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Abstract

The p53proteinisa multifunctionaltranscriptionalregulatorinvolved
in cellular responseto DNA damageand hasbeenimplicated asa putative
determinantof sensitivityof tumorcellsto cytotoxicagents.Sincethep53
genebecomesinactivatedin overone-halfofadvancedovariancarcinoma,
in thisstudywehaveexaminedtherelationshipsbetweenp53 genealter
ations,p53 immunoreactivity, and responseto cisplatin-basedchemother
apyin ovariancancerpatients.All patientshadadvanced(FIGO stageIll
or IV) ovariancarcinomaand,with oneexception,wereuntreatedat the
time of collection of tumor specimens. After initial debulking surgery,

patients receivedhigh-dosecisplatin therapy. Tumor sampleswere ana
lyzed for p53 genemutations and for p53 protein accumulation,and the
findings were correlated with tumor responsiveness. Of the 33 tumors
examined, p53 gene mutations were found in 20 cases,including 15
missense mutations, 2 deletions, 2 nonsense mutations, and a base substi
tution at splice site. Twenty tumors showedpositive immunostalning for
p53. Only missensemutationswere associatedwith positiveImmuno
staining. In addition, p53 overexpressionwas detectedin five tumors in
the absenceof mutations.Most (12 of 14) of the missensemutations
associatedwith p53protein stabilization werefound refractory to therapy,
as well as tumors overexpressingwild-type p53 (4 of 5). A significant
correlation has been found between p53 accumulation, type of mutation

(i.e., missense mutations), and pathological response to cisplatin-based
therapy. In conclusion,the presentresultsare consistentwith a role of p53
as a determinant of chemosensitivity of ovarian carcinoma.

Introduction

Ovarian carcinoma is recognized as a one of the most chemore
sponsive solid tumors. Platinum-based combination chemotherapy
has become standard treatment, with responserates in excessof 70%
(1, 2). The introduction of cisplatin is associated with a significant
improvement in the responserate and overall survival. However, only
very few women with advanced disease are cured (3). Treatment
successhasbeen limited by the development of resistanceto platinum
compounds. Multiple mechanisms of drug resistance have been de
scribed in ovarian carcinoma cell lines (4). Their clinical relevance
and sequence of events leading to in vivo drug resistance remain
unclear. Several lines of evidence indicate that, like other DNA
damaging agents, cisplatin may induce apoptosis in sensitive tumor
cells (5). Thus, resistance to apoptosis induction hasbeen proposed as
a major mode of drug resistance to antitumor treatments, since dif
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ferent DNA-damaging agents may use a common mechanism to kill
tumor cells (6). Wild-type p53 function is required for an efficient
activation of apoptosis (7). The p53 protein is recognized as an
important cell regulatory element that arrests the growth of cells
containing damaged DNA (8). Cell cycle control and activation of
apoptosis appear to be tightly linked functions of p53 protein (8). A
reversible arrest in the G@phase of the cell cycle allows DNA repair
before DNA synthesis. When optimal repair is impossible, p53 cx
pression may trigger apoptosis, an irreversible processculminating in
cell death.

Mutation of the p.53 gene is one of the most frequently occurring
genetic alterations found in a variety of human cancers, including
ovarian carcinoma (9, 10). Thus, loss of wild-type p53 function could
lead to a relative resistance as a consequenceof abrogation of p53-
dependent apoptosis. Recently, we have reported that human ovarian
cancer cell lines selected for resistance to cisplatin have mutant p53
and reduced susceptibility to apoptosis induction following drug treat
ment (1 1). To test the hypothesis that p53 status could be related to
clinical responsivenessof ovarian carcinoma, we examined the rela
tionships between p53 gene mutations, protein accumulation, and
responseto cisplatin-based therapy in patients with advanced disease.

Patients and Methods

Tumor SpecimenSelection.Tumorsampleswerecollectedat initialde
bulking surgery. Tumor sampling was supervised by a pathologist. Since the

majorityof patientshadbulky diseaseat presentation,sampleswerecollected
from largetumor massesin nonnecroticareas.Sectionsof the sampleswere
examinedby conventionalhistologyandwereusedfor imniunohistochemistry
(see below). Freshly frozen samples were stored in liquid nitrogen until use.
The samplesfor the study were consecutivelyselectedfrom 33 patients
undergoinginitial surgery at the National Cancer Institute (Milan, Italy)
betweenOctober1989and August 1994,on the basisof the availability of
frozenmaterial.

PatientCharacteristicsandTreatment.Table1showsthecharacteristics
of the 33 patientsincludedin this study.All patientshadadvanced(stageIII
or IV) epithelialovariancancerandwereinitially treatedwith cytoreductive
surgery but, with one exception, were not treated previously with chemother

apy or radiationtherapy.A pretreatedpatientundergoingdebulkingsurgery
after first-line chemotherapy was examined, since she was evaluable for
response following further therapy. Platinum-based chemotherapy regimens

wereusedfor all untreatedpatients.Thirty patientsweretreatedwith high-dose
cisplatin therapy (160 mg/m2/course) and glutathione, as chemoprotector (12).
Two patientsreceivedstandarddosesof cisplatin (90 mg/m2/course),since
they were not eligible for high-dosecisplatin therapy.The chemotherapy
protocolswereapprovedby the InstitutionalHumanInvestigationCommittee.
Second-look laparotomy was performed to assess response in patients who
achieved complete clinical response. Second-look surgery was routinely con

siderednot indicatedin the casesof lack of responseor clinical evidenceof
residual disease at completion of the treatment program.
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Table I Patientcharacteristics Results

Response to Cisplatin-based Therapy. Among the 30 untreated
patients who received high-dose cisplatin therapy, 13 (43%) achieved
complete responses(pathologically documented in 12 cases),6 (20%)
achieved partial remission, and 11 (37%) had minimal or no response.
The pathological response rate of patients included in this study was
comparable to that observed in a large series of patients treated with
the same protocol (12). The two patients treated with standard com
bination chemotherapy regimens (including cisplatin and cyclophos
phamide) were found refractory to cytotoxic therapy. The pretreated
patient was resistant to further therapy consisting of mitoxantrone,
ifosfamide, and carboplatin.

Frequency and Spectrum of p53 Gene Mutations. In the 33
cases included in this study, exons 5 to 9 of the p53 gene were
examined for mutations by DNA-SSCP analysis, since theseexons are
the most frequently involved in mutational events of the p53 gene (19,
20). PCR-amplified exons, showing abnormal migrations and sus
pected for mutations, were further analyzed by direct DNA sequenc
ing. Two of the suspected DNA were not confirmed by sequencing.
Overall, among the 33 tumors examined, 20 mutations (60%) were
found. Details of the identified genetic changes are presented in
Tables 2 and 3. Five mutations were located in exon 5, seven in exon
6, four in exon 7, and four in exon 8. Missense mutations resulting in
an amino acid substitution were detected in 15of 20 mutations (75%).
Missense mutations included I 1 transitions (G:Câ€”A:T in 5 casesand
A:Tâ€”+G:Cin theother6 cases)and4 transversions.Among the other
mutants, deletions were found in two tumors and nonsensemutations
in two tumors; in one tumor, a base substitution was found at the
3'-splice site of intron 8. All of these situations are expected to lead
to a premature termination or an altered transcription, resulting in an
inactive protein. In this series, missensemutations at codons 132 and
193 were found in two tumors, respectively.

All but one of the point mutations detected in our seriesoccurred in
the three structural motifs of p53 proteins (L, LH, and LSH), corre
sponding to the evolutionary highly conserved regions (21). Four
mutations were found in L (codons 236 to 251) and five in LH
(codons 163 to 195), which hasa critical role in the stabilization of the
protein structure. Five mutations were in LSH, a motif containing
residues that directly contact DNA.

Most of the tumors with mutant p53 exhibited â€œheterozygosity.â€•It
is likely that the apparent heterozygosity reflects heterogeneity of cell
population, rather than contamination with nonneoplastic cells. In
deed, by analyzing different samples, each tumor was characterized
by the same intensity pattern of SSCP profile. This finding was not
expected if heterozygosity was due to the presence of normal cells,
which did not exceed 10% in the tumors examined. This interpretation
is also supported by SSCP profiles consistent with the extent of
immunohistochemical positivity.

Immunohistochemical Analysis ofp53 Accumulation Immuno
staining was performed with a panel of antibodies. In our approach,
the most suitable antibody was D07, which recognizes wild-type as
well as mutant forms of p53 protein. Indeed, none of the tested tumors
negative with D07 was positive with other antibodies. In addition,
tumors positive with D07 were found positive with at least one other
antibody. Immunoreactivity of D07 on paraffin-embedded material
fitted with that of CM1 on cryopreserved material in 100% of cases,
whereas PAb 1801 failed to react in two cases. It follows that IHC
positivity in Tables 2 and 3 is referred to as D07 immunostaining. To
summarize the immunostaining results of the 33 tumors studied, 13
tumors (40%) were found negative (i.e., no positive nuclei in the
tumor tissue), and 20 (60%) were found positive (including 12 cases
from 10 to 50% positive nuclei and 8 cases with >50% positive

No. of patients

Total no. 33

Age (median,58 years)
<60 18
>60 14

@ stage
III 28
IV 5

Histology
Serous 27

Mucinous I
Endometrioid 4
Undifferentiated I

Grade
I I
H 8
III 22
Unspecified 2

Residualtumor
Minimal (<2 cm) 8
Bulky (>2 cm) 25

Pretreatmentstatus
Untreated 32
Pretreated I

a @@Ã§jÃ§@International Federation of Gynecologists and Obstetricians.

Analysis otp53 Gene. All tissue samples were screened by SSCP@analysis

for the presence of p53 gene mutations in the most frequently affected exons
(5 to 9) of the gene. DNA from frozen specimens was prepared by Pronase
digestion and phenol extractions following standard procedures. SSCP analysis
for the detection of p53 gene mutation has been described previously (13).
PCR amplified exons showing abnormal migrations as well as randomly
chosen PCR-amplified exons showing normal migrations were subjected to
directDNA sequencingwith AmpliCycleSequencingkit (Perkin-ElmerCetus,
Branchburg, NJ). Each sequencing reaction was performed at least twice,

analyzingseparateamplifications.In eachcase,the detectedmutationwas
confirmed in the sequence as sense and antisense strands.

Immunohlstochemistry. Immunophenotypic studies were carried out on

routineBouin's fluid or formalin-fixed,paraffin-embeddedmaterialby CMI
(Novocastra;I :2500 diluted), D07 (Novocastra;I :1000diluted), and PAb
1801(OncogeneScience;I :50 diluted),aswell ason cryopreservedmaterial
by CMI, D07, and PAb 240 (OncogeneScience;1:200diluted) (14â€”16).
Sectionsfrom paraffin blocks were mountedin twice-washedpolylysine
coatedslides,dewaxed,rehydrated,treatedwith 3% H202to block theendog
enousperoxidase,andplacedin a plasticcontainerfilled with 10mMcitrate
buffer (in distilled water, pH 6.0). The jar was irradiatedin a microwave
processorfor two cyclesof 8 and5 mmconsecutivelyatapoweroutputof 700
w (17);thereafter,thesectionswereallowedtocoolfora minimumof 15mm.
For immunocytochemistry,slides (as treatedaboveor acetone-fixedfrozen
sections) were coated with normal goat serum (acting as suppressor serum; 30
mm), incubated overnight with primary antibodies, and then with biotinylated
goat antimouseIgG (Dako, Copenhagen,Denmark;30 mm), followed with
horseradishperoxidase-conjugatedstreptavidin(Dako,Denmark;30mm).The
site of antigen-antibody reaction was revealed by means of the ABC-peroxi

dase method with development in diaminobenzidine for frozen material and
carbazole for routinely embedded material. With the exception of frozen
sections, all routinely processed sections were heated prior to application of the
primaryantibodyin a microwaveovenasreportedpreviously(17).Reactivity
of monoclonalantibodies(DO7 and PAb 1801)wascheckedin comparison
with unrelated species and subtype-matched immunoglobulins at the same
concentrationandreactivityof thepolyclonalantibody(CM1) by a preabsorp
tion test.

Statistical Analysis. Fisher's exact test was used to evaluate the statistical
significance(18).

3 The abbreviations used are: SSCP, single-strand conformation polymorphism; IHC,

immunohistochemistry.
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Table2 p53 mutationsin responsivetumor?NucleotideAmino

acidStructural-functionalAllelicTumorIHCExonCodonchangeâ€•substitutiondomain
ofp53Cstatus'sS.

P.+8273CGT â€”@CATArg â€”@HisLSHheteroM.
R. C.+5155ACC -@CCCTyr â€”@ProheteroE.

G.â€”5161del C
GCC â€”@3CStop

codon at as169â€”170heteroCC.â€”6211delT

ACTâ€”@ACStopcodonataa246â€”247V.
C.-8Ggt â€”@GgaIntronic 3' splicesitemutationheteroG.
M.-8

6306 213CGA
-@TGA

CGA â€”*COGArg
â€”@stop

silentmutationheteroheteroC.
P11-6196CGA â€”@TGAArg â€”@stophetero

Table3 p53mutationsin tumorsrefractory tochemotherapyNucleotideAmino

acidStructural-functionalAllelicTumorIHCExonCodonchangeasubstitutiondomain
of@53b5tatu5cAC.+5132AAGâ€”@AGGLys-*ArgLSHheteroC.

B.+6193CAT â€”@CGTHis â€”@ArgLHM.
N.+8275TGT -+ TATCys -+TyrLSHhemiF.

P.

A. G.+ +6

6
7213

195
250CGA

â€”+COG
ATC â€”@ACC
CCC â€”@CTCsilent

mutation
He -+Thr

Pro -. LeuLH Lhetero
hetero

heteroA.
T.

A. P.+ +6

7
6213

237
193CGA

â€”@CGG
ATG â€”@ATA
CAT â€”@CTrsilent

mutation
Met -+ lIe
His â€”@LeuL LHhetero

hetero
heteroG.

C.+6194CTT â€”@CGTLeu â€”@ArgLHhemiC.
V.+6193CAT â€”@CGTHis â€”*ArgLHheteroM.
S.+7236TAC â€”@TGCTyr -+CysLheteroC.
PJ2+7245GGC â€”@GACGly â€”@AspLheteroM.
C.+5141TGC â€”@TOGCys â€”@TrpLSHhemiF.

M.+5132AAG â€”@AGGLys â€”@ArgLSHhetero

p53 STATUS AND RESPON5E TO THERAPY IN @@ARIANCANCER

a Responsive tumors included only tumors that achieved a pathological complete response.
b Boldface type indicates nucleotide substitution.

C According to Vogelstein and Kinzler (21).

d The hemi- or heterozygous (hetero) status was judged on the basis of the absence or presence of wild-type sequence at the site of mutation (the genomic DNA is used as a template

for sequencing).

whereas 10 of 13 negative tumors (77%) were responsive
(P = 0.002). Among responsive tumors with p53 IHC-positivity, one

had a wild-type p.53 gene and two had mutant p53 (i.e., missense
mutations at codons 155 and 273, respectively; Table 2). All negative
tumors refractory to therapy (three cases) had wild-type p53. The
treatment response was independent of age, stage, tumor grade, and
tumor subtype. This is expected since most of patients had stage Ill
disease, with serous carcinoma grade ifi. Among patients with mm
imal residual disease, a prevalence of responsive tumors was ob
served. However, this difference was not significant due to the small
number of patients with minimal residual disease.

Discussion

Alterations of the p53 gene have been implicated in tumor aggres
siveness,since immunoreactivity of p53 was reported to be associated
with shorter disease-free survival and poor clinical outcome of ovar
ian cancer patients (22, 23). However, no correlation has been found
between immunoreactivity of p53 and responseto chemotherapy in a
series of ovarian carcinoma patients, including stages I and H and
treated with different chemotherapy regimens (22). Thus, although in
a number of tumor cell models p53 gene status correlates with
chemosensitivity (24, 25), the role of mutant p53 in determining the
responsivenessof ovarian cancer is still unclear.

In an attempt to clarify the relationshipbetween p53 mutation,
protein accumulation, and response to cisplatin-based chemotherapy,
in our study only patients with advanced disease (stages HI and IV)
were included. The frequency of p53 mutations (60%) and protein
accumulation (61%) found in our series of patients with advanced

nuclei). As shown in Table 3, immunoreactivity of p53 strongly
correlated with type of gene mutations. Indeed, of the 13 IHC
negative cases, 8 had a wild-type p53 and S had nonmissense muta
tions. On the contrary, of the 20 IHC-positive cases, 15 presented a
missense mutation, while the other S were found to have a wild-type
p53. PAb 240 immunoreactivity, although limited by an underestima
tion (only 75% of DO7 positive cases were PAb 240 positive), was
related to missense mutations. Notwithstanding the presence of five
wild-type pS3 immunoreactive casesand considering the nonmissense
mutations as likely to correspond to a negative IHC, the correlation
between missensemutations and IHC staining was highly statistically
significant (P = 0.0003).

Correlation between p53 Status and Response to Cisplatin
based Therapy. The correlation between tumor response and p53
status was examined, considering the different approaches used to
evaluate p53 alterations (Table 4). Since it is conceivable that a partial
response reflects the presence of a subpopulation of resistant cells,
only patients with a complete responsewere considered â€œresponsiveâ€•
for purposesof correlation with p53. Among the 32 untreated patients,
a prevalence of resistant tumors associatedwith mutant p53 (12 of 19)
was found (Table 5). However, the mutational status did not ade
quately predict the responsivenessstatus,since 7 of 13wild-type cases
were also resistant. Interestingly, the majority of missensemutants (12
of 14) were found refractory to cisplatin treatment, whereas other
types of mutation as well as wild-type p53 were found more fre
quently in responsive tumors (1 1 of 18; P = 0.02). p53 alterations
evaluated as accumulation of p53 protein detected by D07 antibody
showed a strong correlation with response to cisplatin-based chemo
therapy, since 16 of 19 positive tumors (86%) were nonresponsive,

a Boldface type indicates nucleotide substitution.

b According to Vogelstein and Kinzler (21).

C The hemi- or heterozygous (hetero) status was judged on the basis of the absence or presence of wild-type sequence at the site of mutation (the original DNA is used as a template
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p53Responsive case?ResistantcasesPWild-type67N?Mutant712Missense

mutation2I20.02All

theothercasesII7IHC-positive3160.002

Table 4 Correlation between mutational status ofp53 gene andimmunohistochemistryIHCMutational

statusNegativePositiveTotalWild-type8513Nonmissense

mutation505Missense

mutation01515Total132033

p53 STATUS AND RESPONSE TO ThERAPY IN OVARIAN CANCER

ovarian cancer is comparable to that observed in other studies (19, 20,
23, 26). No precise correlation was found between gene alteration and
protein accumulation. Only missensemutations were associated with
protein accumulation. In addition, the occurrence of protein accumu
lation (15%) without detectable mutation suggestsan altered regula
tion of expression or the presenceof p53-interacting proteins that may
contribute to p53 stabilization. In the IHC-positive cases with wild
type p53, no appreciable mdm-2 expression was detected (data not
shown). Although missensemutations in other exons are rather infre
quent (27), an alternative explanation of p53 protein accumulation in
immunoreactive tumors with apparent wild-type p53 is the possibility
that the PCR/SSCP approach is inadequate for detection of all muta
tions.

The lack of correlation between tumor response and the overall
frequency of mutations could be explained in terms of a different
influence of observed mutations on p53 functionality. Most mutations
associatedwith p53 stabilization (i.e., missensemutations) are related
to tumor resistance.The exceptions are representedby two responsive
tumors carrying missense mutations at codons 273 and 155, respec
lively. Relevant to this point is the observation that Argâ€”s'Hissub
stitution at codon 273 is characterized by an elevated transactivating
activity of the mutated protein (28). However, this mutation may
result in less efficient DNA repair (29). Mutation at codon 155 is the
only one found in a non highly conserved region of the p53 gene (21,
26). The functional role of this change is still unknown. The occur
rence of missensemutations involving L and LH domains (Table 3),
mainly in resistant tumors, suggestsa critical influence of alterations
in these regions on p53 function, as already observed in breast cancer
(30). In contrast, all tumors characterized by nonmissense mutations
were responsive. In these situations, responsiveness could be ex
plained by the possibility that the mutant protein (if expressed) is
compatible with the normal expression and function of the wild-type
allele, since a heterozygous status was found in all responsive cases
with nonmissense mutations (Table 2).

Overexpression of a wild-type p53 with normal function could be
responsible for a reduced sensitivity of ovarian tumor cells to chem
otherapy since, with only one exception, tumors overexpressing wild
type p53 in our series were found resistant to therapy. The involve
ment of the wild-type p53 in the repair of DNA damage is consistent
with this interpretation (29). Elevated wild-type p53 levels have been
observed in cisplatin-resistant ovarian cancer cell lines (3 1), charac
terized by an increased ability to repair cisplatin-induced DNA dam
age. Wild-type p53 is a transcriptional regulator of genes involved in
cellular response to DNA damage. In particular, p53 is implicated in
the growth arrest of cells to allow DNA repair (8). p53 protein itself
is known to recognize and bind sites of DNA damage (32) and play a
direct role in modulating nucleotide excision repair pathways (29). An
alternative explanation of lack of responsein tumors with overexpres
sion of a wild-type p53 could be the involvement of other cellular
defense mechanisms. Indeed, multiple resistance factors have been
proposed for the development of resistance in ovarian cancer cells (4,
33). However, the clinical relevance of known defense mechanisms
remains to be defined. Such an explanation could also be consistent

Table 5 Correlation between p.53 status and response to chemotherapy in 32 untreated
patients

IHC-negative _12_ 2.

a Responsive cases included only patients who achieved complete response. Resistant

cases also included partial responses.
b NS, not significant.

with the observation that three patients with wild-type p53 gene and
undetectable p53 protein were nonresponsive to high-dose cisplatin
therapy. However, it is likely that the lack of a complete response in
the latter casesis related to clinicopathological features of the disease.
In particular, two patients had very extensive disease (stage IV with
pleural effusion in one case), and one patient had a tumor with
mucinous histological subtype.

In conclusion, the present results are consistent with a role of p53
as a direct determinant of chemosensitivity of ovarian cancer. A
plausible interpretation of the pattern of tumor response is that the
sensitive phenotype requires a physiological expression of p53. Sta
bilization of a mutant form of p53 abrogates the normal function of
the protein as inducer of apoptosis. Conversely, overexpression of a
wild-type p53 could increase the repair efficiency of the cell, thus
reducing the cytotoxic effect of the DNA-damaging agent. If the
relation between protein accumulation (and type of mutation) and
response to cisplatin-based therapy is confirmed, these results may
haveclinical relevancefor obvious implications in a rational treatmentof
ovarian carcinoma with platinum compounds.Analysis of the immuno
phenotype, irrespective of the genotype, may represent a clinically
useful approach to predict response to cisplatin-based therapy.
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