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The p53 network is the most important pathway involved
in preventing the initiation of cancer. More than half of all
human cancers contain mutations in the p53 gene and in
almost all cancers, the p53 regulatory circuit is functionally
inactivated. mdm2 gene plays a very important role in p53
network. It regulates the levels of intracellular p53 protein
concentration through a feedback loop. p53 levels and
activity are up regulated in response to various stresses
including DNA damage, hypoxia, and oncogene activation.
Active p53 initiates different transcriptional programs that
result in cell cycle arrest, cellular senescence or apoptosis.
Under normal conditions the p53 levels are kept very low.
When there is DNA damage, the levels of p53 protein rise
and if there is a prolonged elevation the cell shifts to
apoptosis, and if there is only a short elevation the cell
cycle is arrested and the repair process begun. In this
paper, the function of p53 gene in p53-mdm2 module and
the associated pathways for apoptosis are studied. A
number of key predictions, and experiments to specific
aspects of cell cycle arrest and cell death are discussed.

InTRODUCTION

En every normal cell, there is a protective mechanism against tumoral degeneration. This
mechanism is based on the p53 network. p53 is a gene that codes a protein in order to regulate
the cell cycle. p53 also known as “the guardian of the genome” [1]. The name is due to its
molecular mass: it is a 53 kilo Dalton fraction of cell proteins. Due to its major implication in
cancer prevention and due to the actions described above, p53 has been intensively studied in
the last two decades. The tumour suppresser gene p53 and the mdm2 oncogene have important
role in cell cycle checkpoints, apoptosis, growth control and oncogenesis. The mdm?2 protein
promotes the rapid degradation of the p53 protein, while p53 protein activates the transcription
of the mdm?2 gene [2].

The p53 gene has been mapped to chromosome 17. In the cell, p53 protein binds DNA,
which in turn stimulates another gene (the p21 gene) to produce the p21 protein, a protein that
interacts with a cell division-stimulating protein (cdk2). When p21 forms a complex with cdk2
the cell cannot pass through to the next stage of cell cycle. A mutant p53 can no longer bind
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DNA in an effective way, and as a consequence the p21 protein is not made available to act as
the 'stop signal' for cell division. Thus cells divide uncontrollably, and form tumors. It is clear
that p53 is just one component of a network of events that culminate in tumor formation.

Numerous p53-dependent target genes have been identified that play a role as
downstream effectors of each p53 function. For example, the cyclin dependent kinase
inhibitor p21Wafl/Cipl is a direct p53 target and deletion of this gene significantly reduces
the cell cycle arrest response to p53. More recently, the ability of p53 to participate directly in
DNA repair has been shown to be associated with the activation of a ribonucleotide reductase,
named p53R2 [5]. In general, each p53 response appears to reflect activation of several
genes. p53 can induce expression of proteins that target both the mitochondrial and the death-
receptor-induced apoptotic pathways. p53-mediated induction of proteins that localize to the
mitochondria, such as Bax , NOXA , PUMA and p53AIP1, triggers cytochrome c release and
activation of the Apaf-1/caspase-9 apoptosome [4]. p53 also induces the expression of death
receptors, such as Fas and Killer/DRS5, and the death-domain-containing protein PIDD, which
are likely to participate in death-receptor-mediated apoptotic signaling [4]. In many cases,
inhibition of expression of these p53 target genes has been shown to be associated with a
decrease in p53-induced apoptosis, although in most cases this reduction is incomplete,
consistent with the existence of multiple p53-inducible apoptotic target genes. One of the key
regulators of p53 is the mdm?2 protein, which can both inhibit p53°s transcriptional activity and
target p53 for degradation. p53 function depends on nuclear localization, and both nuclear
import and nuclear export of p53 are tightly regulated. The biological consequences of p53
activity include cell-cycle regulation, induction of apoptosis, development, differentiation,
gene amplification, DNA recombination, chromosomal segregation, and cellular senescence
(2].

In this paper, the reaction between the p53 and mdm?2 protein are converted as differential
equations. The rate of change of p53 protein and mdm2 protein with respect to time are
taken as the primary data. The correlation between the data gives the binding of p53 and
mdm?2 gene in the network. The activation of p53 gene in p53-mdm?2 network will decide the
fate of the cell. That is either the cell cycle will be arrested or the cell will goes to apoptosis.
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Fig. : The p53-mediated apoptotic pathway.
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The above figure shows a schematic diagram of the p53-mediated apoptotic pathway
which is activated when the p53-MDM? interaction is inhibited by nutlin molecules. The p53
proteins up regulate the synthesis of the pro-apoptotic Bax proteins and down regulate that of
the anti-apoptotic Bcl-2 proteins [2]. The Bcl-2 binds the Bax protein to form a heterodimer
and consequently suppress the pro-apoptotic activity of Bax. The Bcl-2 further binds the
apoptotic protease-activity factor 1 (Apaf-1) and thereby excludes the binding of procaspase-9
to Apaf-1. The Bax and other pro-apoptotic proteins help in the release of cytochrome c
proteins from the mitochondria. Apaf-1 binds cytochrome c to form the apoptosome complex
which in turn binds procaspase-9. A family of proteases termed caspases play a central role in
bringing about apoptosis. The blocking of caspase activity can slow down or prevent
apoptosis. Caspases selectively cleave a set of specific target proteins at one or a few
positions, always after an asparate residue. The cleavage results in non-functional target
proteins. The binding of the procaspase-9 to the apoptosome leads to initiator caspase-9
activation through cleavage of the bound procaspase-9. The initiator caspases activate the
executioner or effector caspases. This is followed by the cleavage of procaspase-3 to yield the
active effector molecule, caspase- 3. Executioner caspases like caspase-3 cleave key cellular
proteins and dismantle the cell resulting in apoptosis. The end comes provided the
executioner caspases such as caspase-3 are activated to sufficiently high levels. The level of
activation depends on the competition between the pro- and anti-apoptotic agents/processes
constituting the apoptotic pathway. The apoptotic network further includes two important
processes, namely, the cleavage of the anti-apoptotic Bcl-2 by caspase-3 and the inhibition of
the processing and activation of procaspase-3 by p21[2]. These two processes provide direct
links between the events upstream and downstream of cytochrome ¢ release.

P53 and mdm?2 network parameters:

The simplified version of the network consists of only 9 representative candidate proteins;
the entire network of hundreds of p53 regulators is expected to be much more complex. As
described above, numerous proteins interact with p53 and mdm?2.

The parameters which are included in the network and their values are as follows [5]:

Table 1.
1. el p53-dependent mdm?2 transcription rate 0.02 uM min "'
2. kbl p53-Mdm?2 complex dissociation rate 123.6 min"'
3. Km Michaelis constant of p53-dependent mdm2 transcription | 0.16 uM
4. rp53 Translation rate of P53 0.01 min"'
5. rmdm?2 | Translation rate of Mdm?2 0.04 min™'
6. p53 Basal degradation rate of p53 0.03 min™'
7. mdm?2 Basal degradation rate of Mdm?2 0.033 min"'
8. kl Mdm?2-dependent P53 degradation through C1 0.2 min"'
9. kf1 P53-Mdm?2 complex association rate 552 uM min '
10. tl mdm?2 transcription 30 min
11. 5 p53 transcription delay 30 min
12. 6 P53 translational delay 10 min
13. 8 Mdm? translational delay 10 min
14. P53 protein 0.0258
15. Mdm? protein 0.15
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Various activation of p53 gene in DNA damage, DNA repair, Ubiquitin —mediated
degradation and the rate of increase and decrease of p53 and mdm2 are shown in the above
figure.

The p53 —-mdm2 complex cl formation and dissociation is also included in this model to
represent the binding and unbinding between mdm?2 and p53 protein molecules.

The reaction between p53 and mdm?2 protein can be written as

k
P53+ Mdm2—L p53Mdm2

!
p53Mdm2k—bl>p53 + product O

Here p represents the product. The general expression for the velocity (rate) of this
reaction is

dc[ip 1 f ps3mam2] . (2)

The overall rate of production of [pS3mdm?2] is the difference between the rates of
elementary reactions.

Michaelis and Menten assumed that kf; >> kf; so that the first step of the reaction achieves
equilibrium.
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_ kb _ [p53][Mdm2]

ks =
K| [p53Mdm2]

..(3)

where ks is the dissociation constant.

The reaction between p53 and mdm?2 can be written as a set of differential equations

d[ p53:1\t4dmz] = kf,[ p531[Mdm2] — (kby + kf )(p53Mdm2) NC)
%: KA pS3N Mdm2) + kby (pS3Mdm2) . (5)
% = —kfi[ pS31[Mdm2]+ (kby + kf 1)(p53Mdm2) -+ (6)
% = kf>[ pS3Mdm2] (D

With initial conditions p53(0) = py, Mdm2(0) = M, pS3Mdm?2 (0) = PM, and Product
(0) =Py

Combining the first three equations we get

%: K[ pON Mdm2) + kfy P53+ kby (p53Mdm2) (8
and M = AL PO Mdm?2] — (kf; p53 + kb, + kfy)( pS3Mdm?2) .. 9)

With the initial conditions P53(0) = p, = 0.0258 pM, Mdm2 (0) = My= 0.15 uyM  p53
Mdm2 (0) = PMy=0.06 uM, Kfi= 0.2 min"', kb, = 123.6 m,

Assume that kf;=0.4 m ™,

REesuLt

le can calculate the values of d[z t53] and dip 5362“1’”2] from equations (8) and (9).

Assume that these two set of values be x (£) and y (f) which are listed below.

X () Y (0)

7.420 —7.485
7.425 ~7.436
7.428 ~7.337
7.433 -7.335
7.437 -7.33
7.441 ~7.326
7.440 ~7.320
7.44 7316

From this table of values the mean, standard deviation and the correlation coefficient are
calculated. The mean value of rate of change of p5S3 and mdm2 are as follows.
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=1

_2X0 e 2 Y ()
n

n

59.464 — -58.835
and sz

= |
Il

x=7.433 and y=-7.3544.

The standard deviation of p53 and mdm2 protein and correlation are as follows

correlation coefficient r =

G, = /lZ(x—}) =0.0.070356
n
/1 -2

c,= —Z(y—y) =0.04585
n

IS D0

n

G,.0

Xy

L 0.002485)
8 0.9629

" 0.0070356)(0.04585)

The correlation between p53 and mdm?2 proteins are » = 0.9

ConcuLusion

e conclude that if x () increases then y (¢) also increases, and the correlation between

two set of values is positive. When the p53 molecules are increased then automatically the
mdm?2 molecules are also increased. In normal cells the level of p53 is very low. When the
p53 protein is bind to mdm2 gene in the network, pS3 gene will decide the fate of the cell.
From this network the level of p53 is raised , p53 gene will gives signal to the cell and
then the cell shifts to apoptosis. Further, the function of p53 gene will play an important
role inthe genetheraphy treatment for cancer.
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