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Blood stem cells
SELect quiescence
Elisa Laurenti | University of Cambridge

In this issue of Blood, Liu and colleagues demonstrate that active endoplasmic
reticulum–associated degradation (ERAD) of misfolded proteins is required to
maintain hematopoietic stem cell (HSC) quiescence and, hence, proper long-
term blood formation.1 They identify a mechanism by which the Sel1L protein,
a keymember of the ERAD complex, maintains HSCs in a state of lowmTORC1
activity, thereby preventing HSC proliferation. These data implicate that
steady-state protein quality control directly contributes to keeping HSCs
outside of the cell cycle.

HSCs have immense regenerative po-
tential, because 1 cell can reconstitute the
whole blood system for an entire lifetime.

Counterintuitively, lifelong blood production
can only be achieved if cells divide very in-
frequently and otherwise reside in a specific

state outside of the cell cycle, termed qui-
escence. Effectively, the most quiescent
HSCs serve as a reservoir that only contrib-
utes to blood production under severe
stress. Perturbation of the quiescence to
division balance almost inevitably leads to
loss of long-termHSC function and is of high
clinical relevance in blood disorders ranging
from cytopenias to malignancies. Quies-
cence is an actively maintained state of low
metabolism with specific hallmarks shared
by all quiescent cells, ranging from bacteria
and yeast to mammalian adult tissue stem
cells, including HSCs.2 These hallmarks en-
compass a preference for glycolytic me-
tabolism, in addition to low levels of
transcription, ribosome biogenesis, and
protein synthesis. Given HSCs’ impressive
longevity, it is no surprise that strict
quality-control mechanisms, such as en-
hanced autophagy and specific DNA
damage responses, are also essential to
maintain optimal genetic integrity and
fitness of quiescent HSCs.3

Once a protein is synthesized, protein
folding occurs in the endoplasmic re-
ticulum and is a naturally error-prone
process that often results in the genera-
tion of misfolded or unfolded proteins.
Failure to correctly manage unfolded
proteins can culminate in cell death.
External stress conditions, such as oxi-
dative stress, can increase protein mis-
folding, activating the unfolded protein
response (UPR) that relieves endoplasmic
reticulum stress via numerous routes,
including activation of the Sel1L/Hrd1
ERAD complex, which is known to target
misfolded proteins to proteasomal deg-
radation. Previous work from the Liu
group, as well as others, has demonstrated
that an intact UPR pathway is very impor-
tant to safeguard HSC identity and proper
function under stress conditions.4-6

Here, the investigators set out to determine
whether protein quality control via ERAD
needs to remain engaged during quies-
cence, despite the fact that cells haveoverall
low protein synthesis. Their first important
finding is that the HSCs that divide the least
(as measured by label-retaining assays) have
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RHEB is normally maintained at low levels in HSCs via HRD1/SEL1L (ERAD), which targets it for proteasomal
degradation, thereby keeping mTORC activation low. When Sel1L is genetically deleted, RHEB is stabilized and
mTORC1 is activated, leading to HSC loss of quiescence. ER, endoplasmic reticulum; KO, knockout; WT, wild-type.
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lower levels of protein aggregates and
higher levels of Sel1L messenger RNA than
do HSCs with a higher divisional history.
Second, deletion of Sel1L via 2 distinct
methods in mice led to a reduction in HSC
frequency in the bone marrow and loss of
repopulation capacity upon transplantation.
Sel1L-knockout HSCs displayed an “acti-
vated” phenotype, with an increased pro-
portion entering the cell cycle, increased cell
size, andmTOR activation. The investigators
then quite elegantly identify Rheb, a regu-
lator of mTOR, as a new protein substrate of
the ERAD complex, which fails to be ubiq-
uitinated and degraded by the proteasome
in the absence of Sel1L. Thus, Sel1L de-
letion leads to high levels of mTOR (see
figure). Importantly, inhibition of mTOR via
rapamycin or genetic means rescued HSC
numbers and repopulation capacity close to
those of wild-type mice.

Altogether, this study demonstrates that
ERAD-mediated protein quality-control
mechanisms are essential in HSCs with
low protein synthesis to prevent mTOR
upregulation and excessive activation.
Importantly, Liu et al provide yet another
confirmation that the less frequently an
HSC divides, the more reliant it is on
quality-control mechanisms and that
these same mechanisms reinforce qui-
escence. In work published concomi-
tantly with theirs, Xu et al also found that
Sel1L deletion leads to loss of repopu-
lating HSCs.7 Focusing on the fact that
improper quality control of cell surface
proteins may be highly deleterious to
HSCs, they identified Mpl, the receptor
of thrombopoietin, as a target protein
of the ERAD complex. Sel1L-knockout
HSCs accumulated aggregates of mis-
folded Mpl intracellularly, displayed de-
creased levels of functional Mpl on their
surface, and could not be retained in their
perivascular niche. The mechanistic in-
sights provided by the 2 groups are highly
synergistic because complex interactions
with the niche, as well as thrombopoietin
itself,8,9 are critical to maintain HSC qui-
escence. In fact, it is highly likely that
ERAD provides folding control for many
more molecules that contribute to HSC
function. Thus, future studies will have to
examine the physiological range of ERAD
activity in the hematopoietic system over
a lifetime, especially with aging and fol-
lowing infection or chronic inflammation.
Mutations also often change the proba-
bility that certain proteins will be mis-
folded. As such, it would not be surprising
if perturbations in proteostatic control

pathways contributed to HSC clonal ex-
pansions, as well as the development and
progression of malignancies.
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Novel drug for WHIM
Jan Palmblad | The Karolinska Institutet

In this issue of Blood, Dale and colleagues1 describe that WHIM patients,
treated orally once daily with 400 mg of mavorixafor, a novel selective in-
hibitor of the CXCR4 receptor on bonemarrow cells, had increased total white
blood cells, neutrophils, and lymphocyte counts, as well as reduced infection
rates and decreased wart numbers (see figure).

Sixteen years ago, a young woman came
to me for evaluation of neutropenia and
recurrent upper respiratory tract infec-
tions to see whether treatment with fil-
grastim might alleviate her symptoms.

She had already been started on sub-
cutaneous gammaglobulins because of
hypogammaglobulinemia and the infec-
tions. When holding out her hand to say
hello, I noticed numerous warts on it. I said,
“I believe you are suffering from WHIM
syndrome.” How could I so unbashfully
leap to this diagnosis? The reason was
simple; I had read, by chance, a description
of this syndrome and the causative muta-
tion just a few days ago.2 Indeed, she
harbored the mutation in the CXCR4 gene
typical for WHIM, conferring this dominant
autosomal inherited immunodeficiency
syndrome. She barely tolerated filgrastim
treatment because of bone pain and awaits

an oral drug to combat her symptoms.
Mavorixafor may be an answer, according
to the article by Dale et al.

WHIM (OMIM 1836700) is caused by
mutations leading to a gain-of-function in
the CXCR4 receptor on bone marrow
cells. This confers the typical findings
for which WHIM is the acronym: warts,
hypogammaglobulinemia, infections,
and myelokathexis (although not all pa-
tients present with all symptoms, and a
few phenocopies display mutations in
the CXCR2 gene3). Although warts and
genital condylomata are driven by undue
susceptibility to papilloma virus, myelo-
kathexis refers to the presence of nu-
merous apoptotic neutrophils in the
bone marrow that are not able to leave
this compartment because the gate to
the circulating blood is closed. The reason
is the hyperactivity of the CXCR4/CXCL12
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