
RAPAMYCIN REGULATION OF MDM2 :
CONSEQUENCES FOR CANCER THERAPY

Abstract : Recent work suggests that the differential recruitment into polysomes of a given mRNA population may be 
sufficient to initiate and maintain tumor formation. Rapamycin and its derivative are currently studied in cancer 
therapy for their effect on translation and therefore on cellular growth. However, recent studies demonstrated that 
rapamycin was inefficient in some tumors. In order to better understand the response to translational inhibition, we 
have developed an ex-vivo system that allows us to follow the impact of a drug on the translational profile. High 
density microarray analysis revealed that poysomal recruitement of the oncoprotein MDM2 is increased by the drug 
rapamycin. 
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Ribosomal re-recruitment in the presence of rapamycin.
(A). High salt provokes a rapid disaggregation of 
polysomes. (B). Upon restoration of isotonic conditions 
the polysomal fraction is reconstituted (C). 
Pre-treatment with rapamycin delays the re-recruitment 
of ribosomes. (D) Western blot analysis of 
phospho-4EBP-1, 4EBP-1 and actin was performed on 
extracts isolated under the different conditions to verify 
the effect of rapamycin.

Microarray analysis : (A) Hierarchical clustering of 
relative expression using all the gene probes on the chip. 
The vertical brackets on the right indicate that 
transcripts have been grouped into those whose presence 
was over-represented in the light polysomes (lower) or in 
the heavy polysomes (upper).
The regulated genes (1.5x (B), 2.5x (C) ) were classified 
into four groups: transcripts up-regulated in the light 
polysomes, down-regulated in the light polysomes, 
up-regulated in the heavy polysomes and down-regulated 
in the heavy polysomes. The numbers in the diagram 
indicate the number of transcripts found in each group. 
(D and E). Functional classification using Gene Ontology 
of the genes either up-regulated or down-regulated by 
rapamycin

Surprisingly the genes up- or donw-regulated by 
rapamycin affect more or less the same pathway. 
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MDM2 a key regulator of p53: (A) Mdm2 acts as an 
ES ubiquitine ligase to target p53 for degradation. It 
is also a target of p53 activation, establishing an 
autoregulatory negative feedback loop. (B) Two 5‛UTR 
have been identify for MDM2 using two different 
promoters. The promoter P2 is induced by the 
activation of p53.

Effect of rapamycin on MDM2 expression : (A) mRNA expression of both 5‛UTRs of 
mdm2 in cells treated with rapamycin. (B) Western blot analysis of MDM2 expression 
in cells treated with rapamycin. The different bands result from alternative splicing of 
the mRNA.
Rapamycin does not affect the transcription level of the mdm2 5‛UTRs. The absence 
of regulation at the protein level may suggest that the two 5‛UTRs are used 
alternatively to maintain a stable level of the oncoprotein MDM2.

Effect of rapamycin on the 5‛UTRs of MDM2 : The 5‛UTRs of MDM2 were fused in 
front of the luciferase reported gene. The 5‛UTR of actin was used as control.

The long form of the mdm2 5‛UTR shows resistance to rapamycin treatment whereas 
the induced form is reduced.

Bicistronic assay : The 5‛UTRs of mdm2 were used in 
a bicistronic assay in 293T cells. The viral IRES of 
EMCV and the inverted sequence (VCME) were used as 
positive and negative controls respectively. The 5‛UTR 
of QKI was used as an know false positive sequence.

Both 5‛UTRs of MDM2 present a significant bicistronic 
activity suggesting the presence of an IRES like 
sequence. 

Promoter cryptic assay : In order to 
verify the presence of cryptic promoter 
activity, the 5‛UTRs of mdm2 were 
cloned in a promoter less vector. The 
SV40 and the empty vector were used 
as a positive and negeative control 
respectively. 

Alternative splicing : To eliminate the 
presence of an alternative splicing, 
siRNA against the first cistron was 
used. If we have a single full-length 
mRNA, both cistrons will be equally 
affcted by the siRNA.

The results show that the 5‛UTR of 
sMDM2 has a cryptic promoter 
activity, whereas the 5‛UTR of MDM2 
has an IRES like activity which can 
explain its resistance to rapamycin. 

Conclusion : We found that 3.6% of  
transcripts are affected by 
rapamycin at the translational level. 
Amoung the genes regulated, mdm2 
is of a particular interest because 
of its implication in human cancer. 
We found that its resistance to 
rapamycin may be mediated by the 
presence of an IRES in its 5‛UTR. 
As MDM2 is mutated in 30-70% of 
sarcomas, we can ask the question 
of whether rapamycin treatment will 
be appropriate in these kinds of 
tumours.


