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ABSTRACT

Tumor necrosis factor (TNF) is a cytokine produced by monocytes and
other cells with selective cytolytic activity against some but not all tumor
cells. Cellular resistance to the cytolytic effects of TNF has been reported
to be associated with autocrine production of TNF by the target cells.

The purpose of this study was to determine whether or not human tumors
produce tumor necrosis factor in vivo. Ovarian carcinoma tissue from 25
patients with ovarian carcinoma was examined for the presence of TNF.

Four of 5 ascites fluid specimens and tissue sections of 16 of 20 patients
were positive for TNF by immunoperoxidase staining. The source of the
immunoreactive protein was further examined by in situ hybridization
studies. TNF mRNA was detectable in each of the ascites specimens and
7 of 16 tissue sections that were positive by immunoperoxidase staining.

These findings suggest that TNF is produced by some human tumors in
vivo and that the association between TNF production and resistance to
TNF antitumor action may be clinically relevant.

INTRODUCTION

TNF3/cachectin is a protein first isolated from monocytes (1,

2). This cytokine has been shown to have significant preclinical
antitumor activity in vitro and in vivo (3). It also appears to be
produced by many cell types and plays an important role in the
pathophysiology of such diverse conditions as cachexia, endo-

toxemia, malaria, arthritis, alcoholic hepatitis, and the acute
respiratory distress syndrome (4-8). Human carcinoma cell
lines have also been reported to express TNF mRNA and
protein in vitro (9). This expression of TNF protein is associated
with resistance to the cytolytic effects of TNF (10, 11). TNF
mRNA has been identified from tumor tissue of cancer patients
and circulating TNF is present in the plasma of some cancer
patients (12). Animals bearing TNF transfected tumors dem
onstrate cachexia similar to the cachexia of advanced malig
nancy (13). TNF has also been implicated as a mediator of
other tumor related actions including osteolysis, collagenase
secretion, and angiogenesis (14-16). Thus, several lines of

evidence suggest that TNF may be elaborated in solid tumors,
either by tumor infiltrating monocytes or by the tumor tissue
itself. However, the secretion of TNF by carcinoma cells has
not been established in vivo. In studies of colon cancer tissue,
only infiltrating monocytes have been shown to produce TNF
(17). In this study, we have examined tissue specimens from 25
women with carcinoma of the ovary for TNF production.

Received 3/18/91; accepted 5/31/91.
The costs of publication of this article were defrayed in part by the payment

of page charges. This article must therefore be hereby marked advertisement in
accordance with 18 U.S.C. Section 1734 solely to indicate this fact.

' This work was supported in part by Department of Health and Human
Services Grant RO-CA47722. The authors gratefully acknowledge the financial
support of Asahi Chemical Industry for the cost of color reproductions.

2To whom requests for reprints should be addressed, at Department of Human
Oncology, K4/414, University of Wisconsin, 600 Highland Avenue, Madison,
WI 53792.

3The abbreviations used are: TNF, tumor necrosis factor; cDNA, complemen

tary DNA.

MATERIALS AND METHODS
Cell Culture. Human ovarian carcinoma cell lines (Ov-D and Ov-S)

were grown in Dulbecco's modified Eagle's medium supplemented with

10% fetal bovine serum and maintained in logarithmic growth phase
(9). Human HL-60 promyelocytic leukemia cells were maintained in
RPMI 1640 with 15% fetal calf serum and treated with 3.3 nM 12-0-
tetradecanoylphorbol-13-acetate for 4 h at 37Â°C.After incubation, the

cells were fixed by 4% paraformaldehyde/phosphate buffered saline for
30 min and smeared on glass slides. 12-0-Tetradecanoylphorbol-13-
acetate treated HL-60 cells were used as the positive control for TNF
mRNA expression.

Ascites. Ascites fluid was obtained from 5 patients with ovarian
carcinoma. The cells were pelleted by centrifugation, resuspended in
Hanks' buffered salt solution, and separated by Ficoll-Hypaque density

centrifugation. The fractions were then collected, smeared, fixed with
ice cold acetone for 10 min, and Wright stained to identify the fraction
containing the carcinoma cells. The fixed cells were then incubated
with F(ab)2 fragment of a monoclonal antibody to TNF (117C; Asahi
Chemical Industry America) tagged with fluorescein isothiocyanate or
monoclonal antibody to the panepithelial antigen B72.3 (generously
provided by Dr. Jeffrey Schlom, National Cancer Institute, Bethesda,
MD) followed by an goat anti-mouse monoclonal antibody tagged with
erythrophytin (Vector Laboratories, Burlington, CA). Fluorescence
photomicrographs were taken at x400 (18, 19).

Tissue Staining. All ovarian carcinoma tissue sections were obtained
from Department of Pathology, New England Deaconess Hospital. The
tissues were fixed with 0.15% zinc acetate-1% glacial acetic acid-45%
ethanol, embedded in paraffin, and cut into sections 3 Mmthick. Tissue
sections were immunostained by the avidin-biotin-peroxidase method
(Vector Laboratories), according to the manufacturer's instructions as
described (20). A neutralizing anti-TNF monoclonal antibody (Asahi
Chemical Industry; II7C) was used as the first antibody at the concen
tration of 1 Mg/ml in phosphate buffered saline. Diaminobenzidine
hydrogen peroxidase was used as the chromagen and the sections were
counterstained with hematoxylin and mounted with Entellan neu
(Merck, Darmstadt, West Germany).

For in situ hybridization, the human TNF cDNA (generously pro
vided by Dr. P. Ralph, Cetus Corp., Emeryville, CA) and pBR322
cDNA were nick translated using biotinylated dUTP (Bio-11-UTP;
Bethesda Research Laboratories, Gaithersburg,, MD) (21). The smear
and tissue sections were prepared for hybridization according to the
methods described previously (22). When indicated, sections were first
treated with RNase as a negative control. The hybridizations were
performed in 45% formamide, 2 x standard saline-citrate (0.1 M NaCl,
0.01 M sodium citrate), 1 x Denhardt's solution, 0.25 mg/ml single

stranded DNA, 20 mM vanadyl ribonucleoside complexes, and 1 Me/ml
biotinylated cDNA probe for 7-8 h at 42Â°C.After hybridization, the

sections were washed and incubated with 0.1% streptavidin-alkaline
phosphatase conjugate (Bethesda Research Laboratories)-5 miviMgCl2-
0.1% Tween 20 in phosphate buffered saline for l h at 37Â°C.The

sections were then washed, incubated in 330 M8/m' nitroblue tetrazo-
lium and 167 Mg/ml bromochloroindolyl phosphate in 0.1 M Tris-HCl
(pH 9.5), 0.1 M NaCI, and 50 mM MgCl2 for 5 h and mounted with
Entellan neu.

RESULTS

We have shown previously that TNF is expressed in some
human ovarian carcinoma cell lines and that TNF expression
is associated with resistance to TNF cytolysis (9, 11). It is not
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clear whether or not human tumors express TNF in vivo. In
order to further examine this question, we studied two estab
lished ovarian carcinoma cell lines for the presence of TNF
transcripts and protein. In previous studies, we have shown that
the human ovarian carcinoma cell line Ov-D has detectable
levels of TNF mRNA and protein by Northern blotting and
immunoprecipitation (9). In contrast, a second ovarian carci
noma cell line, Ov-S, has undetectable expression of the TNF
gene. As shown in Fig. 1, A and B, immunoperoxidase staining
of Ov-D cells was detectable with the II7C monoclonal antibody
against TNF protein while the Ov-S ovarian carcinoma had no
detectable staining. Neither cell line was immunoperoxidase
positive when nonspecific mouse IgG was substituted for the
anti-TNF antibody (data not shown). Furthermore, the Ov-D
cell line had detectable levels of TNF mRNA when examined
by in situ hybridization (Fig. 1C). In contrast, there was no
detectable expression of TNF mRNA in the Ov-S ovarian

carcinoma cells (Fig. ID).
Advanced ovarian carcinoma is frequently associated with

malignant ascites formation. Ascites from five patients with
advanced ovarian carcinoma was collected following therapeu
tic paracentesis or at the time of surgery. Cells from the malig
nant ascites fluid were also examined for TNF production. As
shown in Fig. 2A, large clumps of tumor cells were readily
identified following Ficoll-Hypaque centrifugation. These tu
mor cells were then examined for TNF expression by a dual
immunofluorescence technique. With immunofluorescence,
clumps of epithelial tumor cells were identified by expression
of the panepithelial cell antigen recognized by the monoclonal
antibody B72.3 (Fig. 2B). This antibody does not bind to
hematopoietic cells or mesothelial cells (19). The epithelial
tumor cells identified by the B72.3 antibody were also positive

for TNF expression (Fig. 2C). In order to identify the source
of the tumor cell associated TNF, it was necessary to evaluate
the tumor cells for TNF production. TNF mRNA was also
present when ascites tumor cells from the same centrifugation
fraction were examined by in situ hybridization (Fig. 2D). Slides
pretreated with RNase A for 30 min had no detectable TNF
mRNA (data not shown).

Because isolated tumor cells from ascites may be pathologi
cally different than invasive tumor tissue, it was also important
to examine tissue sections from metastatic ovarian carcinoma.
In order to ascertain the frequency of TNF expression in human
tumors, 0.15% zinc acetate-1% glacial acetic acid-45% ethanol
fixed tissues from 20 patients with ovarian carcinoma were
examined for TNF expression. Using immunoperoxidase meth
ods, paraffin sections from each patient were examined for
TNF protein. In 16 of 20 patients examined, a neutralizing
monoclonal antibody to TNF reacted with the cell surface and
cytoplasm. The monoclonal antibody to TNF resulted in local
ization of immunoperoxidase staining to the epithelial compo
nent of the tumor (Fig. 3/Ã•).Histologically, TNF protein was
observed in both mucinous and serous carcinomas. In contrast,
when a nonspecific mouse IgG was used in control immuno
peroxidase studies, no specific staining was observed (Fig. 3B).
Not all ovarian carcinoma tissue examined was positive for
TNF protein by immunoperoxidase staining. As listed in Table
1, 80% of the ovarian carcinoma tissues examined exhibited
reactivity with the anti-TNF antibody. There was no correlation
between reactivity with this antibody and tumor histology.

The presence of anti-TNF antibody binding in human ovarian
carcinoma cells does not establish that ovarian tumors produce
TNF in vivo. TNF produced by monocytes or other normal
cells might be present on the cell surface of the carcinoma cells.

Fig. I. A, immunoperoxidase stain of Ov-D ovarian carcinoma cells. Areas of brown pigmentation represent anti-TNF reactive protein. B, immunoperoxidase stain
of Ov-S ovarian carcinoma cells. C, in situ hybridization of Ov-D ovarian carcinoma cells with biotinylated TNF cDNA probe. D, in situ hybridization of Ov-S ovarian
carcinoma cells with biotinylated TNF cDNA probe.
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Fig. 2. .4, Wright stain of tumor cell fraction from Ficoll-Hypaque centrifugation of ascites from patient with ovarian carcinoma. B, smear of tumor cells from
patient with ovarian carcinoma examined by direct immunofluorescence. B72.3 antibody was used as the primary antibody and detected by goat anti-mouse IgG
conjugated with erythrophytin. C, smear of tumor cells from patient with ovarian carcinoma examined by direct immunofluorescence (same field as B). Anti-TNF
r (ahi., conjugated with fluorescein isothiocyanate was used as the primary antibody. D, in situ hybridization of ascites derived ovarian carcinoma cells with biotinylated
TNF cDNA probe.

Fig. 3. A, immunoperoxidase of ovarian carcinoma tissue, utilizing anti-TNF antibody as the first antibody. The sections were then developed with an avidin biotin
amplification system as described. //. immunoperoxidase of ovarian carcinoma tissue, utilizing nonspecific mouse antibody as the first antibody. C, in situ hybridization
of histolÃ³gica! section of ovarian carcinoma with biotinylated TNF cDNA probe. D, in situ hybridization of histologie section of ovarian carcinoma with biotinylated
pBR322 cDNA probe.
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Table 1 Expression of TNF protein and mRNA by ovarian carcinoma cells as
detected by immunoperoxidase staining, immunofluorescence, and in situ

hybridization
The Ov-D and Ov-S cells were cultured cell lines maintained as described in

"Materials and Methods." The Ov-D line was positive for TNF protein by

immunoperoxidase staining and for TNF mRNA by in situ hybridization while
the Ov-S line had neither TNF mRNA nor TNF protein. The ascites cells were
collected from 5 patients with widespread ovarian carcinoma. Four of 5 were
positive for both TNF protein (by immunofluorescence) and TNF mRNA (by in
situ hybridization). Ovarian carcinoma tissue sections from 16 of 20 patients were
positive for TNF protein and 7 of the positive tumor tissues were also positive
for TNF mRNA. The histolÃ³gica! subtypes of those tumors is indicated.

TNF protein TNF mRNA

In situ
Immunoperoxidase Immunofluorescence hybridization

Ov-DOv-SAscites

cellsTissue
sectionsSerous
carcinomaMucinous
carcinomaEndometrioid+â€”ND16/208/106/72/3ND"ND4/5NDNDNDND+â€”4/57/204/102/71/3

" Not determined.

Other cellular proteins produced by ovarian carcinoma cells
might also cross-react with anti-TNF antibodies. In order to
address these concerns, the paraffin fixed tissue from the same
20 patients with ovarian carcinoma was further examined for
the presence of TNF mRNA by in situ hybridization. A tissue
section from a patient with ovarian carcinoma studied by in
situ hybridization with TNF cDNA is shown in Fig. 3C. There
is clear presence of TNF mRNA as indicated by the small black
staining present in the epithelial cell portion of the tissue
section. In contrast, there is no staining of another section from
the same tissue block when using the plasmid pBR322 DNA
(Fig. 30). When the tissue section was pretreated with RNAse
A (10 mg/ml, 30 min), there was no detectable histochemical
staining. As in the immunoperoxidase studies, the carcinoma
cells were positive for TNF transcripts while the underlying
stromal tissue had no detectable TNF mRNA. As listed in
Table 1, the sensitivity of detecting TNF mRNA was somewhat
lower than that for TNF protein and was independent of
histology.

DISCUSSION

TNF has been reported to be elevated in the plasma of certain
patients with advanced malignancies (12). The source of circu
lating TNF is not known. The production of TNF by monocytes
and macrophages during the immune response is one potential
source of TNF protein. Human colon tumors were examined
for TNF mRNA by Northern blot analysis and demonstrated
the presence of TNF. However, in situ hybridization for TNF
transcripts demonstrated that the TNF was apparently pro
duced by activated macrophages infiltrating the tumor and not
by the tumor cells (17). However, TNF or TNF-like molecules
are produced by some tumor cell lines (10, 11). This finding
may be particularly important since TNF expression has been
reported to be associated with resistance to TNF cytolysis.
Tumor types with frequent expression of TNF may be particu
larly resistant to the antitumor properties of TNF in clinical
investigations.

In these studies, we demonstrate that TNF mRNA and
protein are expressed by some ovarian carcinoma cells in vivo,
The majority of tumors examined were positive for TNF protein
by immunoperoxidase or immunofluorescence staining. A cell
ular protein which is cross-reactive with the anti-TNF antibody

could not be excluded by immunohistochemistry methods
alone. For this reason, it was essential to confirm the presence
of TNF mRNA in the tumor cells. Only tissue sections positive
for TNF protein had TNF mRNA as detected by in situ hybrid
ization. This is of note since TNF production is regulated at
both the transcriptional and posttranscriptional levels and TNF
mRNA might be present without TNF protein under some
conditions (23, 24). Because the tissue sections used in this
study were not specifically prepared for in situ hybridization
studies, the true positive rate for TNF mRNA expression is
probably higher than the observed 35%. Using fixation tech
niques more suited to in situ hybridization, it is likely that all
of the tissue specimens positive for TNF protein will also
contain detectable TNF mRNA. Additional prospective studies
will be required to ascertain the actual frequency of TNF
production by specific tumor types.

Finally, these studies cannot establish that the TNF produced
by these cells is biologically active. The anti-TNF antibody used
in these studies blocks the cytotoxic effects of TNF in vitro,
suggesting that it is reactive with an epitope containing the
bioactive portion of the TNF molecule. Monocytes have been
shown to express membrane bound TNF which is biologically
active and may be secreted as the active monomer (25). How
ever, the TNF propeptide is also subject to alternative cleavage
which results in an inactive secreted protein (26). The preva
lence of these two cleavage patterns in tumor cells is unknown.
The sensitivity of these tumors to the antitumor activity of
TNF is not known. However, these findings demonstrate that
endogenous TNF production occurs in some tumors in vivo.
Additional studies of TNF production by human tumors and
clinical resistance to TNF antitumor effects are now required
to explore this relationship in patients with advanced
carcinoma.
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