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The dark side of TRAIL signaling
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Tumor necrosis factor (TNF)-related apoptosis-inducing
ligand (TRAIL) is a member of the TNF receptor ligand family
that was discovered in the mid-nineties."? The TRAIL system
comprises four transmembrane TRAIL receptors, two of
which are agonistic receptors that signal to cell death
(i.e., TRAIL-R1, TRAIL-R2), while the other two are
antagonistic receptors (i.e., TRAIL-R3, TRAIL-R4) that do
not transmit a death signal and thus can confer resistance
toward TRAIL-induced apoptosis.® As TRAIL can bind to any
of these four receptors, relative expression levels of TRAIL
receptors on the cell's surface determine, at least in part, the
outcome of the TRAIL response. Thus, based on this
organization of the TRAIL receptors, there is already an
inbuilt dichotomy in the TRAIL system, which has been
implicated in the higher susceptibility of cancer versus normal
non-malignant cells to TRAIL-induced cell death.

Besides this heterogeneity of the TRAIL system comprising
both agonistic and antagonistic cell surface receptors, there
has been accumulated evidence over the last years indicating
an additional level of dichotomy within the TRAIL signaling
network in human cancers (Figure 1). On one side, TRAIL
activates caspase-dependent apoptosis or non-apoptotic cell
death pathways in TRAIL-sensitive tumor cells. On the other
side, there are now numerous reports showing that TRAIL can
also stimulate non-apoptotic pathways via TRAIL receptors.
The engagement of these survival signaling cascades not only
interferes with TRAIL-induced apoptosis, thereby conferring
resistance toward TRAIL, but can also elicit several additional
biological effects that contribute to the malignant phenotype of
human cancers, including proliferation, invasion, migration
and metastasis.* Importantly, this dichotomy implies that the
agonistic TRAIL receptors TRAIL-R1 and TRAIL-R2 can also
engage cell survival pathways, depending on the cellular
context. Thus, despite its name, that is, apoptosis-inducing
ligand, and despite the fact that TRAIL belongs to the family of
death receptor ligands, the induction of apoptosis is only one
of the biological effects that is elicited by TRAIL in cancer
cells.

The review by Azijli® in this issue of Cell Death &
Differentiation focuses on this ‘dark’ side of the death ligand
TRAIL, namely the engagement of non-canonical survival
signaling pathways, which is less well studied compared with
the cell death-inducing properties of TRAIL. The authors
provide a comprehensive review of the molecular mechan-
isms that are involved in the regulation of this part of the tumor

biology of TRAIL. In particular, they discuss non-canonical
kinase signaling events including various kinases such as
RIP1, IxB/ NF-xB, MAPK p38, JNK, ERK1/2, MAP3K TAK1,
PKC, PI3K/Akt and Src.

It is important to note that the so-called agonistic TRAIL
receptors TRAIL-R1 and TRAIL-R2 not only trigger apoptosis
in TRAIL-sensitive cells but are also capable to activate
survival pathways in tumor cells that resist the induction of cell
death upon exposure to TRAIL. The fact that the very same
receptors can signal to both cell death and cell survival
depending on the cellular context highlights that additional
factors beyond the mere presence of agonistic TRAIL
receptors on the cell surface eventually determine the
outcome of signaling events. At present, little is yet known
about the molecular events that control cell death versus
survival signaling downstream of agonistic TRAIL receptors.

The functional dichotomy of the TRAIL system has
important implications for cancer therapy with TRAIL. In
principle, recombinant soluble TRAIL or fully humanized
TRAIL receptor antibodies are considered as promising
strategies for the treatment of cancer, as they can preferen-
tially engage cell death programs in cancer cells while sparing
normal, non-malignant cells.® However, the engagement of
survival signaling cascades, for example, in TRAIL-resistant
cancers, is obviously counterproductive for cancer therapy
with TRAIL, as it can not only confer treatment resistance but
may also elicit a variety of additional, potentially harmful
effects, for example, increased proliferation, invasion, migra-
tion and metastasis. The fact that under certain conditions the
agonistic TRAIL receptors TRAIL-R1 and TRAIL-R2 can
mediate these tumor-promoting activities of TRAIL implies
that these unwanted effects are not restricted to soluble
TRAIL that can bind to all four TRAIL receptors, but also apply
to antibodies that are specifically designed to target one of the
two apoptosis-inducing TRAIL receptors. Therefore, the use
of TRAIL receptor-specific antibodies will likely not be
sufficient to avoid these tumor-promoting activities of TRAIL.
Moreover, it is currently unclear whether TRAIL triggers such
survival signaling events exclusively in cancers that are
resistant toward TRAIL-induced apoptosis. Alternatively,
TRAIL may simultaneously engage cell death and survival
pathways also in tumors that are in principle sensitive toward
TRAIL. The latter possibility would imply that the TRAIL-
stimulated engagement of survival pathways in a subpopula-
tion of cells within a tumor may facilitate the development of
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Figure 1 Dichotomy of TRAIL signaling. Binding of TRAIL to agonistic TRAIL
receptors either activates canonical signal-transduction pathways resulting in
caspase activation and apoptosis or alternatively can engage non-canonical
signaling cascades, leading to increased proliferation, invasion, migration and
metastasis

acquired resistance toward TRAIL that may eventually
contribute to tumor relapse. Another implication relates to
the therapeutic window of TRAIL receptor agonists for the
treatment of cancer. So far, the preferential induction of
apoptosis in malignant versus non-malignant cells has been
considered as a particular strength of TRAIL-based thera-
peutics that could be exploited for cancer therapy with TRAIL,
as it may provide a therapeutic window to preferentially kill
tumor cells with little toxicity against normal cells and tissues.
However, as similar non-canonical signal-transduction path-
ways are activated by TRAIL in non-transformed normal cells
as in TRAIL-resistant tumor cells, disruption with these
survival pathways to augment the antitumor activity of TRAIL
may in parallel also increase toxic side effects in normal cells,
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thereby diminishing the therapeutic window of TRAIL-based
therapeutics. While data, so far, indicate that combination
therapies that interfere with TRAIL-stimulated survival path-
ways may preferentially sensitize cancer but not normal cells
for TRAIL, the underlying molecular mechanisms for this
differential sensitization have not yet been unraveled. This
indicates that much more research is required to explore the
question whether a therapeutic window for the use of TRAIL
receptor agonists may exist in clinical settings. Ultimately, the
goal is the targeted induction of cell death by TRAIL
specifically in tumor cells, while sparing normal cells.

At present, TRAIL receptor agonists including soluble
recombinant TRAIL ligand or fully human TRAIL receptor
antibodies are under evaluation in clinical trials for the
treatment of cancer.® This highlights the relevance and
actuality of research aiming at a better understanding of the
full range of biological activities, including activation of survival
pathways that can be engaged by TRAIL receptors in
malignant and non-malignant cells.
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