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SUMMARY

The recovery of cellular tumor antigen p53 functionality has become an

attractive target in cancer therapy. The transcriptional activity of p53,

mainly regulating cell cycle, DNA damage repair and apoptosis induc-

tion, is deregulated in the majority of human tumors. Indeed, the TP53

gene constitutes the most frequent mutated gene in cancer.

Furthermore, the upregulation of the main negative controller of p53,

oncoprotein Mdm2, has also been well described in different tumor

types. Recent advances in the design of small-molecule inhibitors have

allowed the development of highly specific protein–protein modulators

that block the interaction between p53 and Mdm2. In this review, we

aim to highlight the cornerstones of the current knowledge of the

Mdm2–p53 interaction and summarize the preclinical and clinical

development of Mdm2–p53 inhibitors.

Key words: Serdemetan – p53 – Oncoprotein Mdm2 – RG-7112 –

MI-219 – CYC-700 – Nutlins

INTRODUCTION

The tumor suppressor gene TP53 plays a central role in the regula-

tion of cell homeostasis, eliminating defective and malfunctioning

cells from the tissues. The cellular tumor antigen p53 receives infor-

mation about genetic damage or metabolic disorders and may pro-

duce cell cycle arrest (senescence), DNA repair, or if p53 learns that

the genome damage is too severe to be repaired, it may decide to

enter the cell in the apoptosis process (1). The process of apoptosis

is controlled by two main mechanisms, the first originated extracel-

lularly (by extrinsic inducers such as toxins, hormones, growth fac-

tors or cytokines) and the second intracellularly (by intrinsic inducers

activated by several stimuli, such as nutrient deprivation, radiation,

viral infection or hypoxia), the intrinsic apoptosis pathway being the

one where p53 protein develops its main functions (2). 

Because of the prominent role of TP53 as a tumor suppressor, this

gene has been related with cancer development from the very

beginning. Indeed, among all the genes examined to date in human

cancer genomes, TP53 is the most frequently mutated, being pres-

ent in mutant status in almost half of all human tumors (3).

Furthermore, a germline TP53 mutation has been described as

responsible for most cases of Li-Fraumeni syndrome, an extremely

rare autosomal dominant hereditary disorder that predisposes to a

wide range of malignancies, particularly breast cancer, brain tumors,

acute leukemia, adrenocortical carcinomas and soft tissue and bone

sarcomas (4, 5). 

However, not only TP53 gene mutations or deletions are responsible

for the loss of p53 function. In those tumors with wild-type TP53 the

deregulation of the main controllers of p53 activity may also induce

p53 silence, avoiding the induction of the apoptotic process. In this

context, the main player is the Mdm2 protein (oncoprotein Mdm2 in

mouse cells), the most important negative controller of p53. A bet-

ter knowledge of the complex network made up by the p53–Mdm2

union and their many interaction partners has raised the therapeu-

tic interest of apoptosis induction in cancer cells, leading to the

development of protein–protein inhibitors directed against the

p53–Mdm2 interaction.

REGULATION OF P53 THROUGH MDM2

The degradation of p53 is via the ubiquitin–proteasome system, like

a wide range of other cellular proteins. The proteins that are des-

273

REVIEW ARTICLE

NEW PLAYERS IN CANCER THERAPEUTICS:
FOCUS ON INHIBITORS OF MDM2–P53 
PROTEIN–PROTEIN INTERACTION

J. Capdevila1, A. Cervantes2 and J. Tabernero1

1Medical Oncology Dept., Vall d’Hebron University Hospital, Barcelona, Spain; 2Hematology and Medical Oncology Dept., INCLIVA Health

Research Institute, University of Valencia, Valencia, Spain

THOMSON REUTERSDrugs of the Future 2012, 37(4): 273-281

Copyright © 2012 Prous Science, S.A.U. or its licensors. All rights reserved.

CCC: 0377-8282/2012

DOI: 10.1358/dof.2012.37.4.1769833

Correspondence: Josep Tabernero, MD, Head, Medical Oncology Department, Vall

d’Hebron University Hospital, Vall d’Hebron Institute of Oncology, P. Vall d’Hebron 119-

129, 08035 Barcelona, Spain. E-mail: jtabernero@vhio.net.



tined to be degraded by this system are initially labeled by the cova-

lent binding of polyubiquitin side chains that allows the transport to

proteasomes, where they are digested into oligopeptides. In normal

cells, the degradation of p53 is regulated by Mdm2 (oncoprotein

Hdm2 in human cells) (Fig. 1). This protein recognizes p53 as a tar-

get and directly binds to it and forms a complex with p53, inhibiting

its transactivation (6).

The p53 protein has the structure of a transcription factor with sev-

eral domains (Fig. 2). After Mdm2 binding to p53, the ability of p53

to function in this role is immediately blocked. Thereafter, Mdm2

directs the attachment of a ubiquitin moiety to p53 and exports p53

from the nucleus (where p53 does its main work) to the cytoplasm

for a subsequent polyubiquitination of p53 that allows rapid cyto-

plasmatic proteasome degradation (Fig. 3). The highly efficient and

non-stop activity of Mdm2 in normal cells ensures the short half-life

of p53 (20 minutes). One of the main targets of p53 as a transcrip-

tion factor is the MDM2 gene. Consequently, when p53 is active, it

stimulates the synthesis of Mdm2, the main enzyme responsible for

its destruction, creating a negative feedback loop that usually

ensures that p53 molecules are degraded rapidly after their synthe-

sis, keeping the levels of p53 very low and preventing an excessive

shutdown of cell proliferation and apoptosis (7, 8). 

Under stress circumstances, cells need to accumulate p53 to func-

tionally significant levels, protecting it from Mdm2-mediated

destruction. This protection is often achieved by p53 phosphoryla-

tion, which blocks the binding of Mdm2 and the subsequent ubiqui-

tination. The cycle of p53 synthesis and degradation can be modu-

lated by many other mechanisms in addition to Mdm2 blockade and

p53 phosphorylation, such as the DNA damage-sensitive kinases

serine-protein kinase ATM (ataxia telangiectasia mutated) and ser-

ine/threonine-protein kinase ATR (ataxia telangiectasia and Rad3-

related protein), or serine/threonine-protein kinase Chk1 (checkpoint

kinase-1) and Chk2 (checkpoint kinase-2). Certain survival signals

collaborate in MDM2 gene expression via the Ets and AP-1 (Fos +

Jun) transcription factors, resulting in a rapid increase of Mdm2 pro-

tein levels. These survival signals, which also activate the phos-

phatidylinositol 3-kinase (PI3K)–serine/threonine-protein kinase

Akt–mTOR pathway have the capability, at least indirectly, to phos-

phorylate through activated Akt the already synthesized Mdm2,

leading to binding with p53 and triggering its ubiquitination and

proteasome degradation (9, 10). All these effects converge on p53

protein level suppression and thereby prevent the entrance of a cell

into cell cycle arrest (senescence) or into the apoptotic suicide pro-

gram. Although the mechanism of action for the final downregula-

tion of p53 is clearly different between the Mdm2-mediated process

and the effect of classical pro-oncogenic genes, the final outcome is

the same, favoring the increase in cell number.

After the main role that Mdm2 plays in the regulation process of

p53, influencing the growth and survival of normal cells and the

growth, survival, angiogenesis, metastasis and DNA repair of cancer
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Figure 1. The p53 protein structure. P53 is divided into five domains: 1) the amino-terminal part that contains the first transactivation domain and the Mdm2

binding site; 2) and the second transactivation domain; 3) the DNA binding central region that focuses 90% of mutations in human cancer; 4) the oligomer-

ization domain necessary for dimerization and exportation from nucleus; and 5) the carboxy-terminal part that contains the nuclear localization signals and

a non-specific DNA binding domain related to negative feedback of the central DNA binding site. 

Figure 2. The Mdm2 protein structure. Mdm2 is divided into seven main domains: 1) the amino-terminal part that contains the p53 binding site; 2) a nuclear

localization signal domain (NLS); 3) a nuclear exclusion signal domain (NES); 4) an acidic region; 5) the zing finger domain; 6) the carboxy-terminal ring 

finger domain that promotes p53 ubiquitinylation and targets Mdm2 for negative feedback; and 7) a nucleolar localization signal domain (NoLS).



cells, was determined, the next steps were to elucidate different

mechanisms for the regulation of Mdm2. One of these mechanisms

is Mdm2 protein phosphorylation, which can be done at multiple

sites, leading to changes in protein function and stabilization of p53

after DNA damage, or accumulation of phosphorylation in certain

residues within the central acidic domain, stimulating its affinity to

target p53 for degradation. One of the main inhibitors of Mdm2 is

the human p14arf (ARF) protein, the alternative reading frame prod-

uct of the p16INK4a locus (p19arf in mice), which negatively regulates

the p53–Mdm2 interaction, binding directly to Mdm2 and dragging

it to the nucleus, where it would no longer be available to target p53,

leading to upregulation of p53 transcriptional response. ARF keeps

sequestered Mdm2 in the nucleus, resulting in inhibition of nuclear

export, which is essential for adequate p53 destruction (11).

Finally, Mdm2 has been shown to interact with many other proteins

involved in the main processes of cell homeostasis, proliferation,

angiogenesis and survival, such as histone deacetylase 1 (HD1), gua-

nine nucleotide-binding protein-like 3 (GNL3), insulin-like growth

factor 1 receptor (IGF1R), forkhead box protein O4 (FOXO4), tyrosine-

protein kinase ABL1 (Abelson murine leukemia viral oncogene

homolog 1) or hypoxia-inducible factor 1-alpha (HIF1-alpha), among

many others (12).

TRANSLATIONAL RESEARCH IN MDM2–P53 INTERACTION

INHIBITORS 

Restitution of full p53 activity appears to be an interesting approach

for cancer therapy. The deeper knowledge of the mechanism of

action of p53 inhibitors, such as Mdm2, has raised the hypothesis of
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Figure 3. Schematic view of the Mdm2–p53 pathway. Several kinases can control p53 synthesis and degradation, such as DNA damage-sensitive ATM, or the

final downstream of mitogenic and cell survival signals. Mdm2 directly binds the transactivation domain of p53 and inhibits its transcriptional activity. Mdm2

also causes the ubiquitination of p53 and the exportation to the cytoplasm, where p53 is degraded by the proteasome. Protein Mdm4 also recognizes the

transactivation domain of p53, binding it and inhibiting the activity of p53, but does not cause p53 destruction. ARF is one of the most important inhibitors of

Mdm2, binding it and facilitating the stabilization of p53. Through the activation of p21, p53 can control the cycle progression from G
1

to S, producing growth

arrest and senescence. PI3K, phosphatidylinositol 3-kinase; AKT, protein kinase B; mTOR, mammalian target of rapamycin; RAS/RAF, protein kinase Ras/Raf

subfamilies; MEK/ERK, mitogen-activated protein kinases; BAX, apoptosis regulator BAX; APAF1, apoptotic protease-activating factor 1; HIPK2, home-

odomain-interacting protein kinase 2; CDC25A, cell division cycle 25 homolog A; Chk1/2, checkpoint protein kinase-1/2; ATM, ataxia telangiectasia mutated;

MDM2, double minute 2 protein; MDMX,  double minute 4 protein; Rb, retinoblastoma protein; E2F, transcription factor E2F family; Ub, ubiquitin; ARF, human

p14arf protein; Sirt, NAD-dependent deacetylase sirtuin protein; CDC14, dual specificity protein phosphatase CDC14; HDAC, histone deacetylase; BRCA, breast

cancer susceptibility protein; TBP, Tat-binding protein; PIAS, protein inhibitor of activated STAT protein; PML, protein PML.



targeting the main controller of p53 to recover the functionality of

this tumor suppressor protein. Four main approaches have been

hypothesized to activate the p53 pathway in tumor cells. The first

option would be to decrease the cellular levels of Mdm2 using anti-

sense oligonucleotides (13). The inhibition of the ubiquitination of

p53 mediated by Mmd2 is another therapeutic option that has been

explored (14). The third approach investigated is the use of ana-

logues of natural inhibitors of Mdm2, such as p14arf (15). And final-

ly, the fourth strategy is to disrupt the binding process between

Mdm2 and p53. The Mdm2–p53 interaction has been well described

and is mapped into the 106-amino-acid N-terminus domain of

Mdm2 and the N-terminus of the transactivation domain of p53 (16).

Targeting protein–protein interactions had been a challenging

approach for many years, mainly due to the large binding interface

of the protein partners. The small, well-defined and specific locus of

interaction between Mdm2 and p53 allows, a priori, the develop-

ment of small-molecule inhibitors to target the Mdm2–p53 interac-

tion. 

The development of small molecules capable of inhibiting Mdm2

and restoring p53 pathway functionality should have some specific

characteristics, such as high binding affinity and specificity for

Mdm2, potent activity in tumor cells in increasing the concentration

levels of active p53, and favorable pharmacokinetic and pharmaco-

dynamic profiles. As mentioned previously, one of the main issues of

the development of protein–protein interaction inhibitors is the high

possibility of disrupting many other protein–protein unions, offering

an unacceptable toxicity profile. Most of the developed Mdm2

inhibitors mimic the helical p53 peptide used for binding with

Mdm2, and hypothetically, these inhibitors could also bind other

helix-binding proteins, such as Bcl-2 family proteins. In addition,

Mdm2 inhibitors should have excellent cell permeability to be

employed as anticancer agents and may induce accumulation of

p53 in cancer and normal cells, without inducing DNA damage, in

contrast to classical chemotherapeutic drugs or radiotherapy, which

may also induce an increase in p53 levels by post-translational

changes, such as p53 phosphorylation (17).

The investigational program for Mdm2 inhibitors has been focused

on cancers with wild-type TP53 status, although some data for the

activity of certain Mdm2 inhibitors in a mutant TP53 population have

also been reported (18, 19). In preclinical studies, Mdm2 inhibition

has shown reactivation of the p53 pathway, leading to antitumor

effects in colon, lymphoma, hepatocarcinoma and soft tissue sarco-

ma cell lines (20). Xenograft models with a retriggerable p53 knock-

out animal model that develops sarcomas and lymphomas have

also been described. The reactivation of p53 functionality in these

models has shown tumor regression in mice (21). Three main

approaches have been carried out for the development of small mol-

ecules capable of blocking the Mdm2–p53 interaction, depending

on the main protein target: Mdm2 protein, p53 and E3 ubiquitin-

protein ligase Mdm2 (22, 23). The main Mdm2 inhibitors in clini-

cal/preclinical development are summarized in Table I.

The analogues of cis-imidazoline, known as nutlins-1, -2 and -3, are

a class of inhibitors of the Mdm2–p53 interaction via targeting

Mdm2, which are far more advanced in the preclinical and clinical

setting and were the first potent, nonpeptide, small-molecule Mdm2

inhibitors described. Nutlins fit in the binding pocket of p53 in Mdm2

and block the union between these proteins (22). Nutlin-3 has the

most potent (K
d

= 11 nmol/L) in vivo antitumor activity in xenograft

models of wild-type p53 human cancer (17, 23). The activity of nut-

lin-3 has been described in a broad spectrum of cancers, such as

neuroblastoma, osteosarcoma, lymphoma, and breast and colon

carcinomas (24-26). The biological activity of nutlin-3 has been

shown to be significantly different in cancer cells compared with nor-

mal cells. In both cases, nutlin-3 therapy induces cell cycle arrest,

but in cancer cells it also induces cell death, indicating that the acti-

vation of p53 by Mdm2 inhibition could not be toxic for normal cells

and highly specific for cytotoxicity in cancer cells (17, 23). This obser-

vation was very encouraging from a therapeutic perspective, increas-

ing investigational efforts in this setting.

Using structure-based engineering, other more potent Mdm2

inhibitors have been developed, such as MI-219, MI-43, MI-319 and

MI-63, a new class of highly specific Mdm2 inhibitors known as

spiro-oxindoles. These compounds have demonstrated significant

preclinical activity in various wild-type p53 tumor cell lines and

xenograft models, such as rhabdomyosarcoma, follicular lymphoma

or colorectal carcinoma (27-29). Additionally, five other different bio-

chemical compounds that target Mdm2 (benzodiazepinediones and

isoquinolones), p53 (thiophenes) and E3 ubiquitin-protein ligase

Mdm2 inhibitors (5-deazaflavin and tryptamines), are currently in

preclinical development and have demonstrated antitumor activity

in several cancer cell lines (see Table I) (30-35). JNJ-26854165

(serdemetan) is a novel oral tryptamine derivative that targets the

ring finger domain of Mdm2 and inhibits the interaction between

p53 and Mdm2, which has demonstrated significant preclinical

activity in a wide spectrum of malignancies. Interestingly, in preclin-

ical models JNJ-26854165 demonstrated inhibition of the

p53–Mdm2 interaction in both wild-type and mutant TP53 tumors,

including breast cancer, multiple myeloma and leukemia (36).

Although the exact mechanism of action of JNJ-26854165 is cur-

rently under investigation, microarray analysis of wild-type TP53 cell

lines treated with this drug demonstrated a gene expression profile

similar to that observed with classical DNA-damaging agents that

interfere with DNA synthesis and produce S-phase arrest (19).

CLINICAL DEVELOPMENT OF MDM2–P53 PROTEIN–PROTEIN

INHIBITORS

During the last years, several preclinical studies and clinical trials

with Mdm2–p53 interaction inhibitors have been launched or have

reported initial results. The results of the first-in-human phase I

pharmacokinetic (PK) and pharmacodynamic (PD) study of

serdemetan in patients with advanced solid tumors have recently

been published (NCT00676910) (37). Seventy-one patients were

included in the study and received 13 dose levels ranging from 4 to

400 mg once or twice daily. The main side effects observed were

grade 1-2, including nausea, vomiting, anorexia, fatigue and mild

liver impairment. The most frequent dose-limiting toxicity observed

was grade 3 QTc prolongation, observed in four patients. Grade 2

QTc prolongation was observed in 10 additional patients. This was

the major concern of serdemetan therapy and was directly correlat-

ed with plasma concentrations. Little bone marrow toxicity was

observed, raising the possibility of combination with cytotoxic

agents. The maximum tolerated dose was 350 mg once daily and

150 mg for the twice-daily schedule. One patient with a case of

advanced breast cancer obtained a confirmed partial response and
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Table I. Main characteristics of Mdm2–p53 interaction inhibitors in preclinical/clinical development.

Biochemical family Name Target Mdm2–p53 binding area IC
50

(nmol/L) Development

K
d

(nmol/L) stage

Tryptamine Serdemetan Mdm2 Ring finger domain 300 Phase I

(JNJ-26854165) NA

cis-Imidazolines RO-5045337 (RG-7112) Mdm2 N-terminal/ 450 Phase I/Ib

p53 binding domain 11

Spiro-oxindoles MI-63 Mdm2 p53 binding domain 140-160 Preclinical

3-5
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seven additional patients showed a decrease in tumor size that did

not reach the criteria of partial response by RECIST criteria. Twenty-

two (38%) patients had stable disease, with 4 prolonged stabiliza-

tions in patients with angiosarcoma, breast cancer, a thyroid Hürthle

cell carcinoma and ependymoma. Interestingly, in this phase I study,

an extensive PK/PD program was developed in order to find the

minimum biologically active dose. Serdemetan showed a linear,

dose-proportional PK profile and was rapidly absorbed after oral
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Table I. (Cont.) Main characteristics of Mdm2–p53 interaction inhibitors in preclinical/clinical development.

Biochemical family Name Target Mdm2–p53 binding area IC
50

(nmol/L) Development

K
d

(nmol/L) stage

Benzodiazepinediones JNJ-27291199 Mdm2 p53 binding domain 704 Preclinical

(TDP-665759) NA

JNJ-27065909 (TDP-521252)

5-Deazaflavin HLI-98 Mdm2 Ring finger domain 8000-75,000 Preclinical

NA

Isoquinolinones PXN-727 Mdm2 p53 binding domain 700-7400 Preclinical

PXN-822 NA

Thiophene NSC-652287 (RITA) p53 Mdm2 binding domain 140 Preclinical

NA

NA, not available. *Differences could be observed in IC
50

between different cell lines.
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administration. PD analyses were performed in paired skin and

tumor biopsies for predictive surrogate and tumor biomarkers. The

nuclear p53 levels determined by immunohistochemistry in skin

samples were increased after treatment with serdemetan in an

exposure-related fashion. Accordingly, reduction in antigen KI-67

levels was observed at 300 mg daily. Unfortunately, this meaningful

correlation was not observed in tumor samples, where the levels of

p53 were increased in only 8 samples (of a total of 13), with no

decrease in KI-67. Plasma levels of macrophage inhibitory cytokine 1

(MIC-1), a transforming growth factor-beta family cytokine induced

by p53 activation, were used as a biomarker for p53 activation.

Although MIC-1 serum levels were increased after serdemetan ther-

apy, the magnitude of this effect was not dose-related.

RO-5045337 (RG-7112) is an oral Mdm2 inhibitor, interesting data

for which were reported during the 2011 American Society of Clinical

Oncology (ASCO) meeting. Beryozkina et al. presented the results of

two phase I studies of RG-7112 in patients with leukemias and solid

tumors (NCT00623870 and NCT00559533) (38). Forty-nine

patients with leukemia (acute myeloid leukemia [AML], acute lym-

phocytic leukemia [ALL], chronic myelogenous leukemia [CML] in

blast phase or refractory chronic lymphocytic leukemia/small cell

lymphocytic leukemia [CLL/SCLL]) and 76 patients with advanced

and refractory solid tumors were included. Dose escalation ranged

between 20 and 1920 mg/m2/day for 10 days followed by 18 days of

rest between cycles. The PK exposure observed was dose-propor-

tional and tended to be higher for patients with solid tumors. Serum

MIC-1 levels increased proportionally with dose levels starting from

> 320 mg/m2/day, suggesting a good relationship between p53

activation and drug exposure.

MDM2 gene amplification has been well described in liposarcomas

and a phase I PD biomarker study has been carried out in this setting

with RG-7112 (39). The primary objective of the study was to evaluate

the proof of mechanism of RG-7112 to act as an Mdm2 inhibitor,

leading to upregulation of p53-dependent pathways in tumor tissue.

Twenty patients with chemoradiotherapy-naive well-differentiated

or dedifferentiated liposarcomas eligible for debulking surgery were

treated with up to 2 cycles of RG-7112 at 1440 mg/m2 once daily dur-

ing 10 days (28 days per cycle). Two tumor samples were obtained at

baseline and after 8 days of treatment. Blood samples were also

obtained for MIC-1 determination. The most frequent severe side

effects (grade 3-4) were vomiting (n = 2), neutropenia (n = 3; one

case of febrile neutropenia) and thrombocytopenia (n = 5). One par-

tial response was observed, with 14 disease stabilizations and 5

cases of progressive disease. The authors reported the expected PD

effects of Mdm2 inhibition by RG-7112, with increases in p53, p21 and

Mdm2 RNA levels, decreases in proliferation ratio measured by KI-

67 index, exposure-related increases in MIC-1 plasma levels and evi-

dence of tumor apoptotic changes by TUNEL immunostaining. RG-

7112 is currently being investigated in phase I clinical trials

(ClinicalTrials.gov: NCT01462175 and NCT01143740).

FUTURE DIRECTIONS

Nowadays, many efforts are focused on increasing the knowledge of

the multiple complex pathways modulated by p53 and Mdm2. The

future development of Mdm2–p53 protein–protein inhibitors should

run in parallel with a robust biomarker program that could allow a

better selection of patients for optimal clinical use. One of the most

promising biomarkers explored in the preclinical and clinical set-

tings has been MIC-1. MIC-1 is secreted when the p53 pathway is

activated and can be detected in serum, avoiding tumor biopsies

required for analysis of most TP53 target genes that are located in

the cells. Analyses of CLL patients’ blood samples and endothelial

cells have shown upregulation of MIC-1 after p53 pathway activation

by Mdm2 inhibition with nutlin-3 (40, 41). Although MIC-1 appears to

be a promising biomarker candidate of p53 pathway activation, the

results of the first two phase I clinical trials with two different Mdm2

inhibitors, serdemetan and RG-7112, showed contradictory data.

The activity of Mdm2 inhibitors is linked to the non-mutant status of

p53. The continuous exposure to Mdm2 inhibitors may select clones

with deficient p53 function and generate early resistance to these

agents. In addition to TP53 gene mutations or deletions, loss of

Mdm2 controllers, like p14arf, has also been related with primary

resistance to Mdm2 inhibitors (42). Mdm4 is a protein with high

homology and a similar p53 binding site to Mdm2 (43). Mdm4 binds

to the N-terminus of p53 and blocks p53 transcriptional activity, but

does not produce p53 degradation (44). Mdm4 also binds with

Mdm2 at the ring finger domain, forming the complex

p53–Mdm2–Mdm4, which regulates p53 function. Mdm2 inhibitors,

such as MI-219 or RG-7112, bind to the Mdm2 pocket with signifi-

cantly higher affinity compared with the Mdm4 binding site, inhibit-

ing the p53–Mdm2 interaction but not the p53–Mdm4 union. The

overexpression of Mdm4 has been related with intrinsic resistance to

nutlin-3 therapy. The incapacity of Mdm2 inhibitors to block the

p53–Mdm4 interaction or produce Mdm4 degradation prevents full

activation of p53 transcriptional activity, generating resistance

against these drugs (45). 

And last but not least, Mdm2 inhibitors are attractive drugs for com-

bination with classical genotoxic anticancer drugs that induce p53

activation. The two main objectives of these drug combinations lie in

minimizing the toxic side effects of p53 induction in normal cells and

enhancing antitumor activity. Synergistic effects have been

described with the combination of nutlin-3 and doxorubicin, chlo-

rambucil, fludarabine and gemcitabine (41, 46). Furthermore, the

double inhibition of the two extrinsic and intrinsic apoptotic path-

ways by blocking TNF-related apoptosis-inducing ligand (TRAIL)

and Mdm2 is another interesting strategy for increasing apoptosis

induction (47).

CONCLUSIONS

The future of cancer therapy is establishing a personalized medicine

approach through the advance in the knowledge of molecular can-

cer biology due to the increasing specificity of new targeted therapy

agents. The TP53 gene is the most altered gene in oncology and the

complex relationship between p53 protein and its partners has been

the main drawback in the development of drugs directed towards

this pathway. The recovery of the function of the popularly called

“guardian of the genome” has been a suitable target in oncology for

many years. The awareness of the relationship between Mdm2 and

p53 has opened the opportunity to target one of the main inhibitors

of p53 function, reactivating the apoptotic pathway in cancer cells.

However, as discussed in this review, the interactions of both Mdm2

and p53 include a large number of proteins related with the main
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processes of cell differentiation, growth and survival, and it appears

rather difficult that the simple inhibition of Mdm2 could produce a

significant effect. The first steps of Mdm2 inhibitors and p53 tran-

scriptional function enhancers should run in parallel with predictive

biomarkers and probably with multidrug combinations, both with

DNA-damaging agents and other targeted therapies.
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