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Ovarian carcinoma is often associated with overexpression of cytokines that may exert autocrine and 
paracrine growth effects, as well as genetic alterations in (proto)oncogenes and tumour suppressor 
genes, such as ~53. The ~53 protein is not only involved in the regulation of cell cycle and apoptosis, it 
is also involved in the in vitro regulation of IL-6 gene expression. In this study, 30 tumours of patients 
with a primary diagnosis of human ovarian carcinoma were characterised for p53 expression with 
immunohistochemistry and analysed for the expression of M-CSF, IL-6, IL-lp, IL-11 and TNF-a with 
Northern blotting. Nuclear and cytoplasmic ~53 staining was observed in 27% (S/30), cytoplasmic 
staining in 30% (9/30), and no ~53 staining in 43% (13130) of the tumours. In 70% (21430) of the 
tumours, M-CSF mRNA was expressed, in 40% (12130) TNF-or, and in 30% (9/30) IL-6. None of the 
tumours expressed IL-lp or IL-11. The expression of TNF-a occurred more frequently in M-CSF 
positive tumours compared to M-CSF negative tumours (52% (11121) versus 11% (l/9), PC 0.05). TNF- 
a~ expression was also associated with better responses to chemotherapy (PC 0.02). M-CSF expression 
was associated with nuclear ~53 staining (PeO.05). The ~53 positive tumours more fkequently 
expressed one or more cytokines (SS”Y’o) compared with ~53 negative tumours (54%, PC 0.05). This 
study suggests that mutations in the p53 gene might be associated with cytokine overexpression, 
especially M-CSF. 0 1997 Elsevier Science Ltd. 
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INTRODUCTION 
DEVELOPMENT OF ovarian carcinomas is associated with mul- 
tiple and sequential genetic changes which may involve 
oncogene activation, inactivation of tumour suppressor genes 
and inappropriate expression of growth factors [l, 21. The 
induction of autocrine or paracrine loops may result in a 
growth advantage for malignant cells compared with benign 
cells [2]. In ovarian carcinomas and cell lines a variety of 
growth factors and their receptors have been found to be 
expressed, such as macrophage colony-stimulating factor (M- 
CSF) [3,4], interleukin-I (IL-I) [3,5], interleukin-6 (IL-6) 
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[3,4,6] and tumour necrosis factor-a (TNF-a) [7,8]. These 
growth factors are often elevated in ascites and sera from 
patients with ovarian carcinoma [3,9-121, while IL-6 and 
M-CSF have also been found to be elevated in cystic fluids 
from malignant tumours [13,14]. In addition, normal cells 
can produce several cytokines by paracrine loops. For 
instance, IL-l and M-CSF can trigger macrophages to pro- 
duce IL-l, IL-6 and TNF-a [5,7,15]. In return, TNF-a stim- 
ulates ovarian tumour cells to produce TNF-cr, which 
induces autocrine proliferation. Moreover, the stromal 
derived cytokine interleukin-1 1 (IL-l 1) exhibits IL-6-like 
bioactivity [ 16,171 and is a ligand for the IL-6 gp 130 signal 
transducing receptor which is present on cells of ovarian 
tumour cell lines [6]. 
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The mechanisms resulting in cytokine overexpression are 
largely unknown but may be related to an aberrant expression 
of (proto)-oncogenes or tumour suppressor genes. In ovarian 
carcinomas, mutation of the ~53 tumour suppressor gene 
resulting in overexpression of a non-functional protein fre- 
quently occurs and can be regarded as a negative prognostic 
factor [ 18-201. Mutations not only abrogate the function of 
~53 in cell cycle control and apoptosis, but may also affect 
cytokine expression [2 11. In the cervical carcinoma cell line 
(HeLa) wild-type ~53 is able to repress the IL-6 promoter 
activity by binding to the transcription factor nuclear factor 
IL-6 (NF-IL-6) [22]. This repressive ability is lost in the 
presence of specific mutations in the p.53 gene, which results 
in an increased IL-6 expression. This phenomenon might 
enhance the malignant potential of the cell. 

Until now, limited data are available concerning the rela- 
tionship between ~53 and cytokine expression in human 
ovarian carcinomas. The present study was performed to 
examine the potential relationship between ~53 over- 
expression and expression of the cytokine messenger RNAs 
(mRNAs) M-CSF, IL-l 8, IL-6, IL-l 1 and TNF-c~ in human 
ovarian carcinomas. 

Our results show that the expression of M-CSF is asso- 
ciated with overexpression of ~53. Furthermore, it is demon- 
strated that the expression of TNF-a is associated with 
M-CSF expression. 

Tissues 
MATERIALS AND METHODS 

Tumour specimens were obtained from patients with a 
primary diagnosis of ovarian carcinoma operated on at coop- 
erating hospitals in the northern part of The Netherlands in 
1992. Tumour collection was supervised by a pathologist. 
The tumour samples were divided and either frozen in liquid 
nitrogen immediately after removal from the patient and 
stored at -80°C for ~53 immunohistochemistry, and at 
- 180°C for RNA isolation, or embedded in paraffin for rou- 
tine histological analysis. All patients were staged according 
to the International Federation of Obstetrics and Gynaecol- 
ogy (FIGO) classification. Tumours were histologically clas- 
sified according to the World Health Organization (WHO) 
classification using paraffin-embedded tissue sections [23]. 
Carcinomas were graded as well-, moderately and poorly 
differentiated adenocarcinomas [24]. Acetone fixed 4 pm 
tumour sections from the frozen material were stained with 
haematoxylin and eosin (H&E) to determine the volume 
percentage of tumour cells in the samples. 

Immunohistochemical staining 

Cryostat (4 pm) sections were air-flow dried for 20 min, 
fixed in acetone for 10 min at room temperature and there- 
after air-dried again for 30 min before staining. After rinsing 
three times for 5 min in phosphate-buffered saline (PBS; 
0.14M NaCl, 2.7M KC1 6.4M NaaHP04.2Ha0, 1.5M 
KHaP04 pH 7.4), the samples were incubated with the first 
antibody, diluted 1: 100 in PBS containing 1% bovine serum 
albumin (BSA, CLB, Amsterdam, The Netherlands) and 1% 
AB-serum for 60min. The first antibody, the monoclonal 
antibody PAb 180 1 (Ab-2; Oncogene Science, Manhasset, 
New York, U.S.A.), recognises a denaturation-resistant epi- 
tope between amino acid residues 32 and 79 of the ~53 pro- 
tein and is considered to react with both wt- and m-p53 
proteins [25]. The sections were rinsed three times for 5 min 

with PBS followed by incubation with the second antibody, 
biotinylated rabbit anti-mouse IgG (E354, DAKOPATIS, 
Glostrup, Denmark) diluted 1:300 in PBS, 1% BSA, 1% AB- 
serum, for 30 min. After rinsing the sections three times with 
PBS, the slides were incubated for 30 min with streptavidin- 
peroxidase (P397, DAKOPATI’S) in PBS, 1% BSA, 1% AB- 
serum. The slides were washed with PBS and treated with 
0.1% 3-amino-9-ethylcarbazole in 0.05 M Tris-HCI buffer, 
pH 7.6, containing 0.5% hydrogen peroxide. Thereafter, the 
slides were rinsed in tap water, counterstained with 5% hae- 
matoxylin, dehydrated and covered with permanent mount- 
ing medium. Positive controls were two p53-positive 
colorectal carcinomas. Negative controls were obtained by 
replacement of the first antibody by buffer. Tumour sections 
were evaluated for nuclear and cytoplasmatic localisation of 
~53 staining. The intensity of the staining was expressed as +, 
weak-moderate; ++, strong and +++, for very strong staining 
comparable to staining in ~53 positive colorectal carcinomas. 
Only tumour cells were evaluated. 

Beside ~53 staining, tumour samples were also evaluated 
for the percentage of tumour cells in the slides. Tumour 
volume index (TVI) is the percentage of malignant epithelial 
tissue in a specimen. The TVI of the sections was estimated 
by two researchers independently. Also haematopoietic infil- 
tration was studied in the slides. 

Isolation of total RNA and Northern blot analysis 
Frozen tumour samples were pulverised using a micro- 

dismembranator, and RNA was isolated with the guanidiumi 
isothiocyanate caesium chloride method [26]. RNA (20 pg) 
was loaded on to a 1.2% agarose gel with 2.2M for- 
maldehyde. After size fractionation, RNA was blotted on to 
nylon membranes (Hybond N+, Amersham, Frankfurt, Ger- 
many) [27] and cross-linked with 0.05 M sodium hydroxide. 
Membranes were prehybridised for at least 1 h at 65°C in 
hybridisation buffer, containing 0.5 M Na2HP04, 1 mM 
EDTA, 7% sodium dodecyl sulphate (SDS, Sigma, St. Louis, 
Missouri, U.S.A.). Subsequently, the membranes were pro- 
bed overnight at 65°C with 1OOng complementary DNAs 
(cDNAs). Membranes were washed once in 2x standard sal- 
ine-citrate (2xSSC: NaCI, 17.53 g/l: sodium citrate, 8.82 g/l, 
pH 7.2), 0.1% SDS, once in IxSSC, 0.1% SDS and finally in 
0.3xSSC, 0.1% SDS for 30min at 65°C. The probes were 
labelled for 1 h with [a32P]-dCTP (11 Tbq/mmol, Amer- 
sham, Buckinghamshire, U.K.) using the hexanucleotide pri- 
mer technique [28]. The specific activity was approximately 
500 x 1 O6 cpm/lOO ng of DNA. For rehybridisation, mem- 
branes were first soaked in 0.01% SDS at 85°C. cDNAs 
corresponding to the ZL-lg (gift from Dr S. Gillis, Immunex, 
Seattle, Washington, U.S.A.), IL-6 (gift from Dr L.A. Aar- 
den, CLB, Amsterdam, The Netherlands) [29], IL-11 (gift 
from Dr SC. Clark, Genetics Institute, Cambridge, Massa- 
chusetts, U.S.A.), M-CSF (gift from Dr S.C. Clark) and 
TNF-cz (gift from Dr M.A. Brach, MDC, Berlin, Germany) 
genes were used. Total RNA from monocytes, stimulated 
with lipopolysaccharide (LPS, L9143, Sigma) was included 
in the assay to assure appropriate reaction of the IL-6, M- 
CSF, IL-lfi and TNF-cu probes and to standardise between 
different membranes. For IL-l 1 mKNA, fibroblasts were sti- 
mulated with 50 ng phorbol myristate acetate (PMA, Sigma)/ 
ml for 6 h. To verify uniform loading and transfer of the RNA 
samples, membranes were reprobed with a cDNA fragment 
of human 28s. The membranes were exposed to X-ray films 
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(Kodak X-Omat XAR, Rochester, New York, U.S.A.) for nuclear staining. 13 tumours showed weak staining visible as 
one to several days at -8O”C, using an intensifying screen. small granular spots in the cytoplasm, regarded as negative, 
No densitometric analysis was performed. mRNA expression since wt-~53 containing control slides demonstrated similar 
was designated + whenever specific hybridisation had patterns. Stromal cells showed no staining reaction with the 
occurred. ~53 monoclonal antibody. 

Statistics Cytokine expression at mRNA level 

Association between the clinicopathological parameters, 
p53- and cytokine mRNA expression were determined using 
chi-squared analysis with correction according to Yates if 
required. Differences in the progression-free survival (PFS) 
by stage, age, response and cytokine expression were analysed 
using log-rank statistics. Only P values < 0.05 were con- 
sidered significant. 

RESULTS 
Table 1 summarises tumour and clinical characteristics of 

the ovarian carcinoma patients. 18 tumours had a tumour 
volume index (TVI) 2 50. There were 24 stage III-IV and 6 
stage I-II tumours. Only one of the slides contained infil- 
trated haematopoietic cells, of which most were granulocytes. 

Size fractionation of the RNA samples revealed intact 
mRNA in all samples as was visible by intact 28s and 18s 
bands. M-CSF was the most frequently expressed cytokine 
(21130 tumours, 70%) (Table 3). TNF-a mRNA was detec- 
ted in 12 tumours, IL-6 in 9. None of the tumours expressed 
IL-l or IL-l 1 mRN’A. At least one or more cytokines were 
expressed in 22/30 (73%) tumours. Tumours expressing 
M-CSF also expressed TNF-a (1 l/21, 52%) significantly 
more frequently than M-CSF negative tumours (l/9, 11%; 
PC 0.05). 4 of the M-CSF and TNF-a expressing tumours 
also expressed IL-6 mRNA. An example of the specific 
mRNA expression for 5 carcinomas plus controls is demon- 
strated in Figure 1. 

Combination of p53 staining and cytokine expression 

Expression of p53 protein 

Strong nuclear staining with varying intensity of cyto- 
plasmic staining of the tumour cells was found in 8 (27%) 
tumours (Table 2). 9 (30%) tumours showed cytoplasmic 
staining with varying intensity, from weak to strong without 

Table 1. Tumour and clinical characteristics of the ovarian 

carcinoma patients 

Sample TVI Stage Grade Type of 
adenocarcinoma 

Ascites 

One or more cytokines were expressed more frequently in 
p53-positive tumours (88%) compared to the p53-negative 
tumours (54%, PC 0.05). In 15 out of 17 (88%) ~53 positive 
tumours, and in 6 out of 13 (46%) ~53 negative tumours, 
M-CSF expression was observed (Table 3). Detectable 
M-CSF was found in all 8 nuclear p53-stained tumours, 
which was more frequent than in p53-negative tumours (6/ 
13, 46%; PC 0.05). There were no significant differences in 
IL-6 and TNF-a expression between ~53 positive and nega- 
tive tumours. 

To evaluate the potential dilution of the tumour samples 
by normal cells, the results were also analysed for the 18 
tumour samples with a TVI 2 50. Of these 18 tumours, all 
nuclear p53-stained tumours expressed one or more cyto- 
kines. 13 of 14 (93%) ~53 positive tumours and 1 of 3 (25%) 
~53 negative tumours expressed M-CSF mRNA (P~0.05). 
The expression of IL-6 occurred in ~53 positive and negative 
tumours (4/14, 29% and 2/4, 50%, respectively). TNF-a was 
also expressed in both ~53 positive and negative tumours (71 
14, 50% and l/4, 25%, respectively). In this group of 18 
tumours, the 78% (14/18) ~53 positive tumours more often 
expressed one or more cytokines than negative tumours (13/ 
14, 93% versus 214, 50%, PC 0.05). 

1 95 III 
2 95 II 
3 90 III 
4 85 Iv 
5 85 III 
6 80 Ill 

7 80 IIC 
8 80 IV 
9 80 IV 

10 75 III 
11 70 III 

12 70 IV 
13 65 III 

14 60 III 

15 60 III 

16 50 IV 
17 50 III 

18 50 III 
19 45 III 
20 45 III 

21 40 III 

22 30 IV 
23 30 III 

24 25 III 

25 20 III 

26 10 Ia 
27 5 III 
28 5 Ic 
29 5 IIC 
30 5 III 

II 

II 
III 

II 

II 

II 

II 

III 

III 
III 

II 

II 

III 

III 

III 

II 
I 

III 
I 

III 

I 

II 
III 

II 

II 
I 

I 
I 

nd 
III 

Serous 

Serous 

Serous 

Serous 

Mutinous 
Endometroid 

Serous 

Serous 

Endometroid 

NOS 

Serous 

NOS 
Serous 

Serous 

Serous 

Serous 

Serous 
Serous 

Mutinous 

Serous 
Serous 

Serous 
Serous 

Serous 

Serous 
Mutinous 

Serous 
Serous 

Clear cell 
Serous 

+ 
+ 
+ 
+ 
+ 
_ 
_ 
_ 
_ 
_ 

nd 
+ 
_ 

nd 
+ 

+ 
_ 
_ 

_ 

+ 
+ 

+ 
+ 

+ 

nd 
_ 

+ 
_ 
_ 
_ 

TVI, tumour volume index. Ascites is + when > 11. nd, not done; 
NOS, not otherwise specified. 

No significant difference in ~53 staining was observed 
between stage III/IV (13/24, 58%) and stage I/II (4/6, 67%) 
tumours. M-CSF was preferentially expressed in stage III/IV 
tumours, 79% (19/24) compared with 33% (2/6; PCO.05). 

No significant difference was observed for IL-6 expression 
(8/24, 33% in stage III/IV versus l/6, 17% in stage I/II 

Table 2. ~53 expression in ovarian carcinoma samples 

Samples (n = 30) Nuclear p53 Cytoplasmic p53 

n (%) staining* staining? 

8 (27) +i++ +/++ 

9 (30) _ +I++ 

13 (43) _ _ 

*++, strong nuclear staining; +, moderate nuclear staining; -, no 
nuclear staining. t++, strong cytoplasmic staining; +, moderate 
granular staining; -, weak granular cytoplasmic staining. 
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Table 3. p53 staining and cytokine mRNA expression in 30 ovarian carcinoma samples 

mRNA 

M-CSF 
IL-6 
TNF-a 
* 

N+C (n=8) 
no. (%) 

8 (100) 
4 (50) 
4 (50) 
0 (0) 

~53 positive turnour 
c (n=9) 
no. (%) 

7 (78) 
3 (33) 
5 (56) 
2 (22) 

Total (n = 17) 
no. (%) 

15 (88) 
7 (41) 
9 (53) 
2 (12) 

~53 negative tnmour 
(n= 13) 
no. (%) 

6 (46) 
2 (15) 
3 (23) 
6 (46) 

All tnmonrs 
(n = 30) 
no. (%) 

21 (70) 
9 (30) 

12 (40) 
8 (27) 

N+C, nuclear and cytoplasmic immnnostaining; C, cytoplasmic staining; *no M-CSF, IL-6 or TNF-cl mRNA. Percentages are calculated as 
percentage of number of turnouts in the first row. 

tumours). TNF-cl was equally expressed in high and low 
stage tumours, namely 42% (10/24) and 33% (216). 

Survival analysis and response to chemotherapy 
In order to obtain insight in the consequences of all eval- 

uated parameters, namely ~53 and cytokine expression, on 
the survival of the patients, log-rank analysis of the parameters 
on progression free survival (PFS) was performed. First the 
established prognostic factors, such as stage of disease, age and 
response to chemotherapy, were evaluated to see whether this 
small group of patients was representative. Despite the rela- 
tive small size of the population, age > 58 years (PC O.OOOl), 
stage III/IV (PC 0.02) and no response to or stable disease 

during chemotherapy (PC 0.0 1) were prognostic factors for a 

5 11 16 28 29 C 

M-CSF 

IL-6 II 
TNF-a 

IL-la 

IL-1 1 

28s 
II 

Figure 1. Northern blot analysis of M-CSF, IL-6, TNF-a, IL-1 
and IL-11 mRNA in ovarian carcinoma samples 5, 11, 16, 28 
and 29. Stimulated monocytes expressing IL-lp, IL-6, M-CSF, 
TNF-a mRNA, and stimulated fibroblasts expressing IL-11 
mRNA were used as positive controls (C). Rehybridisation 
with 28s cDNA was performed for the degree of RNA loading. 

shorter PFS in this group of patients. Thereafter, ~53 
expression and cytokine expression were analysed. A border- 
line significant prognostic factor in the expression of TNF-a 

for a prolonged PFS (PzO.0549) was observed. This trend 
was supported by the observed association of TNF-a mRNA 
expression and a complete or partial response to chemother- 
apy (PC 0.02). For the other parameters evaluated, no prog- 
nostic value could be ascribed nor were they found to be 
associated with the outcome of chemotherapy. The Kaplan- 
Meier curves for PFS for patients with and without TNF-c( 
mRNA expression are shown in Figure 2. 

DISCUSSION 
In ascitic fluid and sera from patients witb ovarian carci- 

noma, elevated levels of growth factors such as M-CSF [9- 

11,141, IL-6 [3,12] and TNF-c~ are often found [3]. M-CSF 
and IL-6 seem to be produced constitutively by ovarian car- 
cinoma cell lines [4,9,10,30], whereas IL-l@ and a protein 
levels do not appear to be elevated in malignant ascites of 
ovarian carcinoma patients [3]. However, Li and associates 
reported that carcinoma cells, isolated from ascites of patients 
with ovarian carcinoma and cultured in vitro, expressed IL- 1 c1 

and p transcripts [5]. In addition, it has been described that 
TNF-a can be produced by primary ovarian carcinomas, 
especially in a more advanced stage [8]. Some, but not all 
ovarian tumour cell lines seem to be susceptible to medium 

conditioned by lipopolysaccharide (LPS)-stimulated mono- 
cytes, indicating that growth stimulation may be induced by 
IL-l, IL-6 or TNF-a [7], which can also be produced by 

tumour cells. 
In the present study, 73% (22/30) of the human ovarian 

tumours expressed one or more cytokine mKNAs. Most 
tumours were found to express M-CSF mRNA (70%), 40% 
(12/30) expressed TNF-a and 30% (9130) IL-6 mIWA. 
Interestingly, M-CSF mKNA positive carcinomas expressed 
TNF-CY more frequently compared with M-CSF mRNA 
negative tumours (PC 0.05). This may indicate that either 
one of these growth factors has a stimulating effect on the 

expression of the other. M-CSF expressing tumours also 
expressed IL-6 more frequently than M-CSF mFWA nega- 
tive, but this phenomenon did not prove to be significant. 
None of the tumour samples showed IL-l 1 or IL-l fi mRNA 
expression, indicating that the observed cytokine expression 
is not due to contaminating macrophages since IL-l h is more 
abundantly expressed in the activated macrophage lineage 
[31]. This observation is supported by the histological analy- 
sis of infiltrating non-tumour cells. Furthermore, comparison 
of the complete group with samples having a TVI z 50 rela- 
tively increased the cytokine mRNA expression in the 
tumours. This supports the idea that M-CSF is indeed 
expressed by tumour cells instead of tumour-associated cells. 
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Figure 2. Progression free suwival for all stages by TNF-a mRNA expression. 

A frequent phenomenon in ovarian carcinoma is over- 
expression and mutation of the tumour-suppressor gene ~53, 
which codes for a 53-kDa nuclear phosphoprotein [32,33], 
hardly detectable with immunohistochemistry in normal 
cells. The mutant form of ~53 is less vulnerable to degrada- 
tion due to conformational modification and accumulates 
either in the nucleus or in the cytoplasm, where it can be 
detected with immunohistochemistry. 

In the present study, 30 tumours were evaluated with 
regard to ~53 expression. A total of 57% (17/30) of the car- 
cinomas showed overexpression of the ~53 protein, 27% with 
nuclear and cytoplasmic localised ~53, and 30% with cyto- 
plasmic ~53 staining only. As reported in the literature [18- 
20], 35-56% of ovarian carcinomas overexpress ~53, mostly 
in the nucleus, whereas additional studies also report cyto- 
plasmic p53 staining [20,34]. Overexpression of mutant p53 
is frequently observed, especially in more advanced stages of 
the disease [18,19]. However, in this study no clear associa- 
tion was found between tumour stage and ~53 expression. 

Previous studies have demonstrated a distinct link between 
aberrant ~53 expression and the constitutive expression of 
IL-6. Especially in the HeLa cell line, it has been demon- 
strated that wt-p53 can repress IL-6 promoter activity by 
binding to NF-IL-6 [22]. Furthermore, Watson and associ- 
ates found that some ovarian tumour cell lines produced high 
levels of IL-6 mRNA, which was associated with expression 
of a dysfunctional ~53 [30,35]. 

However, in the present study, no relationship was found 
between spontaneous expression of IL-6 mRNA and ~53 
overexpression. The discrepancy may be ascribed to the fact 
that mutated ~53 protein can result from several gene muta- 
tions resulting in different conformations and functions of the 
protein. The conformation or activity of the mutant protein 
used in the HeLa study may differ from the mutant ~53 pro- 
teins detected in this study. Furthermore, it must be taken 
into account that immunohistochemistry, although ideal for 
protein detection, is not the most optimal assay to detect 
specific mutations or truncated proteins. In contrast to IL-6 
mRNA, M-CSF mRNA expression was correlated with p53 
expression (P~0.05). Of the tumours expressing M-CSF 
mRNA, 7 1% (15/2 1) also stained positive for ~53. This could 
indicate that expression of the M-CSF gene is somehow 

stimulated in the presence of mutant ~53. In addition, 
M-CSF was expressed more frequently in stage III/IV 
tumours compared with stage I/II. This could indicate a pos- 
sible role for M-CSF in tumour development. 

Studies with M-CSF promoter constructs have not 
demonstrated the presence of a NF-IL-6 binding site, which 
was the link between m-p53 and IL-6 promoter activation. 
Nuclear factor-rE (NF-KB), however, seems to be a promi- 
nent transcription factor involved in IL-6, M-CSF and TNF-a 
transcriptional activity. Of interest is the fact that the ~50 
subunit of the NF-KB transcription factor can associate with 
NE-IL-6 [36], suggesting an interactive process between both 
components. To what extent ~53 can interfere in this process 
or creates conditions under which M-CSF overexpression 
can occur requires further study. In addition, TNF-a, which 
was found to be preferentially expressed in M-CSF produ- 
cing carcinomas, can induce NF-KB, resulting in M-CSF 
promoter activation [37]. 

In this study, log-rank analysis of established adverse 
prognostic values were all found significant for shorter PFS. 
This indicates that, despite its size, this study evaluated a 
representative population of ovarian carcinoma patients. Sta- 
tistical analysis of ~53, IL-6 and M-CSF expression could 
reveal no prognostic value of these factors for PFS. In con- 
trast, patients expressing TNF-a showed a trend, although 
not significant, for prolonged PFS compared to patients 
without TNF-a expression (Figure 2). The association of 
TNF-a expression with a better response to chemotherapy 
suggests a possible role for autocrine production of TNF-c~ in 
the sensitivity of human ovarian carcinoma to chemotherapy. 
This adds to earlier findings that cisplatin sensitivity of ovar- 
ian cancer cell lines can be modulated by the addition of 
exogenous TNF-a [38,39]. 

In summary, this study demonstrates that human ovarian 
carcinomas frequently overexpress ~53, localised in the 
nucleus and the cytoplasm, which is predominantly asso- 
ciated with the expression of M-CSF mRNA. 
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