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ABSTRACT
ARTS (Sept4_i2) is a pro-apoptotic mitochondrial tumor suppressor protein which binds to and causes
degradation of XIAP (X-linked inhibitor of apoptosis). We recently showed that ARTS brings XIAP into close
proximity to Bcl-2, creating a complex which enables degradation of both these major anti-apoptotic
proteins and promotes apoptosis. The possible therapeutic implications are discussed here. KEYWORDS
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ARTS (Apoptosis Related protein in TGF-beta Signaling path-
way)(Sept4_i2) was initially discovered as a pro-apoptotic pro-
tein in the TGF-beta signaling pathway but was shown to
function in many other apoptotic pathways, including those
triggered by staurosporine, arabinoside, etoposide, UV etc.
ARTS induces apoptosis through direct binding and antagoniz-
ing XIAP. ARTS not only binds directly to XIAP but it also
promotes its proteasome-mediated degradation in apoptotic
cells.1,2 Support for the function of ARTS as a tumor suppressor
protein came from studies both in human patients and in mice.
ARTS expression is lost or significantly reduced through epige-
netic silencing in more than 70% of tested Acute Lymphoblastic
Leukemia (ALL) patients,3 50% of lymphoma patients4, and
more than 70% of hepatocellular carcinoma patients (HCC)
(Pham and Steller unpublished results). Evidence for a role of
ARTS as a physiological XIAP-antagonist and tumor suppres-
sor came from inactivation of the mouse Sept4/ARTS gene.
Sept4/ARTS-Null mice show accelerated spontaneous tumor
development, elevated XIAP levels and elevated stem cell num-
bers which exhibit increased resistance to cell death4. These
data demonstrate the important physiological role of ARTS in
regulating apoptosis and as a tumor suppressor protein in vivo.

High levels of ARTS are sufficient to induce apoptosis. In
response to apoptotic stimuli, transcriptional activation of
ARTS results in higher levels of ARTS which bind to XIAP
within minutes following induction of apoptosis. This leads to
rapid release of active caspases from their complex with XIAP
(S. Larisch unpublished results and.5 This de-repression of cas-
pases occurs upstream of MOMP (Mitochondrial Outer
Membrane Permeabilization) and precedes the release of cyto-
chrome and Smac/Diablo by several hours.5 Unlike the process
of opening of the mitochondrial pores, which is caspase depen-
dent and is required for the release of cytochrome c and Smac/
Diablo from the inter membrane space of the mitochondria,
the translocation of ARTS from the outer membrane of

mitochondria is caspase independent and can occur rapidly.
Within minutes following apoptotic induction ARTS can trans-
locate to the cytosol to bind to XIAP and cause de-repression
of active caspases.5 The function of ARTS is required for
proper, on time MOMP and release of proteins in the mito-
chondrial inter-membrane space. Accordingly, Sept4/ARTS-
Null MEFs (Mouse Embryonal Fibroblasts) exhibit a significant
delay in the release of cytochrome c and Smac/Diablo from the
mitochondria following apoptotic induction5. Therefore, we
suggest that this pre-MOMP ARTS-dependent release of active
caspases enables cleavage of caspase substrates such as Bid that
can now promotes MOMP. This also provides an explanation
for many reports demonstrating a requirement for caspases to
enable release of Smac/Diablo and MOMP (for example,6 We
have previously shown that ARTS acts as an XIAP antago-
nist).1,2 In addition, we identified a distinct mechanism by
which ARTS promotes apoptosis through antagonizing Bcl-2
(Fig. 1). In living cells, ARTS is in a complex with Bcl-2 at the
outer membrane of mitochondria, and XIAP and Bcl-2 do not
bind to each other. However, upon induction of apoptosis
ARTS serves as a scaffold to bring XIAP into close proximity
with Bcl-2. This now allows XIAP to act as an E3-ligase and
degrade Bcl-2 through the ubiquitin-proteasome system.7

Lysine 17 in Bcl-2 is the major acceptor for ARTS and XIAP-
mediated ubiquitylation (Fig. 1). In vivo ubiquitylation assays
preformed in both XIAP and Sept4/ARTS null MEFs showed a
significant inhibition of ubiquitylation of Bcl-2 upon induction
of apoptosis. Moreover, mutating Lysine 17 to Alanine in Bcl-2
as well as mutating all 4 Lysines in Bcl-2 caused increased pro-
tein stability and more potent anti-apoptotic function.7 The
BH3 domain in Bcl-2 is known to mainly interact with BH3
domains of other Bcl-2 members. Interestingly, we showed that
ARTS binds directly also to the BH3 domain of Bcl-2, and a
mutant Bcl-2 protein lacking its BH3 domain had reduced
binding to ARTS and significant decrease in its ability to

CONTACT Sarit Larisch saritlarisch@gmail.com; slarisch@univ.haifa.ac.il Cell Death and Cancer Research Laboratory, Department of Biology, University of Haifa,
Haifa, 31905, Israel.

https://doi.org/10.1080/23723556.2018.1441630

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives License (http://creativecommons.org/licenses/by-nc-nd/4.0/),
which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited, and is not altered, transformed, or built upon in any way.

© 2018 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group

MOLECULAR & CELLULAR ONCOLOGY
2018, VOL. 5, NO. 4, e1441630 (2 pages)

https://crossmark.crossref.org/dialog/?doi=10.1080/23723556.2018.1441630&domain=pdf&date_stamp=2018-04-25
mailto:saritlarisch@gmail.com
mailto:slarisch@univ.haifa.ac.il
https://doi.org/10.1080/23723556.2018.1441630
http://www.tandfonline.com


undergo ubiquitylation.7 Using a peptide array method, we
found that ARTS binds to the same Bcl-2-BH3 binding pocket
as the pro-apoptotic Bax protein. This suggests that Bcl-2 coun-
teracts ARTS in living cells in a similar way to its interaction
with Bax. In addition, Sept4/ARTS null MEFs and ARTS KD
(knocked down cells) exhibit high levels of Bcl-2, suggesting
that ARTS functions as a novel Bcl-2 antagonist. Interestingly,
the BH3-mimetic ABT-199 can attenuate the inter-
action between Bcl-2 and ARTS, indicating that the specific
BH3-binding motif to which ABT-199 binds in
Bcl-2 is also important for the interaction with ARTS. This
activity of ABT-199 is expected to reduce degradation of Bcl-2,
which has the potential to cause increased resistance towards
apoptosis. However, because ABT-199 causes cell killing it is
clear that this compound potently inactivates the anti-apoptotic
activity of Bcl-2, even if present at somewhat elevated levels.

Bcl-2 is over-expressed in hematological malignancies and
solid tumors.8 Likewise, XIAP is over-expressed in many can-
cers.9 High XIAP expression has been correlated with resis-
tance to chemotherapy and radiotherapy and to poor

prognosis. Therefore, intense efforts have been made to target
these two major anti-apoptotic proteins for cancer therapy.
Moreover, simultaneous inhibition of both XIAP and Bcl-2
enhances killing of cancer cells in a nonlinear way and
improves chemotherapy.10 This suggests that ARTS-mimetic
small molecules that could degrade both XIAP and Bcl-2 will
be potentially very effective cancer therapeutics.
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Figure 1. Regulation of Bcl-2 stability by ARTS and XIAP. ARTS brings XIAP and Bcl-
2 into a ternary complex leading to ubiquitylation and degradation of Bcl-2 by
XIAP to promote apoptosis. In living cells both ARTS and Bcl-2 are localized at the
outer membrane of the mitochondria. Upon induction of apoptosis ARTS and Bcl-2
accumulate in the cytosol. ARTS binds directly to both XIAP and to the BH3 domain
in Bcl-2 enabling the formation of ternary complex. Thus, ARTS serves as an adap-
tor protein bringing XIAP containing an E3-ligase activity in close proximity to Bcl-
2. This induces the ubiquitylation of lysine 17 (K17) in Bcl-2 and its degradation by
the proteasome. Down regulation of Bcl-2 levels promotes a series of cellular
events leading to caspase activation and apoptosis (adapted from).7
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