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ABSTRACT 

hlutational inactivation of the pj3 yenr occurs more îi-rquently than an). othrr 

cenetic alteration in humnn malignancies and t'pically results in acçumulütion ot' mutant - 
p53 protein as wrll ris a. proliferative üdvantage andlor escape from üpoptotic deletion. 

Bccause of its efkcts at the cellular levrl. p53 abnomalitirs rnay dso be üssociritrd with 

the presttncr of p53 protein in senim. incrrased tiimor aggressiveness. unfavorablc 

prognosis. and reducrd ctt'iicac?. of apoptosis-inducing antineoplastic agents at the level of 

the cancer patient. To sttidy these possibilitirs. 3 sensitive immunotluorometric açsny for 

p53 protein was developed. subjected to analytical evaluation in patient sera. lysates of 

cultured crlls. and extracts of normal and malignant tissues. and found to be comparable 

to immunohistochemical staining of 91 lunp carcinoma tissues and to DNA sequencing of 

p53 exons 5 to 9 in 55 ovarian carcinomas with respect to the ascertainment of p53 

alteration status. The assay demonstrated resistance to serum interferants and showed that 

p j 3  protein was undetectable in serum specimens collected pre- and post-operatively 

From 11 4 patients with h g  cancer. 75 of whom also provided matched tumor tissue. In 

extracts of tumor tissues. however. p53 protein overexpression was shown to indicate. in 



a dose-response manner. increased risks for cancer relapse and dcath in 86 patients with 

non-small cell lung cancer. 998 patients with breast cancer. and 120 patients with 

rpithelial ovarian cancer treated with platinum-based chemotherapy. In the latter cohort 

of patients. p53 accumulation was associated with treatment failure. but not with 

immunoassay-determinrd expression levels of the p53-inducible WAF 1 protein. itself not 

associated with patient prognosis. Evidencr wcis also presrntcd suggrsting that the impact 

of p j 3  on suwival may bs grratest in the subgroups of patients with squamous cc11 

carcinoma of the lung and rstrogen recttptor-positive. Iymph-node positive breast 

çûrcinoma patients treated uith adjuxmt chrmothenpy. Togrther. thest: tindings 

demonstrate the prognostic vduc of p j 3  protein concentrations mrasurtid by 

immunoassay in estracts of lung. breast. and ovarian carcinomas. as w l l  as the 

rclationship bet~veen p j3 csprcssion Icvrls and rrsponsc to pliitinurn-bnsed çhernothenpy 

in ovarian carcinoma. but provide no support for a rolr for p53 as a serum tumor marktir. 
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CHAPTER 1 

CENERAL INTRODUCTION 



1. 1. Ovewiew 

A complex array of homeostatic mrchanisms have evolved that allow cellular 

adaptation to a diverse range of physiological and pathological stresses. Such responses 

must be caretùlly coordinated. but the mechanisms by whiçh rukaryotes react to harmtiil 

exogrnous insults by the cessation of ceIl cycle progression or by the regulatrd loss of 

damagrd or unwanted ce Ils by apoptosis remain poorly undcrstood. Original1 y described 

20 yrars ago as a cellular protein that intsracted with a critical transforming antigrn in the 

SV40 tumor vinis (Lane and Crawford. 1979). p53 has emrrged as an important. and 

prrhaps pivotal. player in the coordination of the cellular rcsponses to stress. It's 

psrcrived importance is reflectrd in almost 1 0.000 p53-related papers publishrd sincr 

1992. Thesr papérs have shown that abnormalitirs of the pj3 gent! arc the most common 

grnetic c hangr in human nsoplasia: missensr point mutations in the sciquencr-speci fic 

DNA-binding domain and concomitant riIlclic loss at the p j 3  locus on chromosome 17 

occur in slightly more than j O O h  of al1 human cancers (klollstein LV c d . .  1094). .-1 Iargs 

body ofdata has rilso indiçated that p53 functions as a transcription factor. actimted bu ri 

variety of stresses siich as DNA damagr. hyposia. and nucleotidc dcprivation. that can 

diffirentidly up-rryulatr: or down-reyulate the expression of a constellation of yrnrs 

which initiatr rither cell cycle arrest or programmed ce11 dcath. depending on the cellular 

environment or a number of othrr rnodifying tactors inside the crll (Levine. 1997). In 

light o f  these tindings. p53 is viewéd as an integration point of a network of signaiing 

pathways (Agmval rt r d . .  1998: Giaccia and Kastan. 1998). inactivation of which. by 

direct mutation of pj3 or obstruction of pathways signaling upsirearn or downstream OF 

pj3 .  may br  rssrntial for tumor devrlopment. Indred. loss of p53 function during 

tumorigenesis has been shown to lead to inappropriate ce11 yrowth. increased ce11 

survival. and genetic instability (Levine. 1997). Studies of the ability of p53 to serve as a 

diagnostic tool. prognostic factor. or therapeutic target have been inconclusive. however. 

and despite in vitro evidence that p j 3  c m  modulate cellular responses to DNA-damaging 

agents. whether p53 mutations may also intlurnce treatment efficacy is also uncertain 

(Kirsch and Kastan. 1998). These areas of uncertainty have been the subject of intense 

research intrrest and were also addressed by the work surnrnarized in this thesis. 



1.2. Molecular and Cellular Biology of p53 

1. 2. 1. Structure-Function Relationships 

Human pS3 protein (Figure 1. 2. i .  1.) sonsists of 393 amino acids and can be 

divided structural1 y and functionally into five domains which are well-conserved in 

vertebrates (Soussi and May. 1996). The N-terminus contains a transactivation domain 

which is able to interact with the basal transcription machine. to positively regulate the 

expression of p53 target genrs as a consequencr of the binding of the central DNA- 

binding dornain to DNA in a srqurnce-specitic mannrr. The ability of p53 to interact 

with the basal transcriptional apparatus can itself br moditkd by binding of proteins. 

such as the product of the murinci double minute 2 (blDh.12) gene or the adrnovirus E l  B- 

55  kDa protcin. to specitic residues at the N-terminus of p53. particularly rcsidurs Fl9. 

L22. W?3. and L26 (Kussie et d.. 1996). These same amino acids art: rquired tor the 

transcriptional activation of p53 in iViw and make contact with and bind to the TATA- 

associated factors T..\Fii70 and T.-lFii3 1. both of which are subunits of the TFIID general 

transcription factor ( L u  and Levine. 1995 ). 

The region bcnveen the N-tcrminal actiwiion domain and the central DNA- 

binding domain contains tivc repeats of the motif proline-X-X-prolinr and is capable of 

binding to Src hornology 3 (SH3) dornains. Drletion of this dornain reduces pj3- 

mrdiated cell arrest or apoptosis but permits p53 transcriptional activation. as has bern 

shown by Walkrr and Lrvinr (1996). who speculated that interaction bctween p53 and 

SHkontaining proteins may bt: one way in which pj3 can "tunr into" signal 

transduction pathrvays. including those involving proteins such as c-abl. sensing 

Activation SH3 
domain domain 

Sequence-specific DNA 
binding domain 

Tetrameriration Basrc 
domain domain 

1 II III IV v 

Figure 1.2. 1. 1. Schematic Representation of p53 Protein Domilins 
Hurnan p53 is a 393 amino acid protein consisting of five evolutionarily conserved 
domains. shown as black boxes. and five regions (approsimately dernarcated) subserving 
different functions. These functions are interdependent. and regulation of one domain can 
influence other dornains. 



alterations in cellular homeostasis. Recrnt work has also suggested that this dornain 

cooperatrs with the C-terminal domain in negatively regulating pj3 function and 

maintaining p53 in a latent. low-affinitp DNA binding conformation (Muller-Tiemann rr 

LI[.. 1998). 

The central DNA-binding domain of p53 (residues 102-292) confers the ability of 

p53 to act as a transcription hctor. and it is within this region whsre the majority of point 

mutations are found in tumors (Hollstrin et trl.. 1994). Proteasr-rrsistant. indcpendently 

foldrd. and containing a ~ n ' *  ion that is requirrd for sequence-specitic DNX binding. this 

dornain 11as a number of critical residuss that contact DNA and others essential i'or the 

stabilization of the arnino acid baçkbone that orientate those contact residiies. 

Specitically. structiiral studirs have reveaied that residues Kl2O. S2-11. R273. X276. and 

R283 makr contacts with the phosphate backbonr in the major groove of the DNA 

duplrs. uhile K120. C277. and R?SO inttiract via hydroyen bonds to the DNA bases (Cho 

cf r r l . .  1'19-1). R2-18 thrn mrikcis multiple hydrogén bond contacts in the minor groow of 

the DNA helis (Cho c.f d. 1994). Thrse contact residues are the mutational hotspots in 

the p53 gene. and more than 90% of missensr: mutations in p53 arc found in this domnin. 

p53 functions as n tetramer as n çonsrquencr of homotypic binding through the 

oligomerization domain brtwwi residurs 324 and 355 (Jefî'rey et d.. 1995). Ocçasiond 

mutations in this domain can inactivatc p53 function (Lornris el trl.. 1997). This 

trtramrrization domain is linked to the DNA binding domain by a tlsxible linker of 37 

arnino acids (JetTrey et trl.. 1995). The trtrarnrric pS3 protein (which is a dimrr of a 

dimer) binds specifically to four repents of a consensus DNA sequrncr Y- 

PuPuPuC(.NT)(T/A)GPyPyPy-3.. and this motif is reprated in two pairs. each arranged 

as invrned repeats such as --+-. where -+ is the sequence given above (El-Deiry er 

tri.. 1993). 

The C-terminus of p53 includes nine basic amino acid residues that bind to DNA 

or RNA with some srquence or structural preferences (Lee er cd.. 1995b). may help to 

catalyze the reassociation of single-stranded DNA or RNA to double strmds. and binds 

preferentially to DNA ends and to intemal deletion loops in DNA as gencnted by 

replication errors that are then detected and fixed by mismatch repair processes. This 

domain also appears to have imponant regulatory tùnctions. It was established that the 



carboxy terminus of p53 functions to allosterïcally regulate the conversion of p53 

bst~veen forms that are active and inactive for DNA binding (Hupp rr d.. 1992). Small 

peptides and short single strands of DNA interacting with the C-terminal domain. 

phosphorylation of S378 by protein kinase C (PKC) or S397 by casein kinase 11 (CI< II ) .  

binding by monoclonal antibody PAb42 1 (to residues 370-378). as well as dcletion of the 

domain altogrthrr. are each capable of converting the latent. inactive fom of p53 into the 

active moleculr (Clupp er cil.. 1995). 

1.2.2. Induction of the p53 Response 

The induction of p j 3  accumulation bllowinj esposwr to u1traviolr.t ( LW) light 

w s  first reported bp Maltzman and Czyzyk (1984). but the pivotal sicniticaiice - of this 

observation çould not be appreciatrd at the tirne becausr p53 was çonsidered a 

transforming oncogene rather than r i  tumor s~ippressor (Parada er id.. 1984). In the early 

1990s. Iioivever. a serirs of observations lrd to a model of p53 function in which 

genotosic damagr inducrd p53 protrin aççumulationiactivation. which in turn was able to 

triggrr speçi tic çell cycle arrest or apoptosis ( Kastan ~ ' î  d..  199 1 .  1993: Hiil1 et cd.. 1093: 

Lu  and Lane. 1993). The development of p53 knockout mice allowed this model to be 

critical!y rvüluated and establishrd the absolutr dependence on p53 function for sornct 

(but not all) of the growh amst  and apoptotic sequelac following genotosic insu11 in i i w  

and in iwitro (Clarke et rd.. 1993: Lowe r f  ai.. 1993: Clarke e l  d . .  1994: Merritt er cil. . 
1994). A critical issue that rrnerged from thrse studies was the rolr of p53 in inducing 

apoptosis in the protection of organisms from neoplastic transformation. Furthemore. the 

contribution of mutational inactivation of p53 to tumor suppression in vivo \vas strikingly 

highlighted by studies of transgenic mice in which controlled loss of p53 tùnction was 

associatrd with loss of apoptosis and progression tiom benign to malignant tumors 

(Syrnonds et ul.. 1994). In addition to a role in control of apoptosis. loss of p53 hnction 

also appears to contribute to neoplasia by allowing the development of genctic instability 

(Griffith et rd.. 1997). 

p53 is vieil-known as a "mediator*' or -'sensor-' of DNA damage and has been 

chnstened the "guardian of the genome" (Lanr. 1992). Diverse types of genotoxic stress 

such as gamma-irradiation. W light. and dmgs such as etoposide and methyl methane 



sulfate invoke cr 353 response. causing the protein to stabilize and increase in lcvel 

(Kastan er tri.. 1991. 1992: Hall et tri.. 1993). This is achieved by increasing the 

molrcule's short half-lire from approsimatrlp 20 minutes to several hours and 

presumably by switching the latent form to the active DN.4-binding form. Transcriptional 

induction of the pj3 grnr does not contribute signiticantly to the acute up-regulation of 

p53 following genotosic stress. I t  bas bren postulatrd that protrins that recognizr DNA 

damage rrlay this information to p53 by an as ?et poorly definrd. but cmerging. srries of 

signal transduction pathwnps. For example. patients wi th the radiosensitive. cancer-prom 

disrasr atasia trlangiectasia lack the ionizing radiation-indiiced pj3 rrsponss prrsent in 

hralthy individuals. indicatiny an abnornali ty upstream of the p53 signaiing pathway 

(Kostan C r  LI!. . 199 1. 1993: Zakian. 1995). i-Io~vtxer. as mentioned above. it is dso 

possible that p53 itself senses DNA damage. as the molecrile binds to single-stranded 

DNA. possibly at escision-repair damagr sites I Bakalin et tri.. 1994). and çan locdize to 

sites of damagr (Colites ei trf.. 1995). Within the last three years. tremendous progrrss has 

bern made toward understanding the biochemical mechanisms thot regulatr basal lrvrls 

of p S  protein and the signal transduction pathways that are activatrd by incorning 

signals and tinally ciilminate in the activation of p53. 

In façt. whrthrr DNA damagr: is the only insuit that c m  cause p33 induction 11ad 
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Figure 1.2.2. 1. Integration of Stress Signals at p53 
The p53 pathway is not a simple linear system. Rather. there are many "inputsy. which 
activate the protein and induce its biological activity, as welI ris many "outputs". 



been controversial. because the level of DNA damage associated with the p53 response 

was very low (perhaps rven a single strand break (Huang rr trl. .  1996)). However. there is 

now evidencç that signals not normally thought to be genotoxic are also efficient inducers 

of the p53 pathway (Figure I. 2 .  1. 1 .). Esamples include hypoxin (Graebrr e l  d.. 1996). 

changes in crll attachment (Nikiforov rr ol.. 1996). oxidativr stress (Rrnzing rr rd.. 

19%). changes in crllular grow-th factor/cytokine milieu (Canman et tri.. 19% 1. metabolic 

deplrtion of ribonuclrotidr precursors (Links er d.. 1996). mitotic spindle damage 

(Knippschild rr rd.. 1997). and the presence of oncogrnic. hyperproliferative signals 

(Pornerantz e l  tri.. 1998: Zhang et trf . .  1998). Indrrd. it ma): bc that man). othrr 

environmental stress signals c m  inducr pj3 protzin. including heat shoçk (Zhan et t r f . .  

1993) and viral infection (Mars. 1994). Because rach of thosr stresses inducrs multiple. 

possiblp redundant transcriptional responsrs in addition to that of pj3. thcre is likely 

considerable overlap and integration betwern the signnling pathways. 

Cellular p j 3  function appears to be v c t ~  tiyhtly çontrolled at many Irvrls. In in 

v i r ro  stiidies. p j 3  induction has been drtrctrd as accumulation of the protein. actiwtion 

of downstream responsive genes. and induction of resultani biological effects such as c d  l 

cycle arrest and apoptosis. Thrsr studies have revealrd an increasing degrtie of 

complrxity in the control of p53 function (Figure 1. 2. 7. 2.). It  has been shown that the 

absolute level of p53 protein can modulatr its biological rffrcts. with low lcvels being 
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Figure 1. 2. 2. 2. Multiple Levels of Regulation Functional 
of pS3 Activity 
p53 protein is tightly regulated by control of production 

Reg ulation 

of protein (mRNA synthesis. stability. and efkciency of protein-protein interaction 
translation) and of its depdation by ubiquitin- post-translatimal modification 
mediated proteolysis. Additianal levels of controI subcellular localization 
include diverse protein-protein interactions. post- 
translational modification (including phosphory Mon. 
RNA binding and glycosylation). and also by 
regulation of subcellular localization. By this means. n 

inactive 
p53 protein can be switched from inactive to active active 

forms. 



antiapoptotic. modest levels inducine growth arrest. and higher levels causing apoptosis 

C h  et . 1996: Lassus et u l .  1996). Lsvels of p53. however. are not the only 

mrchanism of regulation. as demonstrated by other esperimrnts revealing high lsvels of 

wild-type. transcriptionally-inactive pj3 in teratocarcinorna crlls ( LutArr and Levine. 

1996). and the post-translational regulation of the DNA-binding function of p53 by 

phosphorylation of key amino acid residues (Evleek. 1998). Following cellular stress. pj3 

is phosphorylated on a number of sites (Figure 1. 1. 3. 3.). increasing its half-Me and 

transcriptional rictivity. Many diffrrent kinase hrnilirs phosphorylatr pj3. includiny 

DNA-activated protrin kinase (DNA-PK). the casrin kinase (Ci() family. mitogen 

activated protein kinases (MAPK). cxclin-dependent kinases (CDK). CDK activatiny 

kinasr (CAK). and others ( blerk. i 998). Some phosphory lation evsnts have bern directly 

linked to p53 functional activation. For instance. DNA-PK. which is activated on1y in the 

presence of DNA strand breaks. has recrntly besn reponed to be required to activate 

srquence-speci fic DN A binding following DN A darnape via phosphory lation of serine 1 5 

o l p S  (Woo et c d . .  1998). and ATM kinase. encodrd by the grne mutated in patients aith 

atauia-telangiectasia. also phosphorylatrs p53 on serine 15 and this activity is rnhancrd 

in responsr to ionizing radiation but not LW radiation (Banin et tri.. 1998). 

Ssrindthreonine protein phosphatases have also brrn shown to dephosphorylate certain 

residurs. causin  inhibition of p j j  activity (Zuo et d.. 1998). Recently. othrr workers 

have shown that the acetyltransferasrs p3OO and pCAF c m  acetylatr lysine residues in 

the C-terminal of p53. leading to increrised transcriptional activity of p53 (Sakaguchi et 

d.. 1998). These phosphorylations. drphosphorylations. and acrty lations could thcrefore 

transmit signals from DNA damage or other stimuli. and the multiple sites available for 

phosphorylation and acetylation may provide a means for shaping the specificity of p53 

activity in response to diffrrent types OF stress. While modifications of p53 by covalent 

linkage to RNA (Samad and Carroll. 199 1 ) and O-glycosylation (Shaw er r d .  1996) have 

also been reported. the physiological significance of such changes are presently unclear. 
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Figure 1. 2. 2.3. Post-translational Modification of pS3 
Multiple sites on the p53 protein have been shown to be phosphorylated or acetylated. CK 1 
phosphorylates serines 6 and 9. ATM and DNA-PK phosphorylate serine 15 and ionizing 
raidiation activates ATM kinase açtivity. CAK phosphory lates serine 33 and ionizing 
radiation induces serine 33 phosphorylation. CDKs phosphorylates serine 3 15. PKC 
phosphorylates and phosphatases 1 and 7a dephosphorylate serine 378. UV radiation 
induces phosphorylation of serines I S. 33. and 392. lonizing radiation induces lysine 382 
acety lation and serine 376 dephosp hory lation. pCAF acety lates lysine 320 and p300 
acetylates lysine 382. The major functions of each domain as well as the binding sites of 
cellular or viral proteins are also shown. (Compiled from Giaccia and Kastan (1998) and 
Meek ( 1998)). 

Although p53 protein levels are not the sole regulatory control on p53. this 

mechanism is clearly important and is mediated by p53 binding proteins; mdm2. which is 

transcriptionally up-regulated by p53 (Thomas and White, 1998). binds to the 

transcriptional activation domain of p53, thereby blocking the ability of p53 to tùnction 

as a transcription factor (Mornand et al., 1992; Chen et al., 1993). That this interaction is 

of biological significance is shown by the rmbryonic lethal phenotype of mdm2 nul1 

mice. If mice are engineered to lack both p53 and mdm2, the offspring are fully viable 

(Montes de Oca Luna et al.. 1995). The interaction of p53 and mdm.2 has a second and 

complementary effect, in that the targetting of p53 for ubiquitin-mediated degradation - 

the prirnary pathway whereby intracellular levels of p53 protein are decreased (C howdary 

et al., 1994) - requires p53-mdm2 interaction (Haupt et al., 1997; Kubbutat et al., 1997). 



Furthermore. this interaction may be responsi ble for the regulation of p53 ' s  subcr llular 

localization. which c m  be either nuclear or cytoplasrnic (Moll et cd.. 1992). In ordrr to 

bind DNA and activatr transcription. pj3 must be locatrd in the nucleus. into which 

newly stabilized p53 and phosphorylated p53 is transported following genotosic stress 

(Moll rr t r l . .  1 996). There is now evidrnce that nuclrar cspon of pj3 .  an important step 

torvards its inactivation by degradation. may be î'acililated by its complexation with 

mdrnl. which is an RNA-binding protrin (Elenbaas et trl.. 1996) that can shuttlr betwern 

the nucleus and cytoplasm (Roth er c i l . .  1998). Interaction betwrçn pj3 and mdml may 

bt: inhibitrd bp other sipnals. including serine 15 phosphorylation subsrquent to DN.4 

damagr (Hsieh rr c i l . .  1997). Othrr studies. however. suggest that the nuclttar txpon 

signal may br  çontained in the p53 C-terniinal domain. which is masked bp 

irtramrrization hllorving stress (Alrnog and Rotter. 1998). Taken togethrr. thcse 

observations providr an expianation h r  the widely recognizrd phenotypr of rlevated (but 

nonfiinctional) p53 levels in tumors. This p53 overespression phenotye. strony ly 

associated with both neoplasia and mutation of the p53 gene (Dowell er r d . .  1991: Hall 

and Lane. 1994). had bren thoupht to br rrlated to an intrinsiç alteration in p j 3  protrin 

stability. despitr the fact that mutations çould be widely scattrred in the p53 grne. In the 

new modrl. the result of the inability of mutant p53 to activatr mdml  grne expression is 

that pj3 levels are no longer down-regulatcd by rndm2-mediated ubiquitin targttting. 

Whilr this modrl is supponrd bp Nt vifru observations of n rapid drcline in p53 as a result 

of its enhancrd degrridation induced by mdml expression in cells with high levels of 

mutant p53 (Midgely and Lane. 1997). it is not the complrte expianation because 

rlevated p53 c m  occur without p53 mutation (Hall and Lane. 1994) and in light of the 

wide range of phenotypes of p53 and mdm2 levels in clinical specimens. 

The nature of the pj3-mdm2 negative îèedback loop has recently been axpanded 

to include other molecules which participate in the regulation of p53 activity. In addition 

to the regulation of mdm2 binding of p53 by serine 15 phosphorylation. studies from 

Pomermtz et al. ( 1998) suggest that the disruption of the p53-mdm2 interaction may also 

be mediated by the alternative product of the human INK-la tumor suppressor gene 

 JI'^^ (and its rnuring homolog l 9"RF). Although the mechanism whereby ARF 

(alternative reading f rme)  stabilizes p53 is unclear (Sherr. 1998). it has been found that 
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Figure 1.2.2.4. Autoregulatory Loops Limiting the Du ration of p53 Activation 

ARF can physically interact with p53 andor mdm2 in vivo, and its binding blocks both 

mdm2-inducrd p53 degradation and transcriptional silencing (Kamijo et al., 1998: 

Pomerantz et al.. 1998: Ston er ai.. 1998). Interesthgly. because p53 c m  down-regulate 

ARF Bene expression (Kamijo et al.. 1998). at least two negative ferdback loops rnay 

regulate p53 activity (Figure 1. 2. 2. 4.): p53 induces mdm2 expression. resulting in the 

inactivation and degradation of p53. and p j 3  represses expression of ARF, which 

promotes stabilization and activation of p53. Furthcr autoregulation may operate between 

p53 and the product of the protosncogene c-myc, which is a proliferative signal 

contributing to ward cellular transformation. Whereas c-myc transcription is down- 

regulated following p53 activation (Moberg et (11. 1992). activation of c-myc increases 

both the transcription of p53 message and the stability of p53 protein (Hermeking and 

Eick. 1994). as well as induciny ARF expression (Zindy et d. 1998). Because ARF 

expression is Uxluced also by members of the E2F family of transcription factors (de 

Stanchina et al., 1998), it may function to trïgger p53-dependent ceIl cycle arrest or 

apoptosis in response to proliferative signals such as c-ras or c-myc overexpression, or to 

inactivation of the Rb tumor suppressor gene by mutation, binding of viral oncoproteins. 
iNWa cyclin D overexpression, or pl6  inactivation. A single genetic locus, M4a/ARF. 

may therefore link the p53 and Rb turnor suppression pathways (Figure 1. 2. 2. 5.).  

Finally, another proto-oncogene tbat Uiteracts directly with p53 to regulate its function is 

the nuclear tyrosine kinase c-abl, which is activated by DNA damage and binds p53. 

enhancing its sequence-specific transactivation ability (Goga et al., 1995). 
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Figure 1.2.1.  5. Linking the p53 and Rb Tumor Suppression Pathwrys via .ARF 
.\RF rrsponds to pro1 i ferativr sipnals thüt are normal ly requ ired for ccll proli feration. W hen 
t hrse signals excecd û çrit i d  threshold. the ARF-dependent chrckpoint is act ivated. and ARF 
triggrrs il p53-dependent response that indiiccs groiith arrest andlor apoptoris. Signals 
inducing signaling via the ARF-p53 pathwy include rnyc. E 1 A. and E>F- 1.  Upstream 
oiicoproteins. siich 3s produçts of miitated Ras allelcs. constitutii+cl) nctivatcd recepiors. or 
c>~toplasmic signal transducing oncoproteins. might also trigger ARF activity via the cyclin D- 
CDKJ- Rb-EIF or my-dependent pathways. both of wliiçh are normal ly necessa- for S-p hase 

IN hJ,i entr).. In inhibiting cyclin D-dependent kinases. p 16 can damprn the advit!. of rnitogenic 
signals. E I A  is sliown to work in pan by çancrling Rb function. although its abilit). to inhibit 
p3OO contributes to the rrsponse by interkring with mdm2 espression. For simplicit).. myc 
and E2F-I are shown to activate: p53 via ARF altliough Iiiplily ovcrespressed lrvels of thcsr 
proteins can activate p53 in ARF-ncgative cells. ARF activation of pj3 likrly drpcnds on 
inactivation of an mdml-specific Rinction. Signals through the ARF and DNA darnage 
pathways can synergize in activating p53.  

1.2.3. Events Downstream of p33 

pj; exerts most of its effects within a ce11 by acting as a transcriptional activator 

of a wide variety of cellular genes. althou& the repression of a smaller number of genes 

has also been described. The physiological functions of the rnajority of p53 target genes. 

however. remain unknomm. In addition. there may be marked differences in the way a 

given ce11 type activates p53 target gems under different circumstancrs as well as 

differences in the way that different ce11 types activate target genrs. perhaps depending in 

both cases on cofactors that enhance or repress the DNA-binding Function of p53 or its 



interactions with the basal transcription rnachinery. This notion is supportrd by recent 

studies of p53-interacting proteins that modify either p53 or target DNA (Avantqgiati ri 

ri!.. 1997: Jqararnan er cil.. 1997. 1998). It is also possible that the nature and contest of 

p53 response elements in different genes rnay have different abilitics to respond to 

particular p53 Ievels and rnay be di fferentially affected by associated partnrr protrins or 

by post-translational modifications. Ccrtainly it is clerir that differrnt p53 responsive 

promoters are differentially activated by difkrent pj3  mutants (Fricdlandrr el c r i . .  19%). 

Table 1.2.3.  1. 1. Genes Regulrted by p53 and their Functions as Potential 
~Mcdiators of p53 Tumor Suppression 

- -- - - -  - - -- 

lnduced Gene Function Outcome 

MDM-2 

PZ 1 lNAF1 

14-3-3a 

GAD045 

Cyclin G 

Cyclin D l  

BAX 

IGFBP-3 

?AG 608 

KILLERIDRS 

FASiAPOl 

PlGl to PIG14 

BC L-X 

TRlD 

TRUNDD 

p53 binding 

CDK inhibitor 

Binds and sequesters CDC25C 

Interacts with CDC2, DNA repair 

Cyclin 

Cyclin 

Dimerizes with BCL-2 

lnhibits mitogens and survival factors 

Nuclear zinc finger protein 

Membrane receptor in TNFR family 

Membrane receptor in TNFR family 

Oxidative stress response 

Competes with BAX for BCL-2 binding 

Antagonist decoy receptor 

Antagonist decoy receptor 

Down-regulation of p53 

G1 and G2lM arrest 

G2lM arrest 

G2lM arrest 

G1 arrest 

G l  arrest 

Promotes apoptosis 

Apoptosis or growth arrest 

Apoptosis 

Apoptosis 

Apoptosis 

Apoptosis or growth arrest 

Protects against apoptosis 

Protects against apoptosis 

Protects against apoptosis 

Suppressed Gene Function Outcome 

1 4ARF 

PCNA 

RB 

BC L-2 

MDM-2 binding Down-regulation of p53 

DNA replication and repair Cell cycle arrest 

Sequesters E2F transcription factor Cell cycle arrest 

Survival factor when self-dimerized Apoptosis 

Compiled from Arnundson et al. (1998) and Kirsch and Kastan (1 998). 



This is prrhaps an explmation for the association of diffèrent p53 mutations and variable 

clinical consequences and disease courses (Blandino ri cil.. 1999). 

The list of p53 responsive penes is ever increasing. with a whok serirs of novel 

pj3-inducible grnrs being idrntifird using the differrntial display (Amson ri tri.. 1996: 

Lrhar et cil.. 19%: Israrli et cil.. 1997). SAGE ( bladden rr  cil.. 1997: Polyak et cil.. 1997). 

and othrr mrthods (Bourdon et cil.. 1997). Some p53-regulated genes are listed in Table 1. 

2. 3. 1 .  1 .  Drspite the facts that the physiological functions of the currently known p53- 

regulated genes are diverse and that the biological relcvance of most novel yenes remain 

unknown. two rvell establishrd consequencrs of p53 activation - ceII cycle arrest and 

programmrd cell death - have brrn describeci in somc drtail. 

1. 2.3. 1. Cell Cycle Arrest 

.A cell can iirrest its progression through the crll cycle at a number of points 

Following the detection of DNh damage. p53 has bzen associated with delays in transit 

through both G1 and G?. as well as in a mitotic spindle checkpoint. Cil ürrest. a 

prominent outcorne of DNA damage. is induced in many cttlls t).pes by espression of 

esogenous wild-type p53. and shows a strong concordance with funçtional p53 statiis 

(Hanwrll and Kastan. 1994). Dependin- on the cell type. the GI rtnrst ma' bt. transirnt 

or may pemanentlq remove cells from the ccll cycle (Linke et c d . .  1997). .As cclls lackiny 

normal p53 î'tinction werr faund ro lack DNA damagr-induced G 1 but not Ci? arrest 

(O'Connor rt til.. 1997). most rarly stiidies focusrd on the GI checkpoint. Induction of 

G1 arrest by p53 is mrdiated largely by the sequrncc-specific transactivation of pz1 %':IF1 

(El-Deiry et ui.. 1993). which is a CDK inhibitor (Harper rr trl.. 1993) (Figure 1. 7. 3. 1 .  

1 . ) .  Exit from G l  and entry into S phase requires the activation of G l  cyclin-CDK 
W:\F 1 complexes. and p21 inhibits phosphory lation and activation of CDK7 associated 

with cyclin D or cyclin E. preventing the phosphorylation of downstream protein targets 

required for cell cycle progression (Radford rr uL. 1994). One of these targets is the 

retinoblastoma protein (Rb) which. in its hypophosphorylated state. binds and sequestrrs 

E2F. a transcription factor required for entry of the ce11 into S phase (Chellappan ei rd.. 
W:\FI 199 1). Overexpression of p31 therefore results in G1 arrest through inactivation of 

cyclin/CDK complexes and the inablity of Rb to release sequestered E2F. Failure to 



cdc25C 
sequestration 

Figure 1. 2. 3. 1. 1 .  p53-Depcndcnt Induction of Cenes Controlling Cell Cycle 
Progression 
Activated p53 causes a G I çell-cycle arrest by incrensing ttie transcription of p2 I """. N hicli 
binds and inhibits ri variet! of q.cl  in-dependent kinases. including CDKJ activated b>. 
çomple'tation with its cognate cyclin D. Inactivateci CDK-I is iinablt: to phospliorylate the 
retinoblastomri protein. \vliich conseq~ientl>, remains boiind to transcription factors sticli as E2F 
and represses their ability to induce expression of senes required for entry of the ceil into S 
phase (not show) .  Activated p53 mûy also contribute to a G2 arrest by increasing the 
transcription of IJ-3-;a. whiçh sequestcrs the cdc25C phosphatase in the cytoplasm. 
preventing it from entering the nucleus and activating cdcl. the CDK that promotes GYh.1 
transition, 

arrest in GI alter DNA damage. which occurs in tumor çrlls with mutant p53 genes. 

would iead to DNA replication using a damaged template. In additicn to binding 
WAF I cyclinKDK complexes. p21 also blocks DNA replication by binding to proliferating 

ce11 nuclear anrigen (PCNA) but does not inhibit the ability of PCNA to mediatr DNA 

repair processes (Warbrick r i  d.. 1993). GADDJS. another p53 tarpt gene. also interacts 

with l (Kearsey et ril.. 19953 and PCNA (Hall e l  ai.. 1995). Although the precise 

fùnction of GADD45 remains elusive. it has been speculated that its interaction with 

PZ 1 may be to act as a molecular chaperone. guiding pZ1 to PCNA. While 



\l..-\ F 1 
pZ 1 appears to be the major cffector of p53-rnrdiated Gl  arrest. this CDK inhibitor 

may also couple the initiation of DNA replication to the complrtion of mitosis. tn this 
W AF 1 role. pl1  might function to prevent darnagtrd crlls in GTbl  from reinitiating a second 

round of DNA replication (a phrnomrnon called endoreduplication). thus prrvrnting 

mitotic catastrophe and cell death (Waldrnan er al.. 1996). 

Although GI arrest following DNA damage does not requirr p53. p53-repulated 

genrs can participate in the regulation of G2 arrest. For esample. ovtxespression of * \V:\FI hrts been shown to cause cslls to accumulate in bath G1 and G2. ruid is 

associated with a reduction of çyclin B-associated kinase activity (Niculescu er tri . .  1998). 

Esogrnous expression of 14-3-3c. another p53-responsive gens. results in G2 arrest 

( Hermeking et trl..  IC.97) by binding and sctqiictstrring p hosphory latsd cdçî K. thcre by 

prrvrnting its dephosphop lation and activation of cdc? ( Peng er d. .  1 997). requirrd for 

rhr G31M phase ceIl cycle transition (Figure 1. 2. 3. 1. I .). 

There is rilso evidence for ce11 cycle controls in latr G2 and rrirly hl phase that 

may involve p53. Cells d l  usiiaily not progress through mitosis in the presencti of 

spindle inhibitors. but p5Xnockout mousr embryo tibroblasts will undrrgo multiple 

rounds of DNA synthrsis without cornplcting chromosome srgregiition. lrading to the 

torrnation of tetraploid and octaploid crlls (Cross er d.. 1995). The mechanisrn uhereby 

this occurs remains uncertain. but inay involve the ability of p53 to regulaie centrosornr 

duplication ( Fukasawa et cil..  1996). 

1.2.3. 2. Apoptosis 

p53 c m  also respond to cellular stress by signaling the apoptotic machinrry to 

induce programmed ccll death. which is a process of c d 1  suicide that occurs through 

characteristic morphologic changes termed apoptosis. Thcse morphologic changes 

include ce11 shrinkage. nuclear condensation. DNA fragmentation. and plasma membrane 

blrbbing (Kerr et c d .  1972) which c m  result from the activity of intraceilular cysteine 

proteases called caspases (formerly ICEked-3 proteases) (Salversen and Dixit. 1997). 

Although the mechanism by which p53 initiates apoptosis remains to be fully elucidated 

(Amundson et al.. 1998). several transcriptional targets of p53 have been identified that 

mechanistically link p53 to caspase activation (Figure I. 2. 3. 2. 1 .). 



In somr ce11 types. p53 appears to transcriptionally induce Bau (bliyashita and 

Rced. 1995). which is part OF the apoptotic machine- and may cause ceIl death by 

forming a pore (Antonsson et r d . .  1997) in mitochondria that causes release of 

cytochrome c into the cytosol (Rosse rr r d . .  1998). Cytosolic cytochrome c activates 

caspases (Liu er t r i . .  1996: Zhivotovsky ri rd.. 1998). which then kill the crll. Othrr 

potential transcriptional targets of p53 that may contribute to apoptosis are the ce11 

surface "drath receptors" DR5 ( W u  et 111.. 1997) and Fas (Owen-Schaub rr ai.. 1995). 

DNA 
damage 

tBax --+ cytochrome c 
release 

caspase 
activation 

3 
* 

t PAG 608 ,eb 
? apoptosis 

tcellular oxidation genes 

Figure 1.2.3. 2. 1. Programmed Cell Death Initiated by p53 
p j 3  induction of bas crin cause cytoclirsmt. c release from mitochondria. whicli activates 
caspases that çan kill the crll. p53 can also inducr the death receptors DR5 and Fas. wliicli 
can activate caspases aficr binding to their respective ligands TRAIL and Fas ligand. pS3 
dso  increases transcription of IGFBP-3. which binds to IGF- 1. preventing it from scnding 
signals that inhibit caspase activation. p53 can also induce PAG608. a protein that can cause 
apoptosis by an unkown mechanism. Finally. crlliilar osidation genes are also indiiced by 
p53 and may cause apoptosis through redos mechrinisms. 

which bind to the extracellular signaling molecules T M I L  (Sheridan et cil.. 1997) or Fas 

ligand (Napata. 1 997). resprctively. and thereby also activate caspases. Anothrr gene 

transcriptionally induced by p53. IGFBP-3 (insulin-likr growth factor binding protein -3). 

binds IGF-1 and prevents it from initiating antiapoptotic signals (Buckbindrr et o f . .  

1995). An additional p53-induced genr. PAG608. c m  cause ce11 death by an unknown 

mechanism when transfected into crlls (Israeli et cd . .  1997). Finally. a Croup of p53- 

inducible genes was recently identitied that appear to increase cellular ouidation; when 

oxidation was blocked. p53-mediated apoptosis was inhibited (Polyak et ai.. 1997). 



1. 2.3.3.  Factors Affecting Cell Fnte Following pS3 Induction 

What determines whether a cell responds to a cellular stress with p53-inducrd ce11 

cycle arrest or with pj3-inducrd apoptosis? One important determinant appears to bi: cell 

type. Lymphocytes tend to undergo a rapid p53-dependent ce11 drath following DNA 

damage. while rpithelial cells are more likrly to siirvive and undergo a ce11 cycle arrest 

(Slichenrneyer rr t i f . .  1993). Even within the s m e  ce11 type. cellular environment can 

dictate life or drath. For esample. DN.4 damage causes interleukin-3 (IL-3)-drpendrnt 

Iyrnphocq,trs to undergo a ceIl cycle arrest in the presrnctl of IL-% ivhrreas in the absence 

of the growth hctor the sarnc: DNX damage causes p53-dependent programmrd crll 

death (Canman et t i l . .  1995). The response to a cytotoxic stress c m  also depcnd on the 

grnetic contest. Chemotherapy sftïciently induces p jhkp rnd rn t  apoptosis in fibroblasts - 
that express the oncogenes E l  A and activüted Ras (Lowe er r d . .  IL193a). tlouwer. 

without the espression of thesr oncogcnes. tïbroblasts that lack p53 w r e  reponrd to be 

more sensitive to certain DNX-damaginy agents (Hawkins er r d . .  W16) .  This 

contradiction rnay be csplainrd rither if pj3 does not srnd our lin apoptotic signal in the 

absence of thesr oncogenes or if the p53 signal çannot be intrrprcted by the apoptotiç 

machinrry in this setting. In this cellular contest. p53 may be protecting cells tiom 

chcmothrrapy rirher by facilitating repair (Clawkins et t i l . .  1996) or by limiting ceIl death 

resulting tiom endoreduplication ( Waldman et cil . .  1996). 

1. 2.4. Homologs of p53 

Although it is apparent that p53 is a critical cidaptive regulator of stress responses. 

the discovery of putative p j3  homologs. namrly p73 (Jost el d.. 1997: Kaghad ei of.. 

1997). KET (Schmalr and Barnberger. 1997). and possibly p53CP (Bian and Sun. 1997) 

suggestrd that its functions may be redundant - a notion supportrd by earlirr 

observations that p53 nul1 mice developed relatively normally. Functional redundancy 

has indeed been shown in the case of the Rb tumor suppressor by the Rb-related proteins 

p 107 and pl 30. which can compensate for the loss of Rb function (Henvig and Strauss. 

1997). 

The cloning of p73 revealed a high degree of sequence identity to p53. with the 

homology extensive in the most conserved p j 3  domains (Figure 1. 2.4.  1 .). including the 



transcriptional activation domain. the DNA-binding domain. and the olieornrrization 

domain. The p73 gene encodes two polypeptides. the products of an altemativrly -splicrd 

mRNA trruiscript. The longer of the two. the ~ 7 3 ~ .  consists o f  636 residues which shows 

signiticant hornology to a p53-iike protein from squid. suggesting that p53 may have 

rvolvrd frorn a more phylogenrtically ancirnt p73 protrin. Of particular interest is the 

h c t  that the p73 gene maps to the chromosomr region 1 p36. a region frequrntly drleted 

in neuroblastomas which. unlike the majority of tiimors. rarely c a m  p53 mutations. It is 

therefore reasonablr to sprculatrt that it is p73 ratlier than p53 thnt is prrfomin, ' 1  a t i~mor 

suppressor function in thrsti tiimors. In a yrast two-hpbrid systrrn. the shortrr p73p \vas 

I I I  I I I  IV v 

Mammalian 
~ 5 3  

KET 

lnvertebrate 
'~53' 

Critical residues F19, L22, R I  75, (3245, R248, 
W23 R249. R273, R282 

p53 versus p73 (54%) 29% 63Oh 42% ni1 
p53 versus KET (55%) 32% 65% 43% ni1 
p73 versus KET (57%) 45% 76% 44% 45% 
KET versus Loligo p53 (36%) 27% 6 O '/O 30% 28% 

Figure 1.2.4. 1. Similarities and Differences Between p53 Homologs 
The recognition of possible homologs of p53 in the mammalian genome and the identification of a 
potential mollusc (Loligo) homolog raise the notion of a family of p53 proteins. Al1 have similarities in 
the conserved boxes. including conservation of critical contact residues in the N-terminal 
transactivation domain and in the DNA-binding dornain. Similarities in the oligomerization domain 
also exist, as indicated by the percentage identities listed below the figure. In the long C-terminal 
extension of p73u. KET. and squid sequence there is a region of homology denoted a SAM domain. 
which is absent frorn the splice variant of p73, p73 P. 



shown to fonn homotypic and. perhaps more importantly. heterotypic interactions with 

p53. suggesting a possible rolr for p73 in regulating pj3 function. p73 is capable of 

PZ 1 ' induction and growth suppression but is not inducrd in response to DNA- 

damaging events. Jost rr c d .  (1997) showed that transient expression of p73 in a p j h u l l  

ce11 line promotes apoptosis. but whether this occurred via a p53-independent or a novel 

p73-drpendent pathway remains to br drtrrminrd. At the same tirne as the p73 discovery. 

3 group srarching for signai transduction componrnts in rat taste rrceptor cells amplified 

anothttr pj3 homolog trrmrd KET. as it is cxpressed in keratinocptes (Schmale and 

Barnberger. 1997). KET is cxpressed during smbryonic drvrlopnient und in certain adult 

tissues and like p 7 h .  it shows homology close to squid p53. again suggesting tliat KET 

and p73 ma- represent primordial pS3 ancestral pnrs .  The restricted expression pattern 

of KET. rspecially during embqogenesis. suggests that it is involveci in tissue-specific 

differentiation processes. It  is noteworthy that both p73 and KET have remrirküble 

consrmation of critical contact rrsidues for mdml (equivaltint to residues F 19. D232 and 

L X  in p S )  and the DNA-bindiny domain (quivalent to p53 residurs R175. G245. 

FJ8. R 3 9 .  R273. and R-82) ris well as homology in the oligomerization domain. I t  

might bs prediçted that these othcir proteins will interact with mdmî. have sirnilar DNA- 

bindiny propenies. and poteniially homo- and hrtero-olipomerize. The long C-terminal 

extension of p 7 h .  KET. and the squid homolog have a motif called the SAM domain 

which is present in diverse proteins throughout eukaryotic phyla and may function to 

subsèrve protein-protrin interaction (Schultz et td.. 1997). 

1.3. Loss of p53 Function and Tumorigenesis 

One of the strongrst implicators of p53 dysfunction in human tumorigenrsis is the 

vcry high mutation rate of this gene. Also supporting the involvement of p53 in turnor 

formation are a wide range of in vitro and in vivo studies. Convincing evidence was 

provided by "p53 knockout" mice. which developed normally but which were 

predisposcd to early-onset cancer. rnost commonly malignant lymphoma with lower 

frequencies of sarcoma or breast or ovarian cancers (Donehower et al.. 1992). Mice 

heterozygous for p53 inactivation developed fewer lymphornas but had more carcinomas 

and had a more delayed onset of tumorigenesis that was enhanced by chernical 



carcinogen exposure (Harvey rr trl.. 19931) or by ionizing radiation (Kemp ci trl.. 1994). 

blouse embryo fibroblasts from p53 -1- rnice had altered growth characteristics compared 

to wild-type fibroblasts. including shorter doubling timr. ability to grow under low ceIl 

density. and lack of senescence at high passage (Harvey et cri..  1993b). Loss of p53 has 

also been shown to allow the immortalization of hematopoirtic crlls by myc or n f  

oncogencs (Metz rr trl.. 1995). Whrthrr p53 is necessary and/or sufficient for 

immortalization. or whrthrr the absence of p53 allows other genetic changes to occur 

which result in immortalization. remains unslear. In Ain (Kemp rr trl.. 1993) and prostate 

(Thompson et tri.. 1995) cancer mode1 systrms. p53 deticiency was found to correlate 

with increased malignant progression (but not with tumor initiation or promotion) and 

with a high drgree of metastasis. respectivrly. The absence of wild-type p S  wns also 

associated with aggressive tumor growth and ri decreasr of apoptosis of brain çhoroid 

plesus epithelid cancer. suggctsting that p53-depcndcnt apoptosis ma' act lis n check to 

tumor growth and progression (Symonds et d.. 199-1). 

Othcr aspects of tumor growth and progression may also bt. infiuenced bg p53 

loss of function. The efticirnt growth of tumors is deprndent on the ability to proniote 

angiogrnrsis. Wild-type p53 expression results in the secretion of inhibitors of 

angiogrnesis ( Damrron er c i l . .  1994). and this may br an additional mtxhanisrn by which 

the presrnçe of wild-type p53 inhibits tumor progression. Hyposic conditions. suçh as 

those in a turnor with inrtdrquatr blood supply. induce accumulation of p53 protrin 

(Graeber et tri.. 1994). The rnsuing reducing environment. by rrdox rrguiation. would be 

ctsprctrd to stimulate the DNA binding ability of p53 (Hainaut and Milner. 1993). Sincr 

hppoxia has also bern shown to induce p53-drpendrnt apoptosis (Grarbrr rr tri.. 1996). 

low oxygen conditions may providr a selrctive actvantaye for cells carrying p53 

mutation. rvidrncrd by results showing that cells lacking p53 can ovçrtake cells with 

wild-type p53 afier hypoxia treatrnent. Hypoxia may tùrther favor tumor expansion by 

loss of expression of anti-angiogenic factors. such as thrombospondin- 1 (Dameron et trl.. 

1994). or by  increased expression of the angiogenic vascular endothelid growth factor 

(VEGF) gene (Schweiki rf d.. 1992). 

Missense mutations of pj3  might affect its Function in several ways. including 

loss of wild-type p53 Function. a trans-dominant effect of mutant over wild-type p53 



function (dominant-negativr effect). and gain of oncogenic potrntial. The hct that p j 3  

nul1 mice are highly tumor-prone strongly argues that loss of p53 function contributes to 

tumorigenesis. .A dominant-nrgativr rffect of mutant p53 proteins. possibly through 

oligornrrization with wild-type p53. may result in an inhibition of the wild-type ability to 

bind DNA and activnte transcription. Corspression of several p53 mutants together with 

wild-type p53 resuitrd in the suppression of wild-type pjhegulated transcriptional 

activation (Krm rr al.. 1992). and indirect widence from a yrast assay idrntifyiny 

dominant-negativr pj3 mutants suggcsts that the majority of mutant pj3 protrins found 

in human tumors have the capacitp to function in a dominant-nrgativs fashion 

(Brachrnann rr cd..  1996). In support of these in iVitro tindings. increased tumor incidence 

has been found in p53 wild-type mice crirrying a dominant-negativt: transgenr ( Harvey er 

1 1995). Some pj3 mutants art. capable of conferring increased tumoriyrnicity. 

metastatic potrntial. and tissue invasiveness (Dittmer et d. .  1993). Such gain-of-function 

propenirs of some mutant p53 proteins ma- bt: relatrd to the ability of the mutant. but 

not the wild-type. pj3 protrins to prt.ti.rrntiallp stimulate transcription tiom promoters of 

genes siich as MDRl  (Dittmer r i  trl.. 1993). A interesthg experimrnt demonstrating 

both rhr dominant-negritive and gain-of-function r fkcts was performttd nith transgrnic 

mice rxprrssing ü mutant p j 3  protrin in wild-type and p53-deticirnt yenetic 

backgrounds. Expression of this mutant increased tumor incidence in mice carry ing one 

or both wild-type alleles but not in mice that were homozygous nuIl for p53 (Harvey II 

id.. 1 995). 

1. 4. Prevalence and Types of p53 Alterations in Malignancies 

Although the overall proportion of human tumors shown to harbor p53 mutations 

is very hiph (up to 50%) (Hollstein et tri.. 1994). the mutation frequency varies depending 

on the cancer type (Table 1. 3. 1 .). Alieiic losses. missense and frameshiti mutations. 

intragenic deletions. and epigenetic changes have a11 been shown to occur in the p53 gene 

of human tumor tissues. Some rnalignancies. however. such as Wilms tumors. testicular 

cancers. pituitary tumors. and pheochromocytomas rarely contain p53 mutations. While 

other turnor suppressor genes are ofien disrupted by nonsense mutations leading to a 

truncated protein product. p53 mutations are mostly substitution changes diat prevent 



Table 1.3. 1. Frequency of pj3 bhtations in Different Turnor Types 
-- - - 

Tissue or Site Frequency ( O h )  Tissue or Site Frequency (%) 

Lung 

Colorectum 

Esophagus 

Ovary 

Pancreas 

S kin 

Stomach 

Head and neck 

Bladder 

Prostate 

Hepatocellular 

Brain 

Adrenal 

Breast 

Endometriurn 

Kidney 

Thy roid 

Hematopoietic 

Carcinoid 

Melanoma 

Parathyroid 

Cewix 

Compliled from Hollstein et al. (1994). 

sequencr-specific transcriptional activation (Vopelstein and Kinzler. 1993). 

Approsimate l y 40% of these muiat ions cluster in four of the evol~itionarily conserwd 

hotspots which encompass the DNA-binding domain (Cho et al.. 1 994). The sites of thesc 

mutations in the p j 3  Bene sequrnce. as well as the timing of their occurancc in the 

neoplastic progression. may offer dues to the stiologp of the dit'ferent types of cancer. 

Mutations in several oncogrnrs and tumor supprrssor grnes that regulatr the 

pathways of ce11 growth and death appear necessary for tumor formation and progression. 

As cach mutation anses. the tumor niay progress histologically. as has bern characrerized 

for the adenorna-adenocarcinorna sequence in colon cancer (Fraron and Vogrlstein. 

1990). By examining the p53 status of different tumors from distinct histopathologic 

stages. p53 mutations have bcen shown to occur in relatively rarly. bcnign cancers of the 

skin (Ziegler et rd.. 1994). lung (Soui et cri.. 1992). breast (Thor et cd.. 1992). and head 

and neck (Boyle et r d .  1993). In contrast. p53 mutations have been suggested to occur 

later in the development of tumors of the colon (Baker et rd . .  1989). prostate (Navone et 

cd.. 1993 3. ovary (Kahler et rd.. 1993). bladder (Fujimoto et uL. 1992). cervix (Tsuda and 

Hirohashi. 1992). endometnum (Tsuda and Hirohashi. 1992). and thyroid (Donghi et ai.. 

1993). Interestingly. the former group of tumon is associated with known environmental 



carcinogens. A cornparison of the types of p53 mutations identifird in these tumors 

demonstrates signiricant variation between tumor types. but correlates wel1 with the type 

of DNA damagr specific to each environmental carcinogen (Table 1. 3. 2.). In hct. 

specitic p53 mutations in tumors ma); be usrd to identify carcinogens that contribute to 

the gcnesis of a particular type of turnor (Grernblatt er c d . .  1994). For esample. 

dipyrimidine mutations such as CC-TT transitions occur in approximately 10% of skin 

cancers. where UV light is the principlr carcinogcn. but are rare in othrr malignancies 

with p53 mutations (Ziegler rr d.. 19933. Once a keratinocyte has impaired p53 function. 

it would b r  unable to cirrest in G1 in rrsponse to UV-induced DNA damagr. thus 

potentiaily enhancing the likelihood uf accurnulating more mutations. The krrotinocyte 

with mutant p53 is also lsss liksly to undrrgo npoptosis following LW sxposure. and 

therebrr sun exposrire ma! prrferrntially diminair skin crlls with normal p53. whils 

more resistant p53 mutant çrlls continue to grow. Sinçr loss of p53 f~inction has brrn 

linkrd to suboptimal repair of UV-induced thymine dimers (Ford and 1-Ianawali. 1995). 

çontinued LW irradiation could then promotr grnetic instabili ty and tumorigenesis by 

mutating othrr genes. 

Othrr types of cancer ma' also have characteristic p53 mutations. The p53 

mutation spectrurn identitied in squamous ceIl lung cancer has been linkrd directly to 

cigarette smoks carcinogens such as the polycyclic aromatic hydrocarbon. 

Table 1.3.2. Distinct p53 Mutations Frequently Obsened in Different Tumor 
Types 

Tumor Type Frequently Observed p53 Mutation Mutagen lmplicated 

Squamous ce11 C to T transition at consecutive UV light 
carcinoma of the skin dipyrimidine nucleotides 

Squamous ceIl G to T transversion 
carcinoma of the lung 

Colorectal cancer C to T transition at CpG 
dinucleotides 

Benzo[ajpyrene in 
cigarette smoke 

Endogenous DNA 
metabolism 

Hepatocellular G to T transversion at codon 249 Dietary aflatoxin B 1 
carcinoma 

Angiosarcoma of AT to TA double transversion Vinyl chloride 
the liver 

- - -- - - - 

Compiled from Hollstein et al. (1 998). 



brnzo[a]pyrene (Drnissenko et l .  1996). A beiizo[alpytenr metabolite binds 

preferentially to guanine at the tirer positions where p53 is most commonly mutatrd in 

lung cancers. Moreover. this carcinogen causes the samr type of mutation (guanine to 

thymine transversion) in anirnals that occur at p53 mutation hotspots in lun, u cancer 

(Ruggeri et tri.. 1993). Therefore. a direct molecular connection links a carcinogen found 

in tobacco smoke to specific pj3  mutations in lung cancer. The relativrly early 

appearancr of p53 mutation in lung cancer contrasts with the mutation of one p53 allele. 

frequently coupled with the deletion of the second allele - loss of heterozyri_osity (Baker 

C r  ol.. 1989) - at the relatively latr transition from benign adenoma to malignant 

carcinoma of the colon. Alrnost two thirds of thesr p53 mutations in colon cancer are 

cytosine to thymine transitions. and most of thesr occur at CpG dinucleotides. sites whrre 

cytosine is mrthylotrd and can be niiitated to thymine as a rrsult of deamination 

(Greenblatt er trl.. 1994). Thctrrfore. these mutations in colon cancer may not be a 

conseqiience of an esogrnous carcinogen but rathsr rnay result from endoynoiis DNA 

alteration. p53 mutation rnay be seleçted for in thrsr tumors aRer seIl proliferation bas 

crcated an environment of hypoxia and nutrirnt deprivation. whiçh can caiisc: p53- 

dependent apoptoçis (Graebrr rr d.. 1996). 

In othrr tumors. pj3  protein rnay br inactivated by rnrchanisms other than p53 

gene mutation and deletion. Most cases of' cervical cancer are associated with human 

papilloma virus (HPV) infection (zur Hausen. 1991). The virus produces the E6 protrin. 

which binds to p53 and hcilitatrs its degradation. thrreby creating a statt: of p53 

dysfunction similar to p53 mutation in tumors (Schrffner C r  d.. 1990). In addition. in 

many soft tissue sarcomas. amplification of the mdm2 gene results in mdm2 protrin 

overexpression (Oliner er cil.. 1992). which functionally simulates a p53-nu11 statr in the 

tumor because of the ability of mdmi to bind and inactivate p53 (Momand rr tri.. 1992; 

Bar& rr al.. 1993). 

As mentioned above. in a few tumor types. p53 mutation is uncornmon. Although 

severai studies have reported overexpressed p53 protrin in testicular germ ceIl turnors 

(Guillou et al.. 1996). no p53 mutations have been detected (Peng rr rd.. 1993). Since 

these turnors retain wild-type p53. which is capable of signding to the apoptotic 

machinery, this may contribute to the high cure rates even for metastatic disease. 



Neuroblastoma is another tumor type that frequently retains wild-type p53 (Vogan et td.. 

1993). In these tumors. however. a region of chromosome 1 to which the pjhela t rd  p73 

w n r  has been mapped is frequently deleted (Kaghad et cd . .  1997). ..\lthough no mutations z 

have been drtrcted in the p73 allrle. which is not deleted. initial studirs suggest that p73 

is monoailrlically espressed from the maternai chromosome I (Kaghad er (il.. 1997). 

Thrrrfore. loss of the single esprrssed allele might be siifticient to prevent p73 

espression and function. 

The importance of p53 mutations in human tumor devrlopmsnt is further 

illustrated by individuals who inhrrit germ-linr p53 mutations. Thess patients rire at an 

rstrernrly high risk for developing malignancies at a Young aye. Grrm-lins transmission 

of n mutant p j 3  allele results in the familial cancer syndrome. Li-Fraumrni. which is 

çharacterized by an increased risk t'or drveloping a widr varirty of cancers. includiny 

breast carcinoma. sarcomas. hrmatologic malignancies. and iidrrnocortical and brain 

tumors (blûlkin Cr rd.. 1990: Srivastaw er d.. 1990). Inheriting a mutant p53 rillrlr has 

also bren associated with y u n g  patients devrloping multiple primary cancers (Malkin Cr 

LI[.. 1992). 

1.5. Methods of Determining p53 Mutational Status 

1.5. 1 .  Analysis of the p53 Gene Sequence 

Direct srquenciny of al1 1 1 rxons of the p j 3  grne. ampli tied by polymerasr chain 

rextion (PCR). is the most precise mrthod for detrcting p53 mutations. althouph 

srqucncing ofexons 5 to 8 (codons 126 to 306) alone has been shown to drtect more than 

85% of al1 p53 mutational changes (Greenblatt er d.. 1994). Sequrncing of the p53 gene 

has been performed on tumor biopsies (Mitsudomi er cd.. 1993). microdissectrd cells 

from tissue specirnrns (Hedrum rr c d .  1994). and on the tumor cells present in minute 

quantities in body tluids such as urine ( Hruban et ai.. 1994) or sputum (Mao r i  rd.. 1994). 

and has shown itself to be useful in determining the presence or absence of a germline 

p53 allele in family members of patients with Li-Fraumeni syndrome (Malkin et cd.. 

1990) or with other hereditary cancer syndromes (Sarneshima et rd.. 1992: Brugieres et 

rd.. 1993). As powerful as the technique has been demonstrated. direct sequencing of the 

p53 gene has been considered to be unsuitable For routine clinical testing because of 



excessive time and labor requiremrnts. Howevcr. the introduction of rapid. autornated. 

and high-throughput srqurncing instruments promises to ovrrcomr these limitations 

(Bharaj et rd.. 1998). In one study of breast cancer patients. automated srquencing of the 

complete coding region of p53 yieldrd prognostic information and predictcd response to 

adjuvant thrrapy and radiotherapy (Bergh et tri.. 1995.). and in anothrr study. targeting of 

sites in the pj3 gene encoding residuss that directly contact DNA provided bettrr 

prognostic information for breast cancer patients than mutations occuring elsewhrre in 

the p S  gene scquencr (Berns et o/.. 1998). It has bern suggested that srqurncing of 

ÇDNA generatrd from p53 mRNA is a simple and rapid alternatiw to grnomic 

sequrncing. although in one comparative study (Williams et d. .  1998). only thc latter 

technique was able to drtect intron alterations as well as a11 splice site mutations and stop 

mutations. both of which w r e  associated in some cases with reducrd stability of p53 

m RN .A. 

Genstic abnormalitirs of p j 3  have also been demonstrated by Iess espensive and 

simplrr analyses. the results of which wcrc later usually confirmed by direct DNA 

scquencing. The altercd rlectroplioretic mobility. undrr non-denaturing conditions. of 

single stnnds of PCR-amplitird p j 3  fragments containin- missrnsc mutations can be 

cornparrd to the migration rate of wild-type fragments in order to detect mutations. This 

technique. single-stnnd conformation polyrnorphism (SSCP) analysis. has a sensitivity 

and speciticity approaching 90?/0 for detectiny p53 mutations (Orita et 111.. lL189). and has 

been applied for the analysis of cancer crll lines (Murakami rr cri.. 1991) and of most 

types of tumors (Chang rr rd.. 1992: Hunter et trf . .  1993: Kuprvjanczyk et cd. .  1993: 

Lohrnann et oi.. 1993: Kapprs et til . .  1995: de Witte rr oi.. 1996). p53 mutations have 

also bren detected by other screening methods. including denaturing gradient gel 

rlrcuophoresis (Beck et al.. 1993) and the related constant denaturant gel electrophoresis 

(Borresen et cri.. 199 1 ) and temperature gradient gel rlectrophoresis ( Schlechte et ol.. 

1997). al1 o f  which. like SSCP. have sensitivities for detecting pj3 mutation less than 

direct sequencing. Recently developed and applied for the detection of p53 gene 

alterations are newer screening methods such as dideoxy tingerprinting. which is a highly 

sensitive hybrid technique combining aspects of SSCP and didroxy sequencing 

(Martincic et cd.. 1999). e ~ c h e d  PCR SSCP (Behn e t  al.. 1998). oligonucleotide- 



mrdiated mismatch ligation assay (Hibi et id.. 1998). and cDNA microarrays. rnabling 

the measurrment of the expression of thousands of genes. in addition to p53. in a single 

exprriment (Kononen rr td .  1998). 

1. 5 . 2 .  Detection of p53 Protein Accumulation 

Wild-type p53 protein has a lifespan of srveral minutes. lçading to nrarly 

undetectable levels of p53 protein in most crlls. whrreas the rniich longer half-livrs of 

pj3 mutants facilitate thrir detection (Nigro et trl . .  1989). The strong correlation betwern 

p53 srne mutation and p53 protein accumulation rxisting under most. but not d l .  

circiimstances permits simple immunological mrthods for p53 protrin detrction to 

substitute for the more cornples and labor-intensive molecular biology techniques. Most 

communl~. thesr: methods take the forn of routine immunohistochtimical tcc hniques 

which arc rapid. technically simple. and able to provide antigen localization with respect 

to histologie featiires of the tumor. .A compilation of 84 studies in which 

immunohistochemistry (IHC) and sequencing methods wcre performed on the same 

tumor sets revealrd that sensitivity for immunostaining for mutant p53 was 7j0/0 and the 

positive predictive value was 63% (Greenblatt et d.. 1994). The significant perccntayes 

of hisr-positive and false-ncgative tindings typical of IHC (or of ELISA) may result 

from the fact that nonsense mutations. which lead to truncated forms of p53. do not rrsult 

in increased concentrations of pj3 intracrllularly: moreover. p53 concentrations are 

increased in somr tumors. particularly melanomas and testicular carcinomas. without 

containing any mutations (Harris and Hollstein. 1993 ). 

Although immunohistochemical techniques have proven invaluable for the rapid 

screening of essentially rvery turnor type for p53 accumulation. rnethodologic differencrs 

resulting from various combinations of tissue fisation and antigen unmasking procedures 

(for formalin-fixed. paraffin-embedded sections). p r i m q  anti-p53 antibody. and criteria 

For designating the p53 expression status of the specimens. have made cross-study 

cornparisons of IHC-detectrd p53 protein difficult (Baas et cil.. 1994: Fisher er ol.. 1994). 

An alternative to IHC is the measurement of soluble p53 protein in tissue extracts by 

quantitative irnmunoassay. Although these ELISA methods likewise suffer from inherent 

pitfalls. including the requirement for fiesh frozen tissue and the inability to locaiize p53 



expression to cellular or tissue componrnts. they ma); offrr several advantages. Relative 

to IHC. ELISAs may be perforrnrd with minimal technical expertise. they genrrate 

numerical res~ilts amenable to objective and consistent interpretation. and thry may 

provide rnhancrd sprcificity owing to the use of two pj3-specitic antibodies (in the most 

common assay configuration). ELlSAs for p53 have bren used to determine p53 

concentrations in cstracts from turnors of breast (Bartkova rr tri.. 1993: Hassapoglidou er 

trl.. 1993: Thomas rr tri.. 1997: Norberg er tri.. 1998). gastrointestinal (Bankova er id.. 

1993 Joypaul er rd.. 1993). vulval (Bartkova ei cd.. 1993). hrad and nrck (blaass er tri.. 

1997). and lung (Pappot et tri.. 1996) origins and have bern s h o w  to br comparable to 

immunohistochrmistry. whrn performitd in paraIlel. tor the assesment of p53 protein 

status in breast (Vojtesrk el ui.. 1993: Thomas er ul.. 1997: Norberg et [il.. 1098) and 

rastrointestinal (Joypaul et cri.. 1993) tiimor specimens. Direct corn parison of a p53- * 

speci tic luminometric immunoassay and ÇDNA srq~iencing has recentlv reportcd the 

ability of the former mrrhod to detect the majority of missensr mutations. but not 

deletions. insertions. and somr tiamrshift mutations in breast çüncrr specimens (Norbrrg 

L'I cri. . 1998 ). 

1.6. Potential Role of p53 in the Management of Cancer 

1.6. 1. p53 as a Diagnostic and MonitoringTool 

The high prevalrncr of p53 mutations in human cancer suggests that p53 could br 

iisrd as a marker of malignancy. In cytology. suspicio~is cases frequrntly occur for which 

ri satisfactory distinction betwern bcnign and malignant cannot be made. and it has been 

suggested that the immunocytochemical detrction of p53 ma. be used for this piirpose in 

thosr tumor types in which p53 mutation is an early evrnt (Dowell et tri.. 1994). As p53 

mutation is not a consistent finding in al1 turnors. the sensitivity of this approach would 

be poor. but the specificity would be high (close to 97%). The drtection of p53 aiterations 

would be especially usehl in those cancers in which p53 mutational events occur early in 

turnor progression. such as in turnors of lung (Chiba er al.. 1990: Kohno et of.. 1999). 

breast (Thor ei rd. .  1992). and head and neck (Boyle et cd.. 1993) origin. p53 alteration 

has also been associated with the progression of Barrett's epitheliurn to invasive 

esophageal carcinoma (Casson el rd. .  1994). Although p53 mutation c m  occur in the 



earliest clinically detrctable stages of the neoplastic process in somr types of cancer. the 

fraction of tumors with an altered p53 gene is typically higher in late stage tumors. 

Alteration of pj3 status assessrd by molecular diagnostic strate@ or imrnunochernical 

anal y ses of tissue biopsy samples. cytologic specimrns. or cells collected from nipplr 

aspirates might br an rarly indicator of response in cancer chemoprevention trials as well 

as an indicator of disrase in screening programs that use cytologic specimens. In fact. the 

potential of p53 mutational analysis to aid in the çarly diagnosis of cancer has alrrady 

bren demonstrated in somr cases. Both an invasive bladder carcinoma specimrn. and a 

cytologic preparation made from unnr collected nine years betorr surpery. wrre round to 

contain the samr p53 mutation (Hruban C r  d.. 1994). Bronchid biopsy samples frorn 

patients with luny cancer have also been found to harbor p j 3  mutations (Mitsudomi et 

cd . .  1993a). and the sputlim o t' a series of lung cancer patients w r e  tiequently tound to 

have p53 mutations. dctcctcd one year prior to the diagnosis of lung cancer in one case 

(Mao C r  cd.. 1994). Similar tindings of p53 mutations in bronchial washings of patients 

with carly stage non-small cell lung cancer (NSCLC) tiavc recentl) bern reported 

(Ahrrndt Cr (11.. 1999). p53 gene status has also bern proposrd as a rnarker to discriminate 

multicrntric lung cancers h m  intrapulmonaq metastases ( Matsuzor rr cri.. I 999) md. 

when determincd in serum DNA from patients with colorcctal cancer. map b r  useful for 

disense monitoring ( Hibi et r d . .  1998). 

Camers of a mutated p53 genr in families affected bp Li-Fraumçni syndrome. 

characterized by an elevatcd risk of cxly-onsçt breast cancer. childhood sarcomas. and 

other neoplasms (Malkin rr d.. 1992). have a 50% likelihood of being given a diagnosis 

of cancer by the age of30. and the probability increases to nearly 90% by the ayr of 65. 

Treatrnent of the primary cancer with radiation or chernothrrapeutic agents may increase 

the risk of second cancers. Rapid DNA-based screening tests have been devrloped to 

detect these germline p53 mutations. but simpler tests of p53 function have also been 

described to idrntify carriers (Frebourg rr cd.. 1992: Cmplejohn el ol.. 1995). The 

potential benefits of predictive testing for germline p53 mutations arnong cancer prone 

individuals has been subject to debatr. and a number of bioethical and economic issues 

have also been raised (Li et ni.. 1992). Although much less strongly linked to cancer risk. 

a polymorphism at codon 72 of the p53 gene has been associated with an increased odds 



ratio for development of adenocarcinorna of the lung (Wang et rd. 1999). Devrioprnent 

of breast cancer in women with brnign breast disease has also been associated with p j 3  

status. as demonstrated in a large nested case-control study (Rohan et ul.. 19%). 

Very soon afier p53 protein rtccumulation \vas recognized in tumor tissue. mutant 

p53 protrins. as tumor specific antigens. were proposed to be targrts of the host immune 

system. Examination of senim has shown that sorne patients with cancer harboring a 

rnutated p53 allele have mountrd a humoral immune response to abnormally high Ievrls 

of p53 resulting from the prolonged stability of the mutant forms relrased from the dying 

turnor crlls. Srrum antibodirs against p53 have b r rn  found in approximately 10-20% of 

patients with breast (Crawhrd cr tri.. 1982: Green rr d.. 1994). lung ( Wintrr er rd.. 1992). 

colon ( Angrlopoulou rr rd.. i 994: Houbirrs rr d.. 1995). and ovarian ( Angelopoulou er 

rrl.. 1904) cancers but in a smaller percentqti of patients with lrukernia or with thyoid or 

prostate cancers (Lubin C r  tri.. 1995a). Mthough the vast majoritp ot' sera çontaining 

autoantibodies agriinst p53 are tiom patients whose primary tumor tissues owrespress 

p53 ( Wild et oi.. 1095). a detrctable immune rcsponsr: to pj3 protrin does not appear to 

br: a consistent phcnomenon. sincr the proportion of tumors with mutant p53 protein is 

usually considrrably Iiiyhrr ( Rainov er d.. 1995: Vojtesek rr d.. 9 ) .  Ssroloyical 

diagnosis of cancers such as liver angiosarcorna in workers txposrd to vinyl chloride 

(Trivers rr tri.. 1905) or lung cancer (Lubin et cri.. 1995b: 'Trivers rr d.. 1996) rnay b r  

possible sincr the anti-p53 immune responsr rnay be rarly rvents detectable brfore 

clinical manifestation of thrse diseases. Several studirs document the ability of srnim 

titre of p53 autoantibodies to parallel tumor burden (Angelopoulou ei d. 1997: 

klitsudomi rr cri.. 1 998) and response to treatment (Zalcman rr rd.. 1998). suggrsting their 

potrntial utility for serological monitoring or cancer. 

The senirn concentration of soluble p53 protein. presumably tumoral in ongin. 

has also been suggested as a potential cancer biomarker (Winter et al.. 1992). Application 

of p53 immunoassays have shown rlevated levels of detectable p53 in the sera of patients 

with lung cancer (Luo et (11.. 1994). pancreatic cancer (Suwa et ai.. 1997). hematopoietic 

cancers (Lehtinen et ul.. 1996). asbestosis (Partanen et d.. 1995: Hemminki et rd.. 1996). 

and following exposure to carcinogenic chromiurn compounds (Hanaoka et al.. 1997) or 

vinyl chlotide (Smith et al.. 1998). relative to nondiseased or nonexposed controls. 



However. in othrr studies. anti-p53-immunoreactivity was inconclusively related to either 

the presence of rnalignancy (Segawn rr tri.. 1997) or to sxposure to carcinoyens such as 

asbcstos (Krajewska et td . .  1998). Furthemore. although the use of HPLC tiactionation 

of putative tumor-associated antigens isolated by novrl a gel îïberg lass chromatography 

method has also bcrn proposed to demonstrate p53 protrin prescnce in serum of patients 

with colon cancer (Zusman rr trl.. 1996: Sandlrr et d.. 1998). the specificity of this 

niethod has not bren adequately confined. 

1.6. 2. Cancer Therapy by p53 Restoration or Modulation 

In the treatmrnt of cancer. eflons to restorr or modulate p j 3  function have brrn 

basrd on the rationale that tümor crlls endogenously lacking this function might dçstroy 

themselves or at lrast becomr more susceptible to the efkcts of D N h  damaye intlicted 

by conventional c hrmothrrapy or radiotherapy once p53 hnction would be restored. 

Tliree iipproachrs are particularly prornising. The first approacli involves virus-mediated 

-ne translrr and rsprçssion. the second is thc use of a cytolytic vinis which can rcplicate 

only in cells lacking p j3  function. and the third is basrd on the design of small molciculrs 

that can intertkre with the nrgative rcigulation of p j 3 .  pharrnacologically activating tlir 

p 5 3 responsc. 

A wild-type pj3 DNA Fragment which has been insrrtrd into a retroviral vrctor 

has bren usrd to restore the wild-type p53 gent. to lung cancer cells and has bren shown 

to suppress the growth of both lung cancer ceIl linrs and hurnan lung cancers in nudr 

mice (Fujiwara et t r i . .  1994). Similar tindings in colorectal cancer crlls have been 

reported using the replication drfective adenovirus AdjXMVIp53 (Spitz et d . .  1 9%): i t 

has also been shown that this agent has a synrrgistic effect when usrd with cisplatin 

chrmotherapy (Ogawa et c r i . .  1997). In fact. introduction of the sarne adenovirus into 

colon cancer cells has been found to potentiate the cytotoxic effects of a variet); of 

anticancer agents (Yang et al.. 1996) as well as to ionizing radiation (Spitz et t r i .  1996b). 

and its intracerebral injection into gliomas in nude mice caused tumor regression. rven in 

those tumors containing endogneous wild-type p53 (Li et al.. 1999). A clinical trial using 

wivild-type p53 gene transfer in nine patients with NSCLC in whorn conventional 

treatment had failed has been reported (Roth et al.. i996). In this study. a retroviral 



vector was injected directly into the tumor either percutaneously with radiological 

uuidance or via a brochoscope. In situ hybridivtion and PCR demonstrated vector-p53 s 

sequenccs in post-treatment biopsies. and apoptosis \tas more frequent in post-treatment 

than in pretreatment biopsies. No treatment-relatrd toxicity was noted and tumor 

regression occurred in three patients. Anothrr phase 1 trial in advanced NSCLC using a 

different adrnovirus. delivered similnrly. has confirrnrd the expression and safety o f  

wild-type p j 3  grne therapy (Schulrr rr cd.. 1998). proof of principle of which has also 

been dernonstratrd in several other cancer models including thyroid (Blagosklonny er cil.. 

1998). ovririan (von Grurnigen rr rd.. 1998). h e d  and nrck (Clayman rr ul.. 1998). and 

colon (Bouvet et trl.. 1998) cancers. Rathrr than using vinises 3s a vehiclr. to deliver wild- 

type p53 into lung cancer ceils. another group rniploy ed cationic l i  posomc-pj 3 

complexes. which were shown to ettècti~elq. introduce p S  into bronchial epithelium in 

r i i w  (Zou et LI[. . 1998 ). 

A DNA tumor ndenovirus produces a 55 kDa protein from the E l  B region of its 

senome which binds and inactivates p53. It u.as hypothesized that an cidenovinls lacking 

E l  B would not br able to rcplicate in normal cells but would in cancer cells lacking p j3  

tùnction. For this rcason. ONY '<-O 15. an E 1 B genr-attenuated adenovirus was comparrd 

with normal adcnovirus in human colonic cancer crll lines uith and without p53 tiinction. 

As expectrd. the ONYX-O 15 virus rrplicated as eî'ticirntly as the normal virus in the cell 

line lacking pS3. but not in the cell line with normal p j3  (Bischoff et rd.. 1996). 

Subsequsnt work showed thai. whils normal human cells are very resistant to the 

cytolytic effects of ONYX-O1 5. a wide range of human tumor ceIl lines with rither 

mutant or normal p53 gene sequencrs are destroyed (Hrise er til.. 1997). The 

susceptibility of turnor ceils with wild-type p53 may be dur either to undetected p53 

mutations or to malfunction of other components of the p53 pathway. Although a phase I 

trial of ONYX-015 in patients with advanced cancer is currently underway (Kim et rd.. 

1998). doubts have been raised about both its efficacy and safety (Hall er cil.. 1998: 

Rothman et LI/. . 19%). 

n i e  activity of p53 is dependent. at least in part. on sequence-specific DNA 

binding which is controiled by at least two negative regulatory domains in the p53 

molecule (Hupp et al.. 1992: Muller-Tiemann rr d. 1998). Neutnlization of the C- 



terminal regulatory domain by a specitic antibody activates p53 (Hupp et c i l . .  1995). and 

it is likely that stress-relatrd factors which influence the transcnptional activity of p53 act 

in a similar manner. The same antibody c m  activatr mutant forms of p53 synthesized by 

human tumor ce11 lines (Nirwolik er c i l . .  1995). and it has becin siiggrsted that srnall 

moleculcs might be designed to activate confomationally-altered mutant p53 to a f om 

competenr for DNA-binding and transactivation. 

1. 6.3. Prognostic Implications of pS3 Mutations 

Consistent with findings that pj3 alterations oftrn correlate with more aggressive 

tiimor phcnotppes. the presence of p53 mutation has beçn associated with worsr clinisal 

outcorne in many foms of cancer. Contributing to the poor pro-nosis of patients with 

pj3 mutation may be the loss of wild-type p53 tumor suppressor tiinction. resistance to 

radio- or chrrnotherapy. or the acquisition of oncogenic properties by mutant pj3. The 

rapid progression. including invasion and/or metastasis of follicular Iymphomas ( Sander 

r r  ol.. 1993 ). pliomas (van Mryrl et ci l . .  I994  m d  OF many other cancers. including brain 

(Sidransky er r i l .  1992 ). bladder ( Fujimoto L'I c i l . .  1093). breilst ( Mazars er ( i f . .  1902: Fai llr 

r r  d.. 1994). gastric (Kaktiji et ci l . .  1993). hrad and neck (Boyle er c i l . .  1993). prostate 

(Visakorpi er c i l . .  1 992). ovarian ( Marks et c i l . .  1 99 1 ). livrr ( Hsu et oi.. 1 9 9 3  ). and thyroid 

( Donghi et c i l . .  1993) carcinomas have been associatcd with p53 mutations. 

Decreased survival of patients with various types of cancer have nlso bern 

associated with mutations of the p j3  gene. In breast cancer. accumulation of p53 protein 

was sorrelated with both p53 mutation (a relationship common to most. if not d l .  

malignancies) and shortened sunrival (Thor rr r d . .  1997: Frirdrichs ri c i l . .  1993). and has 

predicted decreased overall survival in node-negative patients (Silvestrini et c i l . .  1993: 

Falette et cil.. 1998). This latter finding rnight prove to be of especial importance since a 

proportion of avillary lymph node-negative breast cancer patients undergo an accelrrated 

relapse and hence may be good candidates to receiw adjuvant chemotherapy. which 

othenvise might not be administered to these patients. Not ail studies of p53 gene 

mutation or protrin accumulation and survival of node-negative breast cancer patients. 

however. have corne to the same conclusion (Rosen rr ci l . .  1995). In colorectal cancer. 

accumulation of p53 was found to correlate with high risk for disease recurrence and 



decreased survival timr aRrr surgery (Bosari et cri.. 1994). and in lymph node-positive 

colon cancer. p j 3  was shown to be an independent prognostic factor (Zrng et rd.. 1994). 

p53 cDNA sctqiiencing was recently shown to offer better prognostic information than 

pj3 immunostaining of coloreciai carcinomas (Kressnrr et cri.. 1999). pj3 mutation 

a d o r  protein overexpression has also been reported to prrdict shortened overall survival 

in sott tissue sarcomas (Drobnjak el tri.. 1994). yastnc cancer (blartin et cd.. 1992). 

chronic rnyelocytic leukemia blast crisis (Nakai rt d.. 1994). 'JSCLC (Mitsudomi et rd.. 

1994). cndometrial cancrr (Soong et d . .  1996). colorectal cancer (Goh rr tri.. 1995). 

prostate cancer (Baurr er cil.. 1995). head and nrck cancer (Sauter et tri.. 1995). and rrnal 

ce11 carcinoma (Uhiman et tri.. 1994). Furthemore. th<: prescnce of a humoral immune 

responsr to pj3.  manifestttd as detectable srrum anti-pj3 üntibodies. has nlso been 

associated in some studirs with shortend post-operative sumival in a wide varirty of 

cancers ( Houbiers et tri.. 1995: Anyelopoulou et (ri.. 1996: Bourhis et cd.. 1996: Lai et tri.. 

19%). rilthough other studies have bern unable to contirm the propostic value o f these 

antibodies ( Mitsudomi et td . .  i 998; Machara et cri.. 1999) or havé demonstrated thrm to 

be assoçiated with improvrd outconle (Saî'froy et tri.. 1999). Similariy. p j3  altcrations in 

some tumor tissiies has also bcen assoçiated with bctter prognosis (Soong et trl.. 1997). 

1. 6.4. p33 Mutation and Response to Cancer Treatment 

Because both chemotherapy and radiothrrapy had bern demonstrated to cause 

DNA damaye (Kerr et rrl.. 1994). i t  was suggested that p53-dependent apoptosis may be 

responsible for at l e s t  part of the therapeutic effects of these treatmrnts (Lowe et trl.. 

1994). Cells transformed by the vin1 oncogrne E I A undergo p53-dependent ce11 death in 

response to ionizing radiation or treatment with 5-fluorouracil. etoposide. or doxorubicin 

(Lowe el rd.. 1993a). Work using transgenic rnice has s h o w  that p53 mutations increase 

the resistance of hematopoietic ce11 lineages to gamma-irradiation (Lee and Bernstein. 

1993). In addition. X-irradiation at 9.5 days of gestation produces fewer deaths but more 

rrnbryonic abnomalities in p53-dehient mice compared with wild-type animals 

(Norimun et ai.. 1996). reinforcing the notion that normal funcrioning of the p53 

pathway is required for efficient DNA repair or cell death afier irradiation. A study of a 

srnall series of patients with rectal cancer showed that radiotherapy appeared to increase 



the number of apoptotic cells only in tumors expressing wild-type p53 (Hamada rr til.. 

1996). In breast cancer. p53 mutations were correlated with resistancr to dosonibicin 

treatment (Aas et i d . .  1996). p53 protein overespression status or genè mutation was also 

nssociated with resistance to combination chrmotherapy in patients with advanced gastric 

cancer (Cascinu et trl.. 1998). esophageal carcinoma (Ribeiro et tri.. 19%). NSCLC 

(Kawasaki rr trl.. 1997). ovarian cancrr (Mm et <il.. 1998) and multiple rnyelorna ( Drach 

1 i l  19%). It is also of interest that human tumors that rue generallp sensitive to 

radiotherapy or chrmotherapy. such as trsticular cancer or childhood acutr lymphoblastic 

leuksmia. display low rates of p53 mutations (Loue er r r i . .  1993a: Lutzkrr and Levine. 

1996: Zamble e f  oi.. 1998). whereas tumors that very ofien çontain pj3 mutations. suçh 

as colorectal and luny cancers. tend to respond Iess well to these trratments. There is also 

some evidencr that p53 status ma) not nlways prcdict outcomr reliably. Some reports 

indicatr that inactivation of the p53 grne can actuallp rrnder cells more sensitive to 

grnotosic damage ( F m  L'I t d . .  1995: Xi1 el til.. 1905). and in a stiidy of humnn squamous 

carcinoma crlls pj3 mutations did not correlate with radiosrnsiti\vity (Jung et cil.. 1997). 

1. 7. Hypotheses, Rationales, and Objectives 

The p53 pene. mutatrd more frequrntly than any other in diverse human 

malignancies ( Harris and Hollsttrin. 1993 ). functions to maintain genomiç stabilitp by the 

induction of crll cycle arrest or proyrammed ccil drath in the presencr ofcrllular stresses 

such as DNA dmage (Lrvine cr tri.. 1097). Mutational inactivation of p5; is thought to 

impair this celi cycle checkpoint. resulting in a prolif'rative advantagr and/or escape 

from apoptotic deletion of ce1 1s wi th potrntially cancer-causing genetic changes ( Lcvint: 

et [ i f . .  1997). Most p53 mutations Iead to the expression of a confomationally-altered pj3 

protein which accumulates in tumor ceIl nuclei and c m  be detected with specific 

antibodies (Hall et ( i f . .  199 1 ). Studies of p53 protein expression in tumors have employed 

these antibodies almost exclusivel y as irnmunostaining reagents ( Doiveil rr ol.. 1 994). 

despite the possible advantages offered by immunoassays (ELISAs) of p53 protein. For 

example. an ELISA would be applicable for the quantitative assessrnent of p53 protein 

not only in extracts prepared from solid tumors. but also in other biological tluids. 

including serum. where p53 might prove to have important cancer diagnostic and 



monitoring value. The presence of p53 protein in the sera of cancer patients. however. 

has not bren unequivocally demonstratrd using the esisting detection methods (Luo rr 

tri., 1994: Partanen et til . ,  1995: Zusman er d.. 1995. 1996: Hemminlii et d, 1996: 

Lehtinen et tri.. 1996: Hanaoka rr d.. 1997). 0 t h  clinical implications of p53 might 

focus on its expression status in tumor tissue. particularlp as it relates to cancer prognosis 

and trratment responsr. Despitr the value of establishrd prognostic markers such as 

disrasr stage. additional prognostic markers are often nerdrd in ordrr to idcnti- those 

patients with relatively localizrd cancer who will nonrthrless relapse and die becausr of 

thrir agyrrssive cancers. Numerous clinical studies have s h o w  that rtlthouyh pS3 

alttration typicûl l y appears in more advancrd cancers ( limi ting its usefulntiss for rarly 

cancer detrction) ( Baker et 01.. 1989: Fuj imoto er d.. 1992: Donghi er tri.. 1993: Koliler 

r i .  1993: Navont. ct [ i l . .  1993). the ability of tumor p j 3  status to indicate disease 

aggrrssivrness and hrncr patient prognosis rcmains controversial (Dowell and Hall. 

1995: Kirsch rrntl Kastan. 1 W8). Furthemore. althoupli the rfticricy of mnny 

antincoplastic dnigs ma). de pend on thrir çapaci ty to induce p53-dependent apop tosis. 

sspecially as demonstratrd in i i m u  (Lowe rt tri.. 1994). the \ due  of p53 status for 

predicting clinical rrsponsr to chrmothrrapy is ülso ~inclerir (Fan Cr <il . .  1995: Xu er oi.. 

1995: Aris el  r d . ,  1996: Kawasaki et d.. 1997). 

The development and çareful validation of a tool with which to quantitatively 

analyze soluble p53 protein was the tirst objeçtiw of the srries of studies summarized in 

this thesis and is described in Chapter II. The immunoassay was designrd so as to br 

applicable not only to lysatrs prepared from cultured cells or pulverized solid tissues. but 

also to serum, a sample matris which frequently contains irnmunoassay-interfering 

constituents (Nahm and Hoffmann. 1990). The detection of p53 protrin. cxogrnously 

added to serurn. by the new immunoassay was another early objective addressed in 

Chapter II and was necessary for a screen of cancer patient serum conducted later. 

Because the standard approach to detect pj3 protein in tumor tissue is by 

irnmunohistochemical staining. the second objective was to compare the latter technique. 

performed on formalin-fixed. parafin-embedded sections of primas lung tumor tissues. 

to the new immunoassay applied to extracts of fresh-fiozen specimens from adjacent 

regions of the same tissues. This study. described in Chapter III. was important in order 



to provide additional validation for Our immunoassap as well as an understanding of the 

relationship brtween histological distribiition of p53 immunostaining and the 

concentration of p53 in tissue lysates. Another relationship. that betwern p53 protein 

accumulation and p53 gene mutation. was addressed in Chapter IV. The work in this 

chapter satisfisd the third objective. which was to assess ovarian carcinoma tissues both 

for genetic p53 abnormalities by sequencing of KR-amplitied erons 5 to 9 (within 

which the rnajority of mutations have been shown to occur) and for p j 3  protein 

accumulation by the new immunoassay. This mrthods cornparison was primarily a 

funher validation for the nsw assa): against which some rescarchrrs consider is the 

detinitive technique for riscrrtaininy p53 status. Chapter V describes a studp pursuing the 

fourth objective. Because rxperimcints performrd during nssay dswlopmrnt suggested to 

us tliar reports from other yroups of measurable quantitics of p53 protsin in the sera of 

cancer patients ma? rrpresrnt artibctual tindings. sera collrcrrd from cancer patients 

be fore and after surgery. from patients wi t h nonmalignûnt Iiinp diseurs. and from normal 

individuals were rissayed for p53 in an effort to drtrrminr the utility of p53 as a 

circulating tumor marker. Our nsgativs tindings prompted 11s not to considrr fiinher 

studies of p53 in senim. Howver. studies performed prwiously employing a "tirst 

grneration" p53 irnmunoassay (tlassapoglidou et r d . .  1993) had indicatcd that p53 protein 

accumulation in brrast (Lévesque cr rd. 1994. 199%) and ourian (Lrvrsqiir er c d . .  

1995,) tumors was associatrd with biochttmical. histoloyic. and clinical features of 

agressive cancers. contiming a numbrr of othrr studirs (Thor er r d . .  1991: Frirdrichs rr 

al.. 1993: Tenrriello ri c d . .  1993). In light of the potential prognostic relevance of 

immunoassay-determinrd p53. the titüi. sisth. and seventh objectives were to assess the 

relationship between p53 protein expression and survival outcornes in patients with lunp 

(Chapter VI). breast (Chapter VII). and ovarian (Chaptrr VIII) malignancies. 

respectively. Also studied in Chapter VIIl was the relationship betwren the expression 
WAFI levels of ri downstrearn target gene (pz1 ) and patient prognosis. as well as the 

relationship between p53 status and response to platinum-containing chemotherapy - the 

latter representing the eighth and final objective. These studies. dl of which have been 

published or submitted for publication. are followed by a general discussion (Chapter 

1x1. 



CHAPTER II  

DEVELOPMENT OF AN IMMUNOFLUOROMETRIC ASSAY 
FOR p53 PROTEIN 

(A version from Levesque MA, D'Costa M, Angelopoulou K. Diamandis 
EP. Clin Chem 1995; 4 1 : 1720- 1 719, with permission from Mac Fancher, 

Publisher) 



II. 1. Abstract 

Drscribed hrrs is the evaluation of a new "sandwich" immunoassay for p53 

protein incorporating modifications to a prrviousiy reported method. includinq the use of 

microtiter plates coated directly with the anti-pj 3 monoclonal antibody DO- 1. of a 

detergent- and mouse semm-containing sample diluent. and of a labelrd secondas 

antibody diluent to which goat serum was added. The use ofCb1-1 antisrrum to probe the 

immunocaptured p53 and the detection of bound complexes by a labclrd secondary 

antibody allows coupling to a timr-resolved fluorescence detrction systrrn. The new 

assay pirlded p53 concentrations comparable to the previous one in breast turnor cytosols 

(11-198). in nondiseascd brcast tissues (n=70). and in tive transformeci cd1 lines. but 

showd difkrencrs in p j3  values measurcd in sera îiom patients without cancer (n=78) 

which \vert: rrveÿled to bt. nonspecitic interferences afkcting the original msthod. 

implying that the new immunoassay has improved spwiticity for smim p53 

quanti tication. 

II. 2. Introduction 

Correlating very çlosely with p53 senetic changes is the accumulation of a 

conformationaily-altercd mutant p53 protein. usually in the nucleus of transfomird and 

tumor-derivcd crlls (Lane and Benchimol. 1990). Normal cttlls. in contrüst. typically 

have undetectable wild-type p j 3  protrin levels. Becausr of tlir relative case of the 

immunochrmical drtection of p53 protein compared to the approaches targeting changes 

ai the genetic level. immunohistochrmical techniques to visualize pj3  protrin in s i t i r .  

usine eithrr monoclonal antibodies opainst mutant p53 protrin or polyclonal antisera. 

have become the standard tools used in the majority of studies reporting p53 protein 

ovcrexpression (Hall rr cil.. 199 1 ). Using such rnethods. it has been demonstrated that the 

overexpression of p53 protein in tumor tissue may predict reduced patient disease-tire 

survival andlor overall survival for a number of tumor types (Martin et d.. 1992: Thor rr 

cd. .  1992: Levesque et cil.. 1995~). However. quantitative imrnunological methods for p53 

protein measurement in cellular extracts offer an alternative approach for the quantitation 

of p53 protein in tumor tissues and in cultured ce11 lines. 



Despitr the potential advantages of immunological assay systems (Diamandis and 

Lrvesque. 1995). the availability of a large number of p j h p e c i t i c  monoclonal and 

polyclonal anti bodies. and the recognition that more precisc quantitative estimations of 

p j 3  accumulation in tumor tissues are ncrdrd than are presently provided by 

imrnunohistochemical methods (Hall and Lanr. 1994). k w  immunoassays for the 

quantitication of soluble pj3 protrin have bren describsd ( Mid& C r  al.. 1 992: Vojtrsrk 

rr rd.. 1992: Hassapoglidou rr d. .  1 993). Two enzyme-linksd immunosorbent assay 

( EL 1 SA) kits for pj3 are. howevrtr. commercially available (Oncopenr Science [ne.. 

Uniondalr. NY). .-\ p53 irnmunoassay devrloped in our laboratop- (Hassapoglidou Cr  d. .  

1993) has bern usrd to quanti- p53 protcin levcls in tissue estracts prrpared from breüst 

(Hiissapoglidou er trl.. 1993 Levrsqiir rr rd.. 1994: Lrvesque P r  d.. 19953) and ovarian 

(Levssque rr ol.. 1 9 9 5 ~ )  tumors. In this assay design. a mouse monoclonal m i - p j 3  

antibody \vas immobilizctd on microtiter plates prccoated with anti-mouse 

immunoglobulin (Ig). The monoclonal antibody-bound p53 is then probrd a-ith 

polyclonal rabbit üntisera rûisrd against recombinant p53. The subseqlient addition of 

enzyme-labellrd anti-rnhbit tg üllowd cuupling of the immiinoçapturcd p53 protein with 

a sensitive time-resolved tluoresçencc detection system (Christopoulos and Diamandis. 

IW2). 

.-llthough this assap was successful whrn applirid to tumor tissue estracts. 

preliminary studies with srrum specimrns indicatrd nonspeci tic interference by srriim 

components. In the presrnt study. we have developed and rvaluatrd a ncw nssay whiçh 

incorporates a member of a new penrration of anti-p53 antibodirs as the initial capture 

immunoreagent together with the addition of blocking agents (animal semm and 

detergent) to sarnplr and labeled antibody diluents. The resiilt is an assay which is 

suitable for any sample type. inciudin, * serum. 

II. 3. Materials and Methods 

II. 3. 1. Production of Monoclonal Antibodies 

The DO- 1 hybridoma ce11 line (Vojtesek et ai.. 1992). provided by Dr. David P. 

Lane (University of Dundee). was cultured in Dulbecco's modified Eagle's medium 

supplementrd with 10% fetal bovine serum. 100 mg/L sodium pyruvate and 50 g/L 



gentiunycin (al1 from GIBCO BRL. Gaithersburg. MD). Approximately 5 x 106 log phase 

crowing cells were collected. washed wi th phosphate-buffered saline ( PBS ). and injected - 
intraperitonrally as a 0.5 mL suspension in PBS into adult kmale BALBIc mice which 

had been primed 7 days earlier by injection with pristane. Ascites tluid removed aRer one 

to three werks was subjectrd to Protein A affinity chromatography using Econo-Pac 

Protrin X columns (Bio-Rad Laboratories. Richmond. CA) following the manufacturer's 

instructions. aHer which the eluatrs w r r  drsaltrd by dial>sis against 0.1 mol/L NaHCO;. 

The concentration of DO- 1 antibody was detrrrnined spectrophotomrtrically at 280 nm. 

11.3.2. Production of Recombinant p53 Protcin and Preprrûtion of Standard Series 

St9  insrct crlls were çulturrd in Gmcc's Insect medium witli supplements 

(Invitrogen. San Diego. CA-\) and infectrd with recombinant baculovirus for both viral 

aniplitication and protein expression ciccording to standard practiçcs (O'Rcilly ?t d. 

1994). Low titre stock of a büculovirus vcçtor çontaining the hill-length wild-type humün 

p53 genr (gift of Dr. T. Soussi. INSERM. Institut de GGn2tiqiie blo1L:ciilairc. France) usris 

used to infect log phase S t9 çells. tiw days aftsr \I. hich the supernatant was hhamssttxi and 

usrd to reinfect Si9 çells at a multiplicity of infection between 5 and 10. Infectrd cclls 

uxrr collected atier 48 hours. washed 3 timrs in PBS. and lysrd in a lysis bufkr (10 

mmoliL Tris. pH 8.0. 1 mmol/L ethylenrdiaminrttrtraacetic acid (EDTA). 150 mmol/L 

NaCl. 1.0% NP-40. 1.0% sodium deosycholate. 0.196 sodium dodecyl sulfate (SDS). 1 

rnmollL phenylmrthylsulfonyl thonde (PMSF). 1 mg/L prpstatin. and 10 m g L  rach of 

leupeptin and aprotinin) on ice for 30 minutes. The soluble extract was collected 

followinp ultracrntrifiigation at 100.000 g for 30 minutrs at 4°C and aliquoted for storage 

at -80°C. The presencr of p53 protein was contirmeci by Western blot analysis. This 

involved electrophorrsis of the St9 Iysate using a pre-cast 8-1 6% Tris-glycine minigel 

(Novex. San Diego. CA). transkr to a nitrocellulose membrane. probing with polyclonal 

CM- I antiserum (Midgley et al.. 1992) (Novocastra Laboratories. Newcastle upon Tyne. 

UK) diluted 1000-fold in buffer A (50 rnmoVL Tris. pH 7.80. 60 g/L bovine semm 

albumin (BSA). 0.5 g/L NaN3). and detection using the ECL Western blotting kit 

(Amersham. Buckinghamshire. UK). 



Sb9 lysate containing p53 protein was assayed at srvenl dilutions using our nsw 

immunotluorometric procedure (see below) in order to detemine the concentration of 

p53 relative to arbitrary standards prepared from a breast tumor lysate containing a very 

high Irvel of p53 protein (Lrvesque r f  ril . .  1994). Assay of Iysates prepared from 

uninfectrd SR cells dernonstrated undetectablc levels of p53 protrin. It was estimatrd 

that the concentration of p53 protein in the undilutrd St9 Iysatr excredrd -10.000 arbitra- 

units per litre (U/L).  or 130.000 Uig of total estract protrin. Dilutions of the p53- 

quantitatrd St9 lysats in buffer :\ yielded standard solutions of O. 2. 10. 50. 100. and 

1000 U/L which were aliquotrd and storcd 3t -80°C until use. ïhrsr  standards u t r r  

compared to p j 3  standards purchasrd from Oncogrnr Science. The obtainrd relationship 

was as foollows: 1 pg/L of p53 protein (Oncogene Science) is approsimately equivalcnt to 

13 U!L (our arbitrary standard). 

11.3.3. Optimimtion of Asssy Conditions 

Variations o t' the prrviously described immunotluorometric assa'. for p5 3 protein 

(Hrissapoglidou rr ui.. IL)%: Lrvrsqurt Cr t if . .  1994). hereafter rcferred to as the "original 

assüy". were first rvüluated by assaying in duplicate. 50 ILL volunirs of p53 standards 

preparrd by dilution of a breast tumor estract. In common \vit11 al1 of the contigurations 

described were the use of 96-wll white polystyrrnr microtiter plates ( Dynatrch 

Laboratories. Chant i l  l y. V A )  and a programmable plate aashrr (Adil Instruments. 

Strasbourg. France). The wash solution consistrd of 5 mmol/L Tris. pH 7.80. containing 

150 mrnol/L NaCI and 0.5 g/L Twecn-70 (Sigma. St. Louis. MO). A11 assay 

configurations also shared a final c q m a t i c  activi ty mrasuremrnt step. This included 

addition of a stock solution of 0.01 mol/L diflunisal phosphate in 0.1 mol/L NaOH. 

diluted 1 O-bld in O. 1 mol/L Tris. pH 9.10. containing O. 15 mol/L NaCl. 1 mmol/L MgCl: 

and 0.5 g/L NûNj as a substratr for alkaline phosphatase (ALP). conjugated to one of the 

immunoreagents. In al1 cases. incubation of the wells with 100 pL volumes of this 

enzyme substrate for 10 minutes at room temperature (approximately 2jUC) on a shaker 

platfom was followed by the addition. without washing the plates. of 100 pL volumes o f  

a drveloping solution consisting of 1 mol/L Tris. 0.4 mollL NaOH. 3 mmol/L. TbC13 and 

3 mmoVL EDTA for a one minute incubation while shaking. before measwfng the 



fluorescence at 61 5 nm in a time-resolved mode on a Cybertluor-615 Irnrnunoanalyzer 

(Cybertluor. Toronto. Canada). Calibration curve fitting and interpolation to determinr 

unknown analytr concentrations were perfomed by sofiware present in the instrument. 

The advantnges of lanthanide chrlatrs as tluorescence labels and of time-resolved 

tluorometry have been discussed previo~isly (Diamandis. 199 1 : Christopoulos and 

Diamandis. 1993). 

To assess di fferences b r t w r n  direct versus indirect mrthods of coating the 

microtiter plates with anti-p53 antibodies. plates wrre coatrd ovemight rit 4°C cithrr 

dircictly with 100 ILL volumes of monoclonal antibodies PAbZ-lO. recoy nizing the p53 

protein in a mutant conformation (Gannon et c d . .  1990). panspecitic Pi\b42 1. rrcognizing 

both mutant and wild-type p53 ( Milner er td.. 199 I ). DO- 1. iilso rrcognizing both forms. 

or with ri monoclonal ligainst human thyoid stimulatin- hormone (TSH) (clone 5.104. 

htrdis Bioçhemica. Kauniainrn. Finland) as a ncgritivc control. In other çunfigurntions. 

urlls wsre çoatrd indirectly by first coating with 100 p L  volumes of goüt anti-mouse 

immunoglobulin (GaMIg) (Jackson ImmunoRrscarch. West Grovr. PA). .-\Il antibodies 

for plate coating wrre diluted in a bufkr consisting of 50 rnmol/L Tris. pH 7.40. and 0.5 

a L  NaN,. and usrd at concentrations of approximately 4 mg/L (100 p L  per well): 
C 

antibodies ayainst pj3  had bren previously purified from murinr ascites tliiid as 

dciscribed abovr for DO- 1 .  The hybridoma srlls producing PAbXO. PAb47 1 and DO- 1 

wrre providtid by Dr. David Lone (University of Dundee). Microtitrr wells indirectly 

coated with GaMg were subsequently incubated with rither PAb7JO. PAb-l? 1. or DO-1 

ce11 culture süprrnatants at 50-fold dilutions in bufkr  A containing 0.5 moVL KCI. We 

have used the configuration consisting of plates coatrd tirst with GaMIg in order to 

capture subsequently added PAb34O as our original assay method. In control wells we 

added the anti-TSH antibody (7 m@L) diluted in the same buffer. In the directly coated 

plates. the pj3  standards were added dong with assay buffer (50 PL each). In the GaMIg- 

coated plates. the p53 standards were added simultaneously with the anti-p53 antibody 

(also 50 pL each). Afier a three hour incubation with shaking at 37"C. al1 assays rvere 

identical: washing of the wells four times: incubation with 100 pL volumes of polyclonal 

C M 4  antiserum diluted 5000-fold in buffer A for one hour at 25°C: washing four times: 

incubation with 100 pL volumes of 0.12 mglL goat anti-rabbit IgG conjugated to alkaline 



phosphatase (GaRlg-ALP) (Jackson ImrnunoResearch); washing six times: and final1 y 

the detection procedure as described above. 

Other exprriments w r e  carried out to determine the optimal concentration of 

DO4 and duntion of incubation for microtitre plate coating. the èfkct of diluting 

samplrs two-fold in the wells with buffer -4 supplemented with 0.5 mol/L KCl. 1.0% 

mouse serum. and 0.5% Twern-20 detergrnt (Sigma). the optimal sample incubation 

duration and temperature. the optimal duration. temperature. and antibody concentrations 

(CM-1 and GaRIp-ALP) of subsrqurnt incubation steps. and the effect of addiny vrtrying 

amounts of goat serum to the GaRIy-ALP diluent. 

The rissay of al1 standards. as u-el1 as controls. ce11 lysatrs. and çlinical specirnens 

( sec br low ). wrrs performed in duplicatr unless othenvise statçd. 

II. 3.4. .-\ssay Evduntion 

The use of al1 materials of human oriyin with which to wriluatt. the n w  

immunoassay had bcrn approved by the Cornmitter for Research on tluman Subjccts rit 

the University of Toronto. Clcar. turbid or hrmolyzed serum samplrs were spiked with 

lpsates from St9 crlls espressing recombinant p j 3  and 1ysiitt.s tiom COLO 320tISR 

cells. obtnined from the Amencm Type Culture Collection (ATCC). çultured in RPbII- 

1610 medium supplemented with 10% trial bovine serum. These cells are known to 

overespress mutant p53 (Murakami er trl.. 199 1 : FIüssapoglidou ri tri.. 1993). The COLO 

32OHSR c r l l  rxtract was prepared by Iysiny approsimatrly 10' cells for 30 minutes on 

icr with 300 ILL of a buffrr containing 50 mmol/L Tris. 150 mrnol/L NaCI. 5 mmol/L 

EDTA. 1.0% NP-40. 10 mg/L PMSF. and I mg/L each of leupeptin and aprotinin. 

followed by centrifugation for 30 minutes at 14.000 g at -I°C to collrct the supernatant. 

Each serum. and buffer A as a control were used to dilute Sf9 lysate 400-fold and COLO 

330HSR lysate 1 O-fold. Recovery of p53 protein in each serum was expressed as the ratio 

of the p53 protein concentration of the serum in which either ceIl lysate was added. to the 

p53 protein concentration of buffer A to which an equivalent amount of either SB or 

COLO 320HSR lysate kvas added. Three s e m  specimens were also spiked with COLO 

320HSR lysate and assayed for p53 protein imrnediately and following a one hour 

incubation at 37°C. Sera and buffer A which rvere unspiked were also assayed similarly. 



Lysatr prepared from 10' COLO XOHSR cells was srrially diluted in buffer A to yirld 

sixtren p53-containing solutions. rach made by successive two-fold dilutions. This 

dilution series was used to assess the linrarity of the new assay. Within-assay precision 

was drtrrmined from the assay of threç breast tumor extncts whose pj3  protein 

concentrations were approxirnately 0.1 5.0.75. and 4.5 pg/L. 

11.3.5. Irnmunonssay Applications 

Wr compareci the nrw assay with the original assay for the analysis of soluble 

estracts from breast tumors. nondiseased breast tissue. and trrinstonned ceIl lines, and of 

sera çollectrd routinrly from hospitalized patients. 

Breast tumor cytosolic extracts preparrd t'or routine steroid hormone rrccptor 

rinalpsis. as drscribrd previouslp (Lrvesque ct al.. 1994). were providrd by a regionai 

service laborator). at Sunnybrook Flralth Sciences Centre in Toronto. Ontario. 

Consecutive sprcimcns (n= 198) wcre ossriyed for estropen ( E R )  and proystrronr ( P R )  

recrptors. by enzyme immunoassay kits (Abbott Liiboratoricts. North Chicago. IL). and 

stored at -30°C iintil assaying tbr p53 by both merhods in parallel. Al1 results u-rre 

espressed relative to the total protein content of the extracts. mrasurcd by the Lowry 

method ( Lowry rr tri.. 195 1 ). For both strroid hormone receptors. 10 fmolimg was used 

as the cutot'f for positive receptor status. followinp previous work by our group 

(Lrvesque et r d . .  1994). Cytosols were rerun in dilution if the initial p53 protcin 

concentration rvceedrd 75 &L. 

Bilateral breast tissue sprcimrns were also obtained from 35 women who 

undenvent cosmetic breast reduction surgery. Representative portions of rach of these 

tissues (n=70). snap-frozen immrdiately afirr surgery. were pulverized and extractrd as 

dcscribed previously (Lrvesque er rd. 1995~). before assaying for p53 protein. 

Concentrations of p53 were expressed in units of pg per gram of total protein in the 

extract. the latter quantity determined by a commercially available kit based on the 

bicinchoninic acid (BCA) method (Pierce. Rockford. IL). 

Extracts from cultured ce11 lines were prepared as described above for COLO 

320HSR. The COLO 320HSR. T47D. DU-145. and MCF-7 ce11 lines were obtained 

from the ATCC rvhile the pRNS-1 ceIl line was a gifi from Dr. Doma Peehl (Stanford 



University School of Medicine). Culture media for the COL0 320HSR and T-47D cell 

lines consisted of RPMI-1640 supplcmented with 10% fetal bovine s e m  and 

additionally. in the case of T-J7D. with 10 mg/L insulin. The MCF-7 and DU-145 ce11 

lines wrre cultured in Eagle's minimal essential medium with nonessential amino acids 

supplemented with 1 mmol/L sodium pyruvate. 1 mg/L insulin. and 10% fetal bovine 

serum. For culturing of the pRNS- 1 crlls. keratinocytr srrum-fier medium supplemrnted 

with 5 pg/L rpidermal growth factor and 50 mg/L bovine pituitay estract was usrd. Al1 

culture reagrnts were from the same supplier (GIBCO BRL). Both immunoassays wrre 

used to quantify p53 protein in the cellular estracts relative to the total protein 

concentration. measured by a BCA Protrin Assay kit (Pierce). Estracts with p53 values 

above 75 &L were rrpeated in dilution. 

Randomly srlectrd w u m  specimens ( ~ 7 8 )  çollected for routine bloodwork on 

hospitalized patients were providrd by the Department of Patholoyy and Laboratop 

Medicine at Mount Sinai tIospital in Toronto. Ontario. Thrsr scrurn spscimrns had bren 

stored for no longer than 7 days at 4°C bcfore cissayinp simuitaneously by both p j 3  

immunoassays and by variations of the method in which the PAbl4O capture antibody 

was reploced by a monoclonal rintibody against the irrelsvant antigrn luteinizing 

hormone (LH) (clone 5301. Medis Biochrmicn) or rvhrn the primary capture antibody 

was omitted altogether bp addiny only diluent. The latter two assay configurations sewed 

as negativti controls with which to reveal nonspccific interferences by serurn ~ising the 

original mrthod. 

II. 3.6. Statistical Methods 

Determination of descriptive statistics and Spearman correlation coefficients. and 

the analysis of 2x2 contingency tables by Chi-square tests. were performed by SAS 

version 6.02 software (SAS Institute. Cary. NC). 

II, 4, Results 

II. 4. 1. Assay Configuration 

The ability of an anti-pj3 monoclonal antibody. directly coated ont0 microtiter 

wells. to function in a "sandwicli-type" irnrnunoassay was demonstrated in the case of 



DO4 (Figure II. 1.). Unlike PAb340 or PAb421 antibodies. DO-1 permitted a pj3- 

containing standard solution ( 15 pg/L given as an rxample) to penrntr high tluorescrncr 

counts whrn rither directly coated to wells or incubatrd in wrlls precoated with GaMIg. 

The tact that DO-1 was as efficient as PAb24O in an assay configuration whrre 

immunocaptured p53 protein is drtected by polyclonal CM- 1 antiserurn suggests that 

DO-1 does not rnask a critical epitope recognized by the polyclonal rabbit antibodirs. The 

assay of buffer .A alone (sarnple or standard diluent) gave the background fluorescence 

GaMlg PAb240 GaMlg PAb421 GaMlg DO-1 GaMlg antiTSH 
PAb240 PAb427 DO-1 antiTSH 

Coating Method 

Figure II. 1. p53-Associated Fluorescence from Severil Immunoassiy Designs 
Assays involved direct or indirect coating with m i - p 5 3  or irrelevant antibodics. Unshadrd bars 
indicate background fluorescence. 

for rach assay design which was similar in al1 cases. As a consequence. the indirect 

PAb240 and direct DO-1 configurations had comparable signal to background ratios 

when assaying a given p53 standard solution. When an antibody against human TSH was 

incorporated into the direct- and indirect-coating assays at concentrations equivalent to 

that used for the anti-p53 antibodies. the low fluorescence demonstrated the requiremrnt 



for p 5 3 -speci fic IgG to generate signal. Separate experiments have shown that optimal 

coating arnounts for DO4 were 400 ng per well. Optimal incubation timrs were threr 

hours at 37°C for the first incubation step and one hour at room temperature for the 

second incubation step. Further optirnization of the composition and amounts of othrr 

reagrnts used in the new assay are listed below. A diagrammatic representation of our 

assap is s h o w  in Figure II .  2. 

Like the assay design for the 

immunotluorometric measurement of 

prostate-spcci fic antigrn ( Yu and 

Diamandis. 1993 ). this newly drwloped 

ossay includrs the addition of goat srnim 

to the diluent of the GnRIg-ALP to reduçe 

background signal by neutralizing ami- 

yoat cintibodirs presrnt in some sera. 

Thrse antibodirs would br rspecially 

problematic to the indirect microtiter wrll 

coating mrthods used hm. dile to possible 

crosslinking of the GaMIg antibodies on 

the well surfacr and the subsrquently 

addsd GaRIg-ALP 

antibodirs. resulting in 

imrnobilization of the 

antibody 

positive 

pro blem 

excess of 

the goat 

enzyme-labelled 

non p5 3-dependent 

tabelled detection 

hence giving falsr 

remedy for this 

to the wells. 

signals. A 

was provided by the relative 

unlabeled goat IgG derived from 

F luore~xen t  Corn plex %y------, 
\ l  

h~lonoclonal snt i -  
p55 antibody 

(DO-1) 

hiicrotitre plate l 

serum. compared to the ALP- Figure 11.2. Schematic Diagram of New p53 
Immunofluorometric Assav 

Iabeled GaRig in the latter's diluent. We 
* 

suspect that saturation of free epitope-binding sites of nonspecificaliy imrnobilized 

human anti-goat antibodies by the nonlabeled IgG might therefore contribute to reducing 

background fluorescence. 



Given the results and practical considerations mentioned above. the assay design 

selected. as depicted in Figure 11. 2.. includrd the following features: microriter wells 

coatrd ovcmight with 400 ng/ 100 ILL/ well o f  DO-1 : two-fold dilution of samplrs and 

standards in the wells (50 ILL each) with buffer A containing 0.5 rnol/L KCI. 1 .O% mousr 

serum. and 0.5% Tween-20 detergent. and incubation for three hours at 37°C: addition of 

100 p L  polyclonal C M 4  antiserum at a 5.000- 

fold dilution in buffer A and incubation tor one 

hour at 25°C: addition of II pJL ( 100 pL) 

GaRIg-ALP diluted in but'ter A containing 0.5 

mol/L KCl and 10% goat srrum for a one hour 

incubation rit 25°C: and the addition of enzyme 

substrate and drveloping solution as described 

linder " bkthods" for time-rcsolwd 

fluorescence measuremsnt. Figure 11. 3. 

displays a reprrsrntatiw caiibration curve. 
p53 Protein Concentration (pglL) 

Figure 11.3. Calibrntion Curve of 

11.1.2. Rccovery of p53 from Serum 

When the new p j3  immunoassay \vas applied to nine patient sen spiked with p53 

protrin from two different ceIl lysares (COLO 320HSR and 39). the rrcovrry of p53 

relative to that in buffer .4 (sarnple and standard diluent) ranyed from 73 to 13 1% for the 

COLO 320HSR Iysate. and 72 to 98% for the Si9 lysate (Figure I I .  4.). Due to the highrr 

dilution of St9 lysate by sach srrum specimrn. the total amount of pj3  protein ridded to 

specimens spikrd with St9 lysate kvas lower than that added to the samc sera spikrd with 

the lysate from the colon carcinoma ceIl linr. The background tluorescence was 

unifomly low in al1 sera and only slightly eievated above that of buffer A (data not 

II. 4.3. Analytical Characteristics 

The detection limit of the assay. calculated as the p53 concentration that could be 

discriminated frorn zero with 99% confidence was found to be 0.5 U L  (approximately 

0.04 p _ d  of ~ 5 3 ) .  The range of p53 concentrations yirlding a Iinear assay response \vas 



drtrrmined to be 2 to 1.000 U/L (correspondinç to 0.15 pdL to 72 pg/L of p53). The 

calculated values for intra-assay precision at p53 Ievrls of O. 15. 0.72. and 4.5 pg/L wrre 

1 1. 9. and 7%. respectively: the inter-assay precision at the same lrvels ( 10 mrasurernents 

over one week) \vas 15. 12, and 8%. 

COL0 Recovery Relative to that in Buffer A 
320HSR 
Lysate 100 131 89 1 04 8 1 127 94 76 75 84 

OCOLO 320HSR Lysate 
a Sf9 Lysate 

BSA 1 2 3 4 5 6 7 8 9 

Human Sera (1 -9) Supplemented with p53 Protein 

Figure II.  4. Recovew of p53 Protein frorn Humrn Sera 
p53 was added from lysates of COL0 320HSR cells. or from St9 cells infected witli a recombinant 
baculovirus expressing the wild-type p j 3  gene. The broken linrs indicate 100% recovery for each 
lysate. Recovery frorn each lysate reiative to tliat from buffer A is Iisted above chart. 

II. 4.4. Assay of Extracts of Breast Tumors and Nondisersed Breast Tissues 

Both the original and new immunoassay configurations were used to assay the 

cytosolic extracts of 198 breast tumors For p53 protein concentration. the distribution of 

which. detemined by each of the two rnethods. is summarized in Table 11. 1. Spearman 

correlation anal y sis indicated good corre lation (rs=O .93. p<0.00 1 ) between the methods 

(Figure II. 5.). A frequency distribution of p53 values obtained by the new assay of turnor 



Table II. 1. Descriptive Statistics of Clinical Specimens Assayed for pS3 Protein 

Specimen N Mean SD Median Minimum Maximum 

Breast Turnor 
Tissue ~xtracts' 

Original Assay 198 0.90 6.08 

New Assay 198 0.60 1.80 

Nondiseased 
Breast Tissue 
Extractsa 

Original Assay 70 < 0.04 O. 02 < 0.04 O 0.05 

New Assay 68 < 0.04 O. 02 < 0.04 O 0.08 

Hospitalized 
Patient serab 

Original Assay 78 0.75 2.33 0.09 O 15.23 

New Assay 78 c 0.04 0.05 O O O. 38 

p53 concentrations expressed in tig per g of total protein. 
' p53 concentrations expressed in ~ i g  per Mer. 

4 estracts is s h o w  in Figure 11. 6. 

Whrn dichotomized basrd upon rui 

arbitra. cutoff of 0.38 pg per gram 

of total protein (or 5 Ulg as 

previously described) (Levesque et 

i .  1995a). the pSpos i t i~ i ty  rates 

were found to be 1596 and 23% by 

the original and new methods. 

O 5 10 15 respectively. Regardless of the pj3 

p53 Concentration (pg/L) asSay mehod employed 
by Original Assay categorize ttie specimrns. 

contingency table analyses revealed 
Figure 11. 5. Correlation Between p53 
Concentrations in Breast Tumor pjj-positivity StahlS 10 be ~ t i o l l ~ l ~  

Cytosols by Original and New Assays associated with negative status for 



40 estrogen receptors or 

progesterone receptors (Table II. 

2.). 

The assay of nondiseased 

breast tissue yirldrd p j 3  protrin 

values tàr l o w r  than those 

obtained from the analysis of 

0.01 0.1 1 10 breast neoplasms. This is 

p53 Concentration (ug/g total protein) i llustratrd b!, the minimal 

Figure II.  6. Frequency Distribution of p53 overlap betwern the p53 

Concentrations in Breast Cytosols by New concentration frequrncy 
-4ssay 
,+\. 100"l prrçrnt i l r  of ,, jj \.alues i n  non~israsrd  brrast distributions generated by the 
tissues: B. arbitrar) ciitofl* for p j 3  ovt.rexpnssion (0.3 8 assa! of normal diseascd 
u g g )  in breast tiimors used in tliis sttid! 

tissues by ritlicr assa!. design 

(Table I I .  1 .  and Figure I I .  6.). Becausr ihe meûsured p j3  protein values of riIl of the 

nondisensrd breast rstracts kll below the analyticûl dcitection limits of both assay 

techniques (-0.04 lig/L). the Iück of a very strong correlation (r,=O.-M. p 4 . 0 0  1 ) brtwecn 

the original and n w  mcithods wüs not surprisiny. 

II. 4.5. Assay of Sera of Hospitrlizcd Patients 

WC wcre interestrd in investigating. in a future prospective study. if mutant p53 

protein enters the biood circulation and if its concentration is relatrd to the levels of p53 

in the tumor. The ability to drtect p j3  in srrum is deprndent on a sensitive and sprcific 

analytical rnethod. When p53 protein was spiked into the srrum the recovery was almost 

compleie (Figure II. 4.). We have funher investigated if the analysis of undiluted s e n  

from 78 hospitalized patients without cancer yielded negative results. In contrast to the 

new assay. which yielded results < 0.15 p@L for ail sera tested rxcept two (with values 

of 0.23 and 0.38 pz&). the original assay gave values > 0.1 5 pg/L in 19 specimens and > 

0.38 ~J'L in fifieen. Moreover. 87% (65178) of sera measured by the new assay had p53 

values below the detection lirnit of 0.04 pg/L. cornpared to only 21% (16/78) when 

measured by the original method. Consequently. the correlation between the M-O methods 



Table II. 2. Relationships Behveen p53 Protein Strtus and Steroid Hormone 
Receptor Status of Brerst Tumors 

Receptor Conc., fmollmg Number of Specimens (and %) p-Value 

p53 c 0.38 uglg p53 2 0.38 pg/g 

Old Assay 

ER c 10 

ER 210 

P R <  10 

PR 5 1 0  

New Assay 

E R 4 0  

ER 2 1 0  

for the and ysis of thrsr sera was intermediatc ( r,=O.67. p<O.OO 1 ) br twrn  thosr hund for 

the analyses of breast tumors and nondiseased breast tissues. In order to determine if 

these sera containrd intrrfrring substances. the- wrrr assayed in parallel by two methods 

in which an another irrelevant capture antibody (anti-LH monoclonal instrad of PAb2-40) 

was utilizrd or when no capture antibody was rmployed. The latter two modifications 

were applied to the original assay configuration in which GaMIg was immobilized on the 

solid-phase. The results are shown in Figure II. 7. Clearly. these sera. which gave 

undetectable p53 values by the new assay configuration. contained substances which 

interfered and generated a signal with both specific and nonspecific monoclonal capture 

antibodies (anti-p53 or anti-LH. or none at d l ) .  We hypothesize that the interfering 

agents. generated in goats. act by crosslinking the coating GaMIç and detection GaRIg- 

ALP antibodies. These substances are probably hurnan anti-goat antibodies. given that we 

found that inclusion of goat serurn into the assay buffer diminished but did not 



Original Assay 

noriginal: anti-LH coating 

Original: no capture Ab 

New Assay 

A B C D E F G H I J K L M N O  

Serum Specimens 

Figure ti. 7. Results of Various iMethods for Sera Displaying High p53 Values by 
Original Mcthod 

çompletrly rliminatr the problrm (data not shown). With direcrly coatrd monoclonal 

anti-p53 mouse antibodies this problrm is eliminatrd. 

II. 4.6. Assay of Lysates of Cultured Cells 

The two methods were also used to mcasure p53 in the ce11 lysates of various cd1 

linrs and the results are presented in Table II. 3. 

II. 5. Discussion 

Investigations aimed at determinine the role of p53 in a given rnalignancy have 

eenerally followed one of two parallei paths: either the identification of mutations in the 
C 

p53 coding sequence. or the demonstration of p53 protein accumulation within affected 

cells. In either approach. a wide variety of analytical techniques may be applied (Soussi 



Table II. 3. p53 Protein Concentrations in Cell Lines 

Cell Line Source 

p53 Concentration (pglg) 

Old Assay New Assay 

COL0 320HSR Colon 82.23 

T-47 D Breast 20.46 

DU-145 Prostate 5.70 

MCF-7 Breast 22.95 

pRNS-1 Prostate 107.64 

ci al.. 1 9 .  N'hile direct sequrncing provides uneqiiivocal cividencr of mutational 

evrnts. indirect methods includinp single strand conformation iinalysis (SSCP) and 

constant drnaturnnt gel electrop horesis ( CDGE) ma? olso be informative for al terat ions 

within the p55 gene. Complesity ruid cost have limitrd the ribility to sequence all dewn  

rsons of the p53 gene in a large number of clinical specimrns. Far more cornmon haw 

bern attempts to show p j3 protrin overespression. particularly by conventional 

in~munohistochrmistry (WC). in studies yuestioning the siinical implications of p53 

al terat ions. 

IHC also bas its limitations for p53 protrin drtrction in tissiiçs ( Wynford-Thomas. 

1991). Most important is the lack of consensus with regard to the appropriate 

methodology and scoring spstem for the interpretation of staining patterns. which ma- 

va. considerably depending on the choicr of antibodirs and tïsation methods (Fisher er 

c f .  1994: Lambkin et ai.. 1994). as well as inter-observer variability whrn a given 

scoring spstem is applied. We have suggested elsewhere (Diamandis and Lwesque. 

1995) that ELISA-type rnethods for p53 may overcomr many of these pitfalls by 

reponing quantitative resuits which are more objective. and possess furthrr advantages 

making them ideal for use in clinical studies. Thrse include the requirement for p53 

protein to bind simultaneously two antibodies thereby enhancing specificity. washing 

tissue extracts bom the wells afier initial sarnple incubation and consequentl y reducing 



background signal. demanding less technical expertise. and the inhcrent ability to analyze 

large batches of specimens. 

The numbrr of ELISA mrthods developcid for p53 protein quantification rrmains 

srnail. First was that drveloped bp Mid-ley et trl. ( 1 997) in whic h monoclonal antibody 

PAb-171 (rrcognizing an cpitope in the carboxy terminus of pj3) was directly couplrd to 

the microtiter well surface. In this assay. thr detrction of P~.\b-lIl-bound p53 was 

accomplished by probing with polyclonal CM-1 rabbit antisera. with the subsequrnt 

addition of swine anti-rabbit antibody conjugated to horseradish prosidase and 

visualization with tetramethylbenzidine. In the process of evaluatins new monoclonal 

antibodies ngainst p53. the same group reported (Vojtesek er trl.. 1992) thal DO4 

(rrcognizing an epitope in the amino terminus of p53) was suitable for IHC or 

immunoblotting procrdurrs and \vas tiinctional in an ELISA in which DO-1 replacrd 

PAb42 1 in the assay outlinrd abow. The latter assay has bern iipplied c.stensi\~elp by 

thcse workers. includiny its use in compnring rhr relative merits of ELISA and M C  for 

p53 nnalysis (Joypa~il cr d.. 1993: Vojtesek c.1 d.. 1903). More recently. ü "sandwich" 

luniinomctric immunoassay tor pS3 protein. \fith ü. lower detection limit than 

conwntional microplats ELISAs. has been described ( Borg er cil.. 1995 1. 

A n  immunoassay against p53 had also bren reportcd by our group using P.+\bl-!O 

(recognizing a cryptic epitops esposed by unfolding of the central domain of p33. as 

comrnonly ocçurs by pj3 missensr mutation in rxons 5 to 8 )  and Ckl- 1 as the capture 

and detecrion antibodies. respectively (Hassapoglidou et trl.. 1993: Levesquc: er d.. 

1994). Brcause PAb7JO perfomed poorly when coatrd directly to plates. it was added 

instsad to GAMIg coated wells. With the introduction of newer monoclonal antibodirs 

against p53 demonstrated to have utility for use in a wider range of histological 

specimens. and because of the difficulties rncountered when assaying sen. attempts were 

made to alter our originai configuration of the immunoassay. Our detection sytem 

invoived the enzymatic hydrolysis of the ALP substrate. diflunisal phosphate. which 

could enter into a ternary complex with EDTA and the lanthanide metal T'b3'. rmitting 

fluorescence at 615 nm which persists for milliseconds. far longer than the inherent 

fluorescence of most sample matrices. The same detection system is ctmployed in Our 

new p53 immunoassay. The basic assay configuration in terms of choice and orientation 



of ami-pj3 antibodies used in our new rnethod is similar to the rnethod of Vojtrsek et til. 

( 1997). but their method does not incorporate hrther background signal-reducing 

rneasures and thrrefors it is less sensitive. 

The most frequent specimen type to which p53 ELISA methods have been applied 

are tumor tissue cxtracts. With our new assay a broad range of p j3  values were obtained 

in breast tumor cytosols. These values wcre genrrally higher than those obtained in 

normal breast tissues. which had undrtectable p j 3  in the great majority of cases. We 

propose that the p53 values in the latter group of spscimens rcpresent the normal 

refrrence range for p53 protein in brrast tissue. The selection of a cutoff point for p53- 

positivity escerding the 100th percrntilr of this normal range is a highly conservativr 

one and requirrs validation in future clinicd studirs. i-Ioucwr. categorizing the breast 

tumor extracts bascid upon the ciitoff of 0.38 &y of total protein ( 5  U!g). the p53- 

positivity rate of 2396 is in yeneral accordance with our earlirr observations in brcast 

tumors ~Levesqutt et (il.. 1994: Lsvcsqur et trl.. 1095a) and by othrrs usine ELISA 

( Bartkova Cr id.. 1 993 ) or a vririrty of 1 tIC techniques (Andersen er d..  1993: Faille et rd.. 

1994). The lise of this çutoff point permitted the drmonstration of the negativt: 

association brtween p53 s ta tu  and ER or PR status. rvhich we have reportd prrviously 

(tIassapoplidou er cil.. 1993: Lovesque et 'il.. 1994: Lrvesque dr id.. 1995a). The 

detemination of negative hormone recrptor status is generally thought to predict poor 

responsr to endocrine (ir. antirstrogrn) therapy (Fisher et c d . .  l99O) and may br 

associated with an unfavorable prognostic outcomr (Chevallier et cil.. 1988). 

The analysis of sera. from non-cancer hospitalized patients. bp the our original 

mrthod uncovered an unexpectrdly high pj3-positivity rate. The same sera assayed in 

panllel by the new method rxhibited mostly background levels of tluorescence. Control 

assays confrmrd that the high fluorescence signals in these sera. by the original method. 

wrre entirely due to nonspecific interference. The results of the assay of the 78 sera by 

the new method. designed to suppress such serum-associated nonspecificity. may 

constitute a reference range for hospitalized patients where essentially al1 of the p53 

values fell below 0.38 pg/L. Using a commercial kit (Oncogene Science). Greco ri al  

(1994) have reported similar levels ofp53 protein in the sera of blood donors. In contrast. 

other workers (Luo et aL. 1994) report concentrations of p53 protein up to 2.30 pz@ in 



the sera of hospital control subjects using a similar kit. Clearly. speciiicity is an important 

consideration in assessing the applications of ELISA assays to clinical studies involving 

p53. 

The assay for p53 protein in ceIl lines raises a nurnber of issues of which we 

presently have only a limited understanding. It has bern hund that the nssay of man. 

cultured ce11 lysates diluted in a neutral bufkr cquivalrnt to PBS results in a nonlinear 

decrease in p53 lcvels measured by eithrr immunoassûy. implying that componrnts of the 

rslracts may bind p53 and relmse it only upon funhcr dilution (unpublishrd data). 

Furtliermore. in this study. thrre wrre substantial diffrrences betwren the p53 

concentrations rneasured by the two methods depending on the ceIl line tçstrd. For 

esample. both the human colon adenocarcinorna ceIl line COLO 3lOHSR (Gannon rr dl . .  

1 990) and the ducta1 breast carcinoma c d  1 line T-47D ( Bartek CI d . .  1990) arc k n o m  to 

harbor p53 mutations lrading to the accumiilation of mutant p53 protein. There was 

concordance between the methocis when T-47D was rneasurcd. but not in the case of 

COLO 320HSR. The DU-145 prostate carcinoma çell line. dernonstrated rlsrwherr to 

show strony nuclrar staining for p53 and io harbor a double mutated p53 Bene (Carroll et 

i.. 1993). cippeared to have lower p j 3  levrls by both assays in cornparison to COLO 

3ZOHSR or T-47D. Having p53 levcls two-fold higlier by the moditird immunoassay. the 

MC F-7 breast ridenonocarcinoma cel 1 line has bern demonstrated to express wild-type 

p53 protrin srquesterrd cytoplasmically by unknown mechanisms (Takahashi ri t i L .  

1993). The highest levels of p j 3  protrin obsrrved using both assay mrthods occurred in 

pRNS-I(Lee et trl.. 1994). a prostate cell line transformrd by SV40 and stably expressing 

large T antigen. which c m  bind to and thrreby increase the half-Me of p53 protein. 

Studies to identify p53-binding factors in ceIl lysates responsible for the nonlincar assay 

response to dilutions of ce11 lysates. and to determine the ba i s  for the widely differing 

p53 levels in the lysates rneasured by the two assay rnethods. must therefore be 

performed. 

We report here on the development of a new. specific. and highly sensitive 

ELISA technique for p53 protein quantification in biological fluids. Although this new 

assay is comparable to the immunofluorometric procedure used in our laboratory in a 

nurnber of earlier studies of p53 protein in breast tumor cytosols. it has a significant 



advantage in being virtually free of interferences in human serum specimens. Data by 

other groups (Greco et cil..  1994: Luo et trl.. 1994) and by a study in our laborarory 

suygest that p53 protein may be foound in the serum of cancer patients. prrhaps bp its 

relrase from pj3-overexpressing tumors. The drvrlopment of a specific assay for p53 

protein in serum rnap therefore provr to be a fundamrntal tool given the diagnostic. 

prognostic. and dixase-monitoring implications of this tinding. 



CHAPTER III  

COMPARISON OF NEW IMMUNOASSAY TO 
IMMUNOHISTOCHEMICAL STAINING 

(A version from Levesque MA, Tadross L, Diamandis EP, D'Costa M. Am J 
C h  Pathoi 1997; 107: 308-3 16, Copyright O 1997, by the American 

Society of Clinical Pathologists, Reprinted with permission) 



III. 1. Abstract 

In this study wr compared IHC. performed on formalin-fixed. paraftïn-embedded 

sections of 91 pnmary lung tumor tissues. with our nrw quantitative two-site 

immunotluorometric assay. on estracts of fresh-frozen sprcimrns from adjacent regions 

of the same tissues. Monoclonal DO-7 antibody. and the related monoclonal DO-1 

together with polyclonol CM4 antibodies. wrre used for immunostaining and ELISA. 

respectivcly. Concentrations of p j 3  wrre rsprrsscd relative to total protrin. while an 

immunostaining score retlectrd the proportion of  staincd malipnant çells. intsnsity of 

staining and tumor crllularity. There was strong concordance betwrrn the two methods 

by Speorman correlation ( p<0.00 1 ). Wilcoson Rank Sum ( p-4 .00  1 ) and contingency 

table (p<0.00 1 ) analyses. The use of ELISA-type assays for p53 quanti kation in lung 

tumor tissues may br an alternative to tlic more labor-intensive histolopical techniques. 

111.2. Introduction 

The strong corrclation betwt.cn p j 3  gent: mutation and p53 protein accumulation 

csisting under most. but not a11 circumstances (Hall and Lanc. 1994) permits simple 

immunological methods for p j 3  protein drtection to substitut<: for the more cornplex and 

labor-intensive procedures for dctemining p53 alterations at the nuclric x i d  level. Most 

commonly. thesc immunological nirthods takr the form of wrll-established 

immunohistochemical tec hniqurs which are rapid. !echnically non-drmanding. and able 

to provide antigrn localization with respect to histologic features of the tumor. However. 

mrthodologic diffrrencrs resulting from various combinations of tissue tixation and 

antigen unmasking procedures (Bartek et al.. 1993: Baas et rd.. 1994: Fisher er d. 1994: 

Lambkin et al .  1994). pnmary anti-p53 antibody (whose performance may be at'fected 

by specimen processing) (Bartek et al.. 1993: Baas er d.. 1994: Lambkin et trf.. 1994). 

and criteria for designating the p53 expression statiis of specimens (Fisher et a/. . 1994) 

have made cross-study comparisons of imrnunohistochemically-detected p53 protein 

difficult. h alternative to IHC is the measurement of soluble p53 protein in tissue 

extracts by quantitative immunoassay . Although such ELISA-tvpe methods likewise 

suffer from inherent pitfalls. including the requirement for fresh fiozen tissue and the 

inability to localize p53 expression to cellular or tissue components. they may offer 



severûl advantages (Diamandis and Lcvesqur. 1995). Most noteworthy of thesr are that 

they may be perforrned with minimal technical expertise. that they grnrratr numerical 

results amenable to objective and consistent interpretntion. and that they providr 

enhancrd specificity owing to the use of two p53-specitic antibodirs (the most common 

assay configuration). 

Relative to the widespread use of IHC for the demonstration of p53 protrin 

overexpression in human tumor tissues. ELISAs of p53 protrin have brrn rmploycd 

much less frrquently (hlidgley Cr td.. 1997: Vojtesek r r r  trl.. 1993: Hassapoglidou rr ui.. 

1993). One of these ELISA n~rthods. among the first to br drvrloprd (Vojtesrk ar ol.. 

1 997). has been used to determine p53 protein concentrations in estracts tiom tiimors of 

breast ( Bartkova rr trl.. 1993: Vojirssk rr tri . .  1993). gastrointestinal ( Bankova er r i l . .  

1993: Joypaul Cr id.. 1993). and ~.ulvül origin (Bartliova et cil.. 1993:) and has been shown 

to be çomparûbie to If-K. whrn performed in parallel. for the assessrnent of p53 protein 

status in breast (Vojtcsrk C I  trl.. 1993) and gastrointestinal (Joypaul rr ul.. 19%) tumor 

specimrns. Recrntly. we have nlso dtrscribed a highly sensitive ELISA of p53 protein 

(Lrvrsque et trl.. 1995b). incorporating a timr-rrsoived tluorescrncr detection sustem. 

Since p j 3  protein concentrations in primap lung tumor estracts have not yet born 

compared to the degreçs of immunostaining performed on the snms specirnrns. the 

purpose of this study was to determine if the Ievrls of p53 expression in lung turnor tissue 

dcmonstratrd by our immunotluorornctric assay were concordent with results obtained by 

a convrntional immunohistochemical trchniqiitt. 

III. 3. Materials and Methods 

III. 3. 1. Tumor Specimens 

This study received the approval of the ethics and research cornmittee at St. 

Joseph's Health Centre. Toronto. Ontario. Canada. Surgicallp resected lung tumor tissues 

were obtained from 91 patients oprrated at St. Joseph's Health Centre betwrrn Junr 1993 

and March 1995 for the treatrnent of primary lung carcinoma. Imrnediately following 

surgery. representative tissues of each lung tumor were selected and partitioned into hvo 

equivalent portions. M i l e  one portion was fixed in 10% neutral buffered fomalin and 

rmbedded in a permanent paraffiin block. the other was snap frozen on dry ice and stored 



at -80°C for no more than 6 months untii the extraction and ELISA procedures (see 

below). 

III .  3.2. Soluble Extracts 

Frozrn lung tumor tissues (-0.2 g) were pulverizrd on d~ ice to a fine poadrr. 

which was suspendrd in 1 mL Iysis buffer (50 mmol/L Tris. pH 8. 150 mmol/L NaCl. 5 

mmol/L EDTA. 10 mL/L NP40 surfactant. 10 mp/L PMSF. and 1 mg/L sach oE 

aprotinin and Irupeptin) and incubatrd for 30 minutes on ice brforr centrifugation rit 

14.000 g for 30 minutes at -I°C to collect the supernates. The crudr c d  lysates were 

immediately assayrd both For p53 protrin by immunotluorometry (sec brlow). and tbr 

total protein content by a kit  based on the BCA mrthod (Pirrcc Chernical. RockKord. IL). 

Ten tumor tissues were tùnher sampled by cuttiny. from each of 3 different surfaces. 

approsirnately 0.2 g portions of tissue whiçh were independently pulverized and 

estracteci as above. Extracts from histologically normal lung tissue. cut from the rcsection 

rnargins of 7 lung tumors. served as negativr rissur controls. 

Ill. 3.3. lmmunofluorometric Assry 

.A "sandwich-type" ELISA. brietly outlincd below and dcscribed in drtail abovc 

(Levesque e l  cil . .  1995b). was used to rneasurc the p53 protein concentrations in the lung 

tumor extracts. Soluble p53 protein. presrnt in estracts and calibrators di lutrd two-fold in 

buffer A (50 mmol/L Tris. pH 7.80. 60 g/L BSA. and 0.5 g/L NaN3) supplrmrnted with 

0.5 rnol/L KCI. 10 mL!L mouse serum. and 5 mL/L Tween-20 detergent. rvas first 

immobiiized in microtitrr wells coated with monoclonal DO4 antibody (gifi of Dr. 

David Lane. University of Dundee. UK). which recognizes the same epitope on the 

surface of p53 protein as the related DO-7 antibody (Vojtesek et trl.. 1992) used for the 

irnmunohistochemical staining procedure. Following this initial 3 hour incubation step at 

37°C. bound p53 protein was then detected by subsequent one hour incubations at room 

temperature with polyclonal C M 4  antiserum (Novocastra. Newcastle upon Tyne. UK) 

raised in a rabbit host against recombinant wild-type human p53 and diiuted 5000-fold in 

buffer A. and then with ALP-conjugated GaRIg diluted to 120 pg/L in buffer A 

containing 0.5 moVL KCl and 100 mL/L goat serum. Hydrolysis of the enzyme substrate 



(0.01 mol/L diilunisal phosphate in 0.1 mol/L NaOH. dilutrd IO-fold in 0.1 moPL Tris. 

pH 9.10. containin- O. 15 mo1lL NaCl. 1 mmoVL blgC12 and 0.5 g/L NaN;). addrd for 1 O 

minutes at room temperature. yieldrd ri product which snterrd into a tluorescrnt comp1r.u 

when the devsloping solution ( 1  mol/L Tris. 0.4 mol/L NaOE-1. 2 mmoliL T'bel3. and 3 

mrnol/L EDTA) was also added. Fluorescence at 6 1 5 nm was measured after one minute 

bg a Cybertluor-6 15 Imrnunoanalyzer (Cybrrfluor. Toronto. Ontario. Canada) in a tirnr- 

rrsolved mode. which greatly reducrs thé background tluorescrncr signal (Christopoulos 

and Diamandis. 1993). XI1 reagents were added to wells in 100 pL volumes. 

Concentrations of p53 wrrr interpolatrd from a calibration curvr grneratrd by the 

simultanrous assay of a dilution srries of an rstract of St9 insrct cells infectai with ü 

p53-espressing baculovirus (gift of Dr. Thierry Soussi. INSERM. Instit~it de CiGnGtiqiie 

Moléculaire. France). as describsd previously (Lévesque el (11.. 199jb). Values of ihrse 

calibrators. ranging from O to 75 pgiL. were establishrd b a s d  on the assay of 

reconstitutrd preparations of prrmeasured. lyophilized recombinant human p53 protein 

(Oncogenr Science. Lhiondalr. NY. USA). Anrilytical characteristics of the ELISA 

include ÿ. srnsitivity of -0.04 pg/L and ii linear responsc rûnyc from 0.15 to 75 p y ' L .  

Concentrations of p53 protrin in the lung tumor estracts were expressed relative to the 

total protein content. Because the rpitope recognized by DO4 ontibody is within an 

amino terminal domain shared by dl conformations of p53 protein (Vojtesek el d.. 

1992). the ELISA is able to drtect both mutant and wild-type p53 protein. 

III. 3. 4. Immunohistochemistry 

Sections (4-5 pm) of the sarnr paraffin-rmbcdded tissues usrd to makr the 

histologie diagnosis in each case were placed on silanated slides. dricd ovemight at 65°C. 

drwaved and rehydrated in xylene and graded concentrations of alcohol to distillrd water. 

and treated with methmol hydrogen peroxide. Microwave antigen retrirval (Shi et tri.. 

1991) was pertbmed in a 1.75 kW microwave oven (Litton-Moffat. Rrxdalr. Ontario. 

Canada) at high setting for 30 minutes in a 10 mmol/L citrate buffer. pH 6.0. afier which 

the slides were incubatrd for 30 minutes in the same buffer before being transferred into 

PBS ( 150 mmoVL NaCl, 10 mmol/L Na2HP04. 2 mrnol/L N&H2PO~. pH 7.2). The 

slides were then incubated for 5 minutes with 2% nonimmune goat serum in PBS before 



applying monoclonal DO-7 antibody (Novocastra. Newcastle upon Tyns. UK). diluted 

50-fold in Dako Diluent Buffer (Dako. Glostnip. Denmark). for a 1.5 hour incubation. 

Afer washing the slides twice in PBS. bound cornpleses were detrctrd by a subsequent 

45 minute incubation with biotinylatçd GaMIg (Dako. Glostnip. Denmark) diluted 100- 

fold in PBS, by washing twice as before. and by a 45 minute incubation with horseradish 

prroxidasè-conjugated streptavidin ( Dako. G lostmp. Denmark) dilutcd 300-fold in PBS. 

.Ml of the above incubations were performed at 37°C in a humiditïed chnmber. Washing 

of the slides again two times was followed by incubation for 4 minutes at room 

trmperaturr with the chrornogrn. a solution of 3.3'-diaminohenzidinr trtrahydrochloridç 

(0.5 mg/mL) and 0.009% hydrogttn peroside in Tris-butErrd saline ( 150 mmoliL NaCI. 

50 mmol/L Tris. pH 7.6). The slides were thrn lightly countrrstained with Harris' 

hrrnatosylin and immersed in açid alcohol. prûdrd alcohols. and sylene. and tinally 

coverslipprd. Tissues drrived h m  an astrocytorna. an ovarinn carcinoma. and a ductal 

breast carcinoma. all previously shown to eshibir strong staining for p 5 j  protrin ~isiny 

DO-7. werr sectionrd and processed as above in parallel as positive çonrrols: lun, cancer 

tissues of previouslp shown p53 overcspression status w r e  unüvriilablt.. Nrgative 

çontrols for each lung tumor sprçimen uere providcd by ornittint the DO-7 antibody. 

111.3.5. Scoring System 

A simple scoring schrme. sirnilar to that used by anothcr yroup (Joypaul et trl.. 

1993 Vojtesek et . 1993). was used to srmiquantify the drgrre of 

immunohistochemical staining of the lung tumor sections. Scoring was performrd by 

examination of each DO-7 antibody stained section by a single patholoyist without 

knowlrdgr of the corresponding p53 ELISA result. Three parmeters were used for 

scoring. namely the proportion of rnalignant cells staining. the intensity of staining. and 

the tumor cellularity. To account for differences in tumor cellularity between specimens. 

a value of 1 (low). 2 (intermediate). or 3 (high) was assigned to the corresponding 

hematoxylin and eosin stained section. viewed under scanning power (x  4). to categorize 

it with respect to the arnount of neoplastic tissue present (excluding regions of necrosis. 

stroma etc.). To retlect the proportion of malignant cells stained in each section. 10 

nonoverlapping. randornly chosen low power (x 10) fields were each given an integer 



value o f  1. 2. 3. or 4 corresponding approximately to 0-25%. 26-50%. 51-75%. or 76- 

100% staining. Tm additional highrr power (s 20) tklds chosen in a similar manner were 

also rach given a value from 0 (absent) to 3 (dark) to rcpresent the intensity of staining 

within maliynant cells in rach section. Summation of the mean of the I O  values retlecting 

the proportion of stained cells and the mean of the 10 values retlecting the staining 

intensity yirldrd the "raw score" (ranging from 1 to 7) in each case. Finally. the ovcrall 

score (ranging from 1 to Il) was calculated by multiplication of the raw score and the 

crllulariry vnlur in each case. 

111. 3. 6. Stitisticrl Analysis 

The relationship betwcn the concentrations of p53 protrin determinrd by ELISr\ 

and the corresponding cctllularity-adjustrd IHC scores was rxamined by Spearman 

correlation analpsis. Wilcoson Rank Sum tests. and çontinpcncy tûblc cinalysis. al1 

perforrned using SAS version 6.02 sotiwre (SAS Institiite. Cary. NC. USA). For the 

latter two procrdurcs. tumor specimens were classitied as p53-negativr or p53-positive 

by sach of the detection methods undrr cornparison basrd on ciito t'f' points h r  p53- 

posithity qua1 to the median protein-adjusteci p53 concentration in the case of the 

ELISA rrsults. and rqual to the median cellularity-adjustcd staining score in the case of 

the IHC tindings. 

III. 4. Results 

III. 4. 1. Distribution of p53 Protein Concentrations 

In al1 9 1 extracts prepared from the frozen lung tumor tissues. the p S  protein 

concentrations exceeded the detection limit of the ELISA; the distribution of values 

ranged from 0.04 pg/L to 70.69 p@. with a median. mean. and SD of 0.55 pg'L. 6.03 

p@. and 17.8 1 pbd. resprctively. When the p53 protein concentrations were divided by 

the arnount of protein present. the distribution of values expressed as pg/g protein. shown 

as a histogram in Figure III. 1 .. had the following characteristics: minimum=0.01 pg/g 

maximum= 10.97 pgg. median=O. 1 3 pJg. mean= 1.1 3 p@g, and SD=2.I 5 p$g. 

Evidence tliat these turnor tissues displayed minimal heterogeneity with respect to p53 
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Figurc III. 1. Distribution af pS3 Protein in Lung 
Tumor Extracts 
Vniues of p53 protein. espresscd relative to the total protein 
content of the estrricts. were deterrninèd by the 
irnrn~~notliiorornetric assay. The arrotv indicrites the meciian 
value used ris [htt çutoff point for p53-positivit!. O 
inciicates p53 Ievèls of ELISA-neytive. IHC-positive 
specimens and A indicrites p53 Ievels of ELISA-positive. 
1HC-negativc specirnens. 

protein ovrrespression was 

provided by further sarnpiing of a 

subset of tumors (n=10) in which 

protein-adjusted p53 prote in 

concentrations. determined in 

threr dittérent sümplrs of tissue 

remowd from nonadjacrnt 

surfaces and then indrpendrntly 

cstracted and assaycd for pj3 and 

for total protein. wrre revralrd to 

vary by no more than 1 Ooh for 

each sprcimen (data not show) .  

For statistical rinalysis. the 

rnrdian protein-adjustrd p j 3  concentration of O. 13 pg/g "as nrbitrarily sclectrd as the 

çuto ff point nt which. and bqond. pj3 concentrations were considered positive. 

Compared to thrse extracts of neoplastic tissues. thosc oEa small number (n=7) of nomiil 

tissues bordering regions of oven malignancy differed markedly in pj3 protrin content. 

sincr p j ?  concentrations in thesr control spccimens were no greater than 0.07 pg/g. 

III .  4. 2. Immunostaining of Tissue Sections 

Light microscopie examination of the matchrd forrnalin-fixrd. paraffin-embedded 

sections on which immunohistochemical staining was performed revealrd predominantly 

nuclear staining. except in occasional cases of squamous crll carcinoma in which only 

faint cytoplasmic staining was observed. These latter cases were considered to be pj3-  

negative by IHC. In al1 cases where irnrnunostaining was present. however. it was 

confined to malignant cells: normal epithelia and stroma were consistently negative for 

immunostaining. Although some sections which were positive for staining displayed 

focal clustering of stained tumor cells when viewed under low power (xlO) 

magnification. in others the staining was found to be more diffuse throughout the 

specimen. There was no obvious relationship between the number of cells staining. the 



intrnsity of staining. and the tumor cellularity in these sections. For cornparison. the p53 

imrnunostaining of the astrocytoma. breast carcinoma. and ovarian carcinoma sections 

used as positive controls were modrratrlp intense. In contrat. immunostaining was 

compltitrly absent for cvery one of the specimen controls in rvhich the primary antibody 

was omitted. 

Conversion of these visual 

tindings into numerical scores 

composed of threr categorical 

variables. tumor cellularity. frequrncy 

of inalignant cd1 staining. and 

intrnsity of malignant crll staining 

allowed the integrarion of thesr 

qualitative featurcis into single values 

rrpresentativc: of the overail estent of 

staining of the sections. Like the 

distri bution of p53 prorrin 

concentrations measured by the 

ELISA. thût of the immunostaining 

scores (Figure I I I .  2 .  which ranyrd 

O 4 8 12 16 20 
Imrnunost aining Score 

Figure I I I .  2. Distribution of Immunostaining 
Scores 
blonoclonal rintibody 00-7 used on formalin-tïssd. 
paraftln-ernbedded Iung tumor tissues treated for rinrigen 
retrievnl bp micro~vrive htming. The arrow indiczitcs the 
median score used as the cutotT point for p53-positivity. 
0 indicrites staining scores of ELISA-negritive. [CIC- 
positive specimens and A indicntes staining scores of 
EL1 SA-positive. I HC-negative sptximsns. 

h m  1 to 20.7. was also skrwed positi\.cly. Sprcimens whosr scores were equal to or 

greater than the mrdian value of 3.6 were arbitrarily denoted as p53-positive by IHC. 

Figure [II .  3. shows DO-7 stained srctions represrntativr of cases in which weak staining 

occurs in n srnall proportion of maligniuit cells or in which a high proportion of the tumor 

cells are intrnsely stained. Sincç ten separate microscopic fields of each section w r e  

examined in order to evalurite the number of stained tumor cells. and ten other tlields were 

used to judge the intensity of staining. estimates of the variabiiity within given specimrns 

with respect to these characteristics could also be made. The majority of srctions 

displayed DO-7 staining patterns which were homogeneous for both the proportion of 

malignant cells taking up stain and the intensity of such staining (data not shown). M i l e  

oiily a few (n=10) sections were in the low tumor cellularity group. most had tumor 

cellularities whic h were either intemediate (n=3 8) or high (1143). A statistical association 



Figure 111.3. Immunohistochemical Staining for p53 Protein 
Monoclonal antibody DO-7 was used as the primary antibody. showing A. 
fewer cells (Cs%) with low intensity staining (score=I) and B. many cells 
(>75%) with high intensity staining (score=3) (original magnitlcation X 500). 



could b r  found brhveen the cellularity values and the corresponding mran proportions of 

staining cells or mean intensities of staining (data not shown). However. sections in 

which 3 large number of tumor cells stained for p j3  protein also tended to be those which 

had intense immunostaining. indiclitrd by the strong correlation (rs=0.91. p=0.01) 

between the mran values retlecting these two parameters. 

III. 4.3. Concordence Between the Two Methods 

The degree of concordance between the results of the two techniques for p53 

protcin detection was first rxamined by Sprarman correlation anal ysis. by whic h the 

mctthods wrre shown to be positively corrrlatrd (r,=0.65. p<O.OOl). The Wilcoxon Rank 

Sum test wns also applird in two formats. In the tirst. specirnens divided into two groups 

on the basis of p53 protein concentrations. determined by ELISA. which ivere either 

below (n=46) or above (n=45 ) the mrdian p53 protein levcl of O. 13 pgig u'erc rcvealed to 

diffcr signiiicantly (p<0.001) in t r rms  of thsir matchrd IHC scores. Specitically. the 

croup of tumor specimens nrgative for p53 protein by ELISA had 3 lower median * 

staining score (equal to 3: range 1-8.4) than the niedian score (equal to 9.3: range 1-20.7) 

found in specimens whost: p53 protein concentrations were greatrr than O. 13 ;igrg. In the 

second configuration of the Wilcoxon Rank Sum test. an IFIC score of 3.6 sas  used as 

the cutoff point to dichotomize specimens into pj3-negativc (n=43) and p53-positive 

(n=48) groups. whosc: respective distributions of p53 protein concentrations were 

compared. p53 protrin levels in specimens cateorized as p53-negativc by 

immunostaining were thus s h o w  to be significantly (p<0.00 1 )  l o w r  (median=O.O6: 

range 0.01-0.76) than the p53 concentrations detecied in the pj3-positive g o u p  

(median=0.75: range 0.0 1- 10.97). Finally. when matched tissue extncts and paraftin 

sections were simultaneously classiiied as either p53-negative or -positive by both 

ELISA and IHC. respectively. contingency table analysis (Table III .  1 .) was able to show 

a signifcant association (X'=35.9. p4.001) between the two systems of classifying 

tumors for p53 protein status. Shown in the table. 83.7% of lung tumor specimens whose 

DO-7 stained sections had scores less than 3.6 yielded extracts in which p53 protein 

levels were below the cutoff point for p53-positivity by ELISA. Sirnilar agreement was 

demonstrated by specimens classified as immunohistochemically p53-positive. 79.2% of 



Table III. 1. Contingency Table Analysis of pS3 Protein Status Determined by Both 
Methods 

p53 Protein Status by ELISA' 

Number of Patients (and Oh) 

Negative Positive p-Value 
.. . 

p53 Protein Status by ~HC' 

Negative score 36 (83.7) 7 (16.3) 

Positive score 1 O (20.8) 38 (79.2) ~0 .001  

Cutoff for ELISA: negative < 0.1 3 ~ i g l g ;  positive 2 0.13 pg/g 
b Cutoff for IHC: negative < 3.6; positive 2 3.6. 

which had matched tiozen tiss~ies found to have p53 protrin concentrations greater thnn 

0.13 pgg.  .\lm shown in the table are the 17 casrs in \\-hich IHC and ELISA yielded 

contradictory tindinys. Nctitlirr the 7 IHC-negative. ELISA-positive cases (whose p55 

protein concentrations werc no gruatrr than 0.76 pg!g) nor the I O  IHC-positive. ELISt\- 

ncgatiw cases ( ~ h o s t .  immunostaininy scores rangcd from 3.6 to 8.4) could bt: esplaineci 

by clustering within ri givcn stage. grade. or histotype (dam not shou-n). Re-exrimination 

of the immunostnined sections of thrsr discrepant cases çonfirrnctd the earlicr scoring 

results. However. 3 of the 10 cases which wrre p53-negative by ELISA were only 

borderlinr positive by IHC. having immunostaining scores qua1 to the median value. 

rqual to 3.6. used as the cutoff. Of the 7 cases in whiçh positive ELISA findin, 0s w r e  

accompanied by negative IHC results. one case had a pS3 protein concentration qua1 to 

the cutoff point of O. 13 p$g. and 2 casrs had p53 protrin levels of 0.14 pg/p. just beyond 

the cutotT point. .4nother of the sarne 7 casrs had an immunostaininy score of 3.4. just 

below the median value. Five of the 10 ELISA-nrgative cases were also revealrd to have 

achieved positive overail IHC scores by the multiplication of nw scores. indicating 

sparse staining of weak to moderate intrnsity. by hi@ tumor cellularity values. To rnsure 

hornogeneity in the sampiing of lrozen tissues for extraction. 10 of the 17 discordant 

specimens were sampled at three different sites. re-extracted. and assayed for p53 protein. 

The varïability between the three sarnples taken from each of the frozen specimens did 

not exceed 10%. These results clearly show that the parailel assessments of p55 



expression status by ELISA and IHC yielded concordant findings in matched luns cancer 

sprcimens. al1 but threr of which were nonsmall ceIl !ung carcinomas. The ce11 extracts 

prepared from the small ce11 lung carcinomas had p53 protrin concentrations of 0.02 

1 1.49 pg'g and 33-48 pg/g which wrre in agreement with the imrnunostaining 

scores of 3. 10.4. and 20.4. respectively. deteminrd in the matched paraffin sections. 

III. 5. Discussion 

Lung cancer is the Irading cause of cancer-rttlated deaths in Western countrics 

(Boring et (il.. 1993). p53 gcne mutation and loss of hetrroqgosity on chromosome 

1 7p 1 3.3 occur in up to 7j0h of lung tumors ( Miller et trl.. 1 993). Genetic abnomdiries rit 

the p j 3  sene locus are usually accompanied by the expression of stabilized mutant p53 

protein ( Cnamano er d..  199 1 ). drtectrd in 30 to 70% of rcsected lung cancers ( hlclaren 

et LI[. .  1993: Quinlan rr til.. 1992: Fontanini rr d.. 1993: Passlick et al.. 1995) anci 

demonstrated to correlate both with çlinicopatholoyiç factors üssociatrd with poor 

prognosis (Caarnano e l  al.. 1991 : Fontanini rr ul.. 1993) and with resistance to 

çhrmotherapy (Rusch et d.. 1995 ). and to b r  an independent predictor of reducrd overail 

sunival (OS) (Quinlan er c d . .  1992: Ebina C r  r i / .  . 1'194). Howver. some investigators 

have either failrd to And prognostic value in p53 protein overcspression (Caamano et rd.. 

199 1 : McLaren L'I td . .  1992) or have s h o w  that p i 5  protrin ma? in tàçt prediçt a 

favorable clinical outcorne in subsets of lung cancer patients (Lee et al.. 1905: Passlick CI 

tri.. 19953. An association between lung cancer patient survival and p j 3  protrin lrvrls in 

tumor tissue might bt: obscured by the lack of an absolute correlation brtwern 

intracellular accumulation of pj3 and its functional status (Hall and Lane. 1994). which 

might have a direct influence on tumor aggressiveness. The different conclusions rrlating 

to the prognostic utility of p53 protein in lung cancer could be also due to differences in 

patient populations. especially the histologie types represented. or to the analytical 

mrthods used to assess the p53 expression level of the tumor tissues. For the most part. 

these detection methods have been standard immunohistochemical procedures. 

IHC is a npid and simple technique. routinely practised in most histopathology 

laboratories. Unlike biochemical analysis. it c m  identify distinct staining patterns at 

single ce11 resolution which could be clinically relevant (Hall and Lane. 1994). Relative 



to mutational analysis. the major disadvantage olien citrd of IHC is the signi ficant rate of 

falsr-negative and t'alse-positive predictions of the mutational statr of the p53 gene 

( Wynford-Thomas. 1992). The choice of fisative ( Bartek rr trl.. 1993: Fisher rr cil.. 1994) 

may affect the staining intensity and distribution of stained cells using a single anti-pj3 

antibody. The section pretreatment. such as by enzpmatic digestion or by microwaving to 

unmask othenvise cryptic p53 rpitopcs (Baas et tri.. 1994: Lambkin rr t iL.  1994: Tènaud 

Pr  tri. .  1994). is another example. Since monoclonal anti-p53 antibodies differ in thrir 

tpitope speciticities and p53 mutants may va- in t r m s  of rpitope expression. selrction 

of the prima- immunoreagent is probably the single most important factor determining 

the suçcess of IHC for p S  protrin detrction. It was thrrcfore sugyrstrd that a cocktail 

sonsisting of at lrast thrre antibodirs. one recognizing cach of the three functional 

domains of p53 protein. snhancrs deteciion sensitivity (Tenaud er trl. .  1994). ivlonoçlonal 

anti bodies arc also di fferentially sensitive to tisation-induced epitopc loss. .-1s a 

çonseqiirncc. certain anti bodies may simplp be inct ffective on sections processeci in 

panicular fisatives (Vojtrsek rr trl.. 1 Bartek t r  tri.. IO%). and although üntigrn 

retrieval procediires have solved this problrm in man). cases. thesr techniques may also 

diff'r in rfikctivenrss drpending on the üntibody usrd for p53 drtection (Lambkin c.r tri.. 

1994: Tcnaud Cr tri.. 1994: Resnick et trl.. 1995). In addition. storage of paraffin slides for 

prolongrd periods of time before staining has been associatrd with Ioss of p53- 

immunoreactivity (Prioleau and Schnitt. 1995). Finally. there is the subjective nature of 

interpretinp IHC. image analysis being the exception. and the subdivision of specimens 

into groups (often simply p jhega t ive  and p53-positive) based on a rb i t rq  critrria. 

Numerous sconng systems for designating the p53 status of tumor tissues have bern 

devised which differ widely in complexity. Such lack of consensus as to what constitutes 

positive p53 expression. togethrr with the wide range of irnmunohistochrmicol 

procedures used in the differrnt studies. has meant that the results of p534mrnunostaining 

in any tissue must be interpreted cautiously ( Wynford-Thomas. 1992). 

Although ELISA-type immunochemical assays have bren applied mostly to 

s e m .  they have also been used for other tluid matrices. including ce11 extracts frorn 

pulverized tissues. Al1 ELISAs of p53 protein developed to date (Midgley et cil.. 1992: 

Vojtesek et al.. 1992; Hassapoglidou et al.. 1993: Levesque er ut.. 1995b: Thomas et d.. 



1 997). including the two which are commercialiy ami lable ( Oncogene Scierice. 

Uniondale. NY. USA). are of a "sandwich" configuration in which soluble pj3 is 

immo bil ized between a solid phase monoclonal antibody recognizing mutant. wild-type. 

or both foms of pj3. and enzyme-labrllcd polyclonal mtibodies. Bscause the signal 

intensitirs are quantitative. ELISAs are far less subjective and obviate the hiph lrvrl of 

professional training nerded to mraningfully interpret the results of immunostaining in a 

standardized mannrr. Furthemore. the requiremrnt for pj3 protrin to sirnultaneously 

bind two immunoreagents and the rigorous multiple washing strps brtu-den incubations 

may impart to ELIS..\s ri greater degret: of speciticity . Grcatrr sensitivity ma); also result 

h m  the reduced background signal in the tumor extracts. due to wasliing steps but also 

by the use of a sample matris containing oniy solublt. components. .-\ntigt.n unmasking is 

tlirreforr not rrq~iired in ELISAs. Howrwr. becaiise E L I S A .  like IHC mcthods. Lire 

based on the immunochemical drtection of iinalytrs. they are suscrptiblc: to man!. of tlir 

same limitations as mentionrd above in terms of antibody srlection and epitopr 

espression. Another major dnwback of ELlSAs is the requirrrnent tor tiesh tiozen 

tissue. sincr thry cannot bt: üpplied to tised tissue. Studies based on the immtinoassny 

anal y sis of tumors must thcrehre provide cryoy enic storagr of specimrns frçquently 

containing highly heat-labile antigcins. a situation unlike the relatively convçnirnt storaye 

of paraftin blocks. .Mthough the srnallest rnass of tissue (or alternatively the smallest 

rnass of total protein) rrquired for reliable detection of p j 3  protein by ELISA has not 

brrn detcrmined (but likrly ditfers brtwecn diffkrrnt assays. estraction conditions. and 

tissue types). it is conceivable that the amount of specimen available could be a limiting 

factor givrn that a certain volume of extract is needed for the assay. Another major 

disadvantage of ELISAs of p53 is related to specimen processing. Puiverization of the 

tissue. necessary for rvenly distributed ceil lysis. drstroys al1 tissue architecture and 

hence any information regarding the relationship between p53 expression and histologie 

features. The p53 concentration in each extract simply represents the average p53 protein 

level throughout the portion of the tissue sampled. This average level may be heavily 

influenced by the ratio of normal to malignant cells in the tissue sampled. such that a 

specimen with a small proportion of highly overexpressing tumor cells might be 



erroneously considered p5 3-negative. For this reason. enrichment of tumor ce1 1s b y 

histologic examination and selection prior to extraction and immunoassay is essential. 

Cornparison between ELISA and IHC for p53 protein dstection. performed in 

parallel on the sarne tumor tissues. has already bren reported for breast (Vojtesek et d.. 

1993). colon (Joypaul et trl.. 1993). and gastric (Joypaul et tri.. 1993) cancers. These 

authors found statistically significant correlations between p j 3  protein concentrations in 

fiozen tissue. rnrasured by an ELISA method employing DO-1 and CM- 1 antibodiçs. and 

the pj3 immunostaining scores using polyclonal CM-  1 antiserum in sections of rnatchrd 

formalin-fixcd. parafin-rmbedded tissues using a scoting system which w ç  ~isçd in this 

study. Sincc: there were cases in both studirs. hoivever. in which ELISA hilrd to confirm 

the pj3-positive status indiçatrd by [HC. the latter techniqiie \vas claimed to br more 

sensitive. 

Several studirs have drmonstrated the utility of monoclonal DO-7 as the primary 

antibody for p53-immunostaining of formalin-1ist.d. paraffin-embttdd lunp carcinomas 

( Ebina et rd.. 19c)-I: Tenntid et trl.. 1994: Lee er tri.. 1995). espticiaily in çonjunction with 

rpitope retrievül techniques (Tenüud er rd.. 1994: Resnick er tri,. 1095). Since DO-7 

recognizes the same linrar sequence of ümino x i d s  as DO- 1 (amino ncids 1 1-25 in the 

transactivation domain). and sincr both are of related irnmunoglobulin subclassrs (IgG2a 

and IgG2b for DO-1 and DO-7. rcspectively). and both were shown to be equally suited 

for irnmunohistochemical dtttrction of pj3 in breast carcinomas. they may bc: considrred 

cquivalent in tcrms of their aftinities for p53 protein (Vojtesek rr tri.. 1993). Because of 

such similarities between DO- 1 and DO-7. the ideal comparative study in which rach 

antibody would have bren used in parallel for both ELISA and IHC analyses of matched 

tissues was not performed. However. somr differences between thrsr two antibodies 

have been drmonstrated. The immunoreactivity of DO-1 has been shown to be unaffected 

by rnicrowaving (Resnick rr ai.. 1995). whereas staining with DO-7 is rnhanced by 

microwave heating (Baas er cd . .  1994: Lambkin et ai.. 1994: Tenaud el rd..  1994; 

Resnick rr ai.. 1995) but is impaired by rnzymatic digestion of the specimens (Lambkin 

et cil.. 1994: Resnick et r d .  1995). Because of the epitupe speciticities of DO- 1 and DO-7 

primary antibodies. the ELISA and IHC techniques compared in this study could not 



distinguish between wild-type and mutant conformations of p53. Therefore. accumulation 

of p53 in some cases could have been caused by nonmutational rnechanisms. 

Our finding that p53-imrnunostaining scores correlatrd wirh p53 protcin 

concentrations measured by ELISA. confirmed by Wilcoxon and contingency table 

analyses. was consistent with the concordance between these mrthods for detecting p 3  

protrin accumulation reported ealier for both breast (Vojtesek et d. 1993) and 

castrointestinal (Joypaul et trl.. 1993) tumon. In thesr other studirs. howevrr. rach - 
mrthod resulted in the classitïcation of a small numbrr of sprcimens for p53 protein 

stûtus which were discordant. While nrither IHC-negativs. ELISA-positive nor ItlC- 

positive. ELISA-ncgûtive cases could be rsplained on the basis of any particular 

clinicopathologic or histologie feriture. some of the discrepant cases could be rsplained 

by an artifact relotrd to the selection of cutoffs. with cithrr one of the mrthods piving 

results just brlow or above the cutofr point used to dichotomize sprcimens as p53- 

nepativc or pj3-positive. Sampiing variation could not esplain the ELISA rrsults. 

although this tàctor could not be ruled out for ItlC since only one sampliny site was usrd. 

Di î'ferencrs brtwern turnor ce1 lularitirs assrrssed in the mütchrd specimens used for 

estraction and those usrd for immunostaining w r e  not remarkable (data not shown). In 

the remaining cases. other factors rrlating to specimen handl ing before p53 analyses may 

have playrd a pan. For rsamplr. partitioning of each lung tumor sprcimen in the 

operating room into portions which were not equivalent for the amount of p53-espressing 

cells might havr Ird to discrepant tindings between the methods. Degradation of p53 

protein by autolysis of fresh tissue not immediately frozen could havr led to false- 

nryative results by ELISA despite e ffons to freeze rach specimrn promptly. Conversely. 

false-negative findings by IHC might have occurrrd tiom hilure of microwave 

irradiation to unmask p53 protein. perhaps as a consequence of overfixation. Because 

controls to detennine the effectiveness of antigen retrieval were not perfonned. we could 

not address this latter possibility. For determining p53 protein expression status (and not 

p53 alteration per se). there rxists no "gold standard" method against which the results of 

IHC and ELISA could have been compared. However. techniques to reveal the 

mutational status of the p53 gene or to detect p53 mRNA transcripts would have provided 

valuable correlates to the two methods cornpared in this report but were not perfonned. 



Nevertheless. this study indicates that sensitive irnmunotluorometry for p53 protein in 

lung tumor tissues _nives results which are highly concordant with rhose obtainrd bp. 

standard IHC and rherefore is an alternative approach for the detemination of pj3  

overe'cpression in malignant lung tissue. 



CHAPTER IV 

COMPARISON OF NEW IMMUNOASSAY TO DNA 
SEQUENCE ANALYSE 

(A version from Lianidou ES, Levesque MA, Katsaros D, Angelopoulou K, 
Yu H, Genta F, Arisio R, Massobrio M, Bharaj B. Diamandis EP. 

Anticancer Res 1999; 19: 799-806, with permission from Dr. John G. 
Delinassios, Editor and Publisher) 



IV. 1. Abstract 

Tumor tissues from 55 patients with wrll or poorly diffrrrntiated (grades 1 or 3 ) 

primary epithrlial ovarian carcinoma wrre assrssed both for p53 protrin overexprrssion 

by Our sensitive tirne-resolvrd imrnunotluorometric assay rmploying DO-1 and CM-1 

antibodirs. and for genrtic p53 abnomalitirs by direct sequencing of polymerase chain 

reaction (PCR)-amplifird rxons 5 to 9. Sixteen p53 mutations (29%). including 3 

deletions causing framrshitis as well as one nonsense and II misscnsr point mutations 

were found in al1 wons except eson 9. Overespression of p55 protcin. detincd as a 

concentration rscrrding the 73th prrcentilr. kvas bund in 15 cases (,7'/0). 10 of tvhich 

had missense mutations (p<0.01). Tiimors with nonsense and tinmesliift mutations wrre 

pSnegative by immunoassay. 60th p53 mutation (p=O.O-l) and p53 protcin 

accumulation (p<O.O 1 ) were assoçiated with stage III-IV disrase. while p53 mutation \vas 

more closcly rclatrd to grade 3 lesions ( p=O.O-l) and serous liistotypc (p=0.0 1 ). Thrse 

results indiccite that p53 protein accumulation correlates well with missrnsr point 

mutation in carcinoma of the ovary and. togsthsr with other widenct. that p53 

abnormülity ma. be prognostic of outcorne in this disease. suggest rhat the immunoassay 

of p53 protrin may have cliniçal value. 

IV. 2. Introduction 

The close correlation brtwren p53 prnetic abnormaliticis and p53 protrin 

overesprrssion lias îàcilitated the use of simple and rapid immunohistochemical 

techniques to study the diagnostic and prognostic implications of p53 mutation in ovarian 

cancer. Completr DNA sequencing of the p53 gene. or as more commonly performed. of 

exons 5 to 9 within which up to 80% of the mutations occur. has bern showa to offrr 

greater sensitivity for the detection of mutatiûns (Casey et d.. 1996) than rither indirect 

mutational analysis (such as SSCP. CDGE or other screening techniques) or 

immunohistochemical staining. but it remains more laborious despite the widespread use 

of automated sequencing instruments. The rnajority of studies have thrrefore employed 

immunohistochemical methods. However. perhaps advantageous to immunostaining in 

t ems  of sensitivity. specificity. and reproducibility for the detection of p53 protein in 

tumor tissue are quantitative imrnunoassays of p53. several of which have been 



developed and applied to extracts of various tumor types (Hassapoglidou rr rri.. 1993: 

Vojtesek rr tri.. 1993: Levesque et trl.. 199jb). including ovarian carcinoma (Lsvrsqur rr 

tri.. 1995~).  Comparisons betwern the tindings of such ELISA-type assays of p53 protrin 

perfomrd in paralle1 with p53-imrnunostaining of breast (Vojtrsek er tri.. 1993). lung 

(Lewsqur rr r d .  1997). gastrointestinal (Joypaul C r  tri.. 1993). and ovarian (Lrvesqur er 

tri.. 1995~) tissues have drmonstratrd the general concordance between the two 

approaches. The waluations of immunoassays of p53 protrin have not yrt includrd 

cornparisons of tumoral p j 3  protrin accumulation to the correspondiny mutational status 

of the p53 grnr ascctrtainctd by direct DN.4 sequrncr analysis. The purposc of this study 

was thexfore to compare the findings of thesr two methods in a séries of 5 5  w l l  or 

poorly differentiatrd (grade 1 or 3)  ovarian carcinomas. 

IV. 3. Materials and Methods 

IV. 3. 1. Ovarian Cancer Patients 

Fifi);-fivc patients operated rit the Depanment of Gynrcoloyy. Gynecologic 

Oncology Service of thr University of Turin. Turin. M y  bct\vt.cn Novrrnber 1989 and 

Frbniap 1996 for treatmrnt of prima- epithelial ovarian carcinoma were includttd in 

this study Thesr patients constitutrd a subset of a larper patient population wd \vert: 

selected on tlir basis of having prirnary rpithelial ovarian tumors of rither low or high 

histologic grade (grade 1 or grade 3. respectively). Three patients for whom tumor 

specimens were availablr had been rscluded. since two had been diaynosrd as having 

germinal ovarian nroplasms and one had had a pnmary colon cancer metastatic to the 

ov-. The age range of thcse patients was 20 to 79 ycrtrs. with 3 median age of 57 years. 

Additional clinicopathologic variables for which the patients had been characterized ai 

the tirne of surgery. including residual tumor size. stage according to the criteria of the 

International Frderation of Gynecologists and Obstetricians (FIGO) (FIGO. 1987) and 

histologic grade and type based on World Health Organization (WHO) (Serov and 

Scully. 1973) cntena. were also assessed. The FIGO staging scheme assumes that an 

adequate staging operation. described elsrwhere (Levesque et al.. 1995~). has bren 

performed. Twelve patients were found to have stage I disease. 3 patients were in stage 

II. 3 1 patients were in stage III. and 9 patients had stage IV ovarian cancer. Forty of the 



tumors were poorly-dit'ferentiatrd (grade 3). whereas 15 were well-differentiated (grade 

1 ). With respect to histologic type. 3 tumors were clcar crll. 13 were endornetrioid. 7 

tvere mucinous. 23 were serous. 9 rvere undifferentiated and one tumor had a mixed 

mullerian histologic type. Postsurgically. 20 patients were apparrntly free of residual 

tumor tissue. rvhile 10 patients had residual tumor masses estimated in size to be between 

1 and 4 cm in greatrst diameter. 13 had masses between 5 and 8 cm in diameter. I l  had 

masses larger than 9 cm. and residual tumor size was unknown for 1 patient. 

IV. 3.2. Tumor Extraction and lmrnunofluorometric Assry 

Immcidiately following surgery. a reprrsentatiw portion of each tumor was 

selrcted during quicl-section procedures. snap-tiozen in liquid nitrogrn. and storcid at - 
80°C until iinalysis. .\pprosimately 200 mg of sach tumor tissue. which containrd more 

than 70% tiimor cells as determinrd by histologic esamination. was puiverizrd to a fine 

powdcr rit -80°C. DNA was estractcd and piiri tkd tiorn the tissue usiny û. conventional 

phcnol-chloro forni-based proccdure ( Strauss. 1 1 ) quanti fird by absorbüncc. 

measiirernrnts rit 260 nm. and storrd at 4°C until analysis. For pS3 protein analysis. 

estracts wcre prrparcd as drscribed above (Lrvrsque et cd. 1995b) and assayd for total 

protein content by a commcrciaily availablr: method utilizing the BCA reagrnt ( Pirrcc 

Chernicd Co.. Rockford. IL). p53 protein \vas quantitatively rinalyzed using n nrw 

imniiinotliiorometric procedure as previously drscribed in detail elsrwhrre (Lrvcsquc et 

c d . .  1995b). 

IV. 3.3. PCR Amplification 

The paired primer sequences flanking each of the wons 5 to 9 of the p53 yene are 

shown in Table IV. 1. Al1 oligonuclrotide primers were synthesized commercially 

(ACGT Corp.. Toronto. Ontario. Canada). PCR amplification of each exon was 

performed in a final volume of 50 PL. containing approximately 500 ng of template 

DNA. 10 mmol/L Tris (pH 8.3). 50 mmoVL KCI. 3 units AmpliTaq Polymerase 

(Hoffmann-La Roche. Basel. Switzerland). 700 pmol/L deo?tynucleoside triphosphates. 

optimized MgCl? concentrations (1.5 rnmol/L for exons 6 and 7.2.0 mrnolL for exons 8 

and 9. and 2.5 mmol/L for exon 5).  and optimized concentrations of each primer (0.4 



Table IV. 1. Primers for PCR Amplification and DNA Sequencing of p53 Exons 5 i o  9 
-- - 

Exon Strand PCR Primer Pair Sequencing Primers 

5 Sense 5'-CACTTGTGCCCTGACTTT-3' 5'-TCTTTGCTGCCGTGTTCC-3' 

Antisense 5'-CCTGGGGACCCTGGGCAA-3' 5'-CCTGGGACCCGTTGGTCG-3' 

Sense 5'-TGTTCACTTGTGCCCTGACT-3' 5'-TGGTTGCCCAGGGTCCCC-3' 

Antisense 5'-GGAGGGCCACTGACAACCA-3' 5'-CCACCCTTAACCCCTCC-3' 

Sense 5'-GGCGACAGAGCGAGATTCCA-3' 5'-CTCCCCTGCTTGCCACA-3' 

Antisense 5'-GGGTCAGCGGCAAGCAGAGG-3' 5'-TCAGCGGCAAGCAGAGG-3' 

Sense 5'-GACAAGGGTGGTTGGGAGTAGATG-3' 5'-ATGGGACAGGTAGGACC-3' 

Antisense 5'-GCAAGGAAAGGTGATAAAAGTGAA-3' 5'-CATAACTGCACCCTTGG-3' 

Sense 5'-GCGGTGGAGGAGACCAAGG-3' 5'-GGAGGAGACCAAGGGTGC-3' 

Antisense 5'-AACGGCATGAGGTGTTAGAC-3' 5'-GGAAACTTTCCACTTGA-3' 

pmol/L for ewns 5. 6. and 9. 0.6 prnol/L h r  eson 8. and 0.8 ;irnol/L for eson 7). The 

thermal cpcling profile çonsistrd of a 20 second dcnaturation step rit 94°C. a 30 second 

ünnraling step at the optimal temperature determinrd for each exon (60°C for exons 5. 6. 

and 9.6Z0C for exon 7. and 63°C for exon 8). and <i 30 second extension step at 7 2 T .  for 

a total of 30 cycles. Each PCR was initiated with a 3 minute drnatuntion at 9-I0C and 

trrminatrd with a 3 minute extension at 7?C. Following determination of the 

approximatr yirld and purity in rach case by agarose gel electrophoresis. the PCR 

products were incubated first at 37°C for 15 minutes with 10 units of Exonuclease 1 and 2 

units of shrimp alkaline phosphatase (both From Amcrsham Li fe Science Inc.. Arlington 

Heights. IL). and then incubated at 80°C for another 15 minutes to inactivate thesr 

enzymes. Dilution of the pretreated PCR products 1 5 to 1 : 1 O preceded their sequencing. 

IV. 3.4. DNA Sequence Analysis 

The primers used for sequencing the PCR-arnplified p53 exons 5 to 9 were 

designed using Oligo 5.0 s o h a r e  (National Biosciences Inc.. Plymouth. MN) based on 

the genomic p53 sequence deposited into GenBank by Chumakov et al. (accession # 



X5456). The primers w w  synthesized. and labelrd at the 5'-end with tlir fluorescent 

dye Cyj. at National Biosciences Inc.. and their sequences are also given in Table IV. 1. 

The Thrrmo Sequenase cycle sequrncing protocol (Amcrsham Lifr Science Inc.) was 

followed according to the manufacturer's instructions. after which the reac tion products 

were resolved and sequenccd using an ALFexpress DNA Sequencrr (Pharmacia Biotech 

AB. Uppsala. Swedcn). 

IV. 3. 5. Statisticnl Analysis 

The nssociations of p53 grne mutation with other clinical or patholoyical 

variables. including patient age. stage. histologie grade and type. and rrsidual tumor s ix .  

as well as with pj3 protein concentrations dichotomizrid on the basis of a 75th prrcentilt: 

cutotT point. wcrr esamined using Chi-square or Fisher's Exact tests whtlrr appropriate. 

blcilemar's test was also applied to the latter cornparison of p53 starus cissiynrd by rach 

of the tuo methods. in ordrr to examine the distribution of discordant pairs. The medians 

of p53 protein concentrations in tissue estracts cimong difkrent clinical or potholoyical 

croups wrre cornparcd using Wilcoson Rank Sum tests. C'ompiiter software SAS 6.12 
b 

(SAS Institutz. Cary. NC) was used tOr these analyses. and 2-sidrd tests of signikicancr 

w r r  used throuyhout. 

IV. 4. Results 

IV. 4. 1. Quantitative p53 Protein Anolysis 

p53 protein concentrations above the detection limit of the immunoassay were 

found in al1 escept four soluble protein txtncts prepared from the 55 ovanan tumor 

specimens. Thesc values rangrd from 0.04 to 196.2 pg/L and had a median. SD. and 

rnean OF 7.27 pg/L. 39.71 pg/L. and 19.80 pg/L. respectively. Adjustment of each p53 

protein concentration to reflect the particular total protein content in rach case yielded a 

highly skewed distribution (Figure IV. 1.) which ranged from 0.00 to 34.34 pgg. had a 

mean of 3.38 pg/g and a SD of 6.23 pgg.  and had 2jih. 50'~. and 75" percentiles of 0.08 

pg/g 0.94 pg/g. and 3.00 pgîg. respectively. The simple division of patients into two 

soups. p53-negative and p53-positive. was made on the ba i s  of a cutoff point equal to 
C 



the 7jih percentile. at which and bqond. total protein-adjusted p j 3  concentrations were 

considered p53-positive. 

Figure IV. 1. Frequency Distribution 
of p53 Protein Concentrations in 
Ovarian Tumor Extracts 
The dashed lines A. B. and C indicrite the , jd, joth - . . and 75"' percrntiles of the 
distri but ion. rcsptxti\.el>.. 

Log p53 concentration (riglg) 

IV. 4.2. 34 utationol Anrlysis 

.htomatcd srqurncing of the PCR-amplitird rsons 5 to O of the p53 gcnr in each 

of the ovarian carcinomas revealed mutations in 16 crises (2996) (Table IV. 2. ). Thest. 

mutations werr approxirnately rvenly distributed across rsons 5 to 8: rson 9 was found 

to have a wild-type sequence in every case. In addition to the thrtrt: mutations detrcted at 

codon 248. missense point mutations m other p53 mutational hotspots (codons 175 and 

773) wcre also hund. One of the mutations at codon 248. as well as those detected at 

codons 196 and 287. represrnted GC+AT transitions at CpG dinucleotides. Five other 

mutations in sprcimens 5. 144. 62. 91. and 113. threr of them transversions. also 

occurred at CpG sites encoding arginine residues. In total. substitutions affecting arginine 

occurred in 8 of the II missense cases. Thcre was a slight predominance of transition 

(n=8) over transversion (n=5) mutations. and G to A or G to T substitutions accounted for 

6 of the 16 mutations observed. Translational termination was encoded by a C to T 

transition within exon 6 .  Since additional noncancerous tissues were not collected from 

these patients. the possibi lity that these genetic changes may have represented germline 

p53 mutations could not be investigated. The same neutni genetic polymorphism. an A 

to G transition at the second position of codon 213 in exon 6 encoding an arginine 

residue. was detected in three tumor specimens. Sequence deletions. predicted to lead to 



Table IV. 2. p53 Mutations and Corresponding p53 Protein Expression Levels in Ovarian 
Carcinomas 

Specimen Exon Codon Nucleotide Changea Amino Acid Change p53 protein' Grade Stage 

GTT -, TTT 

CGC + CAC 

CGC -+ CAC 

Deleted CAGATAGC 

CAT -+ GAT 

ClT -+ CGT 

CGA -+ TGA 

Deleted TGAC 

CGG -+ TGG 

CGG --+ GGG 

CGG + CTG 

GTG + ATG 

CGT + CAT 

AGA + GGA 

CGG + TGG 

Deleted AAAG 

Val -+ Phe 

Arg -+ His 

Arg -+ His 

Stop at codon 21 1 

His -+ Asp 

Leu + Arg 

Arg + Stop codon 

Stop at codon 244 

Arg + Trp 

Arg -+ Gly 

Arg -+ Leu 

Val -+ Met 

Arg -+ His 

Arg -, Gly 

Arg -+ Trp 

Stop at codon 303 

- 

IV 

III 

III 

II 

III 

l v 
Ill 

IV 

III 

III 

Ill 

III 

I v 
III 

III 

III 

Sequences flanking deletions given in text. 
' p53 protein concentrations in units of pglg; values 2 3 pg1g were cons~dered p53-positive. 

premature translational termination. were also î'ound ro affect eson 5 ( 8 nucleotidrs in 

kngth). exon 7 (4  nucleotides). and sxon 8 (4 nucleotidrs). Examination of sequences 

flanking the deletions revcalrd the presence of short repeais present also in the deleteci 

segments: TGCTCAGATAGCGATG in exon 5:  GGTTGGCTCTGACTGTAC in rson 

7: and CAACAAAGGGGAG in exon 8. where the deletion is underlined and repeated 

sequrnces are shown in bold. Splice-site mutational changes in the p53 genr were not 

found. 

IV. 4.3. Relationships Amongst p53 Gene Mutation, p53 Protein Accumulation, and 

Other Variables 

blissense p53 mutation and overexpression of p53 protein were clowly 

associated. evident from the observation that of 12 ovarian tumors with such genetic 



changes. 10 were found to have p53 protein concentrations above 3 pglg (Table IV. 2.). 

The three deletion mutations. however. as well as the point mutation resulting in ri stop 

codon. were al1 accompanied by much lower p53 protein concentrations - findinys 

consistent with the expression of tnincated p j 3  products cither not subject to stabilization 

or unrrcognizablr by the immunoassap. The occurrence of m y  kind of p53 mutation was 

considrred in relation to p53 protrin status. as wrll as to the status of the othrr 

Table IV. 3. p53 Gene MutationU in Relation to Clinicoprthologic Variables 

Variable Number of Cases (and %) 

No p53 Mutation p53 Mutation 

*ge 
c 57 years 

> 57 years - 
Stage 

1 

II 

III 

IV 

Histologic Type 

Serous Papillary 

Endornetrioid 

Undifferen tiated 

All Other Histotypes 

Grade 

1 

3 

Residual ~umor'  

Negative 

Positive 

a Mutation identified in exons 5 to 9 of the p53 gene. 
b p-value deterrnined from Chi-square test. 
p-value deterrnined from Fisher's Exact test. 

d Residual turnor size unknown for one patient whose ovarian tumor had a p53 mutation. 
p53 protein concentrations equal to or exceeding 3 pglg were considered p53-positive. 



clinicopathologic features for which the patients had bren characterized. as shown in 

Table IV. 3. The catrgorization of ovarian tumors into p53 -negativ<: and p53-positive 

groups by immunoassay agreed with the tindings of mutational analysis in 10 of the 16 

cases wherr mutations were demonstrated. and in 29 of the 34 cases where p53 mutations 

were not found. Missense p53 mutations were identified in 10 of the 15 cases in which 

p53 protein was overexpressrd above the cutoff point. pS3 protein accumulation above 3 

pg/g and mutation of conscwed p53 sxons also agrerd with respect to the similar number 

of cases positive by one method and nrgative by the other (p=0.763 by McNemar's test). 

Statisticallp significant associations wrre also found brtwcen p53 mutation and greatrr 

anatomic extent of diseasc. serous papillary histotype. and liigh grade. XII escrpt one of 

the 1 6 mutations identi tkd were from poorly di t'ft'rrntiated (grade 3 ) turnors. al1 escrpt 

one were from patients with stage I I I  or IV disrasr. and al1 except two wrrr from patients 

who had bern suboptimally drbulked ot surgery. There kvas no tendency. however. for the 

tiequency of p53 mutation to increase or decrease uith increasing patient age. Sirnilarly. 

pS3 protein Ievels did not differ signiticantly between patients of apes above or below the 

median c~itoR or between ovarian tumors of differcnt histologie types (Table IV. 4.). 

r\lthough the statistical tests were bordrrlinr significant. there wrre tendencies for highrr 

levels oF p j 3  protein to associatc with higher histological grade and presencr of residual 

tumor. On the other hand. p53 protein concentrations wrre shown to be elevated in tumor 

cstracts froni patients witb stage H I  or IV compûred to stage 1 or I I  assignments. and 

uere strongly associated with p53 gene mutation. The distributions of p53 protein 

concentrations in tumors with and without mutation are shown in Figure IV. 2 .  

IV. 5 Discussion 

At least one in four patients ivith epithelial ovarian cancer. especiall y those 

presenting late at diagnosis. has a prima* tumor in which the p53 tumor suppressor gene 

has been mutated. However. the impact of p53 mutation upon the ovarian cancer patient 

in terms of the naturai history of the disease and the likelihood of therapeutic success 

remains controversial. Relative to many of the more established markers (stage. grade. 

residual tumor). p53 alteration has been found to have minor prognostic value (Marks et 

al.. 199 1 : Kohler et UL . 1993; Niwa et 01.. 1994). although its importance may be greater 



Table IV. 1. p53 Protein ConcentrationsU in Relation to Clinicopathologic Variables 

Variable Numher Median Range p-value" 

Patient Age 

< 57 years 

> 57 years - 
Stage 

I - II 
Il! - IV 

Histologic Type 

Serous Papillary 

Endometrioid 

U ndifferentiated 

A11 Other Histotypes 

Grade 

1 

3 

Residual TumorC 

cl  cm 

>1 cm - 
p53 Mutation 

No 

Yes 

a p53 concentrations expressed in pglg. 
b p-values determined frorn Wilcoxon Rank Sum tests. 

Residual tumor size unknown for one patient whose tumor extract was p53-positive. 

for patients with particular clinical or pathologie features (Lrvesque er c d . .  1995~).  On the 

other hand. recent tindings suggrst that p53 functional status may br  a critical 

determinant for the success of systemic chemothrrapy with dmgs which exert their 

antineoplastic rffects by the induction of p53-dependent apoptosis (Perego er c d .  1996: 

Rightrrti et cd. 1996). . h o n g  these agents are platinum-containing compounds. and 

possibly tmol. which are components of regimes typically prescribed for patients whose 

maiignancies exhibit extraovarian extension. In the present absence of accurate predictive 

factors for platinum-based chemothenpy. many patients with advanced disease are 



Figure IV. 2. p53 Protein 
Concentrations in Ovarian 
Tumors with and without 
Mutation in Exons 5 to 9 of 
the pS3 Gene 
The horizontal bars indicate the 
median tatue in each of the three 
groups. Not shoun in the tigire is 
a specirnen in u liicli the ahsence 
of mutation \cas accornpanied bl. 
p53 protein concentration of 34.34 
pgg.  

No p53 muration Missense p53 Delelion or nonsense 
(n=39) mutation (n=12) 053 mutatian (n=4) 

rsposed to nosious but often inetTectivt. treatments. .-1 major tocus of çlinicd resciarch o n  

ovarian cancer has thereforr been the evaluation of novel prognostic and predictivr 

factors. among which p53 mutational change has been the subjeçt of intense interest. 

The primary purpose of this study was to compare two complrmentary methods 

of indirectly assessin@ the iunctiond status of the p53 grnr in ovarian carcinomas. Thesr 

mrthods investigate p53 at the Ievels of genomic DNA srqurince and protrin expression. 

Structural alterations of the p53 grnr. most commonlp by missrnse point mutations 

within the rvolutionarilg-consrrved DNA-binding domain (Hollstrin rr trl . .  199 1 ). are 

associated with grnr products impairrd in thrir ribility to function as transcription factors 

for yrnes rnrdiating celi cycle arrest (Kastan (11.. 1'192). programmed ceil death (Lowe 

et c d . .  1993). or DNA repair (Wang rr d.. 1995). Failure of thrse processes following 

DNA damage is thought to contribute to the genomic instability predisposing to 

neoplastic transformation and progression. Although DNA sequencing of the rntire 

coding portion of the p53 gene is not usually necessary in order to identify the majority of 

mutations. which cluster within rsons 5 to 8 of the 1 1 exon gene. it is possible that many 

of the 10-10% of mutations missed by sequencing only the central DNA-binding domain 

may also inactivate p53 function (Casey C r  cd.. 1996). Nevertheless. most studies have 

restricted their analyses to p53 cxons 5 to 8. alterations of which have usually been 

initially detected by screening techniques such as SSCP or CDGE pnor to DNA sequence 

analysis of aberrant cases due to the considerable expenditure of resources associated 



with the latter procedure. The introduction of more rapid and affordable automatrd DNA 

sequencing technologies. targeting the clinical diagnostics setting. has made possible the 

procrssing and analysis of the large numbers of specimrns required for meaningful 

epidrmiologic studies (Bharaj rr cil . .  1998). Srquence analysis remains. however. 

technically far more dernanding than simplrr techniques taking advantagr of another 

consrquence of missrnse p53 mutation. namely. the confornational alteration of mutant 

p j3  protrin nhich confers resistancr to normal degradativr turnover. Crlls harboriny 

mutant p53 alleles usually display nuclear accumulation of the encoded protein. which 

c m  be dctected by immunochrmical methods srnploying a varirty of monoclonal and 

polyclonal antibodies against epitoprs esclusive to mutant p53 or shared by mutant and 

wi ld-ty pe conformations of the protein. Most commonly. these iintiboditts have been 

applied as prima- detection reagrnts for immunohistoçhemical stnining of liseci or frcsh 

tissue sections. althouyh thrir use in ELISAs of soluble rstracts of tissues has also been 

reportrd by a smaller number of yroups (FIüssapoylidou C r  ul.. 1993: Vojtesck t i l .  

1993 Levrsqutt et t d .  I995b ). While the advantûyrs and disadvantriges of immiinoassays 

of p53 protein çompared to conventional p5Xmmunostaining have bern discussrd 

elsrw h m  ( Lrvesque rr cil . .  1997). use o f  an immunoassay of p53 protrin has not yet been 

cornparrd to DNA sequencr analysis of the p S  core region. 

The pj3 mutation rate of 19% ( 16/55) in our serirs of ovarian carcinomas \vas 

somewhat low but within the range of those reported in other studies (Marks rr ci l . .  199 1 : 

Okarnoto rr dl.. 199 1 : Eccles et tr l . .  1992: Kohler et al.. 1993: Kupryjanczyk rr t d . .  1993: 

McManus et al.. 1994 Kim et al.. 1995). even though specimens with grade 2 histology 

had been excluded from the analysis. Omission of moderately differentiated (grade 2 )  

specimens served to enhance the partitioning of p53 mutations into high grade lrsions but 

was unliliely a major source of bias since the 43% rate of p53 abnorrnality in our previous 

study (Lrvesque et cd.. 1995~). which included grade 2 tumors. was obtained from a 

similar nurnber of low (n=16) and high (n=49) grade specimens as included in the study 

reported here. Our previous study had found the p53 overexpression rate of grade 2 

ovarian tumors to be intermediate (26%) to those of grade 1 (5%) or grade 3 (69%) 

tumors. in agreement with other studies (Klemi rr d. 1995: Eltabbakh er cd . .  1997). The 

overail rate of p53 protein overexpression in the present study (27%). however. is lower 



than that obtained in our previous work and may br rxplained largely by the selection of 

the cutoff point by which specimens u-ere considrred p53-positive - 3 pg/g compared to 

0.23 pg/g usrd radier. Although the immunoassay usrd in thesr two studirs differed in 

their respective primary anti-p53 antibodies. they had bern shown to yield highly 

correlated results when applied to estracts of various crll iines and resectrd breast tumors 

(Levesque et tri.. 1 995 b). 

Cornparison of the mutations identifird in this study with those reponrd in a 

comprehensive database of p53 mutations (Hainaut et rd.. 1997) rçvealed sevenl 

nucleotide changes detrcted at particular codons to br previously undescribrd in ovarian 

carcinoma (G  to T at codons 172 and 248: C to G at codon t 93: .A to G ;it codon 250).  

Our linding of a slight sxcess of transition ovrr transvrrsion mutations \vas consistent 

with the majority of other studies reponing a highsr frequency of transitions (Mazrirs C r  

(ri,. 1991: Okamoto er rd.. 199 1 : Kohler Cr rd.. 1993: Kupqijancqk er trl.. 1993) 

suggestive of endogrnous mutayenic processes rathrr than rsposure to carcinogens. The 

threci cieletions tound in our series wcre novt'l h r  ovarian cancer and w r e  round at a 

ticqiirncy ( 19% of identitird mutations) similar to that obsewed in a recrnt study by our 

group (t\ngelopoulou er d.. 1998). In çontrast to this rarlisr study. rson 8 was affectrd 

by deletions in addition to esons 5 and 7. Sincr the dclrtions were tlankrd by short direct 

repeats. misalignmrnt of the ternplate strands during DNA replication map have brcn 

responsiblr for their gttneration (Jego er tri.. 1993). In spitr of the fact that p53 codiny 

sequences outside csons 5 to 9 were not sunreycd for mutations. we fiel that Our analysis 

likely identified the majority ofp53 pnetic changes. 

The stronp relationship betwern p53 genr mutation. particularly in-framr 

substitutions. and p53 protein overexpression was confirmed in this study: 34 of the 39 

cases without demonstrablr p53 mutations in rxons 5 to 9 were classified as pjj-negative 

by immunoassay. while 10 of the 17 specimens in which missense mutations were 

detected were shown to have p53 protein concentrations above the cutoff point. Whether 

particular missense mutations resulted in greater degrees of p53 protein stabilization than 

others was not addressable due to the small number of specimens studied and remains 

unclear in the literature (Blagoskionny. 1997). although virtually al1 of the approximately 

570 different missense p53 mutations (Hainaut et al.. 1997) occuring in the central DNA 



binding domain have been associated with p53 protein accumulation (Almog and Rotter. 

!398). Whether the prrcise sites and nature of rnissrnse mutation in the p53 grnr are 

associated with di fterencrs in DO- 1 antibody rractivity. simi lady. has also not been 

performed. To accoiint for the eleven cases for which genrtic analysis and immunoassay 

were not in agreement. srveral explanations might br invoked. Intragenic drletions and 

translational termination mutations comprisrd four of the six cases in which p53 mutation 

was accompanied by low p53 protrin expression. The selcction of the p j 3  protein 

concentration (3  &g) above which specimrns were considrred p53-positive may have 

rttsu1tt.d in the anifactual rnisclassiiication of another ttimor in which a missense point 

mutation \vas found in rson 8 but in which the p53 protrin concentration (7.89 p g ! y )  \vas 

only slightly brlow the cutoff. Howevrr. the other p jhepa t i v r  tumor in which a 

missensc mutation was îbund had no detrctable p53 immunoreactivity. I t  is possible that 

the nonequivalence of tissues. with respect to the histoloyic distribution of pj3 

abnormalities. that wcrr usrd for DNr\ scqurncr analyis and tor immunoassay in rach 

case might have led to discrrpant tindings. both for thrsc: tua pSneyativt: cases and for 

the othrr tive in which p53 mutations were not found and yet p53 protein ciccumulatcid. 

Nonmutational stabilization of p53 protrin. suçh as by cytoplasrnic sequestration. has 

bcrn documentrd in many malignancies (kloll el d.. 1992) and has been associated with 

complrsation of p53 with mdmZ (Momand rr ul.. 1997) and a varirty of virai 

oncoprotr ins ( Blagosklonny. 1997: Funk and Galloway. 1998). Since the prima- capture 

antibody used in the immunoassay recognizes an rpitope expressed on wild-type as well 

as missence mutant p S .  oncoprotein-stabilized nonmutant p53 would have elicited a 

signal interpreted as p53-positivity . However. although nrither mdm2 expression nor the 

expression of SV10 large T antigrn. adenovims ElB 55 kDa protein. or other 

oncoproteins were determined in the discrepant cases. none of these proteins are 

associated with rpithelial ovarian tumorigenesis (0201s er rd.. 1997). A less likely 

explanation would have been the presence of mutations outside exons 5 to 9 leading to 

the expression of a p53 gene product with an rnhanced half-Iife. Since these explanations 

were not investigated. they remain specuiative. 

The results of this study provide evidence that the assessrnent of p53 

abnormalities in epithelial ovarian carcinoma may be performed either by a simple 



immunochemical assay or by a more cornplex DNA sequencr analysis. Although the 

results of p53 immunoassay were not in complete concordance with the sequence-based 

analysis of p53. the advantages of the former method. rspecially in t r m s  of its rase of 

application. may make it more suitable for clinical laboratory use. 



CHAPTER V 

SCREENINC OF LUNG CANCER PATIENT SERA FOR p53 
PROTEIN 

(A version from Levesque MA, D'Costa M, Diamandis EP. Br J Cancer 
1996; 74: 1434- 1440, Copyright c3 19% by Churchiil Livingstone) 



V. 1. Abstract 

pj3  protein. which accumulates intracrllularly in over half of al1 human tumors. 

has also bcrn reported to be presrnt in the srra of patients with various malignancies. 

includinp lung cancer. Using our quantitative immunoassay. wr mttasured p53 protein 

concentrations in 2 16 sera from 1 14 lung cancrr patients of whom 75 providrd matchrd 

lung tumor tissues which were also assayed for p53 protein. p53 protrin levels ûbove the 

detcction limit of 0.04 pg,'L w r e  detcctcd in only 1 sera from lunp cancer patients (0.14 

pg/L and 0.17 p&L) and not in an? of 13 sera fiom non-malignant lung diseasc patients 

or in 100 sera from normal non-dissased individuals. The presenct: of thesç apparent 

traces of serunt p53 protrin concentrations coiild noi be related either to the pj3 protrin 

rsprcssion status of the prirnary lung tiimors or to the tiimor stage. grade. or histologicd 

type. By pretrrriting thesc two sera with anti-pi3 cintibody linkrd to solid phase. and by 

the addition of mouse srrurn to nrutralize possible heterophilic ontibodies. the sipnals 

orisinp tiom thest: srra wrre s h o w  to b r  nonspecific and possibly due to heterophilic 

antibodies. We conclude thar our data do not support prcvious reports of pj3 protein in 

the sen  of lung cancer patients. Sincr immiinoassays ore subject to numrrous sources of 

intcrtrrence in serum. including heterophilic antibodirs. w suggest that the resdts of p53 

protrin analysis of srrum specimcns should be intrrprctcd with caution. 

V. 2. Introduction 

Whrther tumor cells which ovrrexpress pS3 protrin may release it into the 

bloodstream has been the subject of only a few investigations to date. A screen of 800 

serum specimens collected from patients with a wide range of malignancies was unable 

to drtrct p53 protein in any specimen using an immunofluorornetric assay 

(Hassapoglidou rr c d . .  1993). This h d i n g  is consistent with those of othrr workers 

(Winter et cil.. 1992) rmploying a commercially available p53 ELISA method (Oncogene 

Science. Uniondale. NY) on lung cancer patient sera. More recently. however. rlevated 

levels of p53 protein have been reported in the sera of patients with lung cancer (Luo et 

c d .  1994: Braun et al.. 1995) and colon adenornas and carcinomas (Greco et d. 1994: 

Luo et cd.. 1995) relative to the sera of control subjects. as well as in the s e n  of patients 



with Hodgkin's disrase (Trumper et c d . .  1994). malignant Iymphornas (Lehtinen rr ul.. 

1993: Lahdeaho r i  id. 1994). breast cancer (Rosanelli rr c d . .  1993). and asbestosis with 

and without lung cancer (Partanen r f  t d . .  1995). In al1 of thrse recent studirs. p53 protrin 

kvas qiiantified in sen by the same or similiar ELISA procedure. We report hrre the use 

of a recently dr\.eloped highly sensitive immunoassay of p53 protein (Levesqur er a/.. 

1995b) which is suitablr for al1 sample matrices including serum. Because our initial 

inability to detect pj3 protein in the serum of cancer patients (Hassapoglidou er d.. 1993) 

was in conflict with the findings of othrr groups. wr sought to determine if the pj3 

immunoassay signals arising in srrum were truly p53-specitic. The results of this study. 

which cornpared pj3 protein concentrations in sera and tumor tissue estracts of patients 

with prima- lung cancer and reportrd the mriisurernents of p53 protein lrvels in sera 

tiom non-indignant lung disease patients and from nornial individuais. suggests that p S  

protein is not detectablc. in the sera of patients with lun, 4 '  cancer. 

V. 3. Materials and Methods 

V. 3. 1. Lung Cancer Patients 

blatchtid tumor and srrum spccimens were obtained from 75 patients who were 

oprrntcid üt St. Joseph's Heriltli Centre in Toronto. Ontario. Canada betwern Jiinc 19% 

and hiiyust 1995 for resectûble primriry lung carcinoma. This group consistrd of 23 

males and 52 fernales. and includcd 16 individuals less rhan 59 prars of age. 32 betwtirn 

60 and 69 years. 73 betwren 70 and 79 years. and 4 greatrr than 80 yrars of age at the 

time of surgery. Only 4 patients lacked a history of tobacco smoking. Al1 but three 

patients were staged at surgery accordinp to the Tumor-Node-Metastasis (TNM) 

classification system (Beahrs et r i / .  . 1992): 46 were found to have stage 1 dismsr. 12 wrre 

in stage II. 12 had stage HIA. one patient had stage IIIB. and one patient had stage IV 

cancer. 

V. 3.2. Tumor Specimens 

Al1 lung tumor specimens were obtained dunng routine surgery for the treatment 

of prîmary lung cancer. This study was approved by the ethics and research cornmittee at 

St. Josepli's Health Centre. Toronto. Ontario. Canada. Immediately following surgery. a 



reprexntative portion of rach primas lung tumor was srlectrd during quick-section 

procedures in the operating room. snap fiozen. and stored at -80°C for subsrquent p53 

immunoassay (see below). Formalin-fixed. paraffin-rmbedded sections of adjacent tumor 

tissue ivere used to routinely establish the grade and histological type in 72 cases 

following WHO guidelines (World Health Organization. 1982). Well differentiated (G 1 ) 

tumors were Found in 6 patients. 43 had moderatrly differentiatrd (G?) tumors. 12 wrre 

poorly diffrrentiatrd (G3). and one wris not diffrrentiated (GA). .-\denocarcinoma and 

squamous c d  carcinoma. represrnted by 3 2  and 34 cases. respectivrly. accounted for the 

rnajority of specimens. whi Ir the remainder consistrd of carcinoid tumors (n=3). small 

ceIl carcinoina (n=2). large ce11 carcinoma (n=2). and one eûch of adenosqiiamous and 

carcinosarcorna histologies. Funher histological esamination classifird the tumor 

cellulnrity of 26 lung tumors as high (n= l O). intermediate (n= 12). or low (II=-!). 

.-\pproximately 100 mg of the frozen tumor tissue was pulverized and subjected to 

cell lysis by incubation on ice for 30 minutes with 1 mL of a bufftx containing 50 

mmol1L Tris. 150 mmol/L NaCl. 5 mmol/L EDTA. 10 mL,'L NP-40 surfactant. 10 mg/L 

PMSF. and 1 mi$L each of aprotinin and Ieupeptin. The soluble extracts were obtained 

following centrifugation at 14.000 g for 30 minutcs at 4°C and collection of the 

supernatant fractions. Extracrs wrre thrn assaytid immediately for pj3 protrin. and for 

total protein content by the BCA method (Pierce Chernical. Rockford. IL). in order to 

determine the degree of heterogrnrity for p j3  protrin accumulation within individual 

tumor specimrns. ten tumor specimens were rach furthrr samplsd üt threr different 

surfaces. and the equivalent masses of tissue were extractrd and assaysd for p53 protcin. 

Normal lune tissue. frer of ovrn rnalipant infiltration. was cut tiom seven surgical 

specimens at the margins of resection and subsequently pulverized. rstracted. and 

assayed for both p53 protein and total protrin. These were designated as control or 

"normal" tissues. 

V. 3.3. Serum Specimens 

For each of the 75 lung cancer patients. preoperative and/or postoperative aliquots 

of s e m  specimens were obtained fiom the routine biochemistry laboratory. A 

preoperative serurn specimen was obtained from 54 patients: 17 on the sarne day as 



surgery. 19 one day before. and IS two to nine days pnor to surgery. At least one 

postoprrativr serurn was obtained from 6 4 patients. Multiple postoperative samples were 

collected from 12 patients up to 12 days afirr surger?;: 4 patients provided 2 specimens. 4 

patients had j sera. and one patient each provided 4. 5. 6. and 7 sprcimrns. respectively. 

aHer surgen;. A preoperative serum and at lrast one postoperative semm were collected 

from 43 patients. Sixty-eight sera were also obtained from 39 lung cancer patients for 

whom no matched tumor tissues were aviiilable. For these latter specimens. the dates of 

collection relative to the date of surgrry in rach case were not known. Ail sera were 

stored rit -80°C until analysis. 

Control sera from 100 individuals from the gencnl popdation without 

symptomatic disrasr were stored for no longer than sis rnonths at -10°C. Furthrr controls 

were provided by 13 sera obtained from patients assrssrd at Si. Joseph's Health Centre 

for nonmalignant lung diseases including c hronic obstructive lung discasr ( n=5 ). 

pulmonary embolism (n=2). sarcoidosis (n=2). or respiratory îàilure due to othrr causes 

(n=j).  These specimens were tiozen citirr venipuncture and stored at -40°C prior to 

immunoassay. 

V. 3.4. p53 lmmunofluorometric .4ssuy 

Lung tumor txtracts and undilutrd sera were assayed for p53 protein in duplicatr 

using a "sandwich-type" immunoassay ( Levrsque et trl.. 1 995 b). In Iung tumor estracts. 

p53 lrvrls were expressrd relative to the amount of total protein in the c d  Iysates. 

Serum specimens with p53 concentrations consistently rxcerding the dctection 

limit on repctated analyses were reassayed afer  incubation for one hour at room 

temperature w-ith 30% (vlv) of DO4 Sepharose (to immunoabsorb p53 protein). mti- 

digoxin Sepliarose (control). or uncouplrd Sepharose (control). used as 50% slurries. 

followed by centrifugation at 14.000 g for 30 minutes to collect the supematants. The 

solid phase Sepharose-antibody conjugates were prepared from high titre ascites tluids 

collected tiom mice injected with monoclonal DO- 1 or mti-digoxin-producing 

hybridomas using standard procedures (Harlow and Lane. 1988). and from CNBr- 

activated Sepharose 4B (Pharmacia. Uppsala. Sweden) used according to the 

manufacturer. A lung tumor extract prepared as above, and a semm specimen fiom a 



hospitalized patient without evidence of malignancy which \vas supplemrnted with 10% 

( v h )  lung tumor extract. were also treated as above and then assayed for p j3  protein. 

Srmm specimens containing detrctablr levels of p53 protein were also trstrd for the 

presence of heterophilic antibodirs. a potentia! source of spurious background signals in 

two-site immunoassays (Nahm and Hoffmann. 1990). The tluorescrnce counts yirlded by 

the reassay of sprcimrns 30 minutes aAer the addition of rnouse serum (50% vlv). with 

agitation at room temperature. were compared to the counts elicitcd by nssay of the same 

specimens to which equivalent volumes of 6% BSA (50  mrnol/L Tris. pH 7.80. 60 g/L 

BSA. and 0.5 g/L NaN;) had bren addrd. 

V. 4. Results 

V. 4. 1 .  p53 Expression in Primary Lung Tumors and Normal Lung Tissues 

.Al1 75 lung tumor extracts had p53 protrin concentrations thnt rscerded the pj3 

drtttction limit of -0.04 pJL: values ranged from 0.06 to 70.7 pg/L with a msdian p53 

concentration of 0.52 pg/L. Brcausç o f  variations in the estraction efticiency. the levrls 

of p53 protrin w r e  adjustrd for the total protein concentrations in the extracts. The 

distribution of thrsr adjustrd pj3 concentrations in the tumor tissues was positively 

skrwed (minimum=0.008 pgg. mauimiim= 10.97 pg'p.  median= 0.13 pg/y. mean= 1.10 

pg/g  SD=3.?0 &g). In order to cateyorize tumor specimens as rither p jhega t ive  or 

pj3-positive. the mrdian value of 0.13 pg pcr gram of total protrin was selrcted as the 

arbitrary cuto ff point. Tumor tissues were roughly homogeneous for p53 protein 

overespression. since three indeprndrnt extractions of tissue cut from different surfaces 

of a small number of p53-positive (n=j)  and p jhega t ive  (n=j) specimrns yiçlded p53 

concentrations. adjusted for total protein. which did not vary by more than 10% for each 

tumor (data not show) .  Normal lung tissue cut from the resection margins of seven 

iurnor-containing specimens revealed much Iower p53 concentrations which ranged frorn 

0.010 pg/g to 0.070 pg/g with a median oFO.030 p&. 

V. 4.2. Serum Levels of p53 Protein 

Of ail the sera collected from the lung cancer patients. only two had p53 protein 

levels which consistently exceeded the assay detection Iimit on repeated analyses. 



necessa- for the mrasurement of p53 protein lcvels in srrum specimens brcause of the 

randorn fluctuations of the assay at the beginning of the calibration curve. One of these 

sera. having a p53 protein concentration of 0.27 pgiL (which exceeds the first p j 3  protein 

standard in the lincar portion of the calibration curve) and drnotrd as Patient Srrurn 1. 

was identifird from a screen of 68 sera collected fiom patients while they were in 

hospital for surgical removal of thrir primary lung carcinomas. The othrr semm 

specimrn. hrnccfonh referred to as Patient Serum 2. had a p53 protrin lrvel of 0.14 pCJL 

and was collrcted from a lung cancer patient beforr surgen;. .Although it was known that 

this patient had a poorly differentiatrd squamous ce11 carcinoma which had invadrd the 

visceral pleura but did not in~o lvr  any of the regional Iymph nodes (stage 1). correlation 

brtween the rippearance of detectable p53 protein in senim and any diniçopatbologic 

featurr was obviously not possible. The relationship betwren p53 protein espression 

statu by the prirnary tumor and its drtection in senim could similiürly not be addressrd: 

the pj;  protein concentration in the estrxt  prepared tiom this patient's lung tumor \vas 

0.0 1 j @g. bdow the median cutoff point tor p53 positivity. None of the 100 sera from 

asynptomatic membrrs of the genttral population or the 13 sen  from patients with Iiing 

diseasrs othrr than malignancy had p53 pro tein concentrations rsceeding the assay 

cietection limit. 

V. 4.3. .4ssessment of Assry Specificity in Apparently PU-Positive Sera 

To provide èvidence that the fluorescence signals in apparently "p53-positive" 

sera were relatrd to p53 protein concentrations. Patient Sera 1 and 2 were further 

investigated by a simple immunoabsorption procedure in which sprcimens were 

incubated with Sepharose beads conjugated to DO-1 antibody to clear them of soluble 

p53 protein pnor to assay. The high capacity of DO-1 Sepharose to specifically 

irnmunoabsorb p53 protein from a lung tumor extract is sho~vn in Figure V. 1. (panel A): 

the assay of the tumor extract after treatment with DO- 1 Sepharose yielded only 8% of 

the tluorescence counts generated by the assay of the sarne extract after incubation with 

uncoupled Sepharose. used as a dilution control since the conjugates were added as 

aqueous slurries. The tumor extract. which had a p53 protein concentration of 

approximately 10 pg/L. was completely cleared of detectable p53 protein as the signal 
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1995b) was confirmed by the observation that dilution of the lung tumor extract 10-fold 

by the control sera yielded fluorescence signals less than seven times lower than that of 

the undiluted tumor extract (data not show).  Given thesr results. the reduction in pS3- 

associated tluorescence a f  er incubation of Patient Serum 1 with DO-1 Srpharosr to 58% 

of the signal produced in the sarne serum treated with uncoupled Sepharose (Figure V. I .  

(Panel C)) was suggestive that this srrum specimen containrd p j 3  protein. In contrast. no 

reduction in tluorescence counts resulted from the treatment of Patient Senim 2 with DO- 

1 Sepharosr (Figure V. 1 .  (Panel D)). 

Becausr treatment of Patient Serum 1 with DO-1 Sepharose did not reduce the 

tluorescence signal to a background Irvel. as was the crise whrn DO4 Srpharosr wns 

addrd to both the tumor estract-spikrd çontrol sera and to the sstnct itsrlf. wt. 

investignted the possibility that the signals in thrsr specimzns were due to the prrsencr of 

human antibodies with broad anti-sprcies sprci ficitirs which might have cross-linled the 

solid phase DO- 1. polyclonal CM-1. or ALP-conjuyared antibodirs in our irnmunoassay 

leading to frilsc: positive results. A cornmon practice to neutralizr these hrtrrophilic 

antibodirs. which have been reponed in the sera of up to 40% of normal subjects 

(Boscato and Stuart. 1986). is the inclusion of nonimmune scmm from û speçirs usrd to 

raise one of the rinalyte-specitk antibodies to the sample assay biiffer (Nahm and 

Hoffmann 1990). The large rxcess of mouse immunoglobulins in rnouse srnim. ndded to 

human srrum specimens. would be expected to saturate the binding of any hrterophilic 

antibodies with anti-mouse speciticity. Figure V. 1 .  (Panel C) shows that when added to 

Patient Serum 1. rnouse srrum (added as 30% of the total volume)  vas able to complrtely 

suppress the Huorrscrnce signal. unlike rquivalent dilution of this srmm by the addition 

of immunoglobulin-fier 6% BSA. The same arnount OF mouse semm added to Patient 

Srrum 3 (Figure V. 1. (Panel D)) or to eithrr the tumor extract or the spikrd control sera 

(data not shown) were without similar rffrct. These results strongly suggest that Patient 

Srrum 1 contained non-specific reactmts with the sandwich irnrnunoassay. 

V. 5. Discussion 

Alterations to the p53 gene are the most fiequent genetic changes reveded so far 

in hurnan cancer and occur in 43-75% of non-small ce11 lung cancers (NSCLC)(Marchetti 



et tri.. 1993: Mitsudomi et 01.. 1993b: Gazzen rr c i l . .  1994) and 3 7 0 %  of small ce11 lung 

cancers (SCLC)(Millrr et cd.. 1993: Lohmann et al.. 1993: Ryberg er trl.. 1994). 

demonstrating its importance in the pathogenesis of these malignancies. Determination of 

the functional status of p53 in ce11 lines. normal tissues. and in tumors is most olien 

inferred by sequence analysis of p53 coding rrgions. indirect rnrthods of revealing the 

grnotype. or by the detection of p53 protrin in the nuclri of tumor crlls by standard 

immunohistoçhrmicril techniques (Soussi er crl.. 1 994). Quantitative immunoassays For 

p53 protrin. hon-ever. may offrr a number of advantagrs (Diamandis and Levrsqur. 

1995) and havr bren applied to soluble ce11 extracts prepared from breost (Bartkova et 

( 1 1 . .  1993: Vojtesrk et d.. 1993: Lrvesqur rr ul.. 1995b). ovarian (Lttvesqur er al.. 1995~) .  

gastrointrstinal (Bartek rr trl.. 109 1: Bankova er trl.. 1993: Joypaul et trl.. 1995 ). vulval 

(Bartkova et d . .  1993 ). muscle (Bartek et 111.. 109 1 ). and more rrcrntlp. in lung tumors 

( Pappot er id.. 1996). For tumors of thrrr anatomic sites. breast (Vojtrsrk et tri.. 1993 ). 

stomach (Joypaul rr cri.. 1993) and colon (Joypaul er trl.. 1993). parallel determinations of 

p53 protein expression status by ItlC and immunoassay havr rrveaird thnt thrse methods 

yirld concordent findings. 

Procedures lrss invasive than thoracotomy to remove structures afkcted by lunp 

cancer have also brcn s h o w  to direcil- or indirectly indicate p53 mutational rvents. 

SSCP analysis of p53 exons 5 to 8 (blitsudomi rr ai.. 19931). whrre the majority of 

mutations occur in lung and othrr cancers ( Hollstrin rr trl.. 199 1 : Lrvine rr ol.. 199 1 ). 

and immunostaining for p53 protrin (Bennettt et cil.. 1993: Walker rt r d .  1994). in 

branchial biopsy specimrns have demonstratrd the potential for the rarly diagnosis of 

lung cancer. In addition. sputum specimrns not cytologically diagnostic for cancer from 

patients who later developed adenocarcinorna have been s h o m  to contain the samr 

mutations identifird in the prirnary lung lesion up to a year prior to clinical diagnosis 

(Mao et cri.. 1994). Circulating antibodies recognizing p53 protein have been detected in 

the sera of a proportion of both SCLC and NSCLC patients by immunoblotting (Winter 

el d . 1992: Schlichtholz et ni.. 1 994) and by enzyme imrnunoassay (hgelopoulou er of.. 

1994: Lubin et cd . .  1995). Patients expressing these antibodies have been shown to 

possess tumors harbouring p53 mutations and to be highly positive for p53 protein 

(Winter et OZ.. 1992). Because the appearance of anti-p53 antibodies is likely an early 



event in lung cancer (Lubin et d.. 1995). and the antibody titre may retlect the clinical 

course of the disease (Angrlopoulou rr (IL. 1994: Lubin et d .  1993). mrasurement of 

semm antibodies against pj3 has been proposed for both diagnosis and monitoring of 

lung cancer. 

Attrmpts to detect in serum the pj3  antigsn which slicitrd this antibody responsc 

wrre initially unsuccrssful (Winter rr tri.. 1992: Hassapoglidou et tri.. 1993). .A number of 

subsequrnt studiss. howevrr. have reported the prcsrncr of p53 protein in srrurn. Over 

30% of sera from patients with rnaiignant lymphomas wrre found to be positive for p53 

protein in two Finnish studirs corrrlatiny serum levels of p53 with either thymidine 

kinase (Lehtinrn Cr  ol.. 1993) or antibodies directcd rtgainst the adenovirus 12 E l b  

protein (Lahdeaho er id.. 1994). .A 64?/0 pSpositivity rate in the sera of tIodykinls 

Iyrnphomn patients was also reported (Trurnper L'I L I / .  . 1994). In anothrr study. pre- and 

postoperative srrum sprcimens collrcted h m  60 cases of prima- brrast carcinoma and 

assayed tor pj3 protrin werc found to esceed 1 pg/L in 5 cases but did not correlate with 

imrnunohistochrmical p53-positivity in the matchrd breast tumors ( Rosanell i rr ul.. 

1993). Two proiips have providrd rvidencc: that senim p53 protein may br mrasurablr in 

patients n-ith neoplasrns of the colon. One of these (Greco er d . .  1994) has shown 

statisticnlly significant differences in rnedian serurn p53 values betwren patients with 

colon ridenoma (0.06 pg/L) and adenocarcinorna (0.10 pg/L). although. ripain. 

associations betwern serurn p53 and tumor stage. grade. or site could not be 

demonstrated. Another group (Luo er rd.. 1995) additionally collrcted normal plasma 

controls. which were shown to diffrr with respect to p53 concentrations from sera 

obtained from patients with colon adenoma (mean=O.W pg/L). with a 20% pj3-positivity 

rate. and from patients with colon carcinoma (rnran=O.S pg/L). 32% of which were 

positive for p53 protein. These sarne authors have also exarnined serum levels of p53 

protein in 23 cases of lung cancer. an rqual number of matched hospital controls. 58 

members of the general population. and 4 people with non-rnalignant Iiing disease (Luo el 

rd.. 1994). The mem p53 IeveI in lung cancer patients (0.55 pg/L) was in fact higher than 

those of non-malignant lung disease (0.42 &L) or of the other control subjects 

(approximately 0.32 pgk) for both groups). but these differences did not achieve 

statistical significance. Even more recent are reports of p53 protein presence in the sen  



of patients with asbrstosis. some of whom also have lung cancer. While one group 

(Partanen ri r d . .  1995) was unablr to tind significmt differences in msan semm p53 

protrin lrvrls betwren asbestosis patients with (0.33 &L) or without (0.29 &L) cancrr 

and control subjects (0.61 &L). anothrr group (Braun et u1.. 1993) revealed that 

uranium minrrs with lung cancer had higher serum concentrations of  p j 3  (medinn=O.3 

pg/L) than thosr of control subjects inciuding smokers with lung cancer (median=O.O6 

pJL)  and individuais without malignancy (mrdian=O.O3 &L). possibly signaling 

exposiirs to radioactive radon. Unlike al1 of the above investigations which utilized 

çomrnrrcial p53 ELISA methods  vas a study reporting lrvrls of p53 protsin in colon 

cancer patient sera up to 10' pJL. determinrd bp a çhromatographic procrdure ro estract 

tunior-associateci antigens from sera (Zusrnan el trl.. 19%). This latter tindiny deviates 

tremrndously tiom data obtaintrd by ELISAs and sho~ild be intterpreted with caution. 

In this study we have usrd a ncw immunoassay (Levesq~ie et d.. 1993b) to 

measure p33 protrin in both tumor tissue and sera. Compared to our origina! assay 

contiguration. the nrw assciy incorporated modifications. including the use of microtitre 

plates coated directly with an anti-pj3 monoclonal antibody. ci detergent and mousc- 

srnim containin- sample diluent. and a labrllrd seconda- antibody diluent contriining 

(roat serum. which greatly reduced the nonspecilic background signals arising in many C 

senirn sprcimens tiom hospitalized patients without cancer. Frredom from such 

interference. the high rrcovery (range 72 to 131%. mean 9096) o f  p53 protrin from 

serum. and the generation of p53 results concordant with the original mrthod when 

cipplictd to extracts of non-disrased and malignant breast tissues al1 indicatrd that the new 

immunoassay was cqually suitrd for the analysis of p53 protein in both tissue extracts 

and serum specirnens. 

To our knowledge. only one othrr group (Pappot rt cil.. 1996) has useci a 

quantitative ELISA-type method to detect p53 protein in malignant lung tissue. rathrr 

than the more widely-usrd p53 immunostaining techniques. Horvever. ours is the first 

report of the use of an immunoassay For the concomitant measurement of p53 protein in 

both tumors and matched serum specimens. To classi@ tumor sprcimens as rither p53- 

negative or p53-positive. we used the median p53 concentration of O. 13 pg/g rather than 

the preferred Receiver Operator Characteristic (ROC) analysis (Zweig and Campbell. 



1993) sincr a referencr method for unequivocally establishing p S  status has not bren 

uniwrsally accepted. This practice had also been adopted in work rrcrntly reported 

(Pappot r i  <ri.. 1996). where a rnrdian p53 concentration of 0.10 prjg \vas found by the 

immunoassay of 214 NSCLC extracts whose p53 values rangrd from O to 0.70 CL&. The 

use of the median p53 concentration value provides a more objective determination of 

p53 expression status than the varietg of irnmunohistochemical scoring schemrs used in 

othrr studies (Caamano rr tri.. 199 1 : Quinlan et t d . .  1997: Brambilla r r  tri.. 1993 ). 

Given these findings by a numbrr of groups of p j 3  protrin in the sera or patients 

with lung (Luo C r  <ri.. 1994: Braun er cd.. 1995: Patcnan et c d . .  1995) and othrr (Lrhtinen 

el  id.. 1993: Greco rr tri-. 1994: Lahdeaho r r  trl.. 1994: Luo er id.  1994) malignancirs. 

our tàilurr to drtrct pj3 in the sera from ovrr 100 lung cancer patients was surprising. In 

thosr sprcimens whsre p53 concentrations wre  found to cscrrd the assay drtrctior. 

limit. subsequrnt reassay following either immunoabsorption by solid phase anti-p53 

nntibody or addition of Ig to neutralize possible cross-linking hcterophilic iintibodies. 

providrd strong rvidence that even thrse senim specimens were drvoid ot' pjhpeci t ic  

immiinoreactivity. Contidrncr in our findings rests on severai rittributes of our stiidy 

design. Most importantly. for rhc mrasiirrment of p53 protrin concentrations Ive have 

usrd a sensitive. wsll characterized immunoassay ( Lsvesqiie rr <rl. . 1 995b) y ielding 

minimal background signals in serum. a matrix recognized as containhg numerous 

interfrring substances. We have also used this assay in çonjunction with îùnhrr efforts to 

show the dependence of the signals in serum on pj3 protein. Finally. the collection of 

scrum specimens from 54 lung cancer patients immrdiately before sursicai removal of 

their tumors. al1 of which were also characterized for p53 protein espression. afforded us 

the yreatest opportunity of drtecting p53 in senim. assuming that the primary tumor was 

the source of the circulating serum protein. But as our results show. neither p53-positive 

nor p53-negative tumor tissues were associated with drtectable semm p53 protein. 

Consequrntly. we could not determine Xpj3 levels declined following surgery. 

The most likely explmations for the discrepancy betwern our findings and those 

of al1 others reporting p53 protein in patient sera invoke potential differences between the 

immunoassay methods used to quantitate serum p j 3  protein. The estimated analytical 

sensitivity of our method. 0.04 p@L. is superior to that of either the mutant p j3  selective 



(0.75 pg/L) or pantropic p53 (0.10 p@L) ELISA assays (Oncogenr Science. Uniondale. 

NY) commonly ernployed in studies measuriny p53 in senim. Therefore. the relativrly 

low p53 protein concentrations reported in thesr studirs would easily have bern dctectrd 

by Our immunoassay. Whethrr p53 protein is cornplexed by semm componrnts. rnasking 

its dctection by the combination of polyclonal CM-1 and monoclonal DO4 

immunoreagents used in Our assay ?et allowing its detection by polyclonal CM- 1 and the 

monoclonal antibodies used in the othrr assays. cannot be determinrd at presrnt. It has 

been s h o w  thar p j 3  autoantibodies in the sera of cancer patients are directrd primarily 

against rpitopes in the nmino and carboxy terminii of  the p53 protein (Sçhlichtholz et LI/. . 
1992: Lubin er t i f . .  19%). suggrsting that serum p53 bound to endogenous onti-p53 

antibodics might not be drtected by the amino-terminal sprcific DO4 cintibody used in 

our immunoassay. Assay of sera for p53 iiiitoantibodies was not perfomcd in this study. 

and therefore this possibility could not be escluded. bloreover. it should be noted tliot 

because the parallrl assa! of serum sprcimrns by our new ELISA and irnmiinoassays 

usrd by othrr investiptors has not bern pert0rmed. prcvious tindings of the presencr. of 

p53 in srrurn cannot b r  totally discounid as artihctual. The results of our study. 

hoivever. in addition to biological and technical considerations. are suggestive of 

prrvious artifactual findings. 

The potrntial of the mrasuremrnt of p j3  protein levels in serum for the ciiagnosis 

and monitoring of a variety of malignant conditions in which p53 is ovcrespressed is of 

obvious clinical interest. The succrss of such an approach might be limited. howrver. by 

three major biological considerations: i )  not al1 tumor tissues. even those in which the 

p j 3  genr has been mutated. show accumulation of p53 protein (Dowell er cd. 1994): i i )  

in mmy patients. the onrration of'autoantibodies against p53 might mask epitopçs of the 

protein necessary for its detection by ELISA-type immunoassays (Schlichtholz ri d.. 

1992: Lubin el a!.. 1993): and iii). since p53 is a transcription factor thought to function 

primarily in the nucleus and is not targeted for extracellular release. it likely could enter 

the extracellular matrix and uitimately the blood circulation only by apoptotic or necrotic 

ce11 death within the turnor (Bates and Vousden. 1999). 

Investigators concemed with the rneasurement of pj3 protein in biological tluids 

should also be aware oE possible analpical difficulties. p53 immunoassay designs which 



use anti-species antibodies (eg. an antiserum raised in a goat host against mouse IgG) to 

coat the solid phase are not suitablr for serum analysis sincr they are susceptible to 

nonspecik interference by hetrrophilic antibodies. which may be present in up to 30% of 

normal individuals. These assays will theretore +Id false positive rrsults in a large 

proportion of the patient sera tested. In addition. since al1 current ELISA-type methods 

for p j3  quantitication include rabbit polyclonal ami-p53 drtection antibodies and 

subsequrntly added enzyme-labrled anti-rabbit antibodies. it is imperative that the anti- 

rabbit antibodp used in cach assay has been treated. siich as by adsorption to hurnan IgG 

colurnns. in ordrr to rliminate any cross-reactivity with hurnan IgG presrnt in serum 

sprcimens. Otherwise. in Our esperiencr. approsimately 3O0/o of humûn sera assayed n i l l  

br apparentlp positive for p53 protein. Once "pj3-positive" specimens are identitied. it is 

highly recornmrnded to check for the presençc of hetrrophilic antibodies by treating the 

sera with mousr IgG and then reassaying them ( Levinson. 1986). In somr cases. 

immunoplobulin from two or thrre speçies may br  necsssary to diminate interferences 

(Thornpson et trl.. 1986). .AlternatiwIy. heat denaturation (at 90°C) or prstrmtment with 

polyethylentr glycol. suifhydryl rrducing agents. or detergents could be iised to destrop 

the rtiactivitp of these antibodies (Primus Cr r d . .  1988) which. in the case of human rinti- 

mouse antibodirs ( HAMA). c m  btr detected bu commercially availablr mtrthods ( tll\Mh 

Survey Group. 1992). Sincr the ability to contirm the molrcular weight of the 

immunoreactive spticies in senim by Western blottinp is impaired by the relatively low 

srnsitivity of this procedure. other mrthods to demonstrate the dependence of the assay 

responsr upon p53 prote in. such as the irnmunoabsorption cxperimrnt descri bed here. are 

required. Furthrr indirect evidrnce for the existence of p j3  protein in the sera of cancer 

patients may also be provided by the dcmonstration that p53 levels in the sera are 

compatible with those found in the tumor tissues and that srrum pj3 concentrations 

declinr: hllowing surgical rernoval of the tumor. When al1 of these stringent criteria were 

applied. none of the s e m  specimens assayed for pj3  protein in this study were found to 

have rneasurable p53 protein lçvels. The presence of detectable p53 protein in the sera of 

patients with Iung cancer is therefore not supponed by the results of this study. In light of 

our finding. we strongly recommend that before it is concluded that p53 protein is present 

in the sera of patients with lung or other malignancies (and has clinical utility in these 



diseases). stringent criteria such as thosr outiined above should br used to identi- p53- 

specific assay responses. Irnmunological assays for p53 protein basrd only on 

monoclonal antibodies will likrly prove more successful for the assay of srrum 

spscimrns but as yet await drveloprnrnt. 



CHAPTER VI 

ASSESSMENT OF THE PROGNOSTIC VALUE OF p53 
PROTEIN IN NON-SMALL CELL LUNG CANCER 

(A version from Levesque MA, D'Costa M, Spran EH, Yaman MM. 
Diamandis EP. Int J Cancer (Pred Oncoi) 1 998; 79: 494-50 1, Copyright O 

1998, Wiley-Liss, Inc. a subsidiary of John Wiley & Sons, Inc.) 



VI. 1. Abstract 

Accumulation of mutant p53 protrin occurs frequently in hurnan malignancirs. 

including 40 to 60% of NSCLCs. The implications of such p53 overespression. usually 

assessrd by immunohistochemical techniques. for the prognosis of lung cancer patients 

remains controversial. In this study. we used Our time-resolved immuno tluorometric 

assay to measure p53 protein concentrations in estracts preparrd from 86 prirnary non- 

small cd1 lung tumors. and examined the associations betwen pS3 protein Irvrls 

(correctcd for total protein) and othrr clinicopathologic variables including post-surgical 

disecise-kr survival (DFS) and OS. Contingency tables analyzed by Chi-square tests 

revrriled no siyniticant relationships brtween p53 statlis. detined by a rnedian cutoff 

point. and patient yender. age. discase strige. histologie grade and type. lymph node 

estension. smoking history. and administration of adjuvant chemotherapy or radiation. 

However. multivariatr Cos proportional hazmd rcgression cinalysis demonstrated a dosr- 

responstt relationship betwren p53 concentration. espressed as a bur-lwel. quanile- 

divided variable. and increased risks for patient relapse ( p=0.0 10) and death (p=0.0 16 ). 

Patients whose tumors contained p53 concentrations esçcediny the mrdiûn value had 

over three-told highrr risks of relapse (p=0.002) and death (p=0.007) thnn thosr whose 

tumors had l o w r  p53 concentrations. Wr also providrd evidrncr suyyesting that the 

impact of p53 on survival was greater in patients with squamous cell carcinoma than in 

thosr with adenocarcinorna. ..\lthoiigh the latter tïnding needs confirmation by funher 

studirs. our results suggest that the application of an immunoassay of p53 protein on non- 

small ce11 lung tumor extracts may identi. patients at increased risk of unfavorable 

outcorne. 

VI. 2. Introduction 

Lung carcinoma is a leading cause of premature death in most countries. and is 

one of several malignancies for which the etiologic role of cigarette smoking has been 

clearly demonstratrd. Unlike small ce11 lung cancer. which is less prevalent and typically 

disseminated at diagnosis but initially responsive to primary chemotherapy and 

radiotherapy. NSCLC accounts for approximately 85% of al1 cases and presents in one 

third of these as localized disease treated primarily by surgery (Mountain. 1986). The 



prognosis of patients with advancrd NSCLC is genenlly poor. and for this reason 

adjuvant systemic therapy is usually instituted. Among patients with rarly stage disease. 

however. 4040% have also been shown to relapse within 5 yrars aftrr undrrgoing 

potentially curative resection (blountain. 1986). Additional prognostic markrrs would be 

useful. particularly to idrntify those patients managed by surgrry alone who are at 

increased nsk of early relapse or death and for whom adjuvant therapy ma), br  benrticial. 

Mutation of the p53 grnr has been shown to occur at very high frrquencirs in the 

majority of human cancers. including 40-60% of patients with NSCLC (Chiba et c d . .  

1990: Kisliimoto er t r l . .  1992). These mutations. u-hich are predorninantly missense and 

accompanied by nuclear açcumulation of confonationally-altrred mutant p53 protein. 

haw been detected in prenroplastic lesions of the lung (Sozzi et td . .  1997: Bennett rr trl . .  

1993). in carcinomas il,-sirir (Bennett Cr tr l . .  1993). and in  both primary tumors and 

metastases t'rom individuals ~vith extensive cfistxse (Marchetti et c d . .  1993: Fontanini Cr 

uf.. 1994) - sugyesting that p j 3  alteration may bt: an rarly rvent in NSCLC progression. 

bloreover. the high percentagr: of CI to T transvcirsion mutations of pj3 in lung tumors 

have brrn linkrd to csposure to carcinogens present in cigarette smoke (Suzuki et dl. .  

1992). The cellular consequencr of p53 inactivation is thought to be the impairment of a 

pathway wherrby cells harboring damaged DNA are growth arrested (Kastan rr ol.. 

1 992). or deleted by programmrd ceil death ( Lowe rr c d . .  1993). A possible manifestation 

of this impairment in NSCLC may br  resistance to chemotheraptiutic agents. the 

efficacies of ahich rire based on their abilities to inducil p53-dçpendent apoptosis (Rusch 

er r i l . .  1 995). However. whether p53 mutations predict shortened post-operative sunival 

in thesr patients more accurately than the existing prognostic factors based on tumor 

morphologie characteristics remains controversial. despite having been a subject of 

investigation for many years (McLaren et al.. 1992: Quinlan er cil.. 1992: Mitsudomi et 

al.. 1993b: Lee rr al.. 1995: Passlick PI dl.. 1995: Nishio et tr l . .  1996). 

Until quite recently. most studies of the prognostic implications of p53 in NSCLC 

have focused on the detection of p j 3  protein accumulation in tumor tissue rather than on 

the direct analysis of the p j 3  eene for stnictural alterations. Although the simple 

imrnunohistochemical techniques commonly rmployed for this purpose have 

demonstrated good concordance with the results of DNA sequencing (Top et (11.. 1995). 



the different antibodies. specirnen processsing details. and sconng criteria used for 

immunostaining in these studies have likely contributed to thrir discordant conclusions. 

ELISA of pj3 protein have also been drscribed ( VojtOek er  d.. 1992: Hassapoglidou 

et trl.. 1993: Lcvrsque et trl.. 1995: Thomas et tri.. 1997) and may be ridvantageous in 

terms of sensitivity and specificit): for the quantitative assrssmrnt of p53 protein in 

estracts of tumor tissues. With one rrccnt exception (Pappot et trl.. 1996). these 

immunoassays have generally not bren usrd to study the relationship between p55 

protrin acçiimulation status and the duration of survival in patients with NSCLC. .-\nother 

such method. dttveloped in our laboratop. has been used to demonstrate unfavorable 

prognosis associated with p53 protein ovcrespression in patients with brrast carcinomas 

(Levesque rr rd.. 1998). and has bren s h o w  to yield p53 protein concentrations in 

estracts of lung tumors in agreement witli the tindings of immunostaining of the same 

tissues. prrformrd in paralkl ( Levesquç er ul.. 1997). Since follow-up information. 

including that related to sunival. u a s  not initially available in the latter study. the 

propnostic value of ELIStbdetectrd p53 protein in lung cancer could not be rtvaluatrd. 

The purpose of the prescnt study was thrrrfore to determine the reliitionships betwrrn 

p53 prottin concentrations and the rislis of relapse and dciath in a subset of patients who 

were prospectively monitored for a median of 16 months and ivhose lung cancers were 

restricted to NSCLC histologic types. 

VI. 3. Materials and Methods 

VI. 3. 1. Lung Cancer Patients 

In this study. we investigated a cohort of 86 patients oprrated at St. Joseph's 

Health Centre. Toronto. Ontario. Canada from July 1993 to March 1995 for treatmçnt of 

primary non-small ce11 carcinoma of the lung. Tlir ethics and research cornmittee at this 

institution had givrn this study its approval. Excluded from the consecutive series were 

patients with multiple sy nchronous lune turnors or other primary malignancies metastatic 

to the lung. as well as patients whose lung tumors were of a non-invasive or small ce11 

histologic type. were judged to be non-resectable. were of insufficient quantity for p53 

protein analysis. or for whom follow-up information was unavailable. Surgery followed 

diagnosis of lung cancer by an average of nine days and consisted of lobectomy (n=46). 



pnrumonectomy (n=ll).  wedge resection (n=12). lobectomy combined with wrdpe 

resection (n=j). or biopsy obtained at bronchoscopy (n=l). Agrs of thrst: patients. 58 of 

whom wrre male and 38 of whom were fernale. rangrd from 43 to 87 yrars: the median 

age was 67 gears. Among the 76 patients for whom histoy of tobacco use was known. 

the majority (n=68) recounted smoking on average the rquivalent of one package of 

cigarettes per day for 45 years (range=lO-100 pack-yrars) whilr 8 patients remained non- 

smokrrs. Other clinicopathologic features for which the majority of tumors had bern 

characterized at the time of surgery included the pathologie stage classification according 

to the TNM schemr (Bsahrs er trl . .  1992). and the histologie grade and type bnsed on 

WHO cnteria ( World Health Organization. 1982). Fifty-two patients (6 1 ) wsrc in stage 

1 disease. sistern ( 19%) were in stage II. thirtern ( 15?/0) werr in stage III.-\. one (WO)  was 

in stage NB. and threr (4%) patients had stage IV lung cancer. Of the three patients aith 

stage IV disease. metastases to the bonr and liwr wrre identitird in two cases and one 

case. respectivrly. Wdl di fferentiated (Ci 1 ) tumors comprised 7% ( n=6) of the spécimens 

for which grade was known. whilr 6Z0/o ( n = j  1 ) were modrrately difkrentiated (G3)  and 

30% ( n = 3 )  wrre poorly difkrentiatcd ( G j ) .  tindifferentiated (G-l) rumors w r e  not 

prcsrnt in our series. Tumor stage and grade coiild not be cissessed for one. and four 

patients. rrsprctivrly. Most sprcimrns were revealed io bcr either adenocarcinornas 

( n=G. 50%) or squarnous ceIl carcinomas (n=3 7.4j0/0): the rrmaindrr consistrd of large 

cell carcinomas (n=5. 6%) and an adenosquamous carcinoma (n=l. 1 ?'O). Regionai Iymph 

nodr metastases were identitied in 32 of the patients. 

For al1 patients. follow-up was pçrformed bu revirw of medical records at St. 

Joseph's Health Centre. Estended follow-up was also obtûinrd by a questionnaire sent to 

other institutions and private practitionen throughout southem Ontario involved in the 

patients' post-operative care. Informative responses were obtained for 56% of the 

questionnaires mailed. Forty patients (46%) undenvent lung cancer relapse and twenty- 

two (26%) died of their disease during their respective follow-up periods. which ranged 

from 1 to 44 months (median=l6 months). DFS time. defined as the interval between the 

dates of tumor resection and the first evidence of recurrent or metastatic disease. ranged 

tiom O months (stage IV) to 30 months (median=9 months). The corresponding period 

fiom surgery to patient death - the OS time - was distributed from 1 to 40 months and 



had a median of 1 1 rnonths. In the DFS analysis. deaths without evidence of recurrence 

were considerrd censored observations. as were deaths due to causes other than lung 

cancer in tlir OS analysis (see below). Of the 61 patients rernaining alive at last follow 

up. 18 had relapsrd and 43 were in remission. Prior to surgery. al1 patients had bren 

untrratrd for Lung cancer. Post-operatively. 13 patients received radiotherapy. 18 wrre 

administered systemic chemotherapy. and 3 patients received both treatment modalitics. 

VI. 3.2.  Tissue Extraction and lmmunofluorometric Assny of pS3 Protein 

Irnmediarrly following surgical excision. lung turnor tissues were snap-hzen and 

rsarnined histologically. by which rcpresctntativr portions wrre selrctcd for subsrquent 

analysis. The prrcentagrs of tumor crlls in thrsc sprcimrns werc judgrd to br low ( I -  

33%). medium (34-66s). or high (67-100%) in 7. 54. and 45 cases. respectivdy. .-\fier 

storiiys at -80°C for no more than two n~onths. ripproximatcly 100 mg of these tissues 

wcre pulverized to a fine powder on dry icr and rstracted as described above (Levesqur 

C r  r r l . .  1997). The crude ceIl lysatrs wrre üssayed directly k r  p j 3  protein using 

immunotluorometry and for total protein content iising a kit based on the BCX method 

( Pierce. Rockhrd. 1 L). A "sandwich-type" irnmunoassay O t' p53 protri n. described in 

detail previously (Lrvrsquc rr d.. 1995b). was usrd to rneasure the pj3 protrin 

concentrations in the lung tumor cstracts. 

VI. 3.3. Statistical Analysis 

Al1 statistical procedures. prrformed by SAS for Windows version 6.12 software 

(SAS Institute. Cary. NC). wçre non-paramrtric and based on two-sided tests of 

significance. Relationships betwecin p53 protein concentrations and other continuous 

variables such as age. number of pack-years smokrd. and the numkrs of rnonths until 

recurrence. death. and last follow-up. were eliamined by calc~ilation of Spearrxm 

correlation coefficients (r,). These associations. as well as those between pj3  and several 

categorical variables. were also investigated by Chi-square tests applied to contingency 

tables. In these tables. the distributions of p53-negative and p53-positive turnors (using a 

cutoff point qua1 to the median p53 concentration. 0.1 4 pg/g) were compared between 

patients differing with respect to age (less than 66 years vs. greater than or equal to 66 



years). pathologie stage (1-11 vs. III-IV). histologie grade (Gl-G? vs. G3) and type 

(adenocarcinorna vs. squarnous cc11 carcinoma vs. other histoty pcs). Iymph node 

involvernent (absent vs. present). smoking history (no vs. yes). post-operative treatment 

(not treated vs. treated with chemothrrapy and/or radiothenpy). and whethrr each of the 

clinical cndpoints were reached during their respective follow-up periods (non-relapsed 

vs. relapsed. and alive vs. died of lung cancer). The prognostic roles of p53. alone and in 

conj unc tion wit h othrr clinico-pathologic tàctors. in determining DFS and OS w r r  

rvaluated by the hazards ratios (relative risks (RR) for relapse or drath) and thrir 95?6 

confidence intervals (CI). which uvre calculatttd frorn fittrd Cox proportional hazards 

regression models. In the multivariate ünalysis. the regression models w r r  adjusted for 

age. stage. grade. nods status. and smoking history çlassifisd by the criteria yiven above. 

p53 protein concentration was trsted in the models srparatrly as a continuous variable. ris 

a quartilr-divided. four-level ordinal variable. and as a dichotomous variable çütrgorized 

by the median percrntile cutoff point. Univariate and rnultivariate regrcssion models were 

also usrd to waluüte the association betwcen p53 protrin concentrations esçeeding the 

median value and post-surgiçal survivai in the subgroups of patients Jiagnosed with 

adenocarcinorna. squamous cd: carcinoma. r a r l ~  stage (1-11) diseasr. and in patients with 

lare stage (III-IV) lung cancer. pj3-by-histotype and ~53-by-stage interactions in the 

univariate Cos models were waluatrd separatcly in ordrr to determine if the effects of 

p53 on outcorne were mtidiated by rithrr stage or histotyptt. Each of the other 

dichotomous variables. including age. smoking history. srilde. stage. and nodr status 

were similiarly tested for their impact on pmgnosis by Cox regression analysis. The 

median p53 cutoff was also used in survival curves. rxamining the relapse or deûth rates 

of the p53-negative and pjlbpositive patients. which were plotted by the mrthod of 

Kaplan and Meier and compared using log-rank statistics. 

VI. 4. Results 

VI. 4. 1. Relationships Between p53 and Other Clinicopathologk Variables 

Imunoassay of the 86 non-small ceIl lung tumor extracts revealed widely 

distnbuted p53 protein concentrations (mean=6.28 p_@. SD=12.99 j@L. median=0.56 

pg/L. minimum=O.OJ pLgL mauimum=70.69 pg/L). al1 of which exceeded the assay 
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Figure VI. 1. Frcquency Distribution of p53 
Protein Concentrations in Lung Tumor 
Extracts 
From l eh  to ripht. dnshrd lines indicatr tlic 23"'. 50"'. 
and 75"' perccnti les of  the distribiition. 

detection limit. The adjustment of 

these results for the total mount of 

protein extracted in rach case Isd to a 

similiarl y positively-skrwed. 

somewliat birnodal distribution 

(Figure VI. 1 .) which had a mean of 

1.22 ~ig//g. a SD of 2.24 &g. and 

ranged from 0.005 pg/g to 10.97 pg/g. 

The 2jth percentile. median. and 751h 

percentiie of this distribution were 

0.044 pJp. O. 1-4 pgip. and 1.19 pgiy. 

respectively. Protein-adjustrd p53 

concen~rations w r e  hund not to be 

significantly correlated to patient rigr (r,=O. 14. p=0.198) or ro the number of pack-yrürs 

of cigarette smoking (r,=O. 14. p=0.2?9). nor wcrc the? significantly associated with thrse 

variables and othrrs. including patient yender. disense stage. histologic grade. histologic 

type. lymph node metastasis. and whethrr or not adjuvant therapp was given. in 

contingency tables in which p5positivity status was basrd on a median cutoff point 

(Table VI. I .). The samr analysis prrforrned using the 2jth and 7j th  percentilss of the p53 

protein distribution as cutoff points. as well as Mann-Whitney and Kruskal-Wallis tests. 

also did not yield statisrically signiticant associations (data not show).  perhaps as a 

consrquence of the srnall size of the study population. 

VI. 4.2.  Relationships Between p53 and Patient Suwival 

The relationships between p53 protein concentrations and patient DFS and OS 

were initially exarnined without considering the variable follow-up tirnes. with which p53 

was negatively correlated (rs=-0.77. p=O.O39). Levels of p53 protrin were thus also found 

to be negatively correlated with the lengths of the time intervals from surgery to first 

recurrence (r,=-0.36. p=0.023). but not wvith those leading to patient drath (rs=-0.1 1. 

p=0.586). A stronger association between p53 protein status. detined by a median cutoff 

point. and patient relapse was also suggested in contingency tables (Table VI. 1.). 



Table VI. 1. Associations Behveen p53 Strtus' and Other Clinicopathologic Variables 

Variable p53 c Median p53 2 Median p-value" 
Patients (%) Patients (Oh) 

Sex 
Female 
Male 

Age (years) 
c 66 
> 66 - 

stageC 
1-11 
Ill-IV 

Histoiogic  rade^ 
G1-G2 
G3 

Histologic Typee 
Adenocarcinoma 
Squamous Cell Carcinoma 
Others 

Lymph Node Metastasrs 
No 
Yes 

Smoking ~ i s t o r ~ '  
No 
Yes 

Postoperative Treatrnentg 
Not Treated 
Treated 

Recurrence 
No 
Yes 

Death 
No 
Yes 

a p53 expression status based on median cutoff level of 0.14 pglg. 
p-values calculated from x Z  tests. 
Pathologie stage unknown for 1 patient. 

d Histologic grade unknown for 4 patients. 
" Other tumors were of large cell and adenosquamous histotypes. 
r Smoking history unknown for 10 patients. 

lncluded treatment with chemotherapy. radiotherapy or both. 

although neither the tendency of patients who relapsed. nor of those who subsequently 

died. to have had p53-positive tumors reachrd statistical significance. Selection of either 

25" or 75" percentiles as cutoff points in the contingency tables sirniliarly did not lead to 
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Table VI. 2. Associations Behveen pS3 Status and Disease-Free and Overnll Survival 

p53 Status Disease-Free Su wival Overall Survival 

RR' 95% c lb  p-Value R R ~  95% c lb  p-Value 

Univariate Analysis ( ~ 8 6 )  

Based on QuartilesC 
1 " Quartile 1 .O0 
2" Quartile O. 93 
3rd Quartile 2.05 
4Ih Quartile 2.09 

p-Value for Trend 

Based on Median Value 
Negative 1 .O0 
Positive 2.19 

Multivariate Analysis ( ~ 7 5 ) ~  

Based on QuartilesC 
1 Quartile 1 .O0 
2" Quartile 1.27 
31d Quartile 3.74 
4Ih Quartile 4.00 

p-Value for Trend 

Based on Median Value 
Negative 1 .O0 
Positive 3.02 

a RR is hazard ratio estimated by the Cox proportional hazards regression rnodel. 
b CI is the confidence interval of the estimated RR. 
'Estimated HR for second, third and fourth quartiles relative to first quartile are given. 
d lncluded in the multivariate models were patient age, stage, histologie grade, lymph node status, and 
smoking history. 

significant p-values (data not shown). Univariatr Cos regression analysis. howver. in 

which p53 concentrations were used as a four-levrl categorical variable or a dichotornous 

variable reveaied that increasing amounts of p53 protrin in the lung tumor extracts were 

associated with progressively reduced disease-free and ovrrall survival probabilities 

(Table VI. 2.). Although the use of p53 as a continuous variable in the regression analysis 

showed trends suggesting a dose-response relationship between p53 and risks for relapse 

(RR= 1 .O 1. p=0.097) and death (RR= 1 .O 1. p=O.OjO). these relationships were also evident 

from the analysis presented in the table in which patients were divided into four groups 

by the three quartiles of the frequency distribution of p53 protein concentrations. The 

simpler division of patients into p53-negative and p53-positive groups of equal size by 

merging the two lower and two upper quartile-based groups demonstrated over nvo-fold 
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Figure VI. 2. Kaplan-Meier Anulysis of Diseuse- 
Free and Overall Survival 
A. DFS and B. OS of the 86 NSCLC patients. The 
median p53 concentration was used as the cutoff point 
for p53-positivity. p-values were calculated by log-raiil 
tests. 

The magnitudes of the increased risks of relapse ot 

increased risks of relapse and 

death in p53-positive compared 

to pj3-negative patients. Thrse 

dit'ft'rences in the sumival rates 

bettveen the median- 

dichotomized p j h r g a t i v e  and 

p53-positive patients were also 

s h o w  by Kaplan-Meier 

suri-ival plots (Figure VI. 2.). 

Adjiistment for the tiffects of 

385. stage. grade. node statu. 

and smoking histoq in 

multic.ari;ite Cos models of 

DFS and OS revralrd that p53 

protein concentrations elevated 

above the median indicated 

signiticantly rcdiicrd survival 

indepcndentl y of  these other 

factors (Table VI. 2 . ) .  Inclusion 

of  treatment in the same 

multivariate modds resulted in 

p53 losing irs signiticancr for 

OS (RR=2.33. p=0.11) but not 

for DFS (RR=1.80. p=0.009). 

death conferred by p53-positivity in 

multivariate analysis were comparable to those associated with stage III-IV disease. but 

of less statistical significance than the risks associated with Iymph node metastases 

(Table VI. 3.). In contrast. patient age. smoking history. and histologic grade 

dichotomized as above were of no prognostic value in our series of 86 patients. 



Table VI. 3. Associations Between Status of Other Clinicopathologic Variables and 
Patient Suwival 

Variable Status Disease-Free Survival Overall Survival 

RRa 95%clb p-Value R R ~  95% clb p-Value 

Univariate Analysis (n=86) 

Age (years) 
>66 vs. ~ 6 6  - 1.17 

Smoking Historyc 
Yes vs. No 0.81 

Histologic  rade^ 
G3 VS. G1 -G2 1.15 

S tagee 
Ill-IV VS. 1-11 2.63 

tymph Node Status 
Positive vs. Negative 3.10 

Multivariate Analysis (n=75) 

stager,' 
Ill-IV VS. 141 3.18 

Lymph Node status' 
Positive vs. Negative 4.32 

- - -p. . . -.- .. . - -  

a RR is hazard ratio estimated by the Cox proportional hazards regression model. 
b CI is the confidence interval of the estimated RR. 
Smoking history unknown for 10 patients. 

d Histologic grade unknown for 4 patients. 
'Pathologie stage unknown for 1 patient. 
f Multivariate models were adjusted forage, smoking history, and p53 status. 

VI. 4.3. p53 and Prognosis in Patient Subgroups 

Since the relationships demonstnted between p53-positivity and shonened DFS 

and OS may have been restricted to patients whose tumors differed with respect to 

histologie type or anatomic rxtent. the risks of each outcome associated with p53- 

positivity were examined separatrly in subgroups defined by histotype and stage (Table 

VI. 4.). For patients with adenocarcinorna of the lung. the increased hazards of relapse 

and death estimated from the models for individuals with p53-positive turnor extracts 

were not significantly different from p jhega t ive  patients. However. the more than four- 

fold elevated risks of both endpoints for patients with p53-positive squamous ce11 

carcinomas were of greater statistical significance. Although p53-positivity did confer 



increased likelihoods of relapse and death for both early stage (1-11) and late stage (III-IV) 

patients. the results were of greater statistical signiticance in rarly stage lung cancer. In 

the more homogeneous subgroup of patients with stage 1 disease (n=jî) .  other trends 

similiarly suggestrd that pj3-positivity was associated with increased risks of relapse 

( R R = X  1. p=0.12) and drath (RR-4.33. ~ 4 . 1 9 ) .  In patients with squarnous crll 

carcinoma or with rarly stage disrase (Table VI. 4.). but not in those with 

adenocarcinorna or in stages III  or IV (data not shown). p53-positivity remainrd an 

indicaror of unfavorable prognosis in muitivnriatr repression modeis. These models. 

which adjusted the rrlationships brtween p S  and sumival outcornes for the intlurncrs of 

agr. stage. and lynph nodr sratus. revealed that patients with p53-positive squamous crll 

Table VI. 4. .4ssociations Behveen p53 Statusu and Survival in Patient Subgroups 

p53 Status Disease-Free Survival Overall Survival 

R R ~  95% CI' p-Value RR' 95% Clc p-Value 

Univartate Analvsis 

Adenocarcinorna Patients (n=43) 
Positive vs. Negative 1.62 0.68 - 3.88 0.280 2.07 0.69 -6.21 0.20 

Squamous Cell Carcinoma Patients (n=37) 
Positive vs. Negative 4.41 1.40 - 13.88 0.01 1 4.64 0.91 - 23.73 0.066 

Patients in Stages I or II (n=68) 
Positive vs. Negative 3.02 1.36 - 6.72 0.007 3.05 0.93 - 10.02 0.066 

Patients in Stages III or IV (n=17) 
Positive vs. Negative 2.97 0.69 - 12.77 0.14 4.42 0.81 - 23.97 0.085 

Multivariate Analvsis 

Squamous Cell Carcinoma Patients (n=37)d 
Positive vs. Negative 1 1.68 2.89 - 47.20 4.007 35.69 2.85 - 447.86 0.006 

Patients in Stages I or II (n=68)e 
Positive vs. Negative 4.82 1.98 - 1 1.76 <0.001 5.11 1.43-t8.21 0.012 

a p53 expression status based on median cutoff level of 0.14 pglg. 
b RR is hazard ratio estimated by the Cox proportional hazards regression model. 
Cl is the confidence interval of the estimated RR. 

d Multivariate models were adjusted for patient age, stage, and lymph node status. 
Multivanate models were adjusted for patient age and lymph node status. 



turnors had an Il-fold increased risk for relapse and a 35-Fold increased nsk for death 

compared to pjhegat ive  patients with the same histologic type. The greater effect of 

p53 upon survival in squamous cell carcinoma patients compared to patients with 

adenocarcinorna could not likely be explained by differences in power. since there were 

no markrd differences in the numbrrs and proportions of patients relapsing or dying 

betwren the two subgroups: 21 and 14 out of 43 adenocarcinorna patients relapsed and 

died. respectively. whrrras 16 and 8 out or37 squamous cell carcinoma patients relapsed 

and dird. respectively. However. the results of forma1 tests of interaction did not support 

a difference in the prognostic value of p53 brtween the two histologic classitications. 

since the p53-by-histotypc interaction trrm \vas not statistically signiiicant for rithrr 

relapse ( p=O.23 ) or death (p=O.S3 ). p53-by-stage interaction was similiarly not sipni ficant 

in uniwiatt. Cos mudsls. 

VI. 5. Discussion 

Point mutations and allrlic loss of the p j 3  grne are among the most common 

cenctic lesions described in NSCLC. esceeded only by deletions on chromosome 3p - 
(Brauch er c r i . .  1987). Xbundant tividcnce has suggested that this reiatively high mutation 

rate results from the selective growh of tumor ce11 clones in which p53 has bern 

functionally inactivated (Sozzi t.r rd.. 1995). Since p53 mutation appears to be an early. 

although not necrssarily an initiatiny or even ri rrquired event in lung tumoripensis (Sozzi 

er rd.. 1992: Bennett el d.. 1993: Fontanini el 'il.. 1994). it may lead to a tumor 

phrnotypr which is unrelatrd to the local or systrmic spread of the disrase. represented 

by the stage classification. Pathologie stage is currently the major detrrminûnt for the 

receipt of adjuvant chemotherapy or radiotherapy : patients in earl y stage disease are 

usually spared such treatment. The need for supplementary prognostic factors in NSCLC 

anses from the large proportion of patients with early stage tumors. especially those 

without regional lymph node involvement. who nevertheless relapse and for whom 

aggressive adjuvant treatment may be warranted (Mountain. 1986). Whiir a number of 

other morphologic and molecular features of NSCLC have been proposed to provide 

accurate prognostic information on whic h to base treatment decisions. none has ernerged 

as unequivocally more valuable than stage alone. With regard to p53. some studies have 



sho~vn mutation of the p53 gene (Mitsudomi et rd. .  1993) or overespression of pj3 

protein (Quinlan et rrl.. 1992) to be indicative of shoner survival of NSCLC patients. but 

others have been unable to demonstrate these associations (McLaren et cri.. 1992: Lee [rr 

1 .  1995: Passlick et d.. 1995: Nishio et rd.. 1996). Difkrences in statistical power 

resulting from variable population sizes. as well as inherent dit'ferences in the populations 

themselves. may certain1 y have underlied many of these discordant findinps. However. 

also contribiiting to the lack of consensus among thrsr stïidies ma- have bcttn the 

diffrring sensitivitirs and specificities of the mrthods used to ascertain p j 3  mutational 

status. 

The immunohistochemical detection of p j 3  protein accumulation in the tiucltii of 

tumor cells. includiny those from NSCLCs. has ycnerrilly bren acccptrd as svidenctt of 

p53 ycne mutation. It has been estirnated. houever. that approsimatrly 10-20%~ of p53 

point mutations occur outside the most frequently mutated esons 5 to 8 and are not 

ciccompanied by p53 protrin overexpression (Casey et d.. 1906). Nonsense mutations. as 

wrll as nucleotide delriions and insertions. similiarly are not üssociatrd with stabilization 

of p53 protrin. which niay also occur by non-mutational rnechanisms. Givrn the 

imprrfect concordance between genetic alterations of p53 and accumulation of its protein 

product. and the relative insttnsitivity of indirect techniques of screening for p53 

mutations such as SSCP ünalysis. it has been suggestcd that compiete sequcncing of dl 

1 1 ssons is required to detect al1 p53 seqiiencr changes (Casey et al.. 1996). Iwvitro 

functional assays of p53 cloned from tumor cclls to assrss the cibiiity of p j 3  mutants to 

repulate p n e  transcription in a sequencr specific manner. though bioiogically relevant. 

remain inappropriate for prognostic studics involving large numbcrs of patients. In 

contrast. immunohistochemical methods of detecting p53 protein have been 

predominantly used to demonstrate associations between p53 abnormalities and survival 

of cancer patients. Compared to conventional immunostaining techniques. however. 

densi tornetric image analysis of stained tissues (C harpin et al.. 1 996) and ELISA-type 

assays of tissue extracts (Vojt O ek et dl.. 1993: Hassapoglidou et cd.. 1993; Levesque et 

c i . .  1995; Thomas et al.. 1997) may oRer improved reproducibility. In addition. 

immunoassays. in their most common configuration. may possess greater specificity due 

to their use of two pS3-directed antibodies. Despite these potential advantages. the use of 



ELISAs of p53 protein have been largely restricted to srrum analysis ( Luo rr tri.. 1994). 

possibly reflecting the firm establishment of pj3-immunostaining as a research tool in 

many histology laboratories. the inability of ELlSAs to localize p53 accumulation in the 

context of histologic features. and the requirrmrnt for fresh-frozen tissue specimens. 

Grneral concordance between the tindings of immunoassay and immunohistochemical 

analyses of several tissues has brrn rrponed ( VojtQek e t  (il.. 1993). In o recent study of 

91 lung carcinomas of various histologic types. we found a strong correlation (r,=0.65. 

p<O.OO 1 ) betwern the p53 protrin concentrations detmtiined by our immunotluorometric 

Iissay in rstracts of the fresh-tiozen tissues. and the immunohistochrmical scores 

reflecting the proportion of stained malignant cells. intensity of staining. and tumor 

cellularity of the matchrd formalin-hrd. paraftin-embedded tissues ( Levesque rr al.. 

1997). Sincr thrrr were cases in that study for which the two methods w r e  in 

disagreement. wr considerrd it possible that p j 3  ELISA might yield prognostic 

information diffcrcnt tiom that of p53 immunostaininp. The present study includes 81 

NSCLC specimrns assrssed prwiously by the two mcthods. and urilizes essentiall y the 

samr median cutoff point for p53-positivity. eqiial to 0.13 pJg and 0.14 pg/g in the 

prrvious and present studies. respectively. Selrction of the median value as the cutoff 

was arbitra?. but rrasonable givrn the bimodal tiequency distribution of p53 protein 

concentrations (Fig. 1 ) and consistent with the range of p53-positivity rates (-i0-80?6) 

reponrd in the literature (McLaren et [il.. 1997: Bennett et ~11.. 1993: Fontanini er al.. 

1994: Harpole et cil.. 1995: Lee et (11.. 1995: Passlick et cd.. 1995: Top rr rd.. 1995: Nishio 

et d.. 1996). Furthemore. wr have shown that a srnall numbrr of histologically normal 

lung tissues displayed p53 contents no grrater than 0.07 pg/g (Lrvesque rr cil.. 1997). 

Using a commercially-available pantropic pj3 ELISA kit (Oncogene Research. 

Cambridge. MA). Pappot et al. ( 1996) did not Find a statistically significant difference in 

OS of 278 NSCLC patients whose turnor extracts had p53 levels below vs. above the 

median cutoff point. These workers revealed. however. signi ficantly higher p53 protein 

concentrations in squamous ce11 carcinornas than in adenocarcinornas. although the 

prognostic values of p53 within these subgroups were similiar. as well as higher p53 

levels in patients who were older and who had large. late nage ttumon. Several other 

studies have also shown a slightly greater percentage of squamous ce11 carcinomas to 



exhibit p53-immunostaining than adenocarcinomas (Mitsudomi el t r l . .  1993b: Lee rr cr i . .  

1995: Nishio et trl.. 1996). a relationship not consistent with our tïnding of a trend 

suggesting higher p53 levels in adenocarcinomas compared to squamous ceIl carcinomas. 

This latter relationship. howevrr. was not statistically signiticant and should br 

confirmed in further studics of ELISA-detrcted pj3 protrin and NSCLC patient 

prognosis. Athough a few studies have rrponcd p53 accumulation in NSCLC to br 

unrelated to any other clinicopathologic variable (Chiba et trl.. 1990). n relationship 

betwren p53 abnormalities and lifrtirnr rxposure to cigarette smoke has been n findinp 

sharrd by a large number of studies (Suzuki et trl. .  1992: Nishio er d.. 1996). In survival 

analysis. lrvrls of p53 protein esçerding the median of our series of 56 estracts of 

NSCLC tissues were also associated ~ \ i th  reduced DFS and OS. bloreover. wr presented 

widence indicating ihat progrrssively increasing p53 concentrations w r e  associatrd with 

correspondingl!~ increasing risks for relapse or drath. That our findings diifrred from 

those reportcd of the only other study of the prognostic iitility of ELISA-drtected pj3 

protein in NSCLC (Pnppot et uf.. 1996) was surprising. sincr the median p53 

çonccntntion (O. I O  p g k )  used in the latter study \vas comparable to our rnrdian value. 

the median agcs and proportions of patients in the various stages and histologic types 

wcre simiiiar. althoiigh the durations of follow-up for the lrirger number of patients in tliat 

study were apparently longer. Other hctors possibly accounting for the diffrrent 

conclusions of the two studies might also have been diffrrences in post-operative 

treatment or othrr undefined demographic or clinical differences betwecn the patient 

populations which might have modified the impact of p j3  on survival. Since our srries of 

NSCLC patients was not adequatel y characterized in terms of post-operative 

chemotherapy and radiotherapy administration. hnher studies of larger patient samples 

with detailed adjuvant treatment profiles are needed to determine the prognostic impact 

of EL [SA-determined p53 protein in patients receiving di firent post-operative 

treatments. 

In multivariate analysis. the increased risks for relapse and death associated with 

p53-positivity were also shown to be of much greater magnitude in patients with 

squamous ceIl carcinomas than in those with adenocarcinomas. Previous studies had also 

suggested interaction between the histologic type and p53 accumulation natus. but in 



such a way thm it was in adenocarcinorna patients and not in those rvith squamous ce11 

carcinoma that pj3 was shown to be a statisticallp significant prognostic indicator 

(Nishio rr rd..  19966: Fukuyama et trl.. 1997). Takrn together with our tïnding of a slight 

trend of greater p53-positivity in adenocarcinornas. the direction of the subgroup 

difkrences in the prognostic sffect of p53 was quitr siirprising. Statistically signiticant 

interaction betwern pj3 and histotype could not br  drmonstratrd in Cox modrls of rithrr 

relapse or drath. and it rernains possible that diffrrençes between patients with which 

were not included in the multivariatr modrls might have had a confounding intluence on 

the relationships betwrcn p53 and sunival. For sxamplr. difkrencrs betwren subgroups 

in trrms of chrmothrraprutic agents received post-opsratively could have led to our 

findings. although. in standard practicr. adrnocarcinoma and squamous ce11 carcinoma 

patients usually receivt: the same chrmotherapy rrgimens (Ginsberg er rrl.. 1997). 

.\lthough p o w r  çalculations were not perfonned. the similiûr numbcrs of patients and 

rvrnts within the two subgroups did not imply diffrrcnces in pou-rr as an esplanation. In 

contrast to the apparent difftrençes with respect to p53 prognostic vûlur between the two 

most common NSCLC histologie yroups. patients with p53-positive tumors had 

similiarly elrvated risks for both outcorne events irrespective of whrthrr the- had early 

( H I )  or late (III-IV) stage disrase. Only thosr in the rarly stage group w r e  found in 

multivariatr analysis to relapse or die at rates related to thrir p53 status. but WC fer1 that 

this tïnding is likrly due more to the small number of patients in the late stage gruup than 

to an. truc interaction brtween p53 status and stage. Whrn the analysis was rrstricted to 

patients in stage 1. who constituted 60% of the cohon. the samr trends for poor survival 

associated with p53-positivity were evident. Other workrrs have also demonstratrd p53 

alteration to be indicative of poor prognosis in stage I or I I  NSCLC (Quinlan rr d.. 1993: 

Harpole et d.. 1995) but not in stages III or IV (Passlick rr cil..  1995). w hile Mitsudomi rf 

cil. ( 1993b) found p53 to br related to survival only in late stage patients. The lack of 

consensus evidently points to a need for funher investigation of larger. well-characterized 

patient series assessed for p53 abnormalhies by reproducible techniques. 

In this study. we have shown that the quantitative assay of p53 protein by a simple 

ELISA applied to extracts prepared from surgically-resected NSCLCs may identify 

patients at increased risks of unfavorable outcome. We have also provided evidence that 



the utility of p53 quantification rnay be particularly relevant for the prognosis of patients 

with squamous cell carcinoma of the lung. Since our data conhm n number of previous 

reports of the prognostic value of p53 overexpression in this disease. we propose that the 

detection of p53 protein by ELISA may serve as an alternative to the more commonly 

employed IHC. Givrn the small sizr and hrteropcinrity of Our samplr of patients. 

howevrr. further studies are needed to unequivocallp demonstrate the prognostic value of 

ELISA-drtrcted p S  protein accumulation in patients with NSCLC. 



CHAPTER VI1 

ASSESSMENT OF THE PROGNOSTIC VALUE OF p53 
PROTEIN IN BREAST CANCER 

(A version from Levesque MA, Yu H. Clark GM. Diamandis EP. J Clin 
Oncol 1 998; 16: 264 1-2650, with permission from W.B. Saunders 

Company) 



VIL 1. Abstract 

This study \vas desipned to evaluate whether patients with unfavorable breast 

cancer prognosis could be identified by p53 protein ovrre'cpression. detrcted by a 

quantitative ELISA rather than by conventional IHC. Extracts from 998 breast 

carcinomas were assayrd For pj3  protein by an ELISA utilizing both DO-1 monoclonal 

and C M 4  polyclonal antibodies. Associations brtwern p53 concentrations and patient 

aye. tumor size. S-phase Fraction. ER and PR concentrations. DNA ploidy. and Iymph 

nodc metastases wrre esamined. Hazards for cancer relapse and death atier 6 y r s  of 

f o l l o u q ~  for patients with tumors positive for p53 bassd on diffrrent dichotomization 

çriteria wrre drtrrmined by Cos regression. adjusting for al1 paramrtrrs in multivariatr 

analyses. DFS and OS probabilties of p53-positive and -nsgative groups. using a median 

cutoff. were also estimatrd using the Kaplan-blrier method and the log-rank test. These 

analyses werr performçd for al1 patients and tor subgroups detined by ER status. node 

status. and primary postoperative treatmsnt. Statistically siyniîÏcant associations uere 

found betwern p53 owrespression and ER and PR nttgativity (p4l.01). üneuploidy 

(p<O.OI). and elevatrd S-phase fraction (p=O.O-I) but not between p j 3  and tumor s ix .  

node status. or patient age. Univariate analysis showed that p53 concentrations rsceediny 

the mrdian indicated signiticnntly increased risks for relapse (p<0.01) and drath 

(p=O.O?). Multivariats analyses confirmed thesr observations ( RR= 1 .-IO. p=O.O? for DFS 

and RR=l.jO. p4 .01  for OS). revealed trends for increasing risks for relapse (p=0.03) 

and death (p=0.06) when p53 was considered as a four-lsvel categorical variable. and 

identified p53-positivity as a significant predictor of outcorne in node-positive patients 

(RR=1.67. p<0.0 1 and RR=2.10. p<0.0 1 for DFS and OS. respectively). ER-positive 

patients (RR=l.-lj. p=0.02 and RR=l.jO. p=0.01 for DFS and OS. respectively). and in 

patients treated with chemotherapy (RR=1.73. p=O.OJ for relapse and RR=3.04. p=O.O3 

for death). Assessrnent of p53 overexpression by an ELISA. rasily incorporated into the 

routine biochemical workup of breast turnors. may br an independent predictor of 

reduced swiva l  of breast cancer patients. 



VIL 2, Introduction 

Rational treatment drcisions for breast cancer patients have traditionally bern 

guided by the presence or absence of a.ti1la-y lyrnph nodr metastases. tumor s ix .  strroid 

hormone receptor expression. and histologie type. It has become the clinical consensus in 

recent yran that more reliable prediction of breast cmcrr outcome. and of response to 

adjuvant thrrapies. may br facilitatrd by the integration of the traditional prognostic 

factors into multipararnrtric schemes togethrr with additional markrrs of biological 

relevance (McGuire. 1991 ). Mthough the mutational s ta tu  of the p53 tumor suppressor 

crne has bren the most rstrnsively studied of these newcr markrrs. conflicting rvidencr - 
has tmttrgsd rrgarding its abilitp to identit'y patients at increassd risks of unfavorable 

outcornes independenrly of the more cstiiblishrd clinicopathologic katurcs of breast 

cancer (Thor P r  irl. .  1992: Frirdrichs el cil.. 1993; Silvt'strini et id.. 1993: Pietilaincn c'r cd. .  

199% Rosen et L I / .  . 1995: Sjogrt'n Cr tri.. 1996). 

Mutation of the p53 genr has bwn reportrd to occur in 10-50% ofsporndic breast 

carcinomas among womrn in Western çountrirs (Nigro et r d . .  1989: Runnebaum er 01 . .  

1991 ) and may occur at higher tiequrncirs or witli a different pattern in othrr populations 

(Sommer rr tri.. 1992: Shiao C r  trl. .  1995). The consrqurnces of these predorninüntly 

missense miitations. which are usually accompanied by loss of hrterozygosity. is the 

disruption of the normal. pieiotropic function of the p53 protein. Since p i 3  is thought to 

be a sritical determinant in the induction of ce11 cycle arrest (Kastan er (11.. 1992). 

programrned ce11 drath (Lowe er al.. 1993 ). and possibly DNA repair (Lee et t i l . .  1995b) 

in response to cellular stresses which may lead to DNA damase. abrogation of pj3 

function in breast carcinoma has not surprisingly been associated with genomic 

instability (Eytjord et a l . .  1995). higher proliferative rates (Isola et t i l . .  1992). and 

resistance to conventional antineoplastic agents whose cytotoxic effects are rnediated by 

p53 (Elledge eer trl.. 1995). A second consequçncr of p53 mutation is usually. but not 

always. a conformational change in the expressed protein. resulting in its accumulation in 

tumor ce11 nuclei and enabling its detection irnmunohistochemically (Nigro et d l . .  1989). 

Findings that both p53 protein overexpression and mutation of the p53 gene ofien present 

contemporaniously with a number of clinical. cytologie. and rnolecular indicators of 

aggressive tumor phenotypes (Lipponen r i  al.. 1993: M a r t i n d  et r d .  1993) are 



consistent with studies demonstrating that p53 abnormalitirs are predictive of reduced 

survival of breast cancer patients (Thor et oi.. 1997: Ftiedrichs et t i f . .  1993: Silvestrini er 

uf..  1993: Sjogren rr [ i f . .  1996). Orher studirs. however. have not tound p53 status to be 

of independent prognostic value in this disease (Isola r i  t r i . .  1997: Pietilainen er r d . .  1995: 

Rosrn et t i f . .  1995). At the heart of such discordant conclusions are likely methodolopic 

differences brtween studies. panicularly with respect to techniques used to determine p53 

mutational status. While direct sequrncing of al1 I I  exons of the p53 yene may provide 

the most accurate assessrnent (Sjogren l i t  t i f . .  19%). its use. ewn when confinrd to 

screening the most frequrntly mutatrd rtxons 5-8.  may be inappropriate in some settinys. 

Far more suitable for routine determination of p53 status are immunochrmical methods. 

uhich drtect p53 protrin in tumor tissue and most oHen takr the form of 

imrnunohistochrmical staining proccdures. Howssr. the variable combinations of 

imn~unoreagents. spcicimen processing detriils. and subjective immunostrii ning scoriny 

systerns reportcd have fueled disagreement between studies for which 

imrnuno histochernical rnethods wrre used to detrct p53 ( Wy nford-Thomas. 1 YZ). 

The purposr of this stiidy was to svaluritr the proynostiç value of p53 

ciccumulation in breast carcinoma using ELISA. anothrr immunochctmicd approach 

which has been less commonly rmployed. Quantitative immunoûssays of p53 have been 

applied to soluble extracts dèrived tiom various tumor types (Bartkova rt tr i . .  1993) and 

have recently drmonstrated utility for breast cancer prognosis by rneasuring p53 protein 

in çytosoliç extracts prepared for steroid hormone receptor analyses (Borg ri ( i l . .  1995: de 

Witte et c d .  1996). thereby obviating the nrrd for additional tumor tissue to pèrform 

these studiès. .A larger. North .4merican patient population and o well-charactrrized 

irnmunofliiorometric assay distinguished Our study which also related p53 accumulation 

to survival in patients stratified into groups based on important prognostic categorirs: ER 

status. lymph node status. and recript of adjuvant chemotherapy. endocrine therapy. or no 

postoperative ueatment. 



VII. 3. Materials and Methods 

VU. 3. 1. Study Population 

Tumor speciinens from 1 O00 female patients operated on for prima- invasive 

breast carcinoma were obtained frorn the Breast Cancer Tissue Resourct: (BCTR). a 

collaborative project between the University of Texas Health Science Crnter at San 

Antonio. San Antonio. TX and Nichols Instituts Research Laboratories (NIRL). San 

Capistrano. CA. BCTR maintains a large collection of breast turnor specimens at -70°C 

which had been sent from health care institutions throughout the United States to NIRL 

for routine quantitication of ER and PR and for tlow cytornetric analyses (sec belou). 

Tumor tissue had been frozen in liquid nitrogctn or on dry ice immediatrly cifter surgen 

for shipment to NIRL. Criteria for the selection of specimrns from the BCTR archive 

included the wailabiiitp of at lrast 0.22 g of turnor tissue for p j 3  protein analysis and 

information regarding the statu of othrr clinical and pathologie variables. determincd at 

NIRL ( E R  and P R  concentrations. DNA ploidp. and S-phase fraction). The statiis of one 

or more of the demographic or çlinicd factors (patient age at surgery. number of Iymph 

nodes positive for rnalipnancy. turnor s ix .  and postoperatiw thcrapy) provided by the 

institutions from which the specimens originated was unknown for 124 patients. 

The patient cohon was drawn h m  163 hospitals ~vhich wcre widely distributcd 

geographically and where surgery had bern performrd from Aupust 1985 to October 

199 1.  i\ge at surgery was known For al1 but one patient and nnged from 22 to 94 years. 

with a median age of 6 1 years. Lymph node metastases had bcrn detected in 530 (5596)  

of the 959 patients for whom the presence or absence of this disrase kature had been 

reported. The mean and median number of affrcted lymph nodes w r e  7.3 and 0. 

respectively. and the number ranged fiorn O to 46. Resected tumor size ranged from 1 to 

145 mm. with a median size of 23 mm. The percentages of maiipant cells in 797 of the 

tumor specimens were estimated histopathologically by a single pathologist blinded to 

the results of the p53 protein. steroid hormone receptor. and flow cytometric analyses. 

and to patient survival stanis: 4% of the specirnrns had tumor cellularities from 0-1 0%. 

2 1% had Frorn 1 1-30%. 46% had from 3 1-70%. and 29% had tumor cellularities 

exceeding 70%. Tumor grade and histologie classification of the specimens were 

unavailable. 



A11 patients had been previously untreated for breast cancer. Primary surgical 

thrrapy consisted of modified radical mastectomy with auillary lymph node dissection 

(9796). incisional biopsy (2%). or lumpectomy without axillary lymph nodr dissection 

(1%).  Histopathologic examination of the resrcted tumor tissues contirmed the diagnosis 

of primary breast cancer in al1 cases. Of the 948 patients for whom the modalities of 

postoperativr treatment were reponrd. 39% recrivrd no additional treatment. 956 

recrivrd locorrgional radiotherapy alone. 16% were given only adjuvant chemothrnpy. 

17% w r e  treatrd with endocrine tlierapy alone. 4% received endocrine therapy and 

radiotherapy. 6% were givrn both systemic adjuvant thttrapiés. 7% received 

çhrmothrrapy rind radiotherapy. and 796 rrceivrd al1 thrttr treatmrnt modalitirs. 

Intomiation rryarding lymph nodr status or other disrüsti katures of patients rrcei~ing 

rac h trratrnent rnodality kvas unavailablr. 

Patient hllow-up information. includiny survival stntus (alive or decrüscd) and 

Jiseast: status (diseüse-tire or rrcurrençe/mctastasis) at last t'ollow-up. together with the 

dates rind circumstancrs of relapse and dcath. if applicable. uas available tor 997 

patients. and was iipdated annually by the instititions which submittcd the specimrns to 

N R L .  Treatment failure. dtit1nt.d the tirst documentrd evidenct. of local rccurrencc. 

rrgional axillary relapse. distant metastasis. ncw ipsilateral or contralateral breast cancer. 

as reveaied by clinical. radiological or histological evaluatioiis. occured in 11 3 ( 2  1 %) of 

the patients. One hundred and ninety-nine (20%) patients disd during their respective 

bllow-up prriods. The distribution of follow-up times t'or patients still alive at the time 

of analysis rangrd from 28 to 112 months with a median of 77 months: only 33 and 9 

patients had been followed less than 48 md 36 months. respectively. 

This study h d  bern approved by the Ethics and Research Cornmittee at the 

University of Toronto and by the Institutional Rrview Board at the University of Texas 

Hralth Science Center at San Antonio which assured patient confidentiality at every stage 

of the investigation. 

MI. 3.2. Flow Cytornetrie and Steroid Hormone Receptor Analyses 

Al1 1000 breast tumor specimens were subjected to DNA tlow cytometry as 

drscribed elsewhere (Dressler rr d.. 1988). Briefly. tumor tissue was gently 



homogenized. filtered. centrifuged through a double cushion of sucrose. and the crlls 

were resusprnded and counted before bsing simultaneouslp Iysed and stained with 

propidium iodide. Nuclei were collected and 50.000 were analysrd on an Epics V tlow 

cytometer (Coulter Electronics. Hialeah. FL). DNA content and S-phase fraction w r e  

determined from the DNA histograms. in which diploid populations wrre drtined as 

having a DNA index of 1 .O. and the percentage of cells in S-phase considered a favorable 

proenostic - indicator was less than 6.706. The optimal cutoff value for S-phase fraction 

had bern previously determincd by cutpoint analysis (Clark et id.. 1989). 

Tumor specimens (n= 1000) werr piilvrrized in liquid nitrogen. homogrnized in 

buffer. and the cytosolic fractions were obtained by ultrricrntrifugation and quantitied for 

strroid hormone rrceptors as dsscribrd by Dresslrr cr ul. ( 1 988). The results of the dual 

ligand-binding rissa-. in which destran coated chnrcoal was ussd to srparate bound from 

tiee ligand. were intsrprrted by Scatchard ünalysis (Scütchard. 1949 ). Protrin 

çonçtmtrations of the cptosols were detennined by the Lowry method (Low-y ct  id.. 

195 1 ). Cutoff levels for positivity werc greater tlian or rqual to 3 fmol/rng and greater 

than or qua1 to 5 fmolhg for ER and PR. respectivrly. as optimizrd pt.n.iouslp (Clark 

and 1LlcGuirc. 1983: Clark d.. 1983 1. 

VIL 3.3. Quantitative p53 Protein .4nrlysis 

Frozen breast turnor tissues (-0.2 g) were pulverized and estracted as dçscribrd 

previously (Lrvesque r i  ul.. 1997). The crudr ceIl lysates were immediately assayed both 

for p53 protein by immunotluorornrtry (Lrvesque rr d.. 1995b). and for total protrin 

content by a kit based on the BCA method (Pierce Chernical. Rockford. IL). Clinical 

specimens were assayed for p53 protein without knowledge of the corresponding patient 

clinicopathologic or survival information. 

VII. 3.4. Statistical Analysis 

The statistical analysis. performed using SAS version 6.03 software (SAS 

Institute. Cary. NC). exarnined associations between the total protrin-adjusted p53 

ELISA results and clinical outcorne. as well as between the p53 concentrations and other 

measurements or characteristics of the breast tumor population. Monotonic relationships 



brtween p53 protein. as a continuous variable. and patient age. tumor s ix .  S-phase 

fraction. ER. PR. and number of involved Iymph nodes were demonstrated bÿ the 

calculation of Spearman correlation coefficients. appropriate givrn the non-Gaussian 

distribution of p53 concentrations. Al1 other statistical procedures were similarly 

nonparametric and based on two-tailrd tests of significance. To hrther investigate 

associations between pj3  and the other clinicopathologic factors. Chi-square tests were 

applird to contingent y tables afier dichotomization of al1 variables: p j  3 ( negative versus 

positive using a cutoff point equal to the 50th percrntilc of the ELISA results 

distribution): age ( l e s  than 50 years vrrsus greatrr than or rqual to 50 years): tumor sizr 

(less than or qua1 to 2 cm versus greatrr than 2 cm): nodal status (no Iymph nodes 

involved versus at least one nodr with histologie evidencr of metastatic spread): S-phase 

fraction (Iess than 6.7% vcrsus greater than or qua1 to 6.7% of tumor cells in S-phase): 

E R  status (negativt: versus positive iising 3 fmol/mp ris the cutoff point): PR status 

(negative versiis positive using ü 5 tmol/mg cutoft): DNA ploidy (diploid versus 

nnruploid): endocrine therûpy (not treated with tarnosikn xrsus treated with tarnosi fen 

alone or in combination with othsr thttrapies): cht.motIierap); (not given chemotherapy 

versus treated with chemotherapy alone or in combination with othtrr tlierapirs): and 

radiothrrapy ( not treatcd with radiotherapy wrsus trratrd u ith radiotherapy alone or 

togrther with othrr therapics). 

DFS and OS times were calcuiatrd from the dates of surgical resection of the 

tumors to rhe dates of occurrence of the two cndpoints of interest - rarliest diagnosis of 

recurrence or metastasis. and patient drath. respectively. Draths without rvidrncr of 

disease were considered censored ror both DFS and OS. The prognostic roles of p53. 

sin& or in conjunction with the other clinicopathologic factors. in determining DFS and 

OS were rvaluated by fitting Cox proportional hazard reyression rnodels. The hazard 

ratios and their 95% confidence intenals were calculated from the models using the best 

category. p53-negativity. as the reference in cach case. In the multivariate malysis. the 

regression models were adjusted for age. tumor size. nodal status. S-phase fraction. DNA 

ploidy. and status for the steroid hormone receptors. al1 of which were considered as 

dichotomous variables using the classification criteria given above. In the univariate and 

multivariate models. p53 was examined separately as a continuous variable after 



transformation into ascending rads. and as a dichotomous variable categorized by the 

median percentilr cutot'f point. In addition. the dose-responsr relationships brtwrrn pj3 

and DFS and OS wrre evaluated using the quartiles of the p53 distribution. Thrsr dose- 

responss cffrcts werr also examinrd by incorporating p53 into univariate and 

multivariate models as a quartile-dividrd. four-levrl continuous variable. Similar 

analyses were also performrd in subgroups of patients strritifird by the dichotomous 

status of three potentially confounding variables. namsly. lymph nodr involvement. ER 

positivity. and recçipt of principlct postoperative breast cancer treatments. Chvaririte and 

multivariatr Cos  modrls assessing rnrdian-ciichotomizrd p53 were thrn constructrd in 

rach straturn. The p53-by-ER. p53-by-nodrs. p S b y  chemothenpy. and pi3-by- 

endocrine thrrapy interaction trrms were also drterminctd from univariate Cos models. 

The et'frcts of p53-by-nodes interaction iipon the risks for relapse and derith confrrred by 

p53-positivity were determinrd ûmong the patients who received chemotherapy. The 

estimatrd power to uncovrr di fferences in sunival between p j 3  -ne yative and -positive 

patients in each subgroup was calculaicd using STPLAN (shareware from Dr. Barr?; W. 

Brown. University of Tesas MD. Anderson Cancer C'enter. Houston. TX) bascd on a 

one-sidrd test at the 5% lrvd of siyni ticancr and assuming that patients wrre accrurd for 

one month and followrd t'or 77 months thereafter. The mrdian p j3  çutoff point was also 

used in survival curves. examining relapse and drath rates of al1 p53-positive and p53- 

nrgative patients iuid for thosr within each of the abovr-mentioned strata. which wrre 

plottrd by the mrthod of Kaplan and Meier and compared using log-rank statistics. 

VII. 4. Results 

VII. 4. 1. Distribution of p53 Protein Concentrations and Relationships to Other 

Clinicopathologic Variables 

The distribution of the p53 concentrations in the 998 breast tumor rstracts. 

ranging from O to 110 pg/L. was positively skewd and had a mean. SD and median of 

1.89 p@L. 7.78 pLa.  and 0.19 pg/L. respectively. Twelve % of the estracts had p53 

concentrations below the assay detrction limit. Expressed relative to the protein content 

of the extractS. the p53 concentrations considered in statistical analysis were similarly 

distributed (Figure VII. 1 .) with a mean of 1 2 5  pgg. a SD of 4.46 pgg. a median of 0.16 



Figure VII. 1. Frequency 
of p53 Concentrations 
Turnor Extracts 

Distribution 
in Breast 

S h o w  are pj3 concentrations in the 876 (of 
998) breast tumor estracts that had p j 3  
levels t i n t  esceeded the assay detection 
limit. The dashed lines indicate (A)  the 
detection lirnit. (8) the 25'". (C) 50". and 
(D) 75"' percentiles of the frequençy 
distribution. 

Log p53 Concentration (pglg protein) 

pJg. and ri range From O to 58 pg/g The -3 - lh  . 50"' . and 751h pcrcentiles of this 

distribution w r e  0.06 pg/g. 0.16 pg/y. and 0.4 1 pg/-. rssprctiwly. The other niirnerical 

variables followed somewhat less skewrd distributions: ER (mean=l-ll. hol/mg. 

SD= 1 86 fmolimg. mrdian=73 fmolirng. rmgr=0- 1 786 fmolirng): PR (merin=? 18 

fminol/mg. SD=348 fmollmg. median=7 1 fmolimy. rnnge=O-3090 fmolimg ): and S-phase 

fraction (rnean=7.9°h. SD=6.48%. median=j.S%. rringe=0.2-65%). The distributions of 

patient age. tumor size. and numbrr of lpmph nodes have brrn dcscribrd above. 

Sincr the associations brtwern p53 accumulation and patient survival times may 

have been affectrd by interactions between p53 and the othrr predictor variables. it was 

of interest to determine the relationships betwern other measurements or characteristics 

of the study population and the levels of p53 protein. Brrast tumor extracts with pj3 

concentrations above the median cutoff point were more frequently below the cutott' 

points for ER-positivity and PR-positivity (Table VII. 1 .) - well established relationships 

(Caleffi ri rd.. 1994) accompanied by significant. but very weak. mgative correlations 

between pj3 and ER (rs=-0.09. p<0.01) and PR (rs=-0.06. p=O.OJ). Table VU. 1. also 

indicates that specimens positive for p53 protein were also associûted with rlevated S- 

phase fraction (rs=O. 18. p<0.0 1 ) and DNA aneuploidy. but fhat significant relationships 

were not revealed between p53 and tumor size or nodal status. findings confirmed by 

correlation analysis (data not shown). or between p53 status and whether or not the 

patients received endocrine therapy. chemotherapy. or radiothenpy as part of their 



Table VU. 1. Associations Between p53 Protein Status and Other Clinicopathologic 
Variables 

- 

Number of Tumors (and %) 
p53-Negative p53-Positive p-value" Facto? 

Age (years) 
c 50 1 27 (45.9) 150 (54.1) 
> 50 - 369 (51.2) 351 (48.8) 0.13 

Tumor Size (cm) 
< 2 - 
> 2 

Nodal Status 
Negative 
Positive 

S-phase Fraction (%) 
c 6.7 357 (52.0) 
> 6.7 - 140 (45. O) 

DNA Ploidy 
Diploid 
Aneuploid 

ER Status 
Negative 
Positive 

PR Status 
Negative 
Positive 

Endocrine Therapy 
Not Treated 344 (51.3) 
TreatedC 128 (46.6) 

Chemotherapy 
Not Treated 
Treatedd 

Radiotherapy 
Not Treated 
Treated" 

' See Patients and Methods section for details of patient dichotomization by p53. age. tumor size. nodal 
status, S-phase fraction, DNA ploidy, ER status, and PR status. 
8 P-values deterrnined from Chi-square tests. 

d 
Patients treated with endocrine therapy alone or in combination with chemotherapy andlor radiation. 
Patients treated with chemotherapy alone or in combination with endocrine therapy andlor radiation. 
Patients treated with radiotherapy alone or in combination with endocrine therapy andlor chemotherapy. 



postsurgical management. Trends were rvident. however. suggesting that p53-positive 

malignancies were more likely to have been treated with radiation or tamoxifen. While 

patient age was not associated with p53 accumulation status in the contingency table. the 

two variables were wakly correlated (r,=-O. 12. p 4 . 0  1 ). Contingency tables comparing 

the proportions of p jhega t ive  and -positive tumors. drfined by 25'''. 50lh or 7jrh 

prrcrntile cutoffs. betwren four groups ot' specimens with turnor crllularitirs of O- 10%. 

1140%. 3 1-70%. or 71-100% rrvealed no signiticant association. consistent with the 

findings of other n-orkrrs (Vojtrsek rr r d . .  1993) and possibly due to variable proportions 

of malignant crlls ovsrespressing p j 3  protein within the specimens (Hall m d  Lnne. 

1994). 

VII. 4. 2. ELISA-Detected p53 Protcin as a Predictor of Brerst Cancer Patient 

Sumival 

Several approac hrs werr mployed in the sun.ivcil rinaly sis to drmonstratr 

associations betwern p53 and patient prognosis. including the use of the Cos proportional 

hazard reyrcssion rnrthod w h m  p53 \vas rspressed continuously or çategorically and its 

contributions to DFS and OS were considered tirst sinyl?;. and then jointly with the other 

predictivc factors (Table VII. 3.). p53 protein Icvttls esprrssed as their ranks w r e  able to 

genrratr statistically siyniticant hazard ratios. but the incremtinial risk diffirencrs were 

vcry small. The relative risks for both relapse and drath were significantly incrrased for 

pS-positive patients when p53 was classi fird into two groups based on the rnedian. The 

use of the median cutoff point also indicated 40% and 50% increased risks for relapse 

and death. respectively. of p53-positive patients in multivariate anal p i s  adjusted for al 1 

of the other variables stated in the table. Also predictive of patient outcome in 

multivariate analysis were lyrnph nodr positivity. associated with Mold higher risk for 

relapse [95% CI= 1.5 1-2.71. p<0.0 1 ] and 9206 higher risk for death [%%CI= 1.42-2.60. 

p ~ 0 . 0  11. and tumor size larger than 7 cm. which yielded relative risks of 1.5 l for both 

relapse [9j%CI=1.12-2.03. p<0.0 11 and death [%%CI= 1.1 1-2.06. pi0.0 11. The S-phase 

fraction. DNA ploidy. ER. and PR variables were not significant prognostic factors in our 

series of breast cancer patients. In addition to simply dichotornizing patients on the basis 

of pjhegativi ty or -positivity. they were also ciassified into four groups based on the 



Table VII. 2. Associations Between p53 Protein and Disease-Free and Overall Survival 

Disease-Free Survival Overall Survival 
p53 Status RR' 95% clb p-Valuec RRa 95%lb p-Valuec 

Univariate Analvsisa 
Expressed as Continuous Variablee 

Rank 1 .O0 
Rank + 1 1 .O0 1 .OO-1 .O0 

Based on Median Cutoff Point 
Negative 1 .O0 
Positive 1.47 1.12-1.93 

8ased on ~uartiles' 
First Quartile 1 .O0 
Second Quartile 1-09 0.71 -1.68 
Third Quartile 1.35 0.89-2.05 
Fourth Quartile 1.57 1.05-2.35 

p-Value for Trend 

Multivariate ~ n a l v s i s ~  
Expressed as Continuous Variablee 

Rank 1 .O0 
Rank + 1 1.00 1.00-1.00 

8ased on Median Cutoff Point 
Negative 1 .O0 
Positive 1.40 1.06-1.86 

Based on Chartiles' 
First Quartile 1 .O0 
Second Quartile 1 .l8 0.03-1.35 
Third Quartile 1.39 0.06-1.82 
Fourth Quartile 1.64 1.09-2.46 

p-Value for Trend 
-- 

a Relative risk estimated using the Cox proportional hazard regression model. 
b 95% confidence interval. 

p-values are two-sided. 
d 997 patients included in univariate survival analyses. 
' p53 concentrations were ranked in ascending order 
i Estimated RR for second, third, and fourth quartiles compared to the first quartile are given. P values 
are based on 1-degree of freedom tests of rnonotonic association. 

920 patients included in multivariate analysis, which was adjusted for age, tumor size, nodal status, 
S-phase fraction, DNA ploidy, ER status, and PR status. 

quartiles of the p53 distribution. by which patients in the second. third. and fourth 

quartiles were s h o w  to have successively increasing risks for relapse compared to 

patients in the first quanile. In the corresponding muhivariate models. this dose-response 



trend remained significant. 

Similar trends were also 

p53 - (n=462) observed in the analysis of 

OS. but the p-values for the 

trends did not reach 
p53+ (n=458) 

statistical signiticancc. 

I t  was also of 

interest to determine the 

propnostic valut. of p53 
1 0  - ----- . . .. 

.. 
within subgroups of 

patients recoynized as 

havinp di fferent prognostic 

or therapeutic implications. 

Strati fication o t' patients by 

nodal status. ER status. and 

p=O. O1 3 
. . . . . . . type of postoperatiw 0.5 - 

O 25 50 75 100 125 treatrnent would also have 

SUMM~ Time (Months) sencd to eliminritr possible 

Figure VIL 2. Kaplan-Meier Diseise-Frec and 
confounding effects on 

Overall Survival of Al1 Patients in the Cohort outcomr betwen p53 and 
p53 stûtus wns basrd on the rnrdian çutoîT point. 
Diftèrences between curves were deterrnined by log-rank these other variables. 

tests. thri p-values of wiiich are shown. Axillary node-posi tive 

patients. but not those without lymph node involvement. had significantly increasrd risks 

of 66% and 105%. respectively. for relapse and decith if their tumors had p53 

concentrations above the median cutoff level (Table VIL 3.). Similarly. patients whose 

tumors expressed ER had higher risk for both endpoints when thrir tumors were p53- 

positive. Forma1 tests for interaction revealed sipificant p S b y  ER interaction for DFS 

[RR=l. 18. p=O.O?] and p53-by-node interaction for OS [RR=1.72. p=0.0 11. Trends 

somewhat suggestive of p53-by-ER interaction for OS [RR= 1. II. p=O. 1 I l .  and p53-by- 

nodes interactions for DFS [RR=I .I?. p=O. 131 were also shown by this analysis. For 

patients who received postoperative treatment. p53 also initially appeared to have values 



Table VIL 3. Associations Behveen p53 Protein and Disease-Free and Overall Survival 
in Patient Subgroups 

Disease-Free Survival Overall Survival 
p53 statusa RR' 95% CI' p-valued R R ~  95% CI' p-valueu 

Univariate Analysis 
Node-Negative Patients (n=505) 

Negative 1 .O0 
Positive 1.15 0.74-1.81 O. 54 

Node-Positive Patients (n=415) 
Negative 1 .O0 
Positive 1.66 1.15-2.39 ~ 0 . 0  1 

ER-Negative Patients (n= 129) 
Negative 1 .O0 
Positive 1.1 1 0.54-2.29 0.77 

ER-Positive Patients (n=79 1 ) 
Negative 1 .O0 
Positive 1.44 1.05-1.95 0.02 

Patients Treated with No Postoperative Therapy (n=273) 
Negative 1 .O0 
Positive 1.85 0.93-3.70 0.08 

Patients Treated with Endocrine Therapy +/- Radiation (n=168) 
Negative 1 .O0 
Positive 1.44 0.72-2.88 0.30 

Patients Treated with Chemotherapy +/- Radiation (n=184) 
Negative 1 .O0 
Positive 1.74 7.03-2.93 0.04 

Multivariate Analysise 
Node-Positive Patients (n=415) 

Negative 1 .O0 
Positive 1.67 1.16-2.41 ~ 0 . 0 1  

ER-Positive Patients (n=791) 
Negative 1 .O0 
Positive 1.45 1.06-2.00 0.02 

Patients Treated with Chemotherapy +/- Radiation (n=184) 
Negative 1 .O0 
Positive 1.73 1.03-2.92 0.04 

p53 status based on median cutoff point. 
b RR, relative risk estimated using the Cox proportional hazard regression model. 

CI, confidence interval. 
p-values are two-sided. 
Multivartate analysis adjusted for age, tumor size, S-phase fraction, DNA ploidy, ER status. and 

either ER status (for estimating RR in node-positive patients) or nodal status (for estimating RR in 
ER-positive patients), or both (for estimating RR in patients treated with chemotherapy +/- radiation). 
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hazard ratios in multivariate Figure VII. 3. Kaplrn-Meier Discrse-Free and 

with the results of the Cos Differences between curves were determincd by iog- 
rank tests. the p-values of which are shown. 

regression analysis. Kaplan-Meier 

plots also revealrd that p53-positive status was an indicator of poorrr suwival in patients 

with node-positive or ER-positive breast cancer. or in patients given postoperative 

chemotherapy (Figures VII. 2. - VII. 5 . ) .  However. with respect to the implird ability of 

p53 to predict outcomr only in chemotherapy-treated patirnts. the lack ofsignificant p53- 

by-chemotherapy interaction [RR=I .O 1. p=0.87 for DFS and RR= 1.1 1. p=0.17 for OS] 

suggested that the differences observed between treatment groups might have been due to 

the relatively few outcome rvents in the endocrine therapy-treated and untreated cohons 

of patients. Furthemore. afier multivariate adjustment of the effects of p53 on survivd of 

patients given chemotherapy by including a p53-by-nodes interaction t e m  [RR= 1 -78. 

p=0.03 for DFS and RR=l.33. p=0.04 for OS], the impact of p53 became insignificant 

w=l.ZJI p=0.37 for DFS and RR=I.49. p=0.17 for OS]. Taken together. these data 



Survival Time (Months) 

Figure VII. 4. Kaplan-Meier Disease-Frrc 
and Overrll Sutvivul of Estrogen Receptor- 
Positive Patients 
p53 statiis was based on the mrdian cutoff point. 
DitTereiices bet~veen ciirves were dctermined by 
log-rank tests. the p-values of ~ v h i c h  are s h o w .  

1996: Sjogren rt al.. 1 996). Quantitative 

indicate that the assessment of the 

prognostic valus of p53 within 

subgroups given di fferent postoperative 

treatments. but not controlled for node 

status. must be interpretrd cautiously . 

VII. 5. Discussion 

The rslationship between p53 

übnonnality and breast cancer prognosis 

remriins unclear. despitr the large body 

of literature focused on the topic. Studirs 

invrstigciting the prognostic value of p53 

protein accumulniion assrssed by 

immuno histochemical techniques 

comprise the bulk of the research but 

otien diffrr substantiall y with respect to 

procedural details and sconng criteria. 

and may report prognostic information 

infrrior to ihat obtriinable by DNA 

sequrnce-based methods ( Kovach Cr tri.. 

analysis of p53 protein accumulation. 

implemented by densitomeiric image analysis of immunostained tissue (Charpin et cd.. 

1996) and by ELISA-type assaps of tissue extracts (Bartkova rr d.. 1993: Borg et d.. 

1993: Levesque er al.. 1995b) may offer improved reproducibility and might thrrefore 

serve as alternatives to conventional IHC. However. the ability to assay cytosolic extracts 

already prepared for ER and PR assays may make ELISAs particularly suitable for p53 

protein measurement in breast tumor tissues. Using the cornmrrcially available LIA-mat 

p5; lurninometric immunoassay (Sangtec Medical AB. Bromma. Sweden). Borg et al. 

(1995) and de Witte er al. (1996) have demonstnted the prognostic value of tumoral p53 

concentration on the survivai of 205 and 1-12 breast cancer patients. respectively. The 

results of our study confirm their findings in a larger patient population and validate an 



immuno tluorometric assay deveiopcd 

in our laboratory (Levesqur et t r L .  

1995b) for clinical application. 

Compared to studies in which 

p53 status is represented by a small 

number of groups (usually two). our 

use of  a quantitative assay permitted 

more flexible data manipulation. In 

one approach which tinablrd full use 

of the data. the p j 3  assay results were 

used as ri continuous variables in the 

repression analysis. In another 

appronch. p53 was considerd as ri 

catrgorical variable divided into four 

lrvels bu the quartiles of the p53 

distribution. Relative risks for 

developing rnch outçorne rvent in 

patients in the second. third. and 

founh quartiles compared to the risks 

in the first quartiic: were a h  

determined. Associated with the 

Smival  Tirne (Months) 

Figure VIL 5. Kaplan-Meier Disesise-Free and 
Overall Survivaf of Patients Treated with 
Chemotherapy 
p53 status was based on the median cutoî'f point. 
Differences betwcen cimes were determined by log- 
rank tests. the p-values of which are shown. 

greatest information loss was the final approacli. where p j 3  was used as a dichotomous 

variable using an arbitrady selected cutoff. Since no cr priori assumptions were made for 

selecting a particular cutpoint. and a "minimum p-vaiue approach" (Altman et c d .  1994) 

was not employed. the median pj3 value (0.16 @g) was adopted in the muitivariate 

analysis. in al1 regression analyses within subgroups of patients. and in the Kaplan-Meier 

analyses. Interestingly. this median value is very close to the "optimal" cutoff of 0.15 

pg/g defining 30% of the specimens to be p53-positive in the series of Borg et c d .  (1995). 

While de Witte et 01. (1996) sirnilarly classified 28% of specirnens as p53-positive. the 

cutoff concentration used was over 15-fold higher. Taken together. our results 

demonstrated rnodest "dose-response" effects between p53 protein concentration and 



risks For relapse and death. Furthemore. multivariatr analysis usinp rnedian- 

dichotomized p53 showed that these effects were not dependent on any other factor for 

which the tumors had been characterized. 

Major objectives in breast cancer research in recent years have been the 

identification of factors capable of distinguishing node-negative patients at reducrd risk 

of relapse who might be spared adjuvant treatment. ss well as of factors predictive of 

adjuvant theraprutic succrss. In agreement with some workrrs (Isola rr irl.. 1992: 

Pietilainen et trf.. 1995: Rosrn r i  tri.. 1995) but not with others (Allred CI ul.. 1993: 

Silwstrini rr d.. 1993: Silvestrini er cil.. 1996b). p53 was found not to bc a significant 

prognostic indicator in our series of 505 node-negatiw patients. p53 protsin accumulation 

was. however. independrntly associatrd with poor outcome in the 4 15 nodc-positive 

patients in our study. an observation which had been reportrd previously (Silvestrini et 

d.. 1996a). The significant interaction for OS and a trend h r  DFS between p53 and 

nodes. as well as the dernonstration of adequate power in the node-negative subproup 

(86%). suppons our observation that p53 had prognostic value only in the node-positive 

patients in our srries. When palients were stratitird by estrogen receptor status. indicative 

of endocrine thrrapls-responsiïrnrss under many circumstancrs. p53-positivitp was 

found to be associated with increased risks for relapse and drath only in estrogen 

reccptor-positive patients. that is. in women who miyht othenvisc be sxprctrd to have 

favorable outconrs (Thor rr cd.. 1992: Friedrichs er d . .  1993). This finding is in contrast 

to that of Calefti rr trf. (1994). who earlier reponed p53 mutation to be of prognostic 

value neither in estrogen receptor-negativr nor -positive patients. Our results. suggesting 

that the impact of p53 on survival may have been rnediated by ER-positivity. are 

consistent with evidrnce for interaction between p53 and ER. especially with respect to 

DFS. The relatively low relapse rate. however. among the 1 29 ER-negative patients made 

it unlikely that statistically significant differences in survival between pj3-negative and - 
positive patients would have been found: the power in this subgroup wûs only 38%. 

Stratification of our study population into three treatment groups that had received 

endocrine treatment alone or in combination with radiation. chemotherapy with or 

without additional radiation. or no postsurgical medical intervention. reveded the 

assessrnent of p53 status to be of no apparent prognostic value in patients given endocrine 



treatmrnt or who were not given adjuvant therapy. but to be highly significant in the 

survival analysis of patients treated with chemotherapeutic drugs. Sincr significant pj3- 

by-chemotherapy interaction could not br demonstrated. and although this analysis was 

probably lacking in power. the most likely esplmation for the apparent differences in 

cffect of p53 between treatment groups lies in t h  small nurnber of patients in the 

untreated or endocrine thrrapy-treatrd cohons who undenvent relapse. The majority of 

thesr patients would have been rxpectrd to be node-negative. in contrast to patients in the 

subgroup that receivrd chcmotherapy. Our data suggest that it was the relationship 

brtwen p53 and nodr status within the chrmotherapy-treated subgroup which Ied to the 

apparent prognostic valur of p53 o\w-espression. (iivcin that the patients in our study 

were not randornized to the treatrnents the. recrivrd. we wrre unabk to iinambiyuously 

drtrrminr whrther the prognostic value of p53 protrin accumulation is dependent on any 

panicular trratmrnt administered. Other studies. howevcr. have provided iil i.iîr.o and 

clinical evidence irnplicating p53 as a mrdiator of apoptosis induced by canccr 

chemotherapeutic agents and radiation ( Lowe er tri. .  1994: Aas et LI/ .  . 1996). It has been 

proposed that tumors lacking functional p53 may br unable to activatr the apoptotiç 

cascride. leading to treatmrnt failure and rarlier patient death. The responsiveness of 

breast turnors to cancer chemotherapeutic agents rnight therefore br  prrdiçtrd b'; p53 

functional status. retlected by accumulation of p53 protein. Although studies of the 

association between p53 alteration and chemosensitivity have not yidded consistent 

îïndings ( El ledge et tri.. 1995: Jansson et tri.. 1995: Makris er trl.. 1995: Barbareschi et ul.. 

1996). sequencing of the rntire p53 coding region has recrntly dernonstratrd systemic 

therapy and radiothenpy to be of Iess therapeutic value for pj3-mutated breast tumors 

(Bergh er cd.. 1995). Additional work must cenainly be performed to rstablish p53 status 

as a predictive factor for adjuvant therapy in breast cancer. 

The study of p53 aiterations in relation to breast cancer survival and treatment 

response probabilities has been greatly facilitatrd by the close correlation between p53 

eene mutational changes and accumulation of mutant p53 protein. detected in the 
C 

majority of studies by IHC. The results of this study indicate that a simple and sensitive 

ELISA for p53 protein may also provide prognostic information for breast cancer 

patients. Furthemore, we have identified the subgroups of patients with lymph-node- 



positive and possibly ER-positive diseasr for whom the prognostic signi ficance of p53 

may be particularly relevant. 



CHAPTER VI11 

PREDlCTlON OF OVARIAN CANCER PROGNOSIS AND 
RESPONSE TO CHEMOTHERAPY BASED ON p53 (AND 

p21 WAF') EXPRESSION STATUS 

(A version frorn Levesque MA, Katsaros D, Massobrio M, Genta F, Yu H, 
Ricchiardi G, Pia Mano M, Fracchioli S, Durando A, Arisio R, Diamandis 

EP. Clin Cancer Res (submitted)) 



VIII. 1. Abstract 

This study was designrd to determine whether patients who receivcd adjuvant 

chsmotherapy for spithelial ovarian cancer could be stratitied into Sroups with different 

risks for relapse or death on the basis of the expression in tumor tissue of two proteins. 

p53 and its dvtvnstrearn mediator WAF 1 (wild-type pjhctivated factor- 1 ) (CIP USDI 1 ). 

quantified by immunoassay rather than by conventional immunostaining. Extracts from 

120 cpithelilil owrian carcinomas werr assnyed both for p53 protein bu an 

immunotluorometric assay devrloprd by the authors and for WAFl protein by a 

commrrcially available irnmunoûssay. Rrlationships brtween p53 and WAF 1 

concentrations. and betwern e x h  of thrsr and othttr çlinicopathologic variables. were 

determincd by Spearman correlation and Wilcoson Rank Sum tests. Using contingency 

tables. responss tu chsmotherapy was cornparcd betwrrn patirnts ~vith different stattis for 

rach variable. RR for cancer relapse and drath aRer 34 months of follow-up for patients 

with pSpositive or Wr\F 1 -positive tumors. çatrporized by median cutoff points. w r e  

drtrrmined by Cos reyression analysis in which muhariate modrls w r e  adjustcd for 

patient agr. stage. grade. and residual tumor s i x .  Also evaluüted in Cos models were a 

tour-levttl p53 variable and a three-level composite variable of p53 and WAFl cornbined. 

Difkrences in DFS and OS probabilities of p53-negative and p53-positive patirnts. and 

of WAF 1 -negaiive nnd WAF 1 -posititPe patirnts. were also estimated by the Kaplan- 

Meier method and log-rank tests. Concentrations of p53 were çlrvated in patirnts with 

advanced stage disrase (p=O.OZ) or poorly differentiatrd (p=O.O3). suboptimally debulked 

tumors (p=0.02). as well as in patients who failed to respond to chemothrrapy (p=O.O3). 

Despite the absence of statistically signiticant associations between concentrations of p53 

and WAFI. higher concentrations of WAFl were more common togrther with younger 

age. earlier stage. and the absence of residual tumor. although thrse relationships did not 

reach statistical significance and no relationship to treatment response was demonstrated. 

Univariate analysis showed that p53 concentrations above the median indicated 

signi ficantly higher risks for relapse (p=O .OJ) and death (pc0.0 1 ) and showed trends for 

increasing risks for relapse (p=O.OJ) and death (p<0.01) when p53 was considered as a 

four-Ievel categoncal variable. Multivariate analyses confirmed these observations 

(RR= 1 -50; p=O.Oj for DFS and RR= 1 -92: p=0.03 for OS) For median-dichotomized p53. 



but the trends were of borderline significance (p=0.09 for DFS and p=0.07 for OS). In 

contnst. WAF1-positivity was not a sipnificant predictor of favorable outcome in 

univariate survival analysis. and use of a three-lrvel variable combining positivity or 

negativity status for both p53 and WAFl did not yield greater separation of patients into 

risk groups (p=0.07 for DFS and p=0.06 for OS) than the use of pj3 alone. Assessn~rnt 

of p53 espression may be an independent indicator of poor prognosis in ovarian cancer 

patients treatrd with adjuvant chemotherapy . The prognostic value of WAF 1 expression. 

howrvtr. could not b r  drrnonstratrd in Our seriss of ovarian cancer patients. 

VIII. 2. Introduction 

Epithelial ovarian cancrr is the most lrthal y)wcolopiç rnalignancy in Wcstrm 

countries (Winpo e l  t i l . .  19%). Approsimately 80% of patients are diagnosrd with 

advancrd stage disrase (Ozols er ci/ .  . 1 997). associaied with a 5-yenr suri-ival rats of only 

30% drspite improvrmrnts in long-trrm suwival gained by the use of combination 

chemotherapy. principally with cisplûtin and more recently with paclitnsrl (Stewart er t i l . .  

19c12). A number of factors contribute ro the poor prognosis of patients with advancrd 

stage ovarian carcinoma. including the failure of aggressive cytoreductive surprry to 

completely eradicatr metastatic disease in over 75% of cases. the instrinsic resistance to 

adjuvant chemotherapy in over half of these patients. as well as the development of 

chemoresistance in nearl y half of the initially responsive patients during the course of 

thrir treatment (Perez et d.. 1993). Although clinicopathologic characteristics of ovarian 

cancer other than disease stage. such as volume of residual disrase after debulking 

surgay. histologie grade and type. lymph node status. and presence of ascites are also of 

demonstrated prognostic value (Kosary. 1994). individual patients may show significant 

differences in chernosensitivity even though they share identical clinicopathologic 

features. In light of evidence indicating that most anticancer agents induce tumor 

regression by triggering apoptosis (Thompson. 1995). it is possible that new variables 

retlecting the apoptotic potential of ovarian neoplasms may offer more accurate 

prognostic information for patients treated with chemotherapy. 

Among the determinants for the induction of some forms of apoptosis is the status 

of the p53 turnor suppressor gene. the translated product of which has been shown to 



transcriptionally up-regulate and down-regulatr bau (Mi yashita et d.. 1 994) and bcl-l 

(Halder rr d.. 1994). respectively - two kry components of the trigpering mechanism for 

programmed ceIl death. Functional loss ofp53 by mutations that interfrre with its ability 

to inducr apoptosis has been shown to facilitate the development of neoplastic clones 

resistant to différent chemotherapeutic drugs (Lowe rf til . .  1993a). These mutations. 

which are mostly missensr and occur within conservrd sequences of the pj3 genr. are the 

most comrnon grnetic alterations in human malignancy (Lcvine rr trl.. 1991 ) and have 

been detected in 40-80% of epithrlial ovarian cancers (Marks et i d . .  1991: Kupryjanczyk 

et cil.. 199;: Milner et u l . .  1993). Rathcr than impsding p53 protein espression. missense 

mutations usually confer an altered conformation to the mutant p53 protrin and are 

rissociatrd with its predorninantly nuclear accumulation (Gannon et tri.. 1990). in contrast 

to normal crll nuclci in which p53 protein is rspressttd at vrry low lwels. Besides irs 

diminished capacity to triggrr apoptosis. mutant p53 protein is typically also deticient in 

its ability to induce çrll cycle arrest hy the transactivation of other tarprt grnrs. The tirst 

idcntified of these was WAFl. a protein that binds and inhibits several cyAidcyclin- 

dependrnt kinase complexes (Xiong et til . .  1993: El-Deiry c.r d.. 1994) as well as 

cornponenü of the DNA replication machine- (Waga er trl.. 1994). Despits observations 

that rxpression of WXFI. like p53. can cause growth suppression of a variet); of cell 

typrs in i*itro ( El-Driry et t d . .  1993: El-Dei- rt r d . .  1994) and il7 vim (Yang rr oi.. 1995). 

WAFl mutations rarely occur in human cancers (Koopman er trl.. 1995: Wan er c d . .  

1 996). suggesting that derangrment of WAF l function docs not contribute to clinical 

disease. However. WAFl protein expression has been s h o w  to be highly variable in 

several tumor typrs (Barboule rr ai.. 1995: Diab et id.. 1997: Gomyo et cil.. 1997) and to 

be subject to both p53-dependent and p53-independent transcriptional rrgulation 

( blichieli et ul.. 1994). Unlike the large nurnber of studies investigating the relationship 

between p53 alteration in diverse rnalignancies. including ovarian cancer (Bosari et rd . .  

1993: Hartmann et al.. 1994: Klemi et d.. 1995: Levesque et cd . .  199%: Eltabbakh et cil.. 

1997: ). and unfavorable prognostic outcorne. there have been fewer studies examining 

WAF 1 expression in relation to patient prognosis (Ito et al.. 1996: Diab et id.. 1997: 

Erber et di.. 1997; Gomyo er ai.. 1997: Jiang et  il.. 1997). Moreover. to Our knowledge. 



the prognostic and predictive implications of p53. considered togeîher with its 

downstream mctdiator WAF 1. in epithelial ovarian cancer have not yet been reported. 

Conventional tools to identify pj3 abnormalities have consistrd of DNA 

sequrncing methods. indirect screening methods for detemining DNA srquence changes. 

and irnmunohistochen~ical staininç techniques using monoclonal or polyclonal antibodies 

to detect p53 protein overexpression. The latter approach. while lacking sensitivity and 

specificity b r  dernonstrating p j 3  changes at the genetic level (Casey et (11.. 1996). 

nonrthrless has bern shown to providr useful information regarding the prognosis of 

patients with ovaian carcinoma ( Bosnri er t i l . .  1993: Hartmann et tri.. 1994: Klrmi et tri.. 

1995: ) üt a Fraction of the technical costs. Use of the same antibodics as rerigznts in 

irnmunoassa);~ of p53 çonstitutes an alternative to p53 immunostaininp that may offer 

advantapes in ternis of more objective results interprrtation and relarive case of 

quantitation. Such immunoassays have bern applird to the measurernent of p j 3  

concentrations in rstracts preparcd from a variet) of tissues and have yieided results 

highly concordant wiih those obtainrd by immunostaining (Joypaul et trl. .  1993: Voj tesek 

et tri.. 1 9%: Lrvrsqur et d.. 1 997). Only immunohistochemical mrthods. however. have 

b e n  employrd for the drtection of WAF 1 protrin in dinical sprcimens (Barboule et trl.. 

1 995: I to et d.. 1 996: Diab et tri.. 1 997: Erber et tii. . 1 997: Gomyo et tri.. 1 997: Jiang et 

tri.. 1997: ). in spite of the possible advantages of commercially available immunoassays. 

In this study. we report the use of simple yet sensitive irnmunoassays of p53 and 

WAF 1 proteins. rathrr than immunostaininp. to deierminr their respective concentrations 

in rxtracts of 120 epithrlial ovanan carcinomas obtained tiom chemotherapy-treated 

patients residing in the Piedmont region of Nonhem Italy. The expression levels of p53 

and WAFl were related to each other. to other prognostic features. to patient response to 

administered chemotherapy. and to DFS and OS. 

VIII. 3. Materials and Methods 

VIII. 3. 1. Ovarian Cancer Patients 

This study had been approved by the Ethics and Research Cornmittees at the 

University of Toronto and the University of Turin that assured patient confidentiaiity at 

every stage of the investigation. One hundred and twenty patients with primary epithelial 



ovarian carcinoma. operated at the Department of Gynecology. Gynecologic Oncology 

Service of the University of Turin. Turin. Italy bctwern April 1988 and January 1997. 

werr included in this study. Excluded from the consecutivr serics had been patients with 

benign (n=4) or germline (n=4) ovarian neoplasms. patients with other prim.; 

malignancirs metastatic to the ovary (n=19). and patients with cancer of the ovarian 

epithelium who had tumor spscimens which were rithrr of borderline histologic grade 

(n=16) or of insufticient quantitp for p53 protrin analysis (n=6). Threr patients lost to 

follow-~ip. and four who did not recrive adjuvant chemothttrapy. wrrr also escluded. The 

patients studird wrre of agrs ranging tiom 26 to 77 yars: the median and mean a g a  

were both 55  yeürs. Patients werr followrd up at the samr institution for pet-iods ranging 

îi-om 3 to 119 rnonths (median and mean u-rre 2 1  and 30 months. respsctivrly). during 

which 66 ( j j O / b )  wrre diagnosed with oviirian cancer relapse and 44 (37%) dird of their 

disrase. DFS time. definrd as the number of cornplste months elapsed from the date of 

tumor resection to thnt of the tirst evidence of recurrent disease or distant metastasis in 

each case. was distributrd from O months (stage IV) to 67 months with a mran and 

median of 15 and 1 1 months. respectivdy. Of the 66 patients who relapsed. 12 undrrwent 

remission followd by subsequent relapse. Threr patients had a tliird relapse. The tirne 

interval betrvrrn prima- surgical trcatmrnt and patient death confirmed to be dur to 

complications of ovarian carcinoma - the OS tirne - ranged from 3 to 79 months and had 

a mean and a mrdim of 23 and 20 months. respectively. Patient dcaths due to other 

causes were considered crnsored svents. Of the patients remaining alive at the 

termination of the study in April 1998. recurrent disease or metastasis was identitird in 

12 patients (29%) but undetectable in 54 patients (71%). 

Patients wcre characterized for a number of clinicopathologic variables at the timr 

of surgery. These included stage classifird according to the International Fedention of 

Gynecologists and Obstrtrkians (FIGO. 1987). by which 1 7 patients were found to have 

stage 1 disease. 7 patients were in stage II. 88 patients were in stage III. and 8 patients had 

stage IV ovarian cancer. As required by the FIGO staging scheme. extensive surgical and 

cytologic assessrnent of the disease extent was perfonned in al1 cases. These procedures 

included collection of ascites or peritoneol washings from the pelvis. gutters. and 

diaghrakgn for cytologic studies: total abdominal hysterectomy and bilateral salpingo- 



oophorectorny: infracolic omentectomy and appendectorny: selectivr pelvic and 

paraaortic lymphadenectomy: and debulking of al1 gross tumor tissues. I t '  obvious 

macroscopic tumor was not present. the following procedures were performed: biopsy of 

any lrsion suspected of bring a tumor metastasis or any adhesion adjacent to the primary 

tumor: blind biopsies of bladder peritoneum and cul-de-sac. right and lrli paracolic 

Cutter. and prlvic side walls: and biopsy or smrar of right hemidiaphragm. Histologic 

wadr and type based on WHO critrria (World Hralth Organization. 1982) wrre also z 

detrrminrd. Thirteen sprcimens were wrll-differcintiated (grade 1). 3 1 were moderately- 

differentiated (grade 3). and 76 were poorly-diffrrentiated (grade 3). Tumors of srrous 

papillary histotype ( n=47) constituted the largest group. whilc 20 werr endometrioid. 2 1 

were iindifferentiated. 18 w r e  clear d l .  8 were mucinous. and 6 were mullerian. The 

succrss of surgical debulking was judyrd to be optimal for 50 patients. of whorn 48 had 

no grossly apparent rrsidual turnor; the rcmaining 72 patients had residual tumor masses 

estimated to br  1 to 3 cm ( n = X  4 ro 8 cm (n=26). or grrater than or qua1 to 9 cm 

(n= 13 ) in maximai diameter. 

AI1 patients had been prsviously untrratcd for ovarian cancer. Administered as 

tirst-iine chcimotherapy to al1 patients werr combinations of chemotheraprutic agents 

including cisplatin (given to 76 patients ). çnrboplatin ( n=-l-l). cyclophosp hamide ( n=62). 

taxol (n=25). cpirubicin (n= 19). adriamycin (n= 1 1 ) .  alkaran (n= 1 ) .  and methotrexatr 

(n= 1 ). Al1 patients had received sithcr cisplatin or carboplatin. Thrtx patients additiondly 

receivrd radiotherapy. and another two w r e  given hormonotherapy. Assessment of 

treatrnent response in the 72 patients with residual tumor size greatrr than 1 cm was 

performed after the last cycle of chemotherapy and was basrd on the following criteria 

(Menzin. 1996): resolution of al1 evidence of disease for at least one rnonth was 

considered a complete response: a decrease of greater than or equal to 50% in the product 

of the diameters (maximal and minimal) of al1 rneasurable lrsions lasting at least one 

month without the development of new lesions was considered a partial response: a 

decrease of less than 50% or an increase of less than 25% in the product of the diameters 

of al1 rneasurable lesions was considered stable disease: and an increase of greater than or 

equal to 25% in the rneasurable lesions as descnbed above or the identification of new 

lesions was considered progressive disease. The majority of patients initially responded 



completely (n=8 4) or partially ( n = X )  to tint-line chemotherapy. whereas others 

experiencrd no change (n=7) or progressive disease (n=7). Second-line chemothçnpy 

following initial treatment failure was given to 67 patients and inciuded cisplatin (n=6). 

carboplatin (n=12). cyclophosphamide (n=9). taxol (n=2j). epirubicin (n=l 1 ). and 

adriamyin (n=4). Twelve patients required third-linr chrmotherapy. consisting of 

cisplatin (n=3 ). carboplatin (n= 1 ). cyclophosphamide (n= 1 ). and tmol (ri=7). 

VIII. 3.2.  Tumor Extraction and p53 Imrnunofluorometric . h a y  

Tiimor tissues were snap-tiozen in liquid nitrogrn immrdiately following surgery. 

Rrpresrntative portions of rach tumor containing greater than 70% tumor cells were 

srlected by histologie esamination of frozen sections. and stored at -80°C until analysis. 

.A subset of randomly selsctctd tumors (n=17) w r e  sampled at two different surfaces to 

yieid portions which wtre separatrly pulvrriztid and rstracted as describsd prrviously 

(Lwesque et c d . .  1997). The crudr lysatrs wrre assayed immrdiritrly and concurrently t'or 

p j3  protrin by immuno tluorornrtp. WAF 1 protein by coloromrtric immunoassay. and 

total protrin content by ri kit based un the BC.A method ( Pierce Chrmical. Rockford. IL ). 

Concentrations of soluble p53 protrin in the ovarian tumor cstracts were 

determinrd without knowledge of the corrtisponding patient clinicopathologic or sunival 

information by a quantitative. sandwich-type immunoassay drscribed in dctail rtlsrwhrre 

( Levrsque C r  tri.. 1 995b). 

VIII. 3.3. Immunoassay of WAFl Protein 

The W.4F1 Quantitative ELISA i\ssayTsf (Oncogene Research. Cambridge. MA) 

was used to measure WAFl concentrations in the ovarian tumor extracts. following the 

manufacturer's instructions. Al1 necrssary reagents were provided in the kits. Features of 

this sandwich-type irnmunoassay include a rabbit polyclonal anti-WAF 1 antibody 

imrnobilized onto microtiter plates. a biotinylated mouse monoclonal antibody specific 

for human WAF I protein added following sarnple addition. and detection by streptavidin 

conjugated to horseradish prroxidase which catalyzes the conversion of 

tetramethylbenzidine into a colored product. Dual wavelength absorbantes at 450 nrn and 

j40 nm were determined using a microplate spectrophotometer (Labsystems. Helsinki. 



Finland). Using drdicated software. concentrations of WAFI were intrrpolated from 

calibration curves constructed from the assay of lyophilized W.4FI standards ranging in 

concentration from O to 20 UnitdmL. Calibrators and ovarian tumor eittracts tvsre 

assayed in duplicate and in parallel. Concentrations of WAFl greater than the reported 

lower limit of detection of O. L UnitsimL were expressed as Lhits/mg. adjusting for the 

variable protein contents of the èxtracts. Extracts prepared from breast carcinoma cclls 

(MCF-7. T-47D). obtaintfd from the ATCC. çultured as drscribed elsrwherr (Lrvrsqur rr 

trl.. 1 W b ) .  and for which the WAF 1 expression status had been characterized previously 

(Ozcrlik rt t i f . .  1995). were nssayed in parallcl as qualitative positive and nrgritivc 

controls. respectively. 

VIII. 3. 4. Stütistical Analysis 

The statistical rinalysis. performrd using SAS version 6.13 sofiware (SAS 

Institute. Cary. NC). esamined associations betwren the total protrin-üdjustd p53 and 

WAFl immunoassay rrsults and DFS and OS. ûs uell as brtwern rhr p53 and WAFl 

concentrations and other rneasuremrnts or characteristics of the sample of ovarian cancer 

patients. A11 procedures were nonparamrtric and based on two-tailed tests of signiticiincr. 

blonotonic relationships betwren p53 and WAFI as continuous variables were s h o w  by 

the calculation of the Spearman correlation coefficient. Continuity-correctrd Wilcoson 

Rank Sum tests or Kruskal-Wallis tests were used to compare the distributions of p53 and 

WAFI concentrations. one at a timc. between patient subgroups definrd by their status 

for the other protein rnarker (WAFI or p53. rach classified as negative or positive using 

cutoff points qua1 to the joLh percentiles of the respective distributions) and for each of 

the clinicopathoiogic variables: age ( 4 5  years vs 255 years). FIGO stage (stages 1 or 11 

vs stages III or IV). histologic grade (grade 1 vs grade 2 vs grade 3). histologic type 

(serous papillary vs al1 other histotypes). and residual tumor size (4 cm vs 1 1  cm). 

Differences in p53 and WAFI expression status. as well as differences in patient age. 

tumor grade. and histologic type classified as above. between patients with assessable 

post-operative disease who exhibited either complete response to tirst-Iine chemotherapy. 

partial response to such treatment. stable disease. or progressive disease despite having 

received tirst-line chemothrrapy. were detennined by 7-tailed Fisher Exact tests. 



Wilcoxon Rank Sum tests were also used to examine the occurrences. during follow-up. 

of ovanan cancer relapse and patient death in relation to p53 and WAF1 concentrations. 

The relationships of p53. WAFI. and other clinicopathologic variables to DFS 

and OS were evaluated by the RRs for relapse and death and their 95% CIs. which were 

calculated from fitted Cox proportional hazards regression models. In the multivariate 

analysis. the models were adjusted for are. stage. grade. and residual tumor s ix .  al1 of 

which were considered dichotomous or three-levei variables de tinrd by the classification 

criteria given above. In both univariate and multivariatr models. pj3 wcis examined 

srparately ris a dichotomous variable categorized by the rnrdian prrcrntile cutoff point. 

and ris a quartile-divided. four-levrl ordinal variable. The prognostic value of median- 

dichotomized WAFl was determined by titting ri univariate Cos  modrl. In order to 

determine the prognostic impact of p53 and WAF I nssessrd in combination. a threc-levt.1 

ordinal variable was created and txaluatsd in Cos models of DFS and OS. The tïrst tt.t.t.1 

of this new variable included patients whose tumor rstrücts wrre concurrently p53- 

nsgative and WAF I -positive. Thc second level consistrd of patients wliose turnors were 

rithrr positive for both markers or neyrttivr for both markers. Patients in the third level 

had tumors which were p53-positive and WAFI-negativr. Kaplan-Meier sumival cuwes 

wrre also constructrd to demonstratc the rfkcts of p53 concentrations excreding the 

mrdian prrcrntile on DFS and OS probabilitirs. differencrs over time for which werr 

evaluated iising log-rank tests. The same Kaplan-Meier analyses were performed to 

revral differencrs in survival brtrveen WAF i -negative and WAF 1 -positive patients. 

VIII. 4. Results 

VIII. 4. 1. Distributions of p53 and WAFl Concentrations 

Of the 120 ovarian tumor extracts. al1 except 1 had detectable p53 protein 

concentrations. When adjusted for the total protrin contents of the extracts. these 

concentrations ranged from 0.005 to 102.51 pg/g and were bimodally distributed with a 

mean of 5.24 pgg. an SD of 12.76 pg/g and 75'. 5oth. and 7jth percentiles of 0.10 @S. 

0.42 pg/g and 5.05 pg/g respectively (Figure VIII. 1. (Panel A)). The high degree of 

concordance (rs=0.87. p=0.0001) between p j j  concentrations measured in 27 pairs of 

extracts prepared from two different portions of the sarne turnors suggested that p53 



Log p53 Concentration (nglmg) Log WAF 1 Concentration (Units/mg) 

Figure VIII. 1. Frequency Distributions of p53 and WAFI Protein Concentrations 
in Ovarian Cancer Patients 
Shonm arc the p53 ( A )  and WAFI (B) concentrations in I I 8  (of 120) and I l 8  (of 118) ovarian 
tiimor estrricts. respect ively. tliat Iiûd p53 and WAF 1 levels esceeding the lissay detection limits. 
Frorn Irft to right. the dashed lines indicate the 15'~. 50'". and 75'" percentiles of each 
distribution. 

accumulation throughout each turnor specimen iisrd for ünalysis was roughly 

homogeneous. WAF l concentrations in the 27 pairs of extracts w r e  also correlated 

(r,=0.63. p=O.OOh). but indicatrd that WAFl exhibited greütrr intra-tumor variability. in  

the estracts of a11 1 18 turnors cissayrd for WAFI. the concentrations of this analyte 

rxcreded the assay drtrction limit in al1 cases. Adjustmrnt of thesr values for the total 

protein contents of the extracts yirldrd ri distribution which rangrd from 0.07 to 24.54 

Unitdmp and had a mean. SD. and medinn of 1.93 Unitdmg. 3.08 Unitslmy. and 0.82 

Unitdmg. respeçtivrly (Figure VIII. 1. (Panel B)). The 25th and 75th percentiles of the 

WAF 1 distribution w r e  0.53 Unitsimg and 2.08 Unitdmg. respectivrly. 

VIII. 4.2. Relationships Between p53, WAFl and Other Clinicoprthologic Variables 

Given the abiiity of funciional. non-mutant p j 3  to induce WAFl expression. and 

in order to identi. possible interaction between the two proteins in survival analysis. it 

was of interest to determine whether the bulk tumor tissue concentrations of p j 3  and 

WAFl were associated with each other. Concentrations of p53 and WAFl were not 

correlated (rs=0.07. p=O.J6). Moreover. neither the difference in p53 concentrations 

between median-dichotomized WAF 1 -negative and WAF 1 -positive specimens (Table 

VIII. 1 .). nor the difference in WAF I concentrations between tumor extracts classified as 



pS3-negative and p53-positive using the rnrdian p53 value (Table VIII. 2.). were 

statistically significant by Wilcoxon Rank Sum tests. Using the same analysis. 

associations between each of these protrins and the s t a tu  of the other clinicopatholoy ic 

katures for which the ovarian tumors were characterized were also examined because of 

possible confounding influences of these other variables upon the relationships betwern 

patient survival times and p53 or WAFl concentrations. Table VIII. 1. shows that 

although p53 concentrations did not differ signiticantly bctwern the two groups of 

patients who were younger. and older. respectivelp. than the mrdian agc. concentrations 

of p53 werc higher in estracts preparrd from ovarian cancers which were more advancrd 

(stages III-IV). less well-ditf'rrentiated (grade 3). and suboptimnlly debulkrd (residual 

Table VIII. 1.  p53 ConcentrationsU in Relation to Other Clinicopathologic Variables 
- - -  

~ac to?  Number Median Range p-valuec 
. - . . . . - - - 

WAFI (Unitsfmg) 
< median 
> median - 

Age (years) 
< 55 57 0.41 
> 55 - 63 0.23 

Stage 
I - II 
III - IV 

Grade 
1 
2 
3 

Histologic Type 
Serous 47 0.68 
Others 73 0.31 

Residual Tumor (cm) 
< 1 48 0.25 
> 1 - 72 0.60 

Patient Relapse 
No 54 
Yes 66 

Patient Death 
NO 76 0.19 O - 102.51 
Yes 44 1.20 O - 29.07 <0.01 

a p53 concentrations expressed in pg lg .  
b See Materials and Methods section for details of patient stratification by each variable. 

p-values deterrnined from Wilcoxon Rank Sum tests with continuity correction, or Kruskal-Wallis 
tests, where appropriate. 
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Table VIII. 2. WAFl Concentrationsu in Relation to Other Clinicopithologic Variables 

~ac to?  Number Median Range P-valuec 

~ 5 3  (~919) 
< Median 
> Median - 

Age (years) 
c 55 
> 55 - 

Stage 
I -II 
III - IV 

Grade 
1 
2 
3 

Histologie Type 
Serous 
Others 

Residual Tumor (cm) 
< 1 
> 1 - 

Patient Relapse 
No 
Yes 

Patient Death 
No 
Yes 

a W A F ~  concentrations expressed in UnitJrng. 
See Materials and Methods section for details of patient stratification by each variable. 
p-values determined from Wilcoxon Rank Sum tests with continuity correction. or Kruskal-Wallis 

tests, where appropriate. 

turnor diameter greater than 1 cm). A trend suggesting that mous ovarian carcinomas 

may have had higher p53 concentrations than al1 othrr histologie types was also revealed. 

As shown in Table VIII. 2.. none of thesi: other cIinicopathoIogic variables was 

significantly associated with WAFl concentrations by Wilcoxon Rank Surn analysis. but 

trends indicated possible associations between WAFl expression and patient age Iess 

than 55 years. early stage (1-11) disease. and small(<l cm) residual tumor size. 



VIII. 4. 3. Relationships Between Each Clinicopathologie Variable and Patient 

Response to Treatment 

The assessrnent of clinical response to platinurn-based adjuvant treatment of 77 

patients with measurable (2 1 cm) post-operative lrsions enabled cornparison of the 

distributions of p53-negative and p53-positive specimcns bctween patients ivho rxhibited 

complrte response to chrmothrrapy. partial responsr. stable disease. or progressive 

discasr. Table VIII. 3. presents this cornparison. ivhich drmonstrated that tumor ertracts 

containing p53 protein at lrvels rsçeeding the median concentration werr more 

frequently obtainrd tiom patients who did not respond to treatmrnt. In contrast. WAF 1- 

positivity statu. patient 3gr group. histologic grade and histologic type were statistically 

unrelated to the classification of patients into treatmrnt response groups. The rtilationship 

brtwecin diseasr stage and responsr çould not be statistically evaluatrd becausr 311 

patients in stages I or I I  had cornpletc responst: to adjuvant çhrrnotherapy (data not 

Table V I L  3. ;\ssociations Between Clinicupathulogic Variables and Rcsponse to 
Adjuvant Chemotherrpy 

-- .. - - - - - - 

Number Responding (and %) 

Corn plete Partial Stable Progressive 
Response Response Disease Disease p-value" 

p53 Status 
< Median 
> Median - 

WAFl Status 
c Median 
> Median - 

Age (years) 
< 55 
> 55 - 

Grade 
1 
2 
3 

Histologie Type 
Serous 
Others 

'See Materials and Methods section for details of patient stratification by each variable. 
b p-values determined from 2-tailed Fisher Exact tests. 



VIII. 4.4. p53 and WAFl as Indicators of Ovarian Cancer Survival 

Severai approaches. including cornparisons of Kaplan-kleirr survival plots and 

fitting of Cox proportional hazards regression models. were used to show associations 

brtween patient post-operativc prognosis and concentrations of p53 and W h F  1. 

considercd individually. in combination with cach other. and jointly with the othcr 

prognostic factors. A relationship betrveen p53 and patient survival had already brrn 

suggested by tindings that p53 concentrations rïere highrr in tumor estracts from patients 

rvho relapsed or died during their follow-up periods (Table VIII. I .). The similar analysis 

for WtlFZ. s h o w  in Table VIII. 2.. revealed reduced levels of W.4FI in tumors of 

patients who died of ovûrian cancer. Consistent with these preliminary rrsults uith 

respect to p53 wrre the findings of regession analysis. b?; which the RRs for both relapse 

and death were shown to be siyniiiçantly increasrd for pSpositivti patients whrn pj3 

was classitied into trw groups based on the median (Table VIII. 4.). The use of the 

rnediün cutofr for p53 nlso indicarrd 50% and over c10?6 increased risks tBr relapse and 

derith. respective1 y. of p53-positive patients in multivariatr analysis adjustcd for al1 of the 

other variables rsciipt histologic type. Furthemore. by classifying patients into four 

(voups basttd on the quartiles of the p j 3  distribution. it \vas s h o w  that patients in the 2 

second. third. and fourth quartiles had successively increasing risks tor both relapse and 

death compared with patients in the tirst quanile. However. in the corresponding 

multivariatr models. these dose-response trends did not rrach statistical significancr. The 

differences in the survival rates over timr between p53-negative and p53-positive patients 

are shown in Figure VIII. 2. Whereas these results rstablished p53 to br an independent 

prognostic factor in Our series of ovarian cancer patients. both univariate Cox regression 

(Table VIII. 4.) and Kaplan-Meier analysis (Figure VIII. 3.) revealrd that WAFI- 

negativity based on a mrdian cutoff value was not associated with relapse and death 

rates. Use of rither the 2jLh or 751h percentiles as cutoff points for defi ning WAFI- 

positivity similarly did not lead to significant differences in DFS or OS between WAFI- 

negative and WAF 1 -positive patients (data not shown). On the other hand. brcause there 

was evidence of a trend for median-dichotomized WAF1-negative patients to have 

increased risk for death. and given the prognostic value of median-dichotomized p53. a 

composite three-level variable was created and evaluated in the Cox regression analysis. 



Table VIII. 4. Associations Behveen p53 and WAFl Concentrations and Disease-free and 
Overall Suwival 

Disease-Free S urvival Overall Survival 
p53 or WAF1 Statusa RR" 95% ClC p-value" RR' 95% CI' p-valueu 

Univariate Analvsis of p53 (n=120) 
Based on Median Cutoff Point 

Negative 1 .O0 
Positive 1.64 1 .O1 - 2.67 

Based on Quartilese 
First Quartile 1 .O0 
Second Quartile 0.66 0.31 - 1.41 
Third Quartile 1.1 O 0.72 - 1.44 
Fourth Quartile 1 .28 0.96 - 1.47 

p-Value for Trend 

Univariate Analvsis of WAFl (n=l18) 
Based on Median Cutoff Point 

Positive 1 .O0 
Negative 1.14 0.68 - 1.78 

Univariate Analysis of p53-WAF1 (n= 1 1 8)' 
p53(-), WAFl(+) 1 .O0 
p53(+), WAF1(+) or 

p53(-), WAFl(-) 1.35 0.76 - 1.93 
p53(+), WAFl(-) 1.44 0.96 - 2.73 

p-Value for Trend 

Multivariate Analvsis of 1353 (n=1 2Qg 
Based on Median Cutoff Point 

Negative 1 .O0 
Positive i .50 0.63 - 2.17 

Based on Quartiles" 
First Quartile 1 .O0 
Second Quartile 0.73 0.31 - 1.72 
Third Quartile 1.12 0.76 - 1.46 
Fourth Quartile 1.31 0.98 - 2.75 

p-Value for Trend 
. - - -- -- 

a p53-positivity and WAFI -positivity based on median cutoff points. 
b RR, relative risk estimated using the Cox proportional hazard regression rnodel. 

CI, confidence interval. 
d p-values are two-sided. 

Estimated RR for second, third, and fourth quartiles compared with the fint quartile are given. p-values 
are based on 1 degree of freedom tests of rnonotonic association. 
f Estimated RR for second and third groups compared to first group are given. p-values are based on 1 
degree of freedom tests of monotonic association. 

Multivariate analysis adjusted for age, stage, grade, and residual tumor sire. 

Patients in the first category. expected to have the best prognosis. were defined as having 

tumors that were pjhegat ive and WAF 1 -positive. Patients who had eithrr p53-positive. 

WAF 1 -positive tumon. or p53-negaiive. WAF 1 -negative tumors. were members of the 



second group. Having the anticipated worst prognosis were patients in the third group. 

whose turnor extracts were p53-positive and WAF I -negative. -4s s h o w  in Table VIII. 4.. 

although the P for trends were of borderlinc significancr. this analysis suggested that the 

combination of increasing p j 3  concentrations and decreasing WAF 1 concentrations was 

associated with higher risks for relapse and drath. In addition to p53-positivity. other 

clinicopathologic featurrs indicative 

of poor prognosis in multivariatr 

Cos models were late stage (II-IV) 

malignancy. associatrd with a RR 

h r  relapse of 9.08 (95% CI. 3.89 to 

2 1.20: p<0.0 1 ) and a RR for death 

of 33-44 (95% CI. 4-59 to 243.43: 

p<O.O I ). poorly difkrentiated 

(grade 3 )  tumors. associated with 

RRs b r  relapse and drnth of 9.14 

(95% CI. 2.57 to 79.1 1: ~ - 4 . 0 1 )  and 

16.01 (95% CL 3.3 1 to 1 16.56: 

p4I.0 1 ). respcctively. and residual 

tumor size greater than 1 cm. 

associated with RRs of 1 1.25 (95% 

CI. 5.89 to 21.51: p<0.01) and 

23.30 (95% CI. 7.20 to 75.38: 

p<O.Ol) for relapse and drath. 

resprctivel y. 

Sunrival Time (months) 

Figure V111. 2. Kaplan-Meier Anrlysis of p53- 
Negntive and p53-Positive Patients 
DFS ( A )  and OS (B)  of 120 patients treated with tirst- 
line chemotherapy were calculated. The median p53 
concentration was used as the cutoff point for p53- 
positivity. pvalues were determ ined by log-rank tests. 

VIII, 5, Discussion 

The majority of patients treated suqically for epithelial ovarian cancer 

subsequently receive systemic therapy. most often with platinurn-contrtining 

antineoplastic regimens although tmol. cyclophosphamide. or other agents are also 

ernployed individually or as polychemothrnpy. Resistance to these dnigs may be 

retlected. in part. by higher rates of relapse and death. and is thought to be multifactorîal 
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Figure VI II .  3. Kaplan-iMeier Analysis of 
WAF 1-Negative and WAF 1-Positive Patients tùndamentall y perturbed in cancer 
DFS ( A )  and OS (B) of 130 patients treated with 
tirst-l ine c liemot herapy were calculated. The median cells (Clickman. 1996). Playiny a 

p53-positivity. p-values were deterrnined by log-rank 
tests. p53. alterations of which are 

strongl y associated with 

chemoresistance and radioresistance in hematologic malignancies (Wattel et cil.. 1994). In 

the majority of solid tumors. howrver. a correlation between p53 mutation and prognosis 

or chemotherapy response has not been consistently demonstrated. For instance. although 

a nurnbrr of studies have shown an association between p53 alteration and poor 

prognosis of ovarian cancer patients (Klemi et d. 1995: Levesque et ul.. 1995). other 

studies have contradicted these îïndings (Hartmann et a l .  1994: Eltabbakh et d.. 1997). 

Similady. evidence implicating the involvement of p53 in resistance of ovarian 

neoplasms to chemotherapy. provided primarily by the detection of mutations or 



deletions in the p53 gene in chemoresistant human ovarian cancer ceIl linrs (Eiiopoulos 

et d.. 1993: Fajac er (r i . .  1996: Perego rr td . .  1996: ). has been accornpanicd by othrr 

reports showing that chemotherapy-induced apoptosis may occur in the absence of 

functional p53 (Zaffaroni rr c d . .  1995: De Feudis rr [ri-. 1997) and that cisplatin resistance 

may devrlop indrpendently of p53 alterations (Brown el tri.. 1993: Vikhanskaya er t r f . .  

1997). Clinicril studirs of the effrct of p j 3  gene status on the response of ovarian cancer 

patients to adjuvant cisplatin-basrd chemothcrapy have also emerged and have yielded 

tindings suggestive of a role for p53 as a dctrrminant of chemosensitiviry (Righstti et ol.. 

1 996: Butti tta et ul.. 1997). The cffsct of çisplatin-paclitasel combination treatmrnt for 

advanccd ovarian cancer. on the othcir hand. was shown not to be intluenced by pj3 

mutation in another study (Smith-Sorrnsen er d .  1998). To the best of our knowiedge. 

none of these clinical studies has additionally assessrd the espression of the WAFl 

protcin. high lévels of which have paradosically been associated with chsmorcsistance in 

acutr myrlogenous leukemia patients (Zhang C r  t d . .  1995). Brcause WAFI has bren 

shown to be inducrd by cisplatin in both çhemoscnsitive and chcimoresistünt humcin 

ovarian carcinomri ceIl lines (Delmastro c'r crl.. 1997) and to be not absolutely correlattid 

with p53 expression lrvrls in normal and maligncint ovarian epithelial cells (Elbendary rt 

d..  1995). it rernainrd possible that WAFl espression in ovarian tumors might predict 

cisplatin rrsponsiveness independently of p53 espression. Considering this possibiliiy. 

we studird the prognostic and predictivti implications of both p53 and WAFl espression 

levels in rpithrlial ovarian cancer. 

Quantitative irnmunoass~s were used to determine the expression lrvels of pj3 

and WAFl in 120 tumors from patients treated with platinum-basrd adjuvant 

chrmothrnpy. For rach protein studird. a continuous distribution of concentrations was 

revealed to be present in the tumor extracts. The irnmunofluoromrtric procedure used to 

assay p53 levels in these extracts was developed in our Iaboratory (Lcvesque et rd . .  

1995b). and has been validated by cornparison of its findings to p53-immunostaining of 

matc hed formalin-fixed. paraffin-em bedded lung tumors (Levesque er (11.. 1 997) and io 

sequencing of exons 5 to 9 of the p53 gene in ovarian carcinomas (Lianidou rt d. 1999). 

Cornparisons of p53 concentrations between patients with different pathologie features. 

treatrnent responses as defined by standard criteria. and risks for relapse and death 



estimated by Cox regression analysis demonstrated signiticantly increased p53 

concentrations in tissues from patients with more aggressivê. treatmrnt-refractory ovarian 

cancers. Cornparisons of WAFl concentrations between the same groups of patients did 

not reveal sipnificant differencrs. suggesting that tumor tissue levels of this protein may 

not have been deterministic of prognosis or chrmotherapy response in the patients 

studied. Our tindings are concordant with those of other groups reporting the indrpcndrnt 

prognostic value OF p j 3  protrin espression in ovarian carcinoma (Bosari et r d . .  1993: 

m i  ef i ,  1995). as well as with our own prwious study of 3 smallrr sample of 

rpithelial ovarian cancer patients t'or whom drtails of the chrmothrrapy reginxns and 

responsss werr unavailablr (Lcvrsque er d..  199jc). Also in agreement with our 

previous study and with thosr of other workrrs ( Kupryjanczyk et di.. 1993: klilner e l  r d . .  

1993) were the hipher concentrations of pZ3 protein measured in srrous owrian 

carcinomas cornparrd to other histotypes. Our results also complement the srnall numbrr 

of recrnt studies which have suggestrd a correlatiw relritionship betwrrn p S  alterations 

and clinical response of ovririm cancer to chrmothrrnprutic agents (Righrtti er d..  1996: 

Buttitta Pr  t d . .  7 However. our other tindings that neither the assignment of 

treatment response catrgory nor the probability of DFS or OS wrre shown to be affectrd 

by the WAFI levels in the ovarian tumor estracts are novrl. but consistent with the lack 

of an absolutr negative correlation bcrtwern WAFI and p53 expression levels found hrre 

and rlsewhere ( E l b e n d e  et d .  1995: Ozcelik et td..  1995). as well ris with in vitro 

observations that anticancrr dnig srnsitivity is not alrvays dependent on WAFl 

expression (Drlmastro et cri.. 1997). Also novel. in the authors' opinion. is the detrction 

of W.4F1 protein in ovarian tumor extracts by an immunoassay instead of 

immunostaining. Although the two procedures were not perfomied in parallel in order to 

validate the results of the commercially-developrd WAF I immunoassay. our confidence 

in the latter's results. at least qualitatively. was provided from the assay of extracts 

prepared from ce11 Iinrs for which the expression status of WAF 1 was already known. 

The relationship between the p53 overexpression status of primary ovarian 

carcinoma specimens obtained at surge- and the subsequent designaiion of response to 

first-line chemotherapy was examined in a subset of patients. Although our results 

suggest that patients with elevated p53. arbitrarily detïned as having p53 concentrations 



exceeding the median value. were more likely to exhibit treatment failurc. thry must be 

interpreted cautiouslp. Because the majority of patients received cytotoxic agents in 

addition to cisplatin or carboplatin. it remains possible that the effects of thrsr other 

drugs may have modulated the treatment responses independently of p53 status. 

Moreover. our dernonstration in multivariate rqression analysis adjustrd for stage. 

rrsidual tumor presencti. age. and histotype that pj3 was an independent prognostic factor 

in Our samplr of chernotherapy-treatcd patients does not nrcrssarily lrad to the 

conclusion that p53 is predictivr of trratmrnt responsr. Owr half of the patients in our 

srries. in fact. received second-line chrmotherapy with various agents which might have 

contributrd to relapse-kti and overall sunival. For thesr reasons. the rrsults of our 

investigation must br contirmcd by other studirs of epithrlial ovarian cancer patients 

receiving single agent thrrapp. 

In surnmq.  the quantitative analysis of p53 and WAFl proteins in estracts of 

ovarian cnrc inomas contirmed the prognostic value of p53 and providcd rvidence that 

p53 protein accumulation may prcdict rcisponsiveness to post-operaiive chrmothrrap';. 

The asscssment of WAFl  espression in ovarian cancer. hourver. uas shown to be of 

q~iestionûblct clinicni value. Despite these latter observations. tiit~irr studies of largrr 

numbers of ovarian carcinoma patients with more rcstricted treatment regimrns might 

clarify the prognostic and predictive values of WAFl and p53 in cornbinaiion. 



CHAPTER IX 

GENERAL DISCUSSION 



IX. 1. ELISA as an Alternative to Immunostaining and DNA 

Sequencing for the Detection of p53 Alterations 

Since p53 mutations have been found in about half of al1 common cancers and 

because p53 p l a y  a central rols in cellular responses to DNA damage and other stresses. 

numrrous studies have been conductrd to examine if p53 status has clinical implications 

for patients with V ~ ~ O U S  malignancies. Clinical studies are oftrn limitrd by accrss to 

sufficient numbrrs of suitable specimens. and thrrefore misclassification of wen a feu. 

tumors can dramatically a f i c t  the conclusions. obscuring circumstancrs where a 

correlation might othenvise esist. or suggestinp wcak associations when in fact there are 

none (Elledge. 1996). Consequrntlp. proper clrissi fication of turnors is central to the 

intrrprctation and utility of studies relating p j 3  status to diagnosis. prognosis or as a 

predictivc factor for therapy response. The mrthods used to determine pS3 status art: 

limitrd as to which types of mutations or aiteraiions in p53 they will dtttect. p53 tiinçtion 

can b r  diminated b) srveral mrçhanisms. including mutation. deletion. heteromeric 

protein interactions or by estragenic mutations in the p53 püthway ( Wallace-Brodeur and 

Lowe. 1999) 

I t  has becorne apparent that mrthods which drtrct p53 protrin accumulûtion. as 

indirect measures of p53 mutational status. are not completely accurate. Both ELISA and 

IHC are based on the fact that pj3 miitations oftrn stabilize the protein. Irading to higher 

steady-state p j 3  levrls than in wild-type cells (Davidoff et td . .  1991 ). Horvsver. not al[ 

mutations stabilizr p53: consequently. ELISA and M C  detrction would tend to 

underestimate mutation tiequency in tumors with drlrtions. frameshiti. or nonsense p53 

mutations (Casey et cd. .  1996). By contnst. wild-type protein is upregulated in response 

to DNA damage. hypoxia or activated oncogenes: this might produce an overestimate of 

p53 mutation frequency (Bames et rd.. 1993: Sjoyren et trl.. 1996). Regulatory 

stabilization of p53 may also occur by binding of mdmZ (Wu er d.. 1993). Our own 

results in a relatively small senes of ovarian carcinomas support this imperfect 

concordance between p53 mutation per se and p53 protein accumulation: although 10 out 

of 12 missense mutations (of 16 mutations in total) of pj3  in rxons 5 to 9 were 

accompanied by p53 overexpression. increased p j 3  levels were also present in extracts 

prepared from 5 of 39 ovarian tumors without demonstrated p53 mutations. WhiIe the 



correlation between pj3 mutation and p53 protein overexpression is seldom 100%. it may 

be drprndent. at least in part. on the techniques used to drtect p53 protrin accumulation. 

Wynford-Thomas (1991) t as  the tirst to point out that IHC analysis for p j 3  

suffers from a lack of technical and classification standards resulting in subjective 

evaluation of results. There arc no standard criteria for detlning positive p53 

immunostaining. so a tumor that is classitird as mutant in one study ma- be definrd as 

wild-type in another study. An arbitrary threshold must br set for the perccntage of crlls 

staining which distinguishes p53-positivity and the position of this threshold varies and in 

man). reports is not clrarly detinrd. In man)- othrr studirs. the threshold is chosrn to give 

the best separation betwren categories with respect to clinical outcorne - a practicc of 

qurstionüble validity (Altman ei id.. 1W-1). In addition. diffrrrnt p53 antibodies do not 

dways give the samr results (Jacquemier et dl.. 1994 ). Indeed. the monoclonal antibodies 

commonly usrd for p53 immunostaining often recognize different rpitopes present on 

di ffrrent domains of the pj3 protein that might not br: ctsposçd in a g i w n  specirnen duc: to 

the effccts of tissue fixation (Vojtcsek rr ol.. 1992: Brinek ri c d . .  19%) or to subtle 

differtinctis in the conformational rffects ofdifkrent mutations (Stephen and Lmc. 1992: 

Legros et tr l . .  1094). Brcausr studies use dit'frrent antibodies and critrria to drtïnr p53 

status by IHC. i t  is difficult to compare results brtween them. and this ma). account for 

somr of the discrepancirs in correlating p53 to prognosis or therapy response. 

Possiblp free from some. but not d l .  of the pitfalls of IHC are ELISA methods to 

ascertain pj3 status (Diamandis and Levesque. 1995). In principle. these procedures have 

greater analytical specificity dur to the rigorous washing steps. effective 

immunopurirication of antigen from background signal-eliciting tissues. and the use of 

two p53-sprci fic antibodies rather than the single p j  3-speci fic aiiti body used in IHC. 

Tissue fixation variability and pretreatrnent effects are also eliminated. Moreover. the 

results of quantitative ELlSAs are inherently more objective brcause the. c m  be 

evaluated by numerical cutoff values. simplifj4ng the statisticai analysis and quality 

control. As in the case of IHC. howrver. the selection of this cutoff point should be made 

on objective. rather than arbi t rq .  critena in order for the findings to have applicability 

outside of the particular dataset studied. Because of thesr potential advantages over IHC. 

combined with the recognized expertise in the dcvelopment and clinical applications of 



immunoassays present in our hboratory. we developed two p53-specitic ELISAs - an 

original method rvaluated in numerous crll linrs (Hassapoglidou rr cd.. 1993) and in 

breast (Hassapoglidou rr id.. 1993: Lrvesque r f  id.. 1994. 1995a) and ovarian (Lrvesque 

1 .  1 9 9 5 ~ )  tumor specimens. and a newer method described in this thesis and 

evaluated in breast (Lrvrsque rf c d . .  1 W8b. 1998~) .  lung (Lrvesqutt el ol.. 1997. 199th). 

and ovarian (Lsvesque er id.. 1999) tumors as well as in patient serum sprcimens 

(Lwesqur et al.. 1996). h small number of othrr ELISA rnethods for p53 quantification 

have been devsloptid by other groups (Vojtrsek rr id. . 1993: Borg rr trl.. 1995: Thomas r f  

trl.. 1997). and commercial rnethods are also availablr (Oncogenr: Research. Cambridge. 

MA and Dianova. Hamburg. Grrrnany). Direct comparisons of these immunoassays 

regarding analytical performance have not ?et brrn performrd. although the publishrd 

dctection limits of our new method and the luminometric ELISA developed by Borg rr 

L I / .  ( 1995) are similar. These same two imrnunoassays have also been pert'ormed in 

parallel with 1 HC. Our cornparison between ELISA and IHC rnrtliods reveaird ri 6596 

correlation between pj3  concentrations and numerical irnmunostaining scores. 

O cancer cases to respectively. and found 33 out or43 ELISA-determined p53-positivr: lun, 

bt: p53-positive by IHC. Norberg and coworkers ( 1998). although not dirrctl'; comparing 

the results of Iiiminometric immunoassay and ItIC prrformed on breast tumors. presented 

data suggesting a genrral concordance betwern the rnethods when srvrnl  p53 cutoffs for 

the immunoasay and IHC scores wrre usrd to stratify the patients. Other comparisons 

betwtxn ELISA and iHC likewise found the methods to be in close. but not absolute. 

agreement (Joypaul et rd .  1993: Voj tes& c f  cd.. 1993) or evrn suggested that ELISA was 

more sensitive than IHC (Thomas el cri.. 1997). There are at present only two published 

comparisons betwern a p53 ELISA and DNA sequencing OP the p53 gene. In addition to 

comparing ELISA to IHC. Norbeq et id. (1998) reponed that the sensitivity and 

speciticity of their luminometric assay for p53 mutations. identified by cDNA 

sequencing. were 65% and 90%. respectively. while the corresponding values were 72% 

and 92% tor IHC. In their study. however. the cutoFf points for both ELISA and LHC 

were optimized by assessing the prognostic values of arbitrxily selected cutoffs. whereas 

in Our study described in this thesis (Lrvesque et (11.. 1999). where the sensitivity and 

specificity of ELISA for DNA sequencing of exons 5 to 9 were 63% and 87%. 



respectively. the cutoff point for ELISA was chosen arbitrarily on the basis of the 

distribution of p53 concentrations without knowledge of the clinical implications. As 

mrntioned above. complicating the interpretation of al1 of these comparative studies are 

the variations at evrry step in the IHC methodologies rmployed. This caveat is trur also 

for the different imrnunoassays. as they are basrd upon different tissue extraction 

rnethods. antibodies. drtec tion systems. and çuto ff levels for classi fication of p53 

overexpression status. What is rvident. however. is that ELISAs are an alternative to IHC 

for detcction of p53 protrin accumulation in tumor tissue. Important disadvantagtts of 

ELISA methods relative to IHC are the requirtimrnt for fresh. frozen tissue with whicli to 

prepare extracts of soluble proteins. and the loss of information relating p53 expression to 

cellular and histologie structures resulting from the gross homogrnization of the tissues. 

Direci sequrnce analysis is prrhaps the most precise mrthod for detcrrnininy p53 

mutation status. In some instances. direct srqurncing has idrntifird correlations betwrrn 

p53 and prognosis when 1HC hns not (Sjogren et tri,. 19%). or that missense mutations 

occuring rit pariicular codons sncodinp key residues in the p53-DNX interaction were the 

most strongly relatrid to prognosis (Berns et ol.. 1998). t-lowever. seqiience analysis for 

pS3 rernains more rspensivr. tirne-consuming. and sensitive to normal cell 

contamination. Funhcrmore. although p53 is most frequentlp inactivatcd by a point 

mutation at'î'ecting one of more than 100 diffrrent codons (Greenblatt et d.. 1994) and 

producing an altered protrin with ri single amino acid substitution. therr is cvidrncr that 

many mutant protrins do not cornpletely abolish the activity of wild-type p53 (Fraron 

and Vogelstrin. 1990). An alternative technique that utilizes p53 gene sequrncr 

information is the yeast functional assay (Flaman r i  d.. 1995). which takes advantape of 

the tàct that functional p j3  transactivates reporter genes when rxpressed in yeast. p53 

cDNA c m  be isolated kom tumor cells and expressed iri yeast - a color change indicates 

wliether the tumor-derived p53 is transcriptionally active and hence. whether it is mutant 

or wild-type. This technique is able to distinguish between silcnt p53 mutations and those 

which disrupt p53 transcription. but it does not identify mutations in modifiers of p53 

activity or downstream effectors and requires total RNA. not easily isolated from archival 

specimens. Irnmunostaining for both pj3  and the p53-regulated gene p2lWAF' has also 
W:\F 1 been proposed to indirectly differentiate mutant p53 tumors (p53-positive. p21 - 



nrgative) from turnors with activated wild-type p53. which also have increased 
WXF I expression of p53-inducible genes ( p53-positive. p l  l -positive) (Bukholm et d. . 

1997). .4lthourh C this approach would be sxprcted to increase the predictive value of p53 

immunostaining for p53 mutation dctrction and thereby for clinical outcorne. in Our study 

of 1 20 ovarim carcinoma patients. ELIS A-detected p2 1 W:\F 1 combined with similarly- 

determinrd p53 did not lead to enhanced prediction of relapse or drath rates compared to 

the prognostic information provided by p53 alonr. 

IX. 1. Serum p53 Protein as a Tumor Marker 

Major contributions of the clinical laboratop to the management of cancer 

patients include the applications of immunoassays. which rire usrd primarily for the 

detrction of serum tumor markers such as prostate-sprcitic rintigen (Chan rr t d . .  1987). 

carcinormbryonic antigen ( McPlierson et rd.. 1973 ). a-fetoprotein ( Alpert. i 975 ). C A  1 3  

(Shelley and Fish. 1986) and many other proteins (Chan and Sell. 1994). although the? 

mav also be applied to estracts of tumors for tlir quantitication of steroid hormone 

rttcrptors (Raam and Vrabel. 1986: bletayr CI LI/.. 1987) or oncogenrts such as HERîlneu 

(Sias et rr[ .  . 1900) and c-rnyc ( Spandidos et tri.. 1989). It is because of their potential to 

provide information relatively noninvasively. and therefore hr eariy diagnosis and 

monitoring of cancer. tliat serum turnor markers have fostrred so much interest drspitr 

the fact that none of the cxisting markers are truly cmcrr- or tissue-sprcific. Studies 

showiny that mutant p j 3  protein accumulates in the majority of malignant tissues 

(Hollstein rr tri.. 1991) raised the possibility that this nuclear protein might enter the 

grnerd circulation. perhaps as a consequencr of cellular nccrosis or apoptosis rvithin the 

tumor (Winter et rd.. 1992). Athough the notion of p j 3  as a tumor marker has not gained 

widespred acceptancr. some investigators have reported the presence of serum p53. 

detected by immunoassays. in a variety of cancer types including breast (Rosanelli r i  rd.. 

1993). lung (Luo et rd.. 1994: Braun et id.. 1995: Partanen et rd..  1995). colon (Greco et 

01.. 1994). pancreatic (Suwa et al.. 1997). and hematologic (Lehtinen et rd.. 1996) 

maiignancies. Other studies (Winter et cd.. 1992: Hassapoglidou et ai.. 1993). however. 

had failed to reproduce these findings. Considering Our previous observation of spurious 

background signals elicited by the application of our original immunoassay to serum 



specimens. togethrr with the disagreement in the literature and lack of unequivocal 

cvidence of semm p53 even in those studies which did report its presrnce. we undertook 

a careful screen of cancer patient sera for the presence of p53 protein using a new 

"semm-optimized" immunoassay. Our nrgative tïndings were consistent with those 

rttcently reported by other workrrs (Scgawa et d .  1997: Krajewska et r d . .  1998) and 

suggrstrd that previous positive tindin-s may have been due to hrtcrophilic antibodirs or 

othrr sources of nonspecitic interferance in senim. To our knowlrdge. this possibility 

rrmains to br tested. Application of our new immunoassay to srrum specirnens in para1 le 1 

to thrir assa? by mçthods employed by other authors reponiny the presençr of scnim p53 

has not bcrn perfonnçd. Therefore. our speçulation that thest: other imrnunoassa);s rire 

more pronr to artifactual signals in sera has not been cmpiriwlly demonstrated. 

IX. 3. Prognostic and Predictive Values of p53 Protein Accumulation 

Besides the combination of yeneral interrst in alterations of p53 as a kry 

molecular abnonnality in 3 vrry high proportion of tiuman neoplasms. and the 

widespread availabi lity of robust immunological reayents for the drteçrion of p53 

ovrrespression. there is strong theoretical justification for analysis of p53 to be a 

potrntially important prognostic and predictivc tactor. p53 tùnctions as a stress rrsponsc 

eene. whosr product acts to maintain grnetic s~ability (Janus el (11.. 1999) and to inducr 
C 

cd1 cycle arrest and apoptosis in the presencr ofgenotoxicity and other stresses (Hartwell 

and Kastan. 1994). Loss of p53 function. by allelic loss or by mutation. has besn shown 

to result in increased genetic instability and facilitates gene amplification and consequent 

changes in ploidy (Livingston et c d . .  1992). The involvement of p53 in the induction of 

apoptosis atièr genotoxic insult would also lead ro the proposal thai loss of p j 3  function. 

and loss of the apoptotic responsr. would allow the survival of ceils with an increased 

mutational load. Consequently. it would be reasonable to expect that loss of p53 function 

would br associated with tumor progression. Elegant confirmation of this idea has corne 

from the malysis of transgenic animals (Symonds et al.. 1994) and is supponed by 

observations in humans (Ziegler ci cd.. 1994). Finally. accumulating evidence indicates 

that a hnctional p53 pathway may be required for efficient ce11 killing by 

chemotherapeutic agents (Lowe er al.. 1994). Although these mode1 systems demonstrate 



the potential for p53 status to affect propnosis and chrmosensitivity. the relevance of pS3 

in clinical tumors is more difficult to correlate because of the additional alterations tvithin 

tumors that may rffrct outcome. Given chat the ultimate goal of identifying prognostic 

and predictive indicators is that they might eventually guide oncologists in the design of 

appropriate treatmrnt regimens. it has bren proposrd that those indicators that are most 

directly related to tumor progression and chemosensitivity at the molrcular lrvcl should 

be the most rstensively studied in the clinic ( Wallace-Brodeur and Lowe. 1999). 

The hypothrsis that abnomalities of pj3 may be indicative of o poor proynosis 

has been tested by the analysis of man); cohons of patients uith particular neoplasms. 

The intrrprctation of thesr studies m u t  take into account the tcchnical and other ciiveats 

mentioned above that may confound their results. .Mso important for the interpretation of 

thesc studirs is the dttmonstratrd independrncr of p53 as a prognostic variable from other 

better-charricterized predictors of tumor brhavior. For esümplr. it is possible that 

assessing pj3 ma? merely substitutr for rinalyziny other variables. such as histologic 

grade or stage. which are parameters of known prognostic signitlcance in thttmselvss. 

blultivariatti analysis un data derived from statistically meaningful populations is 

therefore essential. bforeover. additional support for cissociations brtwc.cn p53 alteration 

and prognosis of a given rnalignancy would be provided by trsting a second indepsndent 

cohort of patients. using the same analytiçal methods. reagrnts. intrirpretivr criteria. and 

statistical data handling usrd in the first patient cohort. Based on a litrrature revicw of 

almost 400 papers focused on p53 and cancer prognosis. Dowell and Ha11 (1995) notrd 

that the majority of studies publishrd up to 1994 were inadequate in regard to the caveats 

mentioned above. The same authors also observed a correlation between the number of 

cases studied and the likrlihood of p53 being a prognostic Factor: of the srnallrr studies. a 

high proportion found p53 to be of no prognostic value. In contrast are other multivariate 

studirs of Iarger patient populations of p53 alterations in breast cancers using IHC 

(Silvestrini et cd.. 1992. 1996a. 1996b: Allred et id.. 1993: Friedrichs et cd.. 1993) or 

molecular techniques (Bergh et al.. 1995: Sjogren et ai.. 1996) that did report p53 to have 

independent prognostic value. emphasizing the need for large study groups with high 

statistical power and implying that p53 is only a relatively weak prognostic factor. But 

even when these criteria are met. some studies of p 3  in defined breast cancer 



populations were unable to demonstrate signiticant independent associations betwren p53 

and survival (Isola et d. 1992: Calefiï et id.. 1994: PietiIainen et d.. 1995: Rosen et d. 

1995). In part. this rnay reflecr the same caveats. as well as differrncrs in clinical 

rndpoints of interest. For rxarnplr. in sorne studies p53 was found to be a prognostic 

factor for relapse-free survival. but not for overall sumival. or vice versa (Gasparini rr cd.. 

1994: Marks er trl.. 1994). A similar discussion çould have been basrd on the largrr 

studies of tumors at othrr nnatornical sites (Goh rr rd.. 1995: Soong er trl.. 1996: 

Eltabbakh et d.. 1997: Kawasaki rr oi.. 1997: Mar?< Cr tri.. 1998). and relates q ~ i a l l y  to 

clinical studirs of the rrlationship betwrn p53 and trratmrnt rrsponse (Weller. i 998). 

The studirs desçribed in this thesis which related pS3 protrin concentrations to 

patient prognosis satisfied. on an individual basis. most i f  not nll of the attributrs of an 

informative clinical studp. That is. thry rmployd multiwriatr statistical analysis and 

examinrd patient cohons of moderate (n=86) to vsry large sizes (n=998) nhicli were 

independent of cohons of breast (Lctvesque er tri.. 1 WSb) and ovarian (Lrvesque et d.. 

1 9 9 5 ~ )  cancer patients studied previously usiny the same or v e q  similar methodolugy. 

Unlike tliose 1 tIC studies which did not incorporate computet-izcd image analysis in ordrr 

to provide objective quanti tication of immunostaining results. each of the studies reponrd 

h u e  were able to demonstrate approximatr dose-response relationships between pS3 

protrin espression and risks for cancer relapse and death. Thrse risks for unfavonblr 

outcomcs difkred drpending on the tumor type. being erratest for non-small ceIl luns 

tumors [400-1700% increased risks for DFS and OS. comparing patients in the bunh  to 

the tirst quartiles] and being l em for breast tumors [-IO-60% increased risks] - consistent 

with othrr studies suggesting that the prognostic significancr of p53 may be lorver in 

brecist cancers compared to other solid tumors (Kirsch and Kastan. 1998). Furthemore. 

malyses of clinically important patient subgroups revealed that increased p53 expression 

was of greater prognostic impact in squamous cell carcinomas than in adenocarcinornas 

of the lung. and in ER-positive. lymph-node-positive. and chemothenpy-treated breast 

cancer patients. That p53 protein levels were more strongly reiated to survival in breast 

cancer patients who had received a variety of chemotherapeutic dnigs \vas of especial 

interest given the abundant in vifro and growing clinical evidence that p53 status may be 

partly deteministic of the efficacy of several antineoplastic agents in breast cancer (Lowe 



et [ i l . .  1993. 1994: Aas et d.. 1996: Berns et al.. 1998a: Clahsen et cil.. 1998). These latter 

findings partially supported the notion that chemotherapy response \vas p53-dependent. 

but brcause the patients had not bren randomized to the diffrrent trentmcnts. whrther the 

effects of p53 were "mediatrd" by a particular class of dmgs could not bc drtrrminrd. In 

a study of an evcn more well-characterized population of epithrlial ovarian cancer 

patients. al1 of whom had received adjuvant platinum-based (cisplatin andlor carboplatin) 

chemotherapy. ive drrnonstmted that p53 protein levrls wrre indicative of not only DFS 

and OS. thernseIves indirect evidence for success of treatment. but dso  of clinical 

responsr ûsssssrd on the basis of changes in residual tumor sizrs before and after 

treatment. .Alihough the statistical analysis of clinical responsr was not multivariatc. and 

thrretore other tactors. such as histologie type or grade (or other variables not assrsscd) 

could possibly have had confounding influences on the apparent rrlationship brtwern 

p53 status and responsr to first-linc chemotherapy. our data ngree with other recrnt 

studics linking p j 3  mutations to platinum dnig resistance of ovarian cancer ceIl linrs 

(Prstell rt d . .  1998) and of patients with thc disease (blnrx et cil . .  1W8). If future st1idir.s 

çontirm that pj3 mutations are üssociated with poor outcorne or confer a worst. proynosis 

when a particular cytotosic agent is used. thcn identifyiny patients with tumors that c a m  

thrse al terations mag improve trcatmrnt selrction. 

IX. 4. Possible Future Studies 

Although the data presrntrd in this thesis provided widencr that the 

immunotluoromrtrical1y-detrrrnined p53 protein status of prima- tumors may be use fui 

for identifying lung. breast. and ovarian cancer patients at increased risks of relapse and 

death and/or of treatment failure. a number of questions were raised as well. Thrse 

questions focus on: 1) the ability of p53 protein assessment by ELISA to indicate cancer 

outcome as accurately as p55 genetic analysis by rapid DNA sequencing technologies: 7) 

the possibility of more accurate cancer prognostication by considering p53 status in 

combination with additional histological. biochemical. and molecular factors: 3) the 

potential clinical utility of detectable p53 protein in as yrt unassessed biological fluids; 

and 4) the relationship between p53 status and response to other anticancer agents in 

ovaian cancer and other neoplastic diseases. The following are some of the possible 



studies that could be pursurd and which may lead to a more clearly detined role for the 

immunoassay analysis of p j 3  in the management of cancer patients. 

IX. 4. 1. Cornparison of ELISA, Immunostaining, and DNA Sequencing for 

the Detection of p53 Alterations in Relation to Patient Prognosis 

Our studies of the concordance bçtween the new irnmunoassay and 

immunohistochemistry for assigning pj3 status in lung tumors. and between the new 

cissay and DNA sequencing for categorizing ovarian tumors on the basis of pj3 status. 

were unable to rvaluatr the threcl mrthods with respect to the relative accurricies of the 

prognostic information the- offered. Whereas in the first study follow-up information for 

the lung cancer patients Kas unavailable. in the second study the number of ovarian 

cancer patients includrd was judged to bct too small ( n = j j )  iiir nieaningful sunival 

analysis. Although in both studics the ELISA findings were in general agreement with 

those of the other mrthod. thcrr werr numbrrs of discordant cases possibly sufficient to 

cause difkrenccls in survival analysis hüd it been prirformrd. One future siudy would 

m e s s  p53 statiis by several methods (the nrw ELISA. quantitatiw ICIC. DNA 

sequrncinp of the most commonly mutattrd esons. enrichcd SSCP. or cDNA srqurncinp) 

performrd in parallel on tumor specimens from a patient cohon of sutlicient size and 

accompanird by adequatr clinicopathologic and follow-up information to permit valid 

survival analysis. Rrcently. Norbrrg cf trl. (1998) reportrd the cornpiirison of a 

luminomrtric irnmunoassay to immunostaining and cDNA sequencing in a S C ~  of 716 

breast carcinomas and suggrstrd that cDNA sequencing yielded superior prognostic 

information. in agreement with another study comparing cDNA sequencing to 

immunostaining (Sjogren et al.. 1996). As the luminometric immunoassay bas not been 

directly compared to our immunofluorometric assay. it remains possible that Our method 

may compare favonbly to a DNA-based mrthod in terms of clinical utility. 

IX. 4. 2. Incorporation of ELISA-Determined p53 Status into Multivariate 

b b P r ~ g n ~ ~ t i ~  Panels" 

Multivariate regession models of censored outcornes c m  be used not only to 

show that a variable has a statistically significant effect on outcome which is unaffected 



by the influences of other variables. but c m  also determine the combination of variables 

that best explain the observations. Thrre is yrowing intrrest in devising statisticai models 

that could combine the prognostic information of dozens or rven hundreds of individual 

variables (rvaluable only in massive datasets). perhaps into an artitïcial neural nrtwork 

B r  et 1 . .  1997: Mariani er ui.. 1997: Naguib rr t r i . .  1998). Whiie the relative 

contribution of ELISA-determinrd p53 to survival of cancer patients could br  rxarninrd 

in one of the large ongoing cohon studies. other studirs rcstricted to a smallcr numbcr of 

potential prognostic factors could also br perfonrd. For rsample. analogous to the 
\i'..\F cvaluation of the hybrid pj3-p2 1 variable in patients with platinum-treated ovarian 

carcinoma presrnted Iirrein. anothrr study by our yroup assessed the prognostic value of 

a combinrd p53 and prostate-specific antigrn variable and bund it to lead to an rnhmccd 

ribility to identify breast cancer patients at risk of iinfavorribic outcome (Yu rr id.. 1998). 

.-Uthougli p j 3  status çould be comhinrd sirnilari. with any one of several biochrmical. 

yrnet ic. histolog ical. or demographic variables of interest. a systrmrit ic and log i d  

srlrction of factors will bs necessaru. In tliis regard. it has been suggrstzd thnt the 

funçtional status of p53 honiologs (Kaghad et <il.. 1997). other participants in the "p53 

pathway" such as Bax (Krajewski rr t r l . .  1997: Ye er t r i . ,  1998) and Bcl-2 (Bonetti er r d . .  

1998). proteins which bind and inactivate p53 such as M d m l  (Lcach rr t r i . .  1993) and 

HPV E6 protrin ( Howley. 199 1 ). proteins that modulate p53 such as ARF (Kamijo cr i .  . 
1997). proteins in the "pl6/Cyclin DIRb pathway" (Dong ci c r i . .  1997: Bukholm et r d . .  

1998). multi-drug resistancr proteins (Kawasaki el id..  1998: Siu ri t r i . .  1998). tyrosine 

kinases such as HERXneu (Thor er c d . .  1998). telornerase (Roos c r i . ,  1998). and 

markrrs of proiiferation such as MIB-1 (Domagala n d., 1996: Siu rr cd . .  1998) should 

be considered dong with p53. It will also be of interest to evaluate the prognostic value 

of p21 " A ~ '  in other cancer tvpes. given that its expression in breast (Catrfo rr c r i . .  1996: 

Jiang et t r i . .  1997: Wakasugi r f  al., 1997) and non-small ce11 lung (Bennett rr a[.. 1998: 

Caputi el al.. 1998) carcinomas has been associated with reduced risks for relapse and 
W:\F t death. as well as to validate the p21 assay results against other methods such as 

quantitative immunostaining. 



IX. 4.3. Screening of Other  Biological Fluids for pS3 Protein 

The absence of p53 protein in serurn dors not preclude its presrncr in other 

biological tluids collectrd for cytologie examination. M i l e  p53 mutations have been 

drtected in DNA from the cellular fraction of sputum (Mao et ( i f . .  1994: Marchetti et cil.. 

1997). urine (Hruban et d . .  1994). bronchoalveolar h i d  ( Ahrendt er i d . .  1999). and fine 

nredlr aspirates of breast tissue (Lavarino et cil.. 1998: Rao et r d . .  1 998). and the value of 

p53 immunostaining has bern assessçd in urine cyrology ( Righi er <il . .  1997) and fine- 

nredle aspiration biopsy procedures (Sato er t r i . .  1997). to our knouledge pj3 protein has 

not bern examinrd in these spscimen types by immunoassay. Hou-ever. pS3 protrin has 

been detsctrd in a srnaIl fraction (7%) of ascites Huids from ovarian cancer patients. but 

the çlinical relctvnncr of its presence \vas not investigated (.4nge[opoulou and Diamandis. 

1997). More recrntly. an unp~iblishcd pilot study performrd in our laboratory \vas unable 

to reveal the presencr of detrctable p j 3  protrin in branchial rpithelial çells obtained by 

bronchoalveolar lavage of 10 patients with suspected lung carcinoma. although t hesr 

nrpatiw findings might have brrn due to the low prrvalrncr oî'maliynancy amony the 

patients studied. Lysatrs of çclls obtûined from additional lavage speçimctns tiom patients 

with documented bronchogrnic carcioorna. or from the cellular componrnts of ascites 

Huid associated with ovarian carcinoma or sputum associated wi th liing carcinoma. çould 

be assayed for p53 protein by the new immunoassay in an effort to assess the diagnostic. 

staging. or prognosiic utility of p j 3  protrin in these cancers. 

IX. 4. 4. Assessrnent of Relationship Behveen p53 Status and Resistance to 

Other  Chernotherapeutic Agents or Radiotherapy 

n i e  dependence of cisplatin-sensitivity of ovaian carcinomas on functional p53. 

suggested by the results presented in this thesis togethrr with the recent results of other 

clinical ( M m  ri cd.. 1998) and in vitro (Vikhanskaya rr cil.. 1997: Peste11 rr d. 1998: 

Poulain et tri.. 1998) studies. supports the notion that the rfficacy of other antineoplastic 

dmgs might also be predicted by the p53 mutational and/or overexpression status. 

Findings that p53 accumulation was associated with response to fluorouracil. 

dosorubicin. and cyclophosphamide combination therapy in node-negative breast cancer 

(Clahsen et al.. 1998). and with response to tarnoxifen in recurrent breast carcinoma 



(Bems rt cd.. 1998) are consistent with this notion. Hoviever. this notion remains 

controversial because of the equally substantial number of studirs in which p53 was 

unrelated to the responsiveness of a variety of chemothrrapeutic agents when tested on 

cancer ce11 lines (Weller et cd.. 1998) or in the clinical setting (Bonrtti et c d .  1998). For 

example. sensitivity to tzunrs  has been found to be independrnt of p53 status in ovarim 

cancer ce11 lines (Perego et r d . .  1998). astrocytic turnors (Iwadate et r d . .  1998). and breast 

carcinomas (Makris er ul.. 1997). The disagreement between rhese studies points to the 

nred tor the study of the rrlationship brtwern p j 3  status and sensitivity to particular 

agents in well-defincd patient groups. 

IX. 5. Conclusion 

The tindings summarized in this thesis demonstrated the clinical utility of ri new. 

well-characterizrd irnmunotluorometric assa? for p53 protein applicd to surgically- 

resrcted primary tumor specimrns tiom patients with breast. ovarian. and non-small ceIl 

lung carcinomas. In each of thrsr rnalignancies. p53 accumulation. as dctectrd by 

rlcvated p53 concentrations in the tumor rstracts. was associated with clinicopathologic 

factors indicative of aggressive disease. Furthemore. incrrasing p53 accumulation was 

sliown to be associatrd with incrrasingly hipher risks for cancer relapse and death. and 

the impact of p53 upon patient survival was shown in multivariate analyses to be 

independent of its associations with other markers of prognosis and possibly of greatrr 

magnitude in particular subgroups of patients. One of thesr subgroups of patients were 

those who recrived adjuvant chrmotherapy for breast cancer. Additional evidence linking 

p53 and chemotherapy response was also suggested. in that failure of ovarian carcinoma 

patients to achieve a clinical response to platinum-containing chemotherapy may be 

related to p53 alteration status. It was therefore in tumor tissue. and not in serurn. that the 

clinical utility of p53 protein could be shown. despitr the t'kt that the immunoassay had 

been drsigned as a tool to exploit the potential role of p53 as a serum tumor marker. Our 

inability to detect specific p53 protein immunoreactivity in a large series of serum 

specimens from patients with lung cancer suggested that p53 is not present in cancer 

patient sera in sufficient amounts to facilitate its use in cancer diagnosis or monitoring. 

Because we have s h o w  that the information yielded by the new immunoassay is 



comparable. although not identical. to that providrd by imrnunostaining and srquencing 

of the p j 3  gene. LW recommend that further studirs to cian* the prognostic and 

predictive values of p53 in d e h e d  patient subgroups shouid smploy the new rncthod. 
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