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Optimal Control Strategy for the p53-Mdm2 Protein Network:
A Study on the Nutlin-3 Drug

LI Xuedong' , XU Guoming®,LLIU Nan’, YANG Hongli'
(1. School of Mathematical Sciences ,Inner Mongolia University , Hohhot 010021,China;
2. School of Mathematical Sciences sBaotou Teachers College s Baotou 014030,China)

Abstract: The frequent deletion of the anti-cancer gene p53 in various cancer cells is one of the
causes of cancer,so drugs to restore p53 have attracted more and more attention. As an inhibitor of
Mdm2,Nutlin-3 can weaken the inhibitory effect of Mdm2 on p53 and stabilize the level of p53 pro-
tein. Based on the mathematical model of p53-Mdm2 loop and p53-ATM loop, Nutlin-3 drug is
introduced as the control variable, the existence of optimal control is discussed firstly, and the
expression form of optimal control is obtained by using Pontryagin minima,and finally the rationali-
ty of the model and the effectiveness of the optimal control are verified by numerical simulation. The
numerical simulation results showed that the concentration of Mdm?2 decreased significantly and the
concentration of p53 increased after the addition of drug control. In addition, the effects of drug
binding rate,cell stimulation and drug cost on p53 and Mdm2 were investigated after the addition of
drugs to the system. The results of this study have certain practical significance and provide targeted
suggestions for clinical treatment.

Key words: optimal control; p53 network; mathematical modelling; Nutlin-3



