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Background

1.A key step in hematopoietic stem cell (HSC) aging in 1996:

HSCs from old mice were only one-quarter as efficient as those from young mice at homing to and 
engrafting the bone marrow (BM) of irradiated recipients.

2. in the clinic:

donor age is carefully considered in HSC transplantation, and young donors result in 
better survival after HSC transplantation.

3. Aged HSCs and incomplete reconstitution potential.
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How aged HSC dysfunction occurs?3
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1.Self-renewality:

 HSCs are characterized by their capacity for long-term self-renewal and the ability 
to generate all functional blood cells.

 Old HSCs showed less self-renewal activity and generated smaller daughter clones.

changes in gene expression programs                            Sox17
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2. Differentiation bias6
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3. Homing and engraftment

 injected young or old BM cells into congenic mice

 the homing efficiency of old mouse was approximately three-fold lower than 
that of young mouse.
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p16Ink4a, a cyclin-dependent kinase inhibitor

CD44 , is critical in the maintenance and migration of HSCs
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3.Homing and engraftment10
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1. DNA damaging pathways12
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DNA damage leads to a cascade of cellular events known 

as the DNA damage response (DDR).
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prolonged cell proliferation, 
myeloid skewing,

and stem cell exhaustion

important regulator of
HSC aging
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and aging

2.The  JAK/STAT,  NF-κB,  and  mTOR pathways
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 Polarity is associated with specialized functions in HSC.

1. The small RhoGTPase Cdc42 showed elevated activity in aged HSCs.

2. a shift from canonical to noncanonical Wnt signaling

16



3.The Wnt pathway17
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 Epigenetics refers to changes in gene expression but does not involve changes in the 
DNA sequence of organisms.

 Loss of epigenetic regulation at the chromatin level may drive both cellular functional 
attenuation and other manifestations during aging.
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1. DNA methylation
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2. Histone modifications
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3. Noncoding RNAs

 expression of micro-RNA miR-125b increased with age in human HSCs

 inhibition of miR-125 improvedthe capacity of HSCs from elderly individuals 
to generate B cells.
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Changes in the extrinsic HSC niche during aging

The BM microenvironment niche is a crucial factor for HSC functions

Megakaryocytes

VCAM-1+ macrophages

CD150 high BM Tregs

 Sympathetic nervous system (SNS)
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Aged HSC rejuvenation strategies
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Aged HSC rejuvenation strategies

1.prolonged fasting

2.Genetic modulators

3.Pharmacological intervention

4.Changing the BM niche
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1.prolonged fasting30



2.Genetic modulators31



3.Pharmacological intervention32

Rapamycin
mTOR inhiibtor

extend their life span

improve their immune response

enhance the regenerative capacity
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CASIN
Cdc42inhibitor

increase in the percentage of polarized cells

increasedthe contribution to the B cell

Reduced the contribution to the myeloid lineage

reestablished an immune system



Others…..
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Changing the BM niche35
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Whether these alterations drive HSC aging or whether these alterations are only accompanied 
by HSC aging remains unknown.
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These problems may be effectively overcome once HSC aging mechanisms are 
fully revealed and rejuvenation strategies are optimized.
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