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TRAIL- and TNF-induced signaling
complexes—so similar yet so different
Harald Wajant

TNF receptor-1 (TNFR1) and TRAIL death
receptors preferentially induce pro-inflam-
matory or cytotoxic signaling, respectively,
via distinct plasma membrane and cytoso-
lic complexes. New studies identifying the
pro-inflammatory factors TRAF2, RIP, and
LUBAC in TRAIL death receptor complexes
suggest that the latter are more “TNFR1-
like” than anticipated and argue for
revision of prevailing models of spatio-
hierarchical TRAIL-induced signaling com-
plex assembly.

See also: E Lafont et al (May 2017)

T umor necrosis factor (TNF) receptor-

1 (TNFR1) and the TNF-related

apoptosis-inducing ligand (TRAIL)

receptors TRAILR1 and TRAILR2 share the

characteristic “death domain” (DD) and

make use of basically the same set of

signaling proteins to induce apoptotic or

necroptotic cell death, but also to engage

pro-inflammatory signaling pathways such

as the classical NF-jB pathway. Interest-

ingly, however, while pro-inflammatory

signaling is dominant in the case of TNFR1,

cytotoxic activities are most prominent in

TRAIL death receptor signaling. These rela-

tive preferences appeared to be due to dif-

ferences in the localization and hierarchy of

assembly of signaling complexes triggering

cell death and activation of the pro-

inflammatory IjB kinase (IKK) complex (for

review see Siegmund et al, 2016). TNFR1

stimulation triggers assembly of a

membrane-localized complex devoid of cyto-

toxic activities. This “complex I” contains

the DD adapter protein TRADD and the

serine/threonine kinase RIP, which recruit

complexes of TRAF2 and the E3 ubiquitin

ligases cIAP1 or cIAP2, as well as the linear

ubiquitin chain assembly complex (LUBAC).

RIP modification by these E3 ligases with

K63-linked and M1-linked (linear) ubiquitin

chains creates docking sites for the ubiqui-

tin-binding domain-containing subunits of

the IKK complex and its activator, the TAB

2-TAK1 complex, and this way ensures

robust and very rapid activation of the clas-

sical NF-jB pathway. In contrast, TNFR1-

induced apoptosis and necroptosis are

dependent on receptor internalization and

arise from secondarily formed receptor-free

cytosolic protein complexes containing RIP,

caspase-8, RIP3, and (in the case of apopto-

sis) the DD-containing adaptor protein FADD.

Furthermore, cytotoxic TNFR1 signaling typi-

cally depends on sensitizing mechanisms and

is thus rarely apparent in otherwise unchal-

lenged cells. On the other hand, TRAIL death

receptors seem to act directly as the core of a

membrane-associated apoptosis-inducing

signaling complex containing FADD and

caspase-8, while pro-inflammatory signaling

and necroptotic signaling originate from

cytosolic complexes additionally containing

RIP, RIP3, and TRAF2.

In this issue of The EMBO Journal, new

work from the Walczak group (Lafont et al,

2017) now not only demonstrates that the

TNFR1 signaling component LUBAC also

contributes to TRAIL-induced NF-jB signal-

ing, but also finds LUBAC recruitment via

TRAF2 and RIP into plasma membrane-

associated TRAIL death receptor signaling

complexes, thus making TRAIL death recep-

tors much more “TNFR1-like”. This notion

is further supported by another new study

(Henry & Martin, 2017), also reporting

TRAIL death receptor recruitment of RIP;

while that work did not directly analyze

LUBAC recruitment, this event may be

inferred based on their observation of

recruitment of A20, another functionally

relevant ubiquitin-binding component of the

TNFR1 signaling complex with ubiquitina-

tion-modifying activities.

The new work confirms the broad and

general relevance of LUBAC for activation of

the classical NF-jB signaling pathway by

various stimuli (for review see Sasaki &

Iwai, 2015). These observations also match

well with the increasing notion of TRAIL

death receptors as inducers of inflammation

with context-dependent tumor-promoting

activity (Trauzold et al, 2006; Hoogwater

et al, 2010; Hartwig et al, 2017). Indeed, at

the first glance the involvement of LUBAC in

TRAIL signaling may seem unsurprising

given that TRAF2 and RIP had already been

implicated in pro-inflammatory TRAIL

signaling (Lin et al, 2000; Varfolomeev et al,

2005). What clearly is unexpected, however,

is that TRAF2 and RIP along with LUBAC

are not only found in the cytosolic signaling

complex, but also in the plasma membrane-

associated TRAIL death receptor signaling

complex, which has been the subject of

intense research for approximately two

decades. It is thus quite remarkable that it

took until now to demonstrate robust

recruitment of TRAF2, RIP, and TRAF2/RIP-

associated proteins such as LUBAC or A20

to the TRAIL death receptor signaling

complex. The interactions of the TRAIL

death receptors with TRAF2, RIP, and

LUBAC may be less stable or more dynamic

than those of TNFR1, and thus more difficult

to detect in immunoprecipitation (IP) experi-

ments; indeed, Lafont et al (2017) frequently

find significant amounts of TRAF2, RIP, and

LUBAC subunits in negative controls of their
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TRAIL death receptor IPs, something that is

not evident in most published reports on

TNFR1 IPs. Overall, the new findings of

Lafont et al (2017) and Henry and Martin

(2017) again highlight the question why

TNFR1 and TRAIL death receptors display a

relative preference for inflammatory and

cytotoxic signaling, respectively.

Since FADD and caspase-8 are not

recruited to TNFR1, the new results at first

glance suggest a simplified consideration of

TRAIL death receptors as “TNFR1 copies”

with the added ability to recruit the apopto-

sis-inducing FADD–caspase-8 dyad, or vice

versa the consideration of TNFR1 as a TRAIL

death receptor with lost ability to interact

with FADD and caspase-8. However, this

would definitely be a misleading

oversimplification because FADD and

caspase-8 deficiency abrogates recruitment

of TRAF2, RIP, and LUBAC to TRAIL death

receptors as well as TRAIL-induced NF-jB
activation (Henry & Martin, 2017; Lafont

et al, 2017), but has no major effect on

TNFR1 signaling complex formation and

TNF-induced NF-jB signaling. Thus, the

results of Lafont et al (2017) and Henry and

Martin (2017) suggest that the concept of

spatially determined hierarchical activation

of apoptosis and pro-inflammatory signaling

by TRAIL death receptors might be replaced

by a model in which caspase-8 activation

and TRAF2/RIP-mediated recruitment of IKK

activation-triggering E3 ligases bifurcate at

the receptor level (Fig 1). Notably, while the

enzymatic activity of caspase-8 is crucial for

TRAIL-induced apoptosis, it is dispensable

(and even inhibitory) for recruitment of

TRAF2, RIP, and LUBAC.

FADD has been reported to be, in

comparison with caspase-8, only present in

substoichiometric amounts within TRAIL

death receptor complexes, serving as a

nucleus that promotes filamentous assembly

and subsequent trans-activation of caspase-8

molecules (Dickens et al, 2012; Fu et al,

2016). Considering the crucial role of

caspase-8 as an adaptor that recruits RIP,

TRAF2, and LUBAC to TRAIL death recep-

tors, the question arises whether these mole-

cules then decorate receptor-associated

caspase-8 filaments, or modify their assem-

bly and/or ability to stimulate caspase-8

activation. Indeed, Lafont et al (2017)
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Figure 1. Revising models of TRAIL-induced formation of cell death and NF-jB-inducing signaling complexes.
Left, prevalent model based on spatial hierarchy. TRAIL initially stimulates assembly of a membrane-localized apoptosis-inducing signaling complex comprising TRAIL
death receptors, FADD, and procaspase-8 filaments. After release into the cytoplasm, the latter two secondarily form an NF-jB-activating complex together with RIP
and TRAF2. Notably, models of TNFR1 signaling invoke the opposite order of events. Right, revised model with pathway bifurcation at the receptor level. Proteins required
for apoptosis induction and NF-jB activation are concomitantly recruited to the membrane-localized TRAIL death receptor signaling complex prior to eventual release in
the cytoplasm. Although FADD is an essential part of the revised model, it is no obligate component of the cytosolic complex—while FADD-deficient cells lack cell
death induction or NF-jB activation after TRAIL stimulation, they are still able to activate NF-jB and necroptosis in response to TNF. The asterisk indicates fully matured
heterotetrameric caspase-8.
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provide evidence that LUBAC restricts

TRAIL death receptor-associated caspase-8

activation. Since activation of the TRAIL

death receptors further results in the appear-

ance of cytosolic complexes containing

FADD, caspase-8, RIP, TRAF2, and LUBAC,

it will also be important to clarify whether

these complexes are assembled on the

expense of TRAIL death receptor-associated

FADD-nucleated caspase-8 filaments.

The new studies from Lafont et al (2017)

and Henry and Martin (2017) allow us

surprising and novel insights into the

composition of the TRAIL death receptor

signaling complex and put its dual apopto-

sis- and NF-jB-stimulating activity into the

spotlight. However, these studies also

prompt new questions about the mecha-

nisms controlling the quality and quantity of

TRAIL activity at the receptor level. This

illustrates that even 20 years after the first

publications on this topic, we are still far

from having a comprehensive picture of the

molecular mode of action of TRAIL death

receptor signaling complexes, and suggests

that there is still much to be discovered.
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