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Named as the guardian of the genome, p53 is a tumor suppressor that regulates cell function, often through many

different mechanisms such as DNA repair, apoptosis, cell cycle arrest, senescence, metabolism, and autophagy. One of

the genes that p53 activates is MDM2, which forms a negative feedback loop since MDM2 induces the degradation of

p53. When p53 activity is inhibited, damaged cells do not undergo cell cycle arrest or apoptosis. As 50% of human

cancers inactivate p53 by mutation, current research focuses on reactivating p53 by developing drugs that target the p53-

MDM2 interaction, which includes the binding of MDM2 and phosphorylation of p53.
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1. Introduction

P53 is also known as tumor suppressor protein p53 (TP53) and the guardian of the genome. It is a 393 amino acid

transcription factor that regulates cell cycle progression. It can act as a transcriptional activator or repressor, which often

leads to tumor suppression . Depending on cellular stresses and cell cycle conditions, p53 can lead to various biological

responses . For example, if DNA damage is present, p53 is activated to transcribe target genes, such

as Puma and Btg2, which induce DNA repair, apoptosis, cell cycle arrest, and senescence . In addition, p53 is involved

in metabolism and autophagy . For instance, p53 prevents the metabolic reprogramming of cancer cells .

Moreover, autophagy, which can inhibit tumorigenesis by the engulfment and degradation of damaged cellular organelles,

is promoted through the activation of p53-induced target genes, including Atg10 . Thus, there are several ways by which

p53 regulates cell function. As the guardian of the genome, p53 regulates cell proliferation and acts as a tumor

suppressor. Since p53 is a highly studied molecule, there is a vast repository of literature on this topic. The researchers

have tried to cite the most relevant references. The focus has been to describe some small molecules which have the

potential for further development as therapeutic agents or that serve as leads for developing clinically viable agents

targeting p53 and mouse double minute 2 homolog (MDM2) interaction.

MDM2 is a 491 amino acid regulator protein that consists of an N-terminal p53 binding domain, a nuclear localization

signal (NLS), a NES, an acidic domain, a zinc-finger domain, and a C-terminal RING-finger domain. Similar to the binding

of MDM2 at N-terminal activation domain of p53, the N-terminal p53-binding domain of MDM2 is an area that interacts

with p53 (Figure 1). The NLS and the NES are essential for transporting MDM2 from the nucleus to the cytoplasm and

vice versa. Within the acidic domain, residues are phosphorylated to induce the degradation of p53. Moreover, the C-

terminal RING-finger domain functions as an E3 ubiquitin ligase that can induce the ubiquitination of p53 after p53-MDM2

interaction . On the other hand, the zinc-finger domain, which is located next to the acidic domain, regulates the level of

p53, as it interacts with ribosomal proteins that bind to the acidic domain and inhibits the degradation of p53 .

The MDM2 gene that expresses the protein includes 12 exons. The two promoters P1 and P2 containing p53 response

elements (RE) are shown with red arrows. The P1 and P2 promoters regulate the expression of two MDM2 proteins, p90

and p76, respectively. P90 is a full-length and fully functional protein that can bind to p53 at the p53-binding domain. In

contrast, P76, which is shorter than p90, acts as a negative inhibitor of p90 and activates p53 because it lacks the p53-

binding domain . Next to the two promoters, there are 10 additional exons, in which the first two are involved in the

translation of p90 and p76. Using ATG as the first start codon, p90 and p76 are translated into exon 3 and 4, respectively.

The p76-Mdm2 inhibits the ability of p90-Mdm2 to destabilize p53 .
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Figure 1. Structures of the MDM2 gene and protein. The 3D structure of a portion of MDM2 protein (17–111) is shown

below, which consists of the N-terminal p53-binding domain (19–108). The MDM2 gene consists of two promoters and 10

additional exons. Between exons 1 and 2, or the first intron, there are two p53 response elements (REs), which are the

two p53-binding sites. The REs are shown with red arrows. The full-length MDM2 protein p90 is produced by starting from

ATG of exon 3, while the shorter protein, or p76, is synthesized with the start codon on exon 4.

2. Mechanism of p53 and MDM2-Binding

In normal cells or cells that are repaired, the concentration of p53 is low because of a regulator protein called the murine

double minute 2 (MDM2). As mentioned above, the MDM2 gene is a negative regulator of p53, as it acts as a ubiquitin

ligase . It first physically interacts with p53 at TAD, which is amphipathic in nature. The binding pocket within the N-

terminal p53-binding domain of MDM2 is hydrophobic in nature . The p53 amino acid residues, including Phe19, Trp23,

and Leu26, form the hydrophobic side of the amphipathic α-helix of the TAD. Although Phe19, Trp23, and Leu26 are not

the only p53 residues that create the α-helix, these three amino acids play a key role in p53/MDM2 interactions . Once

the hydrophobic α-helix is formed, it contacts the hydrophobic binding pocket of MDM2, and thus, forms the p53/MDM2

complex via hydrogen bonding (Figure 2). During this interaction, Mdm2 induces the ubiquitination of p53 at the N-

terminal activation domain, resulting in proteasomal degradation and inhibition of its transcriptional activity. One of p53

target genes is the cyclin-dependent kinase (CDK) inhibitor p21, which is a negative regulator of the cell cycle . If the

p53 is mutated, there will be no p21 activation, resulting the progression of the cell cycle even with damaged DNA . As

mentioned earlier, many of the human cancers inactivate p53 to allow for the continuation of cell cycle progression and

cell survival. Thus, the p53-MDM2 interaction serves as an important focus area within cancer therapeutic studies.

Current cancer therapeutics strive to increase levels of p53, by restoring the p53 function with the inhibition of its

interaction with MDM2 or the degradation by MDM2. This strategy will prevent the survival and proliferation of tumor cells.

Figure 2. The mechanism of p53- and MDM2-binding. MDM2, indicated as black, binds to p53 at the N-terminal activation

domain of p53, or the red area, to form p53/MDM2 complex. The two proteins are in direct contact via hydrogen bonding,
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with hydrophobic p53 residues Phe19, Trp23 and Leu26 that help such interaction. The structure of the p53/MDM2

complex, which is shown with the corresponding colors, black and red, leads to the ubiquitination and the proteasomal

degradation of p53. This results in the inhibition of the transcriptional activity of p53.

3. The Role of p53 in Cancer Chemotherapy

P53 is activated when DNA damage is sensed by the protein kinases ataxia telangiectasia mutated (ATM) and ataxia

telangiectasia and Rad3-related (ATR), which activate the checkpoint kinases Chk2 and Chk1, respectively . The

ATM-Chk2 pathway is activated by the double-strand DNA breaks (DSB), while the ATR-Chk1 pathway is triggered by

single-strand DNA breaks . Both Chk1 and Chk2 induce the phosphorylation of p53, specifically, at serine (Ser)-15 and

Ser-20 of the N-terminal activation domain, and thus, stabilize and activate p53 function  As the levels of p53

increase, the activation of p53-dependent transcription of certain genes occurs, including p21 and MDM2 . Similar to

p53, p21 also acts as a tumor suppressor by regulating cell cycle and triggering apoptosis .

Under normal conditions, the complexes of CDK4/Cyclin D and CDK6/Cyclin D phosphorylate retinoblastoma tumor

suppressor protein (Rb) and release the E2F transcription factor, which promotes the cell cycle to continue through the G

phase into the S phase . However, cells that express DNA damage increase p53-depnent expression of p21 causing

cell cycle arrest at G  by binding and inactivating CDK4-Cyclin D and CDK6/Cyclin D complexes. After the cell cycle arrest

at G  phase, the DNA damage can be repaired, and the cell cycle can progress through S phase. However, if the DNA

damage cannot be fixed by the DNA repair machinery, there will be accumulation of DNA damage that can induce

programmed cell death .

4. Strategies of Blocking the p53/MDM2 Interaction

The blocking of the p53/MDM2 interaction can be achieved by the following two mechanisms: first, by inhibiting the p53

and MDM2-binding, and second, by increasing the phosphorylation of p53. In the MDM2-binding mechanism, several

small molecules have been discovered that bind to MDM2 by mimicking the p53-binding pocket residues Phe19, Trp23,

and Leu26 . Prohibiting the binding of MDM2 to p53 allows for the restoration of p53 tumor suppressor function. On

the other hand, instead of directing binding to MDM2, compounds can also prevent the interaction by inducing the

phosphorylation of p53. Several studies showed that DNA double-strand breaks induce the phosphorylation of p53 at

Ser15 by ATM or DNA-protein kinase (DNA-PK) and at Ser20 by Chk2 . Both of these are part of MDM2

binding . The phosphorylation of p53 at these residues abrogates binding with Mdm2, and thus it spares p53 from

ubiquitination and proteasomal degradation . Besides these two ways, there are several other mechanisms that can

inhibit the interaction, such as the degradation of MDM2. However, this entry will focus on compounds that have MDM2

binding abilities or lead to the phosphorylation of p53 as mechanisms of action. The MDM2 residues that are critical for its

interaction with p53 protein are G58, D68, V75, and C77 . Some of the many existing compounds that target p53-

MDM2 interaction and that may be used in future cancer treatments are summarized in Table 1 .

Table 1. List of compounds that target p53-MDM2 interaction, either via MDM2-binding or phosphorylation of p53.

Compound
Mechanism of
Inhibition

Cancer Type Structure References

AMG 232 MDM2-binding Ovarian Cancer

Chlorofusin MDM2-binding Liver Cancer
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Flavonoids
  

Chalcones:

Chalcone A

Chalcone B

Chalcone C

MDM2-binding

and denaturation

Breast Cancer

Skin Cancer

(Melanoma)

Chalcone 3 MDM2-binding
Non-small cell lung

cancer

Chalcone 4 MDM2-binding
Non-small cell lung

cancer

Tricetin

(Flavones)

Phosphorylation

of p53
Breast Cancer

Fluspirilene MDM2-binding Colon Cancer

Hexylitaconic

Acid
MDM2-binding Not reported

Hoiamide D MDM2-binding
Non-Small Cell Lung

Cancer

Indole-3-carbinol

(I3C)

Phosphorylation

of p53
Breast Cancer

Isokotomolide A

(IKA)

Phosphorylation

of p53
Lung Cancer
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Lithocholic Acid

(LCA)
MDM2-binding Colon Cancer

 

Nutlins
  

Nutlin-3a MDM2-binding

Colon Cancer

Lung Cancer

Osteosarcoma (OS)

Nasopharyngeal

carcinoma

Idasanutlin

(RG7388)
MDM2-binding

Acute Myeloid

Leukemia (AML)

SAR405838 (MI-

77301)
MDM2-binding

Colon Cancer

Prostate Cancer

RITA P53-binding

Colon Cancer,

Breast Cancer,

Osteosarcoma
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