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Fine-tuning of thymocyte development by
ubiquitination-mediated stability control of the
ESCRT protein CHMP5
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Tlymphocytes are generated from
hematopoietic stem cells in bone

marrow, mature in the thymus and
migrate to peripheral lymphoid tissues.
The thymus is composed of the cortex
and medulla, and there are many imma-
ture thymocytes in the cortex and more
mature thymocytes are present in the
medulla. Developing thymocytes expres-
sing T-cell receptor (TCR) αβ chains
generated by TCR gene rearrangement
selectively differentiate only when they
are determined to be useful cells by
judgement of the strength of interaction
between their TCR and peptide antigens
presented on major histocompatibility
complex (MHC) molecules of cortical
thymic epithelial cells (cTECs). Cells
unable to recognize peptide-MHC
ligands cannot receive survival signals,
and only cells that can recognize peptide-
MHC ligands with an appropriate affi-
nity proliferate and differentiate into
mature T cells. This checkpoint mechan-
ism is called positive selection. On the
other hand, cell death is induced in cells

that show strong responses to peptide-
MHC ligands, a mechanism that is called
negative selection. Although the mechan-
ism that produces different responses
depending on the affinity between TCR
and peptide-MHC ligands has not been
unclear, the mitogen-activated protein
kinase (MAPK) pathway, and strength
and localization of downstream signals in
TCR stimulation are likely involved in
regulation of the selection process of T
cells.1 For example, p38, c-Jun NH2-
terminal kinase (JNK), and extracellular
signal-regulated kinase 5 (ERK5) are
important MAPK signals for negative
selection but are not required for positive
selection. On the other hand, phosphor-
ylation of ERK1/2 is important for posi-
tive selection but not for negative
selection. It is also known that localiza-
tion of phosphorylated ERK differs
between positive selection and negative
selection. Stimuli of negative selection
induce phosphorylated ERK closer to the
plasma membrane than stimuli of posi-
tive selection do. As a new mechanism
not dependent on the MAPK pathway,
Adoro et al.2 recently reported that an
adequate input of TCR promotes the
survival of positively selected thymocytes
via the stabilization of one of the
pro-survival factors, B-cell lymphoma 2
(Bcl-2).

Endosomal sorting complex required
for transport (ESCRT) is a system neces-
sary for separating membranes, forming
and transporting vesicles, and forming

multivesicular bodies (MVBs). Multiple
ESCRT proteins are involved in this
system: early-acting ESCRT proteins are
first recruited to the site of membrane
detachment and they recruit late-acting
ESCRT proteins. These late-acting
ESCRT proteins are also known as the
charged MVB protein (CHMP) family
and are involved in membrane deformity
and isolation in cooperation with VPS4.
There are seven CHMP genes in budding
yeasts and eleven CHMP genes in
humans, and they are classified into
subgroups of CHMP1 to CHMP7. The
relationship between ESCRT proteins
and T-cell differentiation has been
unclear, but Adoro et al. showed that
CHMP5 is essential for T-cell differentia-
tion. However, CHMP5 likely contri-
butes to T-cell differentiation via
functions other than that in the ESCRT
pathway, because CHMP5 is dispensable
in the ESCRT pathway in developing
thymocytes.

CHMP5 has been reported to regulate
osteoclast differentiation by suppressing
nuclear factor kappa B (NFκB)
signaling.3 In osteoclasts, CHMP5 pro-
motes deubiquitination and stabilization
of IκBα in collaboration with USP15,
leading to dampening of NFκB. How-
ever, in developing thymocytes, CHMP5
is dispensable for NFκB regulation.
Molecules involved in thymocyte differ-
entiation are often regulators of TCR
signaling or factors related to survival
and death. It was revealed that CHMP5
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did not affect TCR signaling, whereas
CHMP5 positively regulated survival of
thymocytes by binding to and suppres-
sing sulfenylation of Bcl-2, which is one
of the anti-apoptotic factors.

Although CHMP5 does not affect TCR
signaling, CHMP5 is affected by TCR
signaling and undergoes phosphorylation
when TCR recognizes adequate peptide-
MHC ligands. CHMP5 is constantly ubi-
quitinated in the absence of stimulation,
leading to degradation by the proteasome.
Phosphorylation of CHMP5 inhibits its
ubiquitination, followed by the stabiliza-
tion of CHMP5. Inhibition of CHMP5
ubiquitination is not accomplished
through the regulation of E3 ubiquitin
ligases, which conjugate ubiquitin mole-
cules to substrates, but is carried out via
recruitment of the deubiquitinating
enzyme USP8, which removes ubiquitin
molecules from target proteins (Figure 1).

Ubiquitination modifications are
involved in various aspects of thymocyte
differentiation. It has been reported that
there are several ubiquitin ligases and

deubiquitinating enzymes that activate
thymocytes and promote proliferation,
but there are also ubiquitin ligases and
deubiquitinating enzymes that negatively
regulate thymocyte activation. The E3
ubiquitin ligase STUB1 is required for
activation of T cells, and it conjugates
K27-linked polyubiquitin chains to
CARMA1.4 The deubiquitinating enzymes
Otud7b and USP9X deubiquitinate
ZAP70 and promote TCR signaling.5,6

One of the E3 ubiquitin ligases, Casitas
B-lineage lymphoma proto-oncogene (c-
Cbl), has a phosphotyrosine binding
(PTB) domain in its N-terminus and
negatively regulates TCR signaling by
ubiquitination and degradation of TCRζ
and Lck.7,8 Another ubiquitin ligase, gene
related to anergy in lymphocytes (GRAIL),
also negatively regulates T-cell differentia-
tion and proliferation by ubiquitination
and degradation of TCRζ, CD40L or
STAT6.9,10 Deubiquitinating enzymes
OTUB1 and USP8 cooperatively deubi-
quitinate GRAIL and regulate its
stability.11 Many ubiquitinating and/or

deubiquitinating enzymes have been
reported to be involved in thymocyte
differentiation and activation; however,
most of them control thymocyte differ-
entiation via modulation of TCR signaling,
downstream MAPK signaling, or NFκB
signaling. However, ubiquitin-related
enzymes that control other pathways have
not been identified so far. CHMP5 ubi-
quitination is decreased by undergoing
phosphorylation only when TCR is stimu-
lated by low-affinity ligands, leading to
survival of thymocytes by stabilization of
Bcl-2. Since this pathway does not act
when TCR is stimulated by high-affinity
ligands, CHMP5-mediated signaling is a
new mechanism that regulates positive
selection, in which thymocytes receive
intermediate stimuli by ligands with sui-
table affinity and consequently thymocytes
survive and proliferate. This discovery
shows that the ubiquitination system also
plays an important role in the process of
positive selection independently of the
already known signaling pathway
(Figure 1).
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Figure 1 Models for post-translational control of CHMP5 during T-cell development. (a) When TCR is stimulated by low-affinity ligands, an
unknown kinase activated by TCR signaling phosphorylates CHMP5 at Ser26 and Ser30, leading to recruitment of a deubiquitinating
enzyme, USP8. USP8 stabilizes CHMP5 via its deubiquitination. Increased CHMP5 proteins directly bind to Bcl-2 and prevent reactive
oxygen species (ROS)-mediated sulfenylation of Bcl-2 and subsequent degradation. These processes result in survival of thymocytes. (b)
When TCR is stimulated by high-affinity ligands, CHMP5 is ubiquitinated and degraded via the proteasome pathway. CHMP5 proteins fail
to prevent ROS-mediated sulfenylation and degradation of Bcl-2. These processes result in apoptosis of thymocytes. CHMP, charged MVB
protein; TCR, T-cell receptor.
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Several issues remain to be elucidated
in this model shown as a molecular
mechanism in positive selection. What
is the E3 ubiquitin ligase that ubiquiti-
nates CHMP5? What is the kinase that
phosphorylates CHMP5 by TCR stimu-
lation by a low-affinity ligand? Why is
the status of phosphorylation with
stimulation by a low-affinity ligand dif-
ferent from that with stimulation by a
high-affinity ligand? How does stabilized
CHMP5 inhibit sulfenylation by binding
to Bcl-2?

CHMP5 also forms a complex
with USP15, another deubiquitinating
enzyme, during osteoclast differentiation
and inhibits ubiquitination of IκBα. As
CHMP5 binds to USP8 and its own
ubiquitination is suppressed by deubi-
quitination in thymocytes, CHMP5 may
regulate cell type-specific differentiation
via functioning as a hub that changes the
deubiquitinating enzyme depending on
the cell type. CHMP5 also has an anti-
apoptotic function in acute myeloid
leukemia cells and may be involved in
malignant tumor development and
proliferation by dysregulation of a
CHMP5-mediated mechanism. Further
investigation of CHMP5 in malignancy
may be important for finding a

therapeutic target for several diseases
including cancers, leukemia and autoim-
mune diseases.
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