
Abstract. Background/Aim: It has been previously shown that
epithelial ovarian carcinoma tissues express high levels of
tumor necrosis alpha (TNF-α), interleukin (IL)-6, IL-1α and
IL-1β. The aim of the present study was to evaluate the
localization of TNF-α and its receptors (TNFR1 and TNFR2)
in different types of ovarian carcinoma tissues and the possible
role of TNF in the pathogenesis of epithelial ovarian
carcinoma. Materials and Methods: Total RNA was extracted
from normal and cancerous ovarian tissues and mRNA was
analyzed with semi-quantitative reverse transcriptase–
polymerase chain reaction (RT-PCR). Immunohistochemical
staining was performed with use of antibodies against human
(ah)TNFR1 and TNF2. Results: TNF-α mRNA and TNFR2
mRNA levels were significantly higher in ovarian carcinoma
tissues than in normal ovarian tissues, whereas TNFR1 mRNA
levels were similar. TNFR1 and TNFR2 were mainly localized
in the epithelial neoplastic cells of the tumor. Knocking-down
TNF-α activity with αhTNF-a altered ovarian carcinoma cell
morphology (with more branches) in vitro. Conclusion: Our
study indicates a possible role of TNF-α in epithelial ovarian
carcinoma pathogenesis through TNFR2, which affects
morphological changes, which may be involved ovarian
cancer pathogenesis.

Epithelial ovarian carcinoma (EOC) is diagnosed in 22,000
women yearly and causes approximately 15,000 deaths each
year in the USA (1), with a worldwide annual incidence and
mortality of 225,000 and 140,000, respectively (2, 3). It is
the leading cause of death from gynecological malignancies
in the USA and is the second leading cause of death, after
uterine cervix cancer, due to gynecological malignancies in
the world (1-3).

Cytokines are autocrine/paracrine immunoregulatory
polypeptide factors that participate in the process of various
biological conditions, including inflammation and
tumorigenesis (4, 5). In the past, the prevailing opinion was
that tumor-infiltrating lymphocytes (TIL) and tumor-
associated macrophages (TAM), not the epithelial cancerous
cells, are the source of tumor necrosis-alpha (TNF-α),
interleukin (IL)-6, IL-1 and other cytokines expressed in
EOC. In recent years, however, it has been established that
the ovarian epithelial cancerous cells are the main source of
these cytokines (4-7). We have previously shown that (6, 7)
i) TNF-α activity is detected only in supernatants of EOC
cell cultures; ii) EOC tissues express high levels of TNF-α
and IL-6 localized predominantly in the cancerous epithelial
cells, whereas normal ovarian tissues express low levels of
both cytokines localized mainly in the stroma; iii) IL-1 is
detected only in supernatants of EOC cell cultures; iv) Both
IL-1α and IL-1β are more strongly expressed in EOC tissues
than in normal ovarian tissues and are localized mainly in
cancerous epithelial cells.

TNF-α is produced primarily as a type-II transmembrane
form (26 kDa) arranged in stable homotrimers. A mature,
soluble homotrimeric 17-kDa TNF is released from
transmembrane TNF through proteolytic cleavage by the
metalloprotease TNF-converting enzyme (8-11). TNF-α has
been implicated in the pathophysiology of infections and
autoimmune diseases and there is growing evidence showing
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that TNF-α and its receptors modulate the expression of other
cytokines and are involved in the process of tumorigenesis and
angiogenesis (10, 12-16). Three main arms of the TNF-α
signaling network are recognized (10, 17, 18): i) Recruitment
of caspase-8 by Fas-associated death domain that leads to
apoptosis; ii) Recruitment of cellular inhibitors of apoptosis by
TNFR-associated factor 2 that leads to activation of c-Jun
terminal kinase and protection against apoptosis; iii) Activation
of the transcription factor nuclear factor-kappa B (NF-κB) by
protein kinase receptor-interacting protein that leads to the
translocation of NF-κB from the cytoplasm to the nucleus. The
ability of NF-κB in the nucleus to bind DNA results in the
expression of NF-κB-dependent genes, such as vascular
endothelial growth factor, basic fibroblast growth factor, IL-8,
and matrix metaloproteinases, that are factors necessary for
angiogenesis and tumorigenesis (10, 14, 16, 17, 19, 20). With
use of imuunohistochemical staining, we have demonstrated in
a previous study that TNFα is more strongly expressed in
ovarian carcinoma tissues compared to normal ovarian tissues
and is mainly localized in the epithelial neoplastic cells (7).

TNF-α interacts with two receptors, TNFR1 (p55,
CD120a, 50-60 kDa) and TNFR2 (p75, CD120b, 70-80 kDa)
(21). TNFR1 is constitutively expressed by most cell types,
while constitutive expression of TNFR2 is mostly limited to
cells of the immune system (22, 23). TNFR1 signaling can
result in the activation of several pathways, including
mitogen-activated protein kinases and NF-κB, leading to
proliferation and survival, and can result in the activation of
caspases, leading to apoptosis (24). TNFR2 does not activate
the apoptotic pathways but otherwise may enhance TNFR1-
induced cell death or promote cell activation, migration, or
proliferation through the mitogen-activated protein kinases
and NFκB (10, 11, 22, 23). It has been shown that the
production of TNF-α by EOC cells stimulates a constitutive
network of other cytokines, angiogenic factors, and
chemokines that may act in an autocrine/paracrine manner to
promote tumorigenesis (13, 25).

The aim of our study was to evaluate the expression levels
and cellular origin of TNF-α, TNFR1 and TNFR2 in normal
and cancerous ovarian tissues, and to assess the possible
involvement of TNF-α in ovarian carcinoma cell-cell
interaction, such as cell morphology.

Materials and Methods

Origin and handling of ovarian tissues. Fresh normal and cancerous
ovarian tissues were collected under sterile conditions from the
operating room of the Department of Obstetrics and Gynecology,
Soroka University Medical Center, Beer-Sheva, Israel. The
Institutional Review Board (IRB) approved the study (No. 1492) and
informed consent to participate in the study was obtained from all
women. Normal ovarian tissues were obtained from 22 women who
underwent surgery for benign gynecological conditions and cancerous
ovarian tissue was obtained from 15 women who had surgery for

EOC. The histopathological diagnosis was confirmed by examining
the formalin-fixed, paraffin-embedded tissues. Fresh tissue samples
were immediately washed with cold phosphate-buffered saline (PBS)
to eliminate residual blood cells. Approximately 1-2 g of each fresh
ovarian tissue was used for the establishment of primary cell culture.
The remaining tissue was stored at –70˚C and was later used for the
evaluation of protein and mRNA levels.

Preparation of homogenates from ovarian tissues. Normal and
cancerous ovarian tissues were separately homogenized (100 mg
wet weight/ml) in PBS (10 mM sodium phosphate and 150 mM
sodium chloride, pH=7.8) containing 0.2% Triton X-100 with a
Teflon glass tissue grinder on ice (15 strokes). Homogenates were
centrifuged (3,000 ×g at 4˚C for 15 min), and the supernatant
fractions were collected, stored at –70˚C, and later used for enzyme-
linked immunosorbent assay (ELISA).

Extraction of total RNA and semi-quantitative reverse transcriptase –
polymerase chain reaction (RT-PCR) analysis for mRNA. Total RNA
was extracted from normal and cancerous ovarian tissues using the EZ-
RNA Reagent protocol (Biological Industries, Beit HaE’mek, Israel).
First-strand complementary DNAs (cDNAs) were synthesized from
2.5 μg total RNA with 5× RT buffer, 2 μM oligo (dT) primers (Sigma
St. Louis, MO, USA), 0.5 mM dNTP mix (ORNAT, Rehovot, Israel),
10 U Rnase Out (Invitrogen, Carlsbad, CA, USA) and 200 U M-MLV
(Invitrogen) in a final volume of 20 μl. The reverse transcription (RT)
reaction was performed for 1 h at 37˚C and stopped for 10 min at
65˚C. The volume of 20 μl was subsequently made up to 60 μl with
diethyl pyocarbonate (DEPC) (Sigma)-treated water. Negative controls
for the RT reaction contained DEPC-treated water instead of RNA.
The semi-quantitative RT-PCR was performed by calculating the ratio
between the intensity of each band (obtained by densitometry, using
TINA 2.0 software) and the intensity of the β-actin band of the same
cDNA sample. In brief, 2.5 μl of cDNA were amplified by PCR in a
final volume of 25 μl containing 10× PCR buffer, 0.2 mM dNTP mix,
2 mM Mg++, 0.25 U DNA polymerase (BIOLINE, London, UK) and
0.5 μM of the following primers: forward: 5’-gacgaggcccagagcaagag-
3’, reverse: 5’-gggccggactcgtcatactc-3’ for human β-actin (935 bp);
forward: 5’-tctgggcaggtctactttgg-3’, reverse: 5’-gaggaaggcctaaggtccac-
3’ for TNF-α (411 bp); forward: 5’-ccccatccttgcgacagc-3’, reverse: 5’-
aagcgcctcctcgatgtcct-3’ for TNFR1 (358 bp); forward: 5’-
aaaagcaccgcctccaaatg-3’, reverse: 5’-tgtaccaaagtggcagggca-3’ for
TNFR2 (468 bp). Negative controls for the PCR contained DEPC-
treated water instead of cDNA (cDNA-). The PCR reactions were
carried out on a T personal Thermal Cycler (Biometra, Goettingen,
Germany). All of the tested factors (cytokines and β-actin) were
calibrated using several cDNA concentrations to determine the number
of cycles needed for an appropriate amplification. The β-actin cDNA
was amplified at 63˚C for 30 cycles, the TNF-α was amplified at 59˚C
for 35 cycles, the TNFR1 was amplified at 64˚C for 30 cycles and the
TNFR2 was amplified at 64˚C for 35 cycles. Twenty microliters of
each PCR product were run on 2% agarose gel, containing ethidium
bromide, and photographed under UV light. The ratio between the
intensity of the transcription band of TNF-α, TNFR1 and TNFR2,
respectively, and the intensity of β-actin band of the same cDNA
sample was calculated and presented as percentage of β-actin.

Immunohistochemical staining. Immunohistochemical staining of
the ovarian tissues was performed as previously described by
Rabinovich et al. (5). In brief, immunoperoxidase assay was carried
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out on paraffin-embedded normal or cancerous ovarian sections
from archival material of the Department of Pathology, Soroka
University Medical Center, using the Vectastain Elite ABC kit
(Vector Laboratories, Burlingame, CA, USA). Four micron-thick
sections from formalin-fixed, paraffin-embedded tissue blocks were
mounted on Super Frost Plus slides, dried at 37˚C for 48 h and
stored at room temperature. Before the primary antibodies were
applied, the slides were deparaffinized in xylene, rehydrated in
graded alcohol and warmed twice in 6 M urea for 5 min. Blocking
of the non-specific background staining was achieved with PBS
containing 2.5% of either goat or rabbit serum. This solution was
also used to dilute the primary antibodies. Blocking of the
endogenous peroxidase was done with 0.01% H2O2 in 80%
methanol for 25 min before applying biotinylated antibody and the
streptavidin-peroxidase conjugate (Avidin-Biotin Complex)
according to the supplier’s instructions (Vector Laboratories).
Development was carried out with 3,3’ diamino benzidine (DAB)
and Mayer’s hematoxylin was used for counter-staining. For
negative control, we used the blocking solution instead of primary
antibodies.

SKOV-3 cell culture. Ovarian carcinoma SKOV-3 cells (ATCC®

HTB77™) were cultured in minimum essential medium-α (MEM-
α) containing 5% fetal calf serum (FCS), L-glutamine (2 mM) and
an antibiotic combination of streptomycin 0.1 mg/ml and penicillin
G 100 U/ml (Biological Industries, Beit-Haemek, Israel). The cells
were incubated at 37˚C in a humidified air atmosphere containing
5% CO2. The number of cells used in the experiments was
optimized to achieve confluent growth at the end of the
experimental system.

Primary normal and cancerous ovarian cell culture. All procedures
and cell manipulations were carried out under sterile conditions.
Primary normal and cancerous ovarian cell lines (cultures) were
established as described by Huleihel et al. (6). Briefly, ovarian tissue
was minced with a scalpel into small pieces and dissociated by stirring
with collagenase (0.05% w/v) and hyaluronidase (0.01% w/v) for 2-3
h at 37˚C with stirring until complete dissociation. The cell suspension
was filtered through sterile gauze and centrifuged at 300 ×g for 10
min. The cells were suspended in growth medium Dulbecco’s
modified Eagle’s medium (DMEM) containing 10% FCS, L-glutamine
(2 mM) and antibiotic combination of streptomycin (0.1 mg/ml) and
penicillin G (100 U/ml) (Biological Industries) and cultured in 25 cm2

flasks at 37˚C in a humidified air atmosphere containing 5% CO2.
After 7-10 days, monolayers were formed and the cultures were
trypsinized and passed to fresh flasks (first passage). At each passage,
cells were cultured in fresh bottles to remove contaminated
macrophages. Assays were performed after up to six passages. 

Examination of the effect of antibodies αhTNF-α on cell morphology.
SKOV-3 cells (105 cells/100 μl/well) were cultured in MEM-α and
primary ovarian carcinoma cells (104 cells/100 μl/well) were cultured
in DMEM in the absence or presence of 5 μg/ml rabbit ahTNF-α for
24 h of incubation. Morphology of the cells in the microwells was
examined by light microscopy at magnification ×100.

Statistical analysis. Samples were examined in triplicate for each
experiment. Each experiment was repeated at least three times
unless otherwise stated. Results are expressed as the mean±SEM.
Student’s t-test was performed to evaluate the statistical significance
of the results. A p-value <0.05 was considered significant.
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Table I. Expression of tumor necrosis alpha (TNF-α) and its receptors in normal and cancerous ovarian cells and tissues. TNF-α protein levels
(pg/ml) were examined in supernatants of cell cultures by ELISA; the range from minimum (mean±SD) to maximum (mean±SD) is shown. mRNA of
TNF-α, TNFR1 and TNFR2, respectively, were examined by semi-quantitative RT-PCR and presented as percentage of β-actin mRNA expression.
Immunohistochemical staining for TNFR1 and TNFR2 was performed in normal and cancerous ovarian tissues and localization of the staining is
indicated. 

Cell cultures Homogenates Tissues 

Protein mRNA IHC

Levels from minimum Ratio between number of mRNA expression as Cell origin
(mean±SD) to maximum positive samples and total percentage of β-actin mRNA

(mean±SD) (pg/mI) number of samples (%) expression (mean±SD)

TNF-α
Normal 6.16±3.2 – 9.95±5.3 21/22 (95.5) 39.3±33.1% ND
Carcinoma 9±6.6 – 15.9±4.8 13/15 (86.7) 106.9±66% ND

(p=0.003)
TNFRl

Normal ND 18/22 (81.8) 81.6±51.6% EP
Carcinoma ND 9/15 (60) 85.4±55.3% EP

(p>0.05)
TNFR2

Normal ND 21/22 (95.5) 60±30.8% EP+S
Carcinoma ND 15/15 (100) 103.8±46.4% EP

(p=0.004)

ELISA, Enzyme-linked immunosorbent assay; EP, epithelium; IHC, immunohistochemistry; ND, not done; RT-PCR, reverse transcription polymerase
chain reaction; S, stroma; SD, standard deviation.



Results

TNF-α mRNA, TNFR1 mRNA and TNFR2 mRNA
expression in homogenates of normal and cancerous
ovarian tissues. Expression of TNF-α mRNA, TNFR1
mRNA and TNFR2 mRNA was found in 86.7%, 60% and
100%, respectively, of cancerous ovarian tissues and in
95.5%, 81.8% and 95.5%, respectively, of normal ovarian
tissues (Table I).

The ratio between TNF-α mRNA expression and β-actin
mRNA expression was significantly higher in cancerous
ovarian tissues (mean=92.6%±71.7%; range=0%-225.3%)
compared to normal ovarian tissues (mean=37.5%±33.6%;
range=0%-116.3%) (p=0.012). When only samples positive

for TNF-α mRNA expression were examined, the ratio
between TNF-α mRNA expression and β-actin mRNA
expression was similarly significantly higher in cancerous
ovarian tissues (mean=106.9%±65.9%) compared to normal
ovarian tissues (mean=39.3%±33.4%) (p=0.003) (Table I and
Figure 1A).

The ratio between TNFR1 mRNA expression and β-actin
mRNA expression in cancerous ovarian tissues was similar
to that in normal ovarian tissues. When only samples positive
for TNFR1 mRNA were examined, the ratio between TNFR1
mRNA expression and β-actin mRNA expression in
cancerous ovarian tissues (mean=85.4%±55.3%) was still
similar to that found in normal ovarian tissues
(mean=81.6%±51.6%) (Table I and Figure 1B).

ANTICANCER RESEARCH 34: 745-752 (2014)

748

Figure 1. Expression of tumor necrosis factor alpha (TNF-α) mRNA,
TNF-a receptor-1 (TNFR1) mRNA and TNFR2 mRNA in homogenates of
normal and cancerous ovarian tissues. Expression of TNF-α mRNA (A),
TNFR1 mRNA (B) and TNFR2 mRNA (C) was examined with use of
semi-quantitative reverse transcriptase –polymerase chain reaction and
presented as the ratio between transcription factor mRNA band intensity
and β-actin mRNA band intensity of the same cDNA sample (measured
by densitometry, using TINA 2.0 software). Each column represents
mean transcription factor mRNA expression±SD in samples positive for
transcription factor expression. **p<0.01.



The ratio between TNFR2 mRNA expression and β-actin
mRNA expression was significantly higher in cancerous
ovarian tissues (mean=103.8%±46.4%) compared to normal
ovarian tissues (mean=57.1%±32.7%) (p=0.003). When only
samples positive for TNFR2 mRNA expression were
examined, the ratio between TNFR2 mRNA expression and
β-actin mRNA expression was significantly higher in
cancerous ovarian tissues (mean=103.8%±46.4%) compared
to normal ovarian tissues (mean=59.9%±30.8%) (p=0.004)
(Table I and Figure 1C).

Immunohistochemical localization of TNFR1 and TNFR2 in
normal and cancerous ovarian tissues. Immunohistochemical
staining with use of goat anti-human TNFR1 antibody
demonstrated that TNFR1 was strongly expressed in the
epithelial cell component, and weakly in the stroma, of both
normal and cancerous ovarian tissues (Figure 2).
Immunohistochemical staining with use of goat anti-human
TNFR2 demonstrated that TNFR2 was expressed strongly
and equally in the epithelial cell component and in the
stroma of normal ovarian tissue, expressed strongly in the
epithelial cell component and weakly in the stroma of
papillary serous and mucinous carcinomas, and expressed
sporadically in the epithelial cell component and weakly in
the stroma of edometrioid carcinoma (Figure 2).

Effect of ahTNF-α on SKOV-3 and primary ovarian carcinoma
cell morphology. The addition of rabbit ahTNF-α to SKOV-3
and primary ovarian carcinoma cell cultures for 24-96 h of
incubation affected cell morphology. The greatest effect of
ahTNF-α on ovarian carcinoma cell morphology was achieved,
however, after 24 h of incubation (Figure 3). The cancerous
cells that were round and arranged in aggregates in cultures
without ahTNF-α, became flat, elongated and adherent to the
microwell wall in cultures with ahTNF-α (Figure 3). On the
other hand, addition of rabbit ahIL-1β or ahIL-6 to SKOV-3
and primary ovarian carcinoma cell cultures for 24-96 h of
incubation did not affect cell morphology (data not presented).

Discussion

In contrast to the vasculotoxic tumor-regressing effect of TNF-
α administered therapeutically at extremely high doses, the
endogenous chronic autocrine/paracrine secretion of TNF-α
acts to promote angiogenesis, tumorigenesis and growth (19,
26, 27). We have shown that normal ovarian cells, EOC cells
and SKOV-3 cells secrete basal amounts (pg) of TNF-α protein
into culture supernatants. This finding corroborates other
studies that demonstrated that many cancer cell lines secrete
basal amounts of TNF-α in vitro, along with other cytokines
and chemokines such as IL-1, IL-6, IL-8, macrophage-colony
stimulating factor, monocyte Chemoattractant Protein-1 and the
chemokine (C-X-C motif) ligand 12 (10, 25).

In colorectal and breast carcinoma, tumor-infiltrating
immune cells were found to be the main source of secreted
TNF-α and no TNF-α expression was observed in neoplastic
epithelial cells (28-30). In contrast, in a previous study we
demonstrated that the neoplastic epithelial cells of EOC, not
the tumor-infiltrating immune cells, are the main source of
TNF-α and IL-6 (7). In the current study, we observed that
TNF-α mRNA expression was significantly higher in ovarian
carcinoma tissues compared to normal ovarian tissues
(p=0.003), there was no difference in TNFR1 mRNA
expression between ovarian carcinoma tissues and normal
ovarian tissues, and TNFR2 mRNA expression was
significantly higher in cancerous ovarian tissues compared to
normal ovarian tissues (p=0.004). By immunohistochemical
staining, we demonstrated that TNFR1 was mainly localized
in the epithelial cells of both normal and cancerous ovarian
tissues, whereas TNFR2 was localized in both epithelial cells
and stroma of normal ovarian tissues, and confined mainly to
the epithelial cells in cancerous ovarian tissues. These results
are in agreement with other studies that demonstrated that
TNF-α mRNA is expressed by EOC cells (15, 31, 32).
Szlosarek et al. showed that cultured EOC cells expressed up
to 1,000 times more TNF-α mRNA than cultured normal
ovarian surface epithelial cells (15). It has been assumed that
TNF-α activity is mainly mediated through TNFR1, while
TNFR2 is expressed in the infiltrating immune cells and
endothelial cells, and its functions are still unclear, but most
probably TNFR2 is involved in promotion of cell proliferation
(16, 20, 22). Our failure to demonstrate increased TNFR1
mRNA expression in cancerous ovarian tissues compared to
normal ovarian tissues is in disagreement with Szlosarek et al.,
who demonstrated TNFR1 expression, but not TNFR2
expression, in EOC cell lines and normal ovarian surface
epithelial cells, indicating that TNF-α signals through TNFR1
(15). Our observation that TNFR2 mRNA expression was
significantly higher in ovarian carcinoma tissues compared to
normal ovarian tissues and that TNFR2 was localized in the
epithelial neoplastic cells rather than in stroma may suggest
that autocrineTNF-α regulates ovarian carcinoma
tumorigenesis through TNFR2.

Naylor et al. found TNF-α mRNA expression in the
epithelial component of 8 out of 14 (57%) ovarian
carcinomas studied (33). Immunohistochemical studies led
the authors to the conclusion that the neoplastic epithelial
cells of ovarian carcinoma transcribe the TNF-α gene (31).
In a subsequent study, Nalor et al. reported that TNF-α gene
expression was found in 45 out of 63 (71.4%) ovarian
carcinomas studied (34). TNF-α mRNA was found in the
neoplastic epithelial cells of the tumor and infiltrating
macrophages, whereas TNF-α protein localized primarily to
a sub-population of macrophages within and in close vicinity
to tumor areas. mRNA and TNFR1 protein (p55) were
localized to the tumor epithelium, but not to stromal
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Figure 3. Effect of ahTNF-α on SKOV-3 and primary ovarian carcinoma cell morphology. SKOV-3 cells (105 cells/100 μl/well) were cultured in
minimum essential medium-alpha and primary ovarian carcinoma cells (104 cells/100 μl/well) were cultured in Dulbecco's modified Eagle’s medium
in the absence (control) (A) or presence (B) of rabbit ahTNF-α (5 μg/ml) for 24 h of incubation. In the control cultures (absence of ahTNF-α), the
cells were round and arranged in aggregates (A). In cultures with ahTNF-α, the cells became flat, elongated and adherent to the microwell wall (B).
Light microscope; magnification ×100.

Figure 2. Immunohistochemical staining of normal and cancerous ovarian tissues for tumor necrosis factor alpha receptor-1 (TNFR1) and TNFR2.
Formalin-fixed paraffin-embedded normal (A, F) and cancerous (B, C, D, G, H, I) ovarian tissues were immunohistochmically-stained for TNFR1
and TNFR2 with use of goat anti-human TNFR1 and TNFR2 antibody, respectively. A formalin-fixed paraffin-embedded normal ovarian tissue that
was not immunohistochemically stained served as control (E, J). TNFR1 was strongly expressed in the epithelial cell component (EP), and weakly
in the stroma (S), of both normal (A) and cancerous (B, C, D) ovarian tissues. TNFR2 was strongly expressed in the epithelial cell component (EP)
and in the stroma (S) of normal ovarian tissue (F), expressed strongly in the epithelial cell component (EP) and weakly in the stroma (S) of papillary
serous (G) and mucinous (I) carcinoma, and expressed sporadically in the epithelial cell component (EP) and weakly in the stroma (S) of edometrioid
carcinoma (H). Magnification ×400. 



macrophages. TNFR2 protein (p75) was confined to
infiltrating cells. Cells expressing mRNA were also found in
ovarian carcinoma ascites and TNF-α protein was detected
in some ascitic fluids. It has been concluded that the co-
expression of TNF-α and its receptors in ovarian carcinoma
suggests the capacity for autocrine/paracrine action and that
TNF-α antagonists may have therapeutic potential in ovarian
carcinoma (34).

We observed that neutralization of TNF-α by either
thalidomide or ahTNF-α did not affect cell proliferation rate
in SKOV-3 cell and primary ovarian carcinoma cell cultures
(35). It is suggested that the proliferation rate of ovarian
carcinoma cells is influenced by various factors (e.g.
cytokines TNF-α, IL-6, IL-1, and other growth factors) and
neutralization of one of these cytokines is compensated by
the action of other cytokines and growth factors present. In
the present study, we have demonstrated that knocking down
TNF-α with ahTNF-α in SKOV-3 cell and primary ovarian
carcinoma cell cultures caused considerable changes in cell
morphology. The neoplastic epithelial cells that originally
were round and arranged in aggregates became flat,
elongated and adherent to the microwell wall. This effect was
specific for TNF-α but not to other cytokines (IL-1β and IL-
6) (data not presented). It is thus suggested that TNF-α has a
decisive role in developing and maintaining cancer cell
morphology that enables the cells to disengage, mobilize,
spread and form metastatic implants. This effect shuld not be
related to apoptosis since we did not find any effect of
ahTNF-α on ovarian carcinoma cell proliferation rate.

We also observed that thalidomide selectively inhibits
TNF-α and MMP secretion, but not IL-6 secretion, in SKOV-
3 and primary ovarian carcinoma cells and that neutralization
of TNF-α by ahTNF-α reduces the capacity of the cells to
secrete MMPs and tends to increase the capacity of the cells
to secrete IL-6 (35). It is suggested that the
autocrine/paracrine secretion of TNF-α by ovarian carcinoma
cells stimulates a constitutive network of other cytokines
(mainly IL-6), angiogenic factors, MMPs, and chemokines
that may act in an autocrine/paracrine manner to promote
ovarian carcinoma tumorigenesis. The production of IL-6
and MMPs does not depend solely on TNF-α, and other
cytokines may compensate for the decrease in TNF-α level.

In conclusion, we have demonstrated that TNF-α mRNA
and TNFR2 mRNA levels were significantly higher in ovarian
carcinoma tissues than in normal ovarian tissues, whereas
TNFR1 mRNA levels did not differ between these tissues.
TNFR1 and TNFR2 were localized mainly in the epithelial
neoplastic cells of the tumor. Knocking down TNF-α activity
with ahTNF-α altered ovarian carcinoma cell morphology.
Based on our previous studies (4-7) and on this study, we
suggest that TNF-α and its receptors (mainly TNFR2) may
be implicated in ovarian carcinoma tumorigenesis through
three main mechanisms of action by: i) Affecting the

activity/behavior of ovarian carcinoma cells mainly through
TNFR2; ii) Affecting cell morphology. This may enable the
neoplastic cells to disengage, mobilize and spread; iii)
Regulation of a constitutive network of other cytokines (IL-
6), angiogenic factors and MMPs that may act in an
autocrine/paracrine manner to promote ovarian carcinoma
tumorigenesis. Our results indicate that TNFR2 may have a
major role in the pathogenesis of ovarian carcinoma. This
study, which suggests a different mechanism for the possible
involvement of TNF-α in the regulation of ovarian carcinoma
pathogenesis, may have important implications for the design
and use of new therapeutic strategies.
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