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USP8 - Another DUB in the T cell club
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Protein modification by ubiquitin
plays a critical role in multple cellular
processes and is counteracted by the activ-
ity of ~90 deubiquitinating enzymes
(DUBs) encoded by the human genome.
Beside the catalytic core domain most
DUBs contain various protein-protein-
interaction domains, which determine
substrate specificity and recruitment to
multi-molecular complexes. However, the
physiological relevance of most mamma-
lian DUBs in particular cell types remains
elusive.'

Several DUBs like A20, Cylindromato-
sis (CYLD), USP9X, and USP15 were
shown to be essential for proper T cell
function.” We now identified ubiquitin-
specific protease 8 (USP8) as a novel com-
ponent of the T cell receptor (TCR) sig-
nalosome that interacts with the adapter
molecule Gads and the regulatory protein
14-3-3B.7 Gads is highly abundant in T
cells and modulates signal diversification.”
As typical for 14-3-3 proteins, the inter-
action with 14-3-3[ was dependent on a
serine phosphorylation motif within the
14-3-3 binding motif (14-3-3BM) of
USP8 (Fig. 1). In several cell types includ-
ing hepatocytes, fibroblasts and adenoma
cells USP8 was shown to control endoso-
mal sorting of transmembrane proteins.>®
By mediating deubiquitination of cargo
substrates and components of the endoso-
mal sorting complex (ESCRT) USP8
counteracts lysosomal degradation and
thus stabilizes receptor tyrosine kinases
such as the EGFR.>” Remarkably, in con-
trast to MEFs and hepatocytes, lack of
USP8 had no influence on the stability of
components of the endosomal sorting

machinery in T cells.>> The adaptor mol-
ecule STAM?2 for example, which inter-
acts with USP8 via SH3 binding (Fig. 1)
was not destabilized in T cells. The obser-
vation that USP8 has distinct functions in
different cells depending on varying inter-
acting proteins or substrates supports a
unifying concept for a wide range of other
DUBs encompassing multiple protein
interaction modules. With respect to
USP8, T cell-specific function might arise
from the high affinity of the N-terminal
SH3 binding motif (SH3BM) of USP8 to
Gads, which is predominantly expressed
in T cells.

T cell-specific deletion in mice
(U;p8ﬂ "MCd4-Cre) revealed that USP8 is
essential for thymocyte transition to the
CD4" and CDS8™ single positive (SP)
stages and efficient positive selection.’
USP8 was not required for CD3/CD28-
induced canonical signal transduction or
negative selection, but critical for Foxol-
mediated IL7Ra and C-C chemokine
receptor type 7 (CCR7) expression. In
vivo reconstitution showed that enzymatic
activity and SH3-binding are essential for
USPS8 function in T cells. Of note, U:p8ﬁ/
8CA4-Cre mice developed lethal colitis
that was associated with disturbed T cell
homeostasis, predominance of CD8*
v3-T cells in the intestine and compro-
mised regulatory T cell function.”

Recently, USP8 has received much
attention as somatic mutations of the gene
encoding USP8 that lead to the accumula-
tion of the EGFR on the surface of corti-
cotroph cell pituitary adenomas represent
the primary cause of Cushing’s disease
(CD).® Because these cells produce

excessive adrenocorticotropic  hormone
(ACTH), adrenal glands are stimulated to
produce elevated levels of cortisol. The
resulting symptoms are referred to as
“Cushing’s Syndrome” and include: cen-
tral obesity, myopathy, skin and mood
changes, impaired reproductive function,
hypertension, cardiovascular disease and
metabolic syndrome. All Usp8 mutations
found in CD are located in or around the
sequence encoding the 14-3-3 binding
motif (Fig. 1). Intriguingly, disruption of
14-3-3 binding by most of these muta-
tions is associated with enhanced proteo-
lytic processing of USP8 yielding a
truncated, highly active protein, which
deubiquitinates  EGFR and ultimately
leads to enhanced recycling and expression
of activated EGFR at the plasma mem-
brane of corticotrophs.® Sustained EGFR
signaling is in turn responsible for the
forced expression of the ACTH precursor
proopiomelanocorticotropin (POMC).®
Similar to the USP8 variants found in
CD patients, we identified rapid process-
ing of USP8 in murine T cells upon acti-
vation of the TCR.? This processing was
caspase-dependent and resulted in the
generation of mouse USP8 fragments that
were homologous to the fragments of the
human USP8 variants found in corticotro-
pinomas. These findings confirmed that
murine and human USP8 are both pro-
teolytically cleaved. Our results also clearly
show that USP8 processing can occur even
when the 14-3-3 binding site is not
mutated demonstrating that USP8 cleav-
age is not only a pathological process, but
rather an endogenous regulatory mecha-
nism. Moreover, we showed for the first

*Correspondence to: Almut Dufner; Email: almut.dufner@uniklinik-freiburg.de, Klaus-Peter Knobeloch; Email: klaus-peter.knobeloch@uniklinik-freiburg.de

Submitted: 09/14/2015; Accepted: 09/25/2015
http://dx.doi.org/10.1080/15384101.2015.1105698

Feature to: Dufner A, et al. The ubiquitin-specific protease USP8 is critical for the development and homeostasis of T cells. Nat Immunol. 2015;16(9):950-60; PMID:

26214742; http://dx.doi.org/10.1038/ni.3230

www.tandfonline.com

Cell Cycle

3775



mutational hot spot
cle-avage

\ 4

14-3-3-BM SH3BM

!

14-3-3B/e/N/T

uspg ([ [ | L1
USP8dim  Rhod SH3BM

Gads B[ W sTAM2[

[T |

SH3 SH2 SH3 VHS

Modulation of ESCRT-0
complex and cargo stability

UIM SH3

Lymphocyte-specific
function

posttranslational modifications or
interacting proteins like Gads.

SP thymocyte maturation requires
low-affinity TCR interactions with
self-peptide-MHC to trigger a signal-
ing cascade that allows for positive
selection.® Our studies did not reveal
a defect in TCR-induced canonical
signaling cascades. However, whether
USPS8 is involved in the discrimina-
tion of low- and high-affinity signals
in specific thymocyte populations
remains to be tested. Likewise, USP8
may control TCR-stabilization/upre-
gulation during development. It will
be interesting to see whether similar

to CD somatic USP8 mutations

Figure 1. USP8 structure-function relationships. Functional domains, interacting proteins and modules,
the region affected by CD-causing mutations and the site of proteolytic processing are depicted. USP8-
dim: USP8 dimerization domain; Rhod: Rhodanese-like domain; VHS: Domain present in VPS-27, Hrs and

STAM; UIM: Ubiquitin-interaction-motif.

might underlie human T cell defects
or malignancies, or autoimmune
disorders.

time that USP8 is processed under physio-
logical conditions by a receptor-driven
stimulus in a caspase dependent manner.

As binding of USP8 to 14-3-3 strictly
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