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SPATA2: New insights into the assembly of the TNFR signaling complex
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Non-degradative ubiquitylation represents a pivotal posttran-
criptional modification (PTM) for signaling by the inflamma-
tory cytokine TNF. K63- and M1-linked ubiquitylation of
RIPK1, NEMO, cIAPs, TRADD, and TNFR1 promotes the
assembly and the stabilization of the TNF-receptor signaling
complex (TNF-RSC). In this context, the IAPs and the LUBAC
complex have been identified as the main mediators of K63-
and M1-linked ubiquitylation, respectively.

Ubiquitylation, like other PTMs, is reversible. Enzymes
such as CYLD, A20 or OTULIN have been shown to deubi-
quitylate a number of components of the TNF-RSC, and
these deubiquitinases (DUBs) exhibit specificity for different
ubiquitin linkages. The DUB CYLD is unique, by being spe-
cific for both K63- and M1-linkages. By proteolytic cleavage
of those bondings, CYLD deubiquitinates TNF-RSC compo-
nents, resulting in TNF-RSC destabilization, and thus attenu-
ating the signal triggered by TNFR stimulation. In order to
perform its job, CYLD is recruited to the TNF-RSC. Impor-
tantly, it was recently shown that CYLD is recruited to the
TNF-RSC along with the M1- ubiquitin ligase complex
LUBAC, while OTULIN, another M1-specific DUB and
binding partner of HOIP, was not.1

Our recent study provides new insight as to how the recruit-
ment of CYLD to the TNF-RSC is organized.2 By performing a
SILAC mass-spectrometry screen for interaction partners of
CYLD, we identified the protein spermatogenesis associated
protein 2, SPATA2, which stood out in our screen with a high
enrichment score. This protein had previously been reported to
be involved in spermatogenesis, while other reports had dis-
cussed the involvement of the spata2 locus in psoriasis. We
re-assessed the interaction by co-immunoprecipitation experi-
ments and found that SPATA2 interacts with its N-terminal
PUB domain with the C-terminus of CYLD, which comprises
the ubiquitin specific protease (USP) activity domain. As the
recruitment of CYLD to the TNF-RSC had been shown to
require the LUBAC component HOIP, we tested the possibility
that SPATA2 interacts with HOIP as well. This was indeed the
case, as HOIP interacted with SPATA2 via its PUB domain,
while a PUB-interacting motif (PIM) in SPATA2, which we

identified, was required for the interaction with HOIP. Thus,
our data suggested that SPATA2 is the protein, which mediates
the interaction between CYLD and HOIP. Consistent with
these interaction studies, SPATA2 was recruited with similar
kinetics, as were CYLD and HOIP, to the TNF-RSC, upon TNF
stimulation.

Furthermore, when cells lacking SPATA2 were stimulated
with TNF, the recruitment of HOIP was preserved, while
CYLD was absent from the TNF-RSC. These findings, along
with data from another study, strongly suggests SPATA2 to be
the bridging factor for the CYLD-HOIP interaction, and
thereby for the recruitment of CYLD to the TNF-RSC.3

The fact that SPATA2 interacted with the USP domain of
CYLD let us wonder whether the enzyme activity of CYLD
itself is affected by the interaction with SPATA2. Intriguingly,
we observed that CYLD exhibited an increased enzyme activity
for cleavage of K63- and M1-linked di-ubiquitin substrate,
when SPATA2 was simultaneously overexpressed.

In line with these data, cells lacking SPATA2 exhibited
increased M1 ubiquitylation at the TNF-RSC. This suggested
that the signaling downstream of the TNFR1 would be affected
in SPATA2¡/¡cells, and indeed, SPATA2 ko cells exhibited
both enhanced NF-kB and MAPK signaling after stimulation
with TNF. This indicated that SPATA2, just as CYLD, acts as a
negative regulator of these signaling pathways. It is quite likely
that SPATA2 also influences signaling pathways downstream
of NODs and TLRs, making SPATA2 a novel important player
in the field of innate immunity.

In addition, an important question was whether SPATA2
also affects the death-inducing activity of TNF. TNF-
induced death signaling requires the absence of pro-survival
signals such as IAP- or LUBAC-mediated ubiquitylation, or
the absence of TAK1 activity,4-6 allowing the formation of
the TNFR complex II. By analyzing TAK1¡/¡ cells, which
we stimulated with TNF, we found that the additional
absence of SPATA2 largely attenuated the formation of
complex II. Consistently, TAK1¡/¡/SPATA2¡/¡ cells showed
very low caspase activity and reduced apoptosis, as com-
pared to cells lacking TAK1 only, which underwent rapid,
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RIPK1-dependent apoptosis. Thus, our study shows that
SPATA2 is required for TNF induced, RIPK1-dependent
apoptosis in cells permissive for this signaling pathway, and
it will be important to explore whether SPATA2 is part of
complex II.2

What are the biological implications? A number of different
studies on CYLD¡/¡ mice reported male infertility, defects in
T-cell development, hyper-responsive T-and B- cells, as well as
an hyper-activation of macrophages in absence of CYLD.7 It
will be very interesting to see whether these findings, or at least
some of them, are reflected in SPATA2¡/¡ animals.

SPATA2 was initially identified in testes, and shown to
be highly expressed in Sertoli cells. In fact, we could dem-
onstrate that SPATA2 reduced NF-kB and MAPK activation
by TNF in 15P-1, a Sertoli cell line. It is tempting to specu-
late that SPATA2 plays a role to dampen cytokine secretion
by Sertoli cells, in order to attenuate potentially damaging
inflammatory responses. The analysis of the fertility of
SPATA2¡/¡ males will very likely shed light on the require-
ment of SPATA2 to preserve the integrity of male
reproduction.

Taken together, with SPATA2, a novel essential component
of the TNF-RSC was identified and further research will help
us to complete the understanding of its role for innate immu-
nity and cell death signaling pathways.
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