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Engagement of certain cell surface receptors by the their cognate ligands leads to the rapid induction of cell death by an
intracellular suicide program known as apoptosis (1). The signaling pathways employed by these “death receptors”
appear to involve the sequential activation of the caspase group of cysteine proteases in an ordered and hierarchical
manner (2). A well-described cofactor in this process is FADD, a key adapter protein that mediates the recruitment of
proximal caspases to the cell surface receptor (3). However, a recent report by Bannerman et al. in the JCI (4) reveals an
intriguing additional function for FADD as a regulator of the transcription factor NF-kB. FADD is best known as an
intracellular factor that, upon ligand binding, is recruited to the cytoplasmic domain of Fas (also known as Apo-1 and
CD95), a member of the TNF receptor (TNFR) superfamily (5, 6). Fas and FADD associate through a conserved motif
known as the death domain (DD), which is found in both the Fas cytoplasmic tail and the FADD protein (7). In turn, FADD
can recruit certain caspases, notably caspase-8, through a second element known as the death effector domain, present
in FADD and in the prodomain of the caspase. How might FADD control the apparently unrelated NF-«kB pathway? A
complex relationship exists between the control of apoptosis and [...]
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Engagement of certain cell surface
receptors by the their cognate ligands
leads to the rapid induction of cell
death by an intracellular suicide pro-
gram known as apoptosis (1). The sig-
naling pathways employed by these
“death receptors” appear to involve
the sequential activation of the cas-
pase group of cysteine proteases in an
ordered and hierarchical manner (2).
A well-described cofactor in this
process is FADD, a key adapter pro-
tein that mediates the recruitment of
proximal caspases to the cell surface
receptor (3). However, a recent report
by Bannerman et al. in the JCI (4)
reveals an intriguing additional func-
tion for FADD as a regulator of the
transcription factor NF-xB.

FADD is best known as an intracel-
lular factor that, upon ligand bind-
ing, is recruited to the cytoplasmic
domain of Fas (also known as Apo-1
and CD9S5), a member of the TNF
receptor (TNFR) superfamily (S, 6).
Fas and FADD associate through a
conserved motif known as the death
domain (DD), which is found in both
the Fas cytoplasmic tail and the
FADD protein (7). In turn, FADD can
recruit certain caspases, notably cas-
pase-8, through a second element
known as the death effector domain,
present in FADD and in the
prodomain of the caspase.

How might FADD control the
apparently unrelated NF-kB pathway?
A complex relationship exists between
the control of apoptosis and NF-xB.
Studies of signaling through the type
1 TNFR (TNFR1) have demonstrated
the activation of both a proapoptotic
pathway (similar to the Fas mecha-
nism) and NF-xB (8); in this case acti-
vation of NF-xB appears to provide a
prosurvival signal whose mechanism
is still unclear but that is presumed to
involve the transcriptional induction
of various apoptotic suppressors (9).
As reviewed recently by Budd (10),

variations on this theme are numer-
ous and may be cell type-specific. The
existence of these two opposing sig-
nals may explain why many cells bear-
ing TNF receptors do not undergo
apoptosis upon TNF binding. Simi-
larly, the proinflammatory molecule
lipopolysaccharide (LPS) can act
through the Toll-like receptor Tlr-4 to
induce caspase and NF-xB activation.
Some of the intracellular components
involved in Tlr-4 signaling are differ-
ent (the adapters MyD88, FADD, and
the NF-xB-activating kinase IRAK are
recruited to the Tlr-4 cytoplasmic
domain in the latter pathway), but the
paradigm is the same: caspases are
activated, but so is NF-xB (11). The
report by Bannerman et al. (4) shows
that FADD can function in both path-
ways to activate apical caspases while
at the same time suppressing NF-kB
signaling (Figure 1). The precise man-
ner in which FADD achieves this is
still unclear. The authors speculate
that through binding to MyDS88,
FADD might competitively displace
IRAK from the complex. An alterna-
tive mechanism would be the direct
binding of FADD to IRAK.

As pointed out by Bannerman et al.
(4), previous studies have found that
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FADD can act as a suppressor — and
not, as in this report, an inducer — of
NF-kB (12-14). One of the most sig-
nificant experimental differences
between these reports is the use by
Bannerman et al. of lines containing
stably overexpressed FADD, as well as
lines derived from FADD-deficient
mice. In contrast, the earlier studies
employed transient overexpression of
FADD. Differences in cell type and the
nature of the stimulus may also have
a profound influence. Indeed, Ban-
nerman et al. found that, whereas
FADD-deficient embryonic fibrob-
lasts show heightened induction of
NF-kB following LPS treatment, their
response to TNF is normal (4).
Perhaps the most fascinating ques-
tion arising from these studies con-
cerns the physiologic advantage of
coordinating caspase induction and
NF-kB pathway suppression by
FADD. Could the suppression of
NF-kB by FADD determine the level of
sensitivity to apoptosis? Given the
ability of FADD to specifically block
the induction of NF-xB by LPS; this is
a possibility that should be fairly
straightforward to test. Secondly,
could the cell utilize this cross-talk
mechanism to manage a more likely

Trl-4

LY Ve
NF-xB activation

v Figure 1
Central components of the
Ve TNF and TIr-4 signaling
pathways. Recruitment and
activation of FADD suppress
Tlr-4- but not TNFR1-medi-
ated signaling, presumably
through an interaction with
MyD88. See text for details.
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physiologic scenario, the simultaneous
induction of more than one receptor
pathway? For example, if LPS-mediat-
ed NF-xB induction is suppressed by
FADD, would LPS stimulation alter
the cellular responsiveness to, say,
TNF? These types of studies might
have great clinical significance, partic-
ularly in our understanding of the
mechanism by which LPS-expressing
Gram-negative bacteria induce septic
shock. A tantalizing question raised by
these studies is whether the effects
seen by Bannerman et al. (4) could be
regulated by neutralization of the TNF
pathway. Thus, a more complete
understanding of the signaling cas-
cades induced by LPS may have great
value in the treatment of septicemia.
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