A rheostat tuning thymic selection
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Thymocytes must undergo positive selection to survive and differentiate. This process is regulated by the TCR-
sensitive protein CHMPS by preventing Bcl2 oxidation and degradation.

ignals operating through the a3 antigen

receptor (TCR) in developing thymo-

cytes can have diametrically opposite
consequences depending on the strength of
the interaction between the TCR and peptide-
MHC ligands. Absence of signal, or induction of
a signal strong enough to cause a mature T cell
to grow and divide, results in thymocyte cell
death, whereas an intermediate ‘Goldilocks’
signal results in survival and continued differ-
entiation—the process of positive selection.
In this issue of Nature Immunology, Adoro
et al. link previously disparate observations
to describe a previously unidentified pathway
active only in response to signal strength that is
‘just right'!. The pathway involves TCR signal-
ing, de-ubiquitylation, reactive oxygen species
(ROS) and the stability of pro-survival factors
such as Bcl2.

Elegant studies have established the kinetics
of TCR and peptide-bound MHC interactions
that promote positive as opposed to negative
selection. Multiple pathways of signal transduc-
tion downstream of these interactions decode
a continuous spectrum of signal strength to
direct cells toward discrete alternate devel-
opmental fates, fates that include cell death?.
This aspect of thymocyte selection appears to
be counter-regulated by the expression of pro-
survival Bcl2 and, under some circumstances,
pro-apoptotic Bim3>; however, the ways that
these arbiters of cell viability are themselves
regulated during the selection process are not
presently understood.

The endosomal sorting complex required
for transport (ESCRT) carries out cargo rec-
ognition, membrane sculpting and vesicu-
lar sorting, often as a means of transporting
ubiquitylated proteins to the lysosome for
degradation®. In this capacity, the ESCRT
complexes affect diverse aspects of cell
biology that can include finely tuned
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post-translational regulation of protein abun-
dance’. This made the ESCRT machinery a
potentially attractive target for probing thy-
mic development, and in particular, previous
work showed that CHMP5, an accessory pro-
tein in the ESCRT-III complex, has variable
effects on EGFR and TGFBRII turnover?.
In addition, it directly inhibits NF-xB sig-
naling in osteoclasts®. In the present study,
the authors found that CHMP5 itself can be
subject to proteosomal regulation during
the progress of thymocyte development, and
they went on to show that a lineage-specific
deletion of Chmp5 using Cd4-Cre produces an
almost complete loss of mature, post-selection
CD24°TCRM thymocytes. The inference
was that CHMPS5 is required for thymocyte
development past the stage at which posi-
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tive selection occurs. Similarly to the study in
osteoclasts, the authors’ work showed no evi-
dence for a defect in ESCRT-dependent traf-
ficking9; in contrast to that study, however,
there was also no evidence for other defects
in receptor-mediated signaling, including
NF-kB activation, release of free calcium or
phosphorylation of Erk.

The lack of a measurable effect on TCR
signaling implied that a block in thymocyte
development resulting from Chmp5 loss of
function could be the result of a defect in
survival. Indeed, Bcl2 levels were reduced in
Chmp5-null thymocytes, which is consistent
with an increase in apoptotic cells ex vivo.
Bcl2 stability is regulated through oxidation
caused by reactive oxygen species (ROS)!?, and
in keeping with this, the authors found that it
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Figure 1 TCR signaling alters post-translational regulation of CHMP5 to modulate double-positive
CD4+CD8* thymocyte survival. Double-positive thymocytes have increased expression of CHMP5
attributable to increased transcription and decreased ubiquitin (Ub)-mediated protein degradation.
(@) In the absence of interaction with a positively selecting peptide-MHC ligand, CHMP5 protein

is degraded. (b) TCR signaling induced by ligation of an intermediate-affinity peptide-MHC ligand
(such as in positive selection) promotes stabilization of CHMP5 through phosphorylation (PO,4) via an
unknown kinase, and this enhances its physical interaction with the deubiquitinase USP8. CHMP5
is then capable of protecting Bcl2 from reactive oxygen species (ROS) produced during thymocyte
stimulation. This enables double-positive thymocytes to continue differentiation and CD4+ as opposed
to CD8* lineage commitment. (c) CHMP5 is ubiquitinated and degraded in the presence of strong
TCR signals induced by high-affinity ligand binding (such as in negative selection), eliminating its

stabilization of Bcl2.
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was more highly sulfenylated in the absence of
CHMPS5. Their key finding was that the stabil-
ity of CHMPS5 itself depended on differential
signals through the TCR. Signaling resulting
from the recognition of intermediate-affinity
peptides, or from low concentrations of PMA
and ionomycin, actively promoted stabilization
of CHMPS5, whereas strong signals, emanating
from the recognition of agonist peptides or
high concentrations of PMA and ionomycin,
did not. Mass spectrometry revealed two phos-
phorylated serines and a ubiquitylated lysine as
key regulators of CHMPS5 stability; mutation of
the serines resulted in constitutive ubiquityla-
tion, whereas mutation of the lysine resulted in
increased CHMPS5 stability (Fig. 1).

The implication was that CHMP5 is posi-
tively regulated by phosphorylation and nega-
tively regulated by ubiquitylation. In an instance
of true serendipity, Adoro et al. screened a panel
of deubiquinating enzymes (DUBs) for activity
against CHMP5 and found two, one of which
was shown to be nonessential for T cell devel-
opment, whereas deletion of the gene encoding
the other, USP8, almost exactly phenocopied
the deletion of Chmp5 (ref. 11). The authors
then demonstrated a physical interaction
between CHMP5 and USP8 that was depen-
dent on the identified phosphoserines and
occurred only after intermediate TCR stimu-
lation. Finally, deletion of Usp8 caused a reduc-
tion in CHMP5, leading to a model whereby
USP8 interacts with and deubiquinates CHMP5
upon signaling that is just right, and this, in
turn, stabilizes Bcl2. These results provide the
framework for understanding how measured
signals allow thymocytes to survive Bim-
Bax-Bad-mediated apoptosis* and continue
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on a path to thymic egress and residence in
secondary lymphoid organs.

The survival of thymocytes thus involves an
ESCRT protein in a new role: not dependent
on regulating ubiquitylation or the stability
of ubiquitylated proteins, but rather opposing
an oxidation reaction that destabilizes Bcl2.
The stability of CHMP5 itself appears to be
regulated by ubiquitylation that is opposed
by serine phosphorylation, and this sug-
gests the existence of one or more CHMP5
kinases or phosphatases that decode the con-
tinuum of TCR signals into null, intermedi-
ate and strong. A complication to this model
is that Chmp5 mRNA is also reduced in the
presence of strong signals, suggesting that
phosphorylation and protein stabilization are
not the only means by which CHMP5 is regu-
lated. Negative selection may involve a further
level of transcriptional or post-transcriptional
Chmp5 control. We see this as a required path-
way that supports, but does not drive, positive
selection. More directly, this pathway appears
to be a key to the enigmatic ‘early’ or cortical
form of negative selection'>—a process that is
invoked in the face of omnipresent antigens
that do not require specialized, medullary
antigen presentation.

Still other questions revolve around USP8
and how its activity in regulating CHMPS5 is
controlled. Is phosphorylation of CHMP5 the
only regulator of USP8 effects on CHMPS5, or
are there other regulators of USP8 activity?
USP8 binds the TCR-proximal signal trans-
ducer GADS, as well as 14-3-3, but associates
with the TCR signalosome without a require-
ment for GADS!. Does TCR signalosome
formation promote the physical interaction

between the two molecules described in this
report? Does USP8 activation via a cysteine
protease!! provide an additional level of con-
trol in determining the survival response to
TCR signals?

The CHMP5 control of thymocyte survival is
determined by post-transcriptional regulation
of signaling components at multiple steps along
the pathway. This is yet another illustration of
the disconnect between mRNA expression and
cellular physiology'. It is also an illustration
of the means by which science moves forward:
that is, by serendipity, or, as Pasteur put it, “In
the fields of observation, chance favors the pre-
pared mind”
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