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Inhibition of TNF-a Signaling: Divide and

Conquer

Thorsten Berg*™

The cytokine tumor necrosis factor alpha
(TNF-a) plays an important role in the in-
flammatory response to tissue injury and
various viral and bacterial infections.™
TNF-a. forms homotrimers that bind to
TNF-a receptor 1 (TNFR1) and TNF-a. re-
ceptor 2, (TNFR2) inducing receptor tri-
merization, which in turn triggers the
biological responses. As aberrantly in-
creased TNF-a activity may lead to tissue
damage, inhibitors of TNF-a are of clini-
cal interest for the treatment of autoim-
mune diseases such as rheumatoid ar-
thritis, psoriatic arthritis, Crohn’s disease,
and asthma. Clinical inhibition of aber-
rantly high levels of TNF-a is currently
achieved by using a soluble form of
TNFR2 coupled to the invariant part of
immunoglobulins (Etanercept by Amgen
and Wyeth Pharmaceuticals) or with
anti-TNF-a antibodies (Infliximab by Cen-
tocor and Schering-Plough, and Adali-
mumab by Abbott). These protein-based
agents have validated TNF-a as a thera-
peutic target and have yielded signifi-
cant advances in the treatment of rheu-
matoid arthritis. Small-molecule inhibi-
tors of TNF-a-TNF-a receptor binding
may be beneficial, as they could be
taken orally, thus eliminating the need
for injection. Furthermore, the produc-
tion costs of a small molecule are likely
to be significantly lower than those for a
protein-based agent, resulting in a
cheaper drug.

A research group at Sunesis Pharma-
ceuticals has identified a small molecule
that inhibits the interaction between
TNF-o and TNFR1 in the micromolar con-
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centration range (Figure 1a).” The sub-
stance is composed of a trifluoromethyl-
phenyl indole and a dimethyl chromone
moiety, which are linked by a dimethyla-
mine spacer. X-ray crystallographic analy-
sis revealed that the compound displa-
ces one of the three TNF-a subunits and
forms a complex with the remaining two
subunits (Figure 1b). The symmetry of
the resulting TNF-a-TNF-a-inhibitor
complex closely resembles that of the
homotrimeric complex (Figure 1c). The
interaction between the inhibitor and
the two TNF-a subunits appears to be
largely hydrophobic and shape-driven,
as no intermolecular hydrogen bonds or
salt bridges were observed. Interestingly,
6 of the 16 amino acids of the remaining
two TNF-a molecules with which the in-
hibitor interacts are tyrosine residues.
Since the TNF-a-TNF-o~inhibitor com-
plex is unable to bind to and stimulate
TNF-o. receptors, it effectively inhibits
TNF-a signaling.

Surprisingly, the inhibitor did not
simply bind to the TNF-o homotrimer
and thereby block residues crucial for
binding to its receptors, but instead dis-
placed one TNF-a subunit. This led the
authors to study the mechanism by
which subunit displacement occurred.
Two mechanisms are possible: either the
compound binds to a TNF-a. dimer only
after one of the three TNF-a subunits
has spontaneously dissociated (predisso-
ciation-dependent mechanism) or it
binds to the intact TNF-a trimer and ac-
tively displaces one of the three TNF-a
subunits  (predissociation-independent
mechanism). Thorough biochemical anal-
ysis revealed that the predissociation-in-
dependent mechanism was the case be-
cause binding of the substance to the
intact TNF-a trimer could be detected,
and the inhibitor accelerated the dissoci-
ation of one of the three TNF-a subunits
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by 600-fold. It is unclear how the com-
pound dissociates the trimer, as the
amino acids to which the inhibitor binds
are buried in the intact trimer. The au-
thors speculate that the molecule might
contact its binding site by transient
structural fluctuations. Another question
is that of specificity: whereas the authors
demonstrate specific inhibition of TNF-a-
mediated degradation of the protein in-
hibitor of NF-kB (IxB) in one cellular
assay, it would be interesting to learn
how the interactions between other mul-
timeric cytokines and their receptors are
influenced by the inhibitor. Furthermore,
it will be important to observe whether
the substance has a beneficial effect in
inflammatory disease model systems.
The identification of this inhibitor
demonstrates that the function of a ho-
motrimeric protein can be inhibited by
displacement of one of the protein subu-
nits by a small molecule. Moreover, the
identification of the predissociation-inde-
pendent mechanism of action demon-
strates that small molecules can actively
dissociate preformed protein complexes.
Interestingly, the current study is not the
first report of a substance that disrupts
TNF-a trimers. About a decade ago, sura-
min, a symmetrical polysulfonated urea
derivative used for the treatment of try-
panosomiasis and onchoceriasis, was
found to inhibit receptor binding of
TNF-a, at least in part, by accelerating
the dissociation of trimeric TNF-a by
fourfold at 37°C, whereas no effect was
observed at 4 and 20°C.” In contrast to
the TNF-a inhibitor featured herein, sura-
min was found to completely dissociate
TNF-o. trimers to monomers. The new
TNF-a inhibitor appears to be significant-
ly more potent than suramin; despite
being tested at a 30-fold lower concen-
tration than suramin, it causes a 600-fold
acceleration of TNF-a subunit dissocia-
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Figure 1. A) Structure of the TNF-a inhibitor. B) Crystal structure of the complex between the inhibitor and two TNF-a subunits. C) Superposition of the TNF-a
dimer (yellow/blue) bound to the inhibitor (green) with the TNF-a trimer structure (gray). Parts B) and C) are reprinted with permission from Ref. [2], copy-

right 2005 AAAS.

tion, even at room temperature, a condi-
tion under which suramin is inactive to-
wards TNF-a. Other substances which
have been reported to inhibit the inter-
action between TNF-a and its receptors
include cyclic peptides consisting of b-
amino acids™ and exocyclic small pepti-
domimetics corresponding to three criti-
cal binding sites of TNFR1.”) Substances
containing an N-alkyl 5-arylalkylidene-2-
thioxo-1,3-thiazolidin-4-one core were
found to block binding of TNF-a to
TNFR1 by binding reversibly to the re-
ceptor with micromolar affinity in the
dark. With exposure to light, which is
generally not a physiological condition,
unfortunately, the inhibitors could subse-
quently modify the receptor covalently
by a photochemical reaction, resulting in
activities in the nanomolar concentration
range in vitro.”

As small-molecule drugs that directly
target receptor binding of TNF-a have
not yet been developed, alternative ap-
proaches to regulate TNF-a activity with
small molecules are currently being ex-
plored in the clinical setting. The under-
lying rationale of these methods is the
inhibition of signaling pathways that ac-
tivate TNF-a as only one of a number of
effects, and for which small-molecule
drugs may be available in the near
future. As TNF-a expression is regulated
in part by the p38 MAP kinase pathway,
the suitability of small-molecule kinase
inhibitors of p38 for the treatment of
rheumatoid arthritis is currently being in-
vestigated in clinical trials. The inhibition
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of phosphodiesterase type 4 (PDE4), the
enzyme that catalyzes the conversion of
cAMP to AMP, leads to an increased ac-
tivity of protein kinase A, which in turn
inhibits the activity of transcription fac-
tors such as NF-kB. NF-kB activates the
genes not only for TNF-a, but also many
others, including those for other cyto-
kines. PDE4 inhibitors are currently
under clinical investigation for the treat-
ment of inflammatory airway diseases
caused by excess activity of TNF-a. The
teratogenic drug thalidomide and some
of its derivatives also decrease the levels
of cytokines, including TNF-a, and are
therefore currently under clinical investi-
gation to assess their suitability as thera-
peutics for the treatment of inflammato-
ry disorders and certain tumors.” These
indirect approaches to the reduction of
TNF-a signaling come with the drawback
of an increased likelihood of side effects,
as the actual target of inhibition has a
broader signaling role. It makes more
sense to adopt the most direct, and
thereby selective, approach towards the
inhibition of TNF-a, that is blocking its
interaction with its receptors, preferably
with small molecules. It may still be a
long way to the development of such a
drug, but the new TNF-a inhibitor?
highlighted herein is a big step in the
right direction.
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