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Abstract

Introduction In advanced ovarian cancers (OCs), p53
mutations are frequently observed. The objective of this
study was to explore the value of the p53 mutational status,
using four different techniques, in advanced OC patients as
a predictive marker for responsiveness to platinum-based
chemotherapy.

Methods One hundred and four, mostly serous papillary
OC specimens were analyzed, of which all received a
platinum containing chemotherapy after optimal cyto-
reductive surgery. To verify the p53 mutational status,
immunohistochemical staining with monoclonal antibod-
ies, functional yeast assay (FASAY), single-strand con-
formation polymorphism analysis (SSCP) and genomic
sequencing was performed in parallel.

Results  Out of ten OC patients [2 low malignant potential
(LMP)/8 G1] only two had a mutant p53, whereas eight
showed a wild-type p53. 40 out of 63 (G2/3) patients with
G2/3 OC showed mutant p53 and 23 patients showed a
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wild-type pattern. p53 status was significantly different
between these two groups (LMP/G1 vs. G2/3) (P = 0.015).
A progressive disease after chemotherapy completion was
noted in 35.6% of the patients (26 out of 73); in 69.2%, a
mutated p53 and in 30.8%, a wild-type p53 was found.
Nine (12.3%) patients showed a complete response at the
end of the first-line chemotherapy. Out of these nine
patients five had a mutated and four a wild-type p53. A
partial response was observed in nine (12.3%) patients of
whom four had a mutated p53. With respect to response to
first-line chemotherapy (six cycles of platinum containing
regimen), the p53 status was not predictive; no statistical
significance regarding the p53 mutational status was
observed when the two extreme groups PD versus PR/CR
were compared (P > 0.05).

Conclusion 1In this study, the p53 mutational status was
not predictive for responsiveness to platinum-based che-
motherapy; but p53 was significantly more frequently
mutated in poorly differentiated OCs.

Keywords Ovarian cancer - p53 - Mutational analysis -
Chemotherapeutical responsiveness

Introduction

Ovarian cancer (OC) is the second most common gyne-
cological cancer but is still the one with the worst prog-
nosis. Around 8,000 and 22,000 patients per year are newly
diagnosed with OC in Germany and US (Jemal and Siegel
et al. 2008), respectively.

Up to date there is no established OC screening program
available. Standard therapy is cyto-reductive surgery
followed by an adjuvant chemotherapy combination of
paclitaxel and carboplatin (Neijt and Engelholm et al. 2000;
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du Bois and Luck et al. 2003; Ozols and Bundy et al. 2003).
The vast majority of patients do respond to this regimen but
some of these patients do relapse within 6 months; these
cases are considered to be platinum resistant. In such sit-
uations, the prognosis is very limited. In cases where the
cancer does recur later, a platinum-based chemotherapy is
often re-induced but response rates are lower than after
adjuvant therapy (Bolis and Scarfone et al. 2001; Pfisterer
and Plante et al. 2006).

Established prognostic factors in OCs are FIGO stage
and post-surgery residual tumor burden (Heintz and Van
Oosterom et al. 1988). Other factors of less prognostic
value are grading, histopathological subtype—clear cell
differentiation being the worst (Chan and Teoh et al. 2008;
Kurman and Shih 2008)—ascites, and afore mentioned the
time period to relapse. So far none of the established
markers is predicting response to chemotherapy.

Looking for additional markers which could predict
prognosis and response to chemotherapy would be extre-
mely important to subgroup patients and improve patient’s
outcome and to avoid inefficient treatments.

OC does arise from the cubic endothelial layer covering the
ovary but the genesis is still not fully understood. Different
genetic alterations for tumors of low malignant potential
(LMP) together with low-grade invasive OCs have been
described when compared to high-grade OCs (Singer and
Kurman et al. 2002; Singer and Shih et al. 2003). For the latter
group, mutations in the p53 gene were found in up to 60%. In
comparison, only 8% of the LMP tumors show mutated p53
(Singer and Stohr et al. 2005; Schuijer and Berns 2003). In a
recent publication, we showed that LMP tumors and well-
differentiated serous OCs cluster together sharing a similar
molecular profile. In contrast, moderate and poorly differen-
tiated serous OC did also exhibit a similar profile that was
distinctly different from the profile of the LMP and well-
differentiated tumors (Kurman and Shih 2008). Kurman et al.
introduced type I and I OC. They based this differentiation on
their findings that in low-grade OC and precursor lesions, type
I, KRAS and BRAF are frequently mutated. On the contrary,
in type II OCs consisting of high-grade lesions, p53 is almost
exclusively mutated and combined with genomic instability in
these tumors. These interrogations let people believe that there
are two distinct groups of OCs with different routes of origin.

P53 is still considered to be one of the most important
guardians for DNA replication and a major player in cell
cycling (Prives and Hall 1999). P53 gets activated in
response to DNA damage, induced, e.g., by platinum inter-
calation and causes a cell cycle arrest at G1/G2 checkpoints
until the damage has been repaired or apoptosis is induced
(Vogelstein et al. 2000). P53 is involved in regulating dif-
ferent cell cycling genes such as p21/waf 1, a potent inhibitor
of cyclin-dependent kinases (Harper et al. 1993) and
GADD45 sensoring environmental and physiological stress
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(Smith et al. 1994). It is also involved in regulating pro- and
anti-apoptotic factors such as caspase activation via mito-
chondrial cytochrome and Smac/Diabolo release again
controlled by the Bcl 2-family (Gadducci et al. 2002).

In OC, the occurrence of p53 gene alterations is dependent
on different factors. Shelling et al. (1995) describes an
increase with higher stage (58% III/IV vs. 37% I/IT). Also, the
histological subtype seems to have influence on the p53 sta-
tus. Most mutations and over-expressions are depicted in
serous OCs with about 58%. Endometrioid, mucinous and
clear cell differentiated tumors show less frequent p53 alter-
ations, 28, 16 and 10%, respectively (Skilling et al. 1996). Ina
very recent publication, Salani et al. (2008) showed that in
purified tissue samples of serous OC, the mutation rate of p53
is about 80%. These findings again fit into the proposal of two
types of OCs and two pathways of tumorigensis.

The half-life of the p53 protein is short so that it is
barely detectable by routine methods in normal tissue.
Immunohistochemical (IHC) staining using monoclonal
antibodies detect over-expression of p53, which is nor-
mally considered mutated, this is however not exact,
because p53 could be either over-expressed because of
increased translation followed by transcription or a muta-
tion that leads to stabilization or resistance toward degra-
dation. Although many studies have been carried out using
this THC method, there is still a debate about their validity
because different studies showed differing results. Next to
IHC staining (Bali et al. 2004; Bartel et al. 2008), many
different methods—such as sequencing (Galic et al. 2007),
chemical mismatch cleavage (Curiel et al. 1990), dena-
turing gradient gel electrophoresis (DGGE) (Holmila and
Husgafvel-Pursiainen 2006), functional yeast assay (FA-
SAY) and single-strand conformation polymorphism assay
(SSCP) (Bartel et al. 2008)—have been used to elucidate
the importance of p53 mutations with regard to prognosis
and chemotherapy response. None of these studies could
proof the association of p53 mutation and response to
chemotherapy, but because of uncertainty of the p53 test-
ing, it still cannot be ruled out.

Despite all the efforts, there are still conflicting results
regarding the association of p53 over-expression/mutation
and its correlation with overall survival and responsiveness
to chemotherapy in OC patients (Psyrri et al. 2007; Bartel
et al. 2008).

We have recently shown that it is unlikely that one
single method can recognize all possible mutations. From
our previous study comparing four different methods
(SSCP, FASAY, IHC, and DNA sequencing), we draw the
conclusion that at least two of these methods should be
combined to detect the p53 mutational status to reach a
high level of confidence (Meinhold-Heerlein et al. 2001).
In order to contribute to this complex subject, we analyzed
104 patients with mainly serous ovarian carcinomas using
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these four different techniques to determine the p53 status
(Meinhold-Heerlein et al. 2001) and did correlate these
results with histological subtypes, grading, stage, age,
response to chemotherapy and survival.

Materials and methods

Materials and methods for mutational analyses have been
published previously (Meinhold-Heerlein et al. 2001), in
brief. One hundred and four women with OC presenting at
the Department of Gynecology of the University of Frei-
burg between 1987 and 1994 were included in this study.
One portion of the tumor was immediately snap frozen in
liquid nitrogen and stored at —80°C until further process-
ing. Another portion was fixed in 8% formalin and paraffin
embedded.

THC analysis

Five micrometer sections of paraffin-embedded tissue were
attached to slides pretreated with aminoalkylsilane as
described in the protocol of Rentrop et al. (1986). The
tissue was dewaxed with xylene and rehydrated according
to standard procedures. Endogenous peroxidase was
blocked with 3% hydrogen peroxidase in PBS for 10 min.
Slides were then treated with Target unmasking Fluid
(TUF, Dianova SP 0025, Hamburg, Germany) for 20 min
at 60°C to enhance antigen accessibility. After blocking
non-specific binding of the antibody with 1.5% horse
serum in PBS for 30 min, the sections were incubated with
DO-1 anti-p53 monoclonal primary mouse antibody (Dia-
nova/Oncogene Science OP43, Hamburg, Germany) for
12 h at 4°C (1:100 dilution). Secondary biotinylated rabbit
anti-mouse antibody (1:200 dilution) was detected with
Vectastain ABC kit (Serva, Heidelberg, Germany) and
diaminobenzidine (DAB chromogen kit, DAKO; Germany)
with metal enhancement (0.5%; w/v; CuSO,). Counter-
staining was performed with 1% (w/v) hemalaun. Sections
were dehydrated with increasing concentrations of ethanol
and mounted with Entellan (Merck, Darmstadt, Germany).
Primary antibody was omitted in duplicate test section as
negative control. Cases were considered mutated by
immunohistochemistry if >10% of the nuclei stained pos-
itively with the monoclonal antibody DO-1 (Fig. 1).

SSCP analysis

Genomic DNA was isolated from a homogenized aliquot of
the tumor tissue as described previously (Miller et al.
1988). PCR amplification of exons 5-8 of the p53 gene was
performed using Tag polymerase (Pharmacia, Freiburg,
Germany) and two suitable oligonucleotide primers

Fig. 1 Immunohistochemical staining with primary antibody DO1
showing a positive reaction for mutated p53

(Mazars et al. 1991), published previously (Meinhold-Heer-
lein et al. 2001). Codons 126—-163 and 147-186 of exon 5
were analyzed separately and they are called as 5 and 5'.
SSCP analysis was performed with a 12% polyacrylamide
gel containing 10% (v/v) glycerol. Electrophoresis was
carried out at 30 W for 16 h 4°C. Placental tissue served as a
negative control. Silver staining procedure of the gel was
performed as published elsewhere (Budowle et al. 1991). In
cases where a band shift was detected, a second independent
radioactive PCR-SSCP was performed. Elution of the
abnormal band was followed by an asymmetric PCR of
the single-strand transcript (Gyllensten and Erlich 1988).
Purified PCR-DNA was sequenced.

Functional assay for the separation of alleles in yeast
(FASAY)

Functional assay for the separation of alleles in yeast was
performed as described by Waridel et al. (1997). Tissue
samples for RT-PCR were homogenized. After binding to
75 ul oligo-dt-coated magnetic beads, the mRNA was
purified using a Dynabeads mRNA direct kit and MPC-E
magnet (Dynal, Hamburg, Germany). RNA was eluted in
20 pl elution solution containing 50 U human placental
RNase inhibitor (Boehringer, Mannheim, Germany) and
stored at —20°C. p53 cDNA was synthesized using
superscript I reverse transcriptase (Gibco Eggenstein,
Germany) and the primer RT-1 (5-CGG GAG GTA GAC-
3'; Genset, Paris, France). PCR was performed with Pfu
DNA polymerase (Boehringer Mannheim) and the primers
as described by Flaman et al. (1995). The amplification
product was checked by gel electrophoresis. For gap repair,
the yeast expression vector pRDI-22 (Waridel et al. 1997)
was digested with HindIIl and Stul. The linearized plasmid
was dephosphorylated with calf intestinal alkaline phos-
phatase (Boehringer Mannheim, Germany) and extracted
with ethanol. The gap lies between codons 67 and 347
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Fig. 2 FASAY. a Negative:
yeast transformed with control
plasmid pLS76. b Positive:
yeast transformed with a
mutated PCR product of a tumor
sample

(Ishioka et al. 1993). The reporter strain yIG397 was grown
and transformed as described (Flaman et al. 1995). If more
than 19% of the colonies were red, the FASAY classified
positive (Fig. 2; Flaman et al. 1995; Inga et al. 1997;
Kashiwazaki et al. 1997; Lomax et al. 1997; Waridel et al.
1997). RT-PCR products were sequenced on a Licor
automated sequencer using the primers described by
Waridel et al. (1997).

DNA sequencing

Shifted bands in SSCP analysis were eluted and the
mutation was confirmed by dideoxy sequencing (Sanger
et al. 1977) using a T7 sequencing kit (Pharmacia)
according to the manufacturer’s instructions. The oligo-
nucleotide primers have been described previously (Mazars
et al. 1991). Genomic DNA of placental tissue served as a
negative control.

Clinical data

Patients did sign confirmed consent allowing the collection
of clinical data, this procedure is in accordance with the
ethical standard.

For all available samples, at least two different methods
were performed to determine the mutational status. In cases
were at least one of the performed tests showed a positive
signal, the case was classified as mutated. If tests showed
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consistently a wild-type signal, the case was considered to
have a functional p53.

Interpretations of the results and statistical analysis

Statistical analyses were run with the SPSS program Ver-
sion XVI. To find correlation between the p53 status,
clinical and histopatholgical parameters the Chi-square test
and the Fisher exact test were performed. Statistical sig-
nificance was assumed with a P value of <0.05.

Results

We analyzed 104 patients with OC who were admitted to
the Department of Gynecology at the University Hospital
Freiburg, Germany between 1987 and 1994. Tumor sam-
ples were partly snap frozen and partly paraffin embedded
for further analysis. To determine the status of the p53
gene, four different techniques were employed; IHC anal-
ysis, SSCP and functional assay for the separation of alleles
in yeast (FASAY), genomic sequencing was performed in
those cases which were highly suspicious to contain p53
mutations. We also collected clinico-pathological data:
survival data, FIGO stage, age at diagnosis and response to
platinum containing chemotherapy and documented histo-
pathological characteristics such as grading and histologi-
cal subtypes. These data were available in 73 cases. In our



J Cancer Res Clin Oncol (2010) 136:79-88

83

analyses, we classified 42 cases (57.5%) out of 73 as
mutated when at least 1 method showed a positive signal
(IHC, SSCP, or FASAY). In those cases which were highly
suspicious to contain p53 mutations, genomic sequencing
was performed additionally. Mutation loci and amino acid
exchange are extensively described in our previous study
(Meinhold-Heerlein et al. 2001). In 31 cases (42.5%), no
method gave a positive signal; these cases were classified
as wild type (Tables 1, 2, 3).

Response to platinum-based first-line chemotherapy
and p53

Twenty-six (35.6%) patients out of 73 had a progressive
disease under platinum-based first-line chemotherapy. 18

Table 1 Patients’ characteristics

n (Mut) n (WT) n (Total)
Histology
Serous papillary 31 21 52
Endometrioid 6 5 11
Mucinous 3 4 7
Clear 2 1 3
Grading
LMP/G1 2 8 10
G2/G3 40 23 63
FIGO stage
Early stage (I/II) 3 4 7
Late stage (III/IV) 39 27 66
Response
CR 5 4 9
NED 11 9 20
PR 4 5 9
NC 4 5 9
PD 18 8 26

Samples of 104 patients were collected and data were available for 73
patients

Mut mutated p53, WT wild-type pS3, CR complete response, NED no

evidence of disease, PR partial response, NC no change, PD pro-
gressive disease

Table 2 Overall distribution of the p53 status with at least one
method showing a signal to classify the case mutated

n %
Mut 42 57.5
Wt 31 42.5
Total 73 100.0

WT was classified as no positive signal by any test

mut mutated, wt wild type

Table 3 Case by case results of the different mutation assays IHC,
SSCP, FASAY and sequencing sorted by different histological sub-
types (Histo.-types)

Tumor Age Histo.- IHC SSCP FASAY Sequence Status
no. types

1 68  papser mut mut mut mut mut
2 69  papser mut mut mut mut mut
3 59  papser mut mut mut mut mut
4 68 papser mut mut mut mut mut
5 79  papser mut mut mut mut mut
6 60  papser mut mut mut mut mut
7 75  papser mut mut mut mut mut
8 78  papser mut mut mut mut mut
9 59  papser mut mut mut mut mut
10 65  papser mut mut  mut mut mut
11 59  papser mut mut mut mut mut
13 63 papser mut mut mut mut mut
18 41 papser mut mut mut mut mut
22 49  papser wt  mut mut nd mut
23 70  papser wt  mut mut mut mut
25 56  papser wt = wt mut nd mut
26 63  papser mut wt mut mut mut
27 41  papser mut wt mut nd mut
28 66  papser mut Wt mut mut mut
29 60  papser mut wt mut nd mut
30 77 papser mut wt mut mut mut
32 72 papser mut Wt mut nd mut
34 60  papser wt  wt mut wt mut
35 65  papser wt = wt mut wt mut
36 56  papser wt  wt mut nd mut
37 55  papser wt wt mut nd mut
38 79  papser wt wt mut mut mut
41 64  papser wt wt mut nd mut
45 54 papser mut mut wt mut mut
46 63 papser mut wt wt nd mut
49 60  papser wt  wt wt nd wt
50 65  papser wt  wt wt nd wt
51 71 papser wt  wt wt nd wt
52 57  papser wt  wt wt nd wt
55 57 papser wt wt wt nd wt
58 44 papser mut mut nd mut mut
78 45  papser wt  wt nd nd wt
79 60  papser wt  wt nd nd wt
80 61  papser wt  wt nd nd wt
81 23 papser wt  wt nd nd wt
82 45  papser wt wt nd nd wt
83 69  papser wt wt nd nd wt
84 50  papser wt wt nd nd wt
85 62  papser wt Wt nd nd wt
86 46  papser wt  wt nd nd wt
87 69  papser wt  wt nd nd wt
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Table 3 continued

Tumor Age Histo.- IHC SSCP FASAY Sequence Status
no. types

88 68  papser wt  wt nd nd wt
89 57  papser wt  wt nd nd wt
90 28  papser wt  wt nd nd wt
91 28  papser wt = wt nd nd wt
92 28 papser wt wt nd nd wt
93 72 papser wt wt nd nd wt
24 61 mucin Wt mut mut mut mut
39 40 mucin Wt wt mut nd mut
40 66 mucin Wt wt nd nd wt
44 66 mucin Wt mut wt mut mut
56 71 mucin ~ wt wt wt nd wt
100 54  mucin  wt wt nd nd wt
101 52 mucin  wt wt nd nd wt
15 65 endom mut mut mut mut mut
16 53 endom mut mut mut mut mut
17 64 endom mut mut mut mut mut
33 49 endom mut wt mut nd mut
43 76  endom nd wt mut mut mut
48 61 endom mut wt wt nd mut
53 63 endom wt wt wt nd wt
57 62 endom wt wt wt nd wt
97 61 endom wt wt nd nd wt
98 72 endom wt wt nd nd wt
99 76 endom wt wt nd nd wt
14 36 clearc mut mut mut mut mut
47 67 clearc mut wt wt nd mut
96 56  clearc wt wt nd nd wt

Results of each mutation, assays for each case. If one test was positive
for mutation analysis, the status of the case was considered as mutated

wt wild type, mut mutation, nd not done, /HC immunohistochemical
staining, SSCP single-strand conformation polymorphism assay,
FASAY yeast p53 functional assay, papser papillary serous, mucin
mucinous, endom endometrioid, clearc clear cell differentiation

cases were classified as p53 mutant and eight cases had a
wild-type p53 status. 20 (27.4%) patients showed no evi-
dence of disease; based on the report, these patients had no
evaluable tumor left at the end surgery. Nine (12.3%)
patients showed a complete response at the end of the first-
line chemotherapy. Out of these nine patients five had a
mutated and four had a wild-type p53. A partial response
was observed in nine (12.3%) patients of whom four had a
mutated p53. In the group of patients with no change
(n =9), four cases had a mutated p53. With respect to
response to first-line chemotherapy (six cycles of platinum
containing regimen), the p53 status was not predictive; no
statistical difference between wild type and mutant p53
was observed.
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Survival and stage

We had data from 71 patients. The 2-year survival differed
significantly between FIGO stages I/Il (early stage) and
FIGO III/IV (late stage). None of the early stage OC
patients (n = 7) died within 2 years, but 31 of 64 late stage
OC patients died within 2 years (P < 0.05).

Survival and p53

Analyzing the 2-year survival between patients with wild
type and mutant p53; data for 71 patients were available.
No statistical significant difference could be observed
(P > 0.05). The median survival for patients carrying a
mutation within the p53 gene was 29 months (confidence
interval 18.4-39.6) versus 27 months (confidence interval
14.9-39.1) for patients having a wild-type p53 (Fig. 3).

Stage and p53

Seven patients out of 73 (9.6%) were diagnosed with a
stage I or II disease. 90.4% (66 out of 73) of the patients
had a stage III or IV advanced disease. Three patients with
an early stage disease had mutant p53 and four had wild-
type pS3. In the group of patients with advanced diseases,
39 patients showed a mutated pS3, whereas 27 patients
were classified to have a wild-type p53 gene. When com-
paring the p53 status, there was no statistical significant
difference between early and late stage OCs (P > 0.05).

Grading and p53

Ten patients had a LMP disease (n = 2) or a well-differ-
entiated invasive OC (n = 8), two had a mutant p53,

Cum. Survival

Survival [months]

Fig. 3 Kaplan—-Meier plot showing survival curves comparing
mutated and wild-type p53 status in ovarian cancers
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whereas the other eight showed a wild-type p53. 40 out of
63 patients carrying a moderate or poorly differentiated
invasive OC had a mutant p53; 23 patients showed a wild-
type pattern. Comparing these two groups, LMP/G1 versus
G2/3, the p53 status did show a significant correlation with
the tumor cell differentiation (P = 0.015), showing that
with de-differentiation, the p53 mutation rate increases.

Histological subtypes of OC and p53

In our study cohort, we had 52 (71.2%) cases of serous
papillary differentiation, 11 cases (15.1%) endometrioid,
7 (9.6%) cases mucinous, and 3 (4.1%) cases clear cell
differentiated OCs, respectively.

When grouped into serous and non-serous OCs, no
statistically significant difference regarding the p53 status
was observed (P > 0.05).

Age and p53

Looking at the age at diagnosis, we could not find a sig-
nificant difference in the mutational status of the p53 gene
in correlation to age (Fig. 4).

Patients with mutated p53 had a middle age of
61.3 years (£10.8); patients with a wild-type p53 status
were in mean 56.6 years old (£14.2). This difference was
not statistically different (P = 0.111).

Discussion
Ovarian cancer is still the gynecological malignancy with

the highest mortality rate, mainly due to its detection in
advanced stage, where the tumor has spread beyond the

Age [years]
3
|

e}

T T
Mutation Wild type

Fig. 4 Comparison of age between cases with mutated and wild-type
p53 status in ovarian cancers

pelvis. OC does cause only unspecific clinical symptoms.
Up to date there is no early detection marker available for
clinical routine procedures. Established treatment options
for advanced OC is the sequential approach of radical
surgery followed by a combination of intravenous che-
motherapy with carboplatin and paclitaxel for six cycles.

Also, there are only very few prognostic markers, which
are of clinical nature, most importantly the residual tumor
burden after surgery. Grading and histological subtype are
markers of limited prediction value. The biological profile
of OC is still not considered being of predictive value in
daily routine. There is still a lack of markers that could
predict disease response toward chemotherapy and risk of
recurrence; this is in some part due to inconsistency in
publications with regard to key proteins.

P53 is considered to be one of the key regulators for
correct DNA replication and is mutated in about half of all
human malignancies (Hollstein et al. 1994; Levine 1997).
Being involved in many signaling pathways, pS3 has been
intensively studied in various cancer types, i.e., in breast
cancer where up to 25% of the study population had a
mutated p53 (Offersen et al. 2008). Irrespective of the
nodal status, mutations of the p53 was one of the strongest
predictors of poor prognosis.

One genetic disease is directly linked to disrupted p53
function, in HPNCC families (Lynch syndrome) colon
polyps occur at a high frequency which in turn do convert
into pre-neoplastic lesions and eventually into colon
cancer.

In OC, p53 has been investigated in various studies in
which a mutation rate between 23 and 80% has been found
(Hollstein et al. 1991, 1994; Levine et al. 1991; Levine
1997; Galic et al. 2007; Kupryjanczyk et al. 2008; Salani
et al. 2008). P53 mutations in OC have been related to poor
prognosis (Wen et al. 1999; Ueno et al. 2006) as well as to
better survival (Ueno et al. 2006) but still no large scale
prospective studies have been conducted to determine
whether the p53 status is of definitive predictive value for
survival.

However, some studies did analyze the question whether
the p53 status could predict the response to platinum-based
chemotherapy. The response is predictive of the overall
outcome of OC patients, given that patients who do have a
progressive disease under chemotherapy or those whose
tumor recurred with in 6—12 months after the last chemo-
therapy have a unfavorable prognosis. Many attempts have
been undertaken to find out who would more likely benefit
from chemotherapy (those patients with wild type or those
with mutated p53). Especially in OC, the published results
are contrary; some groups showed that OCs with mutated
p53 do respond better than the wild-type ones (Lavarino
et al. 2000; Ueno et al. 2006); other groups did show the
opposite (Nakayama et al. 2003; Gadducci et al. 2006;
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Bartel et al. 2008) or did find that p53 is non-predictive
(Gadducci et al. 2000). Considering histological subtypes,
pS3 was found to be predictive for subgroups, i.e., non-
serous subtypes as shown by Ueno et al. (2006).

In most studies, the p53 status was almost exclusively
determined by IHC staining using monoclonal antibodies.
Theoretically the accumulation of otherwise short lived
p53 protein could point indirectly toward a mutation within
the p53 gene. But the accumulation could also be poten-
tially caused indirectly by protein stabilizing cofactors and/
or by disrupted p53 degradation leading ultimately to
inadequate protein signaling.

Lavarino et al. (2000) descript a correlation between the
p53 status and the response rate, showing that tumors
carrying mutated p53 are significantly more responsive.
But looking at the different methods employed, they
showed that compared with SSCP, the protein accumula-
tion check by IHC was much less predictive, not even
statistically significant.

In this study, we employed mainly three different
techniques, SSCP, FASAY and IHC staining, to determine
the p53 status (Meinhold-Heerlein et al. 2001). In some
exclusive cases which were highly suspected to contain a
mutated p53 gene, we performed DNA sequencing. From
our previous study, comparing four different methods
(SSCP, FASAY, IHC, and DNA sequencing), we hypoth-
esized that at least two methods should be performed to
detect the p53 mutational status to reach a high level of
confidence. As published by Meinhold-Heerlein et al.
(2001), the detection rate was quite different between these
techniques (SSCP 50%, IHC 62%, and FASAY 77%). In
the present study, p53 was considered mutated when one
out of the three techniques detected a mutation (31.5%
SSCP, 39.7 IHC, and 49.3% FASAY); the overall detection
rate was 57.5% and thus lower than previously published
(Meinhold-Heerlein 2001). This may be due to the smaller
collection of cases. Nevertheless, the FASAY again proved
to be the most sensitive test. Therefore, we are confident
about the accuracy of our data concerning the mutational
status. Of note, the distribution of the FIGO stages is
somewhat imbalanced; seven cases of FIGO stage I and II
and 66 cases of FIGO stage III and IV were included,
respectively. This imbalance might account for the fact that
in this study the p53 status is not link to the FIGO stage.

Two recently published studies: one using IHC only
(Psyrri et al. 2007) and the other one using IHC and SSCA
(Bartel et al. 2008) yet again demonstrated that there is still
no consensus about the predictive value of p53 in OC. Both
studies included over 100 patients, respectively, but despite
this larger numbers, most of the earlier published data had
rather small numbers, the findings were contrary. Psyrri
et al. (2007) shows that high nuclear and cytoplasmic p53
expression is associated with better outcome, reflected in
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improved overall survival and disease-free survival. Bartel
et al. (2008) show in their investigation that 49% of
patients with a wild-type p53 do over-express it. Patients
over-expressing wild-type p53 were less responsive to
chemotherapy and did have an unfavorable prognosis. In
our analysis, we also could not demonstrate a correlation
between p53 mutational status and survival irrespective of
residual tumor burden. One may also bear in mind that the
choice of the second line therapy has a big impact on OC
patients’ survival, which has not been linked to the p53
status yet.

P53 itself being involved in maintaining accurate DNA
replication gets activated by DNA damage, i.e., caused by
DNA intercalating substrates such as platin derivates.
Disrupted p53 function could lead to inefficacy of DNA
intercalating substrates because correct DNA replication is
no longer surveyed. No signal to arrest the cell cycle or to
even induce apoptosis gets transduced because of disrupted
p53 signaling. Therefore, we reasoned that information
about the p53 status could contribute to predict the
response to platinum containing chemotherapy. Hence, p53
in our cohort is not predictive of response to platinum-
based therapy. In discordance with Bartel’s study, we did
not find a correlation between the pS53 status and response
to chemotherapy. This might be due to the fact that a
combination therapy is overcoming the p53 insufficiency.
The introduction of paclitaxel as a standard chemothera-
peutic agent might have overcome the effects of an inef-
fective p53 signaling. Taxanes do interact with the spindula
and is p53 independent.

There is still a debate about how OC develops and how
it does progress. There are several pieces of evidence that
OC does not follow a stepwise model via hyperplasia to a
LMP tumor to a fully developed OC, as it is established for
colon cancer by Vogelstein. Recent results suggest that
there are two separate ways of OC development. In LMP
tumors and well-differentiated OCs, RAS mutations are
frequently observed, whereas only a few such mutations
have been found in G2/3 OCs (Shih and Kurman 2004,
Dehari et al. 2007). Our group (Meinhold-Heerlein et al.
2007) recently demonstrated by gene expression profiling
that LMP/G1 differentiated OCs clustered together and G2/
3 OCs shared similarities in gene expression profiles. On
the contrary, p53 has been shown to be frequently mutated
in moderately and poorly differentiated OC (Salani et al.
2008). With loss of cell differentiation, we did find a sig-
nificant correlation with mutated p53, showing the highest
rate of p5S3 mutation in poorly differentiated cells. Tumor
cells with inadequate differentiation do acquire higher rates
of DNA alterations to progress through the cell cycle, i.e.,
p53 as one major guardian of correct DNA replication
needs to be disarmed. This notion again supports the
hypothesis introduced by Kurman and Shih that there are
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two types I and II of OC with profound molecular
differences.

OC has different histological subtypes; most commonly
is a serous papillary differentiation. Each subtype can
respond differently to chemotherapy and even survival
rates are somewhat dependent on the histological subtype;
tumors with clear cell differentiation seem to have a less
favorable prognosis. Chan et al. (2008) recently published
data where patients with clear cell OC have a significantly
shorter disease-free survival that those with serous papil-
lary differentiated OC (Chan et al. 2008). Looking at the
mutational status among the different histological subtypes
of our cohort, no statistical significant differences could be
observed. Also, when comparing all non-serous versus
serous differentiation, no difference with regard to the p53
status was observed.

Observing cancer as a disease of aging, one could
expect that with increasing age the probability of gather-
ing genetic alterations increases. Feng et al. (2007) show
that a decreased p53 activity over life time occurs in mice.
With respect to the cohorts age at diagnosis we could not
show a significant correlation between age and the p53
status.

Conclusion

Linking p53 alterations to chemotherapy response or out-
come prediction in patients suffering form OC is still a
challenge. P53 has been studied extensively but results and
conclusions are still conflicting. Part of this problem is that
most studies have used monoclonal antibodies to describe
p53 alterations. Also, in many studies the sample number is
small. Another issue is that the patients’ cohorts do contain
different histological subtypes which do differ with respect
to patients’ outcome and response to chemotherapy. In
some studies, patients did receive different types of che-
motherapy which makes interpretation of responsiveness
challenging. We analyzed the p53 in 73 patients with
mostly serous OC status by four different techniques.
Whenever one out of four showed an alteration, p53 was
considered to be mutated. This gives us a high confidence
in our results concerning the p53 mutation because there is
not a single test that could claim to detect all p53 muta-
tions. All patients did receive platinum containing adjuvant
therapy for six cycles after having received optimal sur-
gical debulking. In our study, we can show that with loss of
cell differentiation we did find a significant correlation with
mutated p53, showing the highest rate of p53 mutation in
poorly differentiated cells. Tumor cells with inadequate
differentiation do acquire higher rates of DNA alterations
to progress through the cell cycle, i.e., p53. But we were
not able to provide a link between the p53 status in OC and

response either to platinum-based chemotherapy or to
patients’ 2-year survival.

OC still has a limited overall survival rate and so far no
molecular marker is widely accepted to predict the
response to chemotherapy or even the prognosis. Clinico-
pathological markers such as stage, histological subtype,
grading, and postoperative tumor burden, in particular, are
still leading the clinician in predicting response and
outcome.
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