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Summary of the 5TH International Congress on TNF and
related cytokines: scientific advances and their medical
applications1
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Ten years ago, a new field emerged with the isolation and
cloning of tumor necrosis factor (TNF), an exceptionally
pleiotropic cytokine that seemed to promise an effective
treatment for cancer. The field drew a heavy following from
the existing disciplines of immunology, oncology, endocrinol-
ogy, hematology, and infectious disease research as it was
recognized that the actions of TNF were relevant to each.
The first International Congress on TNF and Related Cyto-
kines was held in Heidelberg in 1986, and subsequent con-
gresses were held in Napa, Chiba, and Veldhoven. This, the
5th Congress, was held at the Asilomar Conference Center
in Monterey.

A meeting of this type can ideally serve as an anchor to
unify a discipline that might otherwise become badly frag-
mented. In this sense, the 5th International Congress was an
unqualified success. It is accurate to say that the field as a
whole has advanced enormously since the last congress, held
2 years ago.

The meeting was organized into basic and clinical sec-
tions, with some overlap between the two. The basic science
portion began with a discussion of TNF homologues and
their receptors, as well as an update on the structural biology
of TNF-receptor interaction. A thorough overview of the
TNF ligand and receptor families was offered by Ray Good-
win, Mark Alderson, Mark Bothwell, and Peter Baum. All
members of the ligand family are believed to be trimeric, and
all of the receptor family members are defined by the
cysteine-rich motifs that they contain in varying copy
number.

How do members of the ligand family trigger responses?
Two powerful papers provided a tantalizing glimpse at the
answer to this question. Stephen Sprang, who earlier was
one of the first investigators to crystallize TNF itself,
presented his studies of the nature of the TNF receptor,
which he and his colleagues crystallized separately from
TNF. He was able to compare the unliganded receptor struc-
ture to the structure of the TNF receptor bound to ligand -

work previously undertaken by Banner and co-workers. No
other receptor has ever been studied in this manner-
another “first” in the TNF field. The unliganded receptor ap-
pears to exist as a dimer within the crystal lattice. It appears
that this dimeric interaction may be disrupted in response to
engagement of the ligand. This conformational change may,
in effect, constitute the “molecular switch” that distinguishes
an active from an inactive receptor molecule.

In independent studies, Flavia Bazzoni revealed that it is
possible to make TNF receptors that are constitutively “on”
by fusing the cytoplasmic domain of either the 55-kDa or
75-kDa receptor to the extracellular domain of the erythro-
poietin receptor. Both such chimeras are cytotoxic when ex-
pressed at high levels in tumor cells, suggesting that both
receptors are capable of signaling apoptotic events and that
receptor dimerization, rather than trimerization, is critical

for signal transduction. Moreover, using adenoviral vectors,
it is possible to project TNF-like activity to a variety of cell
or tissue targets in the absence of TNF itself.

What is the signal that TNF evokes? No certain answer
may yet be given, but a series of important studies presented
by Mike Rothe suggests that the 75-kDa receptor, at least,
engages proteins that contain a “ring finger” motif and may
thereby generate cytoplasmic signals. Termed TRAFs (TNF
receptor-associated factors), these proteins are found in a
wide variety of cells and may, in part, determine the shades
of cellular response elicited by this pleiotropic cytokine.

In a series of lectures devoted to gene knockout work,
Joachim Rothe and Mark Moore discussed the phenotype of
animals that lack the 55-k and 75-kDa receptors, respectively,
and Craig Smith described the phenotype of combined recep-
tor deletion. David Chaplin and Hans-Pietro Eugster de-
scribed the knockout of LT-a and the combined knockout of
TNF and lymphotoxin (LT)-a, respectively. Carl Ware de-
scribed the newly discovered association of LT-a/LT-/3 heter-
omer and the TNF receptor-related protein (TNFR-rp).

It might have been anticipated that knockout of the two
TNF ligands would mimic knockout of the two TNF recep-
tors. However, the surprising reality is that animals lacking
LT-cx (unlike animals lacking either or both of the classical
TNF receptors) fail to develop lymph nodes. This finding
immediately implicates the LT-cx/LT-f3 heteromer, and its
plasma membrane target TNFR-rp, in the ontogeny of
lymph nodes. Hence, the knockout of different members of
the TNF ligand and receptor gene families has ushered in yet
new problems to attack.

Much thought has been given to the signaling cascade that
elicits TNF biosynthesis, and over the years it has been es-
tablished that both transcriptional and translational activa-
tion signals contribute to the process. These signals have be-
come more tangible with the recognition that certain drugs
selectively block transcriptional and translational activation.
John Lee described one such agent, SK-86002, a pyridinyl
imidazole that seems to selectively block association of TNF
mRNA with the polysomes, preventing its translation in
endotoxin-activated cells. In a separate series of studies,
V#{233}ronique Kruys reported the existence of a 38-kDa protein
that specifically binds the UA-rich element of the TNF
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mRNA. Although active in resting macrophages, the protein
appears to dissociate from the mRNA following cell activa-

tion by lipopolysaccharide (LPS). Finally, Jiahuai Han
purified, sequenced, and cloned a protein of similar size that
is phosphorylated in LPS-activated cells and identified it as
a mitogen-activated protein (MAP) kinase homologue, most
similar to the yeast Hog gene product, which permits cell sur-
vival under hyperosmolar conditions. Thus, critical charac-
teristics of the LPS signal transduction pathway are begin-
ning to emerge, and before long it may be expected that a
coherent pathway leading from membrane to nucleus, on the
one hand, and from membrane to mRNA on the other, will
be assembled.

The clinical goal of blocking TNF synthesis might take
many forms. Gerry McGeehan discussed the enzymatic
cleavage of pro-TNF to TNF and revealed that processing is
accomplished by a discrete metalloproteinase, which appears
to be associated with the Golgi complex. Inhibition of this
enzyme, by means of a specific dipeptide-based inhibitor,
effectively prevents the release of TNF both in vitro and in
vivo and can significantly blunt the toxicity of LPS in
galactosamine-treated mice. These studies mark the use of a
relatively specific small molecular antagonist of TNF
synthesis - a use that may ultimately find extensive clinical
application.

The clinical use of TNF antagonists has grown remark-
ably sophisticated over the past 2 years. Werner Lesslauer
made the point admirably in his introductory comparison of
TNF inhibitory molecules (fusion proteins consisting of
TNF receptor extracellular domains spliced to immuno-
globulin G heavy chains) and anti-TNF antibody molecules.
Although the latter are more advanced in their clinical appli-
cation, the former offer certain special features (immuno-
logic “invisibility:’ stability, and extraordinary affinity) that
may ultimately make them more useful. As Janice Wherry
described, administration of anti-TNF antibodies to patients
with septic shock has, in large-scale phase III trials, yielded
a trend toward efficacy, assessed in terms of 28-day survival.

Perhaps most striking of all were data presented by Marc
Feldmann and Sander Van Deventer, who used monoclonal
antibodies against TNF to treat rheumatoid arthritis and,
Crohn’s disease, respectively. In the first case, double-blind
placebo-controlled trials clearly showed a beneficial effect of
treatment, indicating that anti-TNF may hold enormous
promise as a first-line therapy for rheumatoid disease. In the
second case, a double-blind study has yet to be performed.
Yet anti-TNF appeared to induce remarkable remissions in
patients with chronic inflammatory bowel disease, refractory
to all other forms of therapy. The question remains: how may
other inflammatory diseases may express themselves through
the elaboration of TNF and, of these, how many might be
effectively treated through TNF inhibition?

On the flip side of the coin, the use of TNF in the treat-
ment of cancer has also made impressive strides. Ferdinand
Lejeune, Douglas Fraker, and Alexander Eggermont demon-
strated that regional perfusion with TNF can be used to ex-
cellent effect in the therapy of melanomas and soft-tissue sar-
comas confined to a single extremity. Although the toxic
effects of TNF preclude systemic administration at doses
sufficient to elicit hemorrhagic necrosis, this reaction can be

elicited in humans, just as in mice, if high concentrations of
TNF are applied to a tumor within an isolated perfusion sys-
tem. On the other hand, as discussed by Daniela Maennel,
the metastatic behavior of at least some tumors is enhanced
by TNF treatment, and as noted by Flavia Bazzoni, TNF ex-
pression constructs can actually cause transformation of
premalignant cells. Therefore, although TNF seems to be a
useful tool in the treatment of malignant disease, much re-
mains to be understood concerning its mechanism of action.

Other cytokines were also discussed in the course of the
congress. Daniel Caput set forth new data concerning the
receptor for interleukin-l3 (IL-13), a close cousin of IL-4,
which, however, does not exert an effect on T cells because
they fail to bind the protein. Donna Rennick detailed the
biological actions of IL-b, the phenotype that results from
IL-tO knockout, and the potential uses of IL-b in the treat-
ment of inflammatory diseases. Richard Bucala discussed
migration inhibition factor (MIF), a cytokine cast in a new
light as it appears to derive largely from pituitary cells and
to exercise a toxic effect in conjunction with TNF.

Other aspects of the host response were also described,
often in a complementary fashion. Emil Skamene recounted
the cloning of the Bcg locus, which encodes a multiple
membrane-spanning protein that may function as a nitric
oxide channel and may represent a point of intersection in
the actions of interferon- y and TNF, both of which, as noted
by Joachim Rothe, Robert Modlin, and Jan Vilcek, are re-
quired for effective disposal of mycobacteria. Kevin Tracey
outlined his work with a novel drug that appears to block
selectively arginine uptake by macrophages, preventing their
production of NO, and blocking some of the untoward effects
of NO in septic shock. Georges Grau revealed a hitherto
unknown pathologic event wherein platelets fuse with endo-
thelial cells under the influence of TNF, leading to untoward
vascular reactions as may be observed in cerebral malaria.

Finally, a number of issues in allied fields were illuminated
by keynote speakers Tak Mak, Shigekazu Nagata, John
Cohen, and Robert Schreiber, who dealt with T cell on-
togeny, the Fas receptor-ligand system, the general subject of
apoptosis, and the structure and function of the interferon-y
receptor, respectively. To a remarkable degree, the TNF field
has affected each of these areas and, in turn, has been
influenced by discoveries that originated outside the realm of
TNF itself. Perhaps this is one indication of the importance
of TNF, which displays a breadth of activities that could
scarcely have been imagined a few short years ago.

What conclusions issued from the TNF meeting of 1994?
First, that the TNF receptor-ligand system has been full of
surprises. Who would have guessed that deletion of the LTa
gene would cause lymphoid aplasia? And who can say how
or why it does so? Who now can guess the essential role of
many of the TNF receptor homologues? Surely much infor-
mation remains to be discovered. Second, it appears that in-
sight into the mechanism of signaling is being gained. Third,
TNF does have a role in cancer therapy after all, if only in
selected cases. And finally, it appears that anti-TNF therapy
will also have a role, not only in the therapy of shock but also
in chronic inflammatory diseases of obscure etiology.

The next TNF meeting, to be held in Greece, will surely
have much to offer related to each of these points.


