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1. The effects of TNF on human tumour xenografts in nude mice
F. R. BALKWILL 1, D. B. GRIFFIN 1, B. G. WARD!, and W. FIERS 2

When recombinant human tumour necrosis factor (rHuTNF) was given intraperitoneally
(i.p.) to nude mice bearing 6 different subcutaneous (s.c.) human tumour xenografts, no
significant antitumour activity was seen. However when the same dose (5 ftg) was administered
at the site of the tumour, complete regression and eure occurred in the majority of tumours. A
peritumoural cuff of host inflammatory cells was seen around the dying tumour cells in such
regressing tumours.
Cells from untreated human ovarian cancers were grown i.p. in nude mice where they
formed solid tumours and/or ascites. Seven days after tumour cell injection, we treated mice
with i.p. rHuTNF, rHuIFN-y or a combination. In one xenograft, OS, cumulative survival at
154 days was 0 % for control mice, 5 % and 15 % for mice treated with 1 ftg/day rHuTNF or
5 X 104 U/day rHuIFN-y respectively but 85 % for mice treated with the combination. In a
second xenograft, LA, rHuTNF trebled survival of mice (60+ days compared to 23 days), and
75 % of mice treated with rHuIFN-y or a combination were all surviving at 80 days. In a third
xenograft Hu, control mice were all dead by 22 days, whereas 88 % of mice in the IFN, TNF
or combination groups were alive at 100 days. rHuTNF therapy or combination therapy
caused a dramatic influx of mature polymorphonuclear neutrophils into the peritoneum 24 h
after the first injection. This persisted for 3-4 days and then host cell populations were similar
to control (immature cells of monocytic series). However by 21 day of therapy with rHuTNF,
a prominent Iymphocytosis was seen with a percentage of these cells being Thy 1.2 positive.
Thus, therapy with rHuTNF could promote a host response to the i.p. tumour cells which
may be involved in its therapeutic benefit.
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2. Similarities and dissimilarities in the effects of TNF and IFN a/ß on
tumors and suclcling mice
1. GRESSER, F. BELARDELLI, J. TAVERNIER, W. FIERS, F. PODO, D. WOODROW, J. Moss, and
E. PROIETII

We have noted a number of similarities and dissimilarities in the effects of murine tumor
necrosis factor (TNF) and interferon (IFN) a/ß in mice, as exemplified by their anti tumor
actions and their effects in suckling mice. Mouse TNF exerted marked anti-tumor effects in
mice injected either s.c. or i.p. with FLC lines 3C18 or 3y R8 resistant in vitro to the cytotoxic
effects of TNF. Likewise, mouse interferon a/ß had anti-tumor activity in mice injected with
these FLC, resistant to the action of interferon a/ß or y in vitro. The results of histopathologic
examination and 31p nudear magnetic resonance analyses of 3C18 FLC S.c. tumors injected
with TNF resembled the results previously obtained for 3C18 FLC tumors injected with
interferon a/ß, although the effects of TNF occurred more rapidly. Our results suggest that in
this experimental system the anti-tumor effects of TNF, like interferon a/ß, do not result from
a direct effect on the tumor cells themselves, but are host-mediated.
In suckling mice, TNF, like IFN a/ß, inhibited growth and development and induced a
marked liver necrosis indistinguishable from that induced by IFN a/ß (these lesions were not
inhibited by simultaneous administration of antibody to IFN alß). TNF induced renal tubular
lesions which were different from the renallesions induced by IFN, and, unlike IFN, TNF did
not induce pulmonary cysts in A2G mice.

lLURE, Bldg. 209D, 91405 Orsay, France, zBIOGENT,
Molec. Biology, State University of Gent, Belgium
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3. Preliminary studies of the three-dimensional structure of TNF
A. BENTLEYt, G. BRICOGNEt, R. FOURMEt, R. KAHNt, T. PRANGEt, P. VACHETIEt,
G. HAUQUIERz, J. TAVERNIER, and W. FIERSz

Tumor Necrosis Factor (TNF) is a small protein involved in the regression of tumors in
mice. It was first isolated from the serum of animals treated with BCG. The human TNF gene
has now been doned by several groups. The molecular weight of the protein is 17 kdaltons. It
has been shown recently, using sedimentation equilibrium and gel filtration, to exist in
solution as a compact trimer (WINGFIELD et al. 1987). Wehave confirmed the trimeric state of
TNF in solution, using X-ray small angle scattering at the LURE synchrotron radiation
facility. Crystals of TNF have been obtained using the vapour diffusion method, with
ammonium sulphate as the precipitating agent. The rod-shaped crystals grow within a few
weeks to more than 1 x 0.4 x 0.4 mm 3 • The crystal space group is P3 121 or P3 z21, with
a = b = 164.5 A, c = 94,8 a, with a TNF trimer in the asymmetric unit. This means that 75 % of
the crystal volume is occupied by solvent. Crystal data for the native form and one putative
heavy atom derivative were collected using synchrotron radiation and a two-dimensional
multiwire proportional chamber. Data extend to 3.4 A along the a and b directions but only to
about 4 A along the c axis. The data reduction is currently dose to completion.
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4. Inhibition of TNF eytotoxicity by protease inhibitors
R. BEYAERT, P. SUFFYS, F. VAN Roy, and

w. FIERS

Wehave investigated the eHect of various protease inhibitors and substrates on TNF
cytotoxicity for sensitive L929 cells. Cytotoxicity was blocked significantly by the serine
protease inhibitors phenylmethylsulphonyl fluoride (PMSF) and N-a-p-tosyl-L-lysinechloromethyl ketone (TCLK; specific for trypsin-like proteases) but not by L-l-tosyl-amido2-phenylethyl-chloromethyl ketone (TPCK; specific for chymotrypsin-like proteases). Also
the trypsin inhibitor antipain reduced TNF cytotoxicity, in contrast with chymostatin, wh ich
is specific for chymotrypsin.
To obtain further support for the hypothesis that a protease is involved in TNF cytotoxicity,
we investigated the effect of synthetic substrates for serine proteases in the L929 cytotoxicity
assay. Again, p-tosyl-L-argine methyl ester (TAME), a substrate for trypsin-like proteases,
was effective, in contrast with N-benzoyl-L-tyrosine ethyl ester (BTEE) which is a substrate
for chymotrypsin-like proteases.
The relative potencies of the inhibitory effects were TCLK > TAME > PMSF > antipain.
Inhibition was transcription-independent, since actinomycin D could not block the TNFinhibitor. Neither could we demonstrate by colorimetric or cytochemical assays any increase
of proteases in the cytoplasm of TNF-treated L929 cells. Moreover, no evidence could be
found for TNF being itself a trypsin-like protease.
Macromolecular inhibitors (aprotinin and soybean trypsin inhibitor which inhibit both
trypsin and chymotrypsin) had no eHect, which may indicate that the protease(s) involved in
TNF cytotoxicity do(es) not act at the surface of the plasma membrane.
No inhibition was observed by L-trans-epoxysuccinyl-leucylamido (4-guanidino) butane
(E-64) or by iodoacetate, which are both inhibitors of cysteine proteases, so that involvement
of such proteases is rather unlikely.
We propose that a «trypsin-like» serine protease is essentially involved, perhaps as part of
the activation of a phospholipase, which is proposed to be at the beginning of a cascade of
events that in turn may lead to celllysis. Further aspects of this proposed mechanism can only
be elucidated after the protease itself has been identified and characterized.
Supported by grants from the Nationaal Fonds voor Geneeskundig Wetenschappelijk
Onderzoek and the Onderling Overlegde Onderzoeksakties; RB and PS hold IWONL
predoctoral fellowships.

Institute of Veterinary Pharmacology, Pharmacy, and Toxicology, State University of
Utrecht, Biltstraat 172, 3572 BP Utrecht, The Netherlands

5. Induetion of tumor neerosis and regression as resultant of synergie,
additive, and antagonistie events
N. BLOKSMA, F. M. A. HOFHUIS, C. F. KUPER, and P. A. VAN DE WIEL

An optimal i.v. dose of toxic endotoxins (Tox), tumor necrosis serum (TNF), or rTNF
induced less necrosis and regression of solid Meth A tumors in mice than detoxified endotoxin
(Detox) or nanogram doses of Tox combined with either muramyl dipeptide (MDP) or a low
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dose of rTNF. Endotoxic side effects of the mixtures were less than those of the single agents
or even absent. MDP as well as Detox lacked antitumor action of their own, even at much
higher doses. Synergy between rTNF and MDP or interferon niß was not found. Higher doses
of Tox combined with rTNF induced severe toxicity, extreme necrosis, but fewer or no cures.
Various vasoamines induced tumor necrosis without regression. Vasoamine antagonists inhibited antitumor effects of Tox to a varying degree. Histology showed a variety of intratumoral
vascular effects and prompt mitotic arrest of Meth A cells. Vascular condition of the tumor and
numbers of intravascular granulocytes at the time of treatment appeared contributory to the
antitumor action. Agents increasing granulocyte numbers inside and around Meth A had
enhanced antitumor activity. None of the (combinations of) agents, TNS excepted, inhibited
Meth A growth in vitro.
Data indicate that therapeutic action of tumor necrotizing agents against Meth A is mainly
due to the actions of induced and/or activated humoral and cellular host mediators at the
tumor vasculature, whose condition defines susceptibility as weil. Many effects seem interdependent and are antagonized by toxicity.

Department of Microbiology & Immunology UCLA School of Medicine, University of
California at Los Angeles, Los Angeles, CA 90024, U.5.A.

6. Mechanism of TNF-mediated cytotoxicity and immunoregulation
B. BONAVIDA

Studies were undertaken to examine the mechanism of TNF-mediated cytotoxlclty of
sensitive target cells and immunoregulation by endogenously produced TNF during an
immune response. The biochemical site of action and mechanism of cellular processing of TNF
were compared to those obtained with diptheria toxin. The effect of cytoplasmic, pH, protein
synthesis and energy were examined. The roles of TNF and NKCF were investigated in an
effort to delineate their possible role as soluble mediators in the NK CMC re action. Using
synthetic vesicles, pore formation by TNF was not observed, thus suggesting non-pore
forming mechanism of cell mediated cytotoxicity. Using the pokeweed mi togen driven
polyclonal B cell differentiation into Ig secretion, we found that TNF suppresses B cell
differentiation. The target cell for suppression was assessed. Furthermore, endogenously
produced TNF during pokeweed mitogen stimulation was estimated and found to be
immunosuppressive. These results demonstrate that, aside from its broad range of effects, TNF
also plays an important immunoregulatory role. The biological and physiological significance
of these results will be discussed.
Supported by NIH grant CA 35791.

Sclavo Research Center, Via Fiorentina 1, 53100 Siena, Italy

7. A synthetic peptide fragment of human interleukin 1 ß(hu IL lß)
augments human and murine natural killer (NK) activity
P. Bossu, S. PEPPOLONI, A. TAGLIABUE, G. ANTONI, and D. BORASCHI
We have analyzed the ability of the synthetic peptide 163-171 of hu IL 1ß to increase NK
activity in human and murine systems. This peptide was previously shown to possess the
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immunostimulatory capacity of the entire IL 1 molecule, being devoid of inflammatory
activity.
Peripheral blood mononuclear cells from normal donors exhibited a significant increase of
cytotoxicity against K562 leukemia cells, upon overnight exposure to the 163-171 peptide. In
contrast, no stimulation was observed after culturing the cells in the presence of hu IL 1ß. In
further experiments, it was shown that the peptide was unable to augment directly the NK
activity of highly purified large granular lymphocytes. This suggests that other cell populations
are possibly involved in the activation process triggered by the IL 1 peptide. The ability of the
163-171 peptide to increase NK activity was confirmed in the mouse in vivo. In fact, as
expected, cytotoxicity against YAC-1 lymphoma cells, very low in the spleen of untreated
BALB/c mice, was significantly augmented 24 h after a single intravenous injection of the 163171 peptide.
In order to analyze the mechanisms responsible for this increased cytotoxicity, we have
investigated the possibility that the 163-171 peptide could increase NK activity through
induction of interleukin 2 (IL 2). Supernatants of nylon wool-nonadherent spleen cells from
C3H/HeJ mice, cultured for 48 h with ConA in the presence of the peptide, were tested for the
presence of IL 2 in the CTLL-2 proliferation assay. The results obtained demonstrated that the
163-171 peptide induced very potently the production of IL 2 in Con A -primed spleen cells, at
variance with the modest IL2 production induced by the entire hu IL 1ß molecule.
In conclusion, these data indicate that 163-171 synthetic peptide of hu IL 1ß, unlike the
entire molecule, is able to increase the NK activity of human and murine cells and that this
augmentation is possibly mediated through the induction of IL 2 synthesis.

The RockefeIler University, Laboratory of Medical Biochemistry, New York, NY 10021,
U.S.A.

8. Cachectin: a macrophage pro tein that induces a catabolic state and
shock
A.

CERAMI

Mammals infected with parasitic, bacterial, or viral organisms or bearing tumors characteristically displaya catabolic state and weight loss wh ich can if not resolved, advance to cachexia
(or wasting), shock and death. Although commonly observed in many parasitic diseases, the
mechanism of this phenomenon has not been understood. Wehave recently identified and
isolated a macrophage pro tein, cachectin, as the molecule that may be responsible for cachexia
and shock. Cachectin is produced by macrophages in response to endotoxin or a number of
other bacterial or protozoal products. The released cachectin then acts as a hormone where it
binds to specific high affinity receptors and elicits a number of biological responses. In the
adipocyte, for example, several anabolic enzymes, e.g., lipoprotein lipase, are selectively
suppressed because of a selective inhibition of mRNA production. One of the more intriguing
aspects of cachectin is its pivotal role in the pathogenesis of endotoxin-induced shock.
Cachectin causes fever, anorexia and can induce alethal shock state in experimental animals.
During the course of the chemical characterization of cachectin, it was shown that cachectin
was identical to tumor necrosis factor (TNF), a macrophage pro tein that kills tumor cells. This
finding has served to emphasize the extensive range of effects that are associated with this
protein. Cachectin has many properties in common with IL 1, however, it binds to a different
receptor and lacks structural homology. Presumably low levels of cachectin are helpful to the
host in its battle to remove invasive pathogens, although, prolonged or extensive production of
cachectin can lead to severe wasting and shock. These findings have added a new dimension to
the biological properties of cachectin, its production, and its role in cachexia and shock.
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9. Oncogene expression and cytolytic sensitivity to TNF: induction by
adenovirus E 1A
M.-I. CHEN!, B. HOLSKIN\ J. STRICKLER!,J. GORNIAK\ P. J. ]OHNSON2, and D. SHALLOWAy2

We have cloned and expressed a cDNA of human tumor necrosis factor (TNF-a) from
normal monocytes activated in vitro by endotoxin. The recombinant TNF-a, purified to
apparent homogeneity with a simple two step purification scherne, has a specific activity of
2-4 x 107 units/mg pro tein using L929 cytotoxicity assay at 37°C without metabolic inhibitor.
By using recombinant human TNF in an in vitro cytotoxicity assay with NIH 3T3 derived
ceIls expressing various exogenous oncogenes as the targets, we have found that the expression
of adenovirus oncogene E1A induces sensitivity to TNF cytolysis. This is true with both the
Ade 12 EtA and the Ade 2/5 hybrid EtA. Cell lines expressing other oncogenes are aIl
insensitive to TNF; the oncogenes we have examined included c-src, v-src, c-myc, v-myc, cras, T24 activated ras, polyoma middle T antigen and SV40 large T antigen. High level
expression of Ade EtA, as demonstrated by intense nuclear fIuorescence after indirect
immunofluorescence staining, consistently correlates with sensitivity to TNF cytolysis. We are
currently constructing and testing expression vectors with mutant EtA genes in NIH 3T3 ceIls
in order to determine the domain(s), therefore, the function(s) of EtA required for induction
of TNF sensitivity. Products of ceIlular genes known to be modulated by EtA are also being
examined for their possible involvement in the cytolytic action of TNF.

Australian National University, Canberra ACT 2601, Australia

10. Roles ofTNF in malaria
I. A. CLARK, N. H. HUNT, W. B. COWDEN, G. CHAUDHRI, and G. A. BUTCHER
For some time we have linked TNF with malaria, proposing that lower concentrations are
involved in the ceIl-mediated host response to the causative parasite, and that high er concentrations could account for much of its pathology. The advent of recombinant TNF has aIlowed
us to begin to test our hypothesis. When delivered through intraperitoneal osmotic pumps (but
not as daily injections) to Plasmodium chabaudi-infected mice, r human TNFa (Chiron)
greatly reduced the maximum parasite density. Parasites died inside circulating erythrocytes,
as they do in naturaIly-resolving infections with this parasite. Since TNF does not harm
malaria parasites in vitro, this result implies that in vivo it influences the parasite through a
host-mediated step. We also injected larger dos es into normal mice, and others early in the
course of malaria (P. vinckei) infections, to see how precisely we could reproduce the
pathology of the terminal stages of this disease. Hypoglycaemia, midzonal liver damage, and
accumulation of neutrophils in the pulmonary vasculature, aIl of which are seen in severe P.
vinckei infection, occurred within 4-12 h after mildly-infected mice received TNF. Uninfected
mice were much less susceptible. The increased susceptibility of infected mice is evidently a
broad phenomenon and possibly depends on systemic on the presence activation of macrophages, since Corynebacterium parvum-treated mice were also much more susceptible than
controls. From these and other recent findings, including the detection of TNF in serum from
malarial patients and the nature of its side effects when injected into tumour-bearing patients,
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it seems likely that TNF could account for much of the unexplained pathology seen in human
malaria. Antibody to TNF, and to its receptors, will be useful in vivo experimental tools, with
obvious therapeutic implications.

Wellcome Biotech, Langley Court, Beckenham, Kent, BR3 3BS, U.K.

11. Substance P is a potent inducer of TNF and IL 1 secretion by
macrophages. A potential role for TNF in the pathogenesis of
asthma
P.

I. COZENS and F. M. ROWE

A role for the neuropeptide substance P (SP) has been postulated in the pathogenesis of
asthma. It is present in elevated quantities in asthmatic lungs, and there is adefinite indirect
link between SP and damage to epithelium. It has been no ted in post mortems of animals that
high levels of TNFa can cause damage to lung tissue. We have studied the role of SP in the
release of inflammatory mediators by macrophages to test wh ether TNF and/or IL 1 could be
important factors in the progression of the disease and provide the link between SP and
epithelial damage. We have demonstrated that SP at physiological concentrations is a potent
activator of normal human macrophages to produce both these monokines in vitro. Bombesin
has a similar, though weaker activity. Other unrelated peptides of similar size did not induce
TNF or IL 1. The specificity of the neuropeptides in this system was confirmed by blocking
the action of SP with an SP analogue known to be an antagonist. The role of TNF as a mediator
of SP-induced epithelial damage in the asthmatic lung is a strong possibility which warrants
further investigation.

Cetus Corporation, 1400 Fifty-Third St, Emeryville, CA 94608, U.S.A.

12. A high-molecular weight component of the human tumor necrosis
factor receptor is associated with cytotoxicity
A. A. CREASEY, R. YAMAMOTO, T. REYNOLDS, and C. R. VITT

The purpose of this study was to analyze structural and functional mechanisms of resistance
to human recombinant tumor necrosis factor (HurTNF). We compared the molecular
structure of the TNF receptor on cells that bind HurTNF specifically but vary in their
biological response to HurTNF. We subcloned the HurTNF-sensitive breast carcinoma cell
line MCF-7 and selected for TNF-resistant variants that bind TNF. One such clone was found
to 1) be at least 4000-fold less sensitive to HurTNF cytotoxicity than the parent, 2) possess 10fold less receptors, and 3) be resistant to the combined cytotoxicity of HurTNF and
Actinomycin D (1 !-Ig).
Using 125 1 HurTNF and a bifunctional crosslinking agent 1,5,difluoro-2,4-dinitrobenzene,
we found that 125 1 HurTNF was preferentially crosslinked to four cellular polypeptides of
molecular weight 54 KDa, 75 KDa, 95 KDa, and 138 KDa in the TNF sensitive MCF-7. In
contrast, 125 1 HurTNF was preferentially crosslinked to only three (54, 75, and 95 KDa) of the
four polypeptides on the MCF-7 TNF-resistant variant. Specifically, the 138-KDa polypeptide
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was not detected in the MCF-7 resistant variant. We therefore examined the TNF receptor
molecular structure on other TNF-resistant and sensitive human normal and tumor celliines.
The 138-KDa polypeptide was detected in 2 other human breast carcinoma celilines (BT-20,
ZR-75-1) sensitive to the cytotoxic action of TNF but was not observed in 3 normal human
fibroblast cell lines and a breast carcinoma (SKBR-3) that responds only to the cytostatic
action of TNF. The 95-KDa, 75-KDa and 54-KDa polypeptides were detected in all tested cell
lines. These results suggest that the TNF receptor is complex, may be composed of multiple
subunits, and that one of the subunits is associated with TNF cytotoxicity.

Höpital cantonal universitaire, Division of Immunology & Allergy, Department of Medicine,
1211 Geneva 4, Switzerland

13. Interleukin 1 and inhibitors
I.-M. DAYER, B. DE ROCHEMONTEIX, P. Roux-LoMBARD, C. BAUMBERGER, and
P. SECKINGER

In chronic inflammation interleukin 1 (IL 1), defined as mononuclear cell factor (IL 1/
MCF), stimulates various types of connective tissue cells to produce prostagiandin E z (PGE z)
and collagenase, therefore reflecting mechanisms of tissue destruction. IL 1/MCF mayaiso
contribute to tissue remodelling and fibrosis by stimulating fibroblast proliferation, and
increasing collagen, fibronectin and proteoglycan production in synovial cells. IL 1 activities
have been reported in various biological fluids. We have found that freshly isolated and noncultured normal human blood monocytes do not express IL 1 a or ß mRNA. In contrast, in
cultured blood monocytes with or without addition of various stimuli IL 1 a or ßmRNA is
clearly detectable, the latter being largely predominant. Monocyte-macrophages obtained
from inflammatory tissues express IL 1 a and ßmRNA even when not cultured in vitro. The
different inhibitors of IL 1 would allow a better understanding of the control of IL 1 activities.
Inhibitors directed against IL 1 may act at different levels by either inhibiting the mechanism of
stimulation, synthesis, processing, inactivating IL 1 by proteolytic cleavage, binding to a
carrier or competing at the receptor levels. We have found that urine from selected febrile
patients contains an inhibitor to both IL 1-dependent murine thymocyte proliferation (IL 1/
LAF) and IL 1/MCF. The inhibitory molecule has an apparent m.w. of 20-25 kD and also
inhibits fibroblast proliferation and IL2 production. The inhibitor does not block the PGEz/
collagenase production or fibroblast proliferation induced by TNF a but prevents the binding
of 1z5I_IL 1 a to its receptor. This novel cytokine may be of importance in regulating
modulation of tissue destruction and fibrosis in chronic inflammation.

Medizinische Universitäts klinik, Josef-Stelzmann-Str. 9, D-5000 Köln 41, FRG

14. Phase-I-study of intratumoral (i.t.) and intravenous (i.v.) application
of recombinant human tumor necrosis factor (rHuTNF) in patients
with malignant diseases
T. STEINMETZ, M. SCHAADT, V. SCHENK, R. TÜSCHEN, M. PFREUNDSCHUH, and V. DrEHL

We started a phase-I-study of rHuTNF (Asahi Chemicals) in patients with malignant
diseases resistant to standard cytoreductive therapy. Plasma concentrations of rHuTNF were
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determined by ELISA and by the L-cell assay. Starting dose was 1 X 105 U/m 2 (0.045 mg/m2).
To date, 16 patients received a continuous 24-h i.v.-infusion and 21 patients received an
intratumoral injection. Main side effects were fever, chills, tachycardia, and changes in blood
pressure, which were observed in all patients. Changes in blood pressure, nausea, vomiting,
diarrhea, fluid retention (the latter being due to a capillary leak syndrome) and central nervous
side effects were dose-related and occurred only at higher dosages. The side effects after 24 h
infusion were more severe and took more time for resolution than after intratumoral injection,
despite the fact that maximal plasma levels reached were much high er (60 U/ml) after i.t.
injection than after 24 hinfusion (5 U/ml). Dose-limiting side effects after continuous infusion
application occurred at a dose of 7.5 x 105 U/m2 (0.34 mg/m 2 ) when applied without
prophylactic treatment. They consisted of severe hypotension, CNS effects and general
prostration due to the sum of all side effects together. Maximal tolerable dose was therefore
defined as 6 X 10 5 U/m 2 (0.275 mg/m 2). In contrast, for i.t. injection, the maximal tolerated
dose has not yet been reached with 12 x 105 U/m 2 (0.340 mg/m 2). As effects on the tumor have
been observed in about half of patients after i.t. and only one after continuous infusion,
intratumoral application of rHuTNF seems to be better tolerated and more efficient than
continuous 24 hinfusion.

Tufts University-New England Med. Center, 750 Washington St, Boston, MA, 02111, U.S.A.

15. Interleukin 1: multiple biological properties and synergism with
tumor necrosis factor
C. A.

DINARELLO

Interleukin 1 (IL 1) is a major product of the stimulated monocyte and is responsible for
diverse biological effects. The systemic effects of IL 1 include fever, increased circulating
neutrophils, hepatic acute phase proteins, slow wave sleep, elevated insulin levels and
hypotension. In vitra, IL 1 in duces increased synthesis of a number of lymphokines (IL 2, IL 3,
IL 4 and IL 6), a variety of colony stimulating factors, and endothelial factors leading to clot
formation and vascular congestion. IL 1 also induces histamine release and granule release from
basophils, eosinophils and neutrophils. IL 1 dramatically increases archidonic acid metabolites
in a variety of cells; increased PGE2 synthesis account for its inflammatory properties. Tumor
necrosis factor shares with IL 1 many of the systemic and local effects of IL 1; these include
fever, acute phase protein synthesis and sleep. Some of the in vitro effects of IL 1 are not shared
with TNF, but the combination of TNF with IL 1 often enhances the response several-fold. A
dramatic synergism between IL 1 and TNF occurs on islets of Langerhans. In vivo, these two
cytokines induce shock and pulmonary hemorrhage when given together but at doses which
neither cytokine is effective alone. Profound leukopenia and thromocytopenia are present.
Since both cytokines are produced in large amounts following appropriate stimulation, the end
result for the host is the combined effect of both cytokines.
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16. Immunological consequences ofTNF treatment
W. DRÖGE

Treatment of colorectal carcinoma patients with human recombinant tumor necrosis factora (TNF) was found to reduce within 24 h the serum glutamate concentration which is usually
elevated in patients with advanced tumors. Results from in vivo and in vitro studies show that
elevated glutamate concentrations inhibit lymphocyte functions and correlate quantitatively
with the reduced immunological reactivity in tumor patients. Treatment of the tumor patients
with TNF was also found to elevate the serum ornithine concentration. A similar elevation of
ornithine concentration has been observed in the blood of BCG-treated melanoma patients
and of patients with tuberculosis. Experiments with purified peritoneal macrophage populations in vitro show that TNF induces increased arginase activity and causes the macrophage to
release increased amounts of ornithine into the culture supernatant. A similar effect can be
obtained with other macrophage-activating substances, such as pristane (in vivo) or lipopolysaccharide (in vitro) but not with tetradecanoylphorbol-acetate (TPA). The ornithine releasing
capacity of macrophages is correlated with their immunogenicity in vivo. The relatively weak
immunogenicity of non-activated resident peritoneal macrophages can be augmented eicher by
treatment with TNF or by external application of L-ornithine. Collectively, these studies show
that TNF augments the capacity of macrophages to activate T cell responses, and this process
appears to involve the induction of arginase activity and the release of L-ornithine into the
extracellular space.

lUniversity of Edinburgh, Rheumatic Disease Unit, Northern General Hospital, Ferry Road,
Edinburgh EH5 2DQ, U.K., 2Upjohn Company, Kalamazoo, Michigan, U.S.A.

17. Tumor necrosis factor (TNF) and interleukin 1 (lL 1) in arthritis
G. DUFFl, F. DI GIOVINEl, E. DICKENSl,

J. MANSON 1

J.

SYMONS 1, N. WOODl, D. CARTER2, and

Interest in IL 1 and TNF as mediators of chronic inflammation continues to grow. In
arthritis, IL 1 has been found by bioassay in fractionated synovial fluid (SF) but interfering
synovial factors have made large bioassay studies impossible. TNF can, however, be detected
by bioassay in unfractionated synovial fluid. We have tested a total of 220 SF sampIes from
patients with various rheumatic diseases for IL l-ß by RIA and for TNF by L929 conventional
bioassay. TNF specificity was checked with a neutralizing Mab to human recombinant TNF-a
(a gift from Dr. G. ADOLF, Boehringer, Vienna). Using cDNA prob es, we have also performed
in situ hybridization to identify mRNA in individual cells of snap-frozen pathological synovial
sections.
IL l-ß levels in the range of 0.25-18 ng/ml were detected in most SF from patients with
rheumatoid arthritis (RA), osteoarthritis (OA), reactive arthritis, ankylosing spondylitis,
psoriatic arthritis and gout. TNF activity in the L929 assay (neutralised with TNF alpha Mab)
was present in about 30 % of 150 sampIes tested. Compared with equivalent activity of
recombinant human TNF-a, levels ranged from 0.2-5 ng/ml. There was no correlation
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between IL 1-a and TNF-ß levels. In sieu hybridization studies so far have defined cells
containing IL 1-ß mRNA in synovial sections from patients with OA and RA. Studies with
TNF and IL 1-a probes are in progress.
These results suggest that significant levels of IL 1-ß and TNF-a occur frequently in arthritic
human joints and in the case of IL 1, synovial cell gene expression is activated in vivo. The role,
if any, that these cytokines play in the initiation or progression of arthritis has yet to be
defined.

Laboratory of Molecular Biology, State University of Ghent, Ledeganckstraat 35, B-9000
Ghent, Belgium

18. Mechanism of action of rTNF in vitro and its toxicity in vivo
W. FIERS, R. BEYAERT, P. BROUCKAERT, B. EVERAERT, P. SUFFYS, J. TAVERNIER,
X. VAN OSTADE, and F. VAN Roy

rTNF is specifically cytotoxic to many transformed ceillines, especially in the presence of
interferon-y. Species specificity is fairly limited in these systems. In vivo, TNF exerts a
remarkable antitumor activity, which is often enhanced by IFN-y cotreatment. A major
limitation for the application of TNF-therapy in cancer, however, is the toxicity. The latter is
much more pronounced in mice treated with murine rTNF than in those treated with human
rTNF.
TNF added to cells in tissue culture specifically induces a number of genes, most of which
are also switched on by IL 1. However, the specific cytotoxicity of TNF for transformed cells
also occurs in the absence of RNA or protein synthesis. We have proposed that the
cytotoxicity is due to metabolization of polyunsaturated fatty acids; normal cells may contain
(induced) enzymes which detoxify the TNF-induced lethai products. This cytotoxic pathway
of TNF does seem to involve a protease which can be specifically blocked.
Acute toxicity in vivo must be due to the action of TNF on one or more sensitive normal
target cells. Some of the predominant symptoms are hypothermia, hypotension, hyperglycemia followed by hypoglycemia and acidosis. In vivo toxicity of TNF is much enhanced by
IFN-y, IL 1, LPS and even by TNF-pretreatment. Mice with an infection or which carry a
tumor are considerably more sensitive to TNF toxicity. Induction of procoagulant activity by
TNF is known to occur, and this may lead to disseminated intravascular coagulation; this,
however, is unlikely to be the main cause of death. In addition, TNF induces various
prostaglandins and thromboxanes, which are responsible for various TNF-associated toxicity
symptoms. This pathway can be blocked by indomethacin without a decrease in the in vivo
antitumor efficacy of TNF. Furthermore, TNF becomes much more toxic when the liver is
malfunctioning, as for instance after ethanol or galactosamine treatment. Possibly, TNF
activates granulocytes, which in turn may release toxic substances normally detoxified by the
liver. In the absence of the latter surveillance, much higher TNF-induced damage is incurred.
It is hoped that the identification of these toxic phenomena will allow the development of a
proper adjuvant treatment which would allow the anticancer use of TNF under safer
conditions.
Supported by grants from the Nationaal Fonds voor Geneeskundig Wetenschappelijk
Onderzoek and the Onderling Overlegde onderzoeksacties.
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19. Effects of anti-inflammatory drugs, mannoheptulose and
splenectomy on lipopolysaccharide-induced tumor necrosis factor
release and animal mortality
K. P. FUNG, Y. M. CHOY, and C. Y. LEE

Male mice (ICR strain, about 25 g) injected intravenously with 104 viable Listeria monocytogenes or intraperitoneally with 0.875 mg powdered Corynebacterium parvum were
challenged with 25
of lipopolysaccharide W. from E. coli (LPS) 5 days after Listeria or 10
days after C. parvum treatment. Tumor necrosis factor (TNF) was obtained in the serum in
high titre 2 h after LPS administration. However, the rate of mortality from LPS shock was
high. Administration of the anti-inflammatory drugs acetylsalicylate (3 mg), indomethacin (2.1
mg), phenylbutazone (1.2 mg) and sulindac (1 mg) 1 h before LPS injection protected the mice
against the lethaI effect of LPS without affecting the ability of animals to produce TNF. The
oral route for administering these drugs was the most efficacious. Subcutaneous administration
of mannoheptulose (5 mg) 1 h before LPS injection provided partial protection to mice from
death. The ability of mice to produce TNF was also unaffected. Mannoheptulose was observed
to reverse the hypoglycaemic effect of LPS, possibly through inhibition of insulin secretion.
Splenectomy carried out on C. parvum-immunized mice 2 h prior to LPS challenge also
afforded protection. However, splenectomized mice showed significantly lower serum TNF
titre than the sham-operated contro!.
This work was supported by the World Health Foundation (H.K.).

Memorial Sloan-Kettering Cancer Center, New York, NY, and UCLA, Los Angeles, CA,
Genenteeh, Inc., San Francisco, CA, U.S.A.

20. Phase I studies of rTNF-a in patients with advanced cancer

I. L. GABRILOVE, H. F. STARNES, A. BEGAS, E. CASPER, P. CHAPMAN, A. ENGERT,
A. JAKUBOWSKI, M. A. TEMPLETON, S. SHERWIN, M. BRENNAN, and H. F. OETTGEN
Twenty-four patients with advanced cancer were treated with rTNF-a (dose range: 1
M 2-300
administered as a 30 min intravenous infusion once weekly for 4 weeks in a
second phase I study designed to 1) monitor biological effects, 2) further define toxicity, and 3)
evaluate anti-tumor response. Diagnoses included: lymphoma (8), renal cell carcinoma (2),
melanoma (4), ovarian (2), pancreatic (2), and other carcinomas (6). All patients had fever (2=
37.9) and chilis; the maximum temperature was dose related. 9/12 patients receiving dos es 2=
150
developed hypotension (systolic blood pressure 1by 30 % or 2= 88 mm Hg). Only
1/12 patients receiving lower doses developed hypotension. Hypotension was suceessfully
No patient
treated with saline in all but one patient who required dopamine (300
developed cardiovascular, neurological or renal dysfunction. An i in the WBC most apparent
after higher doses of TNF, was observed at 24 h. No changes in the % of T, B, NK or
hematopoietic progenitors were observed. Additional biologie effects seen in patients receiving
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t serum cortisol at 2);, h following rTNF administration in patients receiving
2) t serum triglycerides (3/12) and 1 cholesterol (4/12), 3) t O 2 consumption
and CO 2 production, 4) i glycerol turnover (3/4) and i free fatty acid turnover (3/4). 18/24
patients were able to complete the full4 week course of treatment and were evaluable for antitumor response. Ten of these patients had progression of disease and 8 remained stable. Data
regarding an additional phase I study exploring a daily IM schedule of TNF administration as
weil as a combination trial of intravenously administered TNF-a plus IFN-y will be discussed.
2: 100 f.lg/M 2 , 1)
2: 100 f.lg/M

2
,

Max-Planck-Institut für Immunbiologie, Stübeweg 51,7800 Freiburg, FRG

21. Tumor necrosis factor (TNF), a mediator of endotoxin lethality
C. GALANOS and MARINA FREUDENBERG

The lethai actlVlty of bacterial endotoxin (lipopolysaccharide, LPS) has been studied
extensively in the past, however it is only recently that an insight into the mechanisms of
endotoxin lethality could be gained. The role of macrophages wh ich had been postulated as
participating in endotoxin reactions has now been proven. Two important properties of LPS,
lethai activity and induction of tolerance to endotoxin lethality were shown to be mediated by
macrophages (FREUDENBERG and GALANOS, 1987). The stimulation of macrophages to
mediate lethality is a property unique for LPS since stimulation by other known activators, e.g
zymosan, never proceeds with alethal outcome. This may reflect the difference in the nature
and quantity of endogenous mediators produced by these cells on activation with the different
agents. Of a number of endogenous mediators investigated in our laboratory so far, only the
tumor necrosis factor (TNF) was found to mimic LPS in its lethai and tolerance-inducing
properties. Unlike LPS, TNF (human recombinant- or serum-TNF prepared from P. acnestreated mice after endotoxin challenge) is lethai also in endotoxin resistant mice (C3H/HeJ or
C57BI/l0 SccR). In normal mice the toxicity of human recombinant TNF is of the order of 300
f.lg without significant differences between sensitive or resistant strains. Following D-galactos amine sensitization, endotoxin-sensitive and resistant mice succumb to submicrogram
amounts of LPS (LEHMAN, FREUDENBERG, GALANOS, 1987). In D-galactosamine sensitized
mice the lethai activity of human recombinant TNF can be completely inhibited by rabbit antiTNF antiserum, whereby animals survive amounts of TNF that are 100-fold in excess of a
lethai dose.
Pretreatment of mice with minute amounts of LPS renders them tolerant to a subsequent
challenge with LPS administered with D-galactosamine 1 to 48 h later. For induction of
tolerance, exogenous TNF (human recombinant- or mouse serum-TNF) can substitute for
LPS. TNF and LPS cross-react in their property to induce tolerance, i.e. pretreatment with
either LPS or TNF induces tolerance to both when administered subsequently with Dgalactosamine.
In addition to the above, human recombinant TNF or serum TNF could replace LPS in
different toxicity models in vivo.
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22. Regulation of TNF-mediated macrophage tumoricidal activity by
elF, a factor inhibiting TNF production
R. GALLILY and J. LOEWENSTEIN
We have previously reported that normal murine embryonic fibroblast cells produce a factor
designated cytotoxin production inhibiting factor (CIF), which suppresses both the production of tumor necrosis factor (TNF) and lipopolysaccharide (LPS)-induced macrophagemediated cytolysis (MMC) of A9 murine fibrosarcoma cells. To explore whether neoplastic
transformed cells also produce CIF, and to study its possible role during MMC of tumor cells,
we investigated the susceptibilities of 6 additional tumorigenic targets to LPS-induced MMC,
comparing these data to their relative sensitivities to the Iytic effect of TNF and their abilities
to produce CIF. Sensitivities to lysis by LPS-activated normal macrophage JBM<I>1.1 cells
varied from total refractivity to high susceptibility. Low TNF levels in so me of the co-culture
supernatants always correlated with high CIF production by the target cells. The TNF
concentrations in the supernatants during MMC of most cells were of the magnitude required
for killing those target cells. Our data demonstrate that several malignant celliines are capable
of secreting CIF. TNF levels during MMC appear to be regulated by CIF, whereas the degree
of MMC seems to be determined to a great extent by the interplay between the resultant level
of soluble TNF and the sensitivity of each cell type to the cytotoxin. However, low but
significant levels of MMC present in the absence of detectable soluble TNF indicate that
additional cytolytic mechanisms, perhaps involving cell-to-cell contact and membrane-bound
TNF, may contribute to killing.

Immunex Corporation, 51 University Street, Seattle, Washington 98101, U.S.A.

23. Interleukin 1 and its receptor
S. GILLIS, D. URDAL, T. Hopp, D. COSMAN, and S. DOWER
Our laboratories have been involved for the part two years with the molecular characterization of interleukin 1 genes and in the testing of recombinant IL lu and ß in a variety of animal
model systems. We have recently become most encouraged by results of experiments which
have confirmed that IL 1 exerts various protective effects on hematopoietic stern cells, which in
turn tend to explain its utility as a protective agent against lethai dose irradiation or
chemotherapeutic drug administration. Administration of IL 1 to animals prior to either lethai
dose irradiation or chemotherapy results most notably in approximately 70-80 % long-term
survival. Mechanistically this would appear to be due to the ability of IL 1 to place stern cells
into cycle. Most cells in S phase are resistant to cell cycle-dependent death induced by
radiation or chemotherapy. In addition, use of monoclonal antibodies directed against IL 1
have confirmed that IL 1 is biochemically indistinguishable from the hematopoietic factor
previously known as Hemopoietin-l. IL 1 has been shown to heighten display of cell surface
receptors for colony stimulating factors and to induce CSF production by marrow cells.
Use of radiolabeled IL 1 has led to identification and characterization of the IL 1 receptor. In
addition, use of radioreceptor binding studies has been of significant utility in determining
biological activity and receptor binding capabilities of a variety of muteins and truncated IL 1
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gene products. Our laboratory has been involved in aseries of experiments aimed at
biochemical separation and purification of the IL 1 receptor. This work has been aided in part
by the development of soluble assays for IL 1 receptor binding and by the use of an IL 1
affinity column allowing for purification of significant quantities of receptor protein which is
capable of binding IL 1 with high affinity in solution.

National Defense Medical College, 3-2, Namiki, Tokorozawa, Saitama, 359, Japan

24. Effect of tumor necrosis factor on angiogenesis
N. SATO and T. GOTO

We examined whether recombinant human TNF inhibits tumor-induced angiogenesis by
using cultured human umbilical vein endothelial (HVE) cells and an in vitra angiogenesis
model. By the addition of human meningioma extract, 3H-thymidine uptake by HVE cells,
their cell number and motility were all significantly increased over those of control in a dosedependent manner. However, administration of TNF (10-1,000 U/ml) was found to suppress
the meningioma extract-induced 3H-thymidine incorporation into HVE cells, their growth
and migration. This inhibitory effect was evident with only 10 U TNF/ml, and an almost
complete inhibition was achieved with more than 100 U TNF/ml. Recently, we found that rat
myofibroblasts induce capillary growth in vitra in the co-culture of these cells with microvessel fragments both from the same adipose tissue (Microvasc. Res., 1987). Addition of the
meningioma extract to this co-culture system resulted in a marked, dose-dependent elevation
of capillary development. When TNF (10-1,000 U/ml) was, however, additionally administraded to this system, vascular development was substantially restricted. Since TNF displayed
no cytotoxicity against myofibroblasts but rather stimulated their proliferation and production
of angiogenic factor(s), the inhibition of angiogenesis in vitra is thought to be mainly due to
inhibitory activities of TNF on the migration and proliferation of endothelial cells. TNF
likewise strongly inhibited rat hepatoma cell conditioned medium-induced proliferation of
HVE cells and vascular formation in vitra.

University of California, Irvine, Irvine, CA, and the Long Beach Veterans Administration
Hospital, Long Beach, CA, U.S.A.

25. Human a lymphotoxin: pharmacokinetics and effects on tumors
and normal tissues in vivo
G. A. GRANGER, B. AVERBOOK, R. S. YAMAMOTO, T. ULICH, 1. MASUNAKA, S. ORR, and
E. JEFFES

Purified, radioiodinated, native and recombinant human aLT was employed in these
studies. Low doses cause growth inhibition and high doses cause necrosis of Meth A tumors in
BALB/c mice when administered systematically or into the tumor. When necrosis is complete,
animals remain tumor free and are resistant to rechallenge with Meth A but not NS-l tumor.
LT has a 2-3 h lytic half life in serum of normal and tumor bearing animals. Parenterally
administered LT is distributed to many organs and does not localize selectively in tumor
tissue. Parenterally administered LT is rapidly accumulated in the kidney in normal and tumor
bearing mice and may be destroyed in this organ. Histologie studies of treated tumors show: 1)
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superficial hemorrhagic necrosis, 2) central coagulative necrosis and 3) basal infiltration of host
inflammatory cells. Human LT causes visible skin reactions in mouse, rabbits and guinea pigs
when injected intradermally. These reactions begin by 3-5 h peak at 24-48 hand resolve by 72
h. Histologic studies reveal intense, diffuse infiltration of injected sited with host inflammatory
cells. Additional studies reveal that LT is much more active as an inflammatory agent in normal
tissues than human recombinant TNF. These studies reveal LT is a potent anti-tumor agent
and is a powerful inducer of inflammation in vivo.

University of California, San Francisco, and Veterans Administration Medical Center, 4150
Clement Street (111F), San Francisco, CA 94121, U.S.A.

26. Tumor necrosis factor alpha stimulates hepatic lipid synthesis in vivo
C. GRUNFELD and K. R. FEINGOLD

Tumor necrosis factor (TNF) from endotoxin-stimulated macrophages produces hypertriglyceridemia in vivo. TNF also decreases levels of lipoprotein lipase and lipogenic enzymes in
cultured fat cells. While inhibition of lipoprotein clearance secondary to decreases in lipoprotein lipase activity could produce hypertriglyceridemia, the role of TNF in regulating lipid
synthesis in the liver, the major organ in total body lipid homeostasis, has not been explored.
Therefore, we studied the effect of recombinant DNA produced TNF-alpha (25 !-Ig/200 gm)
on serum lipids and hepatic lipid synthesis in vivo. Serum triglycerides rapidly increase 2.2fold by two h after TNF administration and remain elevated for at least 17 h, even in fasted
animals. Animals injected with TNF show a rapid increase in the in vivo incorporation of
3H20 into hepatic fatty acids (1.6-fold when incorporation was measured from 1 to 2 h after
TNF). Synthesis of hepatic fatty acids remains significandy increased for at least 17 h. The
incorporation of labeled acetate into fatty acids in liver slices from rats that had been treated
with TNF in vivo was increased 1.6-fold at 1.5 h. This increase in acetate incorporation also
persists for 17 h. An increase in the quantity of labeled fatty acid in serum was seen when intact
animals were treated with TNF at the early time point.
Serum cholesterollevels do not rise initially but become elevated by 7 h after adminstration
of TNF and remain elevated thereafter. Hepatic synthesis of cholesterol in the liver in vivo also
increases, reaching a 2.3-fold elevation at 17 h. Increased incorporation of acetate but not
mevalonate into cholesterol in liver slices could be demonstrated 17 h after TNF administration. In parallel, the activity of the enzyme HMG CoA reductase in liver endoplasmic
reticulum of TNF treated animals was increased.
These data demonstrated that TNF stimulates hepatic lipid synthesis and raises the possibility that increased secretion of newly synthesized lipoproteins from the liver contribute to the
hyperlipidemia that accompanies acute septic infection.

lInstitute of Medical Science, University of Tokyo, 4-6-1 Shirokanedai, Minato-ku, Tokyo
108, Japan, and 2Sloan-Kettering Institute, NY, U.S.A.

27. Mouse, rabbit and human TNF molecules
K.

HARANAKA 1,

N.

SATOMlt,

A.

SAKURAI 1,

R.

HARANAKAt,

and L. J.

OLD

2

The process of production, purification, physiochemical characterization and antitumor
activity in vivo and in vitro of mouse, rabbit and human TNF were examined. The strategy for
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TNF cloning started with purified rabbit serum TNF and the gene encoding human TNF have
been expressed in E. coJi. The antitumor activity of TNF is not confined to any one species.
However, immunologically these TNF were different from each other.
The antitumor activity of mouse, rabbit and recombinant human TNF was examined
employing an experimental anima! model. TNF showed an excellent curative effect against the
murine and human tumors tested. On systemic administration of TNF, tumor regression was
achieved with a large dose or with repeated administration of a small dose of TNF. Strong
anti tumor activity could be obtained by the administration of a rather small dose of TNF in
combination with moderate temperature hyperthermia (40 oe for 40 min).
TNF caused varied change lipid metabolisms. Phospholipid levels decreased 4 h after TNF
administration, in contrast unsaturated fatty acid levels increased.

Div. of Clinical Immunobiology, Dept. of Internal Medicine, University of Innsbruck, and
Dept. of Dermatology, University of Innsbruck, Austria

28. IFN-y is essential for immune recognition and destruction of nonhemopoietic cells
CH. HUBER,

J.

AUBÖCK,

and W. AULITZKY

D.

NIEDERWIESER,

J.

TROPPMAIR,

G.

SCHULER,

P.

FRITSCH,

The impact of various cytokines on the interaction of human alloimmune T lymphocytes
with non-hemopoietic cells was studied, using in vitro expanded keratinocytes free of dendritic
cells. The model was chosen for two reasons: first, keratinocytes constitutively produce only a
low level of class I MHC antigens but can be rapidly induced by IFNs of TNFs to express high
densities of class I or class 11 MHC antigens. Second, because in vivo immune-mediated skin
disease is accompanied by increased expression of MHC antigens.
Homogenous suspensions of human keratinocytes were expanded in vitro. Cells were
exposed to various recombinant cytokines and served as stimulators or target cells in MLC and
CML-assays.
Unsensitized T lymphocytes, resting T memory cells derived from long-term MLC cultures
and IL 2-dependent T cell lines served as responders or effector cells. The sensitized T
lymphocytes were specific to either major or minor histocompatibility antigens. The latter T
celilines were derived from patients suffering from graft-versus-host disease. Results indicated
that recognition of both major and minor histocompatibility antigens on human keratinocytes
requires induction of expression of class 11 antigens by IFN-y. Although such keratinocytes
fail to induce primary responses, they are capable of maintaining proliferation of already
activated T blasts. Destruction of keratinocytes carrying major or minor histocompatibility
antigens required induction of enhanced expression of dass I antigens. A critical threshold was
required which with physiological concentrations of cytokines were achieved exclusively with
IFN-y, but not with IFN-a, or TNFs.
We conclude that lymphokines other than IL 1 and IL2 are essential for the immune
recognition and destruction of certain non-hemopoietic cells, and that IFN -y represents the
essential key factor.
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29. Antiviral activity of human recombinant tumor necrosis factor
(TNF): effects of combination with IFN-ß or IFN-a
I. MESTANl, M. BROCKHAUS2, H. KIRCHNER l, and H. JACOBSEN2
Recently, we have shown that TNF induces in HEp-2 cells an antiviral state which blocks
the replication of various viruses, e.g. VSV and HSV -1. Induction of the antiviral state requires
pretreatment with TNF and is more marked at low concentrations of serum. Combined
treatment with both TNF and IFN-y potentiated the antiviral activity since the reduction in
virus yield observed under these conditions was significantly greater (10fold) than the expected
sum of the individual activities. Synergisms ofTNF and IFN-y could be dissected with respect
to the kinetics of the induction of the antiviral state: Whereas pretreatment of cells with TNF
alone followed by treatment with IFN-y did not cause a synergistic effect, treatment with
IFN-y alone followed by treatment with TNF led to an antiviral activity similar to that
obtained by simultaneous addition of both factors. These data suggest that synergism of IFN-y
with TNF is caused by IFN-y, increasing the susceptibility of the cells to the antiviral activity
of TNF. This synergistic effect was not reflected in increased induction of (2' -5')(A)n
synthetase activity. Using IFN-ß in combination with TNF in the same kind of experiments,
no potentiation of the antiviral effects could be observed. Reduction of virus yields was
additive or only slightly more than additive under these conditions. However, treatment with
the combination of IFN-ß and TNF greatly increased levels of (2' -5')(A)n synthetase in HEp-2
cells. We determined the number of TNF-binding sites in control and IFN-y-treated HEp-2
cells. Only a slight enhancement in specific binding was observed (30-50 %). Thus, it seemed
unlikely that synergism is caused solely by IFN-y-induced enhancement of expression of the
TNF-receptor.

Ludwig Institute for Cancer Research, Lausanne Branch, CH-1066 Epalinges, Switzerland,
and Institute of Molecular Biology, USSR Academy of Sciences, Vavilov Street 32, Moscow,
U.S.S.R.

30. Expression of the TNF locus in murine lymphocytes

c. V. IONGENEEL, S. A. NEDOSPASOV, and J.-c. CEROTTINI
The mouse TNF locus contains the genes for TNF-ß (lymphotoxin) and TNF-a (tumor
necrosis factor) in a head-to-tail tandem arrangement. The entire locus comprises about 6000
nucleotides, with only 1100 nucleotides separating the 3' end of the fourth TNF-ß exon from
the 5' end of the first TNF-a exon. N evertheless, the two genes are expressed with distinct
tissue specificities, and are activated by different stimuli. We are investigating the molecular
basis for this differential expression.
Our observations so far can be summarized as folIows: 1) Macrophages stimulated with
lipopolysaccharide express large amounts of TNF-a, but no detectable TNF-ß mRNA. On the
other hand, alllymphocyte populations that express TNF-ß also produce detectable amounts
of TNF-a mRNA. 2) Antigen-dependent cytotoxic T lymphocyte (CTL) clones do not
contain any TNF-ß mRNA seven days after the last antigenie stimulation, at a time when they
are highly cytolytic. In some CTL clones, stimulation with a phorbol ester and a calcium
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ionophore in duces the transient appearance of TNF-ß mRNA and secretion of TNF-ß into the
culture medium. The kinetics of accumulation and disappearance of the TNF-ß mRNA
parallel those for interferon-y. 3) There is no correlation between levels of TNF-ß mRNA
accumulation and cytolytic activity of CTL clones. 4) In vitra transcription experiments
indicate that the TNF-ß and TNF-a genes have independent promoters, as predicted from the
DNA sequence. We are currently testing wh ether tissue-specific expression is controlled by
differential promoter utilization.

Dept. of Immunology, University of Ulm, Oberer Eselsberg, D-7900 Ulm, FRG

31. TNF-a selectively inhibits activation of resting human B
lymphocytes by Epstein-Barr virus
D. KABELITZ and O. ]ANSSEN

Tumor necrosis factor-alpha (TNF-a) has pleiotropic effects on the growth of eukaryotic
cells. Thus, it has been shown that TNF-a inhibits the growth of a number of tumor celliines
in vitra but acts as a growth factor for fibroblasts. TNF-a is produced by activated monocytes
and macrophages; therefore, it is possible that TNF-a, like other monokines (e.g. IL 1), affects
the activation and differentiation of normal T and B lymphocytes. Here we have analyzed the
effect of recombinant human TNF-a on the activation of human B cells using several T celldependent and -independent activation protocols. Our results indicate that stimulation of
resting B cells by either anti-f,l antibodies or pokeweed mitogen (in the presence of irradiated T
cells) is not influenced by 1-100 ng/ml rTNF-a. Moreover, neither the growth nor the
immunoglobulin secretion of Epstein-Barr virus (EBV)-transformed lymphoblastoid celilines
is modulated by the same range of rTNF-a concentration. In contrast, rTNF-a has a dramatic
inhibitory effect on the (T cell-independent) activation of resting B cells by EBV. This
suppressive effect is neither due to antiviral activity of rTNF-a, nor is it exerted directly on B
cells since highly purified (i.e., macrophage-depleted) B cells are not inhibited by rTNF-a.
Cell fractionation and reconstitution experiments indicate that a critical number of plasticadherent (i.e., macrophage-type) cells within the «B» cell population is required to reveal the
rTNF -a effect. Results of further experiments designed to clarify the mode of action of rTNFa (i.e., cell-to-cell contact versus release of soluble factors by rTNF-a-treated macrophages)
will be presented. So far we have excluded lysis of EBV-infected B cells by rTNF-a-treated
macrophages as a possible mechanism.

Dept. of Dermatology, University of Freiburg, Hauptstr. 7, D-7800 Freiburg, FRG

32. Human tumor necrosis factor a - a potent activator of the oxidative
metabolism in human polymorphonuclear neutrophilic
granulocytes (PMN)
A. KAPP and E. SCHÖPF

The release of reactive oxygen species (ROS) may be considered as a measure of potential
microbial and tissue destruction power of PMN. Furthermore, ROS are known to modulate
various cellular functions, particularly lymphocyte proliferation, natural killer cell activity,
and they are capable of modifying the structure of proteins. Tumor necrosis factor-a (TNF)
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was shown to enhance distinct PMN functions. Therefore, in the present study, we evaluated
the effect of human recombinant TNF (provided by BASF/Knoll AG, Ludwigshafen, FRG)
on the oxidative metabolism of isolated human PMN. Production of ROS was detected by: 1)
lucigenin-dependent chemiluminescence (CL), 2) SOD-inhibitable cytochrome C-reduction
(-On and 3) horse radish peroxidase-mediated oxidation of phenol red (H 20 2). In addition,
the release of peroxidase by PMN was measured. TNF at concentrations as low as 10- 3 U/ml
induced a distinct CL response. The CL signal was biphasic with a first maximum appearing at
15 min, the second at 45-60 min after stimulation. Integral counts induced by TNF (10 3 U/ml)
within 150 min were in the range of the response to stimulation by phorbol-myristate-acetate
(10 ng/ml). PMN preincubated with TNF for 120 min were completely deactivated to renewed
stimulation with the same mediator and GM-CSF, but responded to other triggers of the
oxidative burst (PMA, opsonized zymosan, f-met-Ieu-phe). The CL signal was significantly
inhibited by superoxide dismutase (SOD), but not by catalase, D-mannitol and DMTU,
suggesting that mainly .02 - is responsible for the CL response. The effect on PMN could be
completely blocked by a polyclonal antibody to TNF. Significant release of ROS was also
demonstrated by cytochrome C reduction (103 to 10- 1 U/ml) and by detection of H 20 2 (103 to
10 U/ml). Only minimal amounts of peroxidase were released. Based on the data presented,
TNF appears to be a potent activator of PMN oxidative metabolism. It is speculated that TNF
could be useful in therapy of states of immunodeficiency, particularly when depressed PMN
functions are observed.

Memorial Sloan-Kettering Cancer Center, 1275 York Ave., New York, NY, U.S.A.

33. Murine natural cytotoxic (NC) cell activity and its human
equivalent are augmented by interleukin 2 and mediated by tumor
necrosis factor (TNF)
E. e.

LATIIME

and O.

STUTMAN

Murine NC activity against the WEHI-l64 sarcoma is mediated by cells from various
lineages, present in NK deficiencies, augmented by IL 2, but not alpha interferon, and
inhibited by anti-TNF antiserum. Coculture of murine spleen with WEHI-l64 releases a
cytotoxic factor (CF) which Iyses WEHI-l64 but not NK targets. CF release occurs within
2-4 h, while its Iytic activity requires 8-12 h, explaining the long-term (12-18 h) assay
requirements for Ne. In situ hybridization using a cDNA probe for human TNF-a shows
that spleen cells forming conjugates with WEHI-164 have high levels mRNA for TNF
(WEHI-164 does not produce TNF). In C3H/He] mice, LPS stimulated TNF production is
deficient, while WEHI -164 triggered TNF production is normal, suggesting distinct triggering
mechanisms. Using the human breast carcinoma line BT-20 as a putative NC target, and
comparing its lysis to K562, we have identified a human equivalent to the murine Ne. Freshly
isolated PBL were cytotoxic to both targets. Overnight incubation with recombinant human
IL2 (50 U/ml, Cetus Corp.), but not with human recombinant IFN-a A (Roche) (1000 Ulml)
augmented the lysis of BT-20, while both IL 2 and IFN augmented K-562 lysis. The addition
of monoclonal anti-TNF antibody to the assay inhibited the lysis of BT-20, but not K-562.
Lymphokine-activated killer cells (LAK) were generated (72 h, 1000 Ulml IL 2) and found to
Iyse the two targets equally. In contrast to NC, LAK ceillysis of the BT-20 target was not
inhibited by anti-TNF. These results are consistent with the BT-20 target and effector
mechanism being equivalent to the murine NC system.
Supported by USPHS grant CA-15988.
E.e.L. is a Leukemia Society scholar.
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34. Interferon-ß 1: an intermediate in the TNF-a induced increased
MHC-class I expression and autocrine regulator of the
constitutional MHC-class I expression
I. F. M. LEEUWENBERG 1,

J. VAN DAMME2, G. M. A. A. JEUNHOMMEl, W. A.

BUURMAN J

rTNF-a induces an increase in the MHC-class I expression on human umbilical vein
endothelium (HUVE) cells and on human fibroblasts, and conveys astate of resistance to virus
infection on these cells. The increase in MHC-class I expression is dependent on a newly
synthesized protein intermediate, as was demonstrated in experiments using a pro tein synthesis inhibitor (1). We studied the role of IFN-ß1 in the increase in MHC-class I expression
and the antiviral activity, induced by rTNF-a on HUVE cells and on human fibroblasts.
Recently, IFN-ß2 was proposed as a possible candidate as intermediate protein (2). Administration, however, of IFN-ß2 to HUVE cells and fibroblasts had no effect on the class I
expression, nor rendered viral protection. The increase in surface expression and the antiviral
activity induced by rTNF-a was observed to be mediated via IFN-ß1, since highly specific
antiserum reactive with IFN-ß1 completely abrogated these effects. Furthermore, it is shown
that the constitutional expression of MHC-class I antigens on HUVE cells and fibroblasts was
reduced in vitro in the presence of antiserum directed against IFN-ß1, indicating that autocrine
synthesized IFN-ß1 is a regulator of the MHC-class I expression. rTNF-a is suggested to
interact with the normal regulation of the expression of MHC-class I antigens on HUVE cells
and fibroblasts. The autocrine regulation of MHC antigen expression combined with virus
protection is a functional strategy, since the MHC-class I expression plays a role in the
recognition and destruction of virus-infected cells by MHC-class I restricted T Iymphocytes,
and simultaneously the IFN -ß 1 protects the cell against virus infection.

1. POBER, J. et al. 1986. J. Immunol. 37: 1893.
2. KOHASE, M. et al. 1986. Cell 45: 659.

Medical Microbiology, Univ. Wales College of Medicine, Cardiff, U.K.

35. Are free radicals involved in tumour cell cytolysis by TNF?
N. MATTHEWS, M. L. NEALE, S. K. JACKSON, and

J.

M. STARK

Our previous work has shown that in TNF-treated L929 cells the first organelles to appear
damaged are the mitochondria, in a mann er which suggests free radical-induced lipid peroxidation. In this study, free radical involvement in L929 cytolysis has been sought by the following
2 approaches.

Effect oE an aerobic conditions, Eree radical scavengers and inhibitors oE Eree radical-generating
pathways
Cytolysis of L929 cells by TNF could be markedly inhibited by an aerobic conditions. Most
of the free radical scavengers tested did not inhibit cytolysis, although inhibition was seen with
promethazine, butylated hydroxytoluene and desferal. Free radicals can potentially be generated during oxidative phosphorylation and also during arachidonate metabolism. Inhibition of
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the former pathway by rotenone did not reduce TNF killing of L929 cells but steroid
inhibition of arachidonate metabolism did protect cells from TNF cytolysis.

Malonyldialdehyde (MDA) production by TNF treated cells
MDA is a free radical-induced lipid peroxidation product. A significant increase in MDA
production was first found 8 h after TNF addition, and very high MDA concentrations were
seen after 40 h, when most of the cells were dead. This pattern was seen for 3 celilines L929,
RK13 and U937 which are susceptible to TNF cytolysis. Increased MDA production was not
seen with their TNF-resistant sublines L929/R, RK13/R and U937/R.
Overall, these findings give some support for a free radical role in TNF cytolysis, but the
time course of MDA production suggests involvement at a late stage in the cytolytic process.

Johannes-Gutenberg-Universität, Mainz, FRG

36. Phase I trial of recombinant tumor necrosis factor-a (TNF) in
advanced malignancy
H. GAMM,

w. MEYENBURG, F. HERRMANN, and R. MERTELSMANN

Patients with advanced malignancies refractory to standard therapy are being treated on a
phase I protocol of TNF, administered over 30 min i.v.b.i.d. Doses are escalated in cohorts of 6
b.i.d. TNF is administered for 5 days every
patients: 2.5, 5,12.5,25,37.5,50,75,150 to 200
2nd week for a total of 8 weeks followed by 4 weeks of observation. So far, 60 patients have
been treated with various solid tumors and hematological malignancies. Side-effects included
fever and chilis of short duration (30-45 min) in the majority of patients and were weil
tolerated. No other significant toxicities have been encountered up to the current dose level of
150
b.i.d. Two patients with multiple myeloma experienced minor subjective and objective
improvements in disease parameters. Two patients experienced partial remissions of liver
metastases, which are ongoing (9+, 6+ months). Although largely ineffective at the dose and
schedule used so far, with the possible exception of multiple myeloma and GI adenocarcinomas, it is hoped that further dose escalation will not only yield toxicological and
pharmacological information of interest but will also allow definition of disease categories
which might reproducibly benefit from TNF.

Biotechnology Research Center, Teikyo University, Sagamiko-cho Kanagawa, Japan

37. Endogenous and Exogenous TNF Therapy (EET therapy).
Theoretical and experimental grounds
D. MlZUNO, H. OSHIMA, and G. SOMA

Our anti tumor TNF-therapy has originated from the teleology of TNF. TNF should not be
produced to kill tumor cells, but it might be a regulatory cytokine to keep the embryogenesis
going on a right schedule. While embryo genesis go es on every cell division or differentiation
must meet the surveillance as to self or non-self, maintaining inflammations around the region
of the developmental change. We call them «juvenile inflammation». The programmed death is
an expression of this inflammation. When tumor appears in adult, this «juvenile inflammation»
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can be mobilized around the tumor tissues to discard them as non-self. There the main effector
cell is macrophage and the effector molecule may be TNF.
We have already shown that TNF can be produced endogenously by y-IFN (MAF) for
priming and OK-432 (a streptococcal preparation) for triggering in mice O. BRM 5,117,149,
1986, J. J. Canc. Res. 77, 432, 1986). Following this model, clinical trials have been quite
successfully carried out (TAKAGI et al., this conference). Disseminated metastases at lung or
liver were quite easily cured (Endogenous TNF Therapy). We found that the endogenously
produced TNF was different in nature from rH-TNFa. We could construct a new recombinant TNF (named TNF-S), similar to endogenous TNF, having some more basic amino acids at
the N-terminal region (SOMA et al., this conference). TNF-S was very effective on solid tumor
in patients and even systemic administration was available (Exogenous TNF Therapy). The
two above-mentioned therapies are complementary with each other. We call this EET
Therapy. Thus, the therapy is completely based on the endogenous assembly of activated
macrophage or of TNF-S around the tumor tissues, that is to say, «juvenile inflammation" is
induced there.

Armed Forces Radiobiology Research Institute, Bethesda, MD 20814, Uniformed Services
University for the Health Sciences, Bethesda, MD 20814, and National Cancer Institute,
Frederick, MD 21701, U.S.A.

38. In vivo effects and interactions of rTNF-a and rIL la in
radioprotection, induction of CSF and of fibrinogen
R. NETA,

J. J.

OPPENHEIM,

s. N. VOGEL, and S. D. DOUCHES

TNF and IL 1 are two macrophage-derived cytokines which differ in their structure, act on
different receptors, but share a number of biological effects. We evaluated the effect of in vivo
administration of these two cytokines on radioprotection, induction of colony stimulating
factor (CSF), and induction of the acute phase reactant, fibrinogen. Following i.p. administration, 75-fold higher doses of hu-rTNF-a than hu-rIL la were required to obtain significant
radioprotection. Furthermore, even at optimal doses, TNF was less effective than IL 1 in
protecting against increasing dos es of radiation. The dose reduction factor (DRF = LDso/JO
ratio of treated vs non-treated mice) was 1.25 for IL 1 and only 1.15 for TNF. TNF was also
100-fold less potent on a dose basis in inducing the production of fibrinogen and CSF.
Simultaneous administration of optimal doses of TNF and IL 1 resulted in an additive effect
both in radioprotection and in induction of fibrinogen. These results suggest that the two
cytokines may be 1) radioprotective via different pathways and 2) may independently regulate
the levels of fibrinogen present in circulation.

1Innere Universitäts klinik und Poliklinik (Tumorforschung), Hufelandstr. 55, D-4300 Essen 1,
2Knoll AG, D-6700 Ludwigshafen, FRG

39. Phase-I study of recombinant human tumor necrosis factor in
patients with advanced malignancies
T. MORITzt, N. NIEDERLEt, E. KURSCHEL 1, D. MAYt, E. SCHLICK2, and C. G. SCHMIDT'
In August 1986, a phase-I study with recombinant human tumor necrosis factor (rhuTNF/
Knoll AG, Ludwigshafen, FRG) was started in patients with advanced malignancies resistant
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to standard therapy. Study objectives were to determine the maximal tolerated dose treatment
as weil as toxicities of the drug including organ specifity, time course, predictability and
reversibility. TNF was administered as single dose (i.v. infusion over 15 min, TNF dissolved in
50 ml 5 % human albumin) followed by a 5-day course (1 i.v. infusion daily). Dosage was
increased in cohorts of four patients from 0.04 to 0.84 mg/m 2 body surface. By April 1986, 10
patients (6large bowel carcinomas, 1 malignant melanoma, 1 nephrocarcinoma, 1 rhabdomyosarcoma, 1 malignant lymphoma) were treated with a maximal dose of 0.16 mg/m2• Non dosedependent side effects were chilis and fever (maximum 40.2°C/median 38.5 0c) (10/10) and
occasionally vomiting (2/10) and back pain (3/10). Side effects were diminished by paracetamol
application 30 min prior to TNF, and all were completely reversible within 8 h. TNF treatment
was followed by regular checks of tumor parameters, laboratory values including pharmacokinetics, kidney function studies and determination of oncogene expression. So far, no
definite anti tumor effect could be established, though a marked decrease in excretory liver
enzyme levels was detected in 3/6 patients with metastasising large bowel cancer.

Sloan-Kettering Institute for Cancer Research, 1275 York Avenue, New York, NY, 10021,
U.S.A.

40. TNF: pleiotropic actions and interactions
L.

J. OLD

TNF is part of a growing family of polypeptide mediators that includes the interferons,
interleukins, and hematopoietic growth factors. These mediators form a network of regulatory
signals that orchestrate the complex events in inflammation, immunity, and hematopoiesis.
There is considerable overlap in the activities of these factors, and their combined action leads
to unexpected patterns of synergism or antagonism. TNF and IL 1, despite their lack of
structural ho molo gy and their distinct receptor systems, show a surprisingly similar spectrum
of activities. However, distinctions between TNF and IL 1 actions are coming to light. For
instance, TNF has greater antitumor activity in vivo and in vitra, and tumor cell killing by
activated macrophages is mediated by TNF, not IL 1. With regard to their action on
hematopoietic cells, TNF has direct inhibitory effect on stern cells, whereas IL 1 prornotes
their expansion. LPS is a potent exogenous stimulus for both TNF and IL 1 production by
macrophages, and many of the activities of LPS can be mimicked by injection of cloned TNF
or IL 1. Although it was originally thought that the macrophage was the exclusive source of
TNF, it is now clear that other cell types can produce TNF. TNF has the capacity to induce
the synthesis of TNF by mouse and human cells of non-macrophage origin, indicating that
TNF itself is one of the endogenous signals for regulating TNF production.

Genentech, Inc. 460 Point San Bruno Blvd, South San Francisco, CA 94080, U.S.A.

41. Regulation of tumor necrosis factor-a and -ß production and dass 11
antigen expression by transforming growth factor-ß
M. A. PALLADINO, G. E. RANGES, T. ESPEVIK, H. M. SHEPARD, G. H. W. WONG, and
C. W. CZARNIECKI
We investigated the ability of platelet derived porcine transforming growth factor-ß
(TGF-ß) to modulate the production of tumor necrosis factor-a and -ß (TNF-a, TNF-ß) and
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interferon-y (IFN-y) by various murine and human lymphoid subpopulations and the ability
to TGF-ß to inhibit specific biological activities mediated by these cytokines. Treatment of
unseparated or nonadherent human peripheral blood mononudear cells (PBMC) with TGF-ß
(10 ng/ml) resulted in approximately 60 percent inhibition of IFN-y production but only
minimally affected the synthesis of TNF-a and TNF-ß. Moreover at low concentrations
(0.1-1.0 ng/ml), TGF-ß could enhance TNF-a production. In contrast, treatment of adherent
PBMC or murine peritoneal derived macrophages with TGF-ß (10 ng/ml) inhibited TNF-a
production by approximately 60 percent (ESPEVIK et al., J. Exp. Med, in press). In addition to
regulating cytokine production, TGF-ß also was found to suppress cytokine induced biological activities such as 1) TNF-a-mediated macrophage cytotoxicity of NIH-3T3 cells, 2) IFN-y
induced Class 11 antigen expression of human Hs294T melanoma cells and adherent PBMC as
measured by FACS analyses and induction of HLA-DR mRNA, 3) the generation of
cytotoxic T Iymphocytes in mixed Iymphocytes cultures and 4) the generation of Iymphokine
activated killer cells by interleukin 2. The significance of the findings that TGF-ß selectively
suppresses these biological functions suggests that TGF-ß may be of importance in regulating
the homeostatic mechanisms which limit cytokine mediated inflammatory responses. This
effect could occur through the release of TGF-ß by activated platelets and T cells at sites of
inflammation which results in a reduction of cytokine release by specific lymphoid cell
populations, the inhibition of dass 11 antigen expression and the generation of cytotoxic
effector cells.

Department of Molecular Immunology, Genentech, Inc., 460 Point San Bruno Boulevard,
South San Francisco, CA 94080, U.S.A.

42. Inhibition of cytotoxic T cell development by transforming growth
factor-ß: Reversal by recombinant murine tumor necrosis factor-a
G. E. RANGES, I. S. FIGARI, T. ESPEVIK, and M. A. PALLADINO
Recent studies have defined immunoregulatory activities of transforming growth factor-ß
(TGF-ß) induding the inhibition of certain T cell (KEHRL, J. H. et al., J. Exp. Med. 163: 1037),
B cell (KEHRL, J. H. et al., J. Immunol. 137: 3855) and NK cell (ROOK, A. H. et al., J.
Immunol. 136: 3916) activities. In this report, we describe the effects ofTGF-ß on cytotoxic T
cell (CTL) generation and activity. The results demonstrate that TGF-ß, in a dose-dependent
manner, inhibited CTL generation but not CTL activity. The maximum inhibitory effects
were detected when TGF-ß was added within the first 48 h of the mixed Iymphocyte reaction
(MLR), while little activity was seen when it was added thereafter, induding the addition of
TGF-ß to the cytotoxicity assay. The production of tumor necrosis factor-a (TNF-a), which
occurs during early phase (4 h) of the MLR and appears to have an important regulatory role,
is inhibited in the presence of TGF-ß. The inhibitory effects of TGF-ß on the proliferative
phases of the MLR and subsequent CTL generation are significantly reversed by the addition
of recombinant murine TNF-a to the cultures. These results demonstrate that TGF-ß can
inhibit MLR and consequently the generation of CTL at early stages of the reaction and such
inhibition may involve the suppression of TNF-a production.
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43. Role of TNF in nonspecific stimulation of the mouse res ist an ce to
infection
MONIQUE PARANT

TNF was originally found in the sera of LPS-treated mice. However, besides the induction
of tumor necrosis and the participation in macrophage tumor cytotoxicity, other biological
effects of LPS have been ascribed to TNF at least partly. Thus, recombinant human TNF
(rHuTNF, from Knoll and Biogen) was toxic in adrenalectomized (LD50 3 !lg) and in
galactosamine-treated (LD50 0.3 !lg) mice at dosages weil tolerated in normal mice, and
induced abortion in pregnant mice (10 !lg). Our data also show that TNF plays an important
role in the LPS-induced enhancement of resistance to infections. We had previously reported
that crude TNF serum could transfer protection in untreated recipients against a bacterial
challenge. Similarly, a sm all dose (around 1 !lg) of rHuTNF injected 2 h before infections
resulted in a definitive survival in C3H/He] mice challenged with KJebsiella or Listeria
organisms, demonstrating that the low level of contaminant LPS was not involved in the
protective effect. In outbred mice less susceptible to infection, lower doses of rHuTNF gave a
good protection against several challenges, including KJebsiella, Listeria, Streptococcus and
Candida. Additional results have shown that muramyl dipeptides, known to increase resistance to infections, could prime mice for induction of TNF production by LPS or bacteria,
suggesting that TNF could represent a common mediator of nonspecific immunity. Moreover,
Iymphotoxin, LT or TNF-ß, a lymphocyte-derived mediator that is closely related to TNF,
seems to displaya similar protective effect as shown by preliminary experiments conducted
with crude human LT.

Klinische Arbeitsgruppe «Biologische Regulation der Wirt-Tumor-Interaktion» der MaxPlanck-Gesellschaft, Medizinische Klinik der Universität Göttingen, Goßlerstraße 10 d, 3400
Göttingen, FRG

44. Control of TNF-sensitivity via regulation of TNF-receptor
expression
P. SCHEURICH, B. THOMA, R. UNGLAUB, and K. PFIZENMAIER

There is increasing evidence that TNF-a can affect at transcriptional and post-transcriptionallevels the expression of oncogenes as weil as other cellular genes, which are involved in
the control of growth, functional activities and phenotype of both normal and malignant cells.
As a net result, on some tumor cells TNF-a exerts cytotoxic or cytostatic activity. However,
many tumor cells are constitutively resistant to this TNF-action. We have investigated
potential mechanisms underlying resistance to TNF-mediated growth inhibition and obtained
evidence for a dual control of TNF-sensitivity, effective 1) at the level of TNF receptors and 2)
at a post-receptor level. We show here that regulation of TNF-receptor expression and
function contributes to control of TNF-sensitivity. While IFN-y enhances TNF-receptor
expression on a broad spectrum of tumor cells, IL 2 in conjunction with antigen receptor
crosslinking is required for de novo induction and maintenance of TNF-receptor expression in
normal resting T lymphocytes. In contrast, in both normal and malignant cells of various tissue
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ongms, selective activation of protein kinase C by stimuli such as OAG provokes an
immediate and complete loss of TNF bin ding capacity, which, however, is fully reversible
upon withdrawal of the stimulus. As down-regulation of TNF-binding is not due to
internalization of TNF-receptors, our data suggest that PKC directly phosphorylates TNFmembrane receptor proteins, thereby causing a dramatic loss (100-fold) in binding-affinity.
This is paralleled by a conversion of TNF-sensitive ceHs to a resistant phenotype.

lDept. of Pathology, CMU, CH-1211 Geneva, Switzerland, 2Biogen S.A., CH-1227 Carouge,
Switzerland

45. Tumor necrosis factor (TNF) is an important media tor of the
mortality and morbidity induced by the graft-versus-host reaction

(GVHR)

P. F. PIGUETI, G. GRAUl, B. ALLET2, and P. VASSALul

(CBAXB10)F1 mice were irradiated (750 rad) and injected with parental (B10) T cell
depleted bone marrow cells (BMC) alone, or with parental BMC and 3 X 106 T Iymphocytes
(i.e. control and GHVR). After 40 days, the survivors were > 90 % for the controls and
< 10 % for the GVHR. Starting at day 8, the mice undergoing GVHR were injected i.p.
weekly with 2 mg of non immune rabbit IgG or rabbit antibody against recombinant mouse
TNF-a. The anti-TNF treatment had a significant influence on the lesions observed during the
third week: 1) the cutaneous lesions: epidermal cell necrosis, lichenoid hyperplastic re action
and loss of the hypodermic fat were markedly or completely prevented by the anti-TNF
treatment, 2) the enteropathy: elevation of the duodenal crypts, disparition of the villi, ascitis
were prevented by anti-TNF treatment, 3) the weight loss, ab out 10 % of the body weight, was
prevented by the anti-TNF treatment. The anti-TNF treatment had also a significant influence
on the evolution of the disease, as indicated by a decrement of the mortality at day 40: > 50 %
of the anti-TNF versus < 10 % of the non immune Ig treated mice survived. These observations suggest that TNF production, elicited by the donor T Iymphocytes, plays an important
role in the various pathological manifestations of the acute phase of GHVR.

Department of Pathology, Harvard Medical Schaol and Brigham and Women's Hospital, 75
Francis Street, Boston, MA 02115, U.S.A.

46. Activation of vascular endothelium by tumor necrosis factor (TNF):
comparisons and interactions with other cytokines

J. S.

POBER

TNF, initially described as a tumaricidal factor, is now appreciated to be a pleiotropic
inflammatory /immune mediator. We and others have focused upon the direct actions of TNF
upon vascular endothelium. In general, TNF-treated endothelial cells acquire functions which
promote coagulation, acute inflammation and cell-mediated immunity. These actions are
mediated in large part by de nova or increased expression of specific endothelial cell surface
proteins. Far example TNF-treated endothelial cells express a tissue factor procoagulant,
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express specific adhesion molecules for leukocytes and lymphocytes (e.g., E-LAM 1, ICAM1), and express membrane-associated interleukin 1 (IL 1). To date, these actions of TNF are
indistinguishable from those of lymphotoxin (LT) and very similar to those of IL 1, although
TNF and IL 1 effects are often additive. TNF, LT and IL 1 each cause endothelial cell cultures
to und ergo morphological rearrangements, actions which synergize with those of interferon
(IFN)-y. TNF or LT also synergize with IFN-y to increase the expression of HLA-A,B
antigens. In summary, TNF is an activator of vascular endothelial cells, causing new or
increased expression of surface molecules which confer new or enhanced functions upon
endothelium.

Department of Microbiology and Immunology, New York Medical College, Valhalla, New
York, NY, 10595, U.S.A.

47. Composition and function of CTL granules
E.R.PODACK

Cytotoxic T lymphocytes and NK cells contain cytoplasmic granules that are secreted onto
target cell membranes upon killer-target contact. Since the granules, in isolated form are
endowed with strong, Ca-dependent cytotoxicity, they may be responsible for ensuing target
cell death. Isolated granules contain a variety of proteins that may be involved in the cytolytic
reaction. We have isolated, from human killer lymphocytes, three different esterases with
subunit molecular weight of 32 kD, 30 kD and 28 kD. In addition, we have now obtained
cDNA clones for murine granule perforin 1 (P1). Mouse P1 has 27 % sequence homology to
human C9. P1 message (2.8 kb) seems to be expressed exclusively in lymphocytic killer cells.
Antigen, IL 2 or Concanavalin Aare required for expression of P1 message in precursor
cytotoxic cells.

Institute for Molecular Pharmacology, Medizinische Hochschule Hannover, FRG

48. Biological and molecular properties of the receptor for interleukin 1
on tumor cells
M. MARTIN,

u. KYAS, R.

KROGGEL, and K. RESCH

Mouse macrophage interleukin 1 (IL 1) purified to apparent homogeneity, induced a
concentration-dependent inhibition of the proliferation of several mouse and human tumor
celllines. The cytostatic action of IL 1 was not due to cytotoxicity and was irreversible for
several days in culture. It was associated with changes in surface properties in the IL 1
responsive undifferentiated human leukaemia K562, including a rapid loss of transferrin
receptors and a more delayed increase in MHC antigens. In isolated plasma membranes of
K562 125I-labelled IL 1 identified one protein of about 56 kD cross linking studies. IL 1 also
induced a tyrosine specific autophosphorylation of a 41 kD membrane protein. Plasma
membranes of an IL 1 resistant sub clone of K562 failed to induce phosphorylation in response
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to the cytokine. In addition, in plasma membran es of the mouse T lymphocytic tumors EL4,
and BW5147 recombinant human IL lu (rhIL lu) bound exclusively in cross linking studies to
a 58 to 60 kD plasma membrane protein. rhIL lu, also, induced a very rapid tyrosine specific
autophosphorylation of a 43 kD plasma membrane protein, which was maximal after 5 sec of
IL 1 exposure. Control experiments showed that neither bacteriallipopolysaccharide, nor the
protein kinase C activator TP A induced any phosphorylation in isolated plasma membranes.
The data suggest that IL 1 has cytostatic properties for some tumor cells. The receptor for IL 1
on these cells mediating growth inhibition is proposed to consist of a 56-60 kD binding
protein, which is linked to a 41-43 kD tyrosine specific protein kinase with autophosphorylating capacity.
Supported by grants of the Deutsche Forschungsgemeinschaft

IDepartment of Virology, Weizmann Institute of Science, and 2Department of Hematology,
Ichilov Hospital, Israel

49. A multifunctional, TNF-inducible cytokine: IFN-ß2
M. REVEL 1, A. ZILBERSTEIN 1, R. RUGGIERI 1, L. CHEN!, M. GABAI!, Y. MORY!, and
R. MICHALEVICZ2

Originally identified in dsRNA-induced human diploid fibroblasts as product of a 1.3 kb
RNA yielding beta-type interferon activity and distinct from the IFN-ßl RNA of 0.9 kb, the
cytokine IFN-ß2 is secreted as a 21 Kd glycoprotein processed from a 23 Kd primary product.
We have developed methods for the constitutive expression of IFN-ß2 cDNA in hamster
CHO cells and for the purification of the secreted glycoprotein exhibiting interferon-type
activities. Antiviral activity of 106 reference IFN units per mg protein was observed with VSV.
This action is species-specific and seen also on EMC, Mengo virus and HSV-2. Per IFN unit,
IFN-ß2 has a higher antigrowth action than IFN-ßl on fibroblasts and breast carcinoma cells.
We find that IFN-ß2 activates a number of typical IFN-induced genes including the (2'-5')
oligo A synthetase, at the transcription level and without need for protein synthesis. TNF and
IL 1 are potent inducers of IFN-ß2 in fibroblasts (but not of IFN-ßl), and cause a marked
increase in (2'-5') oligo A synthetase which is prevented by anti-IFN-ß. In these cells, antiIFN-ß was reported to inhibit the antiviral action of TNF on EMC, and to enhance the TNFdependent cell proliferation. Antiviral effects of TNF on other virus es (e.g. HSV-2) may not
require IFN-ß. Other studies revealed that IFN-ß2 is B cell stimulation factor BSF-2
enhancing Ig secretion, and has a cross-species plasmacytoma growth factor activity. Some
such Beeil activities are found in rIFN-ß2 purified from CHO cells by its IFN activity, and
IFN-ß2 prornotes B-lymphopoiesis and differentiation in hematopoietic cultures from Hairy
Cell Leukemia patients (in contrast to IFN-ß1 but analogy to IFN-y). A cross-species
activation of the acute phase response in liver cells was also assigned recently to IFN -ß2. The
cytokine appears to have different functions and variability in these activities has been
observed between preparations from different laboratories. In our hands, the antiviral activity
can often be unmasked d uring proliferation suggesting conformational changes or removal of
inhibitors.
This work was supported by InterYeda, Israel.
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50. Lymphotoxin: Function and regulation
N. H. RUDDLE, C. B. LI, W. L. TANG, and SARAH FASHENA

Lymphotoxin (LT), a product of activated T cells, is produced by both L3T4+ class II
restricted and Lyt2+ class I restricted cells in response to antigen plus self. The multifunctional
protein eliminates virus infected and malignantly transformed cells, participates in immunoregulation and mayaiso contribute to the pathogenesis of autoimmunity. The LT gene is tightly
regulated with regard to cell type and differentiated state. Murine LT (protein and mRNA) is
expressed only in T cells and only after activation. Understanding the nature of L T's regulation
will emerge from an analysis of the gene. Genomic clones of murine LT were isolated by
means of homology to human LT. Murine LT genomic probes were used to isolate LT cD NA
from a library prepared from a Con A activated T cell clone. The cDNA has been expressed in
E. coJi as an 18000 d protein which aggregates to higher molecular weight forms. Somatic cell
hybrids have been used to map the LT and TNF genes to mouse chromosome 17. LT cDNA
cloning has allowed the delineation of the organization of the gene into four exons and three
introns. Sequencing of the entire gene and functional analyses have resulted in an understanding of the LT gene's organization, identification of the promoter and determination of
additional 5' and 3' regulatory sequences.

Department of Microbiology and Immunology, UCLA School of Medicine, University of
California at Los Angeles, Los Angeles, CA 90024, U.S.A.

51. Flow cytometric analysis of human macrophage surface TNF
I. T. SAFRIT, L. T. LEBOW, SUSAN C. WRIGHT, and B. BONAVIDA

Activated human macrophages are most likely involved in the host defense mechanism
against malignancy. Tumor necrosis factor (TNF) has been shown to be involved in macrophage cytotoxicity both as a secreted molecule and recently as a cell surface mediator of
tumor cell killing. The present investigation was initiated to study macrophage surface TNF by
means of flow cytometric analysis with anti-TNF monoclonal antibodies. Although there is a
variability from donor to donor, the majority of the experiments show that 75-95 % of both
control and y-IFN activated macrophages stain with anti-TNF. Although there is no difference in the percentage of TNF positive cells in control and y-IFN activated macrophages, the
density of TNF on the surface of the y-IFN activated cells increases dramatically. Accordingly,
there is a concomitant increase in activated macrophage cytotoxicity against the U937 target
cel!. Thus the increase in cytotoxicity seen in y- IFN activated cells may be the result of the
increase in TNF surface density. The same monoclonal can also be used to inhibit macrophage
killing of U937 by at least 50 % in both control and activated states. At the present time, it is
not clear to what degree surface TNF is the mediator of macrophage cytotoxicity. Further
experimentation is underway to determine the role of TNF in macrophage cytotoxicity and
how it is associated with the cell surface.
The authors wish to thank G. TRINCHIERI for supplying the monoclonal anti TNF.
Supported by grant CA-35791 awarded by The National Cancer Institute, PHHS.
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52. The mechanism of antitumor activity ofTNF: regarding factors
influencing antitumor activity and side effects
N. SATOMI, A. SAKURAI, R. HARANAKA, and K. HARANAKA
TNF was found to induce enhancement of the endogenous lysosome activity of TNF
sensitive tumor cells by microphotometric assay for the lysosomotropic probe, acridine
orange. Following addition of TNF, susceptible tumor cells were found to reveal a decreased
respiration after a certain period, and the respiration subsequently increased again, using a
Clark oxygen electrode. Glutathione, a-tocopherol, l- ascorbic acid, verapamil and azelastine
decreased the cytotoxicity of TNF against L cells. These results suggest the importance of
oxygen radicals and arachidonic cascade in target cells. The side effects of TNF were observed
using recombinant human TNF. After administration of TNF, the lysosomal enzymes
activity, and the low molecular weight substances increased 1 to 3 h after the administration.
The lethai effects of TNF were blocked by the administration of glutathione, a-tocopherol,
bismuth subnitrate and chloropromazine. Bismuth subnitrate did not block antitumor activity
of TNF, in contrast to the other substances, which reduced antitumor activity.

Division of Biological Sciences, The University of Chicago, Department of Pathology, Box
414,5841 Maryland Ave., Chicago, IL, 60637, U.S.A.

53. Synergy between tumor necrosis factor and bacterial products causes
hemorrhagic necrosis and lethai shock

J.

L. ROTHSTEIN and H. SCHREIBER

We find a strong synergism between tumor necrosis factor (TNF) and bacteria or their
products. Endoxin - (free) recombinant TNF, even at very high doses (160 ftg), did not alone
cause hemorrhagic necrosis (hn) in the skin of normal mice. Similarly, TNF alone had a low
systemic toxicity in tumor - and pathogen - free mice. However, TNF given intravenously
(i.v.) with nanogram quantities of the endotoxin LPS causes lethai shock. Futhermore,
subcutaneous (s.c.) injection of LPS made skin susceptible to subsequent induction of hn by
TNF, in the same site 24 hiater. Mycoplasma organisms or corynebacteria (c.) also synergized
with TNF to cause hn or lethai shock. In addition, we find that lymphotoxin (lt.), a cytokine
functionally and genetically related to TNF, also synergized with the bacteria to cause hn,
whereas interleukin -la or interferon-y did not. Together, the results indicate that a synergy
between TNF and bacteria or their products causes hn and lethai shock.

The Rockefeller University, New York, NY 10021, U.S.A.

54. Regulation of transcription of the ß2a interferon/B cell
differentiation factor BSF-2 (IFN-ß2a) gene
Z. WALTHER, S. TATTER, L. T. MAY, and P. B. SEHGAL
Human ß2a interferon (IFN-ß2a), derived from a gene located on human chromosome 7, is
now recognized to be identical to the B cell differentiation factor BSF-2 and has emerged as a
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new means of bidirectional communication between cells of the immune system and those
outside it. Its expression in fibroblasts is enhanced by several cytokines that affect cell growth
(tumor necrosis factor [TNF], interleukin-l [IL l], platelet-derived growth factor and ßtinterferon) and by virus infection; IFN-ß2a is also expressed in activated human monocytes
and T cells. In fibroblasts protein kin ase C-activating or [Ca2+]-elevating agents rapidly
increase the transcription of the IFN-ß2a gene (assayed in nuclear run-on experiments).
Although TNF and IL 1 both appear to enhance IFN-ß2a gene expression via activation of
protein kinase C (the enhancement is blocked by the compoound H7 but not by H8), the
signal transduction pathways used by these two cytokines differ in several respects. For
example, the enhancing effect of IL 1 on IFN-ß2a gene transcription, but not that of TNF, is
decreased by cycloheximide. Furthermore transcription of the IFN-ß2a gene is sustained at a
high level for at least 14 h in IL 1-treated fibroblasts, whereas the increase is transient following
TNF addition and declines by 6 h. The nucleotide sequence of the TNF- and IL l-inducible
promoter of the human IFN-ß2a gene shares distinctive similarities with the serum-response
enhancer element in the human c-fos gene. Genetic experiments, in both fibroblasts and T cell
lines, are helping to delineate the particular promoter elements that confer characteristic TNFor IL 1-inducibility on the IFN-ß2a gene.

Klinische Arbeitsgruppe «Biologische Regulation der Wirt-Tumor-Interaktion» der MaxPlanck-Gesellschaft, Medizinische Klinik der Universität Göttingen, Goßlerstraße lod, 3400
Göttingen, FRG

55. TNF-mediated inhibition of transformation of mouse fibroblasts
correlates with down-regulation of oncogene expression
B. SELIGER, G. STARK, and K. PFIZENMAIER
Tumor necrosis factor (TNF) exhibits cytostatic or cytotoxic activity on a broad range of
animal and human tumor cell lines. In order to define potential molecular mechanisms of
TNF-mediated tumor growth inhibition, we investigated the effect of murine recombinant
TNF on mouse fibroblast lines transformed by distinct retroviral vectors carrying the v-mos,
c-myc and v-Ha-ras oncogene, respectively. It was asked, whether or not phenotypical
reversion of these transformed celliines can be achieved by TNF-treatment and whether this
correlates with a direct action of TNF on oncogene expression. The differential TNFsensitivity of fibroblast celliines transformed by distinct oncogenes will be discussed in the
context of the differential transforming capacity of the v-Ha-ras, v-mos, and c-myc oncogene.
The data obtained indicate that v-mos and c-myc, but not v-Ha-ras transformed cell lines
could be reverted to an apparently untransformed phenotype. In the presence of TNF, v-mos
95 %
and c-myc transformed cells showed a strongly reduced proliferative capacity, a
reduction of the cloning efficiency in soft agar, and changes in morphology. This TNFinduced phenotypic reversion was preceded by a selective reduction of all retroviral mRNA
species, whereas the mRNA levels of constitutively expressed cellular genes remained largely
unaffected. Removal of TNF from these revertants resulted in complete retransformation
within 5 to 7 days. In contrast, v-Ha-ras transformed cells largely retained their transformed
phenotype in the presence of TNF. Furthermore, no change in retroviral steady state RNA
levels was observed in these cells upon TNF treatment.
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56. Phase I study of recombinant human tumor necrosis factor in cancer
patients
M. L. SHERMAN, D. R. SPRIGGS, G. D. DEMETRI, K. ARTHUR, K. IMAMURA, D. W. KUFE, and
E. FREI III

We have conducted three Phase I trials of recombinant human tumor necrosis factor (TNF,
Asahi Chemical Industry America) in patients with advanced solid tumors. In the first study,
TNF was administered as a 24 h continuous infusion every three weeks at doses from 1 X 104
Asahi units (U)/m 2 to the maximally tolerated dose (MTD) of 1.4 X 106 U/m 2 • The doselimiting toxicity was systemic hypotension. Steady-state plasma TNF levels reached 0.5 to 2.0
U/ml. The second study consisted of TNF given as a five day continuous IV infusion every
four weeks at a dose ranging from 5 X 104 to 3 x 10 5 U/m 2/d. The major toxicities in the five
day study were thrombocytopenia and hepatotoxicity. At the MTD of 3 X 10 5 U/m 2/d, the
platelet count decreased to 40,000/1-11 by day 5. Plasma TNF levels were < 0.2 U/ml. In the
third study, 200 I-Ig/m2 recombinant human interferon-y (IFN, Amgen) was administered
continuously over 24 h, and a 24 h continuous infusion of TNF at 1 X 104 or 1.2 X 104 U 1m 2
was begun 12h after the start of IFN. The IFN/TNF combination has resulted in granulocytopenia with the WBC decreasing to 1,000 to 2,000 1-11 on day 3; no thrombocytopenia was
noted. Varying degrees of constitutional symptoms including fever, chills, headache, malaise
and anorexia have been associated with all three trials. No patient has had clinical evidence of a
hemorrhagic disorder or accelerated cachexia secondary to TNF. Phase 11 TNF trials are
planned.

Research Laboratories, Dainippon Pharmaceutical Co. Ltd., Osaka, Japan

57. Antitumor effect of recombinant human tumor necrosis factor-a
(rHu-TNF-a: PT-050) and its augmentation in vitro and in vivo
Y. SOHMURA

Human TNF-a cDNA was cloned in our laboratories from cDNA library constituted using
mRNA prepared from human alveolar macrophages, and an efficient system to produce
human TNF-a was established in Escherichia coH. This recombinant human TNF-a (rHuTNF-a: PT-050), consisting of 155 amino acid residues, showed a broad spectrum of
antitumor activity in vitro and in vivo.
In vitro, rHu-TNF-a exhibited the cytotoxic activity against various human tumor cells,
cytostatically and/or cytocidally, but not against normal diploid cells. The receptor for rHuTNF-a was detected on both tumor cells and normal cells. There is no correlation between the
number of receptors rHu-TNF-a on target cells and their susceptibilities to rHu-TNF-a.
However, cells without the receptor could not receive any cytotoxic effect of rHu-TNF-a
even in the presence of actinomycin D. rHu-TNF-a expressed stronger cytotoxic activity
against target cells at exponential growth phase than those at stationary phase, and its cytotoxic
activity was augmented by raising the incubation temperature and by adding cytokines such as
interferon-y or interleukin-1 and various drugs such as emetine, actinomycin D or cycloheximide.
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In vivo, rHu-TNF-a caused necrosis not only of various murine tumors transplanted in
syngeneic mice but also of various human tumors heterotransplanted in nude mice. The
growth inhibition and regression of these tumors were observed in a dose-dependent manner.
Complete eure was also observed in many cases. Alike the case of in vitra, the in vivo
antitumor effect of rHu-TNF-a was augmented additionally and/or synergistically when rHuTNF-a was administered to tumor-bearing mice together with various chemotherapeutic
anticancer drugs such as mitomycin C, doxorubicin, 5-fluorouracil, cis-platinum or cyclophosphamide and with cytokines such as interferon-y or interleukin 1.
Thus, combination therapy of rHu-TNF-a with various agents may be practically useful for
cancer therapy because the decrease in the dose of rHu-TNF-a may contribute to the decrease
in the occurrence of side effects.

Biotechnology Research Center, 1091-1 Suarashi, Sagamiko-cho, Tsukui-gun, Kanagawa,
Japan

58. Novel recombinant TNF molecules (rTNF-S) having broad
cytotoxic spectra to various cancer cells by alteration of amino acids
sequence in its N-terminal region
G.-1. SOMA, Y. TSUjI, N. KITAHARA, M. OSHIMA, T. GATANAGA, M. INAGAWA, M. KATO,
K. TAKAGI, K. DOBASHI, K. NOGUCHI, Y. TANABE, and D. MIZUNO
We have already described theoretical grounds and practical methods for induction of
endogenous production of human TNF with commercially available drugs. The clinical
application of this method was quite successful. Endogenous human TNF was thought to be
different in its nature of cytotoxicity from rTNF-a, because the dose response curve using
L929 cells was quite different in slope with each other. In order to obtain a new moleeule
which has as strong cytotoxicity as endogenous TNF, we found that acute monocytic leukemia
ceilline THP-l produced TNF-like cytotoxines after screening of various human monocytic
leukemia cells. Purification and partial characterization of the molecules from THP-l were
carried out to find several species of TNF-like molecules (TNF-S). These TNF-S were
cytotoxic to T-24 bladder carcinoma which was known to be resistant to rTNF-a. From
preliminary analyses of amino acid sequence of these TNF-S, we found that these molecules
had more basicity in their N-terminal region compared to rTNF-a. Several rTNF-S were
produced by genetic engineering as having more basicity in N-terminal region, aiming to
obtain enough quantity of rTNF-S to elucidate the structure and functional relationship with
TNF-S, and to use clinically. The cytotoxic spectra of rTNF-S to various tumors including T24 were remarkably broad. Moreover, cytotoxicity of rTNF-S on various mice syngenenic
tumors had been proved more effective compared to that of rTNF-a. Thus, alteration of Nterminal amino acid sequence of TNF might change the various activities of rTNF-a, and
rTNF-S would be more useful in the clinical field as a selective anti-tumor entity. Clinical trial
using rTNF-S either by i.t. or i.v. route will be presented at this conference by K. TAKAGI and
K. DOBASHI.
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59. A study on the mechanism of action ofTNF using liposomal
membrane systems'
T. YOSHIMURA\ S. SONE2, and T. OGURA 2

The effect of human recombinant TNF in damage of liposome membran es was examined
and compared with that of IFN-y, to elucidate the mechanism of the action of TNF.
Membrane damage was assessed by measuring release of dye encapsulated in liposomes
composed of mixtures of phosphatidylserine (PS) and phosphatidylcholine (PC), main components of cell membranes. At acidic pH, TNF bound to PS/PC liposomes and caused rapid
release of dye. In contrast, IFN-y induced very slow leakage of dye although it bound almost
completely to the membranes. Small amounts of these two antitumor cytokines bound to PC
liposomes, inducing relatively slow leakage of dye. In the presence of both TNF and IFN-y,
the maximum leakage rate was twice the sum of the rates separately induced by the two
proteins, indicating synergistic effects of TNF and IFN-y in induction of membrane damage.
Human TNF and IFN-y are reported to have different and synergistic in vivo cytotoxic effects
on some celilines of human cancers. We also observed that the human recombinant TNF and
IFN-y used in the present study have different antiproliferative effects on various human solid
and hematopoietic tumor cells. Thus, these different and synergistic actions of liposome
membranes may ac count for the different antitumor properties of the two anti tumor factors
and their synergism. Moreover, TNF-induced damage of anionic membranes at acidic pH may
also account for the expression of the cytotoxic activity after its internalization into the cells.

'T. YOSHIMURA and S. SONE (1987) J. Bio!. Chem. 262, in press.

Dana Farber Cancer Institute, Boston MA, 02115, U.S.A.

60. Tumor necrosis factor production in human epithelial tumor cell
lines
D. R. SPRIGGS, K. IMAMURA, C. RODRIGUEZ, E. SARIBAN,J. HORIGUCHI, M. L. SHERMAN, and
D. W. KUFE

Tumor necrosis factor (TNF) is a cytokine with direct cytotoxic effects against certain
tumor cells. In contrast, normal cells and some malignant cells are resistant to this cytolytic
effect. The mechanism of cytotoxicity remains unknown. We have examined the sensitivity of
14 human tumor celilines to recombinant human TNF (Asahi Chemical Industry, Inc). Eleven
of the 14 tumor celliines were resistant to the cytotoxic effects of TNF (IC so > 1,000 U/ml).
Although all 14 cell lines demonstrated high affinity cell surface binding of 125 1_ TNF,
Northern blot analysis revealed detectable TNF mRNA in 3 of the human tumor celilines. All
three of these lines were resistant to the cytolytic effects of TNF in vitro. Furthermore,
treatment of both TNF sensitive and TNF resistant cells with cycloheximide resulted in
enhanced expression of TNF mRNA. Immunoconcentration of the cell culture supernatant
from the 3 TNF mRNA positive lines demonstrated detectable amounts of 17 KD protein,
while the TNF sensitive celiline had no detectable production of TNF protein. These findings
suggest that certain tumor ceillines inherently resistant to TNF also produce TNF.
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We have also exposed ZR-75-1 breast carcinoma cells to recombinant TNF. TNF treatment
was associated with the transient expression of TNF mRNA. Immunoconcentration of the cell
culture supernatant and cell Iysate demonstrated the production of TNF protein following
TNF exposure. Stable resistance to TNF-induced cytotoxicity developed in ZR-75-1 cells
continuously exposed to increasing concentrations of TNF. The TNF resistant cells, designated ZR-75-1R, continuously express TNF transcripts and produce a TNF-like protein.
Further, ZR-75-1R cell supernatants contain cytolytic activity against mouse L929 fibriblasts
which is abrogated by anti-TNF antibodies. These results suggest that TNF induces TNF
mRNA and production of TNF protein in ZR-75-1 cells. The findings also suggest that
resistance to TNF cytotoxicity is associated with stable TNF expression.

lDept. of Developmental Hematopoiesis, Memorial Sloan-Kettering Cancer Center, 1275
York Avenue, New York, NY, 10021, U.S.A., and zDept. of Immunology, I. Med. Klinik,
Martinistr. 52,2000 Hamburg 20, FRG

61. Human mast cells produce tumor necrosis factor-a
M. STEFFENl,z, M. ABBOUO!, G. K. POTTER l, Y. P. YUNG!, M. A. S. MOORE l

Mast cells are involved in a number of processes other than allergy and anaphylaxis, where
their role is not as weil defined and cannot be explained solely by the release of the wellcharacterized media tors such as histamine, heparin, eosinophil chemotactic factor or platelet
activating factor. These processes include bone remodeling, stimulation of fibroblast proliferation, stimulation of collagenase and prostagiandin Ez production by cultures of rheumatoid
synovial cells, activity in parasitic infections and cytotoxicity against tumor cells. Cachectinl
tumor necrosis factor-a (TNF) is known to mediate many of the biological processes inwhich
mast cells are also involved. This suggested an investigation of cultured human mast cells for
production of TNF.
In this study, we cultured human mast cells from bone marrow precursors in media
conditioned by mitogen stimulated human splenocytes. For the examination of TNF pro duction by the human mast cells, the lack of a pure population could be overcome by using
methods where TNF synthesis could be detected in individual cells. Using in situ hybridization and avidin-biotin-complex (ABC) immunoperoxidase method, we demonstrated the
presence of TNF mRNA in the cytoplasm and TNF protein in the granules of individual mast
cells, respectively. Since there is no human mast celliine available, we also demonstrated the
production of TNF mRNA by Northern blot analysis in the mouse mast celiline FI. The data
suggest further investigations to define the exact role of mast cells in TNF mediated processes.

SCLAVO, Via Fiorentina 1, 53100 Siena, Italy

62. Biological activity and immunogenicity of synthetic peptides ofIL lß
A. TAGLIABUE, G. ANTONI, and D. BORASCHI
Peptide fragments from human and murine IL 1 were synthesized on the basis of their
computer-predicted exposure on the surface of the molecule. One of them, fragment 163-171
of hu IL lß, was found to possess biological activity. In fact, it was able to activate in vitra T
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cells as assessed by thymocyte costimulation assay and induction of IL 2 production. On the
contrary, in vitro PGE z production by fibroblasts was not increased by peptide 163-171.
Confirming these experiments with cells in culture, the in vivo treatment of mice with peptide
163-171 resulted in an increase of immune responses as assessed by plaque forming cell assay,
without inducing pyrogenic effects. Thus, it can be concluded that this peptide may be the
active site of IL 1ß for immune responses but not for inflammatory reactions. This would
indicate a dissociation between IL 1 biological functions, opening new possibilities for the
therapeutic use of this molecule. In the light of these results, it was thus of interest to develop
polyclonal and monoclonal antibodies for use as probes to analyze physiopathological
activities of IL 1ß. Among others, two mono clon al antibodies were found to be of particular
interest: Vhp20 against peptidfe 163-171 and Vhp19 against peptide 189-197. The Vhp20 Mab,
which is directed to a putative active site of IL 1ß, was found to recognize the native IL 1ß in
ELISA and RIA without efficiently blocking its biological activity. On the other hand Vhp19
could significantly inhibit IL 1ß activity in the thymocyte co stimulation assay, although
directed to a fragment devoid of biological activity. It is of interest that Vhp20 could recognize
a molecule on the membrane of fresh human monocytes, macrophage tumor lines and B
lymphocytes, but not on T lymphocytes or neutrophils. Thus the use of mono clon al
antibodies of predetermined specificity within the IL 1ßmolecule appears to offer a useful tool
for use in an attempt to clarify the controversial issue of membrane IL 1.

Department of Surgery, Research Institute for Microbial Diseases, Osaka University, 3-1
Yamada-oka Suita/Osaka, 565, Japan

63. Clinical studies of recombinant human tumor necrosis factor
(rHu-TNF)
T.

TAGUCHI

A Phase I study of rHu-TNF (PT-050: Dainippon Pharmaceutical Co. Ltd.) given by
intravenous (i.v.) infusion over 30 min or intratumoral (i.t.) injection was performed in 50
cancer patients. The dose of rHu-TNF was started with 0.1 x 106 U/body for both i.v.
infusion and i.t. injection and increased to 5 x 106 U/body for i.v. infusion and 2 x 106 U/body
for i.t. injection. The side effects of rHu-TNF given by i.v. infusion included fever, chills,
hypotension, general fatigue, nausea and vomiting, and clinical laboratory tests showed
transient elevation of GOT, GPT and ALP, etc. Among them, only hypotension was doserelated and was considered to be a dose limiting factor. The maximum tolerated dose estimated
was 1-2 x 106 U/body. The plasma concentration of rHu-TNF after completion of 30 min
infusion was dose-dependent, and the elimination half-life ranged from 0.5 to 2.4 h. When the
rHu-TNF was given by i.t. injection, the frequency of side effects was low as compared with
i.v. infusion.
An early Phase 11 study of the rHu-TNF was then conducted in 76 cancer patients. The
response was rated as PR in one case of gastric cancer in the i.v. infusion group (n = 11) and as
MR in one case of Non-Hodgkin's lymphoma in the daily continuous i.v. infusion group
(n = 11). The response rates were 46 % in the i.t. group (n = 24) and 75 % in the intrapleural
injection group (n = 4). Side effects developed in the early Phase 11 study were not so different
in type from those in the Phase I study. However, in the daily continuous i.v. infusion group,
hypotension did not develop, but the platelet count decreased in 12 of 18 patients, but
recovered to the normal level within several days after cessation of rHu-TNF. Pre- and posttreatment with indomethacin or ketoprofen was effective in ameliorating the side effects of
rHu-TNF.
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64. Differentiation inducing activity of tumor necrosis factor and its
enhancement in combination with other biological response
modifiers
K. TAKEDA, T. TAKUMA, T. HOSOI, S. IWAMOTO, and K. KONNO
Human myelogenous leukemic cells can be induced to differentiate into the monocytel
macrophage pathway by protein inducers called differentiation inducing factor (DIF) in
conditioned media mitogen-stimulated human peripheral blood leukocytes. We purified a DIF
to homogeneity from a medium conditioned by PHA-stimulated leukocytes and identified it
as the tumor necrosis factor (TNF) by the analysis of NH 2-terminal sequence (1). Recombinant human TNF induced differentiation of various human myeloid and monocytoid leukemic
cell lines to the cells with macrophage characteristics at the concentration of 1 X 10- II M.
Differentiation of ML-l cells, derived from a patient with myeloblastic leukemia, was
synergistically induced by combining TNF and various biological response modifiers such as
interferon-y, retinoic acid and prostagiandin E2. These data suggest there could be a system of
feedback control of monocytic cell maturation. TNF produced by activated macrophages
enhances differentiation of the progenitor cells of the macrophages.
1. TAKEDA, K., et al., 1986. Nature 323: 338-340.

ICentral Institute of Cancer Research, Academy of Sciences of the GDR, Lindenberger
Weg 80, 1115 Berlin, GDR, and 2Asahi Chemical Industry Co. Ltd., Dept. for Research and
Development, Tokyo, Japan

65. Human pharmacological investigation of a human recombinant
tumour necrosis factor preparation PAC-4D (Asahi) - a Phase-I-trial
ST. TANNEBERGER I, H. LENKt, U. MÜLLERt, and T. SHIGA2
From February 1986 to February 1987, 15 patients between the ages of 24 to 66 years,
suffering from 10 different malignant tumour diseases, were treated with PAC-4D produced
by Asahi. Five patients were untreated, and 10 patients were treated with intensive
chemotherapy and/or irradiation therapy previously. The starting dose level was 10 5U PA C4D as an intravenous drop infusion. The mean duration of infusion was 76.4 min (25 to 210
min). The infusion had to be interrupted after about 20 minutes, i.e. at about two-thirds of the
calculated dosage, for an individually different time in 14 of 18 patients because of acute toxic
side effects. A single application was performed in 12 patients, a second drug administration,
after 3 to 4 weeks with the same dosage of the first application in 3 patients. Doses were
escalated according to a modified Fibonacci scheme. The main acute clinical side effects were
observed: fever, chill, hypertension followed by hypotension, lethargy, short-term somnolence, neurological disorders, headache, nausea and vomiting. Orthostatic dysregulation and
fatigue were seen up to one week as middle-term side effects. There were no late side effects.
On the part of laboratory parameters an increase of transaminases and, at the higher dose
levels, leukocytosis with a shift to the left and lymphocytopenia 24 h post applicationem were
in the limelight. Increase of creatinine was observed at the dose levels of 12 x lOS, 27 X 105 and
32 x 105 U/body and a decrease of the Quick-test at all dose levels from 9 X 105 to 29 X 105 UI
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body. A dose dependence seems to exist in hypotension and neurological symptoms, which
were estimated as the dose limiting toxicity. An increase of hepatotoxicity and a disturbance of
the blood coagulation system in connection with increasing dosage seems to be possible. The
other side effects were dose-independent. The maximum tolerated dose was 18 x 105 U/m2
5
2
PAC-4D, the maximum applied dose per body was 32 x 105 U
X 10 U/m ). Extensive
necrosis in metastases of a malignant fibrous histiocytoma in a patient treated with 27 x 105U
5
2
X 10 U/m ) were diagnosed histologically. On the basis of the results of this phase-Itrial, a phase-lI-trial was started in April 1987. These data will be reported.

Dept. of Immunology and Serology, Institute of Hygiene and Med. Microbiology, Klinikum
Mannheim, University of Heidelberg, D 6, 5, 6800 Mannheim, FRG

66. Mediation of beneficial effects of endotoxin by tumor necrosis factor
RENATE URBASCHEK, D. N. MÄNNEL, B. URBASCHEK

It was studied wh ether TNF mediates endotoxin (ET)-induced beneficial effects, such as
nonspecific resistance to septicemia or irradiation and stimulation of granulopoiesis. Enhanced
nonspecific resistance to bacterial infection (1) and to X -irradiation, the induction of colony
stimulating factor, CSF, and stimulation of granulocyte/macrophage precursor cells, GMCFC (2), were described to be inducable in ET low responded C3H/He] mice by post-ET
serum from BCG-infected mice, rich in TNF. - Recombinant human TNF (BASF, Ludwigshafen; spec. activity 106 U/mg) was injected into NMRI or C3H/He] mice. The LAL-activity
of this TNF measured in our kinetic turbidimetrie LAL-microtiter test (3) was< 0.4 pg/ftg.Gut-derived septicemia was induced by cecalligation and puncture in NMRI mice (n = 10),
resulting in a lethality rate of 80 % within 4 days. Pretreatment with 5 ftg of TNF i.v.
prolonged the on set of death and reduced the lethality to 50 %. Ten ftg of TNF was ineffective
and simultaneous treatment with 5 or 10 ftg of TNF increased lethality. - Injection of 5 ftg at
24 h before or 24 h after whole body X-irradiation (660cGy) in 20 C3H/HeJ mice/group
reduced the LD 75/30 of the controls to an LD 40/30. - In C3H/HeJ mice serum CSF was
measured 2 h after injection of 0.5 or 5 ftg of TNF, and splenie GM-CFC 5 days after 5 ftg of
TNF. High CSF levels and extremely high cluster « 50 cells) formation were detected in the
serum at a time when band « 0.01) and segmented « 0.001) neutrophils increased and
lymphocytes « 0.01) and monocytes « 0.01) dropped in peripheral blood. The number of
splenie GM-CFC was elevated significantly 5 days after injection at which time the peripheral
blood composition had reached normal values. - In view of opposite results describing the
suppressive effect of TNF on precursor cells in culture (4) the significantly increased number
of CFC by CSF (post-ET serum) in the presence of TNF (10 to 0.1 ftg/ml) in vitro is
interesting. TNF per se had no stimulatory effect. This may indicate that TNF besides
inducing CSF is capable of augmenting CSF effects in vivo. Whether TNF is active via release
of IL 1, that induces the same beneficial effects - except GM-CFC increase (data not presented
here) - has to be determined. From the data described it can be concluded that TNF is one of
the mediators of ET- or BCG/ET serum-induced beneficial effects.
1.
2.
3.
4.

PARANT, M. A., et al.,
URBASCHEK, R., et al.,
URBASCHEK, B., et al.,
BROXMEYER, H. E., et

1980. Infect Immun 28: 651.
1983. Infect Immun 39: 1488.
Microbiology-1985, LEIVE, L. (ed) ASM, Washington DC, p. 39.
al., 1986. J. Immunol. 136: 4487.

40 . International Conference on Tumor Necrosis Factor and Related Cytotoxins
Department of Microbiology and Kaplan Cancer Center, New York University Medical
Center, 550 First Avenue, New York, NY 10016, U.S.A.

67. Stimulation of cell growth and gene expression by TNF
V. J. PALOMBELLA, J.-X. LIN, Y. ZHANG, R. FEINMAN, L. F. L. REIS, H. KELKER, J. LE, and
I. VILCEK
TNF was found to be mitogenic in human foreskin fibroblasts, murine Balb/c-3T3 cells, rat
NRK cells, murine plasmacytoma cells and in a cloned line of human A673 rhabdomyosarcoma cells. We have undertaken a more detailed analysis of the characteristics of the mitogenic
activity of TNF in some of these cells. In the human FS-4 fibroblasts maintained in a
chemically defined serum-free medium, TNF showed growth promoting activity, and this
activity was synergistic with EGF. In FS-4 cultures growth-arrested by serum starvation,
addition of TNF alone produced a small and apparently nonsynchronous stimulation of DNA
synthesis after a lag of approximately 25 h, whereas EGF was more efficient in inducing a
discrete peak of DNA synthesis. Combined treatment of growth-arrested FS-4 cells with TNF
and EGF produced a strong synergistic stimulation of DNA synthesis, suggesting that TNF
substantially increased the number of cells entering S phase when added in combination with
EGF.
TNF and IL I-alpha increased steady-state levels of c-{os and c-myc proto-oncogene
mRNAs. Both proto-oncogene mRNA levels were enhanced within 20 min of TNF or IL 1
addition, both peaked at 30 min, and declined to undetectable (c-{os) or basal (c-myc) levels by
60 or 90 min. Activation of proto-oncogenes, the earlier demonstrated induction of IFN-beta2
by TNF, and a rapid increase in the phosphorylation of several proteins seen in cells exposed
to TNF makes it possible to identify elements of the signal transduction pathway of TNF
action.

Mayo Clinic and Foundation, Rochester, Minnesota 55905, U.S.A.

68. Induction by tumor necrosis factor-a (TNF) and recycling of TNFreceptor in breast adenocarcinoma MCF-7 cells
S. VUK-PAVLOVIC and

J. s.

KOVACH

We wish to understand factors that regulate dynamics of receptors for TNF-a in human
MCF-7 cells. Formation of colonies on plastic by these cells is inhibited by TNF (ED 50 1000
U/mL). We incubated confluent MCF-7 cells with excess 125I-TNF at 37°C and measured
radioactivity bound to cell surface and internalized radioactivity as a function of time. The
surface-bound radioactivity did not depend on time within the first 100 min and increased
steadily afterwards. Preincubation of cells with IFN-y (1 !!g/mL) for 15 h increased both the
base-level radioactivity on the surface and the rate of its increase after 100 min by one half.
Increased binding of 125I-TNF was competed by native TNF and the rate of intracellular
accumulation of 125 1-TNF was proportional to the level of surface bound 1251_TNF. Preincubation of cells with native TNF (1 !!g/mL) for 12 h led to a sixfold increase of 1251_TNF binding.
These results show that TNF induces its receptors in MCF-7 cells. Binding and internalization
of 125I_TNF are not perturbed for 90 min by preincubation/coincubation of cells with
cycloheximide, an efficient inhibitor of protein synthesis (100 !!g/mL, 1 h before addition of
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125I-TNF). Internalization at 37"e of 125I-TNF preadsorbed to cells under saturating conditions at 4 oe proceeds with a half-life of 3 min. Thus, intracellular accumulation of TNF was
not perturbed by inhibition of protein synthesis for 30 half-lifes of receptor internalization.
We conclude that for internalization ofTNF, the receptor recycles between plasma-membrane
and cell interior.
Supported by Mayo Comprehensive Cancer Center Grant CA 15083D2 and a grant from
Fraternal Order of Eagles. We thank Genentech, Inc., for the gift of TNF-a.

Cell Research Laboratory, University of Trondheim, and Medical Department B, University
of Bergen, and Department of Infectious Diseases, Ulleval Hospital, Oslo, Norway

69. Detection ofTNF in human septicaemia
A. WAAGE, T. ESPEVIK, O. BAKKE, A. HALSTENSEN, P. BRANDTZAEG, J. NISSEN-MEYER, and
LAMVIK

J.

By limiting dilution of the fibrosarcoma celiline WEHI 164, we have developed a clone
highly sensitive to the cytotoxic effect of TNF. A bioassay based on this celliine can detect
pico gram amounts of TNF per ml serum, and this bioassay has been used to screen patient sera
from a wide range of diseases.
We detected TNF in 18 of 79 admission sera from patients with meningococcal disease. The
presence of TNF in serum strongly correlated (p = 6 x 10- 7) to fatality, as 10 of 11 patients
who died had TNF in serum, but only 8 of 68 survivors. Moreover, there appeared to be a
quantitative relations hip as all 5 patients with serum TNF levels over 130 pg/ml died. The
highest TNF level detected was 36 ng/ml.
The study was extended by examining serum sampies drawn at hourly intervals. TNF was
cleared from plasma within 3-4 h, also in patients who died from septic shock after several
days. The half life of TNF was estimated to be about 1 h. The TNF levels on admission closely
correlated to the levels of endotoxin.
The role of TNF in septicaemia has been further elucidated in a rat model. TNF was released
into the circulation as a burst when a bolus injection of lipopolysaccharide (LPS) was given.
Peak values of TNF were observed within 60 to 90 min of LPS injection end TNF was cleared
according to a first order kinetics; the half life was calculated to be 27 ± 7 min. To imitate the
endotoxin levels often encountered in human septicaemia, the LPS levels were gradually
increased during 2 h, or rapidly raised and thereafter maintained at a high level. U nder both
these conditions TNF was released as a burst similar to when LPS was given as a bolus
injection alone.
Pretreatment of the rats with the glucocorticoid analogue, dexamethasone (0.5-2 !Ag/ g),
reduced the LPS stimulated peak levels of TNF by about 90 %. Dexamethasone had to be
given at least 5 h prior to LPS in order to suppress the TNF-release.
The TNF-suppressing effect of glucocorticoids was confirmed in human monocytes cultures
in vitra. Dexamethasone in the dose range 10- 6-10- 9 M suppressed the TNF production by
80-10 % when the monocytes were incubated for 48 h. Also, a significant suppressing effect
(40 %) was observed when dexamethasone was added to the cultures 8 h before to 1 h after the
addition of LPS. The TNF suppressing effect was restricted to the glucocorticoid class of
steroids.
Data on TNF levels in serum from patients with cancer and inflammatory diseases will also
be discussed.
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70. Regulation of cell response to tumor necrosis factor
D. WALLACH, Y. NOPHAR, D. ADERKA, S. ISRAEL, T. HAHN, H. ENGELMANN, and
H. HOLTMANN
What molecular characteristics of the cell determine whether it will be killed in response to
TNF, or survive to exhibit non cytolytic effects of this cytokine? In part, lifferences in the
response to TNF may be related to differing characteristics of the receptor molecules through
which it initiates its effects or to differing extent of expression of these receptors on the cell
surface. Initial characterization of the receptor molecules indeed suggests the existence of
TNF-binding-proteins of several different molecular sizes, the proportion between which
varies depending on the cell examined. Yet it remains to be found out whether this observed
heterogeneity has bearing on the nature of the response to TNF. Increase in the amount of
TNF receptors together with increase in vulnerability to cytolysis is observed in cells which
were treated with interferon while cells treated with interleukin 1 (IL 1), TNF itself or tumor
promoting phorbol diesters exhibit a marked and rapid decrease in the expression of the
receptors for TNF as weil as a decrease in vulnerability to its cytolytic effect. However, these
induced changes in vulnerability and in receptor expression do not fully correlate. The
decrease in vulnerability to the cytolytic effect of TNF after treatment with TNF, IL 1 or
tumor promoting phorbol diesters, is found, for example, to be maintained following rem oval
of these agents, long after the receptors for TNF have fully recovered, indicating that some
cellular components other than the TNF receptors are involved in that desensitization as well.
A role for post receptor mechanisms in the control of cell response to the cytolytic activity of
TNF is indicated also by the marked sensitization to cytolysis, observed in cells which were
treated with inhibitors of protein or RNA synthesis. Such inhibitors do not increase the
receptors for TNF but, to the contrary, cause, within a few hours of treatment, marked
decrease in receptor expression. Culturing cells in the presence of Arginase, whose production
by monocytes was long suspected to contribute to monocyte cytotoxicity or infecting cells
with certain viruses also sensitize them to cyto!ysis by TNF, perhaps by mechanisms similar to
those of the sensitization by protein-synthesis inhibitors. Kinetic study of the sensitization by
such inhibitors shows it to be effective within a short while after their application and to be
rapidly reversed upon their removal, indicating that it reflects the function of rapidly-turning
over cellular proteins which, in some way, antagonize the cytolytic activity of TNF.

Division of Biomedical Sciences, University of California, Riverside, CA 92521, and J. Pettis
VA Hospital, Loma Linda, CA 92357, U.S.A.

71. Molecular mechanisms determining target cell sensitivity or
resistance to the cytotoxic activity of the cytotoxic lymphokines
C. F. WARE, L. M. GREEN, F. COFFMAN, and W. H. FLETCHER
A key question in the use of the cytotoxic lymphokines such as Iymphotoxin and tumor
necrosis factor in cancer therapy is to determine what mechanisms contro! the sensitivity or
resistance of tumor ceHs to cytotoxic activity. We have examined several celliines with defined
gap junction-mediated, intercellular communication properties for their sensitivity to the toxic
action of LT and TNF. Gap junction competent CHO ceHs are insensitive to LT/TNF,
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whereas L929 and CL-1D are highly sensitive to LT induced lysis and are normally gap
junction incompetent. Activation of protein kinase C in CHO cells or culturing at low cell
density leads to loss of junctions and increased susceptibility to LT/TNF lysis. However, the
formation of gap junctions by CL-1D can be promoted by raising intracellular levels of cAMP
which renders these cells resistant to LT/TNF lysis. Additionally, the LA25-NRK cellline,
which is infected with a temperature sensitive mutant of Rous Sarcoma virus, is gap junction
competent and resistant to LT/TNF at the virus restrictive temperature. At the permissive
temperature the cells express the v-src oncogene, lose gap junction competence and become
sensitive to the lytic effects of LT /TNF. These data indicate a strong correlation between the
presence of gap junctions and sensitivity to LT/TNF mediated lysis and suggest the possibility
that a physiological function of these toxins is to lyse cells that have lost gap junctional
communication properties such as those in the process of metastasis which have separated
from the main tissue mass.
Supported by NIH CA35638, National Cancer Institute.

Department of Pathology, Hahnemann University, Philadelphia, PA, U.S.A.

72. Interferon-y and tumor necrosis factor are required to restrain
tumor cell growth in peritoneal cell cultures from tumor-dormant
mice
Y. SUZUKI, C.-M. LIU, D. BEN-NATHAN, L. CHEN, and E. F. WHEELOCK
L5178Y lymphoma cells are restrained from progressive growth in peritoneal cell «<in vitro
tumor regressor» PC) cuhures prepared from many DBA/2 mice which harbor the tumor cells
in the peritoneal cavity in a tumor-dormant state. Treatment of these PC cuhures with specific
antibodies to murine interferon-gamma (MuIFN-gamma) and murine tumor necrosis factor
(MuTNF) but not with antibody to interleukin 2 (IL2) receptors eliminated the restraint on
tumor cell growth and permitted their progressive proliferation. We studied the eHect of
exogenous recombinant MuIFN-gamma on tumor cell growth in PC cuhures in which tumor
cells grew progressively (<<in vitro tumor-progressor»). Treatment of the PC cuhures, but not
of normal PC cuhures, with MuIFN-gamma resuhed in a marked inhibition of tumor cell
growth. The MuIFN-gamma-induced cytotoxic activity was cell-mediated since no soluble
tumor-cytotoxic factors could be detected in the cuhures. MuIFN-gamma induced anti-tumor
activity in plastic-adherent peritoneal cell (AD-PC) cuhures, but induced no anti-tumor
activity in non-adherent (NAD)-PC cultures unless small numbers (2 %) of AD-PC were
present, and inclusion of antibody to MuTNF in these cuhures blocked the development of
cytotoxic activity. Cuhures of MuIFN-gamma-treated whole PC and AD-PC from tumordormant mice also could not develop cytolytic activity in the presence of antibody to MuTNF.
These resuhs show that both MuIFN-gamma and MuTNF are important in restraining tumor
cell growth in PC cuhures from tumor-dormant mice and that MuIFN-gamma cannot induce
cytotoxic activity without the action of MuTNF.
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73. Antiviral enhancing activity and 2-5A synthetase induction
mediated by rTNF-a in myelomonocytic cells primed with IFN-y
I. WIETZERBIN, C. GAUDELET, L. CATINOT, and R. FALCOFF
We have studied the effect of rlFN-y" and rTNF-a O on VSV multiplication in human
myelomonocytic celilines HL60 and U937. Direct antiviral effect of TNF-a was not observed
in either HL60 or U937 cells, while IFN-y was able to reduce to some extent VSV
multiplication in U937 cells. However, IFN-y antiviral activity in U937 cells was significantly
enhanced by TNF-a, in absence of growth inhibition. No effect was observed in HL60 cells.
Although both celilines carried high affinity receptors for IFN-y and TNF-a, only TNF-a
receptors present in U937 cells are modulated by IFN-y. Treatment of U937 cells with as low
as 0.01 nM IFN-y increased the number of TNF-a receptor without apparent modification of
their quality, as assessed by binding studies and cross-linking analysis.
Analysis of 2-5A synthetase activity in IFN-y treated U937 cells showed an increase of 2.5fold, while no increase was observed for TNF alone. Co-treatment with TNF-a and IFN-y led
to a dramatic 20-40-fold increase of the enzyme level.
The observation that TNF-a synergizes with IFN-y for the establishment of an antiviral
state in U937 but not in HL60 cells, might be related to the high er degree of differentiation of
the sensitive cells. Moreover, our results could suggest that the cooperative interaction
between IFN-y and TNF-a, known to induce monocytes/macrophages activation, might also
lead to protect these cells from virus infection.
, From Roussel-Uclaf (France) and ° Produced by Genentech and provided by Boehringer
Ingelheim.

Institute for Immunology, University Munich, Goethestr. 31, D-8000 Munich, FRG

74. Regulation of tumor necrosis factor in healthy subjects and in
immunodeficiency
H. W. ZIEGLER-HEITBROCK and G. RIETHMÜLLER
To assess TNF regulation in peripheral monocytes, a sensitive assay has been developed
which measures biological activity of TNF in a 7-h cytolytic assay employing Actinomycin D
pretreated WEHI 164 tumor target cells. This system is particularly useful since it selectively
detects cytotoxic activity of human monocytes without any contribution by NK cells.
Cytotoxic activity can be measured either by directly admixing effector cells and target cells or
by using supernatants of mononuclear cells cultured for 4 h. The exclusive role of TNF in this
system was demonstrated by neutralization experiments with polyclonal or mono clon al anti
TNF antibodies. TNF activity in peripheral blood mononuclear cells can be induced by
minute amounts of LPS, provided preactivation of the cells is avoided by excluding inadvertant
introduction of LPS through glassware or media. Under such conditions, 1 pg/ml of S.
Minnesota LPS can elicit TNF secretion. Further, rlFN-y (with LPS contamination of less
than 0.1 pg/ml) can also induce a strong response on its own after 4 h of incubation.
Extending the studies to human leukemic monocytes (either fresh leukemias or celliines),
we found triggering of TNF production by LPS alone, as well. Studies on TNF production in
ARC and AIDS revealed a normal response to LPS even in severely affected patients with
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minimal numbers of residual T4 cells. By contrast, patients with chronic lymphocytic leukemia
have a strong deficiency in TNF production in spite of normal or even increased monocyte
numbers. Mixing experiments with deficient CLL and control cells demonstrate a suppressive
mechanism and two chamber experiments implicate a soluble factor.

Cetus Corporation, 1400 Fifty-third Street, Emeryville, California, USA 94608, U.S.A.

75. Role of free radicals in tumor cell sensitivity to recombinant human
TNF: implications for mechanisms of action
R.

I.

ZIMMERMAN, B.

J.

MARAFINO, and

J.

L. WINKELHAKE

The intracellular glutathione levels of 3 human tumor lines and 7 mouse tumor lines were
determined in vitro in order to investigate the role of free radicals in tumor cell sensitivity to
recombinant human TNF (rhTNF). The response of the tumors to rhTNF therapy in vivo
correlated with their radical scavenging capacity : resistant tumors contained high levels of
glutathione, whereas sensitive tumors had low levels. The transplantable murine fibrosarcoma,
Meth A, a rhTNF sensitive line in vivo, was less sensitive and host toxicity was reduced, when
the hosts were pretreated with uric acid, a major radical scavenger in humans. Conversely,
pretreatment of the hosts with buthionine sulfoximine, an inhibitor of glutathione biosynthesis, increased the sensitivity of Meth A to rhTNF. Studies in rats have also shown that
pretreatment with diethyl maleate, wh ich depletes glutathione, increased their sensitivity to
rhTNF, while N-acetyl-cysteine pretreatment reduced rhTNF toxicity. In in vitro studies, the
ratio of intracellular reduced/oxidized glutathione was determined following rhTNF addition
to tumor cells. An increase in the amount of oxidized glutathione was observed in the majority
of celilines exposed to rhTNF, which was adequately buffered by those lines with high levels
of reduced glutathione, and no toxicity was observed. In some lines however, there was no
effect on this ratio, which indicated that the mechanism which produced the oxidative damage
was not present, or blocked in these cells. These observations help explain the apparent
paradox in lines such as Meth A, which is TNF resistant in vitro, yet TNF sensitive in vivo.
Meth A has very low levels of glutathione, which make it sensitive to the oxidants released by
rhTNF activated effector cells, such as PMN's and monocytes, in vivo. However, in vitro,
these cells show no evidence of free radical damage following rhTNF addition, and are
therefore resistant to rh TNF.

Workshop Abstracts

A. In vivo Models and Clinical Data I
Chairpersons: A. MANTOVANI and E. SCHLICK

Div. Clinical Immunobiology, Dept. Internal Medicine, University of Innsbruck, and Dept. of
Urology, General Hospital Salzburg, Austria

A.l Biological response monitoring during in vivo treatment with
cytokines:
The use of beta-2 microglobulin and neopterin markers

Wa. AULITZKY, G. GASTL, Wo. AULITZKY, M. HEROLD, K. NACHBAUR, H. TILG,
and Ch. HUBER

J.

FRICK,

Elimination of malignant cells is believed to involve various antigen-specific and unspecific
immune-defense mechanisms. Of these, the function of cytotoxic T lymphocytes and of
activated macrophages has been attracting particular attention. Both these systems are largely
affected by application of IFNs and TNFs in vitra. We tested simple biochemical parameters
thought to relate to both of these functions for their capacity to monitor patients treated with
escalating doses of such cytokines. Beta-2 was one of the markers selected. Beta-2 microglobulin represents the light chain of dass I MHC antigens, which critically control cytotoxic T cell
function. In addition, it was recently demonstrated that in vitra and in vivo biosynthesis of
beta-2 microglobulin is enhanced during antigenie stimulation or application of interferons.
N eopterin represented the other marker selected to assess the extent of activation of the
monocyte/macrophage system. This decision was based on the recent finding of the monocyte/macrophage-specific derivation of this marker molecule and on the observation that both
antigenie stimulation or stimulation with interferons causes large scale production both in
vitra and in vivo.
Both markers were assessed daily in serum and urine sampIes of eight patients, suffering
from advanced renal cell carcinomas, and treated with various dose levels of recombinant IFNy. Dose levels selected were 10, 100 and 500
i.m. once weekly. Also investigated were
patients treated in an ongoing study with recombinant TNF-a who received 1, 10 or 100
dose levels according to the same schedule. Results obtained in the IFN trial indicated that
already
significant and dose-related responses can be seen with both markers. As little as 10
induced detectable responses in individual patients. Optimal responses during repeated onceweekly application were seen with 100 !!g in the majority of patients, while a down-regulation
was frequently seen at the highest dose level.
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A.2 Human alpha lymphotoxin (TNF-ß): pharmacokinetics, effects on
Meth-A tumors and induction of inflammatory responses in
normal tissue
B. AVERBOOK, T. ULICH, E. JEFFES, R. YAMAMOTO, G. CHOW, 1. MASUNAKA,
G. GRANGER

s. ORR, and

In vivo, Meth-A tumor destruction in BALB/c mice induced by human alpha Iymphotoxin
(LT) was first examined in this study. Low doses of LT caused growth inhibition of
vascularized cutaneous tumors when administered systemically or intra-tumor. High doses of
LT caused partial to complete necrosis. When necrosis was complete, animals remained tumor
free and exhibited enhanced specific immunity to Meth-A tumor in comparison to surgical
controls. Intradermal coinjection of LT with tumor (at sub-optimal levels for complete in vitro
tumor kill) suppressed or inhibited tumor growth. Pharmacokinetics and biodistribution of
systemically administered LT were examined. Lytic activity was inactivated within 2-3 hrs in
both normal and tumor bearing mice. Radiolabeled LT did not specifically localize to tumor
tissue but rapidly accumulated in renal tissue. Histologie examination of LT treated tumors
showed acute inflammatory infiltrates at the tumor base and periphery, increased central
coagulation necrosis, and superficial hemorrhage. Examination of LT -treated tumors in
immunosuppressed mice demonstrated that necrosis can occur in the absence of inflammatory
cell infiltrates. LT induced acute inflammatory infiltrates in normal mouse skin. Rabbits
injected intradermally (ID) with as little as 30 ng LT exhibited consistent, visible and
microscopic evidence of acute inflammation. Repeated LT injections caused persistent inflammation with palpable induration and microabscess formation. Extensive studies excluded
endotoxin in these reactions. Therefore, there appear to be several different types of LT
induced anti-tumor effector mechanisms which are controlled or influenced by a complex set
of variables: 1) direct effects of LT on tumor cells, 2) effects of LT on the local tumor
microenvironment (inflammation, mediator release, vascular damage), and 3) LT enhanced
anti-tumor immunity. In addition, LT, as a Iymphocyte product, may be involved in the
pathogenesis of a variety of inflammatory diseases possibly independent of humoral mediation.

Laboratory of Molecular Biology, State University of Ghent, Ledeganckstraat 35, B-9000
Ghent, Belgium

A.3 In vivo effects of human rTNF and murine rTNF in mice
P. BROUCKAERT, B. EVERAERDT, and

w.

FIERS

We have shown that rTNF has a potent antitumour activity in mice bearing a syngeneic
tumour, and that the effectiveness is greatly enhanced by the addition of rIFN-y (Int. J.
Cancer, 38:763-769). Clinical application, however, is limited by the toxicity (lethaI shock).
We investigated the induction of lethaI shock by a single i.v. injection of human rTNF
(Hu-rTNF) or murine rTNF (Mu-rTNF) in mice. While a single i.v. injection of Hu-rTNF in
healthy mice did not cause lethality except in extremely high doses, Mu-rTNF was more lethaI.
The toxicity of both TNFs was drastically enhanced by the addition of synergistic factors such
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as IFN-y, LPS, IL 1, and by pretreatment with TNF, infection, tumours and substances that
influence hepatic function. Amongst other parameters we observed hypothermia, hypoglycemia with an increased insulin/glucose ratio (most likely due to an insulin hypersecretion),
and haemoconcentration. In contrast to the observations made with rats, haemorrhagic
necrosis was minimal or absent, and the clinical shock symptoms appeared rather late (> 6h).
Indomethacin could at least partially inhibit the lethaI shock. Total body irradiation before
treatment also had a beneficial effect. When lower dos es of rTNF were applied daily, we
observed a decrease in body weight, media ted in part by a decreased food and water uptake.
Most interestingly, a «refractory state» developed after a few days.
We presume that the induction of shock by TNF involves both the (indomethacinsuppressible) induction of toxic factor(s) (polyunsaturated fatty acid-metabolites?) and thepresumably IL 1-dependent - depression of hepatic detoxifying systems.
Supported by grants from the Algemene Spaar- en Lijfrentekas, the Nationaal Fonds voor
Geneeskundig Wetenschappelijk Onderzoek, and the Onderling Overlegde Onderzoeksakties; BE holds an IWONL fellowship.

Department of Medicine, New England Medical Center, 750 Washington St., Boston, MA
02111, U.S.A.

A.4 Use of a highly sensitive radioimmunoassay for measuring
intraindividual variation of human monocyte interleukin 1 ß
production
S. ENDRES, G. LONNEMANN, J. W. M. VAN DER MEER,
S. ORENCOLE, and C. A. DINARELLO

J.

G. CANNON, T. IKEJIMA,

Unfractionated serum from rabbits, repeatedly immunized with recombinant interleukin 1 ß
(rIL 1 ß), was used as anti IL 1 ß antiserum. 125I-labelled rIL lß (IL 1 ß) was formed by rapid
chloramine T oxidation and purification on G50-Sephadex. olL 1 ß had a specific activity of
7 f.lCi/f.lg and was homogeneous on SDS-PAGE. Biological activity was preserved as determined by T cell comitogenesis assay. Standards and sampIes were preincubated with anti IL 1 ß
antiserum for 48 h. "IL 1 ß was added on day 3. On day 4, bound ligand was pelleted by
precipitation with sheep anti-rabbit IgG antiserum in polyethylene glycol. The detection limit
for IL 1 ß was 100 pg/ml with 95 % confidence. 1000-fold excess of IL 1 alpha did not
crossreact. Mononuclear cells (MNC) were isolated from peripheral human blood by Ficollhypaque density gradient. 2.5 X 106 MNC/ml were incubated in microtiter plates (ultrafiltered
RPMI medium, 1 % heat inactivated AB serum, 37 C) with various stimuli. After 24 h, cells
and supernatants were exposed to 3 freeze-thaw cycles. Cell debris was pelleted, and
supernatants were measured for total IL 1 ß by RIA. Donors' cells were repeatedly separated
and in cu ba ted at 3 time intervals. Six different stimuli were used. The results demonstrated that
IL 1 ß production is highly constant within the same individual, although considerable
variability exists between individuals.
In conclusion: 1) IL 1 ß can be reliably detected by RIA in cell lysate/supernatants ts
demonstrated that IL 1 ß production is highly constant within the same indstable biological
parameter for healthy individuals; 3) particulate stimuli (heat-killed S. epidermidis) induce
markedly higher concentrations of IL 1 ß than bacterial toxins or PHA.
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A.5 Induction of tumor necrosis factor by colony stimulating factor
(CSF) in vivo
N. GAO, H. ZHANG, X. TAO, Y. SHING, and D. ZHU

The in vivo effect of colony stimulating factor (CSF) on the production of tumor necrosis
factor (TNF) was assessed. CSF was purified from human urine by the combination of Silica
gel adsorption, phenyl-Sepharose chromatography, Sephacryl S-200 gel filtration and FPLC
on Mono Q column. The purified CSF was administered i.v. (0.5 mg/rabbit) 4 days prior to
the injection of lipopolysaccharide (LPS) (100 [tg/rabbit). The control animals included those
which were primed with P. acnes (60 mg/rabbit) 8 days prior to the injection of LPS. The
rabbits were bled 90 min after LPS injection, and the serum was prepared for TNF activity
assay by the cytotoxic effect on mouse L 929 cel!. TNF was identified by the neutralization test
with anti-rabbit TNF monoclonal antibody and by the retention time on reverse phase HPLC.
Comparison of the activity as expressed by the times of dilution of each serum to produce the
cytotoxic effect is shown as the following:
Trearments
Saline
CSF+ LPS
P. acnes + LPS
P. acnes + CSF + LPS
LPS

Serum Dilurion, rimes
4

1,024
8,192
32,768
8

These results indicate that CSF is able to induce the production of TNF in vivo and to have
synergistic effect together with P. acnes.

Medizinische Universitätsklinik I, Josef, Stelzmann-Str. 9, D-5000 Köln 51, FRG

A.6 Investigations on the mechanisms of resistance to tumor necrosis
factor
B. GENTH, M. PFREUNDSCHUH, T. STEINMETZ, M. SCHAADT, R. GÄHL, P. SCHEURICH, and
V. DIEHL
In order to gain insight into possible mechanisms of resistance to tumor necrosis factor
(TNF), we investigated pairs of clones of the human celilines ME 180, BT-20, and U937
highly sensitive and resistant to TNF. A subclone of the human cervical cancer celiline ME
180 was selected which showed 50 % cell kill at a concentration of human recombinant TNF of
1.36 X 10- 6 mg/mI, thus being equally sensitive as the cytotoxic effects of TNF as the mouse
fibroblast L cells. ME 180 cells were made resistant to a concentration of 4.5 x 10- 2 U/ml by
gradually increasing the TNF concentration in the culture medium over 7 months and 40
passages. Whereas only slight gains in resistance to TNF were observed du ring the first 30
passages, there was a rapid increase in resistance thereafter. The resistant clone continues to be
TNF resistant in the absence of TNF after more than 8 months and 40 passages. No difference
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could be shown in the number and affinity of TNF receptors between the sensitive and
resistant clone. SDS-PAGE of lysates of the resistant and sensitive clone showed identical
bands. There was identical sensitivity to cytotoxic drugs such as actinomycin D and mitomycin. However, sensitivity of the TNF sensitive clone to the cytotoxic effects of gammainterferon was significantly higher than that of the TNF resistant clone. Currently, we are
testing the expression of mRNA for TNF, determining the influx and efflux of TNF and the
growth pattern of resistant and sensitive clones in nude mice.

Pediatric Research Institute and Ben-Arie Institute of Clinical Immunology, Kaplan Hospital,
Rehovot, Israel

A.7 Increased natural cytotoxic activity in human immunodeficiency
virus-positive healthy homosexual males
T. HAHN, A. SCHATINER, and Z. T. HANDZEL
In an attempt to assess immune cytotoxic activity before the onset of clinical symptoms of
acquired immunodeficiency syndrome (AIDS), this study examined natural cytotoxicity in 14
healthy homo sexual males, seropositive for anti-human immunodeficiency virus (HIV) antibodies, as compared to 14 of their seronegative counterparts and to 11 healthy heterosexual
individuals. Cells (contact) - mediated cytotoxic activity (CMC) as weil as cytotoxin (CTX)
production by lipopolysaccharide (LPS)-stimulated, HeLa tumor cell-stimulated phytohemagglutinin (PHA)-stimulated and unstimulated peripheral blood mononuclear cells
(PBMC) were assayed for 18 h on HeLa cell monolayer cultures, sensitised with cycloheximide. Target cell viability was measured by vital dye uptake. The CMC value of 23 ± 5 (mean
± 1 SEM) lytic units/10 6 PBMC (calculated from the number of PBMC causing 50 % target
ceillysis) was markedly enhanced in the seropositive homosexual group as compared to the
seronegative group (7 ± 3; P < 0.005) and to the heterosexual group (11 ± 2; P < 0.05).
Similarly, cytotoxin production by unstimulated PBMC from seropositive homosexuals of
19 ± 5 units/ml was high er than the values obtained from the other groups (5 ± 2 and 4 ± 2
units/ml; p < 0.05). CTX production by LPS stimulated and by HeLa cell stimulated PBMC
was also enhanced in the seropositive group, while slighter differences were observed between
the seropositive and seronegative groups with respect to stimulation of CTX production by
PHA. Levels of TNF in the serum were measured by ELISA (kindly provided by Dr. D.
Wallach. Weizmann Institute, Rehovot) and no significant differences in serum TNF levels
were found among the groups. PBMC from patients with AIDS have been shown to exhibit
poor NK cell activity. The results presented here suggest an intermediate, pre-AIDS, stage of
increased cytotoxic activity. The possibility is raised of a sort of suicide committed by the HIV
infected immune system and may, at least partly, explain the disappearance of immunocompetence, characteristic of AIDS. These groups are being monitored further for changes which
may occur upon seroconversion or development of AIDS.
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A.8 In vitro studies of tumor necrosis factor (TNF) and its role in
synergistic killing of tumor cells by cytokines and lymphokine
activated killer (LAK) cells
E. M. HERSH, P. SCUDERI, and A. ALEKSIJEVIC

Melanoma (A375, HS294T) and breast cancer (MCF-7) tumor celliines cultured in 96-well
plates were exposed to a concentration range of TNF (1-1000 U/ml) for 3-6 days, preceded or
followed by a concentration range of LAK cells for 24 h. First re agent was washed out of the
system before the second re agent was added. The LAK cells were induced by 1000 U/ml IL 2
added to peripheral blood mononuclear cells for 3-5 days. LAK cell: target cell ratios were
from 1:1 to 50:1. Tumor cell killing was measured by a colorimetric assay in the ELISA plate
reader (Bio Rad System). Synergistic killing was noted (MCF7 > melanoma) and was dependent on TNF and LAK cell concentration, intrinsic tumor cell sensitivity to TNF (if tumor
cells were TNF resistant, there was no synergy), duration of TNF exposure but not sequence
of TNF and LAK cells. In contrast, synergy between a or y interferon (IFN) and LAK cells
required exposure of tumor cells to IFN prior to LAK cells, while LAK cells followed by IFN
showed no synergistic killing. Also IFN resistant tumor cells still showed synergy of IFN with
LAK cells. With various celliines almost no synergy was seen when TNF and yIFN were
combined. TNF plays a complex role in cytokine-LAK cell synergy including TNF secretion
by effector cells and TNF receptor expression on target cells. A full understanding of these
relationships will allow the design of improved combined modality therapy with TNF plus
other agents.

Dalhousie University, Halifax, Canada, and Primate Center TNO Rijswijk, The Netherlands

A.9 Effect of tumor necrosis factor and interferon on lymphocyte
migration in vivo
T. B. ISSEKUTz, B. T. CHISHOLM,

J.

M. STOLTZ, and P. v. d. MEIDE

Our goal is to study the factors inducing the migration of Iymphocytes out of the blood
across the vascular endothelium into inflammatory sites. Our work in rats showed that, after
i.v. injection, IIIIn-Iabelled Iymphocytes migrated from the blood into DTH reactions, and
sites injected with either a/ß-interferon (IFN) or y- IFN. In this model, i.d. injection of
bacteriallipopolysaccharide also recruited T cells. Since LPS induces the production of TNF
and interleukin 1 (IL 1), two potent activators of endothelial cells, the ability of these agents to
stimulate Iymphocyte migration was examined, and compared with the effects of the IFNs.
The i.d. injection of recombinant human TNF a recruited large numbers of labelIed Iymphocytes. TNF ß also stimulated migration but was only one-fourth as active as TNF IL 1 had no
recruiting activity. A kinetic analysis of recruitment by TNF a showed no eHect in the first two
hours after injection, a maximal response after 6 hand a gradual decline over the next 18 h,
similar to that observed with y-IFN. LPS produced a slower but more sustained pattern of
migration. Both a/ß and y-IFN produced a strikingly synergistic response when injected with
TNFu • There was also a strong synergism when either of these IFNs were given with TNF ß or
IL 1. TNF a combined with TNF ß or IL 1 produced a less than additive response, and a/ß-IFN
and y-IFN, in combination, also had a less than additive effect. In conclusion, TNF a is a major
U"
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lymphocyte-recruiting factor, and is probably responsible for migration in response to LPS. In
vivo, the IFNs, as a group, and TNFs and IL 1 as another group, act through different but
synergistic pathways to enhance lymphocyte migration. This is in keeping with the effects of
y-IFN and TNFa on endothelial cells in vitra and extends these observations to other
lymphokines and to an importance in vivo function, namely the accumulation of lymphocytes
in inflammatory tissues.

Dept. of Applied Physiology, University of Mainz, D-6500 Mainz, FRG

A.I0 Effect of recombinant human tumor necrosis factor on the cellular
respiration rate and growth of DS-carcinosarcoma in vivo
F. KALLINOWSKI, G. TYLER, C. SCHÄFER, M. KLUGE, and P. VAUPEL

Recombinant human tumor necrosis factor (rhTNF) can exhibit an antiproliferative effect or
can enhance the growth of different tumor celliines in vitro (SUGARMAN et al., Science 230:
943, 1985; CREASEY et al., Cancer Res. 47: 145, 1987). Since only sparse data on biological
effects in vivo are available, the impact of rhTNF on the growth and on the respiration rate of
DS-carcinosarcoma was investigated in vivo.
Methods: Using DS-carcinosarcoma ascites cells in SD-rats rhTNF (6.6 X 103 U/j.tg protein,
KNOLL AG, Ludwigshafen, FRG) was injected i.p. twice daily (1-1000 j.tg/kg bw i.p.)
starting 8 hrs after i.p. tumor implantation. Tumor cells were harvested 6 days after implantation. As measures of tumor growth the total volume of the ascites and the total cellular wet
weight were determined. The cellular respiration rate was measured using a colorimetric
method (MUELLER-KLIESER et al.,J. Appl. Physiol. 61: 449, 1986). In addition, the growth rate
of subcutaneous tumor implants in the hind foot dorsum of SD-rats was investigated. Here,
daily i.v. injections (1-100 j.tg/kg bw) were started 24 hrs after the tumor implantation.
Results: Growth of the ascites tumor cells was stimulated significantly upon rhTNF
application of 1 and 10 j.tg/kg i.p. In contrast, the total tumor cell weight was reduced to 50 and
30 % of the control following i.p. injection of 0.1 and 1 mg/kg. This growth pattern was
paralleled by increased respiration rates at low TNF dos es and decreased O 2 consumption rates
at higher TNF doses. Similar to the ascites cells, in the solid tumors, the growth rate was
stimulated at the lower TNF doses. A significant retardation of the growth rate was found at
higher doses.

Medical Department, Institute of Pathology, University Hospital, Hamburg; DRK-Blutspendedienst, Springe, FRG

A.ll Effect of rIFN-y alone and in combination with IL 2 on
xenotransplants of human pancreatic carcinoma (paca)
J.-S. KÜHL, R. KLAPDOR, M. BAHLO, H. ARPs, M. DIETEL, and H. MOHR
In a former study, 9/11 paca and other gastrointestinal tumors tested in vitro and/or in vivo
(nude mouse) had shown to be sensitive to LAK, whereas nIL 2 in doses up to 1.6 X 106 U/kg/d
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was ineffective in the nude mouse (KÜHL et al., Dig. Dis. Sei. 31: 1138). The recent
investigation should answer whether IL 2 in combinations with other cytokines may potentiate
their effect. The experiments were performed on 3 different human paca transplanted on nu/nu
Balb/c mice. 4 x 106 Ulkg/d IL2 were combined with up to 16 x 106 Ulkg/d rlFN-y
(Bioferon) and compared with rlFN-y alone. Therapy lasted for 2-3 weeks, substances were
administered daily intraperitoneally, groups contained 5-6 animals. Results: relative growth
(mean values) und er rlFN-y compared to controls (=100%): 72%/52%/38%; rlFN-y
+ IL 2 significantly reduced relative growth: 11 %/-21 %/4 %. Body weight after therapy:
rlFN-y: 97 %/99 %/103 % vs. rlFN-y + IL 2: 91 %/92 %/89 % (compared to initial weight).
The combination of rIFN-y + IL2 was in one case superior to the combination of rlFN-y
+ rTNF-a (6.7 X 106 U/kg/d), in another carcinoma it was vice versa. These experiments
support the concept of a synergism of cytokines which might offer a benefit for patients in the
future.

Medical Department, Institute of Pathology, University Hospital, Hamburg, FRG

A.12 rTNF-a, rIFN-y alone and in combination for the treatment of
human gastrointestinal earcinomas (giea) in vitro and in nude mice
J.-S. KÜHL, R. KLAPDOR, M. BAHLO, H. ARPS, M. DIETEL, and N. FRANKE

After encouraging pilot-trials (KÜHL et al., Interferon Res. 6 (Supp. 1):131, 1986) we have
now tested a panel of gica in vitra and/or in vivo for their sensitivity to rTNF-a and rIFN-y.
Tumors: 7 cell lines and 10 xenotransplants of 15 different gica (11 pancreatic ca.) were
established from patients and histology, grading, immunohistology performed. Assays: monolayer proliferation assay (in vitra), nu/nu Balb/c mice (in vivo). Substances: rTNF-a (BASF)
and rlFN-y (Bioferon) in doses up to 104 Ulml (in vitro) or 0.8 mg/kg/d (in vivo). In vivo
therapy lasted for 3 weeks, groups contained 5-6 animals. Results: In vitro responded 4/7 cell
lines to rIFN-y and 4/6 to rTNF-a, in vivo 8/9 gica to both substances. The effects were rather
antiproliferative than cytotoxic. The direct comparison in 2 cases revealed systemic differences
between both assay systems indicating the importance of testing in both models in parallel to
obtain additional information. The combination of both substances (3 gica in vitra, 4 in vivo)
resulted in all cases in a significant enhancement of the efficacy of the single agents. Sensitivity
to rTNF-a and rlFN-y did not correlate with grading or expression/secretion of the tumor
markers CA 19-9, CEA, CA 125. However, therapy with both cytokines significantly
decreased the shedding of CA 19-9 and the tumor uptake as weil as the tumor/blood ratio of
1131 anti-CA 19-9 in additionally performed immunoscintigraphic studies.

CRC Experimental Chemotherapy Group, Pharmaceutical Sciences Institute, Aston University, Birmingham B4 7ET, U.K.

A.13 Weight loss and metabolie alterations induced by recombinant
human tumour necrosis factor
S. M. MAHONY and M. J. TISDALE

We have investigated the ability of rhTNF to elicit cachectic changes in female NMRI mice.
When administered daily by i.v. injection over a 4 day period, the majorweight loss was found to
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occur during the first 24 hrs after injection and, thereafter, the weight of the treated mice
increased towards that of controls. When given as two separate injections over a 24 h period,
there as a decrease in both food and water intake and a dose-dependent decrease in body weight.
Hypoglycaemia, hypertriglyceridaemia and a decreased level of circulating FF A were observed
60 to 90 min after the final injection. Body composition analysis showed a loss of adipose tissue
in TNF-treated animals without an effect on the lean body mass or on the water content. Thus it
appears that acute administration of rhTNF has a temporary anorexic effect on mice.

University of Edinburgh, Rheumatic Diseases Unit, Northern General Hospital, Edinburgh,
Scotland

A.14 Cytokine induction in human monocytes

J. C. MANSON, D. WOJTACHA, J. MCCORMICK, G. NUKI, S. POOLE, and G. DUFF
Gene expression of tumour necrosis factor (TNF) and interleukin 1 (IL 1) produces
propeptides which are processed for extracellular release and bioactivity. We have studied the
intra- and extracellular forms of these proteins and the changes that occur when cells are
stimulated with agents known to induce the release of cytokine bioactivities.
Immunoblot analysis was carried out using human blood mononuclear cells (MNC)
separated on a ficoll gradient and cultured for 19 hrs in medium with different stimuli. Both
cells (1 X 106) and supernatants were run on a 15 % (W/V) polyacrylamide gel containing SDS.
After e1ectrophoretic transfer to nitrocellulose the sampies were treated with rabbit antisera to
human recombinant IL 1-a and -ß and TNF-a. Antibody binding was visualized by the
addition of 125I-labelled pro tein A followed by autoradiography.
Immunofluorescence analysis was also carried out using cytosmears prepared from a
suspension of MNC at 2 X 10 5cells/ml. The cytosmears were fixed in 95 % alcohol and treated
with antiserum at a dilution of 1 :20 for 30 mins. This was followed by the addition of
f1uorescein-labelled sheep anti-rabbit immunoglobulin.
Immunofluorescent analysis for IL 1-ß has shown increased cytoplasmic staining when cells
were induced by either TNF-a or -ß. Immunoblot analysis has shown increased levels of
several intracellular forms of IL 1-ß ranging in molecular weight from 40-17K. These
intracellular forms of IL 1-ß have also been shown to be induced by stimuli of biological
activity such as LPS and urate. It has also shown that IL 1-ß did not induce its own synthesis
but IL 1-a did induce the synthesis of IL 1-ß. Similar analyses of IL 1-a and TNF are being
carried out. This study has shown that IL 1-ß is induced by both TNF-a and -ß. This may be
of potential significance in the amplification of inflammatory responses.

Laboratory for Exp. Surgery, Erasmus University, P.O.Box 1738, 3000DR, Rotterdam, The
N etherlands

A.15 Indomethacin reduces TNF-toxicity without interfering with its
efficacy
R. L. MARQUET, R. W. F. DE BRUIN, W. FIERS, and J. JEEKEL
Mouse recombinant TNF (rMuTNF) has been produced and purified to over 99 % pure. We
have demonstrated that rMuTNF has antitumor activity in vivo for a transplantable colon
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tumor (CCS31) in WAG rats; the effect could be enhanced by interferon-y or the interferoninducer ABPP. The toxicity of rMuTNF was considerable: a single i.v. injection of 10 j.4g was
lethaI, hemorrhagic enteritis being the most prominent pathological finding. Pretreatment with
Indomethacin (Indo) reduces this toxicity and permits the repeated administration of 10 j.4g of
rMuTNF without mortality. A syngeneic subrenal capsule assay was performed to investigate
whether Indo would interfere with the antitumor capacity of rMuTNF. Cubes of tumor
CCS31 were implanted under the renal capsule of WAG rats, the test was evaluated after 7
days by weighing of the enudeated tumors. Dosages of 2 or 10 j.4g of rMuTNF were given i.v.
on days 0, 2 and 4, preceded by 10 mg/kg Indo. Indo alone had no effect, 2 j.4g of rMuTNF
gave significant inhibition of tumor growth. The combined administration of Indo and 2 j.4g of
rMuTNF had a similar effect as 2 j.4g rMuTNF alone. Under protection of Indo, the rMuTNF
dose was increased to 10 j.4g; however, this did not lead to further improvement of the results.

Div. Clinical Immunobiology, Dept. Internal Medicine, University of Innsbruck, Austria

A.16 Increased beta-2 microglobulin levels in inflammatory disease
states reflect enhanced production of endogenous IFNs
K. NACHBAUR,
Ch. HUBER

J.

TROPPMAIR, M. HEROLD, Wo. AULITZKY, Wa. AULITZKY, G. GASTL, and

Beta-2 microglobulin represents the light chain of HLA dass I antigens, critical for the
control of lytic susceptibility of cells to cytotoxic T lymphocytes. Among other factors,
biosynthesis of beta-2 microglobulin is controlled by IFNs. Elevated levels of beta-2 microglobulin during human diseasae states are observed in renal insufficiency and lymphoproliferative states as weil as in inflammatory states caused by infection, auto- or alloimmunity. The
aim of this study was to investigate whether elevation of beta-2 microglobulin represents a
consequence of enhanced production of endogenous IFNs.
We first tested beta-2 microglobulin release from various types of immature or mature
hemopoietic or nonhemopoietic cells stimulated with a panel of recombinent cytokines
(IFN-a, IFN-y, TNF-a, TNF-ß, IL 1, IL2, GM-CSF), lectins or antigens. These experiments
were also performed in the presence of neutralizing antibodies specific for the various
cytokines tested. Results indicated that in vitra release of beta-2 microglobulin depends upon
two essential factors : one is intrinsic to the cell and is determined by celliineage and stage of
differentriation while the other is extrinsic and identical to IFNs of both the nonimmune or the
immune type. Subsequently, the influence of antigenic stimulation on endogenous IFN and
beta-2 microglobulin levels was studied and compared with patterns observed after application
of recombinant IFN-a or -y. Results demonstrated that the application of IFNs leads to a
rapid increase of serum-beta-2 microglobulin levels where the antigenic stimulation first
induced measurable serum levels of IFN-gamma, which are then followed by a delayed beta-2
microglobulin response. Lastly, serum beta-2 microglobulin and IFN-levels were analyzed in
various inflammatory disease states and were sequentially monitored during the course of
individual patients. A striking relationship between both these parameters was seen. suggesting
that endogenous IFN levels, among other parameters such as renal function or the presence of
malignant cells are crucial for the control of beta-2 microglobulin biosynthesis.
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Department of Pathology, University of Michigan, Ann Arbor MI, U.S.A. and Cetus Immune
Corporation, Palo Alto, CA, U.S.A.

A.17 Acute in vivo effects of tumor necrosis factor-a (TNF) and
resistance to modulation of these effects by pharmacologic
manipulations
D. G. REMICK, J.

w.

LARRICK, and

s. L. KUNKEL

TNF is peptide cytokine produced after appropriate stimuli such as lipopolysaccharide
(LPS), and many of the pathophysiologie changes observed during septic shock may be
mediated by this moleeule. Previously we showed that changes in peripheral blood leukocytes
(PBL) and damage to the small bowel represent early and sensitive indicators of TNF toxicity.
We investigated whether certain pharmacologic manipulations known to induce sensitivity to
LPS or TNF would alter these parameters. D-galactosamine (D-gal) increases the lethal effects
of both LPS and TNF, however, intraperitoneal injection (i.p.) of mice with doses of TNF
ranging from 1 to 1000 ng/mouse with or without D-gal did not result in increased sensitivity
to the changes in either the PBL or small bowel. It has also been reported that indomethacin
(indo) will block the effects of TNF, and that dexamethasone will block TNF production. We
found that pretreatment of mice with indo (2 mg/kg) or dex (2 mg/kg) subcutaneously
followed by 10 !!g TNF/mouse i.p. failed to block either the lymphogenia (TNF 24 %, indo
22%, dex 20%) or the neutrophilia (TNF 75%, indo 76%, dex 80%). All mice developed
edema and swelling of the small bowel. These data demonstrate that TNF's effects are not all
equally sensitive to pharmacologic manipulations, and may provide an explanation why
steroids such as dexamethasone are not effective unless given early in septic shock, since it will
block TNF's production but not its effects.

Division of Immunology and Allergy (Hans Wilsdorf Laboratory), Department of Medicine,
University Hospital, Geneva, Switzerland

A.18 Increased tumor necrosis factor (TNF) production by monocytes
from patients with acquired immunodeficiency syndrome (AIDS)
and AIDS related complex (ARC)
P. Roux-LOMBARD, e. MODOUX, A. CRUCHAUD, and J.-M. DAYER

TNF is a cytokine, produced by monocytes/macrophages, which is known to induce
cachexia and to be pyrogenic. Since weight-Ioss and fever are two symptoms of ARC, TNF
production by peripheral blood monocytes from patients with ARC and with AIDS were
studied. In order to minimize influence of lymphocytes, monocytes were purified (> 85 %) by
Ficoll-Hypaque gradient centrifugation followed by counterflow centrifugal elutriation. After
24-hrs incubation, cell-free supernatants were assayed for TNF activity by the L929 cytotoxicity assay. In absence of stimulation, TNF production by monocytes from patients with ARC
and AIDS was increased (- x 5) as compared to normal controls. Moreover, TNF production
in case of AIDS was high er than in case of ARe. When cells were stimulated by interferon y
(500 U/ml) and lipopolysaccharide (E. coli) (20 !!g/ml), TNF production was increased 10- to
20-fold in all cases, and difference between patients and controls was less marked. Thus,
elevated TNF production may be responsible for some lesions observed in ARC and AIDS as
already described for a variety of inflammatory and neoplastic diseases.
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A.19 Endogenous production of tumor necrosis factor (TNF) in a
patient with hepatocellular carcinoma: in vivo and in vitro studies
E. SCHELL-FREDERICK, R. GÄHL, M. PFREUNDSCHUH, M. SCHAADT, T. STEINMETZ, and

V.DIEHL
We report here the detection of endogenous circulating TNF in a 61-year-old female with
hepatocellular carcinoma. TNF in serum was detected immunologically by ELISA and
functionally by the L-cell assay. TNF levels, measured at various times during the day and
night, varied with a maximum of approximately 20 U/ml, but no clear circadian pattern could
be detected. When peripheral blood mononuclear cells from the patient were incubated in vitro
for 24 h, TNF was released into the medium (ca. 2 UJ5"·10E6 cells). Addition of LPS (50-200
!-tg/ml) or PHA (1-20 !-tg/ml) did not augment the release. Mononuclear cells from healthy
donors showed no spontaneous release of TNF. In agreement with recently published data,
recombinant human TNF (rHuTNF, Ashai Chemie al Inc.) (10-1000 UJml) stimulated
superoxide production by normal neutrophils in a dose-dependent manner. In contrast,
patient neutrophils were completely unresponsive to added TNF although fully responsive to
opsonized zymosan or PMA. TNF had no effect on superoxide production by control or
patient monocytes. Spontaneous and directed neutrophil migration were inhibited in the
presence of TNF. TNF in itself was not chemotactic. The extent of the in vitra effects of TNF
was not altered in the presence of polymyxin B (25 !-tg/ml). TNF appears to have no direct
effect on neutrophil cytoplasmic calcium concentraction, as measured by the intracellular
fluorescent probe FURA2.

Takano Hospital, 4-2-88 Obiyama, Kumamoto, Japan

A.20 Endogenous and exogenous TNF therapy (E.E.T therapy) to
metastatic lesions in liver and local recurrent lesions of colorectal
carcinoma
K. TAKAGI, T. FUJIYOSHI, M. TAKANO, G.-I. SOMA, H. OSHIMA, and D. MIZUNO

Endogenous and exogenous TNF therapy (E.E.T therapy) proved very effective to various
tumors which were highly resistant to any conventional antitumor therapy. The results of
E.E.T therrapy on metastatic or local recurrent lesions of colorectal carcinoma will be
demonstrated. Nine patients with metastatic colorectal cancer in liver, 4 patients with local
recurrence of colorectal cancer and 1 patient with rectal sarcoma were treated with endogenous
or exogenous tumor necrosis factor (TNF). Eight patients with metastatic colorectal cancer in
liver were treated with endogenous TNF induced by y-interferon and OK-432 administration.
This therapy was carried out several times in each patient at intervals of two to three weeks.
The clinical response was partial response (PR) in 2 cases; minor response (MR) in 2 cases, no
change (NC) in 1 case and progressive disease (PD) in 3 cases. There was a marked decline of
serum CEA level in 4 cases. Marked improvement of performance status was observed in 4
cases. On the other hand, 2 patients with metastatic colorectal cancer in liver, 4 patients with
local recurrence of colorectal cancer, and 1 patient with rectal sarcoma were treated with
exogenous novel recombinant TNF (rTNF-S). As for the clinical response, nearly complete
necrosis of tumor mass was observed in 3 cases. In another 4 cases the clinical response was
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MR in 1 case, NC in 2 cases, and PD in 1 case. With regard to side effects in endogenous or
exogenous TNF therapy, transient shivering and fever, and slight hypotension were observed
in all cases. As for laboratory findings, transient leukocytopenia was found in all cases. There
were no severe complications. These results suggest that endogenous or exogenous TNF
therapy is effective to metastatic lesion in liver or local recurrence of colorectal cancer.

Middlesex Hospital Medical School, Department of Immunology, Arthur Stanley House,
40-50 Tottenham Street, London WIP 9PG, U.K.

A.21 Enhancement and inhibition ofTNF production in malaria

J. TAVERNE, C. A. W.

BATE, and J. H. L. PLAYFAIR

Evidence has been accumulating to suggest that tumour necrosis factor (TNF) may be
involved in the induction of both protective and pathological immune responses in malaria.
Tumour necrosis serum kills parasites in vitro and inhibits multiplication of some species of
parasites in vivo (1). We will present evidence that this last effect depends upon a host
component. By contrast, while recombinant TNF also inhibits parasite multiplication in vivo it
does not kill parasites direcdy in vitro (2). During infection, spleen macrophages become
activated in terms of their ability to produce TNF (3). Activation reaches a peak during the
first week and then decreases; a second peak occurs at about the time of recovery in the case of
some non-Iethal infections. Activation is accelerated in mice protected by vaccination: the
parasitaemia is controlled and starts to decrease at the time of the early peak.
We have studied macrophage activation by various cytokines, including IFN-y, colony
stimulating factors and TNF itself, acting alone or together, and its suppression during infection
by various inhibitory molecules, including prostaglandins. Spleen cells from vaccinated mice
when cultured with antigen secrete Iymphokines which activate tissue macrophages and the
promonocytic cellline ]774.2 to secrete TNF, but they can also inhibit the action ofTNF. The
nature of the cytokines
the conditions of their production and their contribution to
macrophage activation and to cell-mediated immunity in malaria will be discussed.

References:
1. TAVERNE, DEPLEDGE, and PLAYFAIR. 1982. Infect. Immun. 37: 927.
2. TAVERNE, TAVERNIER, FIERS, and PLAYFAIR. 1987. Clin. exp. Immunol. 67: 1.
3. TAVERNE, TREAGUST and PLAYFAIR. 1986. Clin. exp. Immunol. 66: 44.

IUniversity of California at Irvine, Departments of Pathology, and 2Molecular Biology and
Biochemistry, Irvine, CA 92717, U.S.A.

A.22 Recombinant human tumor necrosis factor, lymphotoxin, and
interleukin 1 induce neutrophilia and lymphopenia: a comparative
study of kinetics and mechanisms
T. R. ULRICH I, J. DEL CASTILLO\ M. KEYS I, R.-X. NIl, and G. GRANGER2
Recombinant human tumor necrosis factor (TNF), Iymphotoxin (L T), and interleukin 1
(IL 1) induce peripheral neutrophilia and Iymphopenia in a dose-dependent fashion after

International Conference on Tumor Necrosis Factor and Related Cytotoxins . 59
intravenous injection into Lewis rats. The neutrophilia in all instances peaks at 1.5 to 2 h after
injection and is accompanied by a concomitant decrease in bone marrow neutrophils. TNF
(3,000 U), but not LT (30,000 U) or IL 1 (25 U), induces an unequivocal neutropenia at 0.5 h.
TNF induced a prominent second peak of neutrophilia at 6 h, and a comparatively minor
second peak of neutrophilia was noted at sufficiently high doses of LT and IL 1. The biphasic
neutrophilia is similar to the previously described biphasic fever noted after administration of
some cytokines and may reflect the effect of exogenous cytokine during the first peak and of
release of endogenous cytokines during the second peak. A significant lymphopenia was in all
instances apparent by 1.5 hand progressed in magnitude until at least 4 h. N either the TNF,
LT, or IL l-induced neutrophilia or lymphopenia was mediated via the release of adrenal
hormones as indicated by experiments with adrenalectomized rats. Neither TNF, LT, or IL 1
caused any change in systemic blood pressure at the doses employed. The mechanism of TNFand LT-induced neutrophilia is different than that of IL l-induced neutrophilia in that
pretreatment of rats with dexamethasone or indomethacin does not affect the former, yet
completely abrogates the latter. TNF- and LT-induced neutrophilia are thus postulated to be
independent of arachidonate metabolism, whereas IL 1 induced neutrophilia is postulated to be
dependent upon the synthesis of arachidonic acid metabolites. Neither dexamethasone nor
indomethacin affected the TNF, LT, or IL l-induced lymphopenia.

Laboratoire de Microbiologie, Faculte de Medecine Paris-Ouest, 92380 Garches, France

A.23 Induction ofTNF and IL 1 activity in vivo after treatment by RU
41740, a bacterial immunomodulator
F. VACHERON, S. PERIN, P. SMETS, and M. GUENOUNOU
RU 41740 is a bacterial immunomodulator extracted from Klebsiella pneumoniae (strain
01K2). It is a heterogenous glycoproteic compound mainly of two macromolecular fractions:
a glycoprotein of 95 Kd (Pl) and a LPS-like molecule bound to a protein fraction (Fl) (350
Kd). In vitro RU 41740, Pl and Fl enhance interleukin 1 (IL 1) and tumor necrosis factor
(TNF) secretion by mouse peritoneal macrophages. Injection of RU 41740 (20 !tg) intraveneously to BCG-infected mice induced TNF and IL 1 activity in the serum. These results were
similar to those obtained with LPS. Study of both the fractions Fl and Pl shows that not only
the LPS-like Fl fraction but also the glycoprotein fraction Pl was able to induce TNF and IL 1
activity in the mouse serum. When RU 41740 was given by oral route (100 mg/Kg) to normal
mice, presence of IL 1 activity was detectable in serum, but no cytotoxic activity was found.

B. Anti Tumor Mechanisms
Chairpersons: D. GEMSA and M. L. LOHMANN-MATIHES

lInst. of Urology and Nephrology, Kiev, 2Inst. of Problems of Oncology, Kiev, U.S.S.R., and
3Higher Inst. of Medicine, Varna, Bulgaria

B.t Antiproliferative effect of recombinant tumor necrosis factor (TNF)
G. N. DRANNIK I , O. F. SENYUK I , Y. 1. KUDRYAVETZ2, and K. T. METODIEV3

We are studying different doses of TNF (product of Inst. Bioorganic Chemistry, U.S.S.R.,
with the kind permission of V. G. Korobko) and their effects on cell proliferation of human
lines K-S62, 1-41, rats' lymphosarcoma, Ehrich's tumor line Mac-3 (C-10) and 24 human
tumors' lines derived intraoperatively: renal cancer, germinative ovarial tumors, soft-tissue
sarcoma, cancer of tongue-base, colo-rectal tumors. Levels of proliferative activity of cells are
registered by 3H-thymidine marker. Ir is obvious that TNF shows dose-dependent antiproliferative effect. In addition, it is established that line 1-41 has lower sensitiveness, whereas lines
rats' lymphosarcoma, Mac-3 (C-10) and some human tumors are not sensitive towards TNF.
A direct correlation between the reactivity of TNF and alpha-2-recombinant interferon is
suggested: the sensitiveness of cancer tissue towards TNF is associated with its sensitiveness
towards alpha-2-interferon and vice versa. Future investigations are planned to study the
possible reasons for non-sensitiveness towards the above-mentioned preparations.

Abteilung Virologie, Institut für Medizinische Mikrobiologie und Hygiene der Universität
Freiburg, Hermann-Herder-Straße 11, D-7800 Freiburg, FRG

B.2 Increase of the transformation protein p53 in mouse L929 and green
monkey kidney cells following treatment with recombinant TNF-a
andIFN-y
M. FRITSCHE, A. MAINBERGER, T. MARKERT, and G. BRANDNER

PS3 is a cellular tumor antigen forming stable complexes with the large T-antigen in SV40transformed cells. As a regulatory nuclear phosphoprotein it can be found at high levels in a

International Conference on Tumor Necrosis Factor and Related Cytotoxins . 61
wide variety of neoplastic cells (human tumors, chemically or virus-transformed rodent cells
and teratocarcinomas). In normal tissues, pS3 is expressed at low levels and with a short halflife. Elevated levels of pS3 occur during early mouse embryo genesis and in growth-arrested
3T3-fibroblasts after mitogenic stimulation. In addition, pS3 levels are enhanced by tumor
promotors as we could show for monkey and rodent cells.
We would like to show that TNF-a (provided by BASF/Knoll, FRG) and IFN-y (provided
by E. Boehringer GmbH, Vienna) are supposed to modulate the expression of this nuclear
regulatory protein. In L929 mouse cells and TC7 African green monkey kidney cells,
previously containing very small amounts of pS3, we found a significant increase of the pS3
level 24 h after the cells had been treated with both TNF-a and IFN-y. Additional treatment
with cycloheximide and actinomycin D lead to an abrogation of this effect. Further experiments are in progress to investigate wh ether this increase of pS3 protein level is eHected by
enhanced pS3 expression of an increase of pS3 half-life.

Div. Clinical Immunobiology, University Hospital, A-6020 Innsbruck, Austria, and Laboratory for Viral Carcinogenesis, NCI, Frederick, MD, U.S.A.

B.3 Effect of r-IFN-a2 on gene dosage and expression of the c-myc
oncogene in Philadelphia chromosome positive CML
G. GASTL, E. LEITER, I. LÜTTICHAU, U.

RApp,

and CH. HUBER

Recent studies with cells from patients with Ph + CML have shown a novel c-abl gene
product arising from transcription of a chimeric gene which includes c-abl and bcr-gene
sequences. Moreover, additional oncogenes may be involved in transformation and evolution
of Ph + CML. To assess the role of c-myc in Ph + CML, the c-myc gene and its expression were
studied in 10 CML patients during the benign and accelerated phases of their disease. Since
interferon alpha has been eHective in CML and has been reported to diminish the proportion
of Ph + bone marrow cells, progress towards understanding the antiproliferative activity of
IFN would be facilitated if it could be determined, what eHect IFN has on the expression of
specific cellular genes involved in the regulation of cellular proliferation and/or the process of
neoplastic transformation. We therefore investigated the eHect of IFN -a on c-myc expression
in blood and bone marrow mononuclear cells from CML patients undergoing IFN-a
treatment.
Southern blot analysis revealed anormal c-myc gene in patients with benign phase CML.
Occasionally, c-myc amplification was found during disease acceleration. In one patient with
accelerated phase CML c-myc, amplification disappeared following IFN treatment, while the
patient remained clinically stable. Before IFN treatment, c-myc expression in bone marrow
mononuclear cells from patients with benign-phase CML was found to be comparable to
healthy controls. Contrarily, disease acceleration was accompanied by a significant amplification of c-myc expression. We thus conclude that c-myc gene amplification and/or overexpression might playa crucial role on the evolution of CML-a from stable disease to blastic crisis.
Accordingly, clinical responses to IFN were confined to patients with a normally expressed
c-myc gene.
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BA Influence of recombinant Interferon-a (rIFN-a), recombinant
Interferon-y (rIFN-y) and recombinant tumor necrosis factor-alpha
(rTNF-a) on hematopoietic precursor cells from healthy individuals
and patients with CML: comparison of in vitro sensitivity with the
in vitro response to rIFN-a
D. GEISSLER, G. GASTL, G. KONWALINKA, W. AULITZKY, H. TILG, and CH. HUBER
In an ongoing phase Ir trial, we aimed to predict c1inical responses to rIFN-a in vitra. Until
now, 23 patients with Ph1+ CML were entered into this study; 13 presented with chronic phase
CML (group A), the remainder showed disease acceleration (group B) as defined by the criteria
of Canellos et al. Group A patients were treated with 2 mio. units of rIFN-a2 daily, given
subcutaneously. Group B patients received the same dose and single agent chemotherapy
comprising busulfan or 6-mercaptopurin. In non-responders, doses of rIFN-a were escalated to
4-8 X 106 units per day. Bone marrow sampIes were taken before treatment from 12 of the
patients (group A 6, group B 6) and tested forthe antiproliferative activity of rIFN-a and rIFN-y
by using a soft agar colony forming assay system. In healthy controls and group A patients,
colony formation for CFU-GM, BFU-E, CFU-E and CFU-MEG was inhibited by rIFN-a and
TNF-a in a dose-dependent manner. The in vitra response obtained with rIFN-y, however, was
very heterogenous. Inhibition of colony formation was only minimal, even by highest dos es (10
X 104 units/ml), in some patients in the chronic phase of CML and in some normal controls.
BFU-E and CFU-MEG proved to be the most sensitive celllineages, whereas CFU -E and CFUGM were about 10 times less sensitive. In the responder group, 50 % growth inhibition was
already obtained at rIFN-a concentrations between 10-100 units per ml. Moreover, a shift from
colony to cluster formation was observed following in vitra exposure to IFNs. In contrast,
group B patients exhibited a marked in vitro resistance to IFN-a. Even at IFN concentrations of
1,000-10,000 units per ml, 30-50 % of residual colony formation of CFU-GM and CFU-MEG
was observed. This interferon resistance occurred either in CFU-MEG and CFU-GM colony
formation alone or in both celllineages. Corresponding to the in vitra results, all of the CML
patients in chronic phase of the disease responded to relatively low doses of IFN -a (2-4 Mio. UI
d), whereas only four of the group B patients showing in vitra resistance to rIFN-a could be
successfully treated by the addition of single agent chemotherapy to a-IFN. From these data we
conclude that 1) rIFN-a is an effective drug for treatment of CML in chronic phase; 2) the
colony forming assay might serve as a proper tool for predicting the c1inical response to rIFN-a
in CML patients; 3) rIFN-y shows less antiproliferative in vitra activity on hematopoietic stern
cells of patients with CML than rIFN-a and rTNF-a showed; 4) a lineage-specific pattern of
stern cell sensitivity to rIFN-a, rIFN-y and rTNF-a exists.

Dept. of Urology, University of Würzburg, Josef-Schneider-Str. 2, 8700 Würzburg, F.R.G.

B.5 Biological effects of recombinant human tumor necrosis factor on
human bladder cancer celliines
W. HECKL and B. KLOSSNER
Considerable interest has been focussed on the use of immunological modifiers in the
therapy of bladder cancer. Beside these treatments, informations about the usefulness of the
tumor necrosis factor alpha in this tumor are rare.
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Therefore, we investigated the optimal conditions for cytotoxicity to 10 human bladder
cancer celllines by the recombinant human tumor necrosis factor alpha (rhTNF, Knoll AG,
Ludwigshafen, F.R.G.). Using the crystal violet assay and L929 cells as reference, we treated
the 10 cancer celllines with increasing concentrations of the rhTNF (50 ng/ml-500 ng/ml).
The exposure to TNF for 48 h led to a maximal cytotoxicity of 44 % to 79 % in 3 celllines
(5637, RT -112, HT -1376). Five other celllines were moderately TNF-sensitive (SD, J82, 639V,
EJ, BT-l). The two celllines RT-4 and T-24 were extremely resistant. They responded only up
to 30 % to TNF. However, the addition of 0.1 fA,g/ml Actinomycin D to these celllines along
with 100 ng/ml TNF showed a tremendous increase of the sensitivity. The cytotoxicity even in
the former resistant tumor cells was up to 98 %. Comparing the different sensitivities of these
bladder cancer cell lines with their binding data with TNF, there was no evidence of a
significant correlation.
From the data we conclude that the recombinant tumor necrosis factor may be a useful agent
in the treatment of bladder cancer. However, further research has to be done to find out the
best regimen, especially the best combination with other drugs.

Medical University of South Carolina, 171 Ashley Avenue, Charleston, SC 29425, U.S.A.

B.6 Tumor necrosis factor (TNF) and lymphotoxin (LT) effects on
endothelial cell and fibroblast growth and function in vitro
M. B. KAHALEH, E. A. SMITH, Y. SOMA, and E. C. LEROY

Human endothelial cells (EC) derived from umbilical cord vein and human dermal fibroblasts (FB) grown in vitra were exposed to recombinant TNF and LT. Both TNF and LT
inhibited EC growth and stimulated FB growth in a dose-dependent fashion. Neutralizing
antibodies abolished the observed effects on cell growth. Both TNF and LT induced
stimulation of factor VIII/von Willibrand factor release by EC, also in dose-dependent
fashion. TNF and LT caused stimulation of fibronectin and collagen synthesis by fibroblasts.
TNF and/or LT may modulate EC and FB growth and function. A role for TNF and LT in
vascular injury and tissue fibrosis is suggested.

Biochem. Inst. der Universität Freiburg, Hermann-Herder-Str. 7, 7800 Freiburg, F.R.G.

B.7 The release of cytotoxic activity by rat Kupffer cells treated with
endotoxin
U. KARCK and K. DECKER

Mononuclear phagocytes exposed to lipopolysaccharide (LPS) have been shown to be the
major source of natural tumor necrosis factor (TNF). Kupffer ceHs (KC) represent the body's
first large population of sessile macrophages that comes into contact with gut-derived LPS. It
is weH known that KC avidly bind and take up LPS. The aim of our study was to investigate
whether exposure to LPS alone or in combination with other stimuli, i.e. gamma-interferon
(IFN-y) would provoke KC to release cytotoxic factors into their environment.
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KC of the rat liver were isolated using a method of centrifugal elutriation. The obtained KC
were cultivated up to 72 h with regular medium changes every 24 hand prior to the
experiments. The cells were challenged with either LPS R595 (S. minnesota, kindly provided
by C. Galanos, Freiburg, F.R.G.) or rat IFN-y (generous gift of P. v. d. Melde, Rijswijk, The
N etherlands) or a combination of the two. In order to test for cytotoxic activity in the culture
supernatants, we applied the L929 assay as described by others, using human recombinant (hr)
TNF as a standard (donation of Boehringer Wien, Austria).
Supernatants from control cells did not show any cytolytic effect on L929 cells. Supernatants from cells treated with up to 1000 units/ml rat IFN-y were also ineffective in killing L929
cells. KC challenged with LPS R595 (40-1000 ng/ml) released cytotoxic activity into the
supernatant. Maximal levels equal to 700 U hrTNF/l06 KC (740 + 600 n = 7, range: 128-2000
U) were reached as early as 2 h after start of the incubation. Combination of IFN-y plus LPS
did not yield higher levels of cytotoxic activity (970 U + 600/10 6 KC).
As we have shown earlier, LPS per se or in combination with IFN-y does not lead to any
superoxide production or enzyme release of KC. Stimuli, which do so, i.e. zymosan, were not
capable of provoking the release of cytotoxic activity by KC.
The physicochemical properties of the cytolytic mediator, and further regulative mechanisms of its release will be discussed. We will present evidence that neither hrTNF nor KC
cytotoxic factor is inactivated by hepatocytes or liver endothelial cells. On the contrary, TNF
leads to enhanced adherence of peripheral blood neutrophils to endothelial cells, which might
be of importance in the pathogenesis of the liver damage observed after endotoxin challenge in
VIVO.

State University of New York at Albany, 1400 Washington Avenue, Albany, NY 12222,
U.S.A.

B.8 Mitogenic activity of tumor necrosis factor for human
osteosarcoma cells
M. KIRSTEIN and C. BAGLIONI
Human fibroblasts and lung cells are growth stimulated by TNF. To investigate if
transformed cells can also be growth stimulated by TNF, we tested several tumor celliines.
Cells that are adapted to grow in medium with low serum content are more likely to show a
response to a growth factor than cells grown in medium with high serum concentration
containing large amounts of growth factors. The celliine HOS-LS was derived from human
osteosarcoma HOS-l cells by growth in medium with low serum over aperiod of 2 months.
The HOS-LS cells were significantly growth stimulated by TNF, whereas the parental HOS-l
cells were not stimulated at all. The growth stimulation was dose-dependent, and TNF had to
be present for a minimum of 2 days to elicit a significant response. The mitogenic activity of
TNF on these cells could be abolished by interferons. Addition of polypeptide growth factors
such as insulin or epithelial growth factor did not enhance the growth stimulatory activity of
TNF. This stimulation was also observed in serum-free medium, suggesting that other serum
growth factors are not required for this effect of TNF. Studies on other celliines that were
adapted to grow in medium with low serum content failed to show any growth stimulation by
TNF. Therefore, this effect of TNF seems to be rather specific for HOS-LS osteosarcoma
cells.
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B.9 Kinetic studies on the growth-inhibitory effect of human
recombinant interferon-y (rIFN-y) performed on 5 human celllines
derived from mammary and ovary carcinomas
M. KLOUCHE, G. SCHERDIN, M. GARBRECHT, D. K. HOSSFELD, and F. HÖLZEL

The antiproliferative effect of rIFN-y (Bioferon) was tested on 5 ceillines derived from
mammary (EFM-19, MFM-98, MCF-7) and ovarian carcinomas (EFO-21, EFO-27). In
advanced passages of cultivation, cells were seeded in cluster dishes at a density of 2500 per cm;
rIFN-y was added in the exponential growth phase. All cell lines showed dose-dependent
inhibition of growth, but differed markedly in their individual sensitivity to rIFN-y. MFM-98
cells required 650 U/ml rIFN-y to achieve a 50 % reduction of cell growth (ID50) compared to
untreated controls, whereas the ID50 for the other celliines ranged between 100 and 65 U/ml.
Maximum growth-inhibitory effects were obtained at rIFN-y doses of 1600-3200 U/ml
reducing the cell number to 15 % of the controls with little variation among the cell lines
tested; cytotoxic effects were not observeable. The growth inhibition depended on the
exposure time ranging from 30-40 % inhibition after 3 days of continuous presence of 400 U/
ml to 60-70 % inhibition after 9 days of the incubation with rIFN-y. The minimum dose
causing a significant growth inhibition of EFO-27 and MCF-7 cells was about 1 U/ml rIFN-y.
Pulse studies for 6, 24 and 72 hours showed recovery of MCF-7 cells after exposure to 400 U/
ml rIFN-y during 6 and 9 days total incubation. Extended exposure for 6 days followed by 3
or 6 day incubation with IFN-free medium abolished the recovery effect in MCF-7 cultures.
Identically performed pulse studies with EFO-27 cells showed no recovery effect, although the
growth of both lines was inhibited at similar efficacy during continuous exposition to rIFN-y.
Pretreatment for 1 month with 1600 U/ml did not produce any alteration of the inhibitory
effects on MCF-7 cells, precluding the development of resistance to rIFN-y. The different
kinetics of growth inhibition by rIFN-y may be important to the application in cancer therapy.
Supported by Deutsche Krebshilfe, Bonn.

Institute of Molecular Biology, Jagiellonian University, 31-120 Krak6w, Poland, Division of
Immunology and Allergy, University Hospital Cantonal, 1211 Geneva 4, Switzerland, and
Department of Pathology, McMaster University, Hamilton, Ontario L8N 3Z5, Canada

B.lO Comparison of interleukin land tumor necrosis factor as inducers
of the acute phase response of cultured hepatocytes and hepatoma
cells
A. KOJ, D. MAGIELSKA-ZERO,

J.

BERETA,

J. M.

DAYER, and J. GAULDIE

Synthesis and secretion of several plasma pro teins by primary cultures of rat or mouse
hepatocytes, and by cultured rat Morris hepatoma cells or human Hep G2 cells, were
determined by electroimmunoassay. Supplementation of cultures with supernatants from rat
peritoneal macrophages or human peripheral blood leukemic cells depressed synthesis of
albumin by hepatocytes, or a-fetoprotein by hepatoma, while production of species-specific
positive acute phase reactants was considerably enhanced. Human recombinant IL la and ß
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(Biogen, 1-1000 ng/ml medium), and human or murine TNF-a (Bioghent, 10-10' units/ml
medium) also reduced synthesis of albumin or a-fetoprotein but increased the formation of
only some AP-reactants, such as at-acid glycoprotein (hepatocytes), or at-antichymotrypsin
(Hep G2 cells). Production of fibrinogen was either unaffected or slightly inhibited by
recombinant cytokines. Addition of hrlL 1 to macrophage supernatant blocked induced
synthesis of cysteine proteinase inhibitor (rat hepatocytes) but enhanced ceruloplasmin
formation (Hep G2 cells). Thus the acute phase response of liver-derived cells is controlled by
the whole range of cytokines. IL 1 and TNF may either induce directly synthesis of certain
proteins, or modulate the response of others induced by hepatocyte stimulating factor,
depending on the genotype and differentiation stage of the target cells.

tInstitut für Anatomie, 2Institut für Strahlenbiologie, Universitäts klinikum Essen, F.R.G.

B.tt Three-dimensional presentation of the vascular architecture in
vital tumor and necrosis - transmission and scanning electron
microscopic studies on xenografts

M. A. KONERDINGt, F. STEINBERGZ, and B. KORIOTH t
The density of blood vessels is commonly regarded as being imponant for the fraction of
hypoxic cells in all tisues including tumors. It has been shown that this parameter is a
prognostic factor in clinical tumor therapy. Till now the vascular architecture has been studied
with several two-dimensional histological methods only. Although by these techniques many
results have been produced, there is still the necessity of studies on the three-dimensional
arrangement of vessels in relation to the vital tumor tissue and necrosis. This can be depicted
by the corrosion-cast technique.
For this purpose, male athymic mice with xenografts of different human melanomas,
sarcomas and rectum carcinomas were perfused with prepolymerized methylmetacrylate
(Mercox®) after rinsing and fixation of the vascular system. The xenografts were mazerated
with potassium hydroxide, dried and mounted and studied by scanning electron microscopy.
Additionally, parts of the specimens were prepared for transmission electron microscopy in
order to reveal the relations of the vessels of the tumor tissue and necrosis.
Our studies show an extremely heterogenous branching of vessels. Never could we find a
pattern of vascular distribution as seen in normal tissue. We cannot generally confirm the
assumed high relation between avascular areas and necrosis because one can find very often
great vascular areas without any signs of necrosis. Vice versa, histology and transmission
electron microscopy depict that even in necrosis there can be found vessels. Vascular casts
depict a great amount of tortous vessels with atypical branching modes. Changes of the
diameter can be seen as weil in the nutrient vessels as in the centre of the tumor. Besides
densely vascularized areas with a capillary distance of 30 f.tm one can see areas of more than 500
f.tm 2 without any vessel.
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B.12 Effects of recombinant tumor necrosis factor on plasma protein
synthesis by rat and human hepatoma cells
A. KURDOWSKA, D. MAGIELSKA-ZERO,

J.

BERETA, and

J.

M. DAYER

Primary cultures of Morris hepatoma 7777 were grown in Eagle's MEM containing 5 % fetal
calf serum, 10- 6 M dexamethasone and insulin. Production of four plasma proteins was
determined either by electroimmunoassay or by incorporation of 3sS-methionine followed by
immunoprecipitation. Addition to culture medium of supernatants from LPS-stimulated rat
peritoneal macrophages increased synthesis and secretion of fibrinogen and cysteine proteinase
inhibitor but reduced u-fetoprotein (AFP). Human and murine recombinant TNF-u (Bioghent) in the range of 10-104 units/ml also decreased AFP formation but showed no cytotoxic
effect and it did not alter significantly synthesis of albumin, fibrinogen and cysteine proteinase
inhibitor. TNF-u added to human hepatoma Hep G2 cells grown in Eagle's MEM slightly
stimulated synthesis of u 1-antichymotrypsin and reduced synthesis of AFP but had no effect
on cell proliferation. On the other hand, supernatants from human blood cells isolated from
cases of chronic lymphocytic leukemia added to Hep G2 cells gave much bigger changes in
these two proteins, and additionally reduced output of albumin and increased production of
u1-proteinase inhibitor. It can be concluded that human and murine recombinant TNF-a have
no cytotoxic effects on the tested rat or human hepatoma lines but modulate synthesis of so me
acute phase proteins in these cells.

Department of Neurosurgery, Hiroshima University School of Medicine, Kasumi 1-2-3,
Minami-ku, Hiroshima, 734 Japan

B.13 Histological study of mechanism of tumor necrotizing action of
human recombinant TNF (PT -050)
K. KURISU, K. KAWAMOTO, Y. SAITOH, K. MUKADA, Y. FUJIOKA, and T. UOZUMI

The mechanism of tumor necrotlzmg action of PT-aSO (human recombinant TNF,
Dainippon Pharmaceutical Co., Ltd.) administered intravenously to the tumor transplanted
subcutaneously in nude mice was examined.
125I-labelled PT-OSO was administered intravenously to nude mice in which human glioblastoma had been transplanted subcutaneously. Then the tumor was removed, and the measurement of radioactivity per mg weight of tumor, immunohistochemical staining by anti PT-OSO
antibody and lysosomal acidphosphatase staining were done. Control group was administered
intravenously free 12sI of same radioactivity as 12sI -PT-aSO.
Radioactivity per mg weight of tumor raised just after injection of 125I-PT-050 and reached
the highest level at 30 min and decreased to its about one half at 60 min and one fourth at 180
min, respectively. In immunohistochemical study, there was positive staining in cytoplasm by
light microscope and linear and/or massive staining were observed at lysosomal membrane by
electron microscope. These positive findings were noted mainly 15 min to 20 min and could be
found scarcely after 60 min. Lysosomal acidphosphatase staining was remarkably no ted after
30 to 60 min and continued to ab out 4 hours later. Routine electronmicroscopic exam showed
increasing of lysosomes after 30 min, and necrotic change of tumor was observed after 60 min.
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In autoradiography the accumulation of grain was noted on the lysosomal membrane partially,
but on the other hand diffuse spreading of grain was observed. Therefore autoradiographic
exam did not show distinct accumulation of grain. 125I-PT-OSO was accumulated maximumly in
tumor 30 min after injection. At the almost same time the accumulation of PT-OSO on the
lysosomal membrane was detected immunohistochemically. The authors concluded it was one
of the strongest factors of tumor necrotizing action that PT -050 was accumulated on lysosomal
membrane and then lysosomal activity was raised.

Institute for Applied and Experimental Oncology, Univ. Vienna, Borschkegasse 8a, A-t090
Vienna, Austria

B.14 Isolation and characterization of a bovine placenta protein which
specifically inhibits the proliferation of tumor cells
K. LETNANSKY

A factor can be isolated from bovine placenta which inhibits thymidine incorporation and
cell proliferation of tumor cells (Yoshida sarcoma, Ehrlich carcinoma, murine leukemias,
established ceillines of the human bronchogenic carcinoma E14 and the osteosarcoma 2T) but
which is ineffective against normal cells, including rat bone marrow and Wi38. The inhibitor
was purified from the maternal part of 2nd trimester placentas by gel filtration, ion exchange
chromatography and polyacrylamide gel electrophoresis. Attempts to identify the factor in the
fetal part of the placenta or in placentas of very early or late gestational periods have not been
successful. The activity of the decidua inhibitory factor (DIF) is abolished by incubation with
proteases; ribonucleases and deoxyribonucleases are without any effect. The apparent molecular weight, estimated by SDS-polyacrylamide gel electrophoresis is about 60 KD. Binding to
Yoshida cell surfaces is mediated by receptors in the 28-40 KD range and at 60 KD. On normal
cell surfaces, these receptors are present in significantly lesser amounts. Receptor binding is
accompanied by a change in the phosphorylation pattern of some surface components,
including the receptors itself. After DIF internalization, a decrease in the concentration of 2
nuclear proteins with MW around 55 KD is observed. The factor which appears to have some
structural and functional similarities with TNF is supposed to be involved in the regulation of
tumor and/or embryonal cell proliferation, possibly by interference with oncogene expression.

Roswell Park Memorial Institute, Buffalo, New York, and Biotherapeutics Inc., Franklin,
Tennessee, 37064, U.S.A.

B.1S C Reactive Protein (CRP) enhances antitumor activity of
recombinant human tumor necrosis factor (rhTNF)
T. E. O'CONNOR and

s. L. DUPERE

The antitumor actlvlty of rhTNF involves an hemorrhagic necrosis which can also be
induced by treatments as diverse as exposure of tumor-bearing animals to cortisone and
heparin fragments O. Folkman) or to porphyrins and photoirradiation (T. Dougherty). In an
investigation of the possible role of non-specific host responses in the action of rhTNF, we
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have investigated the effects of the hepatic acute phase reactant, CRP. Assessment of the
growth of Meth-A sarcoma subcutaneous implants in BALB-cRos mice in response to
intravenous administration of rhTNF (Asahi Chemical Industries) at 6 X 105 units/kg body
weight indicates a further significant retardation (p < 0.01) by intravenous co administration of
natural human CRP at 1.5 x 104 [tg/kg with no apparent increase in toxicity for aperiod of up
to 13 days post treatment. CRP does not affect the cytocidal capacities of rhTNF for sensitive
or resistant tumor cell lines in vitro, and alone exerts only a modest antitumor effect. These
observations appear to provide evidence that the antitumor activity of rhTNF can be
augmented by the acute phase pro tein CRP.

Hayashibara Biochemical Labs., Inc. 675-1 Fujisaki, Okayama 702, Japan, and First Department of Surgery, Okayama University Medical School, 2-5-1 Shikata-cho, Okayama 700,
Japan

B.16 In vitro antitumor effects of natural human interferon-y with
natural human interferon-a and natural human tumor necrosis
factor
K. OHASHI, S. ANDO, M. KURIMOTO, and K. ORITA

The antitumor effects of the sole and combined uses of natural human interferon-y
(nHuIFN-y), interferon-a (nHuIFN-a) and tumor necrosis factor (nHuTNF-a) were studied
in vitro and compared.
The nHuIFN-y was obtained from a human myelomonocytic lymphoma celiline HBL-38
proliferated in immunosuppressed hamsters and stimulated with lipopolysaccharide, whereas
both nHuIFN-a and nHuTNF-a were obtained simultaneously from BALL-l cells grown in
hamsters and stimulated with HVJ. The three lymphokines were highly purified by affinity
chromatography with the use of their respective corresponding antibodies.
The sole use of nHuIFN-y, in comparison with the sole or combined uses of other two,
exhibited the highest antitumor activity against KB (oral cancer), P4788, LoVo, WiDr (colon
cancer), A549 (lung cancer), HEp-2 (larynx cancer), KATO-III (stornach cancer) and G361
(melanoma). Consistently and significantly, nHuIFN-y exhibited a more potent efficacy
against KB, HEp-2 and P4788 cells than recombinant HuIFN-y derived from E. coJi. In
addition, nHuIFN-y augmented the antiproliferative effects of the mixed preparation of
nHuTNF-a and nHuIFN-a against KB, G361 and P4788 cells more synergistically than
recombinant HuIFN-y. The results suggest that nHuIFN-y may weil be the choice constituent
to use in combination with lymphokines in cancer therapy.

Dept. of Clinical Oncology, Building 1 KI-P, University Hospital 2333 AA Leiden, The
Netherlands

B.17 Growth-inhibiting action of Interferon-y and Tumor Necrosis
Factor on melanoma celliines
S. OSANTO and R. JANSEN

The effect of IFN-y and TNF-a on the growth of two melanoma celliines 518A l and 453 Ao
was investigated in vitro. These melanoma celliines differ in the expression of various surface
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antigens (e.g. melanoma-associated and HLA class I antigens) and level of oncogene expression
(c-myc mRNA). Melanoma cells in exponential growth-phase were challenged for 1, 6, 24, or
120 h with IFN-y (10-1000 Ulml), TNF (0.001-0.1 I-lg/ml), or both; after 120 h, the number of
viable cells was determined and compared to that of control cultures. IFN-y inhibited the
growth of both celliines in a time- and dose-dependent fashion the cytostatic effect of IFN
was already noticable after 1 hexposure to as little as 10 V/mi IFN-y. However, TNF had a
cytostatic effect on 453 Ao cells but a cytolytic effect on 518Al cells. For any effect to be seen,
exposure of the cells for 24 h to TNF was necessary. The combination of IFN-y and TNF
proved to be synergistic.
In the two celliines the thymidine-incorporation was strongly reduced after exposure for 24
h to the combination of IFN-y + TNF. Preliminary data of receptor binding studies indicate
that the synergistic action of IFN-y and TNF is not due to an increase in the number of TNFreceptors after incubation of melanoma cells with IFN-y.
Both IFN-y and TNF can interfere with c-myc expression and differences in c-myc
expression in the two celliines could account for the differences in responses to the BRMs.

Abt. Immunologie und Transfusionsmedizin, Medizinische Hochschule Hannover, Konstanty-Gutschow-Str. 8, 3000 Hannover 61, F.R.G.

B.l8 Suppression of human multiple myeloma tumor cells by
interleukin-2 stimulated autologous T cells
D. PEEST",

J. OE VRIES, R. HÖLSCHER, and H. DEICHER

Human multiple myeloma tumor cells prepared from bone marrow aspirates of myeloma
patients secrete monoclonal immunoglobulin (mlg) into the supernatant of short term
cultures. The mlg can be quantitated by an enzyme linked immunosorbent assay (ELISA)
using class specific and light-chain specific antisera. This system has been successfully used for
cytostatic drug sensitivity testing in vitra (1). In previous experiments, suppression of the
tumor clone of these cultures has been demonstrated after addition of the mono clon al
antibody OKT3. This effect is mediated by stimulated T cells «contaminating» the mono clon al
cells prepared from the bone marrow aspirate. We have now investigated recombinant
interleukin-2 (rIL2) and natural interleukin-2 (nIL2) in this assay system. In 6 out of 10
patients, the myeloma tumor cell clone could be suppressed by rlL 2 in a dose-dependent
manner, while in 2 further patients, nlL2 showed a suppressive effect. By analyzing lymphocyte subpopulations in the cultures using appropriate monoclonal antibodies, we found that
suppression of the tumor clone correlated with the expansion of CD3 positive cells. These
results that constitute further evidence of a potential regulative role of CD3 + autologous cells
for a patient's myeloma clone. On this basis, a therapeutic trial with IL2 may now be
envisaged in multiple myeloma after pretesting its suppressive effect in vitra.
1. PEEST, D., B. BARTELS, I. DALLMANN, I. SCHEDEL, and H. DEICHER. 1986. Cancer
Chemotherapy Pharmacol. 17: 69 .
• Supported by the DFG grant Pe 255/3-1.
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B.19 Liposomes as targets for NKCF but not for TNF
R. C. ROOZEMOND 1, D. C. URU 1, and B. BONAVIDA2

Natural killer cytotoxic factor (NKCF) and tumor necrosis factor (TNF) are thought to
belong to one family of cytotoxins. It has recently been shown, by the application of specific
monoclonal antibodies, that NKCF and TNF are different compounds. This is supported by
our present experiments.
We have previously suggested that NKCF contains lipophilic sequences because its binding
by target cells is increased after lipid modulation of the cells (R. C. ROOZEMOND, M.
MEVISSEN, D. C. URLI, and B. BONAVIDA, manuscript submitted). The factor can also be
absorbed by multilamellar lipid vesicles. We now demonstrate that interaction of NKCF with
unilamellar carboxyfluorescein-containing vesicles results in the release of the fluorophor from
the vesicles. With liposomes prepared from egg phosphatidylcholine or synthetic dipalmitoylphosphatidylcholine, the NKCF-induced release of carboxyfluorescein is suppressed by the
presence of cholesterol in the liposom al membranes. This is not the case with liposomes
prepared from soybean lecithin. Interaction of TNF with liposomes does not result in the
release of their contents, irrespective of the lipid composition of the liposomes.

Arizona Cancer Center, Tucson, Arizona, 85724, U.S.A.

B.20 Drug resistant human tumor cells exhibit enhanced sensitivity to
tumor necrosis factor
S. E. SALMON, B. SOEHNLEN, W. S. DALTON, P. MELTZER, and P. SCUDERI

Two human tumor cell lines exhibiting acquired resistance to natural product anticancer
drugs associated with increased expression of a cell surface glycoprotein (p-glycoprotein) and
pleiotropic multidrug resistance were tested for their sensitivity to human recombinant tumor
necrosis factor (TNF). The drug resistant mutant lines (CEM/V, aT ceilleukemia line resistant
to vinblastine, and 8226/D, a multiple myeloma line resistant to doxorubicin), manifested
significantly increased sensitivity to TNF in the clonogenic assay compared to their drug
sensitive parental lines. The drug-sensitive and resistant lines were evaluated for cell surface
expression of TNF receptors. The number of cell surface receptors for TNF did not differ on
the parental and drug resistant lines. The expression of the p-glycoprotein mRNA was assessed
in the 8226 and 8226D lines before and after TNF exposure. TNF did not reduce the
expression of the p-glycoprotein message. The molecular mechanism of collateral sensitivity of
drug resistant cells to TNF may relate to altered drug accumulation or some other characteristic associated with drug resistant cells. Clinical trials of TNF in drug-resistant malignancies
will be of interest.
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B.2l In vitro inter action of a-difluoromethyl-ornithine (DFMO) and

human recombinant interferon-y (rIFN-y) on human cancer cell
lines
G. SCHERDIN, M. GARBRECHT, M. KLOUCHE, D. K. HOSSFELD, and F. HÖLZEL

rIFN-1l in combination with DFMO, an inhibitor of polyamine biosynthesis, has been
reported to cause growth inhibition of human tumor celllines acting in a synergistic (1) or
additive (2) way. We present data about effects of rIFN-y (Bioferon) in combination with
DFMO (Merell) on the proliferation of 4 human cancer celllines in long term cultivation,
which were derived from bile duct carcinoma (EGI-l), renal cell carcinoma (EGI-4) and
mammary carcinomas (EFM-140, MCF 7). rIFN-y and DFMO were added to the cell cultures
in the logarithmic growth phase. The growth of all celllines was inhibited by rIFN-y dosedependently, with minimum rIFN-y doses of 1 Ulml to 25 U/m!. Using only DFMO growth
inhibition resulted in all celllines at concentrations as low as 5 to 140 11M. Testing 1 and 5 UI
ml rlFN-y in combination with 5 11M DFMO, an inhanced inhibition of EGI-4 cell growth
was found suggesting a synergistic effect. 30 11M DFMO added in combination with 1 or 5 UI
ml rIFN-y produced an additive growth-inhibitory effect whereas higher DFMO or rIFN-y
concentrations resulted in diminished additive growth-inhibitory effects. Cell line EGI-l
showed reduced additional growth-inhibitory effects when 140 11M DFMO were applied
together with 25 U/ml rIFN-y. The mammary carcinoma lines were sensitive to 20--140 11M
DFMO in single application and rather in sensitive to rIFN-y. After combined application of
both agents no additional growth inhibition was seen in mammary carcinoma cell cuhures.
Further investigations and especially sequential pulse studies will be helpful to draw conclusions for cancer therapy.

1. KOVACH, J. S., and P. A. SVINGEN. 1985. Cancer Treat. Rep. 69: 97.
2. WOLF, L. M. et a!. 1985. J. Bio!. Resp. Mod. 4: 391.
Supported by Deutsche Krebshilfe, Bonn.

Medizinische Universitätsklinik Hamburg-Eppendorf, F.R.G.

B.22 Proliferation and phenotypic antigen modulation of colorectal

cancer cells is synergistically regulated by recombinant human
interferon-y (IFN-y) and tumor necrosis factor-a (TNF-a)
W. H. SCHMIEGEL,

J.

CAESAR, H. KALTHOFF, H. G. THIELE, and H. GRETEN

The antiproliferative effect of IFN-y and TNF-a alone (0.5-5000 Ulml) and in combination
was assessed for WiDR colorectal cancer cells in a standard proliferation assay. Maximum
growth inhibition was -20 % for TNF-a (50 Ulml) and -85 % for IFN-y (5000 U/ml) when
compared with untreated controls. Lower concentrations (TNF-a: 50 U/ml- IFN-y: 500 UI
ml) were required to achieve a 100 % tumor cell reduction by a combination of both cytokines.
Modulation of antigen expression was found to be induced by prior IFN-y treatment when
MHC-I and II antigens were assessed in a live cell radioimmunoassay, while TNF-a was less

International Conference on Tumor Necrosis Factor and Related Cytotoxins . 73
effective in antigen modulation when given alone. Combinations of TNF-a (1, 10, 100, 1000

Vlml) with constant IFN-y amounts (10 Vlml) were more effective than the same IFN-y
concentrations alone. The same observation could be extended to CEA-related antigens (mab
C1N3) while the expression of 180 Kd CEA (m ab C1P83 or mab 35) could not be modulated
by cytokine treatment.

Medizinische Vniversitätsklinik Hamburg-Eppendorf, F.R.G.

B.23 The synergistic antiproliferative effect of human recombinant
TNF-ß (Lymphotoxin-a), TNF-a and IFN-y on human gastric
cancer cells
W. H. SCHMIEGEL, S. LUBITZ, H. KALTHOFF, H. G. THIELE, and H. GRETEN

Since conventional chemotherapeutical trials have largely failed in gastric cancer, current
interest has focused on biological response modifiers as antineoplastic reagents. The effects of
IFN-y, TNF-a and -ß either alone or in combination (IFN-y/TNF-a or -ß) on the growth of
six different human astric cancer cell lines were investigated and compared to untreated
controls (= 100 % cell viability). IFN-y (5-5000 Ulml) added to cell cuhures 24 h after seeding
(1 x 104 cells per cup) showed a 10 to 25 % tumor cell reduction in MKN-28, -45, -74,
Kawasaki-I gastric cancer cells, while TNF-a (5-5000 Vlml) mediated 10-40 % tumor cell
reduction in MKN-7, -45, MS1P18, Kawasaki I cells and TNF-ß treatment led to 15-40 % cell
reduction in MKN-45, -74, MS1P18, Kawasaki I cells. TNF-ß treatment of MKN-7 gastric
cancer cells prompted an increased cell proliferation (+ 20 %) which was also no ted for the
combined treatment of MKN-7 (+ 30 %) with IFN-y/TNF-ß. In contrast, antiproliferative
response was enhanced by the same combination to 15-60 % tumor cell reduction in MKN-28,
-45, MS1P18 and Kawasaki I. Nearly the same pattern was obtained for the combination of
IFN-y and TNF-a with the exception of MS1P18 cells that were resistant to IFN-y/TNF-a,
while sensitive to IFN-y/TNF-ß and vice versa, MKN-74 which were found to be resistant to
IFN-y/TNF-a treatment in contrast to IFN-y/TNF-ß.

Department of Internal Medicine, University of Pavia, Policlinico S. Matteo, 1-27100 Pavia,
Italy, and Department of Hematology, University of Frankfurt, Theodor-Stern-Kai 7, D-6000
Frankfurt am Main 70, F.R.G.

B.24 Human recombinant tumor necrosis factor alpha (TNF-a) inhibits
the growth of hemopoietic progenitor cells from chronic
myelogenous leukemia

c. C. STELLA, M. CAZZOLA, A. GANSER, L. DEZZA, B. VÖLKERS, and E. ASCARI
While recombinant tumor necrosis factor alpha (rTNF-a) has been shown to have an
antiproliferative effect on normal human bone marrow hemopoietic progenitor cells, no
information is yet available concerning the effect of rTNF on hemopoietic progenitor cells
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from patients with chronic myelogenous leukemia (CML). In the present study, therefore, we
have evaluated the effect of rTNF-a (KnolI, F.R.G.) on CML bone marrow-derived pluripotent (CFU-GEMM) as weil as lineage-restricted (CFU-Mk, BFU-E, CFU-GM) progenitor
cells. We have used a clonal culture system containing 30 % human plasma in IMDM, 5 %
PHA-Ieukocyte conditioned medium, 0.9% methylcellulose, 50 IlM 2-ME, and 1 U/ml
recombinant erythropoietin. Addition of rTNF-a (10-104 U/ml) to unseparated bone marrow
cells resulted in a dose-dependent inhibition of CML bone marrow-derived CFU-GEMM
(30-100%), CFU-Mk (42-100%), BFU-E (21-98%), and CFU-GM (41-96%) growth that
could be neutralized by a rabbit antisrum anti-rTNF-a. The addition of 5 U/ml of recombinant interferon alpha (rlFN-a, Kar! Thomae GmbH, F.R.G.) or gamma (rIFN-y, Biogen
Research Corp., U.S.A.) markedly enhanced the inhibitory effect of rTNF-a. Removal of
accessory cells (T-Iymphocytes and monocytes-macrophages) from the target bone marrow
slightly reduced the inhibitory activity of rTNF-a. This reduction was overcome by adding in
culture 5 U/ml of rlFN-a but not rlFN-y. A marked suppressive activity was also observed by
adding in culture accessory cells preincubated with rTNF-a and washed before plating. It is
concluded that 1) rTNF-a markedly suppresses in vitra hemopoiesis; 2) this suppressive effect
is strongly enhanced by rlFN-a and rlFN-y; 3) these findings may have clinical implications.

Dept. of Pathology, Hahnemann University, Philadelphia, PA, U.S.A.

B.lS Interferon-y acts synergistically with tumor necrosis factor to
induce cytotoxic activity in peritoneal cells from tumor-dormant
mice
Y. SUZUKI, C.-M. LIU, 1. CHEN, and E. F. WHEELOCK
Recombinant murine tumor necrosis factor (MuTNF), acting either alone or with recombinant murine interferon-y (MuIFN-y), produced no direct toxic effect on L5178Y cells.
However, small amounts of MuTNF and MuIFN-y acting synergistically, but not separately,
could induce anti-tumor cytotoxic activity in plastic-adherent peritoneal cell (AD-PC) cultures from tumor-dormant mice und er conditions in which the target tumor cells were not
exposed to the two cytokines. MuTNF and MuIFN-y could also induce anti-tumor cytotoxic
activity in plastic non-adherent peritoneal cell (NAD-PC) cultures from tumor-dormant mice,
and induction of this anti-tumor activity did not require the production of additional
Iymphokines. However, the induction of anti-tumor activity in NAD-PC cultures may have
been due in part to an increase in the susceptibility of the associated tumor cells to immune
lysis caused by the combined action of MuTNF and MuIFN-y. The involvement of MuTNF
and MuIFN-y in the inductive phase of the cytotoxic response was not confined to tumorimmune systems, since small amounts of MuTNF and MuIFN-y could also act synergistically,
but not separately, to induce anti-tumor cytotoxic activity in macrophages which had been
elicited in normal C3H/He] mice with thioglycolate. The demonstration that small amounts of
MuTNF and MuIFN-y can act synergistically but not separately to induce anti-tumor
cytotoxic activity provides a new biological function for TNF and broadens its immunoregulatory and anti-tumor role in both the L5178Y tumor-dormant model and in the control
of the progressive growth of primary and recurrent cancer.
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B.26 Synergistic action of recombinant TNF and endotoxin on cultured
endothelial cells
P. A. VAN OE WIEL, R. H. H. PIETERS, and N. BLOKSMA

The eHect ofhuman recombinant TNF (rTNF) and endotoxin on the proliferation of cultured
endothelial cells, isolated from bovine umbilical cord (BE cells), was studied measuring their 3H_
thymidine incorporation. BE cell growth was not inhibited during 4 h of coincubation with
102-104 U rTNF/ml, whereas 25-50 % inhibition was measured by 24 h. Tumor necrosis serum
(1 % v/v) was much more active, causing an inhibition of 65 % by 4 h, and 80 % by 24 h. When
rTNF was combined with endotoxin
f!g/ml), these figures were 40 % and 95 %,
respectively. Endotoxin alone became inhibitory at high er concentrations (1-10 f!g/ml), but the
inhibition never equaled that of the combination. Also rTNF combined with chemically
detoxified endotoxin, or combinations of muramyl dipeptide (MDP) with toxic or detoxified
endotoxin had synergistic anti-proliferative effects on BE cells. Generally, eHects of the
(combinations of) agents on human umbilical vein endothelial cell (HE cells) were similar.
Remarkably, the activity of rTNF and endotoxins was not dose-dependent, but the combinations were more active than the separate constituents. Stimulation of the proliferation of BE and
HE cells with growth factors during the assay did not enhance their sensitivity.
Results agree very well with prior data, showing synergistic action of rTNF or MDP
combined with toxic or detoxified endotoxin against solid tumors in mice, indicating that
endothelium is a primary target of the (combinations of) agents in yiyo.

lDept. of BRM, Tokyo Inst. Immunopharmacology, Inc., 3-41-8 Takada, Toshima-ku, and
2Res. Labs. Applied Med. Sei., Chugai Pharmaceutical Co. Ltd., Takada, Toshima-ku, Tokyo
171, Japan

B.27 In vivo antitumor effect of OK-432 correlates with the serum level
of a TNF-like cytotoxic factor
A. YAMAMOTOl, H. USAMI 2, and T. YOSHIDA 1

Propionobacterium acnes and endotoxin (LPS) are usually employed to induce TNF in
experimental animals. The use of P. acnes and especially LPS in humans, however, has been
hampered because of their strong toxicity and pyrogenicity. OK-432 (a streptococcal preparation) alone has been shown able to induce a TNF-like cytotoxic factor when used as a relatively
safe biological response modifier in animals as well as in humans.
Extending such observations, the present study was undertaken to examine whether the
therapeutic eHect of OK-432 on in yiyo tumors might correlate with the serum level of the
cytotoxic factor generated endogenously. The cytotoxic activity was detectable when OK-432
was injected intravenously twice at several hours' interval. The strongest activity was found
when the second injection was made 5 hours after the first, although much lower but significant
activities were detectable even when the second injections were given 3 or 7 hours apart.
Interestingly, the dramatic regression and/or the complete eure of Meth-A fibrosarcoma
transplanted 10 days earlier were achieved when the two injections of OK-432 were made 5
hours apart. Moderate therapeutic eHects were observed when the OK -4 32 injections were made
at 3 or 7 hours interval.

•

C. Molecular Biology, Biochemistry, and Assays
Chairpersons: B. B. AGGARWAL and C. BAGLIONI

EMBL, Meyerhofstr. 1, D-6000 Heidelberg, F.R.G.

C.l Synthesis and expression of a gene co ding for human tumour
necrosis factor
K. ASHMAN and R. FRANK

Modern chemical oligonucleotide synthesis techniques have made possible the construction
of «synthetic genes». It is possible to design genes adapted for easy handling and for expression
in microorganisms. We have applied this methodology to the construction of a gene coding for
human tumour necrosis factor. The synthetic gene has been used as a model system for
comparing different expression strategies: 1. direct expression; 2. expression in a fusion
protein system consisting of:
a) a 5taphyJococcus aureus protein A domain for affinity purification.
b) a TNF domain which can be specifically cleaved from the fusion construct to obtain
native TNF.
The first results of these studies will be presented. In addition, we have made synthetic
peptides to produce antibodies against TNF and for TNF receptor binding studies. The results
of this work will also be presented.

Memorial Sloan-Kettering Cancer Center, New York, New York 10021, U.S.A.

C.2 Comparative analysis of partially purified human natural killer
cytotoxic factor, recombinant human tumor necrosis factor and
recombinant human lymphotoxin
T. BIALAS, J. KOLITZ, E. LEVI, and K. WELTE
Natural killer cell cytotoxic factor (NKCF), a cytotoxic factor contributing to human
natural killer cell-mediated cytotoxicity, was generated from human lymphocyte conditioned
medium using various stimuli. Crude NKCF activity was concentrated, and partially purified
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by ammonium sulfate precipitation, gel filtration and reverse phase high performance liquid
chromatography (rpHPLC). NKCF activities eluted as two molecular weight peaks from the
gel filtration column, corresponding to 33-43 kD (Pool I) and -5 kD (Pool II). Fractionation
of the high molecular weight pool (Pool I) by rpHPLC, resulted in the recovery of the
bioactivity in three peaks with different retention times. The biologic activity of NKCF was
compared with recombinant human TNF (rhTNF) and recombinant human lymphotoxin
(rh lymphotoxin). The cytotoxic activity and target specificity of the partially purified NKCFs
were found to be different from both TNF and lymphotoxin. In the NKCF assay, TNF and
lymphotoxin in high concentrations (up to 106 Units/ml) had virtually no effect, whereas the
NKCFs lysed 22 % (range 17-38 %) of the NK-sensitive target K562. In contrast, TNF and
lymphotoxin were active in a standard assay against the sensitive murine L929 fibroblast cell
line in all concentrations tested (10- 1-10 6 Units/ml). NKCF could, therefore, be distinguished
from TNF and lymphotoxin in the biological activities tested. Studies to purify NKCF to
homogeneity are underway and should lead to further elucidation of the functional role of this
molecule in cellular cytotoxicity.

Radioimmunological Laboratory CHU, B. 23, Sart-Tilman, 4000 Liege, and IREMEDGENIX Research Laboratory, Fleurus, Belgium

C.3 Radioimmunoassay of tumor necrosis factor TNF-a and its clinical
applications by direct determination in serum and in peripheral
blood mononuclear cell (PBMC) culture supernatants
P. FRANCHIMONI, A. REUTER,

J.

BERNIER, Y. VRINDTS-GEVAERT, and P. GHYSEN

An activity of hemorrhagic necrosis of certain tumors was first described by CARSWELL et al.
(1975). We have carried out a radioimmunoassay of this tumor necrosis factor (TNF-a), using
polyclonal antibodies raised in rabbits against recombinant TNF-a. This antiserum is highly
specific: it does not cross react with either interferons a ß y or with Interleukin 1 and 2 or with
lymphotoxin (TNF-ß).
The sensitivity is 2 pg/tube. Precision is in the range of 3-10 % between 10-200 pg/tube.
Reproducibility within assay and between assay is less than 10 %. The recovery of TNF-a
added to serum is complete as weil as the parallelism between the standard and dilution of
PBMC culture medium.
Determinations, performed directly on serum from 100 normal subjects gave a mean value
of 44 ± 8 pg/ml. We compared these values with those found in certain pathological conditions
such as cancer prior to treatment, bums, pancreatitis, acute respiratory distress syndrome. The
values in cancer are not significantly different from normal whereas in the latter circumstances
TNF-a levels are significantly increased. We also stimulated PBMC in culture with 2.5 [lg/ml
PHA and compared the TNF-a production by PBMC from normal subjects and from patients
with either active or inactive rheumatoid arthritis (RA) as weil as in treated or untreated cancer
patients. A significant decrease of TNF-a production is observed in active RA but not in
inactive RA. In several treated cancers, TNF-a production is significantly reduced.
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C.4 Comparison of biological activities of TNF muteins using
chemically synthesized genes
A. HASEGAWA 1,]. MATSUZAKlt, K. URAKAMI 1, M. IKEHARAt, K. TAKEDA2,
K.KoNNd

s. IWAMOTd, and

Tumor necrosis factor (TNF) exhibits multiple functions relating to a host defense system
other than inducing haemorrhagic necrosis in certain animal tumors and in some heterotransplanted human tumor. On the other hand, serious side effects such as hypotension are of
great concern when TNF is applied to the clinic. Therefore, we have tried to change the
structure of the TNF molecule by pro tein engineering techniques to clarify the relationship
between structure and function and create TNF mutants with different activities. We have
tried to change the structure of the TNF molecule by protein engineering techniques with
synthesized TNF gene suitable for engineering its N-terminal region. TNF muteins (mutated
proteins) of the N-terminal region expressed in E. coli were purified and the following
biological activities were compared: cytotoxicity on transformed cell lines, differentiationinducing activity on human myelogenous leukemic ceillines, enhancing activity of polymorphonuclear function, stimulating activity of fibroblast proliferation, etc. The correlation
between its sequence and activity will be discussed.

Institute of Immunology, University of Marburg, D-3500 Marburg, F.R.G.

C.5 Tumor necrosis factor (TNF) potentiates lymphokine-induced
macrophage activation
S. HEIDENREICH, M. WEYERS, J.-H. GONG, and D. GEMSA
Activation of macrophages to tumor cytotoxicity takes place following a sequential interaction with lymphokines such as interferon-y (IFN-y) or macrophage activating factors (MAF)
and bacterial compounds such as lipopolysaccharide (LPS). It was the aim of the present
investigation to examine whether recombinant tumor necrosis factor-a (TNF-a) or lymphotoxin (TNF-ß) could serve as a triggering or cooperative factor during macrophage activation.
When peritoneal DBA/2 macrophages were cocultured with EB lymphoma cells in an in vitro
tumor cytostasis assay, it was found that both TNFs alone were neither cytotoxic towards
tumor target cells nor did they activate macrophages. TNF-a and TNF-ß could also not
replace LPS as a triggering signal for IFN-y-primed macrophages. However, when macrophages were only suboptimally activated by either IFN-y plus LPS or a T cell clone-derived
MAF, they were rendered strongly tumor cytostatic by the addition of TNF-a or TNF-ß in a
concentration range between 10--100 ng/ml. Furthermore, TNF-a restored the activaton
defect of macrophages from LPS-low responder C3H/HeJ mice that are usually unresponsive
to the combined action of IFN-y plus LPS. The potentiating effect of both TNFs on
suboptimally activated macrophages was also no ted in other test systems: a further downregulation of tumor cell binding, pinocytosis and RNA synthesis and an enhancement of
lactate production. Thus, both TNFs may not substitute for classical MAFs, but their
potentiating effect on activated macrophages may playa role in host defence systems.
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C.6 A plaque assay for detection and quantitation of tumor necrosis
factor
T.

J.

KAIDO and W. E. STEWART II

We have attempted to develop a simple plaque-forming assay for detection and quantitation
of cachectin/TNF. This assay is based on the lysis of TNF-sensitive murine L cells or WEHI
164 murine fibrosarcoma cells. A semisolid overlay medium is placed on confluent monolayers
of TNF-sensitive cells and dilutions of the TNF sampies are dropped onto the surface of the
overlay medium. Cultures are then incubated to allow the TNF to diffuse through the agar
overlay and lyse the underlying target cells. The cell monolayers are then stained with neutral
red, and the diameters of killed cells (plaques) are measured. A linear relations hip was found
between the logarithm of the TNF concentration and plaque size. Using known concentrations of a recombinant TNF preparation, a standard curve could be plotted which allowed
determination of TNF concentration in unknown sampies. All sampies were tested in parallel
on TNF-resistant L cells to insure that cytolysis was due to TNF. Numerous variables (agar
concentration, TNF concentration, volume of TNF added, cell targets, monolayers versus cell
suspensions, stain concentration, stain type, target cell concentration, incubation time, etc.)
have been tested to optimize the sensitivity and practically of this assay. This assay is presently
being adapted to determine TNF production by single cells. This will allow identification and
quantitation of TNF from different cell types and should allow determination of cell
populations responsible for cachectin/TNF production in neoplastic diseases or in AIDS
patients.

Department of Haematological Medicine, Cambridge University Clinical Schools, Hills Road,
Cambridge CB2, 2QL, U.K.

C.7 Production of two cytotoxic factors by one human B-cellline
A. KARPAS and H. YAMAMAKA

In 1976, we were the first to report that a cloned culture of human B-lymphoblasts was
capable of killing cells. The most striking property of the ceilline (Karpas 160) was its ability
to kill preferentially malignant cells in mixed cultures (1). lt was established that the cell killing
was mediated by a humoral factor which was produced by those B-cells (2). Purification and
physicochemical characterization revealed that the cells produced two cytotoxic factors.
Factor land Factor II which are separable by DEAE-cellulose chromatography (3). Antibodies to tumour necrosis factor (TNF) did not neutralize the cytotoxic effect (Dr. Matthew's
personal communications). Likewise, antibodies to lymphotoxin failed to react with Factor I
but did react in the Western blot with what could be Factor II.
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The table summarizes the differences between our cytotoxic factor (CFI) and Iymphotoxin.

Molecular Weight
pI
Glycosylation
Antibodies to TNF
Antibodies to Iymphotoxin

CFI

Lymphotoxin

32,000"
8.0 ± 0.3
No

18,664
5.8
ASß62

+

"SDS-PAGE
Thus, it appears that our cytotoxic factor I is clearly distinct from TNF-1 and Iymphotoxin
(TNF-2). Its effect on malignant cells indicates that it might be a useful antitumour agent.
1. KARPAS, A. 1977. A human haemic celiline capable of cellular and humoral killing of normal
and malignant cells. Brit. J. Cancer 35: 152-160.
2. KARPAS, A. 1977. Properties of a humoral cytotoxic substance produced by a human killer
celliine. Brit. J. Cancer 36: 437-445.
3. NEUMANN, H., and A. KARPAS. 1981. Purification and physico-chemical characterization of
a humoral cytotoxic factor produced by a human haemic celliine. Biochem. J. 194: 847-856.

Department of Pathology, University of Michigan Medical School, Ann Arbor, MI, and Cetus
Immune Corporation, Palo Aho, CA, U.S.A.

C.S Prostagiandin E2 (PGE2) and prostacyclin (PGI2) regulate tumor
necrosis factor-a (TNF) production at the cellular and molecular
level; an analysis of autocrine, paracrine, and endocrine effects
S. L. KUNKEL,

J. w.

LARRICK, and D. G. REMICK

We have examined the regulatory influence of PGE 2 and PGI 2 on macrophage (M<I»derived LPS-induced TNF production. In vitro, LPS-induced TNF production by
immunologically-elicited peritoneal M<I> demonstrated a rapid increase for the first 3 h
reaching a peak of 250 units/5 x 105 M<I>; during this time PGE 2 and PGI 2 levels were basal.
The plateau in TNF was concomitant with an accelerated, linear increase in PGE 2 and PGI 2
levels, reaching a maximum at 18 h. Indomethacin (10- 7 M) treatment both augmented (400
units/5 x 105 M) and shifted the kinetics of LPS-induced TNF production to the right.
Northern blot analysis of TNF mRNA demonstrated a peak in transcription at 1.5 and 4.5 h
for normal and indomethacin-treated M<I>, respectively. A primary and super induction of
transcription was demonstrated by treating the M<I> with 5 f.lg/ml cycloheximide prior to LPS
challenge. The addition of exogenous PGE 2 demonstrated a dose-dependent reduction in LPSinduced TNF at the cellular level, as weil as a significant reduction in TNF mRNA. At 10- 7 M
PGE2> LPS-induced TNF transcription was suppressed by 50 % as determined by laser
densitometry. At 10- 6 M, PGI 2 significantly reduced TNF production by over 75 %. In vivo,
exogenous PGE 2 (5 mg/kg) had no eHect on the biological activities induced by preformed
TNF (10 f.lg/mouse). This was assessed by an induction of peripheral blood Iymphopenia,
neutrophilia, and edematous changes in the small bowel. These data suggest a regulatory role
for specific arachidonate metabolites at foci of inflammation.

International Conference on Tumor Necrosis Factor and Related Cytotoxins . 81
Ernst-Boehringer-Institut für Arzneimittelforschung, A-1121 Vienna, Austria

C.9 Highly sensitive enzyme immunoassays for detection and
quantification of antibodies to human tumor necrosis factor
(TNF-a) and lymphotoxin (TNF-ß)
H. LAMCHE
Solid-phase sandwich EIAs were developed for detection of antibodies to human TNF-a
and TNF-ß, respectively, in serum sampIes of humans and experimental animals. The assays
are rapid (3 h) and highly sensitive (e.g., detection limit for affinity-purified rabbit ant.i TNF-ß
immunoglobulin < 1 ng/ml). Compared with radioimmunoprecipitation assays, the EIAs
show similar sensitivity, but have several advantages: 1) no radiolabelIed tracers are employed;
the enzyme-linked tracers are stable for many months; 2) no second antibodies are required;
serum sampIes from any species can be tested without modification of the assay; 3) no
precipitation steps are involved; large numbers of sampIes can be processed simultaneously.

Department of Medicine, New England Medical Center, 750 Washington Street, Boston, MA
02111, U.S.A.

C.10 Development and use of a highly sensitive radioimmunoassay for
human interleukin-l-a: comparison of immunoreactive IL l-a
and IL l-ß production from stimulated human mononuclear cells
G. LONNEMANN, S. ENDRES,
C. A. DINARELLO

J.

W. M. VAN DER MEER, T. IKEJIMA,

J.

G. CANNON, and

Rabbits were immunized with recombinant IL-l-a, and unfractionated serum was used as
anti IL-l-a antiserum. This antiserum did not crossreact with IL-l-ß. Using a modified
chloramine T method, rIL-l-a was labeled with 1251 to a specific activity of 70 f.lCi/f.lg. The 1251
IL-l-a ('fIL-l-a) was purified by column chromatography over Sephadex G50 and homogenity of the 'fIL-l-a peak was shown by SDS-PAGE. Biological activity of "-IL-l-a was tested
on a cloned murine T cellline. Standards and sampIes were incubated for 48 hours with anti
IL-l-a antiserum. "-IL-l-a was added, and the mixture incubated for an additional 24 h. ABAG complexes were pelleted by centrifugation in the presence of a sheep anti rabbit IgG
antiserum and polyethylene glycol. This assay detects 100 pg/ml IL-l-a within a confidence
limit of 95 %.
Human mononuclear cells (MNC) were separated by Ficoll-Hypaque gradient centrifugation and stimulated with various concentrations of endotoxin (ET) from E. coH. Incubations
were performed for 24 h in tissue culture medium in the presence and absence of plasma and
with and without indomethacin. MNC supernatants were assayed for IL-l-a and IL-l-ß in
specific radioimmunoassays. MNC secrete 5-10 times more IL-l-ß than IL-l-a in response to
ET stimulation. This ratio is consistently found und er the various test conditions (± plasma;
± indomethacin). In conclusion, ET-stimulated MNC secrete IL-l during a 24 hour incubation of which 10-20 % is IL-1-a. The ratio of IL-1-a: IL-1-ß seems to be stimulus dependent
but independent of culture conditions.
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C.11 Inhibition of IL-1 activities by monoclonal antibodies against
defined regions of the protein
A. MASSONE, C. BALDARI, S. CENSINI, D. NUCCI, G. MACCHIA, V. CARINCI, M. MELLI, and

J. TELFORD

Despite extremely limited amino acid homology (26 %) between IL-l alpha and IL-l beta,
they induce an identical array of physiological responses, and bind to the same high affinity
cell surface receptor. A comparison of the nucleotide sequence of the genes coding for both
proteins reveals a homology in intron-exon structure which may reflect conservation of
functional domains within the proteins. Wehave isolated monoclonal antibodies which
recognize different regions of the human IL-l beta pro tein. The regions recognized have been
mapped using discrete pieces of the protein obtained by the expression of cDNA fragments in
yeast and bacteria. Essentially four epitopes have been identified with varying levels of
antigenicity. Antibodies which recognize a region between AA 133 and AA 145 effectively
block IL-l beta activity in a thymocyte proliferation assay, whereas an antibody which
recognizes a region between AA 250 and AA 269 inhibits the activity of both IL-l alpha and
beta. These antibodies have allowed the unambiguous identification of the intracellular and
extracellular products of the IL-l beta gene. In order to study the mechanism of IL-l
activation ofT-cells, we have constructed a plasmid containing the promoter region of the IL-2
gene upstream of the bacterial gene co ding for chloramphenicol acetyl transferase. In transient
assays, this construct can be induced to express enzyme activity in a subline of the murine
thymoma line EL4 which is reported to displaya large number of IL-l receptors on the cell
surface.

Univ. of Oklahoma Health Sci. Ctr., POB 26901, Oklahoma City, OK 73190, U.S.A.

C.12 Effect of hurIL-1 on glucocorticoid receptors in Reuber hepatoma
cells
R. E. MCCALLUM, M. R. HILL, and R. D. STITH

Our previous work has shown that interleukin-l (IL-I) decreases cytosolic binding of
glucocorticoids in the liver, leading to reducing steroid induction of gluconeogenic enzymes.
This study was undertaken to test the effect of human recombinant IL-l ß (pi 7) (Smith Kline &
French Laboratories) on intracellular glucocorticoid binding in vitra in Reuber H35 rat
hepatoma cells (HII4E). Hepatoma cells, cultured in the absence of serum for 18 h, were
treated with IL-l for 30 min, 1 h, 2 h, or 4 h. Following harvesting, washing, homogenization
and preparation of the cytosol fraction, binding of 3H-dexamethasone (dex) was measured.
Binding assays performed at a saturating ligand concentration (20 nM dex), revealed that
3 X 10- 13 M and 3 X 10- 14 M IL-l significantly reduced dex binding 4 h after treatment.
Scatchard analysis of bin ding data indicated IL-l produced a significant decrease in the
maximum number of available binding sites (Bmax), without affecting the dissociation
constant (Kd) of the receptor-ligand complex. Time course experiments showed these changes
occurred 2-4 h after IL-l treatment. Computerized bin ding plots revealed further that
3 X 10- 14 M IL-l caused a change in the characteristics of the receptor from fitting a two
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parameter model to a three parameter model. Subsequent sucrose density gradient ultracentrifugation analysis of receptor-ligand complexes isolated from IL-1 treated cells revealed that
IL-1 produced a time-dependent dissociation of 9S untransformed cytosolic complexes to 4S
complexes. The results indicate that IL-1 treatment decreases the number of available cytosolic
receptors for glucocorticoids and may promote intracellular dissociation of these receptors,
which may affect the downstream action of glucocorticoids on gene expression of inducible
proteins.

National Institute for Biological Standards and Control, Blanche Lane, South Mimms, Potters
Bar, Hertfordshire EN6 3QG, U.K.

C.13 Preparation and eharaeterization of monoclonal anti ho dies
direeted against anti genie determinants of reeomhinant human
tumour neerosis faetor (rTNF)
A. MEAGER,

s. PARTI, H. LEUNG, J. WOOLLEY, and B. MAHON

A total of 25 monoclonal antibodies (MoAb) bin ding to antigenic determinants of human
tumour necrosis factor (TNFa) were prepared from fusions of mouse myeloma NSO cells
with spleen cells from Balb/c mice immunized with highly purified rTNF. Several of these
MoAbs were highly neutralizing, up to 10 6 neutralizing units/ml in ascitic fluid, against the
cytotoxicity of rTNF in L-929 Cl.l0 cells. Antibody competition experiments suggested the
presence of three or more epitopes on the rTNF molecule through which MoAbs were bound.
So me of these MoAbs were shown to be suitable for the development of immunoassays to
quantify rTNF.

National Institute for Biological Standards and Contro!, Blanche Lane, South Mimms, Potters
Bar, Hertfordshire EN6 3QG, U.K.

C.14 Monoclonal antibodies direeted against two distinet epitopes in
reeombinant human tumour neerosis faetor ß (rTNFß;
lymphotoxin)
A. MEAGER,

s. PARTI, H. LEUNG, J. WOOLLEY, and E. PEIL

Two monoclonal antibodies (L81-11 and L238-14) were raised against rTNFß (recombinant
human Iymphotoxin) derived from E. coH containing the cDNA sequence specifying TNFß.
Monoclonal antibody L81-11 strongly neutralized the cytotoxicity of TNFß derived either
from E. coH or the RPMI 1788 Iymphoblastoid cell line, whilst L238-14 was only weakly
neutralizing in this respect. L81-11 and L238-14 bound to different epitopes in the rL T
moleeule, but neither bound to other Iymphokines such as the molecularly related tumour
necrosis factor alpha (TNFa; cachectin). As such, this pair of monoclonal antibodies were
ideal reagents for immunoassay of LT and a very sensitive, highly specific immunoradiometric
assay (IRMA) was developed. This IRMA was rapid to perform and was capable of detecting
as little as 10pg rLT/ml.
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C.15 Involvement of arachidonate metabolism in the cytolytic effects of
TNF on tu mo ur cells in vitro
M. L. NEALE, R. A. PILL, and N. MATIHEWS

As part of a study on the possible role of free radicaIs in TNF cytolysis it was noted that
steroids effectively inhibited TNF cytolysis of L929 cells. This suggested a requirement for
arachidonate metabolism in the cytolytic process. Further studies have shown that: 1) TNF
treatment of cell lines which are susceptible to TNF cytolysis caused arachidonate release
within 2-4 h before gross cell death was apparent. Approximately 70 % of the released
arachidonic acid was not metabolised but the remaining 20-30 % appeared as a single
metabolite on thin layer chromatography with an RF of 0.4 relative to arachidonic acid.
2) Although cytolysis of susceptible cells was inhibited by steroids, pharmacological doses of
cyclo- and lipo-oxygenase inhibitors did not inhibit. Similarly, TNF-induced arachidonate
release from these cells was prevented by steroids but not by cyclo- and lipo-oxygenase
inhibitors. 3) Arachidonate release was not observed on TNF challenge of TNF-resistant
sublines selected from TNF susceptible lines.
In conclusion, arachidonate mobilisation is a key step in the cytolytic process. Cells which
have developed resistance to the cytolytic effect of TNF appear to have lost the ability to
release arachidonate on TNF challenge.

Dept. of Microbiology & Immunology, Second Military Medical College, Shanghai, China

C.16 New method for quantitation of leukoregulin and other
lymphokines: NAG microcolorimetric assay
N. NI, T. X. YE, and S. K. YANG

By using a chromogenic substrate for an ubiquitous lysosomal enzyme, N-acetyl-ß-Dhexosaminidase, to estimate cell numbers and functional state, a sensitive and simple method
has been used in which microtiter re action wells are directly scanned in the spectrophotometer.
This method has been adapted to several biological assay. Quantitation of the biological
activity of leukoregulin, lymphotoxin and interferon can be performed on large numbers of
sampies. The main advantages of this assay are its rapidity, sensibility, reproducibility, stability
and precision, and the lack of any radioisotope.
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C.17 Study on the optimal conditions for the induction of leukoregulin
using orthogonal experimental design

J.

NI, T. X. YE, and S. K. YANG

Leukoregulin is an immunologie hormone whose anticancer action includes the inhibition of
cellular proliferation and cytolysis of tumor cells either directly or indirectly by enhancing the
tumor cell's susceptibility to destruction mediated by natural killer cells. The optimal
conditions for the induction of leukoregulin were studied by using orthogonal experimental
design. The optimal concentration is 1 x 107/ml for human spleen cells; 3.1 t.tg/ml for
phytohemagglutinin; 15 % for bovine serum; 12.5 ng/ml for 12-0-tetradecanyol-phorbol-13acetate. Leukoregulin activity prepared by 70 h incubation is maximum, the experiment also
confirmed that the leukoregulin inducing effect of PHA-P is significantly high.

Institute of Virology, V. Porta Tiburtina 28, 00185 Rome, Italy

C.18 Early molecular events in TNF production by U937 cells
V. RUGGIERO, G. ANTONELLI, M. GENTILE, P. AMICUCCI, A. CEFARO, and F. DIANZANI
Although TNF production by U937 cells after stimulation with PMA has already been
established, little is known about the precise molecular mechanisms at play. In our system,
PMA treatment of U937 cells for 48 h induced a marked differentiation, which paralleled TNF
production. As PMA is thought to act by activating protein kinase C (PK-C), H-7, a known
inhibitor of PK-C and cAMP or cGMP-dependent kinases, was then examined for its
inhibitory effects, if any, on TNF production induced by PMA. This inhibitor completely
blocked both PMA-induced cellular differentiation and TNF production suggesting that a
protein kinase might be involved in mediating PMA-induced effects. If activation of PK-C
were an initial event in U937 cell differentiation upon PMA stimulation, agents such as OAG,
a PK-C activator, would then mimic the action of PMA. When tested in our system, however,
OAG failed to induce both U937 cell differentiation and TNF production. Since calcium
ionophores may act synergistically with PMA or OAG, we next tested combinations of the
calcium ionophore A23187 or Ionomycin with either OAG or PMA. Contrary to our
expectations, both calcium ionophores with OAG turned out to be ineffective in inducing
U937 cell differentiation and TNF production. On the other hand, we found that Ionomycin
or A23187 with PMA inhibited the differentiation of U937 cells and TNF production.
Interestingly, we found that both H-7 and calcium ionophores were also effective in inhibiting
PMA-induced IL 1 production by these cells. Therefore, our preliminary results suggest that
PK-C activation is not sufficient, by itself, to induce U937 cell differentiation and TNF
production by means of PMA.
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C.19 Effect of recombinant tumor necrosis factor alpha
and
muramyl dipeptide (MDP) on IFN-ß2 (BSF-2) gene expression in
human monocytes
J. SANCEAU, J. WIETZERBIN, F. BERANGER, and R. FALCOFF
We have studied IFN-ß2 (BSF-2) gene expression in human monocytes and upon stimulation
by TNF-a and the synthetic immunoadjuvant MDP, whose biological activity is known to be
mediated by monocytes/macrophages. In fresh control monocytes, IFN -ß2 mRNA is spontaneously transcribed, reached maximal level after 2.5 hof culture and decreased dramatically after 6 h.
In one group of donors, IFN-ß2 mRNA increased until 6 h in monocytes treated with
TNF-a or MDP and then, the messenger remained stable as late as 24 h after treatment. Also,
treatment of monocytes with TNF-a associated with MDP led to an additive effect on the
IFN-ß2 mRNA level, which correlated with a significant increase in the synthesis of the IFNß2 protein, as detected by immunoprecipitation of radiolabelIed supernatant with the specific
HuIFN-ß2 antibodies o • Furthermore, TNF-a and MDP treatment enhanced the 2-5A synthease mRNA§ level and the enzyme activity in 24 h cultured monocytes, with modification in
the pattern of the induced messengers.
In another group of donors, the modification of IFN-ß2 mRNA and 2-5A synthetase by
MDP was qualitatively similar to that described above but with different kinetics since both
mRNAs already reached a maximal level at 2.5 h. Monocyte cultures from the same donors
treated with TNF-a alone did not show any significant increase in IFN-ß2 mRNA level. These
observations might be due, in these donors, to an autocrine action of TNF-a, since high level
was detected in the monocyte culture supernatants (400 U/ml) compared to that of the first
group of donors (less than 10 U/ml). The fact that MDP increased the IFN-ß2 messenger level,
even when high level of spontaneously produced TNF-a was detected, suggests that the
synthetic immunoadjuvant turns on the gene by a different biochemical pathway than TNF-a.
,f Produced by Genentech and provided by Boehringer Ingelheim. Provided by °A. Zilberstein and § J. Chebath, Weizmann Institute of Science (Rehovot, Israel).

Institute of Molecular Biology, USSR Academy of Sciences, 117984, Moscow, U.S.S.R.

C.20 Molecular cloning of TNF genes: nucleotide sequence of TNFalpha gene in mice
A. N. SHAKHOV and

s. A. NEDOSPASOV

Mouse TNF and lymphotoxin genes have been cloned recently from genomic library (1). Both
genes are tandemly arranged on the chromosome 17 and map close to H-2D region of mouse
MHC (2). The two genes have been mapped inside 3 adjacent EcoRI fragments 3.6 kb, 2.8 kb and
0.7 kb long. We have sequenced two shorter EcoRI fragments containing complete TNF-alpha
gene using as primers exon-specific oligonucleotides from previous work on gene cloning (1).
We will present nucleotide sequence of this gene and preliminary sequence of its 5' flanking
regIOn.
1. S. A. NEDOSPASOV, B. HIRT, A. N. SHAKHOV, V. N. DOBRYNIN, E. KAWASHIMA, R. S.
ACCOLLA, C. V. JONGENEEL (1986) Nucleic Acids Res. 19: 7713-7725.
2. U. MULLER, C. V. JONGENEEL, S. A. NEDOSPASOV, K. FISCHER LINDAHL, M. STEINMETZ
(1987) Nature 325: 265-267.
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C.2t Initial characterization ofDNA sequences involved in the
induction of 2'-5' oligo (A) synthetase and of «interferon ß2» by
tumor necrosis factor (TNF)
D. VAlMAN, H. HOLTMANN, P. BENECH, Y. CHEBATH, M. REVEL, and D. WALLACH

TNF-induced synthesis of proteins such as «interferon ß2" (IFN-ß2)' the MHC antigens or 2'5' oligo (A) synthetase is interrelated in a complex mannerwith effects of various other inducers,
including the IFNs and IL-1. The latter may be found to be induced by TNF, to enhance the
synthesis of those same pro teins with TNF in duces and also to function synergistically with
TNF. To approach, on the molecular level, analysis of the interactions between protein
induction by TNF and by other inducers, we have attempted to define regulatory DNA
sequences which are involved in the response to TNF. The 5' flanking 830 bp sequence of human
2' -5' oligo (A) synthetase prornotes IFN-induced transcription of a downstream chloramphenicol-acetyl-transferase (CAT) gene (BENECH et al., submitted). That sequence is also found
to promote induction by TNF. (Transient expression of CAT in hepatoma SK cells increased
15-25-fold by 24 h treatment with 500 U/ml TNF, and 20-60-fold by 500 U/ml IFN ß or y.) A
5' flanking 2.6 kb DNA fragment of human IFN-ß2 was found to promote enhancement of the
transcription of fused IFN-ßt gene byviruses and poly (I:C) (CHERNAJOVSKY et al. (1980) DNA
3: 297). That fragment is also found to promote expression of fused CAT gene in response to
TNF and IL-1. (Transient expression in SV80 fibroblastoid cells increased 5 fold by 24 h
treatment with 1000 U/ml TNF, 10 fold by 20 UlmlIL-l and 3.8-fold by 50 [tg/ml poly (I:C).)
Definition of the minimal sequences involved in the regulation of these genes by TNF and by
other cytokines will promote understanding of the way those agents cooperate in regulating the
same set of genes.

Tufts University School of Medicine, 750 Washington St. Boston, MA 02111, U.S.A.

C.22 A newly developed, highly sensitive radioimmunoassay for human
tumor necrosis factor: comparison of immunoreactive TNF with
IL-l ßproduction from stimulated blood mononuclear cells
J. w. M. VANDER MEER, S. ENDRES, G. LONNEMANN, S. OKUSAWA,J. G. CANNON, T. IKEJIMA,
J. A. GELFAND, and C. A. DINARELLO

Antiserum against human tumor necrosis factor (TNF) was raised by repeated immunization
of rabbits with recombinant human TNF. The antiserum does not crossreact with IL-1 a or ß.
Recombinant TNF was labeled with 1251 by chloramine T oxidation. The labeled TNF was
purified on Sephadex G50 and was shown to have a specific activity of 10 [tCi/[tg. Biological
activity was preserved as determined in an L929 cytotoxicity assay.
For the radioimmunoassay (RIA), standards and sampies were preincubated with the antiTNF antiserum for 2 days. Radiolabeled TNF was then added, and the next day the ligand
bound by the antiserum was precipitated with sheep-anti-rabbit IgG in polyethylene glycol. The
detection limit for TNF appeared to be between 50 and 10 pg/ml with 95 % confidence.
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Mononuclear cell preparations, obtained by Ficoll-Hypaque® density gradient centrifugation of
peripheral blood from normal donors, were incubated at a concentration of 5 x 106/ml at 37 oe
for 24 h with concentrations of lipopolysaccharide (LPS) ranging between 1 and 100 ng/ml. The
concentration of TNF in the culture supernatants as measured in the RIA increased in a dosedependent fashion: 2 ng/ml TNF with 1 ng/ml LPS up to 90 ng/ml TNF with 100 ng/ml LPS.
The concentration of IL-l ß in these supernatants measured in an RIA showed that IL-l ß
secretion increased from 0.2 ng/ml to 19 ng/ml with these dosages of LPS.

1 Byelorussian Institute of Haematology & Blood Transfusion, 223059 Minsk, and 2 Institute of
Molecular Biology, USSR Academy of Sciences, 117984 Moscow, U.S.S.R.

C.23 Characterization of the tumor necrosis factor (TNF-alpha)
production by human peripheral blood mononuclear cells (PBMC)
in vitro
N. N. VOITENOK 1, M. E. KOMAROVSKAYA 1, S. I. NEVMERZHITSKAYAl,
A. N. SHAKHOV2, and R. L. TURETSKAYA2

s. A. NEDOSPASOV2,

Using human PBMC and their fractions, i.e. plastic adherent cells (AC) (> 90 % of
monocytes) and monocyte-depleted lymphocytes (MDL), the production of TNF-alpha has
been studied in resting and activated cell cultures. Cytotoxicity (CT) of culture supernatants was
measured by L-929 cytotoxicity assay in the presence of actinomycin-D. To determine whether
CT was due to the action of TNF-alpha, supernatants were incubated with rabbit antiserum
against recombinant (r) human TNF-alpha. It was shown that resting PBMC produced low CT
which was inactivated by anti-r-TNF. Stimulation of PBMC with phytohaemagglutinin (PHA)
enhanced the production of CT. Most part of this CT was neutralized by anti-r-TNF. Resting
MDL produced no CT, but under PHA stimulation were induced to produce CT which was
two- to eightfold greater than that produced by PHA-stimulated PBMC and was unsensitive to
the action of anti-r-TNF. Whether this CT was caused by TNF-beta is now under study. In
addition to the study of TNF-alpha production, AC cultures were tested for the production of
interleukin-l (IL-1) and granulocyte/macrophage colony-stimulating factor (G/M CSF) to
compare the regulation of this macrophage-derived factors synthesis. Resting AC produced
CSF but did not produce TNF-alpha or IL-1. Activation of AC with lipopolysaccharide E. coJi
or, at a greater degree, with phorbol-myristate acetate (PMA) induced the production of IL-l
and CT that was completely neutralized by anti-r-TNF. When cycloheximide (Cy) was added to
the culture of PMA-activated AC, the production of TNF-alpha as weil as IL-l was significantly
enhanced whereas the production of G/M CSF was abrogated. It has been previously found that
the synthesis of IL-2 by human Iymphocytes can be superinduced by Cy, whereas G/M CSF
synthesis cannot (1). Superinduction of TNF-alpha and IL-l production by human monocytes
suggests that the synthesis of these factors may be governed by similar mechanisms which differ
from that of G/M CSF.
1. VOiTENOK, N. N., N. V. VARIVOTSKAYA. 1984. Scand.

J.

Immunol. 19: 353-358.
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C.24 Inhibition of binding of TNF to receptors on the U937 tumor cell
line byPMA
S. C. WRIGHT and B. BONAVIDA

The mechanism of tumor cell lysis by tumor necrosis factor (TNF) requires the binding of
TNF to specific cell surface receptors on the target cell. However, this event is not sufficient to
lead to celllysis since there are many examples of TNF-resistant tumor cells that still express
TNF receptors. The present study was undertaken to investigate factors regulating TNF
receptor expression and possible functional differences distinguishing sensitive and resistant
tumor cells. lt was found that treatment of the TNF-sensitive human mastocytoma celiline,
U937, with phorbol-myristate acetate (PMA) inhibited bin ding of 125I-rTNF to its receptor by
90 %. Inhibition was rapid (within 15 min) and temperature dependent (optimal at 3rC).
Inhibition was not due to PMA binding directly to the TNF receptor (TNF-R) nor was it due
to inducing U937 to secrete TNF wh ich could then compete for the TNF-R. 125I-rTNF
already bound to U937 TNF-R could be at least partially dissociated by the subsequent
addition of PMA. The ability of PMA as weil as several other phorbol compounds to inhibit
125I-rTNF binding correlated with their relative potency in activating phosphokinase C (PKC).
These results suggest that phosphorylation of TNF-R or a regulatory moleeule by PKC may
down regulate the receptor. Further studies revealed that some TNF resistant tumor celliines,
including a variant derived from U937, did not decrease TNF-R expression in response to
PMA. Our findings suggest that TNF sensitivity may correlate with the ability of certain
tumor cells to down regulate TNF-R in response to phosphorylation by PKC.
The authors thank Genetech for donating the purified rTNF. Supported in part by grant
CA-35791 and CA-37199 awarded by the National Cancer In;titute, PHHS.

Cetus Corporation, 1400 Fifty-third Street, Emeryville, CA 94608, U.S.A.

C.25 Arachidonic acid metabolites are present in the sera of mice
following recombinant human IFN treatment: effects of metabolic
inhibitors on anti-tumor efficacy and host toxicity
R.

J. ZIMMERMAN, B. J.

MARAFINO, and P. LANDRE

We have investigated the effects of inhibitors of eicosanoid biosynthesis in vivo on rhTNF
toxicity and anti-tumor efficacy. Following an i.v. dose of rhTNF, the serum levels of PGEz,
PGI 2 and 5-HETE were elevated by up to 450 % in treated mice compared to controls,
beginning within 30 minutes post-treatment. When mice bearing the fibrosarcoma Meth A
were pretreated with aspirin, an inhibitor of cyclooxygenase, an enhanced anti-tumor efficacy
of rhTNF was observed at low doses. However at high er dos es of rhTNF, which alone were
not toxic, a marked increase in mortality was observed in the aspirin combination groups. In a
series of studies in rats to compare these results to that obtained using other cyclooxygenase
inhibitors such as ibuprofen and indomethacin, the toxicity of rhTNF was found to be
increased in these combinations, whereas acetaminophen pretreatment had no effect. We
hypothesize that the eicosanoids produced via cyclooxygenase, such as PGEz, PGI 2 and
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PGF2a, contribute to the diarrhea observed in rhTNF treated rodents, and the hypotensive
effect of rhTNF in humans. However, the lipoxygenase pathway produces the most significant
eicosanoids with respect to the efficacy of rhTNF, as weil as its toxicity. Precursors of the
leukotrienes, such as S-HETE, and the associated production of lipid peroxides, probably
contribute to both efficacy and toxicity, as free radical mechanisms have been shown to playa
role in both effects in yiyo. Further, leukotriene B4 is strongly chemotactic for PMN's, one of
the effector cells activated by rhTNF, and LTC 4 , a PMN product, causes hypotension. When
cyclooxygenase is blocked, an increase in the lipoxygenase related eicosanoids could be caused
by shunting of the mobilized arachidonate, thereby enhancing both the toxicity and efficacy of
rhTNF by the increased production of specific metabolites, as weil as by the increased level of
associated lipid free radical damage.

D. In vivo Models and Clinical Data 11
Chairpersons: F. C. KULL andJ. H. L. PLAYFAIR

I Max Planck Institut für Immunbiologie, Stübeweg 51, 7800 Freiburg, FRG, and 2 Dept. of
Immunol. Immunopharm (ULP, UER Pharma) BP10, 67048 Strasbourg, France

D.1 Comparison of the antitumoral effects of LPS and TNF and the
hypersensitivity induced in tumor-bearing an im als
J. BARTHOLEYNS 1\ C. GALANOS2, and MARINA FREUDENBERG 2

Treatment of mice or rats bearing solid tumors with LPS or recombinant TNF caused tumor
necrosis and led to a significant inhibition of growth. In Balb/C mice bearing EMT6 sarcoma
complete regression of the solid tumor could be achieved after 3 weekly intraperitoneal
injections of 10 rtg LPS each. The animals who were cu red became resistant to further injection
of EMT6 cells and did not develop tumors. For C57BI6 mice bearing Lewis Lung carcinoma,
treatment with 10 rtg LPS on day 7 after tumor inoculation led to a partial and temporary
regression of the primary tumor but did not affect lung metastases and animal death. The
reduction in tumor size was dose dependent varying between 20 % after 0.1 rtg and 50 % after
10 rtg of LPS or of TNF. In Buffalo rats bearing HTC hepatoma, complete regression and cu re
of the tumor was achieved after 3 weekly injections of 100 rtg LPS. Very similar antitumoral
effects could be achieved using rTNF at similar doses. Simultaneously however, the tumor
bearing animals developed gradually an increased susceptibility to the lethai toxicity of
endotoxins and of rTNF. By day 15 following inoculation of the solid tumors, the lethai dose
to LPS or TNF was reduced 5000- to 10,000-fold for the carcinoma and 200-fold for the
sarcoma. The sensitizations to LPS and TNF were paralleled by a marked granulocytosis
developing with time. These side effects could limit the development of compounds like TNF
or LPS derivatives; less toxic mediators are still needed.
" Author's present address

Centre Raymond Garcin, Service de Neurologie, 1 rue Cabanis, 75674 Paris Cedex 14, and
INSERM 196, Institut Curie, Section de Biologie, 26, rue d'Ulm, 75231 Paris Cedex
05, France
I
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D.2 Increased production of TNF-a in Multiple Sclerosis
J. BECK 1,2, P. RONDOTI, L. CATINOT2, and J. WIETZERBIN2

We studied production of TNF in patients suffering from Multiple Sclerosis (MS) and used,
for this purpose, a whole-blood-technique permitting in vitra stimulation by phytohemag-
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glutinin (PHA) and concanavalin A (ConA). Whereas blood cells from healthy donors
produced no or little amounts of TNF in this system, MS-patients showed significantly
increased production during acute exacerbations of the disease. We set up individual profiles in
follow-ups covering exacerbation and remission periods for 6 to 24 weeks and found that the
increase of TNF production paralieIs exacerbation and goes down to levels comparable to
those of healthy donors after remission. MS patients without active disease did not differ from
healthy donors. No spontaneous TNF was found, neither in the unstimulated controls nor in
the serum of patients, with the only exception of one patient accidentally tested three days
before undergoing a new exacerbation.
The TNF produced was completely neutralized by anti-TNF-alpha antibodies and also
considered to be TNF-alpha, known to be secreted by macrophages. But it is not clear,
whether this type of cell is really at the origin of the phenomenon. Other data, which we won
from interferon studies in MS, suggest apredominant role of other types of cells.

1 Veterinary Infectious Disease Organization, 124 Veterinary Road, and the 2 Department of
Veterinary Microbiology, University of Saskatchewan, Saskatoon, Saskatchewan, Canada,
S7N OWO

0.3 Studies on the in vitro biological activities of recombinant bovine
tumor necrosis factor (rBoTNF). I. Antiviral efficacy of rBoTNF in
synergy with recombinant bovine interferon gamma(rBoIFNy)
M. CAMPOSt, H. BIELEFELDT OHMANN 1, G. HUGHES 1•2, L. A. BABIUK1.2, and
M. J. P. LAWMAN 1,2

The recent demonstration of the antiviral activity of recombinant human TNF has launched
an interest in the use of TNF for antiviral therapy in veterinary medicine. In the present report,
we demonstrate that pretreatment of bovine cells with rBoTNF reduces the yield of bovine
herpesvirus-1 (BHV-1) from infected cells. Reduction in yield was similar to that observed in
the presence of rBoIFNy. Similarly, TNF was able to protect bovine cells from virus-induced
cytopathology. Synergistic enhancement of antiviral activity was demonstrated when rBoTNF
was administered in combination with rBoIFNy. Studies on the induction of 2,5-o1igoadenylate synthetase (2-5A) production by cytokine-treated cells showed that although rBoTNF by
itself did not induce 2-5A activity, it was capable of enhancing the production of 2-5A by
rBoIFNy-treated cells. Synergism between these two cytokines was also evident in the
inhibition of proliferation of treated cells. However, the cytotoxic eHect of rBoTNF to
actinomycin D-treated cells was not affected by the combination of rBoTNF with rBoIFNy.

Roswell Park Memorial Institute, 666 Elm Street, Buffalo, NY 14263, U.S.A.

0.4 Recombinant human tumor necrosis factor (rH-TNF) daily X 5
with ketoprofen: a Phase I study
P. J. CREAVEN, R. P. HUBEN, H. TAKITA, D. E. BRENNER, J. W. COWENS, R. ZERA, and
A. PROEFROCK
In two previous phase I clinical trials with rH-TNF (Asahi Chemical Industry Co. Ltd.,
Tokyo, Japan), the toxicity limiting further escalation of the drug was hypotension. The
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highest dose administered in Study I (a single dose q 3 weeks with intrapatient and interpatient
escalation) was 4.8 x 10' U/m 2 as a single dose (median nadir of BP 80 mm Hg systolic (S),
30 mmHg diastolic (D) n = 5) (CREAVEN et al. , Proc. 14th International Cancer Congress,
Budapest 1: 289, 1986). In Study II (daily administration for 5 days q 4 weeks), it was
4.5 X 10' U/m2/day for 5 consecutive days (median nadir of BP during 1st course 82 S, 50 D,
n = 4) (CREAVEN et al. , Proc. ASCO, 1987). Other major toxicities included hypertension
during infusion, fever, chilis and a transient rise in SGOT. Pharmacokinetic studies indicated a
short plasma t1l2 of rH-TNF. There were no deaths or long term sequelae. There was one
partial response with disappearance of pulmonary metastases in a patient (pt) with renal cell
carcinoma. The present study (Study III) was initiated in an attempt further to escalate drug
dosage. Ketoprofen (50-75 mg po qid) is started 12 h before daily X 5 administration of rHTNF. Isotonic saline 2L1day, as in the previous studies, is given throughout drug administration. In 6 pts treated at 6.0 X 10' U/m 2/day X 5, median nadir of BP was 85 S, 48 D. In 1 pt
treated at 8.0 X 10' U/m 2/day X 5, nadir of BP was 80 S, 40 D. Other toxicities are as reported
in the previous studies. The data indicate that the highest single dose of rH-TNF can be safely
administered daily and suggest that ketoprofen may allow safe administration of a higher dose.
The study is continuing.

Department of Obstetrics and Gynecology, Teikyo University School of Medicine, 2-11-1
Kaga, Itabashi, Tokyo, Japan

D.5 Endogenous and exogenous TNF therapy (E.E.T. Therapy) as a
novel anti-tumor approach: clinical efficacy on gynecologic tumors
K. DOBASHI, s. TAKESHITA, T. TSU]II,
G.-I. SOMA, and D. MIZUNO

s.

OKINAGA, K. ARAI, T. SETO, H. OSHIMA,

Endogenous and exogenous TNF (E.E.T.) therapy is composed of two different TNF
therapeutic approaches complementary with each other. One is endogenous TNF therapy to
induce endogenous TNF by two commercially available BRMs (rIFN-y and OK-432) in
patients with lung, liver metastases. The patients were given i.v. interferon-y (3 X 106 unit) or
i.v. OK-432 (1.5 KE), and after 3 h, 10-15 KE of i.v. OK-432. Maximum TNF level in patient
serum was observed 2 to 3 h after the administration of OK-432. The other is a complementary
TNF therapy to administer exogenous novel recombinant TNF (rTNF-S) either systematically
or locally to patients with metastatic lesions in organs other than liver and lung. The regression
ratio at metastatic lesions in lung, liver Iymphnodes or vaginal wall were examined before and
after the treatment. PR (more than 50 % reduction) was observed in metastatic pulmonary
lesion (3 in 6 cases) and liver (1 in 2 cases), however in Iymphnodes and vaginal wall tumor
regression was not observed. To achieve complete regression of tumor in organs other than
liver or lung, i.p. infusion (1 X 106 unit) of rTNF-S was carried out. One patient with
metastatic uterine sarcome in vaginal wall, two patients of recurrent ovarian cancer with
malignant ascites were treated. Complete disappearance of the ascites was observed within one
week. Thus, systemic and local administrations of rTNF-S is now being carring out, so we will
discuss the efficacy of rTNF-S compared to that of conventional rTNF-a at the meeting. From
these results, it should be suggested that E.E.T. therapy would be an effective novel antitumor
therapy in recurrent and/or metastatic tumor in gynecologic field.
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1 WHO-IRTC, Dept. of Pathology, CMU, CH-1211 Geneva 4, Switzerland, 2 Dept. of
Pathology, Stanford University School of Medicine, Palo Aho, CA 94304, U.S.A., and
3 Biogen S.A., CH-1227 Carouge, Switzerland

D.6 Neuroimmunologicallesions media ted by tumor necrosis factor in
malaria
G. E. GRAUl, L. F. FAjAROd, P.-F. PIGUETI, B. ALLET3, P. VASSALLII, and P.-H. LAMBERT1

The role of tumor necrosis factor (TNF) in the pathogenesis of cerebral malaria (CM) was
investigated in a murine model. Most CBA mice infected with Plasmodium berghei ANKA die
between day 6 and day 14 with acute neurological manifestations unrelated to the level of
parasitemia.1t was shown that UT4+ T cells play an essential role in CM. Serum TNF activity
was considerably increased in mice with CM but not in malaria-infected mice that did not
develop CM. This serum TNF activity was inhibitable in vitra by a rabbit anti-TNF-a
antibody. One single injection of the rabbit anti-TNF antibody on day 4 or 7 fully protected
infected mice from CM without modifying the parasitemia whereas normal rabbit immunoglobulins had no effect. In mice with CM, cerebral vessels showed focal accumulations of
packed macrophages often containing infected erythrocytes; this lesion was not seen in mice
treated with anti-TNF antibody. High serum TNF levels may create self-aggravating conditions, systemically by enhancing macrophage production and focally by enhancing endothelial
alterations. Ahhough this model differs from human CM, TNF mayaIso be of pathogenic
significance in human malaria. This possibility is und er current evaluation.
These findings indicate that the release of TNF which is temporally associated with various
physiopathological changes induced by malaria infection appears to represent an important
effector mechanism in the pathogenesis of murine CM.

Arizona Cancer Center, Tueson, AZ 85724, U.S.A.

D.7 Phase I study of tumor necrosis factor (TNF) administered by
continuous intravenous infusion to cancer patients
E. M. HERSH,

J. SCHWARTZ, and P.

SCUOERI

TNF was administered by continuous intravenous infusion 5 days per week (Mon-Fri)
every other week. Dose levels were 30, 40, 70, 110, 180, and 270 microgramm/M 2 body surface
area. Groups of 3 patients were started at each dose level and then subjected to escalation to the
next dose through 4 escalations as tolerated. Toxicity include fever and chilis (usually during
first 8 hours of infusion only), hypotension (usually mild and usually only on the first day),
mild weakness and malaise, and mild nausea and vomiting. No major changes in liver or renal
function, coagulation or blood lipids were seen. Two grand mal seizures, 4 and 27 hours after
each of 2 courses, severe leukopenia «1500 WBC/mm 3) and thrombocytopenia « 50,000
platelets/mm 3), profound weakness, and cardiac arrhythmia (bigemini) were the dose limiting
toxicity in four individual patients. All patients experienced leukopenia and thrombopenia
starting 24 hours or less after start of infusion and returning to baseline 72 hours after the end
of infusion. Usually these cell counts fell to a level about Y, of the normal pre treatment control
value. This observation suggests redistribution rather than myelosuppression. Toxicity in
a
general has been idiosyncratic and dose limiting toxicity has not been reached. At 180
clear cut, reproduceable, dose limiting toxicity had not been reached. Two patients, both with
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metastatic colon cancer showed transient, objective tumor regression which did not qualify as
partial remission. Immune evaluation of 2 patients showed augmented NK cell activity among
blood lymphocytes during therapy. Pharmacokinetic data on this schedule of therapy is
pending. Continuous infusion of TNF is a safe method of administration with evidence of
major biological activity. We plan to explore this further in phase 11 studies.

1 Univ.

of Minnesota, Dept. of Med., Oncology Div., Minneapolis, MN, 55455, and 2 Cetus
Corporation, Emoryville, CA, 94608, U.5.A.

0.8 Circadian stipulation required for reduction of variability in TNF
toxicity /efficacy
W. HRUSHESKyl, T. LANGEVINt, S. NYGAARDt,

J. YOUNG 2,

and R. ROEMELING 1

Recombinant human TNF (rHuTNF) has shown toxicity and anticancer activity in transplantable murine tumor models. Both toxic and therapeutic effects have appeared variable
from experiment to experiment. Because the toxicities of most anticancer drugs are highly
dependent upon when in the circadian cyde of the animal they are administered and because
most if not all immune functions participate in high amplitude circadian rhythms, we examined
the effect of administration timing of rHuTNF on toxicity and therapeutic effectiveness.
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In aseries of experiments we administered a single i.v. injection of either 250, 500, 750 or
1000 [!g/kg of TNF, (lot # TD 4, Cetus Corp.) to 8-10-week-old female Balb/c mice and 1000
or 1500 [!g/kg of TNF, (lot # NP 102) to 15-16-week-old mice, kept under a 12:12 hours light
on/off schedule. 240 mice were randomized to receive their injection at one of six equispaced
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circadian stages and followed every 2 h for survival. Mortality across circadian stages of
injection was compared by Chi-square analysis. The following table summarizes the results at
the time of the last toxic death in each study.
Time of injection (HALO) and mortality
Dose
02 00

06 00

1000

14 00

18 00

22 00

Overall
Mortality X2

p

250
500
750
1000

20%
0%
0%
20%

0%
20%
25%
40%

0%
40%
100%
80%

0%
0%
80%
0%

20%
0%
0%
20%

40%
0%
20%
20%

13%
10%
38%
30%

5.8
7.8
19.0
9.0

<0.50
<0.20
<0.01
<0.20

1000
1500

90%
78%

100%
100%

50%
100%

30%
60%

60%
80%

40%
60%

62%
78%

16.4
9.9

<0.01
<0.10

Less than 50 % overall mortality was reached in each of the first four studies. In three of four
studies, mice injected during mid/late activity lived Ion ger and died less frequently than those
injected during the resting phase. In studies 5 and 6, groups injected during the activity span
had < 30 % mortality as compared to > 75 % of those injected during the resting phase. The
most toxic time was between 6 and 10 hours after light onset (HALO), mid-late sleep phase.
The difference in overall mortality in the two 1000
studies may be due, in part, to use of
mice of different ages.
In a preliminary tumor study, 75 female BALB/c mice with Meth A sarcoma were treated
daily for seven days with 1
rHuTNF (40
(lot # TD 4) or phosphate buffered
saline (PBS). rHuTNF reduced the tumor growth rate relative to the PBS at some circadian
stages but not others (F = 2.2, P = 0.07). This 6 circadian stage study is being repeated testing
concurrently daily and q.o.d. schedules of TNF administration. We conclude that the toxicity
of rHuTNF is highly circadian stage dependent. This may be also true for its anti tumor
activity. We predict that the most efficacious use and the clinical success of rHuTNF will, in
part, depend on its proper timing.

Medical University of South Carolina, 171 Ashley Avenue, Charleston, SC 29425, U.S.A.

D.9 Identification oflymphotoxin (LT) in scleroderma sera: possible
role in vascular injury and tissue fibrosis
M. B. KAHALEH and E. C. LEROY

Scleroderma, a connective tissue disease characterized by vascular injury and tissue fibrosis,
is an autoimmune disorder of unknown etiology. Sera from patients with scleroderma have
been shown to stimulate fibroblast growth and collagen synthesis and to inhibit endothelial
cell growth in vitra. In this study, lymphotoxin was identified in sera by dot immunoblot and
by Western blot. Incubation of sera with lymphotoxin neutralizing antibody resulted in
reversal of scleroderma sera induced endothelial cell growth inhibition and fibroblast growth
stimulation in vitra. These results indicate the presence of lymphotoxin in the sera of patients
with scleroderma and that endothelial injury in this disease may be media ted by activated T
lymphocyte through the production of lymphotoxin.
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Genenteeh, Inc., 460 Point San Bruno Boulevard, South San Francisco, Ca 94080, U.S.A.

D.lO Analysis of methods for determining human tumor necrosis
factor-alpha neutralizing antibody titers: demonstration of lack of
antibody production in treated patients
S. M. KRAMER, M. E. CARVER, W. S. PRINCE, A. B. CHEN, and S. R. SAKS

Constant antibody and constant antigen methods for determining neutralizing antibody
titers to recombinant tumor necrosis factor-alpha (rTNF-a) were compared. Neutralizing
antibody titers were determined by a cytotoxicity bioassay employing L-M target cells and
correlated with anti-rTNF-a antibody titers measured by a radioimmunoprecipitation (RIP)
assay. The assay variables which significantly affected the neutralizing antibody titer and assay
sensitivity were preincubation time and temperature, and rTNF-a concentration. Comparable
titers were obtained with both the constant antibody and the constant antigen method for
hyperimmune rabbit serum and mouse monoclonal antibodies. A lower sampie volume made
the latter method more desirable. The minimum titer (lOglO) to be detected reproducibly by the
constant antigen method was approximately 2.0, or 100 Units rTNF-a neutralized per mL
serum. To validate the negative results obtained with the RIP assay on more than 200 serum
sampies from patients treated with rTNF-a, 55 serum sampies were tested by the constant
antigen bioassay method for neutralizing antibodies. All were negative. One patient serum
gave a low antibody titer by, RIP, follow by a negative result on a sampie taken eight weeks
later. Both of these sampies were negative for neutralizing antibodies by the constant antigen
bioassay. Optimization of the constant antigen method has resulted in a sensitive, precise
bioassay capable of quantitating rTNF-a neutralizing antibodies in both hyperimmune serum
and clinical serum sampies.

Department of Clinical Oncology and Internal Medicine, University of Cagliari, Cagliari,
Italy

D.ll The role of lymphokines in the cancer-related immune deficiency:
in vitro response to IL 2, production of IL 2 and IL 2 receptor
expression in patients with advanced cancer
G. MANTOVANI, A. COIANA, A. MASSIDDA, E. PROTO, D. MANDUCO, C. FLORIS, A. MACCIO,
G. PUSCEDDU, and G. S. DEL GIACCO

It is weil known that the release of tumor necrosis factor (TNF) from the macrophages may
be induced by some lymphokines released from T cells, amongst which an important role is
played by Interleukin 2 (IL 2). The study of IL 2 regulation on the immune system may then
yield much information about the host-tumor relationship, including the role of TNF.
In view of this, the aims of our investigations were: 1) to determine whether there are defects
in IL 2 regulation either on PHA -activated or non PHA -activated peripheral blood mononuclear cells (PBMC) in cancer patients in order to ascertain the role of IL 2 in the disease, 2) to
carry out preliminary experiments for a direct quantitative evaluation of endogenous IL 2
production by PBMC cultures and 3) to evaluate the IL 2 receptor expression by PBMC of
cancer patients. An assessment of lymphocyte subsets was also performed with monoclonal
antibodies in a selected group of patients. A total of 170 patients entered the study. Cancer
sites were: larynx 48, breast 44, lung 30, colorectal 23 and gynaecologic 25. In the former 3
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cancer sites staging showed predominantly localized or only locally advanced disease in the last
2 sites disseminated disease. PBMC cultures were performed with microtitre plate technique
and 3H thymidine uptake evaluation, using polyclonal mitogens, IL 2 and a monoclonal
antibody against IL 2 receptor. Our results provided evidence that the cancer patients exhibit a
T-cell functional immunodepression, which, to some extent, progresses during tumor growth,
so that the localized disease shows a low-grade defect, and advanced disease a high-grade
defect. Our data also clearly suggested that the factor involved with a primary role in this
functional immune impairment is the IL2 deficiency. In our study we have not found a
significant defect in the IL2 receptor expression by PBMC of cancer patients. Our data seem
to support also the perspective of the in vivo therapeutic administration of IL 2 and LAK
(Lymphokine Activated Killer) cells in cancer patients.
This work was supported by a Grant, Applied Project «Oncologp No. 86.00389.44 from the
Consiglio Nazionale delle Ricerche, Rome.

1 Division of Immunology, National Kyushu Cancer Center, and 2 Research Institute of Life
Science, Snow Brand, Japan

D.l2 Augmentation of antitumor effect in combined use of
lymphotoxin and antitumor drug on MethA tumors
H. MASHIBAl, K. MATSUNAGAl, and N. WASHIDA2
Lymphotoxin (LT) has been reported to be cytotoxic against malignant cells. In previous
studies, we have reported the augmented cytotoxic effect of LT in combined use with various
antitumor drugs, such as adriamycin, actinomycin D, mitomycin C, chromomycin A3,
aclacinomycin A and cytosine arabinoside. In the present study, antitumor effect of LT on the
growth of MethA tumors was studied. As LT source, we have used an LT-producing human
lymphoid cellline (AllE). The cells from this cellline proliferate rapidly in free-floating form
and produce LT in serum-free medium. The cells were cultured at 1 X 106 cells/ml in serumfree medium for 72 h at 37°C. The supernatants were centrifuged and dialysed by using
Millipore ultrafiltration system. A various number of MethA tumor were inoculated s.c. into
male Balb/c mice, and LT preparation was injected i.v. for 5 days. Significant inhibition of
tumor growth was observed in LT-treated groups. Secondly, the effect of LT on established
tumors was examined. Two million of the tumor cells were inoculated sc. LT preparation was
injected intralesionally 6 to 7 days after the tumor cell inoculation when the diameter of the
tumor reached about 6 mm and continued for 10 days. Significant inhibition was also
observed. Subsequently, the effect of combined use of LT and adriamycin was examined on
established tumors. Adriamycin was injected i.v. every other day at the dose of 0.1 mg/mouse.
LT preparation was injected intralesionally every day. This treatment was continued for ten
days. Significant inhibition of tumor growth was observed in both LT -treated groups and
drug-treated groups. Complete regression of the tumors was observed in the groups of
combined treatment with LT and the drug. This approach seems to be beneficial in clinical
cancer therapy because augmented antitumor effect can be expected and harmful effect of
antitumor drugs can be reduced.

International Conferenee on Tumor Neerosis Faetor and Related Cytotoxins . 99
Istituto Superiore di Sanid, Viale Regina Elena 299, 00161 Rome, Italy

D.13 Tumor neerosis faetor induees early histologie and metabolie
ehanges in Friend leukemia eell tumors and fibrosareomas in miee
E. PROIETTI, F. BELAROELLI, P. Puoou, G. CAPRINELLI, M.
and F. POOO

DI

VITO, W. FIERS, I. GRESSER,

We have reeently demonstrated, using Nuclear Magnetie Resonanee teehniques, that
intratumoral injeetion of mouse interferon (IFN) a/ß in miee inoeulated s.e. with IFNresistant Friend erythroleukemia eells (FLC) resulted in a marked deerease in the eoneentrations of glyeerol 3-phosphorylcholine (GroPCho), glyeerol 3-phosphorylethanolamine
(GroPEtn) and phosphorylcholine (PCho). These effeets, together with a marked inerease in
intratumoral pH, eould be regarded as early bioehemieal «markers» of tumor regression as
they antedated IFN-indueed tumor neerosis. We have studied now the histologie and
metabolie effeets indueed by tumor neerosis factor (TNF) in FLC tumors and fibrosarcoma
shortly after intratumoral injeetion. Histologie examination revealed marked alterations in the
tumor blood vessels 1-3 hr after intratumoral injeetion of TNF; morphologie alteration of
tumor eells was evident 6-12 hr after treatment. 31p NMR analyses earried out on FLC tumors
6 h after injeetion with TNF showed: 1) a 1.5- to 4-fold deerease in the pool sizes of GroPCho
and GroPEtn; 2) a 7- to 8-fold inerease in the eoneentration levels of a-glyeerophosphate, and
2- to 3.5-fold deerease in the level of PCho; 3) alkaline shift (0.2 units) in the intratumoral pHi
d) inereases
in the coneentration of inorganie phosphate, paralelIed by loss of high
energy phosphates' signal. Similar metabolie alterations were observed in TNF-treated fibrosarcoma. IH NMR analyses performed on extraets of FLC tumors injeeted with TNF
indieated: 1) strikingly elevated Cho levels (about 10X); 2) elevated (l.4X) levels of laetie aeid
and 1.6-fold reduetions in the taurine eontent YS control tumors. As FLC have been shown to
be resistant in vitra to the eytostatic effects of IFN and TNF, these metabolie alterations may
result from host-mediated effeets on tumor metabolism. In addition these results support the
value of utilizing NMR spectroscopy to identify specific metabolie alterations as early markers
of therapeutie efficacy in yiyo.

Division of Immunology and Allergology, Höpital Cantonal, and Institute of Soeial and
Preventive Medicine, University of Geneva, 1211 Geneva 4, Switzerland

D.14 Pulmonary TNF and IL 1 produetion after aeute inflammation
indueed by endotoxin
B. OE ROCHEMONTEIX, B. MARCHAT,

J.

M. DAYER, and R. RYLANDER

Pulmonary inflammation can be indueed by a variety of environmental agents, including
baeterial entotoxins. This inflammatory response involves the release of mediators by alveolar
maerophages (AM). Experienee from epidemiologieal studies on the relation between aeute
and ehronie inflammation in the lung and the risk to develop tumors is eontradictory; some
results indieate a higher risk assoeiated with inflammation and others a lower risk.
To further elueidate this problem, experiments were undertaken where guinea pigs were
exposed to an aerosol of baeterial endotoxin (E. eoli LPS 125 flg/m 3 ) to induce an acute
pulmonary inflammation eharacterized by an invasion of neutrophils. A lung lavage was
performed at different tim es after the exposure. Cells from the lavage were Iysed or cultured
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for 24 hours. Celllysate and culture supernatant were added to fibroblast cultures and IL-1
activity was measured through PGE2 formation using RIA. TNF was measured through
cytotoxicity on L929 cell cultures using DNA coloring. Preliminary results demonstrate the
presence of TNF activity in culture supernatants of cells obtained 24 h after exposure and IL-1
activity in cells 2 hours after exposure. Additional data on TNF and IL-1 activity at different
times after exposure will be presented.
Further work to study the AM production of IL-1 and TNF in situations with repeated
exposures over longer time periods and with other airborne agents are in progress.

lImmunology and allergy Division, and
Geneva 4, Switzerland

2 Respiratory

Division, University Hopital, 1211

D.15 Expression of mRNA of interleukin 1 a, ßand tumor necrosis
factor-a in human alveolar macrophages from patients with
pulmonary sarcoidosis and fibrosis
B. DE ROCHEMONTEIX I , A. F. JUNOD 2, and J. M. DAYER 1
Cultured alveolar macrophages from patients with sarcoidosis and fibrosis have been
reported to produce in vitro mono kin es with IL-1 and tumor necrosis factor (TNF) activities.
These monokines act on fibroblasts by increasing their proliferation and their production of
prostaglandins and collagenase. However these biological activities produced in vitra by
alveolar macrophages may not be representative of the actual in vivo activity. The possibility to
analyse directly the expression of IL-1a, ß and TNFa mRNA in freshly isolated alveolar
macrophages may partially help in solving this problem and in elucidating the precise type of
monokines which may be responsible for the biological activities. We have therefore studied
the level of mRNA expression of these monokines in three clinical conditions: patients with
idiopathic pulmonary fibrosis (5), with sarcoidosis (6) and patients without fibrotic or
granulomatous pulmonary diseases (5). From previous observation, sarcoidosis patients were
found to differ from the two others groups by an increased proliferative activity of fibroblasts.
Total RNA were immediately extracted after the bronchoalveolar lavage by the guanidine
isothiocyanate/CsCl method. Using cDNA prob es and riboprobes for IL-1a, ß and TNFa.
Northern blot analyses were performed on total RNA. The signal of IL-1ß mRNA was found
to be more often and greater than for IL-1a or TNFa. But so far, we have not found any
difference in mRNA level for these mono kin es between the three groups of patients. The
biological activity measured in these three groups of patients is therefore likely to be the
expression of IL-1 ß activity. The question is, why do sarcoidosis patients have an increased
proliferation activity remains open. Since the RNAs were immediately extracted after the
bronchoalveolar lavage, the results obtained are more likely to reflect the true activation state
of cells in vivo during the course of the disease.

Sections of Medicine and Biochemical Pharmacology, Institute of Cancer Research Sutton and
Dept. of Medical Oncology, Glasgow Royal Infirmary

D.16 Early clinical studies recombinant human tumor necrosis factor
P. SELBY,

s. HOBBS, E. ]ACKSON, and C. VINER

A Phase I Study of human recombinant TNF has been completed. The drug was given by a
1-h infusion repeated two weekly for three doses with one dose escalation for the third
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treatment. Three patients at least began treatment at each dose level. Treatment began at a dose
of 1/1000th of the murine LD10 equivalent (9 x 10 3 units/m 2) and was escalated to 1.2 x 106
units/m2 • Eighteen patients with malignancies unresponsive to conventional therapy were
treated.
All patients experienced fever with rigors but this reaction was significantly reduced by pre
treatments with steroids and indomethacin. At doses of 6--12 x 105 units/m2 patients developed
abnormalliver function tests transient hypotension, transient leucopenia and changes in serum
ereatinine. The maximum safe dose for this method of administration appears to be 6--9 x 105
units/m 2• Pharmaeokinetic studies showed rapid clearance (tY, - 20 minutes). Three patients
both with lymphoma, showed evidence of response to therapy. Further studies with more
frequent intravenous administration are in progress.

M. D. Anderson Hospital and Tumor Institute, Department of Experimental Radiotherapy,
Box 66,1515 Holcombe Boulevard, Houston, TX 77030, U.S.A.

D.17 Combination of tumor necrosis factor (r-TNF) with radiotherapy
in the treatment of a murine mammary carcinoma
G. SERSA and L. MI LAS
Because some eytokines (such as interferons) augment tumor radioresponse via the stimulation of the antitumor resistance, direct interference with tumor cell growth or induction of
inereased sensitivity to ionizing radiation, it was of interest to investigate whether TNF
exhibits such property. The experiments were performed using human recombinant TNF (rTNF; Genenteeh, San Francisco, CA) and an immunogenic mammary carcinoma (MCA-K)
syngeneic to C3HflKam mice. Tumor transplants, generated by tumor cells injected subcutaneously into the right hind thighs, were irradiated with single doses of y-rays ranging from
19 to 47 Gy when they grew to 6 mm in diameter. r-TNF, at a dose of 5 f.lg per mouse, was
given intravenously daily for 7 consecutive days starting at 3 hr after irradiation. r-TNF alone
caused a significant delay in tumor growth. It also greatly inereased the growth delay caused
by ionizing radiation. Furthermore, TNF caused some increase in tumor radiocurability as
assessed by the TCD so assay (radiation dose needed to eure 50 % of miee that received loeal
tumor irradiation). In general, tumors exposed to both r-TNF and radiation regressed more
rapidly than tumors exposed to radiation only. In addition to the effeet on solitary tumors, rTNF augmented radio-response of MCA-K lung metastases. r-TNF was not eytotoxic for
MCA-K tumor cells in vitra neither it affected their radiosensitivity. However, MCA-K
tumors in mice exposed to r-TNF were more necrotic than the tumors in untreated animals.
Thus, the antitumor effeet of r-TNF and its augmentation of tumor radio response were not
due to the direct effects of r-TNF on tumor cells but were media ted through indirect
mechanisms (immunomodulation or the effect on endothelial cells). In contrast to the effect on
tumor radioresponse r-TNF did not affect radioresponse of normal tissues. These observations
suggest that r-TNF has a potential to be beneficially used in combination with radiotherapy.
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D.18 Examination of the necrosis in xenotransplanted tumors quantitative measurements and correlations with the vascular
system, ceIl-proliferation and tumor growth
F. STEINBERG, M. A. KONERDING"", G. KÖRVER, and C. STREFFER

Oxygen supply is of great importance in tumor therapy. The proliferation of hypoxie cells
decreases with their distance from the vessels. The necrosis of the tumor is related to this
phenomenon. On 12 different xenotransplanted tumors on NuNu-mice, the following parameters were measured: growth and age of the tumor, necrosis, micro-nuclei (as parameter for
cell-Ioss), S-phase cells (as parameter for proliferating cells), vascular density and distribution.
These studies show a very heterogenous amount and distribution of necrosis, even in
identical tumors on different animals. Within the same tumor areas of high necrosis density
interfere with necrosis-free ones. There is no gradient of density from the inside to the outside
of the tumor. Fully developed vessels with complete endothelia are found inside the necrosis.
Sometimes cystiform-like, sinusoidale vessel structures can be observed. The density of vessels
around the diffusely distributed necrosises does not decrease. Never have central necrosises
been depicted. There was neither a correlation between growth and age of the tumor and
necrosis, nor between necrosis and vascular density, proliferation and micronuclei. It could be
shown that the amount of necrosis is specific for each individual tumor. Hyperthermia therapy
caused an increase of tumor necrosis.

Center for Radiobiology, Warsaw, National Institute of Hygiene, Warsaw, Poland, and
Institute of Hygiene, University of Cologne, FRG

D.19 Enhancement of the growth-inhibiting effect of human tumor
necrosis factor alpha by hyperthermia (41-43 0c) in neoplastic cell
lines (BT -20 and BT -475) and in mice bearing transplantable Lewis
lung cancer
S. SZMIGIELSKI, G. SOKOLSKA, J. ]ELJASZEWICZ, and G. PULVERER
Purified and recombinant human tumor necrosis factor alpha (HuTNF), being a macrophage
cytokine, seems to be of potential use in treatment of advanced neoplasms with preference for
local (intratumoral) administration. Both direct growth inhibition of neoplastic cells and
activation of phagocyting cells, including granulocytes, occur after application of HuTNF.
Despite the still scarce knowledge about host immune functions related to TNF-induced
hemorrhagic necrosis, involution or eradication of experimental tumors can be obtained. We
have searched for factors enhancing the efficacy of HuTNF against neoplastic cells, that may be
of potential use in future clinical trials. The role of hyperthertnia (HT) iQ treatment of advanced
neoplasms is at present weil established, and the clinical trials indicate its positive role as and
adjunct to radio- or chemiotherapy. HT of experimental tumors (above 43°C) inhibits
proliferation of neoplastic cells, leads to infiltration of tumorous tissues with macrophages and
lymphocytes and secondary stimulates cell-mediated immune reactions. In view of the above, it
seemed logical to examine the anti-neoplastic efficacy of a combination of HuTNF and LH.
The experiments were carried out both in vitro (human cell lines BT-20 and BT-475,
originating from breast tumors and sensitive to HuTNF) and in vivo (BALB/c mice bearing
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transplanted Lewis Lung Cancer - LCC). For all investigations purified HuTNF, obtained as
described by AGGARWAL et a!. O. Bio!. Chem., 1985,260,2345), have been used. The final
product was obtained in the homogenous form and had a specific activity of 6-8 X 107 Vlmg
protein, as defined by cytotoxicity assayed on murine L 929 cellline. For in yitro investigations the concentrations of 50, 100,200 and 500 Vlml were tested, while for in yiya tumors
1000 V of HuTNF in 0.1 ml of saline have been used for intratumoral injections.
BT-20 and BT-475 cell cultures, grown routinely at 37°e were exposed to 39, 41 and 43 oe
for 3 h prior to or immediately after treatment with HuTNF. This was followed by a 72-h
incubation at 37°e and examination of cell number, viability (trypan blue) and proliferation
eH-TdR added 16 h prior to harvesting the cultures; final results expressed as CPM/106 cells).
BT-20 and BT-475 cultures exposed to HT without addition of HuTNF were used as controls,
the additional controls being cells treated with HuTNF or without any treatment, grown at
37°C.
At 37 oe, HuTNF inhibited cell viability to about 60 % and cell proliferation to about 40 %
in concentration of 100 Vlml, with slight effects at 50 Vlml and total injury of cultures at
500 Vlm!. Thus, for further investigations at 39, 41 and 43 oe, the concentration of 100 Vlml
of HuTNF has been used. At 39 oe, proliferation of BT-20 and BT-475 cells was enhanced (136
and 162 %, p < 0.05), but dropped down to 72 and 68 %, respectively, after treatment with
HuTNF. At 41 oe, cell cultures could survive (proliferation rate 82 and 91 %) but considerably
enhanced efficacy of HuTNF has been seen (survival of cells 10-15 %, proliferation rate
5-10 %). Significantly stronger inhibition was seen after addition of HuTNF following the 3hr-exposure to HT than in cultures where HuTNF was added prior to HT. At 43 oe the BT-20
and BT-475 cells were damaged (viability 20 %, proliferation rate below 10 %) by HT and the
addition of HuTNF caused total disruption of the cells.
In yiya studies were based on the above in vitra results. HuTNF was injected intratumorally
(BALB/c mice 18 days after implantation of 6 X 10 5 of LLC cells) in the dose of 1000 V in
0.1 ml of saline after the 30-min session of local microwave hyperthermia (LMwH) of the
tumor region. For LMwH 2450 MHz microwaves and an original applicator matched for this
frequency were used. Temperature inside the tumors was measured with use of YSI-400
microthermistors and maintained at 42.5 ± 0.5 oe during 30 min by regulation of power
output. Tumor mass, number of complete remissions (CR) and survival of mice were analysed
for assessment of the response to HuTNF and/or to LMwH. The experiments are in progress
(3 groups of 10 mice each were completed till the end of 1986 and two other sets of
experiments are starting), but the preliminary results obtained till now indicate synergistic
action of combination of LMwH and HuTNF (increased number of CRs and prolonged
survival).

Vniversity of Maryland, School of Medicine, Baltimore, MD 21201, V.S.A.

0.20 Effects of recombinant tumor necrosis factor on mouse
fibrosarcoma in vitra and in viva

v. J. TOMAZIC, A.

Lonus, M. FARHA, S. KULKARNI, and G. E. ELIAS

Tumor necrosis factor (TNF), a cytokine, produced by activated macrophages is ascribed
cytotoxic and/or cytostatic activities on a variety of human and mouse tumors. Since pure
recombinant TNF is available, it has become apparent that it has pleiotropic activity on a
variety of cell types, resulting in different immunomodulatory effects.
The present experiments were designed to, firstly, determine the effects of rTNF on the
methylcholanthrene-induced fibrosarcoma (FSA-l) in C3H/JSed mice; and secondly, to
determine whether the observed effects are the result of direct action by TNF on the tumor, or
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whether TNF acts as a mediator of other effector mechanisms. Mice received syngeneic FSA-1
fibrosarcoma cells either s.c. or i.v. in order to evaluate growth of transplantable tumor or lung
metastases, respectively. The range of 102 to 2 x 105 U of rTNF (Cetus Corp., Emeryville,
CA) was administered i.v. at different intervals after the tumor cell injection. Early injection of
103 to 104 U of rTNF reduced the growth of s.c. injected tumor and the number of lung
metastases in i.v. injected mice. In both cases, survival of mice was also prolonged. However,
in vitro treatment of FSA tumor cells with rTNF did not result in the reduction of their
proliferating activity after injection into mice. In order to identify other cells involved in the
effects observed in vivo, the cytotoxic activity of adherent and non-adherent spleen cells and
peritoneal macrophages in the combination with rTNF was evaluated using 75Se-release
cytotoxic assay. While normal macrophages demonstrated almost no activity in this system,
when combined with rTNF, the cytotoxic effect was stronger then that observed with rTNF
alone.
These results suggest that anti-tumor activity of rTNF represents a combination of its direct
effect on tumor cells and indirect effects involving other effector mechanisms.

1 Departments of Medicine and 2 Histopathology, Royal Postgraduate Medical School,
Hammersmith Hospital, London W12 OHS, U.K.

0.21 Amplification of antibody mediated glomerular injury in vivo by
tumour necrosis factor and Interleukin 1
N. TOMOSUGlt, S.

J. CASHMAN2, F. ABBorrt, and A. J. REES 1

Tumour necrosis factor (TNF) and Interleukin 1 (IL-l) have been found, in vitra, to have
many actions liable to amplify inflammatory responses. Whilst, in vivo they have been shown
to stimulate the acute phase response. Intercurrent infection, and other stimulants of the acute
phase response have been shown to exacerbate immunologically mediated diseases, such as
nephritis. In this study we have investigated the effect of LPS, human recombinant IL-1
(Biogen) and TNF (Biogen) on antibody mediated injury in vivo. The model chosen was
nephrotoxic nephritis in rats in which injury is caused by injection of heterologous antibodies
to the glomerular basement membrane; injury is measured by albuminuria as weil as
morphologically. Rats were treated with 0, 0.025, 0.25 and 2.5 Ilg of LPS intraperitoneally 2 h
before intravenous injection of 9.3 mg heterologous anti-GBM antibodies. LPS caused a dose
independent increase in albuminuria; 7 ± 3, 20 ± 11 (NS), 75 ± 28 (p < 0.05) and 60 ± 18
(p < 0.01) mg/24 h, respectively. LPS also had dose dependent effects on renal morphology;
treated rats developed increasing numbers of glomerular capillary thrombi. None of the rats
injected with 9.3 mg NTG alone had capillary thrombi, but these were seen occasionally in rats
given 12 mg NTG. Large dos es of LPS (25 Ilg) with normal rabbit globulin or two time
injections of LPS (2.5 and 25 Ilg) at 2-h interval had no detectable effects on renal function and
morphology. The injury of NTN was also amplified by TNF and IL-l. TNF given in dos es of
0, 0.4, 4 and 40 Ilg i.p. 1 h before NTG injection caused a dose dependent increase
albuminuria; 22 ± 6, 38 ± 9 (NS), 66 ± 19 (p < 0.05) and 191 ± 44 (p < 0.01) mg/24 h, respectively. Rats treated with 0, 0.05, 0.5, 5.0 Ilg of IL-1 intravenously 1 h before NTG injection
developed albuminuria of 11 ± 6, 14 ± 4, 81 ± 34 (p < 0.01) and 90 ± 28 (p < 0.01), respectively. Glomerular capillary thrombi were rare after injection of the cytokines when compared
with those of LPS treated rats. These results suggest that endogeneous cytokines normally
released in response to infection have powerful modulating influence on antibody mediated
injury to the kidney; some of LPS functions may appear through the action of these
endogeneous mediators in vivo.
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D.22 Possible role for TNF in the pathogenesis of autoimmune diseases
M.

J.

C. TURNER, M. LONDE!, and M. FELD MANN

In order to understand more about the pathogenesis of human autoimmune diseases, we are
investigating the production of cytokines in the diseased tissues. We have approached this
problem by measuring specific cytokine mRNA and protein production by cells isolated from
the affected tissues. In rheumatoid arthritis (RA), readily detectable amounts of TNFa and
TNFß mRNA's have been detected in all patients (as well as other cytokines induding IL-la
and IL-Iß).
T cells doned from the synovial membrane of a patient with RA have been analysed for
Iymphokine production. These made IFNy as well as TNFa and TNFß. Clones from
Hashimoto's thyroiditis stimulated in the absence of feeders by WT31-sepharose and IL-2 also
made TNFa. A two signal requirement (PMA + PHA or OKT3 + PMA) was found to be
necessary for optimal induction of TNFa and IFNu from T cells.
We believe that local production of TNF in autoimmune disorders may be linked to the
pathogenesis of the disease. We have found that TNF is a potent inducer ofIL-l in PBM's and
various tumour celliines. IFNy enhances the effect of TNF on IL-l induction. We have also
noted that TNF will not induce HLA dass 11 antigens per se but synergises with IFNy in a
number of in vitro systems. TNFa, TNFß and IFNy derived from T cells may therefore
contribute to HLA dass 11 expression and IL-l production, both of which are characteristic
features of autoimmunity.

1 Medizinische

Universitäts klinik Heidelberg, and 2Knoll AG, Ludwigshafen, FRG

0.23 Phase-I-trial of intravenous 24-h-infusion of tumor necrosis
factor (TNF) in patients with gastrointestinal metastasing
adenocarcinomas
B. WIEDENMANNl, L. THEILMANNl, B. SCHÜLEl, B. KOMMERELLl, E. SCHLICK2, and

u. RÄTH

Tumor necrosis factor (TNF), a human Iymphokine, has been purified to homogeneity on
large scale by recombinant techniques in various laboratories (rHuTNF). The purified
polypeptide is now under investigation for the evaluation of the toxicity of rHuTNF and its
anticancer activity in various dinical phase-I -trials using different regiments of application
(e.g. intravenous, subcutaneous systemic or local tumor injections).
In contrast to most ongoing studies, where bolus injections are performed, we treated
patients, who showed tumor progression und er conventional therapies, by infusing TNF
(provided by Knoll AG) in relatively low concentrations for 24 h onee or twice weekly. In case
of no major side effects, weekly dose escalations (40-60
starting from 40
hup
to 400
h were initiated for a total period of two months.
Maximal tolerated doses (MTD) were reached at concentrations, which are only associated
with minor side effects, when applied as a single bolus in identical quantities. In contrast to
bolus injections, no measurable TNF-serum levels could be detected. Major side effects were
considerably different among the patients studied (4) and showed no dear correlation with the
dosage used. Common side effects were chills, fever and fatigue. In addition, intractable severe
thrombopenia (1), severe headache (1), gastrointestinal and neurological symptoms (1) were
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reaehed at maximal eoneentrations varying from 40 to 140 Ilg/m2/24 h. Interestingly, two
patients had minor responses und er TNF-therapy, as eonfirmed by volumetrie CT-study of
liver and retroperitoneal metastases. However a clear evaluation of TNF as an antieaneer agent
has to await treatment of larger colleetives of patients and further clinieal studies.

I Juntendo Vniversity, 3-1-3. Bunkyo-ku, Tokyo, 113, and 2 Teijin Limited, 4-3-2. Asahigaoka, Hino-shi, Tokyo, 191, Japan

D.24 Detection of TNF in blood from patients with Kawasaki syndrome
K. YONE2,

J.

SUZUKI 2 , N. TSUNEKAWA 2, Y. ICHIKAWA2 , and S. FURUKAWA 1

Reeent studies about the biologieal effeets of TNF have revealed that TNF as weil as IL-1
may have a eentral role in inflammatory reaetions. But there is no direet evidenee whieh shows
the involvement of TNF in inflammation. We have developed an enzyme-linked immunosorbent assay using monoclonal antibodies against reeombinant TNF. With this assay we
examined sera from patients with inflammatory diseases.
Kawasaki syndrome (KS) is an aeute illness of early ehildhood eharaeterized by prolonged
fever (5 d or Ion ger), diffuse mueosal inflammation, indurative edema of the hands and feet,
polymorphous skin rash, and nonsuppurative Iymphadenopathy. We deteeted TNF in sera
from 40 % of patients with KS (rather severe eases; 6 of 15 patients, 35 of 80 sampies) but not
in sera from healthy controls. Their quantity of TNF in sera was high (8-24 V/mi) in the aeute
phase and very low (0-5 V/mi) in the eonvaleseent phase. We conclude that TNF may be
direetly involved in the pathogenesis of KS and the measurement of TNF in serum may
provide additional prognostie informations.

E. Immunological Effects and Immunology of Production
Chairpersons: H. D. FLAD and K. WELTE

University of Arizona, Tucson, Arizona, 85724, U.S.A.

E.l ß-carotene stimulates the production of a tumor necrosis factor
(TNF)-like cytokine from human peripher al blood monocytes

(PBM)

E. R. ABRIL, J. RYBSKI, P. SCUDERI, and R. R. WATSON
PBM were isolated from Ficoll-Hypaque purified leukocytes by adherence to plastic. ßcarotene was found to stimulate the production of a cytotoxic cytokine from PBM in a dose
dependent mann er at ß-carotene concentrations between 10- 10 and 10- 7 M. A peak of
cytotoxic activity was observed when 1 x 106 PBM-ml were cultured for 48 h in 10- 9 M ßcarotene. Cytotoxic activity was measured using L929 cells in an MTT dye assay. When
culture supernatants from ß-carotene stimulated cells were exposed to L929 cells sensitive to
TNF (L929s) and a variant L929 cellline resistant to the effects of TNF at 105 u/ml (L929r),
90 % of the L929s and 79.8 % of L929r cells were killed. Antisera specific for human TNF,
Iymphotoxin (LT), interferon-y (IFN-y) and interleukin 1 (IL 1) were added to ß-carotene
stimulated supernatants. None of the antisera reduced the cytotoxic effects of supernatants on
either L929s or L929r more than 18 % of controls. ß-carotene stimulated supernatants were
also found to be cytotoxic to human kidney and lung carcinomas and two human melanomas.
In contrast to the cytotoxic activity observed on human tumor cells, stimulated supernatants
either failed to kill or promoted the growth of normal human lung, tonsil and gonad cells. This
study demonstrates that ß-carotene induces the production of a novel cytotoxic cytokine
distinct from TNF, LT, and IL 1 by PBM.

Institut Gustave Roussy, Laboratoire d'Immunologie-Biologie cellulaire, 39, rue Camille des
Moulins 94805 Villejuif, France

E.2 Selective potentiation of LAK activity by tumor necrosis factor
A. BENCHABBAT, C. MARCHIOL, D. FRADELIZI, and S. CHOUAIB

Incubation of the human peripheral blood leukocytes (PBL) with recombinant interleukin 2
(IL2) stimulates them into Iymphokine activated killer cells (LAK). We investigated the
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possible involvement of human recombinant tumor necrosis factor a (rhTNF-a) on LAK cells
activity. In order to decrease PGE2 production shown to regulate LAK differentiation,
experiments were performed with PBL depleted from excess contaminating number of
monocytes. In this study, we clearly demonstrate that rhTNF-a (a generous gift from Biogen)
added at various doses (50 to 500 nglrnl) at the initiation of the culture, potentiates the LAK
differentiation. Although inducing high affinity of IL 2 receptors, this cytokine does not
interfere with proliferation of LAK cells. Interferon-y (IFN-y) treatment, however, failed to
influence LAK activity and did not result in any synergistic effect when added alone or
simultaneously with rhTNF-a.
Our observations are consistent with TNF effect driving LAK cells to their fully active
cytolytic capacity. Additional experiments are in progress to define the mechanism underlying
the regulatory properties of TNF On LAK cells activity.

Max-Planck-Institut für Immunbiologie, Stübeweg 51, 7800 Freiburg, FRG

E.3 Toxicity ofTNF-containing sera in D-galactosamine sensitized
LPS-resistant mice
A. COUMBOS, M. A. FREUDENBERG, S. SCHLECHT, and C. GALANOS

D-galactosamine enhances LPS-lethality in LPS-responsive C57Bl/10 ScSN mice by increasing their susceptibility to LPS-induced endogenous mediators. A sensitization to LPS was not
seen in LPS-resistant mice (C57B1!10 ScCR). Of different mediators tested, tumor necrosis
factor (TNF) was the only one so far, whose lethality was enhanced by D-galactosamine in
both LPS-resistant and -sensitive strains. D-galactosamine-treated LPS-resistant mice proved a
useful model for detecting TNF (or other as yet not investigated toxic mediators ) released in
serum of LPS-treated animals. It could be shown that sera obtained from C57Bl/10 ScSN mice
injected with a sublethai (20 I1g) or alethal (200 I1g) dose of LPS did not exhibit lethality in the
D-galactosamine model (up to 800 111 serum), showing that at least TNF was not present in
lethai concentrations. We then investigated sera from Propionibacterium acnes treated C57Bl!
10 ScSN mice obtained at different tim es after challenge with LPS on day 7. Such sera are
known to contain significant amounts of TNF. Those obtained 15 min after LPS injection were
not toxic (up to 400 111). Sera obtained 0.5 to 5 h after LPS, induced lethality, whereby 1 h-sera
were most active. The LD so of sera obtained 1 h after 20, 2 or 0.2 I1g LPS was 12 111, 16 111 and 80
111 respectively, Further, P. acnes treatment of mice, which increases sensitivity (1000-fold) to
LPS, also increases sensitivity (50-fold) to human recombinant TNF. It becomes evident that
the high sensitivity of P. acnes treated mice to LPS is due not only to the formation of large
amounts of TNF but also to a higher susceptibility of the animals to its lethai effects.

State University of Limburg, Faculty of Medicine, Department of General Surgery, P.O. Box
616,6200 MD Maastricht, The Netherlands

E.4 T cell-mediated TNF-a secretion by macrophages

J.

M. H. DEBETS, E. E. M. SPRONKEN, C.

J. VAN DER LINDEN, and W. A. BUURMAN

TNF-a is an important mediator in immune and inflammatory processes, which is produced
and secreted by macrophages. TNF-a production and secretion by macrophages can be
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induced by bacterial cell wall products, most importantly LPS. The aim of this study was to
examine wh ether TNF-a production and secretion can be induced by T-cellular processes.
TNF-a was assayed by a mono clon al antibody based TNF-a specific sandwich ELISA. The
study shows that considerable amounts of TNF-a, ranging from 1.0 to 5.0 ng/ml, are present
in the supernatant of mitogen-stimulated human peripheral blood mononuclear cells (PBMC).
The amount of TNF-a secreted in the supernatant correlates closely to the degree of T cell
proliferation in such cultures, as measured by JH_ TdR incorporation. As mitogens the antiCD3 monoclonal antibody OKT3 and the lectin PHA were used. TNF-a is shown to be
secreted by macrophages and secretion is shown to be dependent on the presence of
proliferating T cells. In the absence of T cells no detectable amount of TNF-a is secreted by
macrophages incubated with the mitogens OKT3 and PHA for 24 h.
It is further shown that proliferating T cells produce a humoral factor that is capable of
inducing TNF-a secretion by purified macrophages. The macrophage activating factor IFN-y,
produced by mitogen-stimulated T ceIls, is shown to induce, in the absence of endotoxin,
TNF-a secretion by purified macrophages in a dose-dependent mann er. The concentration of
IFN-y inducing an optimum secretion of TNF-a by macrophages was 100 U/ml, and the
amount of TNF-a induced at this concentration of IFN-y ranged between 5.0 and 10.0 ng/ml.
Next, experiments were performed to establish the nature of the T-cellular factor responsible
for the induction of TNF-a secretion by macrophages in mitogen-stimulated PBMC. In these
experiments TNF-a secretion by macrophages, induced by supernatants of proliferating T
ceIls, can largely be abrogated by passaging of the supernatants on an anti-IFN-y column
before adding them to the macrophages.
It is concluded from this study that the secretion of TNF-a by macrophages can be induced
by proliferating T cells and that this induction can largely be attributed to the T cell
lymphokine IFN-y.

Fraunhofer Institut für Toxikologie, Nikolai-Fuchs-Str. 1, 3000 Hannover 61, FRG

E.5 Role of secreted and cell-associated tumor necrosis factor (TNF) in
macrophage-mediated cytotoxicity
T. DECKER, B. LÜTIIG, G. E. GIFFORD, and M.-L. LOHMANN-MATIHES
TNF is a potent cytotoxic molecule against some tumor ceIllines (e.g. L929, WEHI 164)
while not affecting the viability of others (e.g. P81S). This fact was used to study the nature and
conditions of TNF participation in macrophage-mediated cytotoxicity. Using specific antiTNF antibodies we could demonstrate that the killing of TNF-susceptible target cells by
inflammatory (thioglycollate induced peritoneal macrophages) or resident, organ-associated
macrophages (Kupffer ceIls) is completely inhibitable by anti-TNF antibodies while the killing
of TNF-resistant P81S is not at all affected. The presence of soluble, secreted TNF, however,
was no absolute requirement for anti-TNF inhibitable killing of WEHI 164 cells. This and the
following experimental evidence argue for an important role of a membrane-associated tumor
necrosis factor: 1) Killing of WEHI 164 was under every tested condition more efficient in the
presence of activated Kupffer cells than the killing by the TNF-containing supernatants of
these effectors; 2) TNF-mediated WEHI 164 killing can be performed by metabolically inert
(fixed), activated macrophages; 3) TNF can be demonstrated on the macrophage surface in an
indirect RIA.
TNF-mediated WEHI 164 lysis can be strongly enhanced by incubating viable or fixed
macrophages in the presence of recombinant TNF with subsequent removal of the free factor.
It seems therefore, that soluble TNF attaches to the macrophage surface and acts as a cytotoxic
molecule in ceIl-mediated tumor lysis. Further studies are under way to clarify the nature and
regulation of membrane-associated TNF.
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E.6 Enhancement of in vitro production of tumor necrosis factors-a
and -ß induced by recombinant IFN in vivo
W. DIGEL!, B. KLOOS!, M. PFISTER!, U. PAPENDICK2, H. HEIMPELI, and F. PORZSOLT 1

Both the production of tumor necrosis factor (TNF-a) and Iymphotoxin (TNF-ß) as weil as
their effects on cellular functions are subject to complex regulation which can be effectively
modulated by interferon (IFN) in vitro. We studied therefore the modulation of cytotoxin
production during a phase IIII study. rIFN-y (0.1 mg/m 2 to 0.5 mg/m2 ) was administered
subcutaneously one, two or three times per week. Peripheral blood mononuclear cells (PBMC)
were isolated and induced with the mi togen PHA, phorbol ester TP A, the combination of
both and rIFN-y. The cytotoxin production secreted upon stimulation in vitra were 3-fold
enhanced with a maximum level 24-48 h after the first administration of rIFN-y in vivo. In the
course of a long-term administration of rIFN-y (up to four months), the in vitra induction
especially with rIFN-y but also with PHAITPA increased continuously up to twentyfold as
compared to the level before therapy. PBMC from long-term treated patients which were
isolated 24 h after administration of rIFN-y produced in vitra without any additional inducer
in some cases up to 250 units/ml. This suggests, that a treatment with rIFN-y leads to
enhanced release or enhanced gene transcription of tumor necrosis factors. This mechanism
may play an important role in the antitumor activity of IFN-y and may be responsible for the
increasing side effects during a long-term treatment with rIFN-y.

Max-Planck-Institut für Immunbiologie, Stübeweg 51, 7800 Freiburg, FRG

E.7 Induction of lethality and tolerance by endotoxin are media ted by
macrophages
M. A. FREUDENBERG and C. GALANOS

The lethai activity of endotoxin (lipopolysaccharide, LPS) can be enhanced considerably by
treatment of experimental animals with D-galactosamine. This amino sugar induces an early
depletion of UTP in hepatocytes leading, in these cells, to an impaired biosynthesis of essential
macromolecular constituents. These biochemical alterations which are prerequisite for the
development of sensitization to LPS by D-galactosamine are also seen in endotoxin resistant
C3H/He] mice, nevertheless these animals do not become more sensitive to LPS to any
significant extent. This persisting resistance to endotoxin is due to the absence of endotoxin
sensitive macrophages. By transferring cultured macrophages from endotoxin sensitive C3HI
HeN mice into D-galactosamine-treated endotoxin resistant C3H/He] mice a high sensitization to endotoxin was achieved, showing that endotoxin lethality is mediated by endotoxin
sensitive macrophages. Endotoxin lethality in D-galactosamine treated C3H/He] mice was
also achieved by treating the endotoxin sensitive macrophages directly with LPS in vitra before
their transfer, showing that the direct interaction of LPS with macrophages is the first step in
the initiation of endotoxin lethality. Treatment of mice with LPS before D-galactosamine
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induces tolerance to a subsequent lethai amount of LPS. The tolerance is established already 60
min after LPS injection and depending on the dose of LPS used it persists up to 48 h. As with
the induction of lethality also tolerance by LPS is inducible only in LPS-responsive animals.
Using C3H/HeJ mice it could be shown that the induction of tolerance is also a macrophage
mediated phenomenon. Here, macrophages that had been treated with LPS in vitra induced
tolerance when transferred in endotoxin resistant mice before D-galactosamine treatment.

Department of Immunology, Karolinska Institutet, Box 60400, S-104 01 Stockholm, Sweden

E.8 Partial characterization of a cell surface antigen inducible by
interferon-y
A. GRÖNBERG, E. HALAPI, M. G. E. PETERSSON, M. PATARROYO, and R. KIESSLING

In an attempt to characterize cell surface molecules involved in interferon (IFN)-induced
resistance to NK cell-mediated lysis, we have developed mono clon al antibodies (mAb)
recognizing IFN-y-induced alterations in the antigen profile of human K562 cells. One such
mAb, GI, demonstrated low binding to control K562 cells and approximately 3.5-fold high er
binding to cells treated with IFN-y. The kinetics of induction demonstrated a rapid induction
reaching maximal level after 8 hand was maintained at this level for at least 30 h in the presence
of IFN. The antigen recognized by GI was also induced by TNF-a with similar kinetics and to
the same level as with IFN-y. A synergistic effect was observed when the two lymphokines
were combined. It was concluded that the antigen recognized by GI was not involved in
induction of NK -resistance, since it was induced by TNF which has no effect by itself on NKsusceptibility and also showed a more rapid induction than the development of NK-resistance
induced by IFN-y alone or in combination with TNF. The GI antigen was present on most
cultured human cell lines and B cells and monocytes. Preliminary data indicate that GI
recognizes the same antigen as the previously characterized mAb LB-2 which inhibit phorbol
ester-induced aggregation of EBV-immortalized human B cells and precipitates a novel
adhesion glycoprotein of 84 kDa.

Department of Pathology and Department of Bacteriology and Immunology, University of
Helsinki, Haartmaninkatu 3, 00290 Helsinki, Finland

E.9 Demonstration of tumor necrosis factor in human amniotic fluid
and in supernatants of placental tissue
M. JÄÄTTELÄ, P. KUUSELA, and E. SAKSELA

Tumor necrosis factor (TNF) was quantitated in human amniotic fluid and in incubation
supernatants of sheared placental tissue by a radioimmunoassay (RIA) employing radiolabeled
recombinant TNF, mouse monoclonal anti-TNF antibodies (courtesy of Dr. G. R. Adolf,
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Ernst-Boehringer-Institut) and anti-mouse IgG agarose. Measurable amounts of TNF were
found in 67 out of 74 (91 %) amniotic fluid sampIes tested. Significantly higher TNF
concentrations were found in amniotic fluids from the second trimester (H 15-16) pregnancies
(mean 2.5 ng/ml) compared with those from the third trimester (H 32-37; mean 0.9 ng/ml).
Incubation supernatants of sheared placental tissues contained TNF 1-3 ng/ml. In cytotoxicity
assay, a pool of early amniotic fluids caused a significant effect as did the incubation
supernatant of placental tissues. Both cytotoxicity effects were reversed by the treatment of
sampIes with anti-TNF antibodies prior to testing.
The present results indicate that the placental tissue is the main source of TNF in the
amniotic fluid. The possible role of TNF in embryonal development is discussed.

Department of Dermatology, University of California, Irvine, CA 92717, U.S.A.

E.l0 Human a lymphotoxin (L T) and tumor necrosis factor (TNF)
induced inflammation in skin: characterization and discussion of
possible mechanisms involved
E. JEFFES, B. AVERBOOK, M. BERMAN, T. UUCH, R. YAMAMOTO, M. THARP, M. FITZGERALD,
G. CHOW, and G. GRANGER
LT and TNF have biological activities in vitra which suggest they may have roles in
modulating or inducing imflammatory responses. We have recently shown that a single
intradermal injection of LT and, to a lesser extent, TNF induce neutrophilic inflammatory
infiltrates. LT induced visible erythema and edema are first noted 3-6 h after intradermal
injection, that peak at 24-48 h, and resolve after this. TNF did not induce reproducible
erythema at any time points, but did induce dense perivascular neutrophilic infiltrates early (3
h), and a very sparce diffuse dermal infiltrate. LT, in contrast, induced dense diffuse
neutrophilic infiltrates. Thus, the histologie pattern seen, and type of visual response noted
differed. Furthermore, 1,000 to 10,000 units of LT induced dramatic responses visually and on
histopathologie examination of skin, while up to 60,000 units of TNF did not induce erythema
but did induce early perivascular neutrophilic infiltrates which resolve rapidly. LPS did not
cause these effects because: 1) the inflammatory effects of LT and TNF were heat inactivated
by boiling, 2) polymyxin B did not inhibit the inflammatory response, and 3) the inflammatory
activity in vivo co-migrated with in vitra cytolytic activity on electrophoresis. Studies on the
mechanisms how LT and TNF induce this inflammation are underway. Preliminary data
indicate: 1) LT and TNF do not cause histamine release from mast cells. 2) TNF but not LT
induces release of very low levels of IL 1 from adherent human mononuclear cells. 3) LT and
TNF induce release of low levels of IL 1 from human fibroblasts. 4) LT induces arachidonic
acid release from fibroblasts in vitra. From this data it is not clear which mechanism(s) are
responsible for the observed inflammatory response, but IL 1 and arachidonic acid metabolites
could be involved.
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E.11 Two different modulating influences of recombinant tumor
necrosis factor (rTNF-a) on purified polymorphonuclear
neutrophils (PMN) in vitro
M.

s. KWONt, H. ABID 2, and w. LEIBOLD

Using highly purified PMN obtained from peripheral blood of healthy human donors by a
two-step Percoll gradient without hypotonic shock treatment (1), we studied the short- and
long-term influence of recombinant human TNF-a (kindly provided by Dr. D. Wallach, the
Weizmann Institute, Israel) on PMN. The release of oxygen metabolites from PMN in
particular O 2 - and H 20 2 was monitored as chemiluminescence (CL) activity in the presence of
the amplifiers lucigenin and luminol, respectively, with and without triggering by opsonized
Zymosan (C3bZy) or phorbol myristate acetate (PMA) at 37 0 • The main findings are: 1)
rTNF-a alone in concentrations between 3-333 lU/mi clearly triggers an immediate and long
lasting (at least 20 h) release of oxygen metabolites. 2) when stimulated by C3bZy or PMA,
PMN delivered considerably more (over 30 %) O 2- than H 20 2 (less than S %) in the presence
of non taxie rTNF-a concentrations. 3) independent of the direct activation, rTNF-a causes a
drastically reduced sensitivity of PMN to the triggering by C3bZy or PMA, when PMN were
pretreated with non taxie concentrations of rTNF-a for more than 4-6 h.
Thus, highly purified PMN are sensitive to rTNF-a modulation by at least 2 different
pathways.
1. KWON et al. 1987. 4th International Symposium on Bio- and Chemiluminescence, John
Wiley & SOllS Ltd., in press.

Supported by the Deutsche Forschungsgemeinschaft (SFB 244, Al) by the IFriedrichNaumann-Stiftung and by the 2Deutscher Akademischer Austauschdient (DAAD).

U.A. CNRS 1116, Bilt 432, Universite Paris-Sud, 9140S Orsay, France

E.12 Cytostatic factors of macrophagic origin distinct from
interleukins 1, tumor necrosis factor-a and interferons
M. LEPOIVRE, H. BOUDBID, G. LEMAIRE, and

J.

F. PETIT

Mastocytoma P81S cells and mammary carcinoma EMT 6 cells are two murine celilines
sensitive ta the cytostatic activity of murine peritoneal macrophages elicited in vivo by
trehalose dimycolate (TDM) and activated in vitro by LPS. However, conditioned medium of
TDM/LPS-activated macrophages (M0-CM) is cytostatic for EMT 6 cells but almost uneffective on P81S targets. The resistance of P81S cells may be explained by interference of P81S
components with the cytotoxin as co-incubation of P81S cells or P81S culture medium with
TDM/LPS-activated macrophages greatly reduces the growth-inhibitory effect of M0-CM on
EMT6.
The soluble antitumor released by TDM/LPS-activated macrophages is active in the
presence of serum, is destroyed by proteases, and has a molecular weight greater than 10,000
daltollS.
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The cytostatic properties of M0CM cannot be attributed to any well-characterized cytotoxin. It is not mediated by TNF-a, since TNF-a activity - as measured on actinomycin Dtreated L929 cells - was undetectable in most M<p-CM and never exceeded 10 U/ml in the
remaining sampIes. Furthermore, EMT 6 cells are not significantly growth-inhibited by human
rTNF-a (Genentech). Human rIL la (Hoffmann-La Roche), human rIL lß (Biogen), or an
FPLC purified murine IL 1 (a gift from Dr. A. Adam) did not affect the proliferation of EMT 6
cells. Finally, interferons cannot be responsible for the cytostatic activity of M0-CM since
antibodies against IFN-a/ß (a gift from Dr. J. Wietzerbin) do not modify the cytostatic
activity of the supernatants.
A number of macrophage cell lines were tested for the production of EMT 6-directed
soluble cytotoxins. Conditioned medium from the murine macrophage cellline ]774, stimulated with LPS, inhibited the growth of EMT 6 cells, but this effect was considerably decreased
by anti-IFN-a/ß antibodies; it was shown that J774-CM contained more than 500 IFNantiviral units/ml and ab out 300 U TNF/ml. In contrast, a human immature macrophage cell
line, U937, produced a cytostatic factor distinct from TNF-a, IL 1 and IFN. The relationship
between this activity and that observed with M0-CM is currently under investigation.

The Lautenberg Center for General and Tumor Immunology, The Hebrew University Hadassah Med. School, Jerusalem, Israel

E.13 Intracellular production and extracellular release of TNF:
induction by Mycoplasma orale and LPS and suppression by elF
J. LOEWENSTEIN, P. BEN-Av, 1. STEIN, and R. GALLlLY
We found that C3H/Crgl bone marrow-derived macrophages (M0) and our normal
macrophage line designated JBM01.1 released high levels of tumor necrosis factor (TNF)
upon activation by Mycoplasma orale and lipopolysaccharide (LPS). Addition of various
amounts of M. orale in the range of 2.5 X 107-2 X 10 8 CFU/ml to the M0 triggered TNF titers
of up to 3 X 103 U/ml as determined by lysis of BALB/c CL.7 targets in the presence of
actinomycin D. These titers correlated semi-quantitatively with the concentration of mycoplasmas present and were similar to those obtained using 1-10 [.lg/ml LPS. Both viable and
heat-killed mycoplasmas were potent inducers of TNF production. We further studied the
relationship between TNF production and release following activation of M0 by LPS. A high
level of intracellular TNF was detected by sonication of M0 already 1 h after the addition of
LPS, reaching a maximum level at 2 h. Thereupon, the intracellular level of TNF began to
decrease reaching low level at 24 h. In contrast, extracellular TNF was very low to undetectable after 1-2 h of incubation with LPS but increased to a very high level after 24 h. Addition
of CIF, an inhibitory factor derived from normal fibroblasts, to the M0 during activation
inhibited extracellular release (by 90-97 %) and to a lesser degree intracellular production (by
51-90 %) of TNF by short-time cultured macrophages and the macrophage line JBM01.1.
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E.14 Differential stimulation of superoxide-dependent
chemiluminescence (CL) of human granulocytes (PMN) by
rhTNF-a and rhTNF-ß
F. E. MALY, C. A. DAHINDEN, and A. L. DE WECK

TNF-a and TNF-ß (LT) enhance the interaction of PMN with particles and other cells
leading to increased adherence, phagocytosis and antibody-dependent killing. While TNF-a
has also been shown to be a weak direct stimulus of H 20 2 generation by PMN, this has not
been investigated with TNF-ß. We used Lucigenin-enhanced chemiluminescence to compare
the direct stimulation of PMN production of superoxide (Or) by TNF-a and TNF-ß. CL was
quantitated in microtiter plates by a single-photon-imaging system. Both TNF-a and -ß
(obtained from Dr. G. Adolf, Bender + Co.!Genentech, Wien) induced superoxide-dismutase-inhibitable CL of PMN in the presence of Lucigenin from as few as 240 cells/well. Using
2 X 104 PMN/well, TNF-a-induced CL was detected at a dose of 1.6 U1200 (.ll and reached a
plateau at 200 U1200 (.ll. This maximum response was 730 ± 230 % of CL from resting PMN
or 36 ± 20 % of CL from PMN stimulated with PMA (100 ng/ml). TNF-ß was less active than
TNF-a at each dose tested: on average, an 18.3 ± 11-fold dose of TNF-ß was required to reach
the 1I2-maximal stimulation observed with TNF-a (ED so of TNF-a: 18.6 ± 18 U/200 (.ll, n =
3). CL-responses to either TNF were not abrogated by a monoclonal antibody against the
C3bi/adherence receptor of PMN (moAb 60.3). Our results indicate that both TNFs directly
stimulate Or generation by PMN without involvement of the C3bi-receptor. However, about
20-fold higher doses of TNF-ß than of TNF-a were required for similar PMN activation,
though TNF-a and TNF-ß reportedly use the same receptor and have comparable cytotoxic
activity in vitro. This suggests that signalling via the PMNs TNF-receptor may be more
complex than previously thought and that PMN-mediated side effects of therapy with TNF-ß
may be sm aller than with TNF-a.

Research Institute of Scripps Clinic, 10666 N. Torrey Pines Road, La Jolla, CA 92037, U.S.A.

E.15 Participation of tumor necrosis factor in mediating
lipopolysaccharide-induced hypotension and lethality

J.

C. MATHISON, E. WOLFSON, and R. J. ULEVITCH

Macrophages are induced by LPS to release a number of products which may determine the
host response during gram negative sepsis. To evaluate the role of TNF in mediating
hypotension and lethality, rabbit peritoneal exudate macrophages (PEM) were exposed for 18
h to S. minnesota Re595 LPS (1 ng/ml) and the supernatant PEM-TNF was purified and found
to have a specific activity 1 X 108 U/mg when tested on actinomycin D-treated L929 cells.
TNF was maximally induced in 2-kg NZW rabbits by an intravenous injection of 10 (.lg parent
LPS or 250 (.lg LPS-HDL complexes. Plasma cytolytic activity was maximal (3 X 103 U/ml)
60-75 min after LPS injection but returned to undetectable levels 200 min postinjection. After
i.v. injection of 12sI_labeied or unlabeled PEM-TNF, a biphasic disppearance of the radioactivity and cytolytic activity was observed (fast component, t1/2 = 0.5-1 min; slow component, t1l2
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= 4 min). These results suggest that after stimulation with LPS approximately 100 !1g of TNF
was released into the plasma compartment. Intravenous injection of 250!1g LPS-HDL induced
a biphasic hypotensive response characterized by an initial 15 % decrease in mean arterial
pressure occurring over 45-100 min followed by a secondary 30-40 % decreased 100-500 min
postinjection. Prior-infusion of goat anti-human recombinant TNF globulin fraction completely neutralized the LPS-induced cytolytic activity and blocked the initial hypotensive
response. However the secondary hypotension was not abrogated, and lethality (24 h) was not
reduced by anti-HrTNF (11/14) compared to normal goat globulin (10/13) pretreatment.
These results suggest that LPS-induced hypotension is mediated at least in part by TNF.

Supported by USPHS AI 15136 and GM 28485.

Department of Microbiology & Immunology, Second Military Medical College, Shanghai,
China

E.16 Detection, initial characterization and purification of a novel
anticancer lymphokine, leukoregulin, produced by lectin-activated
human spleen cells or peripheral blood leukocytes

J. NI, T. X. YE, and S.

K. YANG

Leukoregulin (LR), a newly isolated anticancer lymphokine, was induced by phytohemagglutinin (PHA) or 12-0-tetradecanoyl-phorbol-13 acetate (TPA), alone or in combination,
stimulation of human spleen cells from trauma patient or peripheral blood leukocytes. The
inhibiting effect of tomate lectin and the enhancing effect of TPA or CarboxymethylPachmaran on the production of LR induced by PHA were also measured. Enhancement also
occurred with several other lectins, including concanavalin A (Con A), staphylococcus protein
A and esculentoside. The yield of LR from Con A or PHA-induced splenoblasts, being
cultured in interleukin-2 containing medium for 1 week before second stimulation by PHA,
was significantly high. Some human tumor celliines (K562, an erythroleukemia; Molt-4, aT
lymphoblastoid; Jurkat, aT lymphoblastoid; U937, a histiocytic lymphoma; SMMC-7721, a
hepatoma; SPC-3, a lung cancer cell line) evaluated for susceptibility to LR cytolysis and
growth inhibitory activity demonstrated a consistently high level of sensitivity to LR and
normal human fibroblast cell line, and WISH cell line were not affected. Tumor cell
clonogenicity was also inhibited by LR. The inhibition activity of LR was measured by viable
cell count, 3H-thymidine incorporation, 3-(4,5-dimethylthiazolyl-2)-2,5-diphenyltetrazolium
bromide dye reduction assay and P-nitrophenol-N-acetate-ß-D-glucosaminide microcolorimetric assay, cytolysis activity of LR measured by neutral red dye or 3H-thymidine
release assay. Monoclonal antibody to IFN-y can selectively remove IFN-y activity from
crude LR preparation, IFN-y but not LR was also destroyed by pH 2 or heat 56 0 , 30 min
treatment; LR activity decreases after protease but not neuraminidase digestion, while
lymphotoxin activity decreases after both neuraminidase and protease treatment, thus providing evidence that LR is distinct from lymphotoxin or IFN-y. Purification of LR was
performed using ConA-Sepharose 4B chromatography, isoelectric focusing and polyacrylamide gel electrophoresis. Our data indicate that LR is at least one of the factor produced by
lectin-activated lymphocytes which inhibits the in vitro growth of tumor cells.
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E.17 Interleukin 2 (IL 2) stimulates the production of interleukin lß
(IL lß), interleukin lu (IL lu), and tumor necrosis factor u (TNFu) from human peripher al blood mononuclear cells (PBMC)
R. P. NUMEROF, C. A. DINARELLO, S. ENDRES, G. LONNEMANN,J. W. M. VANDERMEER, and
MIER

J. W.

It has been shown using the L929 bioassay that IL 2 induces the production of TNF from
human PBMC (NEDWIN et al., J. Immunol. 135: 2492, 1985). However, since IL 2 is active in
IL 1 bioassays, it has been impossible to date to similarly show that IL 2 induces the
production of IL 1 from PBMC. By using highly specific radioimmunoassays for IL lß, IL la,
and TNF-a, we are now able to report that IL 2 does indeed stimulate the production of IL 1ß
and IL la as weil as TNF-a from PBMC. PBMC are obtained from healthy, normal volunteers
and stimulated in culture with varying concentrations of recombinant IL 2 (rIL 2) for varying
amounts of time. Following the desired period of stimulation, the cells and supernatants are
separated and the cells are frozen and thawed to make cell lysates. The corresponding
concentrations of IL 1ß, IL 1a, and TNF-a are then determined using the three
radioimmunoassays. The amounts of IL lß and IL la found in both the supernatants and cell
lysates increase with regard to both dose and time of stimulation. Likewise, TNF-a is
produced in a dose-dependent and time-dependent mann er. At all dose/time points tested,
there is a 5-10 times greater amount of IL 1ß than IL 1a in the supernatants and a 1-2 times
greater amount of IL lß than IL la in the cell lysates. This pattern resembles that seen in
supernatants and celllysates from endotoxin-stimulated PBMC. However, PBMC are stimulated with rIL 2 in the presence of polymyxin B, an endotoxin inhibitor. Moreover, the
addition of neutralizing anti-IL2 antisera to the rIL2-containing cultures completely inhibits
the rIL 2-induced production of the cytokines. This suggests that rIL 2 itself, free of endotoxin, induces the production of the three different pyrogenic cytokines. This work has
important implications for understanding the toxicity associated with rIl2-based therapy.

Istituto Nazionale per la Ricerca sul Cancro and Istituto Scientifico Medicina Interna, Genova,
Italy

E.18 Regulation of myelopoiesis by natural killer (NK) cells through
release of tumor necrosis factor (TNF) and colony stimulating
activity (CSA)
V. PISTOIA, S. ZuPO, R. GHIO, S. RONCELLA, and M. FERRARINI
Human NK cells, in addition to mediating cytotoxic functions, regulate the growth of other
cell types by releasing a variety of soluble factors. For example, NK cells can inhibit or
stimulate the growth of hemopoietic progenitor cells. We have recently shown that CD16 +,
Leu7+, CD3-, HLA-DR- human NK cells release, in unstimulated cultures, both burst
promoting activity (BPA) and colony stimulating activity (CSA). Here we have investigated
whether NK cells can also down regulate myelopoiesis. Normal peripheral blood NK cells
were purified according to the expression of the CD16 marker and cultured for 48 halone or
with the appropriate stimulator cells (bone marrow cells, NK sensitive targets). Supernatants
thereof were subsequently tested for the ability of promoting or inhibiting the in vitra growth
of myeloid colonies. Conditioned media of NK cells cultured alone contained CSA, but not
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inhibitors of myelopoiesis (as assessed by culture of bone marrow progenitors in the presence
or absence of GCT). In contrast, NK cells incubated with bone marrow cells or with the KS62
cell line produced a potent inhibitor of myeloid colonies that was identified as TNF by
neutralization with a specific antiserum. NK cell-derived TNF exerted the maximum inhibition when tested in conjunction with GCT, whereas the «endogenous» CSA was scarcely
aHected by the simultaneous presence of TNF in NK cell culture supernatants. These findings
suggest that the same NK cell populations can release TNF or CSA depending on their state of
activation. Whether or not one or more NK cell types are responsible for TNF and CSA
release remains to be established.

lJohannes-Gutenberg-Universität, Hautklinik and 2Abteilung für Angewandte Physiologie,
D-6S00 Mainz, FRG

E.19 TNF or LPS prime polymorphonuclear leukocytes for enhanced
respiratory burst activity'
R. E. SCHOPFl, R. KELLER l, M. REHDER\ F. KALLINOWSKI 2, and P. VAUPEL2

Although TNF has been shown to be a weak direct stimulus of polymorphonuclear (PMN)
oxidative metabolism, the effects of preincubation of PMN with TNF on subsequent stimulation are still unknown. PMN isolated from the peripheral blood of healthy individuals were
incubated for 60 min with human recombinant TNF (0.001 to 1 !!g/ml) provided by BASF
Ludwigshafen. Preincubation with LPS, extracted from E. coli, serotype OSS:BS, Sigma; 0.01
to 10 !!g/ml served as comparison. Controls were incubated in buHer. Subsequently, the PMN
were stimulated with phorbol myristate acetate (PMA, 833 ng/ml), zymosan-activated serum
(ZAS, 1:6 final dilution), zymosan particles (333 !!g/ml) and heat-aggregated immunoglobulin
(SSg !!g/ml). Highly sensitive luminol-enhanced chemiluminescence served to monitor the
respiratory burst. We found that preincubation of PMN with TNF or LPS caused two- to
fourfold enhanced basal chemiluminescence. Furthermore, PMN preincubated with 1 !!g/ml
TNF or LPS for 60 min responded to subsequent stimulation with markedly enhanced
chemiluminescence. At 20 min of stimulation, the response was 200 to 900 percent higher
employing the various stimuli. Our results clearly indicate that both TNF and LPS cause
priming of PMN for enhanced respiratory burst activity to a variety of stimuli. Thus, TNF or
LPS could increase PMN-mediated host defense associated with neoplastic or infectious
disease states.
'Supported by Deutsche Forschungsgemeinschaft Grant Scho 27312-2.

lDepartment of Internal Medicine, Div. Hematology/Oncology, University of Göttingen,
Robert-Koch-Str. 40, and 2Clinical Research Group of the Max-Planck-Society, Medical
Clinic of the University of Göttingen, Gosslerstr. 10d, 3400 Göttingen, FRG

E.20 Tumor necrosis factor-a enhances oxidative killing mechanisms of
neutrophils
P. SCHUFF-WERNER\ P. SCHEURICH2, K. GOITSMANN\ K. PFIZENMAIER2, and G. A. NAGEL l
Tumor necrosis factor alpha (TNF-a) has been shown to enhance neutrophil functions such
as phagocytosis, adherence to endothelial cells and increased expression of C3bi receptors. The
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microbicidal capacity of neutrophils depends on both lysosomal enzyme activity and formation of reactive oxygen species (ROS) such as superoxide anion, singulet oxygen, hydrogen
peroxide and others. ROS production by neutrophils can be measured by ferricytochrome C
reduction, oxidation of phenol red or chemiluminescence (CL) amplified by luminol or
lucigenin. When TNF-a was added to either resting neutrophils or neutrophils stimulated with
staphylococcus aureus, zymosan or phorbol myristate acetate (PMA), enhanced ROS pro duction was found. These stimulatory effects of TNF-a are triggered most likely by binding to
specific cell membrane receptors, which were characterized by binding studies using iodinated
recombinant human TNF-a ("" 600 receptors per cell; K d = 1.0 X 10- 10 M). Addition of a
neutralizing monoclonal anti TNF-a antibody abolished biologie al effects of the cytokine. In
addition, the pro tein kinase C inhibitor H7 (1-(5-isoquinoline-sulfonyl)-2-methylpiperazine)
antagonized with TNF-a-mediated effects, suggesting the involvement of this pathway in
signal transduction. After pretreatment of neutrophils with TNF-a, they were able to kill
viable bacteria or fungi more efficiently. These results indicate that TNF-a-mediated enhancement of ROS production in neutrophils is of biological relevance.

Arizona Cancer Center, Tueson, Arizona, 85724, U.S.A.

E.21 Suppression of human tumor necrosis factor (TNF) production in
vitro by autologous serum and culture supernatants of human
tumors and fetal fibroblasts
P. SCUDERI, R. A. RIPPE, K. E. STERLING, E. M. PENG, A. B. RAITANO, and

J. RYBSKI

Human peripheral blood monocytes (PBM) cultured for 18 h produce detectable levels of
TNF using an enzyme-linked immunosorbent assay system. The addition of autologous serum
to cultured cells caused a dose-dependent decrease in TNF production and had no effect on
cell viability. Human serum had no effect on the cytotoxic activity of recombinant TNF on
L929 target cells. The suppressive activity of human serum blocked the recombinant interferon-y (IFN-y) induced stimulation of TNF secretion when serum and IFN-y were added
simultaneously to cultures. If, however, IFN-y was added before serum, TNF secretion was
not suppressed. The suppressive activity of serum was heat stable at 56 0 and acid stable and
could be removed by adsorption with lectins. Human melanomas, colon and breast carcinoma
culture supernatants were also tested for suppressive activity. All of the five melanomas tested
produced supernatants which suppressed TNF production. One of two colon and one of two
breast carcinomas were also inhibitory. Normal human diploid fetal fibroblasts were found to
produce suppressive activity. Using both polyclonal and monoclonal antifibronectin antibodies (a-FN) the suppressive activity was completely removed from fibroblast supernatants.
Melanoma supernatants treated with a-FN partially lost suppressive activity while the
inhibitory capacity of serum was uneffected. These studies suggest that serum factor(s) may
playa role in the homeostasis of TNF production in vivo. Our work further suggests that TNF
production by tumor infiltrating monocytes could potentially be regulated by tumor-secreted
suppressive factor(s).
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E.22 Human monocyte-derived tumor cytotoxic factor(s) different
from TNF and IL 1
S. SONE, M. MUNEKATA, M. TANAKA, T. UTSUGI, F. A. FAWZY, and T. OGURA

Previously, we showed that human blood monocytes obtained by counter-flow centrifugal
e!utriation from healthy donors were activated to the tumoricidal state by endotoxin, and that
these monocytes released factor( s) responsible for tumor cell killing. The activity of the tumor
cytotoxic factor(s), called for TCF was determined by radioactive release assay. Maximal TCF
production was observed after a 7-h incubation of monocytes with endotoxin. Fractionation of
the supernatants by Ultrage! AcA 34 and TSK-G3000SW gel chromatographic procedures has
shown that when human melanoma (A375) cells were used as target, the supernatants
contained two major cytotoxic factors (TCF-I, approximately 30,000 and TCF-II, 15,000).
Only TCF-II could be neutralized by rabbit polyclonal anti-IL 1ß antibody. We also ruled out
a possibility that the TCF activity might be due to tumor necrosis factor (TNF), since antiTNF antibody failed to inactivate these two TCF. It is suggested that TCF-I different from
TNF and IL 1 participate in the human monocyte-mediated cytotoxicity against A375
melanoma cells. Further characterization and antitumor spectrum of TCF-I are discussed.

Institute for Clinical Microbiology, Wasserturmstr. 3, 8520 Erlangen, FRG

E.23 Paraformaldehyde-fixed macrophages provide the soluble and the
membrane-associated form of interleukin 1
H. STRECK, C. GÜNTHER, and M. RÖLLINGHOFF
Interleukin 1 (IL 1) is a small polypepide which is considered to be secreted by macrophages
after stimulation with antigen or mitogen. IL 1 plays an important role in the regulation of T
cell growth by stimulating T cells to release interleukin 2. Recently, a membrane-associated
IL 1 (mIL 1) has been described on paraformaldehyde (PF)-fixed macrophages which was
functionally and antigenically similar to soluble IL 1. When we studied the mIL 1 on
lipopolysaccharide-activated murine macrophages, we observed that after fixation of the cells
with PF there still appeared a considerable amount of IL 1 activity in the supernatant. We
asked whether this IL 1 activity originated from the mIL 1 or from the cell interior. By
performing kinetic studies, it was found that the largest amount of IL 1 activity was released
during the first 48 h after fixation. Furthermore, we could clearly demonstrate that over an
incubation period of 216 h after fixation the amount of mIL 1 detectable at each time point
given decreased to the same extent as did the rate of appearance of IL 1 activity in the
supernatant. Thus, it appears as if indeed the IL 1 in the supernatant of fixed macrophages
originates from mIL 1. Studies of the appearance of IL 1 from fixed macrophages at different
temperatures indicated that the underlying mechanism of release of IL 1 is like!y to be
mediated by an enzymatic process. Further studies are under way to characterize these
findings.
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E.24 Biosynthesis and eytokine specificity of neopterin release from
human macrophages

J. TROPPMAIR,

G. SCHOEDON, K. NACHBAUR, M. HEROLD, A. NIEDERWIESER, and

CH. HUBER

The pterin pathway leads from GTP to the synthesis of tetrahydrobiopterin. Tetrahydrobiopterin represents a crucial cofactor in neurotransmitter synthesis. We have recently
observed that in man neopterin, adegradation product of the first intermediate of this
pathway, of dehydroneopterintryphosphate, is released on a large scale from monocytesl
macrophages stimulated wirh IFNs. Neopterin was also seen to accumulate in body fluids of
patients suffering from various inflammatory disease states and its levels were found to be
related to the severity of the underlying disease. Here we report on the mechanisms triggering
this phenomenon.
We first investigated pterin metabolism in various human hemopoietic cells stimulated with
lectins, antigens or IFN-y. Concentrations of the substrate GTP, the activity of the key
enzyme cyclohydrolase land the levels of neopterin and tetrahydrobiopterin and pterin were
determined in celilysates and culture supernatants. Results indicated that IFN-y, and not the
other stimulators, can directly activate the key enzyme, and that in all cell types investigated,
cyclohydrolase I activity can be downregulated by tetrahydrobiopterin, the physiological
endproduct of this pathway. Two different patterns were observed: most cell types including
Iymphocytes, neuroendocrine tissues and liver cells complete the biosynthetic pathway down
to tetrahydrobiopterin. These cells do not release excessive amounts of neopterin into culture
supernatants. In contrast, human monocytes/macrophages exhibit a selective deficiency to
metabolize dihydroneopterintriphosphate, which then accumulates and is degraded and
excreted as neopterin or dihydroneopterin. In these cells, due to the lack of production of the
physiological inhibitor of the key enzyme, already minute amounts of IFNs cause an excessive
release of pterins. In addition, the ability of various cytokines to induce neopterin excretion by
human macrophages was studied in detail. Human macrophages were cultured in the presence
of various recombinant cytokines (IFN-a-2arg, IFN -y, TNF-a, TNF-ß, IL 1, IL 2, GM -CSF),
lectins or LPS. The latter experiments were also performed in the presence of neutralizing antiIFN antibodies. Results indicated that this phenomenon is specific for both immune and nonimmune IFNs and that LPS, the only inducer identified, indirectly mediates this phenomenon
by its capacity to induce IFNs.

Div. Clinical Immunobiology, Dept. Internal Medicine, University of Innsbruck, and Central
Institute of Blood-Transfusion and Immunology, University Hospital, Innsbruck, Austria

E.25 Interferons and tumor neerosis faetors in the regulation of in vitro
T cell-mediated alloimmune responses

J. TROPPMAIR, D. SCHÖNlTZER, and CH.

HUBER

T cell responses are invariably accompanied by the release of a panel of cytokines including
IFN-a and -y, as weil as TNF-a and -ß. Using MLC and CML systems, we tested the role of
nonimmune and immune IFNs and of TNFs on the afferent and efferent limb of alloantigeninduced immune responses by neutralization of endogenous cytokines with appropriate
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antibodies and by application of exogenous recombinant cytokines. We also investigated the
effect of dass I and dass II MHC antigen expression on stimulator or target cells by means of
preincubation with appropriate cytokines or selection of cell populations. Results indicated
firstly that nonimmune interferons inhibit and immune IFNs enhance proliferative T cell
responses while TNFs were ineffective. Secondly, the extent of enhancement of proliferative
responses of T cells does not directly correlate with the magnitude of changes of MHC dass II
antigen expression. This is mainly explained by the IFN-y-induced suppressive capacities
exerted on stimulator cells, which differ from those involving the prostagIandin and/or the IL 2
system. We thirdly observed that both nonimmune and immune interferons as weil as TNF-a
increase the lytic susceptibility of target cells by mechanisms involving enhanced expression of
MHC antigens.

The Division of Human Immunology, Institute of Medical and Veterinary Science, Box 14,
RundIe Mall Post Office, Adelaide, 5000, South Australia

E.26 Recombinant human tumor necrosis factor a (rhTNF-a).
Regulation of fMet-Leu-Phe receptor expression and function on
human neutrophils
M. A. VADAS, V. H. ATKINSON, and A. F. LOPEZ

Preincubation of neutrophils with recombinant human tumor necrosis factor-a (rhTNF-a)
enhanced the subsequent release of superoxide anion in response to various concentrations of
N-formylmethionylleucylphenylalanine. Enhanced superoxide anion production was evident
by 5 min and had reached a plateau by 15 min. Not only was the total amount of superoxide
anion released greater, but the rate of release was also enhanced 3-fold by rhTNF-a. In
contrast, rhTNF-a reduced or abolished neutrophillocomotion under agarose in response to a
gradient of fMet-Leu-Phe. Binding studies of fMet-Leu-[3H]Phe to purified human neutrophils revealed a heterogeneous binding to unstimulated cells. The high affinity component
consisted of 2000 sites/cell and had an average Kd of 2 ± 0.7 nM (n = 4). The low affinity
component consisted of 40,000 sites/cell and had an average Kd of 180 ± 50 nM (n = 4).
rhTNF-a caused conversion to a linear Scatchard plot showing no significant change in total
binding sites but a single Kd of 40 ± 10 nM (n = 4). These data indicate that: 1) rhTNF-a
influences neutrophils to become immobilised and have enhanced capacity to generate toxic
substances: the «stand and fight» response, 2) rhTNF-a alters fMet-Leu-Phe receptors, and 3)
that differences in receptor expression may account for the functional changes.

Schneider Children's Hospital, New Hyde Park, NY, SUNY at Stony Brook, NY, and
Columbia College of Physicians and Surgeons, New York, NY, U.S.A.

E.27 Effect of y-interferon and tumor necrosis factor on the expression
of dass I and dass 11 major histocompatibility molecules by
cultured human umbilical vein endothelial cells

J. F. WEDGWOOD, B. PERNIS, L. HATAM, and V.

R. BONAGURA

The expression of dass I and dass II major histocompatibility complex (MHC) molecules
on cultured human umbilical vein endothelial cells (HUVEC) incubated with tumor necrosis
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factor (TNF) or y-interferon (IFN-y) was determined by flow cytometry after staining with
fluorescein conjugated monodonal antibodies (MoAbs) directed against HLA-A,B-a chain
(HLA-a), ß-2-microglobulin (B2m), HLA-DR and HLA-DQ.
HUVEC exposed to TNF for 96 h increase their expression of HLA-a and B2m 2- to 4-fold.
Similarly, IFN-y increases the expression of HLA-a and B2m 2- to 5-fold. No induction of
HLA-DR or HLA-DQ was seen following exposure to TNF. IFN-y in duces the appearance,
and markedly increases the expression of HLA-DR. HLA-DQ was also induced by IFN-y but
to a much lesser extent. TNF in combination with IFN-y enhances HUVEC expression of
HLA-a, B2m and HLA-DQ greater than that observed with either mediator alone, but
reduced the expression of HLA-DR below the level observed with IFN-y alone. Indomethacin
(INDO) does not effect expression of HUVEC dass I or dass 11 MHC molecules induced by
TNF, IFN-y or the combination of these mediators.
These immune mediators produce unique and common effects on HUVEC, and therefore
may act by at least two separate mechanisms, independent of the cydo-oxygenase pathway,
which regulate HUVEC expression of dass I and dass 11 MHC surface molecules.

INeurosurgical Department, University Hospital, 1011 Lausanne, and 2Ludwig Institute for
Cancer Research, 1066 Epalinges, Switzerland

E.28 TNF selectively modulates MHC class I antigen expression on
human glioma cells: evidence for an enhancement of sensitivity to
cytotoxic T cells
P. ZUBER!, A.

c. DISERENS!, M. KUPPNER!, S. CARREL2, and N. DE TRIBOLET1

Major histocompatibility complex (MHC) dass I antigens are not demonstrable on normal
astrocytes from fresh biopsy material, whereas a weak expression is sometimes observed in
fresh glial tumors. This phenomenon might pardy account for the lack of specific immune
response against the tumor observed in glioma patients. Glioma cell lines, however, always
express HLA-A,B and ß2-microglobulin. Glioma celllines and dones have been cultured with
recombinant human TNF and tested for surface expression of MHC dass land 11 antigens and
a panel of tumor associated antigens by radioimmunoassays. The surface expression of HLAA,B and ß2-microglobulin were selectively increased by TNF concentrations as low as 4 U/ml,
whereas HLA-DR was not affected. The cytotoxicity of 10 oligodonal autologous tumor
infiltrating Iymphocytes populations, cultured by limiting dilutions in the presence of IL 2,
against LN 401, a cellline resistant to the cytotoxicity ofTNF, has been significandy enhanced
(1- to 2-fold) after preincubating LN 401 with TNF. These results show a potential
immunomodulatory effect of TNF on glioma cells for stimulation of specific cytotoxic T
Iymphocytes.

F. Cellular Biology, Differentiation
Chairpersons: H. BRADE andJ. NISSEN-MEYER

Faculty of Pharmaceutical Sciences, Teikyo University, 1091-1, Suarashi, Sagamiko-cho,
Tsukui-gun, Kanagawa, Japan

F.t A possible role of glucocorticoids: a natural and endogenous
inhibitor to tumor necrosis factor?

S. ABE, T. YAMAMOTO, H. INAGAWA, H. OSHIMA, G.-I. SOMA, M. YAMAZAKI, and
D. MlZUNO

To clarify refulatory factors for cytotoxicity of tumor necrosis factor (TNF), effects of
glucocorticoids on cytotoxicity of TNF were examined. Purified human recombinant TNF
(400 U/ml) demonstrated a survival ratio (SR) of 20-30 % for L929 fibroblasts after coculture
at 37" for 40-42 h. To this system, glucocortieoids were added 1 h before TNF treatment.
Hydrocortisone (1 x 1O-7M) and Dexamethasone (1 x lO-7M) inhibited the cytotoxicity; SR =
88 % and 89 %, respeetively. Normal human plasma is known to eontain 1.3-5.5 x 10-7M of
hydroeortisone. Therfore hydrocortisone ean be assumed to aet as an endogenous inhibitor of
eytotoxie aetivity of TNF in blood-eirculating area. This may explain the reasons why
therapeutic effieacy of TNF varies individually among cancer patients and why systemic
administration of TNF is not sufficiently effective. A phospholipase A 2 inhibitor, quinacrine (2
x 10"'M) also inhibited the cytotoxicity; SR = 72 %. This may suggest that glucocorticoids
inhibit the cytotoxicity of TNF through production of an endogenous phospholipase A 2
inhibitor, lipocortin. The effects of hydrocortisone and steroidal anti-inflammatory agents on
therapeutic potentiality of TNF in vivo are now under investigation.

Research Department, Laboratorios Andromaco, S.A. La Solana 26, Torrejon de Ardoz,
Madrid, Spain

F.2 AM3, a new antagonist of lipopolysaccharide (LPS) induced tumor
necrosis factor (TNF) production
J. L.

AWNSO,

M. MOREJON, and J. P. PIVEL

Invasive stimuli, whether infectious or neoplastic, are probably not the proximal causes of
the induced host homeostatic disturbance. A limited number of cytokines secreted by
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reticuloendothelial cells mediate most of these alterations. Prominent among them, TNF plays
a main role in mediating the lethaI effects of LPS and other stimuli. TNF is a pleiotrophic
molecule with anti tumor properties, which has lately been identified as an effector molecule in
physiologie processes of growth, differentiation, immunity and metabolism. However, re cent
observations confirm that a disregulated secretion of high TNF amounts is harmful to the
whole organism. Thus, information regarding the modulation of TNF production may aid the
understanding of both physiologie homeostatic and immune processes as weil as the opening
of therapeutic possibilities.
Biological response modifier compounds (BRM) such as BCG or C. parvum, and cytokines
such as IFN -y and IL 2 agonize with LPS, augmenting the amount of TNF secreted by
macrophages. Attempts to prevent TNF-mediated LPS toxicity have noted that glucocorticoids and PGE 2, respectively, are able to suppress or down regulate TNF production.
Nevertheless, the efficacy of the approaches in the treatment of gram-negative sepsis is still
doubtful. We have found that AM3, a second generation BRM, chemically defined as a fungal
polysaccharide non covalendy bound to a plant polypeptide, unlike BCG or C. parvum, is an
antagonist of LPS-induced TNF production. Using a semiautomated L929 fibrosarcoma
cytolytic assay, we have detected that six oral administration (once daily) of AM3 (150 mg/kg
body weight) can reduce up to five times the TNF concentration present in sera from Balb/c
mice which had been i. v. injected with 25
of LPS (055:85 from E. coli) 90 min before
bleeding. Initially, these results appear to be dose-dependent reaching maximal reduction of
TNF concentration by the former dosage, and they are supported by previous experiments
showing an AM3-dependent increased survival rates in animals i. p. injected with 300
of
LPS (P, Tuduri, personal communication). These effects are being checked in other animal
models as tumor bearing and naive mice to expand our conclusions to other invasive stimuli.
We do not know yet whether AM3-mediated TNF down regulation is elicited through a direct
AM3 action on macrophages (i. e. blocking LPS receptors or triggering annother antagonistic
site) or mediated by annother effector molecule (i. e. IFN-y or PGE 2). Despite doubts about
this mechanism, our results suggest the potential use of this compound in endotoxic shock
therapy by partial blocking of TNF production without having glucocorticoid-type side
effects such as hyperglucemia, osteoporosis and immunosuppression.

Institute of Cancer Research, University of Trondheim, N-7000 Trondheim, Norway, and
Department of Pathology, University Hospital, S-75185, Uppsala, Sweden

F.3 The contribution of tumor necrosis factor to fibroblast growth
media ted by monocyte supernatants
R. AUSTGULEN, Y. PAULSSON, T. ESPEVIK, J. NISSEN-MEYER, C. H. HELDIN, and B. WESTER·
MARK

Human monocytes release factors which enhance growth of human fibroblasts. In this study
tumor necrosis factor (TNF) has been identified as one of the monocyte-derived factors which
are involved in the fibroblast growth stimulation. A monoclonal antibody against recombinant
TNF (rTNF) inhibited growth of FS-4 fibroblasts and skin biopsy fibroblasts induced by
monocyte supernatants, indicating that TNF was involved in the stimulation.
Suramin, a polyanionic compound which dissociates the binding of platelet derived growth
factor (PDGF) from its receptor, abolished the fibroblast growth induced by monocyte
supernatants as weil as by rTNF, without affecting the cytotoxic activity of rTNF. By
Northern blot analysis we found that rTNF induced expression of mRNA for the A-chain of
PDGF in FS-4 fibroblasts.
Our observations suggest that TNF induces fibroblast growth by initiating a production of
PDGF by the fibroblasts themselves.
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FA Capacity of tumor necrosis factor to bind and penetrate membranes
is pH-dependent
R. L. BALDWIN, J. BRAMHALL, B. J. WISNIESKI, S. GRAVES, M. P. CHANG, and B. BONAVIDA
Tumor necrosis factor (TNFa) is a macrophage product that causes cytolysis or cytostasis of
many tumor ceHs. It is identical to the monokine caHed cachectin, a factor whose release is
induced by exposure to endotoxins. Many lines of evidence suggest that the killing activity of
natural kiHer ceHs and cytotoxic T-Iymphocytes is mediated through pore-forming proteins
caHed cytolysins or perforins. One goal of this study was to examine whether TNF is also a
pore-forming protein. A detailed examination of TNF-membrane interactions revealed that
although recombinant human TNF binds avidly to model membrane targets, it causes no
damage to them under conditions that favor efficient pore formation by complement or
cytolysin. Unlike the latter molecules, binding and insertion of TNF are enhanced at low pH.
In fact, the target membrane is actuaHy stabilized at both neutral and acidic pH upon TNF
interaction. Although native TNF does not cause pore formation directly, its ability to induce
celllysis as monitored by 5tCr release may be a consequence of some as yet obscure processing
event or intraceHular activity. Observations that Iysosomotropic agents protect ceHs from
TNF-induced lysis suggest that TNF entry or activation requires residence in or passage
through an acidic compartment; hence, a detailed characterization ofTNF behavior at low pH,
including the noted increase in membrane binding and insertion, should be immediately
relevant to the physiological signaHing process.

Diabetes Research Institute, University of Düsseldorf, Auf'm Hennekamp 65, 4000 Düsseldorf, FRG

F.5 Cytokines increase vascular permeability
V. BURKART, S. MARTIN, K. MARUTA, and H. KaLB
Recent studies showed that interleukin 1 (IL 1) and interferony (IFNy) can change the
morphological and functional properties of cultured endothelial ceHs. These observations led
us to suspect that IL 1 and IFNy besides acting on immune ceHs also may regulate vascular
permeability. In our experiments, Wistar rats received intradermal injections of supernatants
from concanavalin A (Con A)-stimulated spleen ceHs or of various recombinant (rec) cytokiwas calculated from the difference between the absorption
nes. The permeability index
values of cytokine- and vehicle-treated skin sections after the extraction of accumulated Evans
blue vital dye. Injections of supernatants from Con A-stimulated spleen ceHs or a mixture of
reelL 1a, reelL 1ß and reelFNy caused a maximal increase of permeability after 30 min
=
2). The optimum increase of permeability was achieved by the administration of 1-20[!U
reelL1ß
= 1.4) or recIFNy
= 2.9) per injection site. RecH-la slightly increased
vascular permeability, whereas reelL-2 had no significant effects. An increased number of
degranulated mast ceHs were found in skin sections pretreated with reelL 1ß or reelFNy.
Pretreatment with the vasoactive amine antagonizing drugs methysergide, pizotifen and
cyproheptadin suppressed the cytokine mediated rise of permeability. Our experiments
indicate an important role of IL 1ß and IFNy as modulators of vascular permeability besides
their function as hormone-like messengers between leukocytes.
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Moulins, 94805 Villejuif, France

F.6 Inhibition of human tumor necrosis factor by adenylate cyclase
activators
S. CHOUAIB, C. MARCHIOL, and D. FRANDELIZI

Cyclic nucleotides act as cytoplasmic messen gers that control the activity of regulatory
enzymes during cellular responses. We investigated the effect of cAMP analogues and agents
that increase cellular cAMP on Tumor Necrosis Factor (TNF) by human monocytes. In the
present study we demonstrate that cAMP (10-4M), PGE2 (10-7M) and Forskolin (10-4M)
markedly inhibited (50 %-75 %) the LPS induced production by human monocytes. These
reagents had no effect on TNF activity evaluated using the TNF sensitive L929 cells.
When 12.0 tetradecanoyl phorbol 13 acetate TPA (2.5 ng) was added to the culture in the
presence of PGE2, cAMP or Forskolin, the suppressor activity on TNF production by these
pharmacologic agents was abrogated. Our data suggest that cAMP functions as a negative
regulatory signal in monocytes and that its regulatory effect on TNF production is proximal to
protein kinase C activation.

Department of Clinical Pharmacology and Medical Research Unit, Nizam's Institute of
Medical Sciences, Punjagutta, Hyderabad-500482, India, and Efamol Research Institute, PO
Box: 818, Kentville, N.S., Canada

F.7 Free radicals and cis-unsaturated fatty acids as mediators of the
actions of interferon and tumor necrosis factor
U. N. DAS, M. E. BEGIN, G. ELLS, and D. F. HORROBIN

Earlier studies (1) revealed that interferon (IFN) induces discrete and specific release of cisunsaturated fatty acids (c-UFAs) from the membrane phospholipids with no release of
saturated fatty acids and cholesterol. Since c-UFAs trigger oxidative metabolism in human
polymorphs (2), we studied the effect of IFN and c-UFAs on free radical generation in normal
human fibroblasts (41-Sk) and human breast tumor (ZR-75-1) cells in vitra using nitrobluetetrazolium (NBT) reduction method. The results given in the table show that IFN, linolenic,
gamma-linolenic, arachidonic, and eicosapentaenous acids (LA, GLA, AA, and EPA, respectively) augment free radical generation in the tumor cells but not in the normal cells.
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Treatment

41-SK

ZR-75-1

Control
IFN 500 U/ml
Day:2
LA
GLA
TAA
EPA
Day:3
LA
GLA
TAA
EPA

0.00
0.003 ± 0.001

0.00
0.012 ± 0.002

0.00
0.00
0.00
0.00

0.012
0.020
0.015
0.012

±
±
±
±

0.007
0.014
0.002
0.006

0.014
0.030
0.030
0.023

±
±
±
±

0.002
0.003
0.003
0.001

0.008
0.006
0.005
0.004

±
±
±
±

0.001
0.001
0.003
0.001

All c-UFAs were used at 20
concentration. All values are Mean ± S.D.
All experiments were done in quadruplicates and repeated at least twice.
Similar to IFN (3), tumor necrosis factor (TNF) also has superoxide generating capacity
from the neutrophils (4). Based on these evidences, we propose that IFN and TNF bring about
some of their actions by provo king the generation of free radicals. It is likely that one of the
early actions of IFN and TNF is to release c-UFAs from the membrane lipids which in turn
trigger free radical generation. This may mean that IFN and TNF-resistant tumor cells are
deficient in c-UFAs. If so, combining c-UFAs with IFN and TNF may be useful in cancer
therapy. This is particularly interesting as c-UFAs have selective tumoricidal action (5, 6) and
linolenic acid activates macrophages (7).
1.
2.
3.
4.
5.
6.
7.

CHANDRABOSE, K. et al. 1981. Biochem Biophys Res Comm. 98: 661-668.
BADWAY, J. A. et al. 1981. J Biol Chem. 256: 12640-43.
BERTON, G. et al. 1986. 138: 1276--82.
TSU]IMOTO, M. et al. 1986. BBRC 137: 1094-1100.
BEGIN, M. et al. 1985. PGs LTs Med. 19: 177-86.
BOOYENS, J. et al 1984. PGs LTs Med. 15: 15-33.
SCHLAGER, S. I. et al. 1983. Cell Immunol. 80: 10-19.

Institute of Med. and Veterinary Science, Frome Road, Adelaide, South Australia 5000

F.8 Effect of rh TNF-a on molecules mediating tumor and granulocyte
adhesion to human umbilical vein endothelial cells

J.

R. GAMBLE, G. F. BURNS, and M. A. VADAS

TNF-a, and to a lesser extent TNF-ß, induces in a time- and dose-dependent manner a new
protein mediating the adhesiveness of neutrophils to endothelium. This process is critically
dependent on the CDW18 family of molecules as determined by monoclonal antibodies.
Eosinophil adherence by contrast is not enhanced by TNF-a or ß pretreatment although
eosinophils possess CDW18. The adhesion of the melanoma cellline, LiBr, is mediated by the
glycolipids GD-2 and GD-3 as weil as by a process needing recognition of the cell binding
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domain Arg-Gly-Asp of fibronectin. Although melanoma cells attach to endothelium, agents
like PMA, TNF-a, ß, IL 1a or ß that enhance neutrophil adhesion do not alter the capacity of
melanoma cells to adhere.
These findings show the selectivity of TNF media ted adhesion promoting mechnisms, and
suggest that other mediators will be of primary importance in regulating tumor cell attachment.

Istituto di Ricerche Farmacologiche «Mario Negri», Via Eritrea 62, 20157 Milano, Italy

F.9 Tumor necrosis factor, by inducing interleukin t, depresses
cytochrome P450-dependent liver drug metabolism
P. GHEZZI, M. BIANCHI, A. ERROI, A. MANTOVANI, P. VILLA, and R. BERTINI

Treatment of mice in vivo with endotoxin, TNF, Lymphotoxin or interleukin-1 (ILl) at the
dose of 0.3-3
caused a significant (30--40 %) depression of cytochrome P450 and related
drug metabolizing enzymes in the liver and other organs (Jung, intestine, heart, adrenals,
kidney). Depression of P450 was associated with other acute-phase changes such as increased
plasma fibrinogen and hypoferremia. TNF also caused a decrease of liver catalase and öaminolevulinate synthetase.
Depression of P450 by TNF or endotoxin was completely prevented by pretreatment with
dexamethasone phosphate (DEX, 30 mg/kg, i.p., 30 min before TNF), while P450 depression
by ILl could not be completely prevented by DEX. In vitra TNF (and endotoxin) induced the
release by monocytes of a factor that depressed P450 in cultured hepatocytes. This P450depressing factor was neutralized by anti-ILl antiserum, and its synthesis was blocked by
DEX (which also inhibited ILl induction by TNF or endotoxin). We postulate that TNF
depresses liver P450 by inducing ILl. On the other hand, increase of plasma fibrinogen and
hypoferremia induced by TNF injection could not be prevented by DEX, indicating that not
all of the acute phase changes observed in TNF-treated mice are inhibitable by DEX.

Klinische Arbeitsgruppe «Biologische Regulation der Wirt-Tumor-Interaktion» der MaxPlanck-Gesellschaft, Medizinische Klinik der Universität Göttingen, Goßlerstraße 10 d, 3400
Göttingen, FRG

F.tO Regulation of tumor necrosis factor-a gene expression
G. HENSEL, N. GOEBELS, A. HOFSOMMER, K. PFIZENMAIER, and M. KRÖNKE

Tumor necrosis factor-alpha (TNF-a) is a macrophage-derived hormone produced during
host responses to neoplastic disease or bacterial infection. Since TNF-a exerts a broad range of
bioactivities implicated in the pathogenesis of endotoxin-induced shock and antitumoral
defense mechanisms, we were interested to investigate the conditions that regulate TNF-alpha
gene expression in vitra. Employing a cloned TNF-a-specific cDNA probe, we show by both
Northern blot analysis and in siw hybridization that TNF-a mRNA rapidly accumulates in
HI-60 cells following treatment with phorbol myristate acetate (PMA) (10 ng/ml). TNF-a
mRNA levels peak at 1 hand then decline to baseline levels within 8 h. This very tran sie nt
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induction of TNF-a mRNA suggests a tight intracellular control mechanism of TNF-a gene
expression. Cytokines of recombinant source such as interferon-a and -y, and, more intriguingly, TNF-ß (formerly Iymphotoxin) as weil as TNF-a itself are also able to induce TNF-amRNA expression in HL-60 cells. This induction of TNF-a mRNA by TNF-a itself can be
superinduced by cycloheximide. In the presence of protein kinase inhibitors, neither PMA nor
any of the cytokines are able to induce TNF-a-mRNA synthesis, indicating that protein
kinases are crucially involved in the activation of the TNF-alpha gene. Celllines of different
origin including some T -lymphoid cells lines can synthesize TNF-a mRNA following
stimulation with PMA, indicating that the production of TNF-a mRNA is not restricted to
monocytic cells. The data presented provide important insights with respect to the control of
TNF-a gene expression by cell-derived Iymphokines and suggest a TNF-a-mediated positive
feedback mechanism.

Department of Biochemistry, School of Medicine, Showa University 1-5-8, Hatanodai,
Shinagawa-ku, Tokyo 142, Japan

F.11 A monokine other than tumor necrosis factor also in duces
differentiation of human myelogenous leukemia cells
S. IWAMOTO, K. TAKEDA, and K. KONNO

Peripheral blood mononuclear cells stimulated by lectins produce factors which induce
differentiation of myelogeneous leukemic cells into a monocyte/macrophage lineage. We
found one of the differentiation inducing factos (DIF) to be tumor necrosis factor (TNF)
(Nature 323: 338-340,1986). In this presentation, we will report that monocytes isolated from
peripheral blood produce another differentiation inducer (DIF-M) other than TNF. The DIFM was partially purified from 3 I of a monocyte-conditioned medium prepared without serum,
using U-937, a human monoblastic leukemia cell line, as target cells. Differentiation was
monitored by assaying NBT reducing activity and other activities associated with macrophage
characteristics. The DIF-M, separated from TNF in a process including ion exchange
chromatography, salting out with ammonium sulfate, gel filtration and electofocussing, was
not cytotoxic against L-929 cells with a molecular weight of approximately 40,000 by gel
filtration and isoelectric points of 5.8-6.4. The DIF-M synergistically induced differentiation
of U-937 cells in combination with TNF.
The results suggest hat there could be a system of positive feedback control by DIF-M and
TNF in differentiation of monocytes/macrophages.

Biochemical Res. Lab., Kanegafuchi Chemical Ind. Co., 1-8, Miyamae, Takasag-ocho,
Takasago, Hyogo, Japan

F.12 Purification of glycosylated human lymphotoxin produced by
transformed hamster cells
T. KAKUTANI, Y. IKENAKA, K. YAMASHITA, T. OHHARA, H. KAWAHARADA, and
K. WATANABE
One of the powerful approaches for the understanding of natural human lymphotoxin(LT)
is to clarify the structure of the protein derived from human LT gene. LT was produced in
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cultures of baby hamster kidney (BHK) or Chinese hamster ovary (CHO) celllines transformed with a hybrid plasmid containing bacterial xanthine-guanine phosphoribosyl transferase, mouse dihydrofolate reductase and LT coding sequences. One of the BHK transformants
selected as mycophenolic acid and 100 nM methotrexate resistant clones constitutively secreted
LT into the medium at a concentration of 105 units per ml. LT was purified from the culture
supernatants of the BHK transformant chromatographically on Chelating Sepharose, DEAEcellulose, Thiopropyl-Sepharose, Lentil Lectin-Sepharose and Phenyl-Sepharose. The specific
activity of the purified LT was 3 X 10 7 units per mg of protein. The molecular weight of the LT
estimated by gel filtration was 80,000. Amino acid sequences, Leu-Pro-Gly-Val-Gly- and GlnHis-Pro-Iys-Met-, were present at the amino termini of the purified LT. The SDS-PAGE of
the purified LT showed main protein bands ranging from Mr 21,000 to 26,000 and minor
bands in Mr 45,000, 70,000 and 80,000, and all the protein bands were also dectected by PAS
staining. When the protein migrated to the Mr 21,000-26,000 region on the SDS-PAGE was
eluted from the gels and reanalyzed by SDS-PAGE, apparent high molecular weight protein
bands in Mr 45,000,70,000 and 80,000 were observed again. On the contrary, pro tein bands in
Mr 21,000-26,000 were produced by re-electrophoresis from the proteins bands in Mr 45,000
or 70,000-80,000 species eluted from the gels. These results indicate that the proteins in Mr
21,000-26,000, 45,000, 70,000 and 80,000 are closely related and the high molecular forms
might be oligomeric aggregates of the proteins in Mr 21,000-26,000 proteins. Similar results
were obtained from the LT produced by a CHO transformant.

Department of Microbiology and Immunology, University of California at Los Angeles, Los
Angeles, CA 90024, U.S.A.

F.13 The role ofTNF and LT on human B cell differentiation
H. KASHIWA,

s. C. WRIGHT, and B. BONAVIDA

Recently, we have demonstrated that both rTNF and rLT suppressed PWM-induced IgGImmunol. 138: 1383,
and IgM-PFC generation from human peripheral blood lymphocytes
Fed. Proc. 46: 1214). In this study, we examined the effects of both rTNF and rLT on
Staphylococcus Aureus Cowan I (SAC)-stimulated human B cell differentiation. It is known
that SAC-induced B cell differentiation is dependent on the presence of T cells or T cellderived helper factors. Both cytokines suppressed SAC-induced IgG-PFC generation when B
cells were cultured with T cells, while they had no effects on SAC-induced IgG-PFC
generation in the presence of helper factors. However, when highly purified B cells were used,
both cytokines at high concentrations (rTNF; 20 ng/ml and rLT; 1 ng/ml) directly enhanced
SAC-induced B cell proliferation and, to a lesser degree, helper factor-induced B cell
differentiation. These results suggest that both cytokines regulate SAC-induced IgG-PFC
generation from PBL by different mechanisms dependent on the concentrations of rTNF and
rLT used. Therefore, it is very important to determine the concentrations of TNF and LT
endogenously produced by PBL. In order to clarify the actual role of both cytokines on
human B cell differentiation our laboratory focuses on such studies in PWM-stimulated PBL
at present.

a.

The authors thank Genentech for donating the rLT and rTNF.

132 . International Conference on Tumor Necrosis Factor and Related Cytotoxins
National Medical Center Hospital, 1 Toyama, Shinjuku-ku, Tokyo 162, Japan

F.t4 Cell killing and inhibition of differentiation in non-transformed
3T3-Ll cells by tumor necrosis factor (TNF)

M. KAWAKAMI, N. WATANABE, H. OGAWA, S. SHIBATA, and T. ODA

The effects of TNF on growth and differentiation as weil as lipid metabolism were examined
in 3T3-Ll cells for which we had previously reported catabolic effects of TNF. This celiline is
able to differentiate into a cell type having the biochemical and morphological characteristics
of adipocytes. At various stages of growth and differentiation, the cells were exposed to
recombinant human TNF (rhTNF). The effects of rhTNF on cell proliferation were minimal
when the cells were in log phase. However, rhTNF showed quite marked cytotoxicity when
added to cells during the process of differentiation, the proportion of cells surviving being only
about 20 %. The cells regained their resistance to TNF cytotoxicity after they had differentiated into adipocytes. TNF also showed very strong inhibitory effects on the differentiation of
3T3-Ll cells into adipocytes. The effect was completely irreversible and once exposed to TNF,
the cells never showed any adipose conversion, even when the TNF was removed during and
after stimulation with hormones capable of inducing adipose conversion.
These results demonstrated that TNF shows marked cytotoxicity and inhibition of differentiation even against non-transformed cells. The cytotoxicity was exerted at a very specific stage
of cell differentiation, inhibition of differentiation was irreversible once the cells had been
exposed to TNF.

Division of Infectious Diseases, Hospital for Sick Children, University of Toronto, 555
University Ave, Toronto, Canada, M5G-IX8

F.tS Up regulation of cellular receptors for tumor necrosis factor by
acid-labile interferons present in AIDS sera

A. S. LAu, S. E. READ, and B. R. G. WILLIAMS
We postulate that high levels of the unusual acid-labile interferon (IFN) in AIDS patients
may induce receptors for tumor necrosis factor (TNF) and act synergistically with TNF in
cytotoxic and tumoricidal activities. The expression of TNF receptors in tumor cells (A549,
lung carcinoma; and He a, cervial carcinoma) was studied using TNF-a (Genentech) labeled
with 125lodine to high specific activity by lactoperoxidase method. Saturation binding curves
were generated with 125 1_TNF and the bin ding characteristics were analyzed to obtain the
number of receptor sites per cell and dissociation constants, Kd. Serum sampies from AIDS
patients with high levels of IFN and cellular 2-5A synthetase activities were used. Following
treatment of the cells with AIDS sera (n=8), there was a 50 to 300 % increase in TNF receptor
binding activities as compared to that of the controls treated with normal human sera. The
extent of up-regulation of TNF receptor expression was dose-related depending on the
concentration of the sera used. When cells were treated with IFN a2 and Yh we have observed a
similar up-regulation of TNF receptors. The induction of TNF receptors by AIDS sera can be
inhibited by acid treatment (pH=2) of the sera or neutralization with anti-IFN a antibodies,
indicating that the acid-labile IFN a is the inducing agent. The receptor up-regulation
phenomenon can also be blocked by actinomycin D suggesting that synthesis of new TNF
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receptors might be required. Therefore, these experiments indicate that acid-labile IFNs in
AIDS sera can up-regulate TNF receptor expression, and may enhance cytotoxic activities of
TNF on susceptible ceHs. This may be one of the mechanisms involved in the destruction of
lymphocytes in AIDS and thus contribute to the immunopathogenesis of the disease.

Medizinische Hochschule Hannover, Molekularpharmakologie und Abdominal- und Transplantationschirurgie, Konstanty-Gutschow-Str. 8, D-3000 Hannover 61, FRG

F.t6 TNF and IFN-y synergistically induce the expression of MHC dass
11 antigens in rat glomerular mesangial cells

M. MARTIN, R. SCHWINZER, and K. RESCH

The participation of glomerular mesangial ceHs in inflammatory processes of the kidney,
especiaHy in acute and chronic diseases, such as the proliferative glomerulonephritis, is stiH a
matter of discussion. Mesangial ceHs (MC) can be stimulated by mediators of the immune
system to proliferate, produce mediators themselves and change their biosynthetic profile. The
interaction with the ceHs of the immune system, especiaHy the T-lymphocytes, however, is stiH
undear.
We cultivated mesangial ceHs obtained from glomerular outgrowth under defined conditions
over a prolonged period of time. MC were free of contaminating other cell types, e.g.
macrophages. MC were incubated with recombinant rat IFN-y (H. ScheHekens, Rijswijk) and
recombinant human TNF (BASF/KnoH), respectively, or the combination of both. By FACS
analysis, we investigated the expression of MHC dass II antigens on the surface of these ceHs.
Untreated, actively proliferating ceHs were negative; they did not express MHC dass II
antigens. Treatment of MC for 48 h with 500 U TNF/ml alone had no influence on this result.
However, 100 U IFN-y/ml for 48 h induced the expression of MHC dass II antigens. The
combination of both proteins resulted in an enhanced induction of MHC dass II antigen
expression on the surface of Me.
We condude that the induction of MHC dass II antigens on mesangial ceHs by IFN-y and
TNF may render these ceHs possible as antigen presenting ceHs, thus substituting for
macrophages in local inflammatory processes of the kidney by interacting with T-lymphocytes.

Ciba-Geigy, CRA. Biovet Unit, 1566 St-Aubin, Switzerland

F.t7 Recombinant bovine TNF-a: an anti-viral agent and an
immunomodulator?
K. MCCULLOUGH

Recombinant bovine TNF-a (rBoTNFa) was compared with recombinant bovine interferon a j l (rBoIFNa j l), recombinant bovine interferon y (rBoIFNy) and certain recombinant
human leukokines. The different molecules were assayed (1) for their capacity to inhibit the
replication of bovine viruses, parainfluenza virus 3 (PI 3V), bovine respiratory syncytial virus
(BRSV), bovine herpesvirus type I (BHVI) and bovine viral diarrhea virus (BVDV), and

134 . International Conference on Tumor Necrosis Factor and Related Cytotoxins
compared to the classical assays for determining the antiviral activity of interferon; (2) for their
capacity to stimulate the replication of resting mononuclear cells; (3) for their capacity to
enhance the proliferation of stimulated mononuclear cells; (4) for their capacity to enhance
neutrophil phagocytosis/killing.
As an anti-viral agent, rBolFNa was effective, but less effective than rBolFNy and
rBoIFNy. The kinetics of the anti-viral re action demonstrated that the alpha interferon
required 3 hours of incubation with the cells, whereas rBolFNy and rBoTNFa had to be
incubated with cells overnight.
As immunomodulators, rBoTFNa and rBoTNFy were equivalent in the degree of stimulation. These compounds differed in the kinetics of their reponses. The maximum stimulation
with rBoTNFa was observed 24 hours after treatment, and the TNF had to be in contact with
the cells for at least 6 h. With interferon, the maximum stimulation was seen after 48 h, and the
minimum duration of contact had to be between 6 and 24 h. When an antigen or mitogen
stimulation was used, the relative efficacy of the different leukokines was of the same order. As
immunomodulators of bovine granulocyte phagocytosis, the rBoTNFa and rBolFNy had
appreciable efficacy, enhancing the capacity of granulocytes to destroy phagocytosed bacteria.
In conclusion, rBoTNFa can function as an anti-viral agent against bovine pathogens,
although the alpha and gamma interferons are the more effective. With respect to
immunomodulation, rBoTNFa is particulary effective at stimulating or enhancing the
stimulation of mononuclear cells or granulocyte killing of phagocytosed bacteria, being at least
as effective as gamma interferon.

Department of Internal Medicine and Chair of Chemotherapy, University of Pavia, Policlinico
S. Matteo, 27100 Pavia, Italy

F.tS Effects of human recombinant tumor necrosis factor alpha
(rTNF-a) on the in vitro proliferation and differentiation of small
celliung carcinoma (SCLC) celllines
F. MELONI, M. CAZZOLA, C. C. STELLA, and G. G. GRASSI
Small cell lung carcinoma (SCLC) is highly chemosensitive at clinical onset, but its
prognosis remains severe because of subsquent chemoresistance. This is likely due to both
rapid appearance of chemoresistant clones and decreased expression of HLA class I antigens
on the malignant cells, this latter resulting in escape from immunosurveillance. Therefore,
SCLC night be a good candidate for alternative therapeutic strategies based on the use of
biological response modifiers (BRMs). In this work, we have investigated the activity of
recombinant tumor necrosis factor alpha (rTNFa, Knoll FRG), recombinant interferon
gamma (rIFN-y, Biogen Corp., USA) and recombinant interferon alpha (rIFN-a, Roche,
Italy) on the in vitro proliferation and differentiation of two SCLC celllines (N-592, GLC1).
When added to a semisolid culture system, rTNF-a (10-10 4 U/ml) inhibited in a dosedependent manner the clonal growth of GLCl (27-95 %) and NCI-N592 (26-81 %). This
inhibitory activity was markedly increased when low doses (10 U/ml) of rIFN- and rlFN-a
were added in culture in combination with increasing doses of rTNF-a. Incubation with
different concentrations of rTNF-a or rIFN-y significantly enhanced the expression of HLA
class I (HLA A,B,C) and class 11 (HLA-DR, -DQ) antigens. We conclude that rTNF-a: (1)
strongly inhibits the dona! growth of SCLC cell!ines and (2) induces the expression of HLA
class I antigens.
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F.19 Development of tumor ceIl resistance to TNF cytolysis is associated
with loss of a 100 K pro tein and does not result in resistance to
other cytotoxic agents
M. L. NEALE, G. DANIELS, and N. MATIHEWS
Development of resistance to anti-cancer agents is often due to gene amplification e.g. in
«multi-drug» and methotrexate resistance. In these instances, increased amounts of the gene
product can be seen in resistant cells when compared with their susceptible parents by SDSPAGE. In addition, hybrids of the drug resistant cells with susceptible cells demonstrate the
resistant phenotype. Does the development of resistance to TNF follow a similar pattern?
TNF-susceptible L929 cells and their TNF-resistant subline L929/R were labelIed with 3H
amino acids and extracted proteins were compared by SDS-PAGElfluorography. Very similar
protein patterns were seen except that L929/R had much reduced amounts of a lOOK pro tein
compared with L929. Also, all hybrids between TNF susceptible cells and resistant sublines
which have been tested so far were susceptible to TNF cytolysis.
These data suggest that development of tumour cell resistance to TNF cytolysis is due to
protein loss by the resistant cells in contrast to «multi-drug» and methotrexate resistance. It
was not surprising therefore to find that although L929/R had >1000 fold resistance to TNF
compared with L929, both celilines had a similar pattern of susceptibility to those cytotoxic
drugs involved in «multi-drug» resistance. Similar results were obtained with the TNF
susceptible lines U937 and RK13 and their TNF-resistant sublines.

Institute of Immunology, University of Marburg, D-3550 Marburg, FRG

F.20 Prostagiandin E2 (PGE 2) dose dependently stimulates or suppresses
tumor necrosis factor-a (TNF-a) production
H. RENZ, M. NAIN, J.-H. GONG, and D. GEMSA
Previous observations have shown an enhanced release of PGE z and TNF-a from macrophages during acute infections. It was the goal of the present study to examine whether
synthesis of both mediators is interrelated. When rat peritoneal exudate macrophages (0.5 x
106/ml) were incubated for 20 h with recombinant human TNF-a (10-1000 ng/ml), a strictly
dose-dependent stimulation of the synthesis of PGE z and of other prostanoids was found. In
contrast, the effect of exogeneous PGE z on spontaneous and endotoxin-induced TNF-a
production showed a diversified pattern: in a low concentration range (0.1 to 10 ng/ml), PGE 2
stimulated TNF-a synthesis, whereas at high er concentrations (>10 ng/ml), a dose-dependent
suppression was found. Other prostanoids such as PGF za or PGF 1a did not affect TNF-a
synthesis. A kinetic analysis revealed that stimulation of TNF-a sythesis by low PGE 2
concentrations required 4 to 5 h to reach a maximum and, furthermore, compounds interfering
with transcription/translation such as actinomycin D and puromycin inhibited PGEz-induced
TNF-a synthesis. PGErstimulated low cyclic AMP accumulation paralleled a stimulatory
effect on TNF-a synthesis, whereas high cyclic AMP levels were suppressive. Addition of
PGE2 to a tumor cytotoxicity assay showed that low PGE 2 concentrations enhanced macrophage cytotoxicity and high PGE 2 levels were inhibitory. These data demonstrate the
capacity of PGE 2 to deliver dose dependently either a positive or a negative signal to TNF-a
producing macrophages, which suggest a strong interdependence of both mediators in the
regulation of inflammatory responses.
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F.21 Interferon y-regulated expression of a differentiation antigen of
human cells
M. H. SCHUESSLER, A. CARRATO, S. WELT, F. X. REAL

A mouse monoclonal antibody(mAb), mAb Mll1, identifies a cell surface glycoprotein of
115-135000 daltons which is constitutively expressed on cultured neuroectodermal,
hematopoetic and epithelial cells. On melanomas and colon cancer lines, M111 expression
varies with certain stages of cell maturation. M111 expression was induced by gamma
interferon (IFN-y), but not by IFN-a, IFN-ß or recombinant tumor necrosis factor (rTNF).
Using mixed hemadsorption assays, M111 expression was maximal after 48 h of culture with
200 U/ml of IFN-y and was independent of induction of Class 11 MHC antigens. In tests on
Mll1 negative celliines, Mll1 expression was induced by IFN-y as folIows: 7/9 colon cancer
cell lines, 5/5 melanomas, 2/2 sarcomas, 3/3 lung carcinomas, 7/10 renal carcinomas, 4/9
astrocytomas and 0/6 ovarian carcinomas. Incubation of cultured cells with rTNF did not
affect induction of Mll1 by IFN-y. Induction of Mll1 expression was not accompanied by
changes in differentiation traits. In freshly isolated peripheral blood leukocytes expression of
M111 was high on polymorphonuclear cells and monocytes and low or absent on lymphocytes. When peripheral blood leukocytes from cancer patients were tested before and after
treatment with 5-100 f.tg/m 2 of IFN-y and rTNF, no changes in the expression of M111 were
observed. The results suggest that in various cell lineages the gene co ding for M111 is
controlled by two mechanisms: one related to differentiation and another that can be activated
by IFN-y.

Klinische Arbeitsgruppe «Biologische Regulation der Wirt-Tumor-Interaktion» der MaxPlanck-Gesellschaft, Medizinische Klinik der Universität Göttingen, Goßlerstraße 10 d, 3400
Göttingen, FRG

F.22 TNF-a responsiveness of U937 cells depends on the stage of
differentiation
S. SCHÜTZE, P. SCHEURICH, C. SCHLÜTER, U. ÜCER, K. PFIZENMAIER, and M. KRÖNKE

TNF-a is selectively cytotoxic for some, but not other tumor target cells. To address the
molecular basis of this selectivity, which has profound implications for cancer therapy, we
established two TNF-a-resistant suclones of the parental TNF-a-sensitive U937 mono blastoid ceilline. Each of these closely related subclones U937.C27 and U937.G3 expresses similar
numbers of high affinity TNF-a receptors, indicating that in these subclones, TNF-a
resistance is determined at a post-receptor level. The constitutive patterns of membrane
associated phospho-proteins differ markedly in these subclones, suggesting the possibility of
altered TNF-a signal transduction, which ultimately may result in TNF-a-resistance. While
TNF-a apparently has lost its cytostatic activity on the two sub clones C27 and G3, it still
induces discrete differentiation along the monocytic lineage and modulates the expression of
some cellular genes. In addition, the ability of TNF-a to synergize with IFN-y in regard to
differentiation and regulatory effects on gene expression seems to be preserved in both
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subclones. Together, the data presented indicate a hierarchy of TNF-a-inducible cellular
responses which are gradually lost depending on the stage of differentiation. Finally, the fact
that TNF-a itself induces U937 cell differentiation thereby conferring TNF-a-resistance,
suggests that the cytostatic action of TNF-a can be effective only during abrief period of
monocytic differentiation.

Department of Physiological Chemistry, University of Umeä, S-901 87 Umea, Sweden

F.23 Multiple effects of tumor necrosis factor on lipoprotein lipase in
VIVO

H. SEMB,

J. PETERSON, J. TAVERNIER, and T. OUVECRONA

A single dose of recombinant murine tumor necrosis factor (TNF) suppressed lipoprotein
lipase activity in adipose tissue of fed rats, mice, and guinea pigs for 48 h, even though TNF
itself is rapidly metabolized in vivo. Immunoprecipitation of 35S lipoprotein lipase from fat
pads pulse-labeled with 35S methionine showed a decrease in relative synthesis of the enzyme,
which correlated to the decrease in activity. There was no decrease in general protein synthesis
and no change in distribution of the enzyme between adipocytes and extracellular locations in
the tissue. This is in contrast to fasting, in which case there is redistribution of the enzyme
within the tissue, decrease in general pro tein synthesis, but no change in relative synthesis of
lipoprotein lipase. TNF did not decrease lipoprotein lipase activity in any tissue other than the
adipose but increased the activity in several cases, most markedly in the liver. No 35S
methionine was incorporated into lipoprotein lipase by liver slices from normal or TNFtreated animals. Thus, the increased activity cannot be ascribed to enhanced hepatic synthesis
of the enzyme. There was an increase in lipoprotein lipase activity in plasma, which correlated
to the increase in liver. Thus, TNF suppresses lipoprotein lipase synthesis in adipocytes, but
not in other tissues, and has some as yet undefined effect on lipoprotein lipase turnover in
extrahepatic tissues, which results in increased transport of active lipase through plasma to the
liver.

Laboratory of Molecular Biology, State University of Ghent, Ledeganckstraat 35, B-9000
Ghent, Belgium

F.24 Involvement of phospholipase activity and arachidonic acid
metabolism in TNF-mediated cytotoxicity
P. SUFFYS, R. BEYAERT, F. VAN Roy, and W. FIERS

Little is known about the mechanism by which tumor necrosis factor (TNF) selectively
inhibits growth and kills tumorigenie cells. There is evidence that TNF activates the
arachidonic acid pathway in some cell lines. It is conceivable that the toxic and growthinhibitory effects of TNF are at least partly mediated by products of phospholipid metabolism.
Cytotoxicity was inhibited by quinacrine and Rosenthal's inhibitor, both specific phospholipase inhibitors. The less specific inhibitors pertussin toxin and corticoids (dexamethasone, hydrocortisone, methylprednisolone and fluocinolone acetonide), the latter exert-
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ing their effect by activation of lipocortins, which are naturally occurring PLArinhibitors,
also diminished TNF-mediated cytotoxicity. We could not detect any change in lipocortin I
amount or phosphorylation in L929 cells with TNF-treatment, so it is unlikely that the TNF
cytotoxicity is media ted through modulation of this protein. Regulation of other lipocortin
activities by TNF cannot be excluded, however. Indomethacin is an inhibitor of the cyclooxygenase pathway, and at low concentrations it does not block TNF-toxicity; however,
indomethacin is also known to inhibit PLA z when administered at high doses, and under these
conditions it does inhibit TNF action. Our preliminary results indicate that chondrocyte
PLA.activity is increased after incubation of the cells with TNF. In addition to the release of
arachidonic and, TNF could also induce the metabolization of this fatty acid. Indomethacin at
high doses blocks turnover of HPETEs to HETEs. Nordihydroguaiaretic acid (NDGA), a
generallipoxygenase inhitibor and diethylcarbamazine, a more specific inhibitor of 5-lipoxygenase and/or LTA4 -synthetase, both inhibit TNF action.
The mechanism by which TNF actually causes growth inhibition and cell death remains to
be elucidated. One possibility is that the metabolism of arachidonic acid generates release of
reactive oxygen radicals. Another possible intermediate is Iysolecithin, the PLArcleavage
product of phosphatidyl choline, which has a detergent-like activity on cellular membranes.
Supported by grants from the Nationaal Fonds voor Geneeskundig Wetenschappelijk
Onderzoek and the Onderling Overlegde Onderzoeksakties; PS and RB hold IWONL
predoctoral fellowships.

University of Michigan Medical School, Department of Pathology, Box 0602, 1150 West
Medical Center Drive, Ann Arbor, Michigan, U.S.A.

F.2S Enhanced oxygen radical responses of immune complex stimulated
rat alveolar macrophages by cytokines

1- s.

WARREN, S. L. KUNKEL, K. 1- JOHNSON, and P. A. WARD

We have sought to examine the potential roles of the monocyte-macrophage derived
cytokines, tumor necrosis factor (TNF) and interleukin 1 (IL 1), in the pathogenesis of acute
immune complex-induced lung injury. In the rat, formation of either IgG or IgA immune
complexes results in oxygen radical mediated, partially complement dependent lung injury.
The primary sources of oxygen radicals in IgG and IgA immune complex induced lung injury
appear to be neutrophils and lung macrophages, respectively. Preformed monoclonal IgG and
IgA immune complexes in vitro stimulated dose-dependent Or and HzO z production by
alveolar macrophages while neutrophils exhibited oxygen radical responses in response to IgG
complexes but not in response to IgA complexes. Monocyte-macrophage derived cytokines
amplify these responses. Recombinant TNF, human IL 1 and culture supernatants from
zymosan activated alveolar macrophages amplified Orresponses of immune complex stimulated alveolar macrophages but did not amplify the responses of neutrophils. Recombinant
TNF, IL 1 and alveolar macrophage culture supernatant alone had no direct stimulatory effect
on Orproduction of alveolar macrophages. These data suggest that Oz-responses of immune
complex activated alveolar macrophages can be significantly enhanced by the presence of TNF,
IL 1 or activated macrophage media. It is possible that products of macrophages amplify tissue
injury through the enhancement of oxygen radical production.
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