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ABSTRACT 

The human wildtype p53 tumor suppressor gene is found in two different forms. p53 

Arginine and p53 Proline. This difference results in a substitution of a proline for an 

arginine at codon 72 producing the polymorphism. Knowing that apoptosis and cell cycle 

arrest are the two main functions of p53. the objective of this project was to determine the 

difference in the capacity of these allelic variants of p53 to induce apoptosis andlor cell 

cycle arrest in two different experimental model systems. The first experimental system 

was composed of non-transformed lO(1) cells and the second one was transformed Saos- 

2 cells. In the first experimental system. the two wildtype foms of p53 induced cell cycle 

arrest at the same level and did not induœ apoptosis. On the other hand. in transformed 

cells. both p53Arg and p53Pro induced apoptosis at similar levels. No cell cycle arrest 

activity has been detected in Saos-2 cells. In conclusion, this study suggests that the 

induction of cell cycle arrest or apoptosis depends more on the ceIl type than on the type 

of the p53 protein. Alsa, the intensity of cell cycle anest or apoptosis is independent of 

which allelic variant of p53 is present under the experimental conditions used in this study. 
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ABREGE 

Le g b e  de la protéine p53, ayant une action de suppression sur le développement des 

tumeurs cancéreuses, se trouve sous deux diffhntes formes sauvages, p53 Arginine ou 

p53 Proline, dû à une substitution d'une proline par une arginine au codon 72 produisant 

le polymorphisme (59, 120). Ce projet avait pour objectif de déterminer les dH6rences de 

capacitb de ces deux protéines d'induire un arrêt du cycle cellulaire en G1 ouet de 

I'apoptose dans deux différents systèmes. L'apoptose et l'arrêt du cycle cellulaire sont les 

deux principales fonctions de p53 (9,26,132,158). Le premier systeme &ait compose des 

cellules lO(1) de type non-transformées tandis que le deuxième systeme était composé 

des cellules Saos-2 dites transforrmkes (20. 22, 177). Dans les cellules lO(1 ), les deux 

types de p53 ont induit un arrêt du cycle cellulaire à un même niveau sans toutefois induire 

d'apoptose. Par contre, dans les cellules Saos-2. autant p53Arg que p53Pro ont induit de 

I'apoptose. à une même intensité. sans toutefois produire d'ara du cycle cellulaire. Cette 

étude nous permet donc de suggbrer que l'induction d'un arrêt cellulaire ou de I'apoptose 

depend en grande partie du type de cellules plut& que du type de la proteine p53. De plus. 

il semble que I'intensit6 d'une ou de l'autre de ces fonctions est la même qu'elle que soit 

le type de p53 pr6sent dans les sytèmes étudi&s. 
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GENERAL INTRODUCTION 

p53 is a protein responsible for tumor suppression whose inactivation is the most frequent 

event in many types of cancer (22. 171). Wildtype p53 is associated specifically with 

preventing DNA replication in response to DNA damage. thereby preventing genomic 

instability in normal cells (22, 104). After exposure to a DNA-damaging agent, p53 exerts 

its antiproliferative functions by activating the transcription of different genes. These gene 

products mediate cell cycle arrest in G11S or trigger apoptosis in certain types of cells 

(1 47). 

The human p53 gene has been found to encode two distinct species of wildtype p53 

protein. Sequence analysis of the human p53 gene has revealed a single p53 gene with 

a single base change which occurs in codon 72. This substitution results in either an 

arginine or a proline. Both forms of p53 are wnsidered to encode for functional wildtype 

pmtein. The change is not due to mutation. but is instead due to polyrnorphism at that 

residue (59, 120). 

We are interested in detemining whether any differences exist between the ability of the 

two species of p53 protein to mediate apoptosis or cell cycle arrest. In several types of 

cells with DNA-strand breakage, p53 transactivates several genes implicated in the 

apoptotic or cell cycle arrest process (87). In al1 turnors studied. so far, the induction of 

apoptosis has been correlatecl with an increase in the level of wildtype p53. Loss of the 

wildtype form of p53 appears to play a significant role in the treatment of cancer. Nearly 

al1 cytotoxic drugs commonly used in the treatment of cancer, including radiation, have in 

common the ability to induce tumor cell death through apoptosis. This relative sensitivity 

of tumor cells to the induction of apoptosis by drugs and radiation is modulated by p53 in 

many cases (110. 132. 201). The differences in the level and speed of induction of 

apoptosis will be investigated for both wildtype p53 variants. Any differences observed 

between the abilities of these two pmteins to induce apoptosis or cell cycle arrest might 
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suggest that a patient's p53 genotype wuld affect the susceptibility of their tumors to 

cytotoxic drugs or radiation. Consideration of p53 genotypes might therefore be a factor 

in the treatment of cancer. 



CHAPTER I 



1 .l Introduction 

The pmliferation of nomal cells is thought to be regulated by growth-promoting 

protooncogenes wunterbalanced by growth-constraining tumor suppressor genes. 

Mutations that potentiate the activities of pmto-oncogenes create the oncogenes that force 

the growth of tumor cells. Convenely, genetic lesions that inacüvate suppressor genes 

liberate the cells from the constraints imposed by these genes, yielding the unconstrained 

growth of the cancer cell. Deregulated growth resulting from oncogene activation or from 

suppressor gene inactivation would seem to be similar if not identical. Progression of many 

tumon to full malignancy requires both types of changes in the tumor cell genome (183). 

p53 is one of many tumor suppressor genes. which is defined as a gene for which a 

lossof-function mutation is oncogenic. Wildtype alleles of such genes may thus function 

to prevent or suppress tumorigenesis (22). Human p53 is a phosphoprotein of 393 amino 

acids wiai a molecular weight of 53 000 Daltons located in the nucleus (27,85,137). There 

is only one p53 gene par haploid genome found in human cells. The p53 gene is 20 Kb 

long, contains 1 1 exons, and spans on the short a m  of human chromosome 17 at position 

17 p l  3.1. (20. 1 18). The p53 gene is affected by deletions, rearrangements or point 

mutations in at least 50% of human tumors (22.69, 104). 

Evidence that wildtype p53 is a tumor suppressor gene originated from at least five 

experimental approaches: 

1) - The murine wildtype p53 gene can suppress the transformation of rat embryo 

fibrobtasts in cell culture by known oncogenes such as ras and adenovinis El  B (45,39). 

- The introduction of wildtype gene or cDNA into a transformed ceIl in culture stops cell 

growth at the G1 phase of the cell cycle following mitosis or to induce apoptosis on cells 

(1 04). 

-The wildtype p53 gene is capable of reverting the transfomed phenotype of human colon 

cancer ceils and osteosarcornas cells in vitro (5.22). 
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2) Mutations and allelic losses of the p53 gene have been associated with tumors from a 

variety of human organs and tissues (68,69,105). 

3 )The Li-Fraumeni familial cancer syndrome. characterized by diverse mesenchymal and 

epithelial neoplasms at multiple sites, is associated with the presence of gem line 

mutations in the p53 gene (1 15. 165). 

4)Resembling the hurnan familial cancer syndrome. animal studies demonstrated that 

transgenic mice deficient for p53, or carrying attered p53, are significantly more prone to 

spontaneous development of a variety of neoplasms. The wildtype p53 gene is 

dispensable for embryonic development, indicating a limited participation of p53 in normal 

cell division (29. 34, 101). 

5)Oncoproteins from several DNA tumor viruses. such as the SV40 large T-antigen. the 

adenovirus E l  B and the papillomavirus E6 pmtein. were found to functionally inactivate 

p53 by binding to, or degrading the wildtype p53 protein (70, 105). 

The p53 protein was first found to complex specifically wiai the SV40 large T-antigen. 

resulting in an increased haFlife of p53 (128). Protein interactions within the 

conformational domain of p53 can have functional consequences for the protein similar to 

those of missense mutations. The complexing of the large T-antigen within the 

conformational domain results in the inhibition of the DNA binding and transactivation 

functions of p53 (1 21). Some of the genital human papillomavirus (HPV) E6 proteins, high 

risk (oncogenic) and low risk, can bind p53 in vitro because the C-terminal of E6, involved 

in p53 binding, is conserved arnong al1 HPV types. However, the N-terminal sequences 

of E6 in oncogenic HPV types. which differ from those in low risk HPVtypes, are necessary 

to direct p53 degradation by an ubiquitidependent proteolysis system (29.106). E6 binds 

and degrades p53 in the cell cytoplasrn, thus preventing p53 from exerting its 

turnor-suppressor fundion in the nucleus (106). The high risk E6 pmtein is therefore 
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implicated in the pathogenesis of cervical carcinomas in women (1 06,138). In normal cells, 

the amount of p53 is very low and its harlife is around 15 minutes (22). After irradiation, 

the half-life of p53 increases from around 15 minutes to 150 minutes, resulting in an 

increase in p53 concentration. Both the extent of the increase and the kineücs of p53 

enhancement differ for different types of radiation damage (26, 103). Depending on the 

type of cell, p53 protein levels can Vary by over 100-fold (1 19). This variation in the level 

of p53 protein is regulated posttranscriptionally and posttransfationally; 

Posttranscriptionally, because the difTerences in concentration of the protein are not 

reflected at the mRNA Ievel but it appears that enhanœd translation of p53 mRNA 

contributes to this induction (50). Posttranslational regulation is thought to be important, 

because 1 has been reported that an increase in p53 levels could result from changes in 

phosphorylation, protein-binding or oligomerization that stabilkes p53 and produces an 

increase in the haIf-life of the protein following DNA damage (50, 1 19). The initial inducing 

a signal for p53 stabilization in response to DNA darnage appears to be double stranded 

DNA breaks (26). 

Overexpression of wildtype p53 can cause growth arrest due to a block in the cell cycle at 

the G1 checkpoint. This prevents the entry of cells into S phase allowing time for repair of 

darnaged DNA prior to DNA replication. Also, excess of p53 can induce programmed cell 

death depending on the cell type. The effect of p53 on cell cycle arrest and apoptosis 

appear to occur via two separate pathways (2, 132). Some evidences have raised the 

possibility that p53 also participates in DNA repair in a more direct way and may catalyse 

DNA strand transfer (4). 

Several biochernical activities have been ascribed to the wildtype p53 protein. It can bind 

DNA in a sequence specific manner (87). It also has a transactivating domain and is able 

to activate transcription from a minimal promoter downstream of a specific p53-binding 

motif (49, 137, 176). Wildtype p53 negatively regulates various genes that lack a p53 

binding-site. presumably by direct-interaction with TBP (1 13,147, 160). 



Examination of the pnmary structure of the p53 protein suggests the existence of several 

structural domains which have different functions (52, 89, 103): 

-The first acidic domain situated within the amino terminal fragment (residues 1 to 42) is 

required for transcriptional activation and repression of reporter genes (21, 108, 135). 

-A proline-rîch hinge domain within residues 64-91 which is necessary for efficient growth 

suppression (1 78) and apoptosis (1 57). 

A last portion of the N-terminal region between residues 43-63 has been found necessary 

for apoptosis by Zhu et al (1 99). 

-The central part of the protein (residues 102-292) exhibits sequence-specific binding to 

ONA (89, 103, 121). The requirement for the Zn2+ ion for p53 sequence-specific 

DNA-binding activity confims the function of this domain (103, 121). p53 is probably a 

transcription factor due to the transacüvation and DNA binding activity confers by the first 

two domains and due to the localization of p53 to the nucleus (137). 

-The C-terminal region is essential for several functions of the protein. Firstly, the residues 

31 6-325 contains both primary and secondary nuclear localization signals (89, 103). The 

formation of a stable p53 oligomer in vitro which seems to stabilize the protein is possible 

because of the residues 334-356. Finally, the C-terminal basic domain which lies within 

residues 360-393 can bind nonspecifically to DNA and contribute either stencally or 

allosterically to regulate the ability of p53 to bind to specific DNA sequences at its central 

core domain (89, 103). The C-terminal domain also helps to catalyse the reassociation of 

single-stranded DNA or RNA to a double stranded conformation(l03). 

lt was demonstrated that the wildtype p53 protein is composed of four monomeric subunits 

and fonns a tetramer in solution. This oligomerization may be required for transcriptional 
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repression by p53. On the other hand. while it may facilitate transactivation, oligornenzation 

is not required for this function (85, 170). The tetramenation domain increases the 

efficiency of p53 binding to DNA consensus sites (181). 

1.3 ~ 5 3  mutations 

The great majority, over 98%, of p53 gene mutations occurn'ng in human tumors represent 

somatically acquired mutations (69). Both. selection and a strong set of environmental 

mutagens combine to produce mutations in the p53 gene in human cancers (103). The 

mutations are found in 4 evolutionally conserved regions between residues 1 17-142, 

171-1 81, 234-258 and 270-286. The high degree of conservation among mammals, 

amphibians, birds and fishes suggest that these four regions are important for the function 

of p53 (121). Alterations in the tertiary structure of p53 by missense mutations inhibl both 

the DNA-binding and the transcriptional activation function of p53 (87. 121). 

The mutant p53 protein has conformational differences with the wildtype p53 protein. 

These can be determined by differences in immunoreactivity and by variation in protein 

interactions (1 21 ). Interactions between hsc70-mutant p53 and SV40 large 

T-antigen-mutant p53 are good examples of these differences. It was found that one of 

these proteins. the hsc70, is involved in a specific association with the mutant p53 protein, 

but not with the wildtype form (65). In contrast, the SV40 large T-antigen specifically binds 

wildtype protein but binds poorly to the mutant protein (22. 66). 

The mutant p53 protein has several functions: it immortalizes primary cells when 

overexpressed (75); it CO-transfonns non-established cells in collaboration with activated 

Ha-ras ( 41. 66, 140); it enhances SV40-mediated transformation (1 24) and finally it 

augments the tumorigenic patential of established cell lines (41, 188). It is also suggested 

that expression of advated mutant foms of p53 enhances the transformation process with 

other oncogenes (45). 
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The mutant p53 exerts a dominant negative effect on wildtype p53. Therefore, if both 

mutant and wildtype p53 are expressed within the dl. the mutant fonn is capable of 

inhibitïng the wildtype gene product, causing the cell to be deficient in the function of p53. 

Such mutation is said to be dominant because its phenotype is manifested in the presence 

of the wild-type gene (63). 

Wifdtype p53 is phenotypically dominant over mutated p53 in a two different alleles 

configuration. In vitro results, suggest that mutation of both alleles of the p53 gene is 

essential for oncogenesis. In experiments in vivo, the concentration of mutated p53 protein 

was found to be higher and its half-life was longer than the wildtype protein suggesting that 

the dominant transfoming effect was due to a udominant negative activity" produced by the 

mutant (22). This effect is due to the ability of mutant p53 to oligomerize with wildtype p53, 

the latter becoming functionally inactivated (42). These observations explain the ability of 

exogenous mutant p53 to transfomi cells despite the presence of endogenous wildtype a p53 (32). Thus, it is understandable that the inactivation of the p53 gene confen a 

seledive advantage for the development of the tumorigenic phenotype (45). 

Two hypotheses, loss-of-function mutations and gainof-function mutations. have been 

proposed to explain the mechanisms of p53 mutation in oncogenesis (1 04). The presence 

of excess mutant protein can form an oligomeric complex with a wildtype subunit. This 

interaction inhibits the activity of the wildtype subunit suggesting the occurrence of a loss- 

of-function p53 mutation (12, 15. 42, 104). This hypothesis is consistent with the 

requirement for a high concentration of mutant p53 both to transforrn cells in culture and 

to induce the formation of p53 oligomeric complexes (1 2. 15.104). This hypothesis is also 

supporteci by the fact that several viral oncoproteins can neutralise p53 function by binding 

the protein. The mutant p53 may then act in a manner similar to a viral transfoming protein 

by complexing with and neutralising p53 (105). However, it cannot explain the reported 

ability of mutant p53 to enhance the oncogenic potential of a p534eficient cell (12, 15, 

104). Therefore, it also has been proposed that the mutant p53 may gain a new function 
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which overcomes the negative regulation of srnall quanüties of wiîdtype p53. Expression 

of the mutant p53 protein enhances the ability of these cells to produce tumon in animals, 

suggesting the occurrence of gain-of-function mutations (1 04). Several lines of evidence 

exist to support the occurrence of both dominant lossof-function mutations and 

gain-of-function mutations in turnorigenesis. Most likely, both of these mechanisms are 

involved in p53 mutaüon-related oncogenesis (1 2. 15, 104. 127). 

1.4 ~53. transcri~tion factor 

p53 can directly activate transcription of a gene by binding to its p53-binding site. The 

efficiency of transadvation is controlfed by the number of consensus sequences present 

in the promoter and by the concentration of the protein (86, 87). 

The consensus sequence of p53 is a palindrome and the underlined portions represent the 

DNA-binding site of p53. 
GGACATGCCCGGGCATGTCC. 

CCTGTACGGGCCCGTACAGG (49) 

One copy of the lObp sequence is sufFicient for binding. The p53 binding sites have an 

obvious symmetry-four copies of the half-site and are oriented in opposing directions. This 

again suggests that p53 may bind to these sites as a tetrameric protein (a dimer of a 

dimer), which is consistent with biophysical studies indicating that p53 exists as a tetramer 

in solution (176). The sequence written above is the most commonly found but some 

differences can be found within this consensus sequence (49). 

Transcription is always reduced or completely inhibited by mutation of the p53 gene 

depending on the type of mutation (86). Mutant p53 can inhibit the growth suppressor 

effect of wildtype p53 by inhibiting the ability of wildtype p53 to control transcription. In fact, 

it was shown that co-transfection of equal amounts of wildtype and mutant p53 expression 

a vectors with a p53-responsive CAT vector, is correlated with a decrease of approximately 
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50% in CAT expression compareci to that achieved with wildtype p53 alone. If mutant p53 

is in excess, CAT expression decreases considerably. more than 50%. demonstrating that 

mutant p53 inhibits wiMtype p53 transcriptional function by the dominant-negative effect 

of p53 mutant over wildtype (86). Mutant p53 has no binding affinity for wildtype p53 under 

conditions that permit rapid oligornerization of wildtypehildtype and mutantlmutant p53 

proteins. Wildtype and mutant p53 have different phenotypes and the two phenotypes 

appear to represent alternative conformations of the p53 polypeptides. To obtain 

complexes of phenotypic wildtype/mutant p53. in vitm, the two proteins must be 

wtranslated. The requirement for cotranslation suggests that the nascent mutant and 

wildtype p53 polypeptides are able to interact in such a way that constrain the wildtype 

protein into the mutant conformation (1 27). 

In addition to activating transcription, p53 can also induce transcriptional repression (1 60, 

170). In fad, the p53 protein inhibits transcription in several cell lines by binding to TûP 

and some TBP-associated factors (TAFs), thereby interfering with transcription by RNA 

polymerase (160). Expression of wildtype p53 specifically represses the activity of 

promoters whose initiation is dependent on the presence of a TATA box. Promoters whose 

accurate transcription is directed by a pyrimidine-n'ch initiator element, however, are 

immune to the effects of p53. The specific repression observed in vibP is consistent with 

a direct interaction of p53 with the TATA-dependent basal transcription machinery (1 13). 

Interestingly, both TATA and initiator elements use TBP for their activities, but each relies 

on a different complement of TAFs for their function. Hence, it is likely that repression by 

p53 is mediated through an interaction with a basal transcription component or TAF which 

results in an interference in the formation of an essential TATA transcription complex(113). 

It has been demonstrated that p53 binds to at least three transcription factors: TBP, Sp1 

and CCAAT-binding factor. and at least two TAFs: TAFl131 and TAFl,70. Taken together 

these observations strongly imply that p53 interacts directly with the transcription 

machinery and modulates transcription (I47,17O). 



1.5 Reaulation of p53 : Mdm2 and ~hos~horyfation 

In normal cells, p53 is present at low levels and has a ha61ife of about 5-20 minutes (22, 

50). After a stress signal, p53 accumulates . through posttranslational and . 

posttranscriptional mechanisrns, which act to stabilize the protein (50). These modifications 

affeding p53 hafiMe difTer depending on the stress-, species-, and cell-type (50,119). The 

signals inducing these modifications are not yet fully resolved but Our understanding of the 

wmplex regulation of p53 continues to grow. The murine double minute oncoprotein, 

Mdm2, has been identified as a negative regulator of p53(60, 174). The Mdm2 is also an 

oncogene that was found to be amplified in sarcomas and several other types of cancer 

(174). Another mechanism regulating p53 adivity is the activity of certain kinases which 

phosphorylate p53 at specific sites (24. 50, 82, 174). 

0 
The question of how p53 was regulated had long remained unanswered until it was found 

that overexpression of Mdm2 resulted in reduced quantities of p53 (60, 94). The p53 

pmtein, is a cellular regulator under the control of Mdm2. p53 itself upregulates its inhibitor 

Mdm2 and also downregulates its activator, the alternats reading frame (ARF) (81, 144, 

169, 198). Mdm2 is a transcriptional target of p53 that is induced after p53 becumes 

stabilized and activated (80). By inducing the transcription of Mdm2 and inhibiting that of 

the ARF gene, under normal condition, the p53 protein level is kept low. When p53 

interacts with Mdrn2, this protein binds and represses p53 transcriptional activity and 

mediates its degradation. Thus, p53 and Mdm2 are involved in an autoregulatory feedback 

loop (60, 146,174). By degrading p53, Mdm2 prevents growth arrest, apoptosis, and 

suppression of transformation. It appears that this interaction and the ability of MdmZ to 

mediate the degradation of p53 Vary among celt types (7, 13, 19, 60). 

As this MdmZ involvement in p53 regulation is a new breakthrough in the "p53 story" 

several hypotheses based on different studies have been proposed. One of these was 

suggested by Haupt et al. and Kubbutat et al., who proposed that Mdm2 may function as 



a 13 

an E3 ubiquitin ligase that mediates p53 degradation(60, 94). The pathway of regulation 

of p53 by Mdm2 seems to be by a posttranscriptional mechanism because the level of 

mRNA stays the same in spite of the redudion in protein levels (94). Also, some lines of 

evidence suggest that Mdm2 needs to interact with p300, a transcriptional 

wactivator/histone acetylase to mediate p53 degradation (53). This latter hypothesis, 

involves Mdm2 removing p53 from the nucleus and transporting it to the cytoplasm where 

p53 is degraded (t 52). 

Once it is established that p53 is degraded by Mdm2, the next question is how p53 can 

accumulate in cells when it is required. Again a couple of hypotheses have been put forth. 

Interestingly, the two suggested mechanisms appear to be independent and regulated 

through distinct signalling pathways (1 46). 

a First, knowing that p53 needs to be phosphorylated ( see next paragraph) to be adivated 

and stabilized, some researchers have found evidence that covalent modification of p53 

inhibited or reduced the capac*w of Mdm2 to bind p53. This represents a mechanism 

whereby p53 may be permitted to accumulate in a cell (146). The second mechanism 

thought to inhibit Mdm2-mediated degradation of p53 is based on evidence that during 

DNA damage the ARF protein is generated from an altemate reading frame (ARF) located 

within the p161NK4 locus. This ARF protein can bind Mdm2, and thus prevents Mdm2 

binding to p53. In fact, ARF, when induced by viral and cellular oncogenes, was found to 

be required for the induction of p53 under certain conditions (146). 

In the last few years, several sites of human p53 have been found to be phosphorylated 

in vivo, and several kinases have been identified that phosphorylate those same sites in 

vilro. Phosphorylation has been shown to be important for the stability and biochemical 

activities of p53 (50, 71 ). 

At the N-terminus of p53, several potential phosphorylation sites have been identified 

incfuding Ser 6, 9, 15, 20,33, 37 and Thr18 (174). 
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One of the rnost important and studied phosphoMation sites of p53 is Ser15. This site has 

been shown by different laboratories to be phosphorylated following D M  damage (1 62, 

163). It has also been established that this site can be phosphorylated by two kinases: the 

DNA-activated pmtein kinase (DNA-PK) and the ATM kinase (6, 18. 162, 190). In ceHs 

which lack the DNA-PK, p53 is unable to induce transcription (1 90). The phosphoryiation 

of Seri5 has been shown to be important for the stabilization and activation of p53. 

Interestingly, this site is situated at the N-terminal. close to where Mdmd2 binds. It has 

been supposed that the phosphorylation of this site may inhibit Mdm2 to bind p53 and 

would thus prevent p53 degradation (162). DNA-PK also phosphorylates Ser37 (1 02) 

SeRO is another site that has been reported to be phosphorylated in vivo. Phosphorylation 

of this site causes a reduction in the capacity of Mdm2 to bind to p53. This leads us to 

believe that Ser20 may play a critical role in modulating the negative regulation of p53 by 

Mdm2 (1 74). 

Some evidence has been found that the phosphorylation of Ser33. by CDK-activating 

kinase (CAK) and 37 by DNA-PK enhances Cterminal acetylation of p53. which 

consequently causes an increase in specific DNA binding. This mechanism of p53 

regulation will be discussed in greater depth later (90, 155, 162. 174). Less studied sites 

like ser6 and 9 are phosphorylated by casein kinase I ( 125) 

Phosphorylation events occumng at the Cterminal may also be important in regulating p53 

function. Arboxy 315. 378 and 392 have been shown to be phosphorylated by specific 

kinases (1 74). Ser315 is a target of both p34cdc2 kinase and cyclin-dependent kinase 2 

(cdk2) (1,14,145). Ser392 has only been shown to be phosphorylated in vitro by purified 

casein kinase II and finally the Ser378 is modified by pmtein kinase C (PKC) (1 0.56, 122) 

The phosphorylation of the C-terminal sennes can enhance the in vitro specific DNA 

binding activity of p53 (1 12,181 ). Interestingly. certain dephosphorylation events occumng 

in the C-terminal also play a role in regulaüng p53 activity. It was shown that the 
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dephosphoryiation of Sei376 enhances binding to the14-3-3 protein and increases specific 

DNA binding (182). 

Many sites have been identiied in p53 that are phosphorylated in vibo but little are known 

about their role in the regulation of p53 activity in vivo (1 74). Recently, it was found that the 

phosphoryîation of these sites will depend upon which type of DNA damage the cells have 

undergone (UV. IR. hypoxia). A final point to keep in mind is that the central core of the 

protein seems free of posttranslational modification (50). 

1.6. Cell cvcle 

An important component of the cellular response to DNA damage is an inhibition of 

replicative DNA synthesis. Presumably, this response allows optimal repair of damage 

a before the cell reinitiates replicative D M  synthesis andlor begins mitosis. If the damage 

is not repaired before initiation of S-phase. the use of such a DNA template dunng 

replicative synthesis could propagate mutagenic lesions that might contribute to cellular 

transformation. The inhibition of replicative DNA synthesis after DNA damage may be a 

critical step in avoiding the progressive increase in genomic changes that characterises 

neoplastic transformation. If the cells are inefficient at this inhibitory process. neoplastic 

development may result (83). The inhibition of DNA synthesis that follows DNA damage 

could be achieved through inhibition of a positive regulatory pathway of DNA synthesis 

andfor stimulation of a negative regulatory pathway (83). 

p53 is one of the proteins essential in the regulation of the cell cycle via the induction of 

several genes (i.e.. p21, MDM2 . . . ). After DNA damage. the accumulation of p53 is 

correlated with a transient G i  arrest to allow extra time for repair. If repair fails, p53 may 

trigger deletion of the cell by apoptosis (87.1 17). Cell cycle arrest and apoptosis represent 

distinct and independent responses to wildtype p53 activation. In contrast. cells with 

mutant p53 protein or with no p53 continue to progress through S-phase after DNA 



damage (87, 1 17). 

c-Abl. Mdm2. GADD45 and ~ 2 1  are induced in cells when wildtvm ~ 5 3  is ~resent and 

produce an effect on the cell cvcle (371 

1) The two primary ceIl cycle transitions, from G1 to S phase and from 6 2  to M phase, are 

controlled by a family of related kinases known as cyclindependent kinases (Cdks). 

Kinases and their biological activities require the association of a catalytic subunit with a 

regulatory subunit known as a cyclin (36, 117). In mammalian cells, specific catalytic 

subunits as well as cyclins are required for each phase transition. Regulation of activity 

appears to be cornplex, involving both positive and negative components (36). The cyclin 

E-Cdk2 complex is activated late in G1 and has been implicated in events involving the 

process of commitment to S-phase (35, 67, 91). Cyclin A-Cdk2. which appears 

wncornitantly with the onset of S-phase, has been shown to be involved in either the 

initiation or maintenance of S-phase (51, 139, 200). Both activities are strongly inhibited 

by y-irradiation related with p53 accumulation (36). The inhibition of Cdk activity, which 

block the G1 to S phase transition, is dependent upon the ability to accumulate wildtype 

p53. When p53 is accumulateci, it diredly activates p21*'M1~hi~h acts as a brake on cell 

division (37.54, 11 7). Wildtype p53 affects p21 accumulation at a posttranscriptional level 

under different physiological and stress conditions (54). p21 was shown to be increased 

in cells undergoing either p53-associated G1 arrest or apoptosis. Two or more molecules 

of p21 are inhibitory for cell cycle progression (26). It was shown that the iow activity of 

cyclin E-CdM complexes present in irradiated fibroblasts resulted from their association 

with p21 (36). The p21 protein can inhibit a broad spectrum of cyclin-Cdk activities, 

including cyclin A-CdM, cyclin E-CdM, cyclin O-Cdk4 and, to a lesser extent. cyclin 

B-Cdkl (36). The p21 protein induces cell cycle arrest through binding and inhibiting the 

kinase activity of members of the Cdk farnily (54, 173). In addition, p21 can inhibit DNA 

replication independently of the CDKs, by binding to proliferation cell nuclear antigen 

(PCNA) (54). This finding has important implications as it suggests a dual role for p21 in 
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response to DNA damage. One of the fundons of p21 rnay be to prevent the entry of cells 

into S phase Mi le  another role rnay be to diredy block ongoing DNA synthesis (54). 

2) p53 can also bindwithin the 3m intron of Gadd45 and adivate its expression. Although 

the funcalon of Gadd45 in the cell cycle is not completely clear, recent evidence suggests 

that it can interad diredly with the essential replication factor, PCNA and so rnay block 

DNA replication and possibly coordinately enhanœ nucleotide excision repair of damaged 

DNA (26). 

3) Mdm2 is a protwnwgene which is also transcriptionally induced by wildtype p53. The 

binding of p53 to the MdmZ promoter rnay initiate a negative feedback loop that could 

conceivably regulate both p53 and Mdm2 levels in the cells. lnduced by U.V. light in a 

p534ependent manner, the time of Mdm2 induction correlates with the recovery of cellular 

DNA synthesis. Thus, MdmZ may be involved in cell recovery after damage, rather than 

with DNA repair (26). 

4) p53 can also bind c-Abl and this binding has several noteworthy properties. The kinase 

activity of nuclear cAbl is activated after DNA damage and c-Abl binds to p53 and 

enhances its transcriptional activity. The overexpression of c-Abl in normal cells blocks cell 

cycle progression and this is dependent on wildtype p53 activity (103). 

Recently, a role for p53 in the regulation of G2/M transition has been hypothesised. In fact, 

Pellegata et al. suggested that we do not frequently detect p53 mediated G2/M anest 

because the DNA of the cells was already repaired in the G1IS checkpoint. This conclusion 

was reached by analyzhg the cell cycle profile of cells that have been synchronised in "Sn 

phase and then treated with y-radiation. A significant GZIS arrest was observed. Since 

other studies have shown that cells deficient in p53 can induce G2/Saarrest after DNA 

damage, Pellagata et al. suggested that even though p53 rnay not be the only mediator 

of 02/S arrest it rnay provide a more efficient DNA darnage arrest. In fad, their work 
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indicated that the presence of p53 reduced the G2 delay and this may involve a possible 

role for p53 in both G1 and G2 arrest (142). 

Cells undergoing apoptosis are changing morphologically, and show a characteristic 

pattern of DNA fragmentation. First, the cell begins to shrink which causes the 

condensation of the chromatin. This leads to fragmentation of the DNA into 200bp 

fragments (88, 195). Rapidly. apoptotic cells will condense and produce apoptotic bodies 

containing well-preserved organelles. which are phagocytosed and digested by nearby 

resident cells (87, 88). 

. 
Apoptosis is a genetically determined, biologically meaningful, active process that plays 

a role opposite to that of rnitosis in tissue size regulation. Mitosis and apoptosis balance 

each other to keep a steady level of cells in the organism (30. 46). Apoptosis shapes 

organs during mammalian rnorphogenesis and removes cells that are autoimmunologically 

readive. infected or genetically damaged, and whose continued existence poses a danger 

to the host (30, 46). Apoptosis can occur under both physiological and pathological 

conditions and is of great kinetic significance in tissues and tumors (30). 

So far, people were thinking that the major obstacles to effectiveness of chemotherapeutic 

treatment of human tumors with cytotoxic agents are drug resistance and cell response 

resistance to drugs (88). But recently, researchen came to understand that drug treatment 

killed tumor cells by increasing the sensitivity of the cells to undergo apoptosis. But they 

also realised that a decrease in the sensitiv'ty of the cells to undergo apoptosis produced 

an increase in the resistance of those cells to chemotherapeuüc treatment (88,184). One 

of the causes of this gainof-function may be understood by the mutation andlor 

inactivation of one or more genes implicated in the apoptotic pathway. Such a mutation 

might render the cell apoptotic resistant. p53 is an example of a gene that. when mutated, 
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muid reduce cell susceptibility to activate apoptosis (88, 131, 184, 201). In fact, recent 

studies on transgenic mice discovered that tumor development was assodated with a loss 

of p53 and a decreased rate of cell death, rather than with increased rates of cell 

proliferation (1 32). Furthemore, established tumors in nude mice underwent regression 

if wildtype p53 expression was subsequently induced and this regression was the result 

of apoptosis occurring in vivo. This study afso showed that the cell type and state of 

differentiation before transformation may be important factor determining whether or not 

wildtype expression results in apoptosis (161). Knowing that p53 is mutated in more than 

50% of cancers, in addition to being inactivated or degraded in some other cancers, we 

can easily understand the importance of considering this protein when devising a cure for 

cancer (22, 138). It is for this reason that the different apoptotic pathways of p53 must be 

further elucidated (201 ). 

Radiation treatment and nearly al1 cytotoxic dnigs comrnonly used in the treatment of 

cancer have in comrnon the ability to induce tumor cell death through apoptosis. This 

relative sensitivity of tumor cells to the induction of apoptosis by drugs and radiation is . 

modulated by p53 in response to DNA damaging agents, decreased oxygen, oncogenic 

stimuli, celt adhesion and redox stress (50,154,161,194). From there, it appears that p53 

may use transcriptional activation, or direct signalling (pmtein-protein interaction), or both 

to iniüate apoptosis depending on the cell type or experimentai situation (i 03). Also, it was 

found that the biological content and the extent or nature of dnig-induced DNA-lesions . 

have a significative impact on the p53-apoptotic pathway (88. 201). The induction of 

apoptosis by an increase of wildtype p53 has been demonstrated in al1 the tumors studied 

so far (87,88). 

The apoptotic response depends of two different groups of gene products; the inducers ' 

and the represson of apoptosis. Bcl-2 and Bax are good examples of these types of 

proteins because they have opposite effects on cell life and death. Bcl-2 serves to prolong 

cell survival, and Bax acts as an accelerator of apoptosis. Bcl-2 and Bax proteins form 
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hetemdirners in cells and their interaction appears to be important for the ability of Bcl-2 

to block cell death (136, 148). The Bax gene promoter region contains four motifs with 

homofogy ta the consensus p53-binding site and p53 has been shown to be a strong 

transacthrator of the Bax promoter in a variety of human cell lines (1 71). The relative ratio 

of Bax and Bcl-2 proteins has been hypothesised to be a major deteminant of cellular 

vulnerability to apoptosis Based on studies, it appears that lowering the ratio of BcC2 to 

Bax may often be insufficient, by itself, to trigger apoptosis, but it does render the cells 

relatively more sensitive to induction of cell death by various apoptotic stimuli including 

y-radiation and cytotoxic drugs (3 1,73,93,133). From these studies. it was wncluded that 

p53 probably does not "induce" apoptosis per se but rather adjusts the relative sensitivity 

of the cell. This adjustment pennits apoptosis to be triggerad more easify in response to 

stimuli that activate the endogenous cell death pathway or when cells are confronted with 

clashes in their signals for cell cycle control(46. 192). 

A second p59regulated gene product that could affect growth regulation is the 

insulin-like-growth factor-binding protein 3 (IGF-BPI). IGF-BP3 blocks the IGF mitotic 

signalling pathway by binding to IGF and preventing its interaction with its receptor. The 

blocking of IGF activity could enhance apoptosis or lower the mitogenic response of cells 

(103, 132, 199). 

Apoptosis can also occur via mechanisms independent of p53. For example, apoptosis has 

been found to be initiated by glucocorticoid treatment, calcium-dependent activation, and 

in vitro aging (2). Also, several apoptotic pathways mediated by caspases have been 

elucidated, and do not involve p53 transcriptional activity (1 O). 

Two possible p5bmechanisms of apoptosis have been descnbed: 

1) CLASH 

In response to irradiation certain cells undergo a p53-mediated G1 pause. The clash 

mechanism proposes that this pause conflicts with the oncoprotein driven cell cycle 

progression stimuli, causing apoptosis. In fad. p53 mediates apoptosis as a safeguard 
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mechanism to prevent cell proliferaüon induced by oncogene activation. like c-Myc (9,46. 

62) 

2) DUAL 

This proposes that, in different contexts, p53 aitematively triggers cell cycle arrest or 

apoptosis (9.46). 

A multitude of other factors can rnodulate the induction of apoptosis, including growth 

factors, intracellular mediators of signal transduction and nuclear proteins regulating gene 

expression. DNA replication, and the cell cycle. These diverse factors and pathways likely 

resuit in the characteristic apoptosis phenotype (46). 

Conseived nucleotide substitutions that occur during evolution are considered to be a polymorphisms when the prevalence of the rare or minor allele reaches one percent. These 

conserveci DNA-polymorphisrns may be silent or they may encode a structural orfunctional 

change. Ten genetic polymorphisms have been described for p53. Three of the five 

nucleotide substitution polymorphisms are silent, conferring no change in amino acid 

sequence, and two cause arnino acid substituüons. The polymorphism at codon 72 in the 

fourth exon is the most studied because of its high prevalence (1 81). 

Analysis of human p53 cDNA libraries revealed a single p53 gene per haploid genome 

which codes for more than one protein (1 18, 1 19). One of the first differences was found 

at codon 72 where a proline was substiied for an arginine (C->G) (59,120). These two 

p53 protein species are translated from individual mRNA transcripts (59). The synthesis 

of two proteins by one gene can be explained by the presence of two wildtype p53 alleles 

each coding for a difFerent p53 species (1 18, 120). Humans can have the following 

genotypes: arglarg, prolpro or arglpro (59). A biochemical analysis of the two wildtype p53 

proteins showed that the variation at codon 72 accounted for the change in the 
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eledmphoretic mbility of the individual p53 protein species. Under SDS-PAGE condition 

the p53Arg migrates faster than p53Pro (59). Two hypotheses have been developed to 

understand this phenornenon. The first is that the tertiary structure of the respective 

proteins is altered, producing changes in their chargetoniass ratios. The second 

hypothesis is based on the relatively high proline content of the protein. The distinguishing 

proline residue has a secondary rather than a prirnary amino group. This almost rigid side 

chain of proline may be a factor in the slower migration of the p53Pt-o over p53Arg (59). 

Despite these differences in primary and tertiary structure, p53Arg and p53Pro cannot be 

distinguished immunologicatly (1 76). 

Geographically, p53 proline variant was found more frequently in Afiican-Americans in 

comparison with p53 arginine which is found principally in Caucasians (182). Several 

studies on lung cancer have been done to determine if one protein is more highly linked 

to the development of cancer but, so far, no consensus has been reached (58, 77,186, 

0 187. 1 91 ). Some studies involving Caucasian and Afncan-American lung cancer patients 

have found no evidence of risk associated with the Pro/Arg variant at codon 72. Two 

similar studies conducted in Japanese populations suggested an association between p53 

genotype distribution and lung cancer risk. However, one implicates the proline allele while 

the other implicates the arginine allele (186, 187, 191). 

In ternis of HPV-associated cancer the p53 codon 72 alleles are not equivalent. A stnking 

variation exists in the ability of HPV E6 to mediate the degradation of the two polymorphic 

forms of wildtype p53. In the in vivo degradation assay, the E6 protein from oncogenic 

HPVs 16 and 18 could mediate the degradation of p53Arg. but only poorly mediated the 

degradation of p53Pro. Even the E6 protein of the low-risk HPV-11 was able to mediate 

some degradation of p53Arg but not p53Pro. These results are significant in two majors 

aspects. First, the polymorphic forms of p53 are not equal with respect to their 

susceptibility to HPV €6. Second, this is the first demonstration that a low risk HPV can 

target p53 for degradation. albeit less efficiently than high risk HPV, such as types16 and 
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18. Considering these data, a clinically related study was conducted to determine whether 

individuals homozygous for the p53Arg allele were more susceptible to HPV associated 

cancer. This study, by Storey et al. showed that individuals wiai the Arg/Arg genotype were 

7 times more likely' to develop cervical cancer as compared with those with the 

heterorygous ArglPro or homozygous ProlPro genotypes. A clear distinction in the allelic 

frequencies between the cervical tumor samples compared with the control group strongly 

implies that the presence of the p53Arg allele in the absence of the p53Pro allele confers 

a susceptibility to the development of cervical tumors harbouring high risk HPVtypes (1 68). . 

Another group of researchers. lead by Makni, performed an inter-laboratory trial to 

determine if p53 genotypes and the presence of HPV increased the chance of developing 

cervical cancer. After analysing and removed the misclassified results for the genotype of 

p53 between the laboratories, a strong association between the ArglArg phenotype and 

cervical cancer was detected (1 14). 

However, other groups of researchèn have found no difFerence between the susceptibility 

of p53Arg and p53Pro to cervical neoplasm. Hildesheim et al., one of those groups, 

conducted a set of experiments to verify the results obtained by Storey et al. and did not 

find any correlation, with the assays they used. between p53 genotype and an increased 

risk of cervical cancer in HPV-16 exposed women (64). Wall these experiments regarding 

p53 polymorphism and cervical cancer, only Storey et al. and Makni et al. showed an 

increased susceptibility to cervical cancer linked to the ArglArg genotype. All subsequent 

studies do not support these finding (61, 64, 78, 99, 129, 151 ). 

Recently, Thomas et al. found new differences and similarities between the two foms of 

p53. Fintly, p53Pro has been reported to have a transcriptional adivity two-fold hig her than 

p53Arg. This might be due, in part, to a stronger affinity of p53Pro for TAFI132 and 

TAF1170, two components of the basic transcriptional machinery. Secondly, no difference 

was found between the sequence-specific DNA binding activities of the two p53 variants. 

Also, both types of p53 have the same affinity for TBP, a major cornponent of the 
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transcriptional machinery (172). Lastly. a difference was found in the abilities of these 

proteins to induce apoptosis, with p53Arg appearing to induce apoptosis in transforrned 

cells with faster kinetics than p53Pro. After performing cell survival assays at 24.48. 72 

and 96 hours, Thomas et al. found that both forms of p53 cause a similar reduction in cell 

survival, but the p53Arg protein induced cell death at a faster rate (172). 



3.0 Obiectives 

Since the discovery of the two wildtype foms of the p53 protein. p53Arg and p53Pro. there 

has been almost no study to measure dîfferences in apoptotic or cell cycle arrest activities 

between these two proteins. This project consisted of three objectives: 

a) To examine the level and speed of induction of apoptosis and cell cycle arrest of the two 

foms of p53 by using a non-transformed 1 O(1) ceIl line. 

b) To examine the level and speed of induction of apoptosis and cell cycle arrest of the two 

forms of p53 by using transfomed Saos-2 cells. 

c) To investigate whether a difference exists between the abilities of p53Arg and p53Pro 

to induce cell cycle arrest and apoptosis in both transfomed and non-transforrned cells. 

Previous studies have shown that non-transformed cells respond differently than 

transfomed cells to p53 (46). But these experiments did not take into consideration the 

f o n  of wildtype p53 under study. It is therefore important to further investigate whether the 

p53 polymorphism may play a role in this aspect of p53 activity. 



CHAPTER II 

l nduction of apoptosis and cell cycle arrest induced by two human wildtype forms of 

p53 protein in non-transfomed and transfonned cells 

Eric Azoulay and Greg Matlashewski 

(in preparation) 



ABSTRACT 

It is well accepted that the two main functions of the p53 tumor suppressor protein are to 

induce apoptosis and cell cycle arrest. Since the discovery of the polymorphism in the p53 

gene at the codon for amino acid residue 72, resulüng in either an arginine (p53Arg) or 

proline (p53Pro). no studies have been undertaken to measure differences in the apoptotic 

or cell cycle arrest activities between these two proteins in transformed and non- 

transfonned cells. In this study, we used the p53-nuIl 1 O(1) and Saos-2 cell lines to 

investigate if any differences exist between the two p53 allelic variants to mediate 

apoptosis or cell cycle arrest. Our results for the p53-nuIl lO(1) cells show that the two 

human wildtype fonns of p53 induce cell cycle arrest at the same level. but neither form 

could induce apoptosis. The opposite trend was observed in the study using the Saos-2 

cells, where neither variant of p53 could induce cell cycle arrest, but both induced 

apoptosis at similar levels. In conclusion. this study suggests that the p53 protein induces 

cell cycle arrest in non-transfonned cell lines and apoptosis in transformed cell lines 

independently of the wildtype allelic variant of p53. Also. the intensity of cell cycle arrest 

is independent of which allelic variant of p53 in the experimental condition used. 

Furthemore. this study suggests that the induction of cell cycle arrest or apoptosis 

depends more on the cell type than on the type of the p53 protein. 



As the "guardian of the genome," p53 is one of the main factors responsible for the 

maintenance of the genetic stability. The loss or mutation of the p53 gene seems to play 

a major role in the development of cancer, as p53 is mutated in more than 50% of human 

tumors (22, q04). Fully understanding the fundons of p53 are therefore of prime 

importance. 

When cells are exposed to DNA-damaging agents the level of p53 protein increases and 

mediates cell cycle arrest through a transcriptionaCp53 dependent pathway or under 

similar circumstances, apoptosis may be initiated through a transcriptional-p53 

independent andlor dependent pathway (25, 195). It is not yet understood why p53 will 

sometimes cause cell cycle arrest or apoptosis. So far, cell type seems to be the main 

factor influencing the p53 response (9,46,62). 

p53 mediates cell cycle arrest through transcriptional activation of different genes 

implicated in the regulation of the cell cycle. The most well known is p21WAF'E'P'. a Cdk 

inhibitor protein, which when expressed will inhibit protein kinase activity of the cyclin/Cd k 

complexes responsible for phosphorylating the retinoblastoma (Rb) protein. Phosporylation 

of Rb is an essential step for cell cycle progression. Other genes are also expressed and 

essential for cell cycle arrest mediated by p53 (9,26, 117). 

p53 function in mediating apoptosis has been widely studied and several lines of evidence 

highlights its importance in this process. The p53 protein sensitizes cells to undergo 

apoptosis after DNAdamage by both the transcriptional activation of a range of targets 

genes (ex. Bax) and by a range of other events that may presumably include signal 

transduction (88, 103). The two major genes implicated in the p53-apoptosis relationship 

are Bax and Insulin-like growth factor binding protein 3 (IGFBP-3). The Bax gene, an 

activator of apoptosis, is in general regulated by its relative level with Bcl-2, a repressoi 
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of apoptosis (1 31,13Z,l36). However, when p53 is present at high levels, it activates the 

transcription of the Bax gene, which change the ratio BaxIBcl-2. This, intem, sensitizes the 

cells to undergo apoptosis (1 3 1, 132, 136). IGFBP-3, an antagonist of insulin-like gmwth 

factor-1 (IGF-1) is another gene which contains a p53 response element. When p53 is 

overexpressed it down-regulates IGF-1. This down-regulation of IGF-1 by p53 has been 

shown to be correlated with an apoptotic response (8,16). 

Several years ago, the sequencing of the p53 gene indicated the existence of two human 

wildtype p53 proteins (59). The analysis of human p53 cDNA libranes revealed a single 

p53 gene which codes for more than one protein(59). The difference was found within 

codon 72 in the fourth exon, resulang in a proline being substituted for an arginine (C->CS) 

(59,120). These two allelic variants of p53 have been identified in normal and transfoned 

human cells and both foms exist within the general population. The polymorphism at 

codon 72 in the fourth exon is the most studied because of its high prevalence (186). 

Biochemical analysis of the two wildtype p53 proteins observed a difference in migration 

patterns where p53Arg has a faster electrophoretic mobility than p53Pro (59). It has been 

demonstrated that the faster migration of p53Arg is due to differences in the primary and 

tertiary protein structures (59, 176). 

Only recently some researchers have started to compare these two proteins with respect 

to their biochemical activities. In terms of HPV-associated cancer, the p53 codon 72 alleles 

are not equivalent. A striking variation exists in the ability of HPV E6 to mediate the 

degradation of the two polymorphic foms of wildtype p53. In an in vivo degradation assay, 

the €6 protein from oncogenic HPVs 16 and 18 was shown to mediate the degradation of 

p53Arg, but only poorîy mediate the degradation of p53Pro. Even the E6 protein of the 

low-risk HPV-II was able to mediate some degradation of p53Arg, but not p53Pro. 

Considering these data, a clinically related study was conducted to determine whether 

individuals homozygous for the p53Arg allele were more susceptible to HPV-associated 
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cancer. This study showed that individuals with the ArgIArg genotype were seven times 

more likely to develop cervical cancer as compared with those with the heterozygous 

ArgfPro or homozygous PralPro genotypes. A clear distinction in the allelic frequencies 

between the cervical tumor samples compared with the control group strongly implies that 

the presence of the p53Arg allele in the absence of the p53Pro allele confers a 

susœptibility to the development of cervical tumors harbouring high-risk HW types (1 68). 

More recently, Thomas et al. found new differences and similarities between the two forms 

of p53. Firstly, p53Pro has been shown to have a transcriptional activity two-fold higher 

than p53 Arg and this might be due, in part, to a stronger affinity of p53Pro for TAFI132 and 

TAFII70. two components of the basic transcriptional machinery. Secondly, no difference 

has been found in the sequence-specPc DNA binding activities of the two p53 variants. 

Also, both types of p53 have the same affin@ for TBP a major component of the 

transcriptional machiner-. Finally. a difference was found in the abilities of these proteins 

to induce apoptosis, with p53Arg appearing to induce apoptosis in transformed cells with 

faster kinetics than p53Pro (1 72). 

To further understand the differences between the two wildtype forrns of p53, with respect 

to the induction of cell cycle arrest and apoptosis, we used a non-transfonned cell line, p53 

nuIl 1 O(1) and a transformed cell line, Saos-2 (20.22.177). By transfecting with one of the 

two allelic variants of p53, these two experimental cellular systems have allowed us to 

identii: 1) that p53 can induce cell cycle arrest in non-transformed cell lines but cannot 

induce apoptosis; 2) apoptosis can be trigger in transformed cell lines but not cell cycle 

arrest and finally; 3) No detectable difference exists between p53Arg and p53Pro in the 

level or speed of induction of apoptosis in transforrned cells or cell cycle arrest in non- 

transfomed cells. The final conclusion of this study reveals that the decision of p53 to 

activate a cell cycle arrest or to trigger apoptosis is probably based on the type of cells 

much more than on the presence of one or the other allelic variants of p53. 



Materials and methods 

4.1: Cells, plasmids and transfections 

P53null lO(1) murine fibroblasts and Saos-2 human osteosarcornas cell lines were 

maintained in Dulbecco's modified Eagles medium ( W E M )  supplemented with 10% and 

15% fetal bovine semm (FBS), HEPES 50mM. pH 7.3, penicillin (100 Ulml) and 

streptomycin (100 uglml) at 37°C with 5% C02. These two cell lines are two of the rnost 

common cell lines used to measure the effect of the p53 gene at the level of cell cycle 

arrest and apoptosis. 1 O(1) cells were immortalized cell lines from BALBlc mice. This clone 

spontaneously deleted a large portion of both p53 alleles during immortalisations and does 

not express detectable p53 (1 77). Saos-2 cells also do not contain any endogenous p53 

due to a complete hornozygous deletion of the gene (20,22). Transient transfections of 

a lO(1) cells were performed using the Lipofectamine system aceording to the manufacturers 

instructions (Gibco BRL). The cells were transfected with a combination of 4ug of pCDNA3 

plasmid expressing the p53 gene and 1 ug of plantem. Transient transfections of Saos-2 

cells were performed using the Fugene 6 system according to the manufacturers 

instructions (Boehringer-Mannheim). The cells were transfected with a combination of 2 

ug of pCDNA3 plasmid expressing the p53 gene and 1 ug of pLantem incubated in the 

presence of 10 ul of Fugene 6 reagent in their growth media. The plantem plasmid is 

designed for visual detection of transfected mammalian cells and contains a mutated form 

of the gene forthe Green Fluorescent Protein (GFP) from Aequorea jellyfish. In the jellyfish 

Aequoma victoria, GF P is largely responsible for the green lining along the margins of the 

jeflyfish's bel1 (1 30, 166). By cfoning this gene, an avalanche of applications for GFP was 

triggered, covering most major areas of biological research. GFP does not require the 

presence of any co-factors or substrates for the generation of its green light; it appean 

afier a simple exposure to standard long-wave ultraviolet (U.V. light) and seems to be 

stable and does not intedere with cell growth and function (130,166.197). The use of GFP 

pemits the observation and analysis of the cell cycle of living cdls following the 
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transfedion of genes (1 30 197). In Our experiments, the GFP will allow us to follow the cell 

cycle of 1 O(1) and Saos-2 cells transfecteâ with the variant foms of p53. To follow the cell 

cycle and apoptosis, FACS analysis will be carried out on the GFP-positive cells which will 

CO-express p53 (97.130). 

4.2: Flow cytomeby analysis 

At 24.48 and 72 houn. both the floating 1 O(1) cells and live 1 O(1 )cells were collected and 

wncentrated by centrifugation and resuspendeâ in 1 ml of medium. The samples are sorted 

on a fluorescence-activated cell sorter (Bedon Dickinson Vantage sorter) and separated 

using an FL1 venus F E  dot plot. The FL2 signal correspond to those cells transfected 

with the signal of the GFP protein. Laser excitation was at 488nm argon-ion, filter for FLI 

detector was at 530t30nm and the filter for FL2 detedor was at 575M6nm (19). The 

0 
positive cells were after incubated in 1ml of Vindelov's solution pH 7.6 (Tris 0.0034M, 

propidium iodide 7.5 X 1 O-'M, NP-40 O. 1 % vh. RNaseA 700 UIL and NaCl 0.01 M) for 5 to 

10 min at 37°C before the analysis of their cell cycle. After the incubation. the cells were 

analysed on the FASCAN (Becton Dickinson FASCAN analyse). Laser excitation was at 

488nm, and filters for propidium iodide was 630nm band pass. This analysis shows the 

content of DNA at the different stage of the cell cycle (Sub-G1, G1. G1lS and M). 

Another method used to confirm those results was to extract the GFP positive 1 O(1) cells 

transfected with the two variant foms of p53 and with the Bedon Dickinson Vantage 

sorter and placed them in their growth media for an additional 24 hours incubation and 

after analysed their cell cycle. The same rnethod was used for the Saos-2 cells except that 

the analysis of the cell cycle was perfonned at 24 and 48 hours after the sorting. 

4.3: Hoechst assay 

a After 48 hours following transfedion, both the floating 1 O(?) cells and Iive cells were 
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collected and the incubation of 500 ul of cell suspension (1 .O X 104 cells/ml) with 10 ul of 

Hoechst 33342 (1 mglml in ddH2O) for 1 O minutes. After the samples were placed on ice 

for 1 minute, centrifuged and the supematant was removed. The pellet was resuspended 

in 500 ul of cold PBS-1% BSA and analysed by FACS (Becton Dickinson FacsVantage 

sorter) using a 351-360 nm UV light excitation. The emitted signal was picked up on 

detector FL5, for the detection of the Hoechst intensity, using a 460/50 DF filter after 

passing through a 490-LP beam splitter. The cells transfected were identified again with 

the GFP protein (164). 

After 48 and 72 hours. 1 Ou1 of Hoechst (1 mglml) was added to the Saos-2 cells dishes for 

10 minutes and 300 cells counted in a fluorescence microscope equipped with a DAPl 

filter, to detect the Hoechst stain, and with an FlTC llter to detect the GFP protein used as 

a marker for the transfected cells (1 64). 

4.4: Western blot analysis 

24 hours after transfection, cells were lysed in Nonidet P-40 buffer (NaCI 150mM, NP40 

1 .O% and Tris 20mM. pH 8.0) for 30 min on ice. After the centrifugation, the concentration 

of the protein in the cell lysate was detected by Bradford assay. 1 OOug of total protein was 

resuspended with 1X sample buffer and denatured by boiling for 5 minutes. The proteins 

were electrophoresed on a 1 5% SDS-polyacrylamide gel and transferred to nitrocellulose 

membranes for 2 hours at 60V. The membranes were blocked with phosphate buffered 

saline (PBS) containing 10% milk and 0.5% Tween-20 and then probed for 2 hours at 25°C 

with the standard monoclonal antibodies used to detect p53 as pAb1801, pAb 1802 and 

pAb122 hybridoma supematant (7). After washing with PBS and subsequent incubation 

with horseradish peroxidase conjugated sheep anti-mouse antibodies (AMERSHAM) . 

specific complexes were detected using the ECL cherniluminescent kit according to the 

manufadurers recommendations (AMERSHAM) (54). The same procedure was used for 

the datection of p21 except we uîed the monoclonal WAF1 A M  antibodies (Cedariane 



e laboratories). 



RESULTS 

Ex~ression of 053Am and ~ 5 3  Pro in 10l.1) cells 

We initially examined the apoptotic and cell cycle arrest activities of p53 when introduced 

into non-transformecl murine fibroblast 10(1) cells where p53 is absent (1 77). In order to 

compare the activity of p53Arg and p53Pro in 1 O(1) cells, we developed a method by which 

1 O(1) cells wuld be transfected and selected for equal levels of p53 expression. A cell 

cycle profile wuld then be perfomied on those cells which expressed one of the allelic 

vanants of the p53 protein. 

To select for cells expressing exogenous p53 we used the pLantem plasmid which 

expresses the GFP protein from a CMV promoter (1 30,166, 197). After co-transfection of 

pLantem and pCDNA3 containing one of the two variant forms of p53, the GFP positive 

cells were isolated at 24.48 and 72 houn following transfection by cell rorting. Cell cycle 

analysis of the GFP positive cells was then perfomed. Westem blot analysis was carried 

out at 24 houe to quantitate p53 protein levels. As shown in Figure 7 ,  at 24 hours following 

transfection it was possible to effectively select the GFP-positive cells from the GFP- 

negative cells and Figure 2 confirmed the equal level of expression of the two variants of 

p53. This Westem blot confirmed three different issues; firstly, in 1 O(1) cells, p53Arg and 

p53Pro are expressed at the same level by the pCDNA3 vector; secondly. the lO(1) cells 

do not contain any basal level of p53 protein. and finally the difference in the migration 

pattern confirms the presence of p53Arg, which has established ta migrate faster, in one 

group of transfected cells and of the slower migrating p53Pro in the other group (59, 120). 

As shown in the lower panel, we also measured the abiiity of p53 to induce p21 

expression. Both variants of p53 induced p21 to a similar extent. 

These results clearîy demonstrated that it was possible to use this transfection and 

0 



GFP fluorescence intensity 

Figure 1. Cell sorting of the 10(1) cells. Cell sorting allowing the 
separation of the cells cotransfected with the plasmid, plantern, 
containing the gene for the expression of the GFP protein and with the 
pcDNA3p53 Arginine or pcDNA3p53 Proline. The GFP proteins when excited 
by the U.V. Light produce a green fluorescence that allows the detection of 
those cells. The R2 region correspond to the cells that were not 
transfected. The R3 region correspond 
and which expressed the GFP  rotei in 

to the cells that are transfected 



p21 p21 p21 
Figure 2. Western blot of p53Arg, p53Pro and p21 protein in 
l O ( 1 )  cells. Cornparison of the expression of A) the two allelic variants 
of p53 and B) the p21 protein . in non-transformed murine fibroblast 10(1) 
cells. The pcDNA3 expression vector encoding the wildtype p53 variants 
were transfected and p53 and endogenous p21 protein expression was 
monitored by Western blotting on 1 0000 GFP-positive . cells selected by 
cell sorting. The control was transfected only with the pcDNA3.The 
proteins were separated on a 15% SDS-polyacrilamide gel. The p53 
proteins were detected by a combination of monoclonal antibodies 
(Pabl801, Pab1802 and Pab122), and p21, was detected by the WAF-1 
antibody Ab-6. 
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seledion procedure to effedively isolate transfected cells expressing equal levels of 

p53Arg and p53Pro. 

The expression of wildtype p53 has been wrrelated in several experiments with cell cycle 

arrest in G1 or apoptosis depending of the cell type (46,62). The goal of this study was to 

compare p53Arg and p53Pro with respect to p53 induced apoptosis or cell cycle arrest in 

the lO(1) cells. 

To perfonn this study we used the FACS analysis, which detemines the DNA content of 

each cell, and thus identifies which phase of the cell cycle the cells were. Figure 3 shows 

the cell cycle profile of the GFP positive cells. In cornparison with the vedor control, both 

p53Arg and p53Pro were able to increase the amount of cells in G1 at 24. 48 and 72 

e houn. and thus correlates with a typical increase in cell cycle arrest. We also noticed that 

this effect is much more noticeable at 48 hours following transfection. When analysing 

these results we could detect only a few cells in sub-Gl. indicating few cells were 

undergoing apoptosis. This leads us to believe that neither p53Arg, nor p53Pr0, trigger 

apoptosis when transfected in the non-transfonned lO(1) cells. Likewise, when the 

transfected cells were viewed under fluorescent microscopy, there was no indication that 

the GFP-positive cells CO-expressing the p53 variants showed a morphology consistent 

with cells undergoing apoptosis (30, 46). 

Taken together. it is evident that both wildtype p53 allelic variants, when introduced in the 

non-transformed lO(1) cells. were able to mediate an increase of the cell cycle arrest in G1 

at similar levels, most strongly at 48 hours. Neither form of p53 could induce apoptosis 

when compared to the vector control (Figure4. Table 1 ). 
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Figure 3. Representative results of cell cycle analysis . asssys on lO(1)  
p53 nuIl cells. p53 nuIl 1 O(1) rnurine fibroblast cells were transiently cotransfected 
with 4ug of pcDNA3 (as a control), pcDNA3 p53Arg, or pcDNA3 p53Pr0, and 1 ug of 
plantern expressing the GFP protein. At 24, 48 and 72 hours post-transfection, the 
GFP-positive cells were sorted and cell cycle analysis was performed to detect the 
effect of the two wildtype variants of p53 on the induction of cell cycle arrest and 
apoptosis. 



Table I .  Analysis of the GFP-positive 1 O(1) cells in their different stages of the 

cell cycle at 24, 48 and 72 hours post-transfection. The cells were CO- 

transfected with plantem, expressing the GFP protein and pcDNA3, pcDNA3 

p53Arg or pcDNA3 p53Pro and their DNA content were deterrnined by FACS 

analysis. These nurnben represent the average percentage of cells at each 

stage of the cell cycle from 4 separate experiments. 

Vector SubG1 4.19i0.84 
G1 67.54 * 1.50 
S 16.92 f 2.02 
GZM 10.39 I 0.67 

p53 Arginine Sub G l  4.99 f 1.1 1 
G1 77.21 I 3.57 
S 9.65 k 2.35 
G2/M 7.57 I 1.39 

p53 Proline Sub G1 3.54 f 0.61 
G1 79.44 * 2.45 
S 7.91 * 1.36 
G2/M 7.80 * 0.34 
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Figure 4: Cell cycle arrest in lO(1)  cells. Graphic representation comparing the percentage of cells in 
GllS phase at 24- 48-72 hours induced by p53 Arginine and p53 Proline. The error bar represents the 
standard error. 
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Figure 4A: Cell cycle arrest in G l  in 10(q) cells. Graphic representing 
the effect of the two variant fonns of wildtype p53 on the cell cycle arrest in 
cornparison with the control The error bar represents the standard error. 



Bioloaical analvsis of lO(1) alb at 48 hours 

Since the stmngest cell response to p53 was found to be at 48 hours, we decided to use 

this time point in two additional assays to further examine the effect of p53Arg and p53Pro 

on cell cycle and apoptosis. 

The first assay is similar to the one used previously except that instead of sorting the cells 

at 48 hours and performing cell cycle analysis, we sorted the GFP-positive cells at 24 

hours and incubated only those cells for a further 24 houn for a total of 48 hours post- 

transfection. We then perfotmed cell cycle analysis as previously. This assay again 

showed (figure 5, Table 2) that both variants of p53 were unable to induce apoptosis but 

coufd increase G1 arrest. No difference in the induction level of cell cycle arrest between 

p53Arg and p53Pro was observed. 

The final assay used to detect apoptosis was the "Hoechst assay." Hoechst is a reagent 

which stains chromatin. In apoptotic cells, the chromatin is very condensed and it was 

shown that the Hoechst binds more strongly to condense chromatin producing an increase 

in the staining intensity on apoptotic cells venus live cells (164). 

By using a dual fitter and FACS analysis we first detected the GFP-positive transfected 

cells. These cells were then examined for the intensity of the Hoechst stain indicating 

whether the cells were apoptotic or alive. As shown in Figure 6, both allelic variants of p53 

are unable to mediate apoptosis. 

Ex~ression of ~ 2 1  10Hl cells transbcted with ~ 5 3 A m  and n53Pro 

We have also performed western blot analysis to examine p21 protein levels in the p53 

transfected cells. p21 protein is a Cdk inhibitory protein that has major implications in the 

process of cell cycle arrest and which is transcriptionally induced by p53 (26,36, 1 17). By 
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Figure 5. Representative results of cell cycle analysis assays on lO(1 )  
p53 nuIl cells. P53 nul1 1 O(1) murine fibroblast cells were transiently cotransfected 
with 4ug of pcDNA3 (as a control), pcDNA3 p53Arg. or pcDNA3 p53Pr0, and 1 ug of 
plantern expressing the GFP protein. At 24 hours post-transfection the GFP-positive 
cells were sorted and incubated for further 24 hours. After the incubation, cell cycle 
analysis was performed to detect the effect of the two widtype variants of p53 on the 

0 induction of cell cycle arrest and apoptosis. 
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Table 11. 48 hours post-transfection analysis of GFP-positive 1 O(1) cells co- 

transfected with plantem expressing the GFP protein, and pcDNA3, PcDNA3 

p53Arg. or pcDNA3 p53Pro. The cells were sorted at 24 hours post- 

transfection and the GFP-positives cells were further incubated for 24 hours 

prior to cell cycle analysis by the FACS analysis. The results represent the 

average percentage of the cells at each stage of the cell cycle from 2 separate 

experiments. 

Vector Sub G1 
G1 
s 
G2/M 

p53 Arginine Sub G1 
G1 
S 
G2/M 

p53 Proline Sub G1 
G1 
S 
G2/M 
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Figure 6. Representative results of the flow cytometry assay using 
Hoechst 33342 for the detection of apoptosis in 10(1) p53 nuIl cells. P53 
nuIl 1 O(1) murine fibroblast cells were transiently cotransfected with 4ug of pcDNA3 
(as a control), pcDNA3 p53Arg, or pcDNA3 p53Pro. and 1 ug of pLantern expressing 
the GFP protein. At 48 hours post-transfection, the cells were stained with Hoechst 
33342 and the GFP-positive cells were analysed according to their intensity of 
staining. The Ml region, corresponding to a high intensity of sta6ing indicates that- the 

a cells are in apoptosis. 



Table III. Detection of apoptotic lO(1) cells CO-transfected with plantem, 

expressing the GFP protein, and pcDNA3, pcDNA3 p53Arg or pcDNA3 

p53Pro. Cells were stained with Hoechst 33342 and apoptotic cells were 

detected by FACS analysis 48 hours post-transfection. The results represent 

the average percentage of cells in apoptosis after 3 separate experiments. 

Transfected Percentage 
plasrnids of apoptosis 

Vector 6.09 I 1.12 

p53 Arginine 3.98 1.57 

p53 Proline 3.44 I 1.32 

a 
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analysing the effect of the two forms of p53 on cell cycle anest and on apoptosis it was of 

interest to determine whether p21 was induced at higher levels by p53Arg or by p53Pro. 

As shown in Figure 1. both forms of p53 induced similar levels of pZ1. 

Ex~ression of ~53Ara  and ~ 5 3  Pro in Saos-2 cells 

In the second part of this study we examined the apoptotic and cell cycle arrest adivity of 

p53 when introduced into transfomed human osteosarcomas Saos-2 cells which do not 

contain endogenous p53 (20.22). The Saos-2 cells difFer from the 1 O(1) cell line by being 

transformeci cell lines (20, 22). For this part of the study we again used FACS analysis to 

detect the cell cycle profile of the cells after the introduction of p53, and the Hoechst to 

verify the apoptotic level detected by FACS analysis (1 64). We used the same transfection 

marker, as descnbed above, the GFP protein, and the pCDNA3 vector expressing one of 

the two variants form of p53. 

Firstly, we verified that the level of expression of transfected p53Arg and p53Pro were the 

same in the transfected Saos-2 cells. Western blot analysis was camed out 24 houn 

following transfection to quantitate p53 protein levels. The protein levels were the same 

and p53 Arg migrated faster than p53Pr0, which demonstrated that the cells coexpressing 

the GFP protein had the transfected p53 expressing DNA (Figure 7) (59, 120). 

These results, as with the lO(1) cells, demonstrated that it was possible to use this 

transfection and selection procedure to effectively isolate transfected cells expressing 

equal levels of p53Arg and p53Pro. 

Bioloaical analvsis of Saos-2 cells ex~ressina ~53Pro and ~53Afg 

The first assay was the same one that we used for the 10(1) cells. We sorted between 

50 000 and 60 000 GFP-positive cells at 24 hours following transfection then incubated 



Figure 7. Western blot of p53Arg and p53Pro in Saos-2 cells. 
Cornparison of the expression of the two allelic variants of p53 in 
transfected human osteosarcoma Saos-2 cells. The pcDNA3 expression 
vectors encoding one of the two wildtype forms of p53 were transfected, 
and protein expression was monitored by Western blotting on 10000 GFP- 
positive cells selected by cell sorting. The p53 proteins were separated on 
a 15% SOS-polyacrilamide gel and were detected by wetern blot analysis 
with a combination of monoclonal antibodies (Pabl801, Pab1802 and 
Pabl22). 



50 

them for an addlional24 and 48 hours and then cell cycle analysis was performed. By 

analysing these data (Figure 8-9. Table IV) we obsewed an increase in the number of cells 

in sub61. indicating apoptosis, in comparison with the control plasmid transfected cells. 

No significant difFerence between p53Arg and p53Pro transfected cells were observed 

under these experimental conditions. 

In this assay however, even though we were sorting 50 000 to 60 000 cells for the p53Arg 

and p53Pro samples, it was unlikely that even 10 000 cells were available for cell cycle 

analysis. In comparison 10 000 cells can be detected for the vector. The FACS was also 

detecting a large quantity of cellular debris in the p53 transfected samples. These two 

observations bring us to h o  conclusions: Firstiy. we have to be aware that the percentage 

of cells in sub G1 corresponds only to the cells at 48 and 72 hours after transfection that 

were undergoing apoptosis. Secondly. because of the large quantity of debris detected 

by FACS analysis it is likely that a large number of cells died by apoptosis during the period 

of incubation following the cell sorting. It is therefore possible that if we could detect those 

cells. a difference between p53Arg and p53Pro rnay be observed. 

To further examine p53 induced apoptosis in Saos-2 cells, we used the Hoechst reagent 

and a fluorescent microscope with a dual filter; one to detect GFP and one to detect 

Hoechst. By wunting 300 cells at 48 and 72 hours post-transfection the results were very 

similar to those obtained the FACS analysis (Table V) (164). Apoptosis occurred in the 

Saos-2 cells at a similar level for p53Arg or p53Pro in comparison with the control 

transfected cells. Two other observations were made. Firstly, the detection of a large 

arnount of debris was observed, as previously detected by the FACS analysis in the 

p53Arg and p53Pro dishes. Secondly the quantity of green cells decreased over a period 

of time to become nuIl at 5 days pst-transfection in wmparison with the control where we 

wuld identify a multitude of green cells. Therefore, as with the FACS analysis the number 

of cells detected at 48 and 72 houn post-transfection are correlated with the percentage 

of cells that are undergoing apoptosis at these time points. It is probable that a large 
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percentage of cells died between 48 and 72 hours and were excluded from the final results 

conceming apoptosis level. This data therefore. raised concem regarding the efkiency of 

the GFP protein as a marker of late apoptotic cells because it appears that GFP is lost 

during the process of apoptosis. 

In summary. both variants of p53 induced similar levels of detectable apoptosis under the 

experimental conditions used and neither variant appeared to induce a cell cycle arrest in 

Saos-2 cells. 
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Figure 8. Representative results of cell cycle analysis assays on Saos-2 
cells. Saos-2 human osteosarcorna cells were transiently cotransfected with 4ug of 
pcDNA3 (as a control), pcDNA3 p53Arg, or pcDNA3 p53Pr0, and log of plantern 
expressing the GFP protein. At 24 hours post-transfection, the GFP-positive cells were 
sorted and then incubated for a further 24 and 48 hours. After the incubation period, 
cell cycle analysis was performed to detect the effect of the two widtype variants of p53 
on the induction of cell cycle arrest and apoptosis. 
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Table IV. Anaiysis of the GFP-positive Saos-2 cells, sorted at 24 hours, in their 

different stages of the cell cycle at 48 and 72 hours post-transfection. The cells 

were CO-transfected with plantem, expressing the GFP protein, and pcDNA3, 

pcDNA3 p53Arg or pcDNA3 p53Pro and analysed by FACS analysis for their 

DNA content. The results represent the average percentage of cells at each 

stage of the cell cycle from 3 separate expenments. 

Vector Sub G1 
G1 
s 
G 2 M  

a p53 Arginine Sub 0 1  
G1 

p53 Proline Sub G1 
G1 
s 
G2/M 



Percentage of apoptosis 
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Figure 9A: Apoptosis induction in Saos-2 cells. Graphic representing 
the effect of the two variant foms of wildtype p53 on the induction of 
apoptosis in cornparison with the control. The error bar represents the 
standard error. 
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Table V. Analysis of the apoptotic level of the Saoe-2 cells 48 and 72 hours 

post-co-transfection with plantem, expressing the GFP protein, and pcDNA3, 

pcDNA3 p53 Arg and pcDNA3 p53 Pro. Detection of apoptotic Saos-2 cells 

was performed by using the Hoechst 33342 stain and a fluorescent microscope 

which contains a FlTC filter for the detection of the GFP protein and the DAPl 

filter for the detection of the Hoechst stain. The results represent the average 

percentage of cells in apoptosis from 3 separate experiments. 

Plasmids Percentage of Percentage of 
transfected Apoptosis (48h) Apoptosis (72h) 

- . . - - - -- - 

Vector 13.76 +4.23 14.43 +2.33 

a p53 Arginine 31.43 t3.75 33.57 +3.28 

p53 Proline 31.63 +3.20 33.53 +4.82 . 



Cell cycle arrest and\or apoptosis in different cell types has been correlated with the 

expression of wildtype p53 protein (9, 26, 46, 87, 177, 132). Whether p53 induces a cell 

cycle arrest or apoptosis st ill remains unknown even though several lines of evidence lead 

to the conclusion that cell types likely play an important role (46, 62). Wildtype p53 is 

found in two distinct variants due to a polymorphism at codon 72 (59, 120). We therefore 

wanted to detemine whether each variant had similar activity with respect to cell cycle and 

apoptosis. 

The first step of this study was to use the 1 O(1) non-transfomed murine fibroblasts and 

the Saos-2 ttansfonned human lbrosarcomas cell lines in which p53Arg and p53Pro could 

be detect and expressed independently at a same level(20,22,177). By using a standard 

transfection procedure it was possible to express p53Arg and p53Pro independently in 

lO(1) and Saos-2 cells. To effectively isolate those transfected cells, we used the GFP- 

protein as a marker and the results obtained clearly demonstrated that this method was 

efficient. 

The next step of the project was to isolate p53-transfected cells and to examine the 

biological effect of p53 on cell cycle and apoptosis. 

After isolating the transfected cells a cell cycle analysis was perfoned using FACS 

analysis. We demonstrated, by three different methods, that both wildtype p53 allelic 

variants, when introduced in the non-transformed 10(1) cells, were able to increase cell 

cycle arrest in G1 at the same level, most strongly at 48 hours. Neither fonn of p53 could 

induce apoptosis when compared to the vector control (Figure4, Table 1 ). 

These results are similar of those found in the literature. In other studies p53 in non- 

transformeci cells, and in lO(1) cells were found to induce cell cycle atrest but not cause 

apoptosis (46,62). In addition. our study also shows that both foms of p53 have a similar 



effect on cell cycle arrest in this system. 

In the experimentation using the Saos-2 cells. the cell cyde analysis showed an increase 

in the number of cellsin sub-G1 , indicating apoptosis. when compareci to the control cells. 

No difference between p53Arg and p53Pro transfected cells were observed. These results 

again agree with the literature except that the percentage of cells in apoptosis was lower 

than that previously found in Saos-2 cells by others research teams (79, 195). This may 

be explained by the large quantity of cell debris following p53 transfection detected by the 

FACS analysis that was not available for analysis. This debris is probably part of cells that 

had died by apoptosis between our time points of analysis. The values that we obtain 

correspond onfy to those cells that are in the process of apoptosis at 48 and 72 hours, and 

al1 the cells that had died by apoptosis outside of these time points were excluded. It is 

possible that if we could deted those cells, a difference between p53Arg and p53Pro rnay 

be observed. 

Another theoretical aspect that has been raised during this study is the fact that afier five 

days post-transfection of p53 in the Saos-2 cells, it was impossible to detect any green 

fluorescent cells in comparison of the large number of green vector-transfected control 

cells. From this observation. concems have been raised regarding the efficiency of the 

GFP protein as a marker of late apoptotic cells because it appears that GFP is lost during 

the process of apoptosis. 

A last point that should be mentioned about those results is the fact that may be we do not 

detect any cell cycle arrest in the Saos-2 cells because the level of the p53 is really high 

in our systern. In fact, Chen et al, have discover that the level of p53 expressed in the cells 

can be a factor that determine the extent of the apoptotic response in transformed cells. 

In regard of those results we should be careful about the interpretation of Our results and 

further study where the concentration of p53 Vary should be done (23). 
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p21, also called WAF1 or CIPI, is a Cdk inhibitory protein transcriptionally regulateâ by 

p53. Knowing that p21 has a major influence on the cell cycle arrest it was logical to 

detemine if it was induced by p53 in the IO(1) cells (26, 36, 11 7). Effectively, p21 was 

detectable in the p53 transfected lO(1) cells where there was an increase in cell cycle 

arrest. Also. p21 was found to be induced at a higher level by p53Arg and p53Pro in 

cornparison with his basal level found in the wntrol. 

Following a complete analysis of the results we have corne to the conclusion that p53Arg 

and p53Pro are only capable of inducing cell cycle arrest in non-transfoned cells. On the 

other hand, both p53 variants cm trigger apoptosis in transfomied Saos-2 cells but not 

cell cycle arrest. In either situation, both variants were found to induce cell cycle arrest or 

apoptosis at a similar level. In fact this study was conduded in two systems that differed 

only by the type of cells, either non-transformed or transfomed cells. This likely suggests 

that the induction of cell cycle arrest or apoptosis depends more on the type of cell than 

on the type of p53 protein. 

Our results correlate well with both theories of p53 and mechanisms of apoptosis; the 

"clashn and the "dualn pathway (46,62). 

The "clashn pathway proposes that the activities of an oncoprotein and p53 oppose each 

other. Thus, the oncoprotein acts to drive cell cycle progression and p53 acts to induce cell 

cycle arrest. This "clash" in activities caused apoptosis. This pathway may explain why we 

observed apoptosis to occur only in the transformed Saos-2 cell line, which are known to 

have oncogenes activities (46, 62). 

The second apoptotic p53 mechanism is called the "dualn pathway. This pathway proposes 

that, in dimetent contexts and environment, p53 altematively triggers cell cycle arrest or 

apoptosis. Our results agree with the dual pathway as p53 induces cell cycle arrest in one 

cell type and apoptosis in another (46. 62). 
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In regard to these two biological fundons of p53 the consideration of p53 genotypes 

seems to not be a major factor under the experimental condition used here. 

Further studies using different cell types and the presence of different oncogenes should 

be oonducted to venfy our results and may help to detect if any dlfference in activity exists 

between the two allelic variants of p53 protein. In addition. it would be interesting to 

examine upstream signalling to the different variants of p53 to determine whether they are 

equally good substrates for the various kinases which can phosphorylate p53. 
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