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p53 STATUS AND RESPONSE TO THERAPY IN OVARIAN CANCER

Table 1 Patient characteristics

No. of patients

Total no. 33
Age (median, 58 years)

<60 18

>60 14
FIGO“ stage

m 28

v 5
Histology

Serous 27

Mucinous 1

Endometrioid 4

Undifferentiated 1
Grade

I 1

I 8

1 22

Unspecified 2
Residual tumor

Minimal (<2 cm) 8

Bulky (>2 cm) 25
Pretreatment status

Untreated 32

Pretreated 1

2 FIGO, International Federation of Gynecologists and Obstetricians.

Analysis of p53 Gene. All tissue samples were screened by SSCP> analysis
for the presence of p53 gene mutations in the most frequently affected exons
(5 t0 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
direct DNA sequencing with AmpliCycle Sequencing kit (Perkin-Elmer Cetus,
Branchburg, NJ). Each sequencing reaction was performed at least twice,
analyzing separate amplifications. In each case, the detected mutation was
confirmed in the sequence as sense and antisense strands.

Immunohistochemistry. Immunophenotypic studies were carried out on
routine Bouin’s fluid or formalin-fixed, paraffin-embedded material by CM1
(Novocastra; 1:2500 diluted), DO7 (Novocastra; 1:1000 diluted), and PAb
1801 (Oncogene Science; 1:50 diluted), as well as on cryopreserved material
by CMI, DO7, and PAb 240 (Oncogene Science; 1:200 diluted) (14-16).
Sections from paraffin blocks were mounted in twice-washed polylysine-
coated slides, dewaxed, rehydrated, treated with 3% H,0, to block the endog-
enous peroxidase, and placed in a plastic container filled with 10 mMm citrate
buffer (in distilled water, pH 6.0). The jar was irradiated in a microwave
processor for two cycles of 8 and 5 min consecutively at a power output of 700
W (17); thereafter, the sections were allowed to cool for a minimum of 15 min.
For immunocytochemistry, slides (as treated above or acetone-fixed frozen
sections) were coated with normal goat serum (acting as suppressor serum; 30
min), incubated overnight with primary antibodies, and then with biotinylated
goat antimouse IgG (Dako, Copenhagen, Denmark; 30 min), followed with
horseradish peroxidase-conjugated streptavidin (Dako, Denmark; 30 min). 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
primary antibody in a microwave oven as reported previously (17). Reactivity
of monoclonal antibodies (DO7 and PAb 1801) was checked in comparison
with unrelated species and subtype-matched immunoglobulins at the same
concentration and reactivity of the polyclonal antibody (CM1) by a preabsorp-
tion test.

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

* The abbreviations used are: SSCP, single-strand conformation polymorphism; IHC,
immunohistochemistry.

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 these exons 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 15 of 20 mutations (75%).
Missense mutations included 11 transitions (G:C—A:T in 5 cases and
A:T—G:C in the other 6 cases) and 4 transversions. Among the other
mutants, deletions were found in two tumors and nonsense mutations
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, missense mutations at codons 132 and
193 were found in two tumors, respectively.

All but one of the point mutations detected in our series occurred 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 has a 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 “heterozygosity.” 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 of p53 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 pS3 protein. Indeed, none of the tested tumors
negative with DO7 was positive with other antibodies. In addition,
tumors positive with DO7 were found positive with at least one other
antibody. Immunoreactivity of DO7 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 DO7 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
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Table 2 p53 mutations in responsive tumors®

Nucleotide Amino acid Structural-functional Allelic
Tumor IHC Exon Codon change® substitution domain of p53° status’
S.P. + 8 273 CGT —CAT Arg — His LSH hetero
M.R.C + 5 155 ACC - CCC Tyr — Pro hetero
E. G - 5 161 del C Stop codon at aa 169-170 hetero
GCC —-GC
C.C. - 6 211 del T Stop codon at aa 246-247
ACT —AC
V.C. - 8 Ggt — Gga Intronic 3’ splice site mutation hetero
G. M. - 8 306 CGA —» TGA Arg — stop hetero
6 213 CGA — CGG silent mutation hetero
C.P/1 - 6 196 CGA — TGA Arg — stop hetero

? Responsive tumors included only tumors that achieved a pathological complete response.

® Boldface type indicates nucleotide substitution.
¢ According to Vogelstein and Kinzler (21).

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).

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 5 had nonmissense muta-
tions. On the contrary, of the 20 IHC-positive cases, 15 presented a
missense mutation, while the other 5 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 cases and considering the nonmissense
mutations as likely to correspond to a negative IHC, the correlation
between missense mutations 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 response were considered “responsive”
for purposes of correlation with pS3. Among the 32 untreated patients,
a prevalence of resistant tumors associated with mutant p53 (12 of 19)
was found (Table 5). However, the mutational status did not ade-
quately predict the responsiveness status, since 7 of 13 wild-type cases
were also resistant. Interestingly, the majority of missense mutants (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 (11 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,

whereas 10 of 13 negative tumors (77%) were responsive
(P = 0.002). Among responsive tumors with pS3 IHC-positivity, one
had a wild-type p53 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 pS3. The
treatment response was independent of age, stage, tumor grade, and
tumor subtype. This is expected since most of patients had stage III
disease, with serous carcinoma grade IIl. Among patients with min-
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 pS3 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 pS3 and response to chemotherapy in a
series of ovarian carcinoma patients, including stages I and II 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
responsiveness of ovarian cancer is still unclear.

In an attempt to clarify the relationship between pS3 mutation,
protein accumulation, and response to cisplatin-based chemotherapy,
in our study only patients with advanced disease (stages III and IV)
were included. The frequency of p53 mutations (60%) and protein
accumulation (61%) found in our series of patients with advanced

Table 3 p53 mutations in tumors refractory to chemotherapy

Nucleotide Amino acid Structural-functional Allelic
Tumor IHC Exon Codon change?® substitution domain of p53’ status®
A.C. + 5 132 AAG — AGG Lys — Arg LSH hetero
C.B. + 6 193 CAT - CGT His — Arg LH
M. N. + 8 275 TGT — TAT Cys — Tyr LSH hemi
F. P. + 6 213 CGA - CGG silent mutation hetero
6 195 ATC = ACC Ile = Thr LH hetero
A.G. + 7 250 CCC -»CTC Pro —» Leu L hetero
A. T + 6 213 CGA - CGG silent mutation hetero
7 237 ATG — ATA Met —lle L hetero
A.P. + 6 193 CAT —»CTT His — Leu LH hetero
G.C. + 6 194 CTT - CGT Leu — Arg LH hemi
C. V. + 6 193 CAT - CGT His — Arg LH hetero
M. S. + 7 236 TAC - TGC Tyr = Cys L hetero
C.PR2 + 7 245 GGC —» GAC Gly — Asp L hetero
M.C. + 5 141 TGC — TGG Cys = Trp LSH hemi
F. M. + 5 132 AAG — AGG Lys — Arg LSH hetero

“ Boldface type indicates nucleotide substitution.
b According to Vogelstein and Kinzler (21).

¢ 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

for sequencing).
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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 missense mutations were associated with
protein accumulation. In addition, the occurrence of protein accumu-
lation (15%) without detectable mutation suggests an altered regula-
tion of expression or the presence of 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 missense mutations 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
associated with p53 stabilization (i.e., missense mutations) are related
to tumor resistance. The exceptions are represented by two responsive
tumors carrying missense mutations at codons 273 and 155, respec-
tively. Relevant to this point is the observation that Arg— His sub-
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 missense mutations involving L and LH domains (Table 3),
mainly in resistant tumors, suggests a 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 pS3 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 (31), charac-
terized by an increased ability to repair cisplatin-induced DNA dam-
age. Wild-type pS3 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 response in 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 4 Correlation between mutational status of pS3 gene and immunohistochemistry

IHC
Mutational status Negative Positive Total
Wild-type 8 5 13
Nonmissense mutation 5 0 5
Missense mutation 0 15 15
Total 13 20 33
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Table 5 Correlation between p53 status and response to chemotherapy in 32 untreated

patients
pS3 Responsive cases” Resistant cases P
Wild-type 6 7
Ns?
Mutant 7 12
Missense mutation 2 12
0.02
All the other cases 11 7
THC-positive 3 16
0.002
IHC-negative 10 3

“ Responsive cases included only patients who achieved complete response. Resistant
cases also included partial responses.
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 cases is 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 pS3 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
have clinical relevance for obvious implications in a rational treatment of
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.

Acknowledgments

We thank Graziella Pasquini for technical support and Laura Zanesi for
editorial assistance.

References

1. Neijt, J. P. Advances in the chemotherapy of gynecologic cancer. Curr. Opin. Oncol.,
6: 531-538, 1994.

2. McGuire, W. P., and Rowinsky, E. K. Old drugs revisited, new drugs, and experi-
mental approaches in ovarian cancer therapy. Semin. Oncol., /8: 255-269, 1991.

3. Thigpen, J. T., Bertelsen, K., Eisenhauer, E. A., Hacker, N. F., Lund, B., and Sessa,
C. Long-term follow-up of patients with advanced ovarian carcinoma treated with
chemotherapy. Ann. Oncol., 4: S35-S40, 1993.

4. Hamilton, T. C., O’Dwyer. P. J., and Ozols, R. F. Platinum analogues in preclinical
and clinical development. Curr. Opin. Oncol.. 5: 1010-1016, 1993.

5. Dive, C., and Hickman, J. A. Drug-target interactions: only the first step in the
commitment to a programmed cell death. Br. J. Cancer, 64: 192-196, 1991.

6. Fisher, D. E. Apoptosis in cancer therapy: crossing the threshold. Cell, 78: 539-542,
1994.

7. Williams, G. T., and Smith, C. A. Molecular regulation of apoptosis: genetic controls
on cell death. Cell, 74: 777-779, 1993.

8. Kastan, M. B., Canman, C. E., and Leonard, C. J. p53, cell cycle control and
apoptosis: implications for cancer. Cancer Metastasis Rev., /4: 3-15, 1995.

9. Boente, M. P, Hurteau, J., Rodriguez, G. C., Bast, R. C., and Berchuck, A. The
biology of ovarian cancer. Curr. Opin. Oncol., 5: 900-907, 1993.

10. Kohler, M. F., Marks. J. R., Wiseman, R. W., Jacobs, 1. J., Davidoff, A. M.,
Clarke-Pearson, D. L., Soper, J. T., Bast, R. C.. and Berchuck, A. Spectrum of
mutation and frequency of allelic deletion of the p53 gene in ovarian cancer. J. Natl.
Cancer Inst., 85: 1513-1519, 1993.

11. Perego, P., Giarola, M., Righetti, S. C., Supino, R., Caserini, C., Delia, D., Pierotti,
M. A., Miyashita, T., Reed, J. C., and Zunino, F. Association between cisplatin
resistance and mutation of p53 gene and reduced bax expression in ovarian carcinoma
cell systems. Cancer Res. 56: 556562, 1996.

Downloaded from cancerres.aacrjournals.org on October 27, 2021. © 1996 American Association for Cancer
Research.


http://cancerres.aacrjournals.org/

19.

20.

21.

23.

p53 STATUS AND RESPONSE TO THERAPY IN OVARIAN CANCER

. DiRe, F., Bohm, S.. Oriana, S., Spatti, G. B., Pirovano, C., Tedeschi, M., and Zunino,

F. High-dose cisplatin and cyclophosphamide with glutathione in the treatment of
advanced ovarian cancer. Ann. Oncol., 4: 55-61, 1993.

. Donghi, R., Longoni, A., Pilotti, S., Michieli, P., Della Porta, G., and Pierotti, M. A.

Gene p53 mutations are restricted to poorly differentiated and undifferentiated car-
cinomas of the thyroid gland. J. Clin. Invest., 91: 1753-1760, 1993.

. Picksley, S. M., Vojtesek B., Sparks, A., and Lane, D. P. Inmunochemical analysis

of the interaction of p53 with MDM2: fine mapping of the MDM?2 binding site on pS3
using synthetic peptides. Oncogene, 9: 2523-2529, 1994.

. Yewdell, J. W., Gannon, J. V., and Lane, D. P. Monoclonal antibody analysis of p53

expression in normal and transformed cells. J. Virol., 59: 444-452, 1986.

. Milner, J. Forms and functions of p53. Semin. Cancer Biol., 5: 211-219, 1994.
. Cattoretti, G.. Pileri, S., Parravicini, C., Becker, M. H. G., Poggi, S., Bifulco, C., Key,

G.. D’Amato, L., Sabattini, E., Feudale, E., Reynolds, F., Gerdes, J., and Rilke, F.
Antigen unmasking on formalin-fixed, paraffin embedded tissue section. J. Pathol.,
71: 83-98, 1993.

. Daly, L. E., Bourke, G. J.. and McGilvray, J. Interpretation and uses of medical

statistics, Ed. 4. Oxford: Blackwell, 1991.

Kupryjanczyk, J.. Thor, A. D., Beauchamp, R., Merritt, V., Edgerton, S. M., Bell,
D. A, and Yandell, D. W. p53 gene mutations and protein accumulation in human
ovarian cancer. Proc. Natl. Acad. Sci. USA, 90: 4961-4965, 1993.

Kappes, S.. Milde-Langosch, K., Kressin, P., Passlack, B., Dockhorn-Dworniczak, B.,

Rohlke, P., and Loning, T. pS3 mutations in ovanan tumors, detected by temperature-
gradient gel electrophoresis, direct ing and i histochemistry. Int. J.
Cancer, 64: 52-59, 1995.

Vogelstein, B., and Kinzler, K. W. X-rays strike p53 again. Nature (Lond.), 370:
174-175, 1994.

4

. van der Zee, A. G. J., Hollema, H., Suurmeijer, A. J. H., Krans, M., Sluiter, W. J.,

Willemse, P. H. B., Aalders, J. G., and de Vries, E. G. E. Value of P-glycoprotein,
glutathione S-transferase pi, c-erbB-2, and pS53 as prognostic factors in ovarian
carcinomas. J. Clin. Oncol., /3: 70-78, 1995.

Levesque, M. A., Katsaros, D., Yu, H., Zola, P., Sismondi, P., Giardina, G., and
Diamandis. E. P. Mutant p53 protein overexpression is associated with poor outcome
in patients with well or moderately differentiated ovarian carcinoma. Cancer (Phila.),
75: 1327-1338, 1995.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

693

Lowe, S. W., Ruley, H. E., Jacks, T., and Housman, D. E. pS3-dependent apoptosis
modulates the cytotoxicity of anticancer agents. Cell, 74: 957-967, 1993.

Nabeya, Y., Loganzo, F., Maslak, P., Lai, L., De Oliveira, A. R., Schwartz, G. K.,
Blundell, M. L., Altorki, N. K., Kelsen, D. P., and Albino, A. P. The mutational status
of p53 protein in gastric and esophageal adenocarcinoma cell lines predicts sensitivity
to chemotherapeutic agents. Int. J. Cancer, 64: 37-46, 1995.

Greenblatt, M. S., B W. P., Hollstein, M., and Harris, C. C. Mutations in the
p53 tumor suppressor gene: clues to cancer etiology and molecular pathogenesis.
Cancer Res., 54: 4855-4878, 1994.

Hartmann, A., Blaszyk, H., McGovern, R. M., Schroeder, J. J., Cunningham, J., De
Vries, E. M. G., Kovach, J. S., and Sommer, S. S. p53 gene mutations inside and
outside of exons 5-8: the patterns differ in breast and other cancer. Oncogene, /0:
681-688, 1995.

Park, D. J., Nakamura, H., Chumakov, A. M., Said, J. W., Miller, C. W., Chen, D. L.,
and Koeffler, H. P. Transactivational and DNA binding abilities of endogenous p53
in p53 mutant cell lines. Oncogene, 9: 1899-1906, 1994.

Wang, X. W., Yeh, H., Schaeffer, L., Roy, R., Moncollin, V., Egly, J-M., Wang, Z.,
Friedberg, E. C., Evans, M. K., Taffe, B. G., Bohr, V. A., Weeda, G., Hoeijmakers,
J. H. ], Forrester, K., and Harris, C. C. p53 modulation of TFIIH-associated
nucleotide excision repair activity. Nat. Genet., /0: 188-195, 1995.

Borresen, A-L., Andersen, T. L., Eyfjord, J. E., Cornelis, R. S., Thorlacius, S., Borg,
A., Johansson, U., Theillet, C., Scherneck, S., Hartman, S., Comelisse, C. J., Hovig,
E., and Devilee, P. TP53 mutations and breast cancer prognosis: particularly poor
survival rates for cases with mutations in the zinc-binding domains. Genes Chromo-
somes & Cancer, /4: 71-75, 1995.

Brown, R., Clugston, C., Burns, P., Edlin, A., Vasey, P., Vojtesek, B., and Kaye, S. B.
Increased accumulation of p53 protein in cisplatin-resistant ovarian cell lines. Int. J.
Cancer, 55: 678-684, 1993.

Milner, J. DNA damage, p53 and anticancer therapies. Nature Med., /: 879-890,
1995.

Van der Zee, A. G. J., Hollema, H. H., de Bruijn, H. W. A,, Willemse, P. H. B.,
Boonstra, H., Mulder, N. H., Aalders, J. G., and de Vries, E. G. E. Cell biological
markers of drug resistance in ovarian carcinoma. Gynecol. Oncol., 58: 165-178,
1995.

Downloaded from cancerres.aacrjournals.org on October 27, 2021. © 1996 American Association for Cancer

Research.


http://cancerres.aacrjournals.org/

AAC American Association
for Cancer Research

Cancer Research

The Journal of Cancer Research (1916-1930) | The American Journal of Cancer (1931-1940)

A Comparative Study of p53 Gene Mutations, Protein
Accumulation, and Response to Cisplatin-based Chemotherapy
in Advanced Ovarian Carcinoma

Sabina C. Righetti, Gabriella Della Torre, Silvana Pilatti, et al.

Cancer Res 1996;56:689-693.

Updated version

Access the most recent version of this article at:
http://cancerres.aacrjournals.org/content/56/4/689

E-mail alerts

Reprints and
Subscriptions

Permissions

Sign up to receive free email-alerts related to this article or journal.

To order reprints of this article or to subscribe to the journal, contact the AACR Publications
Department at pubs@aacr.org.

To request permission to re-use all or part of this article, use this link
http://cancerres.aacrjournals.org/content/56/4/689.

Click on "Request Permissions" which will take you to the Copyright Clearance Center's (CCC)
Rightslink site.

Downloaded from cancerres.aacrjournals.org on October 27, 2021. © 1996 American Association for Cancer

Research.



http://cancerres.aacrjournals.org/content/56/4/689
http://cancerres.aacrjournals.org/cgi/alerts
mailto:pubs@aacr.org
http://cancerres.aacrjournals.org/content/56/4/689
http://cancerres.aacrjournals.org/

