function can be carefully taken into 

consideration when targeting Mdm4 for knockdown. 

Inhibition of Mdm4 can be performed in 2 approaches; 

reduce Mdm4 expression and prevent the interaction of 

Mdm4-p53 as well as the formation of Mdm2-Mdm4 

heterodimer complex.62,63 

 

There are 3 ways to reduce Mdm4 expression. First 

method; since Mdm4 is one of the downstream targets 

of mitogenic signaling derived from oncogenes, blocking 

of mitogenic signaling pathway inhibits the 

transcriptional activation of Mdm4, thus prevent its 

expression. Second method; by applying a tiny molecule 

that could antagonize the transcription factor (TF) from 

binding to Mdm4 promoter, thus blocking Mdm4 

transcription. Third method; development of small 

interference RNA (siRNA) that is capable to antagonize 

Mdm4 mRNA, thus blocking mRNA translation.53 It 

was reported that RNAi is promising. Nonetheless, 

successfulness of siRNA delivery into deep solid tumour 

mass requires further study.53 

 

Formation of Mdm4-p53 and Mdm4-Mdm2 binding 

complex leads to p53 degradation. To prevent formation 

of both complexes, a synthetic compound that 

possessed higher affinity for Mdm4 compared to p53 

and Mdm2 was developed. This omit p53 binding to 

Mdm 4, thus restore cancer suppression.53 

 

Nutlin is a non-peptide synthetic compound that binds 

to Mdm2 specifically on the p53-binding site. Once 

nutlin occupied the p53-binding site on Mdm2, there is 

no room left for p53, thus Mdm2-p53 binding is 

inhibited.61-63 Mdm2 and Mdm4 possessed similar 

peptide structure. However, nutlin failed to bind to 

Mdm4 on its p53-binding site.64,65 

 

This failure lead to NMR study of structure and 

conformation of Mdm2 and Mdm4. Amino acid at the 

p53-binding site of Mdm2 and Mdm4 is different by 3 

residues. Towards the end of the alpha helix domain, 

Mdm4 possessed proline, serine and proline at residue 

number 95, 96 and 97, respectively, in which the Mdm2 

do not.53 This tiny difference caused incompatibility of 

Mdm4 to nutlin. In other study, p53-binding site of 

Mdm2 was relatively more accessible to nutlin than p53-

binding site of Mdm4.52,53 

 

However, there is one success story of Mdm4 

interaction with nutlin. When nutlin were given in high 

dosage, it was found to suppress the growth of 

retinoblastoma overexpressing Mdm4.66 

 

Despite the mixed success of Mdm4 susceptibility to 

nutlin, there is a need to develop compound or peptide 

that could target both Mdm2 and Mdm4 simultaneously 

because they are both exclusively overexpressed in most 

tumours especially in wild-type p53 UCC patients. This 

has been brought close to reality by Hu and his 

colleagues. They developed adenoviral mediated-peptide 

that could tackle both Mdm2 and Mdm4.60,67 Though, 

scientists need to work harder on the delivery method 

of the peptide because adenoviral delivery covers a 

limited range of cancer types and none has been 

reported to be effective on BC cells.60 

 

CONCLUSION 

 

p53 gene delivery by viral vectors, p53 peptide delivery 

and manipulation of p53 regulators are strategies for 

p53 reactivation. Some results are promising for 

restoration of p53 function. Nonetheless, these 

strategies are still far from perfection. There are still 

barriers remained and many await to be discovered and 

elucidated. Restoration of p53 role is an exciting area for 

translational research. It has potential to replace the 

genotoxic chemotherapy and radiotherapy, thus, 

eliminating painful side effects on a subset of high-grade 

BC patients, provide better quality of life and reduce 

treatment cost for BC management.  
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