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Young haematopoietic stem cells are picky eaters
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In a recent study published in Nature, Dong et al. describe
how haematopoietic stem cells (HSCs) rely on chaperone-
mediated autophagy (CMA), a form of highly selective
lysosomal protein degradation, as a metabolic quality control
mechanism. While old HSCs have reduced CMA activity, re-
activation of CMA can boost their functionality, providing
exciting therapeutic perspectives.

Blood cell production arises from the activity of haematopoietic
stem cells (HSCs), defined by their capacity to differentiate into
myeloid and lymphoid lineages and self-renew. These cell fate
decisions must be carefully balanced to allow blood cell
production and meet the shifting demands of the immune
system, while maintaining a sufficient pool of functional HSCs.
Central to preserving HSC functionality and survival is the dynamic
control of their metabolic state. Under homeostatic conditions,
HSCs rely on glycolysis — the conversion of glucose to pyruvate,
and fermentation — the conversion of pyruvate to lactate, in
order to maintain their quiescent state."” When activated, HSCs
engage mitochondrial metabolism, fueled predominantly by fatty
acid oxidation.® To preserve self-renewal during division, HSCs rely
on mitochondrial quality control mechanisms including the
mitochondrial unfolded protein response,® mitochondrial oxida-
tive stress mitigation® and autophagic degradation of damaged
mitochondria, called mitophagy.®

With ageing, HSCs undergo metabolic reprogramming char-
acterized by increased mitochondrial oxidative phosphorylation,
accumulation of reactive oxygen species (ROS) and reduced
efficacy of metabolic quality control, thought to compromise HSC
function.” Accordingly, induction of metabolic perturbations can
induce premature HSC ageing. Aged HSCs display several distinct
phenotypes, including an increase in frequency, reduction of
regenerative capacity, and a myeloid differentiation bias.® With
the promise of discovering ways to prevent HSC ageing or restore
old HSC function, the search for mechanisms that keep HSCs
young has intensified in recent years.

A new study from the groups of Ana Maria Cuervo and Britta
Will at the Albert Einstein College of Medicine in New York has
identified chaperone-mediated autophagy (CMA) as an essential
metabolic quality control mechanism in HSCs.” CMA is a highly
selective form of autophagy in which proteins bearing a targeting
motif (KFERQ-like) are recognized by the heat shock cognate
protein HSC70 and are targeted to the lysosomes for degradation,
a process involving binding to the lysosome-associated mem-
brane protein LAMP2A.'® Using a CMA reporter mouse strain
(KFERQ-Dendra2), the authors showed that quiescent HSCs from
young mice had high basal CMA activity compared to myeloid
progenitors, and CMA was further upregulated when HSCs were
activated in vivo with the myeloablative agent 5-fluorouracil

(5-FU). Old HSCs in contrast showed lower CMA activity on a per
cell basis and a lower fraction of HSCs active for CMA when
compared to young HSCs.

Deletion of Lamp2a in the hematopoietic system did not
impact mature blood cell numbers, but reduced the number of
HSCs in the bone marrow and compromised their ability to
expand in response to 5-FU or to reconstitute the hematopoietic
system after sequential transplantation. HSCs with defective CMA
showed delayed cycling and limited self-renewal, linked to low
ATP levels and accumulation of ROS. In line with this, loss of
LAMP2A in HSCs led to the accumulation of proteins involved in
metabolism, many of which were identified to be putative CMA
substrates. Elegant metabolic studies revealed impaired glycolysis
in CMA-defective HSCs, as shown by the accumulation of oxidized
forms of the key glycolytic enzymes glyceraldehyde-3-phosphate
dehydrogenase and pyruvate kinase, both of which are known
CMA substrates. Activation of HSCs by 5-FU revealed additional
metabolic roles for CMA, including the regulation of fatty acid
metabolism. The authors identified the fatty acid desaturase
FADS2 as a key CMA target in activated HSCs, where selective
degradation of inactive, acetylated FADS2 is required to maintain
flux through linoleic and a-linolenic metabolism in support of
fatty acid oxidation.

Several of the defects found in young CMA-defective HSCs were
remarkably similar to those found in HSCs derived from aged
control mice, including proteome changes, defective glycolysis
and reduced flux through linoleic acid metabolism, in line with the
observation that old HSCs have reduced CMA activity. Interest-
ingly, only about half of old HSCs showed defective CMA activity,
while the other half was nearly indistinguishable from young
HSCs. Restoration of CMA in old HSCs, either through LAMP2A
overexpression or oral administration of a pharmacological CMA
activator to old mice, reduced oxidized protein levels and restored
activity of both glycolysis and linoleic acid metabolism, leading to
improved HSC function. Similarly, treatment of CD34" human
haematopoietic stem and progenitor cells from old donors with
the CMA activator markedly increased the number of functional
stem cells in long-term culture, supporting the idea that
pharmacological activation of CMA could be effective in improv-
ing and restoring aged HSC function.

The very comprehensive study by Dong et al. presents a strong
case for the essential role of CMA in the control of HSC fate and
function, especially through the regulation of glucose and fatty
acid metabolism. In addition, several new questions are raised by
the findings of this study. First, the heterogeneity of CMA activity
in old HSCs is remarkable, and future studies should be designed
to decipher the differences between these two subpopulations of
old HSCs and the mechanisms behind the loss of CMA activity in
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some HSCs with ageing. Second, since CMA, similar to other types
of autophagy, is often activated in response to nutrient stress,'® an
investigation into the relative roles of CMA and macroautophagy
in HSCs during periods of starvation or in response to excess
caloric intake would be very relevant. Finally, several other
metabolic pathways were identified as changed in CMA-
defective HSCs, and it will be of considerable interest to further
dissect the role of CMA in the regulation of metabolic homeostasis
during HSC quiescence as well as metabolic rewiring upon HSC
activation.

Once again, this study highlights the importance of metabolic
programs and quality control systems in the regulation of stem
cell fate and function. The ability of young HSCs to selectively
remove damaged metabolic enzymes may allow them to meet
metabolic demands with high efficiency and great flexibility,
avoiding the build-up of unnecessary metabolites or toxic by-
products that can compromise stem cell function.
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