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Frailty is a medical syndrome associated with advancing age 
characterized by reduced functional reserve, strength, endurance, and 
susceptibility to infection associated with high morbidity, 
hospitalization, and death. Nonspecific interventions to improve the 
healthspan of affected patients include physical therapy, exercise, 
improved nutrition, etc. Among the hallmarks of aging, depletion of 
stem cells with resultant compromise of regeneration and repair of 
tissues informs a rational stem cell-based replacement strategy. This 
hypothesis has been evaluated in a randomized, double-blind, placebo-
controlled clinical trial utilizing human allogeneic mesenchymal stem 
cells (allo-hMSCs), a facile, scalable stem cell replacement therapy. 
Intravenous infusion of 100 or 200 million allo-hMSCs was deemed safe 
in aged frail individuals. However, modest improvement outcomes were 
limited to the lower dose, a finding that remains difficult to 
explain. Future studies are definitely warranted given the magnitude 
of this increasingly important medical syndrome.
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Donor age is one of the major concerns in bone marrow 
transplantation, as the aged hematopoietic stem cells (HSCs) fail to 
engraft efficiently. Here, using murine system, we show that a brief 
interaction of aged HSCs with young mesenchymal stromal cells (MSCs) 
rejuvenates them and restores their functionality via inter-cellular 
transfer of microvesicles (MVs) containing autophagy-related mRNAs. 
Importantly, we show that MSCs gain activated AKT signaling as a 
function of aging. Activated AKT reduces the levels of autophagy-
related mRNAs in their MVs, and partitions miR-17 and miR-34a into 
their exosomes, which upon transfer into HSCs downregulate their 
autophagy-inducing mRNAs. Our data identify previously unknown 
mechanisms operative in the niche-mediated aging of HSCs. Inhibition 
of AKT in aged MSCs increases the levels of autophagy-related mRNAs in 
their MVs and reduces the levels of miR-17 and miR-34a in their 
exosomes. Interestingly, transplantation experiments showed that the 
rejuvenating power of these "rescued" MVs is even better than that of 
the young MVs. We demonstrate that such ex vivo rejuvenation of aged 
HSCs could expand donor cohort and improve transplantation efficacy. 
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Fibrosis denotes excessive scarring, which exceeds the normal 
wound healing response to injury in many tissues. Although the 
extracellular matrix deposition appears unstructured disrupting the 
normal tissue architecture and subsequently impairing proper organ 
function, fibrogenesis is a highly orchestrated process determined by 
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defined sequences of molecular signals and cellular response 
mechanisms. Persistent injury and parenchymal cell death provokes 
tissue inflammation, macrophage activation and immune cell 
infiltration. The release of biologically highly active soluble 
mediators (alarmins, cytokines, chemokines) lead to the local 
activation of collagen producing mesenchymal cells such as pericytes, 
myofibroblasts or Gli1 positive mesenchymal stem-like cells, to a 
transition of various cell types into myofibroblasts as well as to the 
recruitment of fibroblast precursors. Clinical observations and 
experimental models highlighted that fibrosis is not a one-way road. 
Specific mechanistic principles of fibrosis regression involve the 
resolution of chronic tissue injury, the shift of inflammatory 
processes towards recovery, deactivation of myofibroblasts and finally 
fibrolysis of excess matrix scaffold. The thorough understanding of 
common principles of fibrogenic molecular signals and cellular 
mechanisms in various organs - such as liver, kidney, lung, heart or 
skin - is the basis for developing improved diagnostics including 
biomarkers or imaging techniques and novel antifibrotic therapeutics.
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Extracellular vesicles (EVs), including exosomes and 
microvesicles, function in cell-to-cell communication through delivery 
of proteins, lipids and microRNAs to target cells via endocytosis and 
membrane fusion. These vesicles are enriched in ceramide, a 
sphingolipid associated with the promotion of cell senescence and 
apoptosis. We investigated the ceramide profile of serum exosomes from 
young (24(-)40 yrs.) and older (75(-)90 yrs.) women and young (6(-)10 
yrs.) and older (25(-)30 yrs.) rhesus macaques to define the role of 
circulating ceramides in the aging process. EVs were isolated using 
size-exclusion chromatography. Proteomic analysis was used to validate 
known exosome markers from Exocarta and nanoparticle tracking analysis 
used to characterize particle size and concentration. Specific 
ceramide species were identified with lipidomic analysis. Results show 
a significant increase in the average amount of C24:1 ceramide in EVs 
from older women (15.4 pmol/sample) compared to those from younger 
women (3.8 pmol/sample). Results were similar in non-human primate 
serum samples with increased amounts of C24:1 ceramide (9.3 pmol/
sample) in older monkeys compared to the younger monkeys (1.8 pmol/
sample). In vitro studies showed that primary bone-derived mesenchymal 
stem cells (BMSCs) readily endocytose serum EVs, and serum EVs loaded 
with C24:1 ceramide can induce BMSC senescence. Elevated ceramide 
levels have been associated with poor cardiovascular health and memory 
impairment in older adults. Our data suggest that circulating EVs 
carrying C24:1 ceramide may contribute directly to cell non-autonomous 
aging.
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Insulin resistance is the major pathological characteristic of 
type 2 diabetes, and the elderly often develop insulin resistance. 
However, the deep-seated mechanisms for aging-related insulin 
resistance remain unclear. Here, we showed that nanosized exosomes 
released by bone marrow mesenchymal stem cells (BM-MSCs) of aged mice 
could be taken up by adipocytes, myocytes, and hepatocytes, resulting 
in insulin resistance both in vivo and in vitro. Using microRNA 
(miRNA) array assays, we found that the amount of miR-29b-3p was 
dramatically increased in exosomes released by BM-MSCs of aged mice. 
Mechanistically, SIRT1 (sirtuin 1) was identified to function as the 
downstream target of exosomal miR-29b-3p in regulating insulin 
resistance. Notably, utilizing an aptamer-mediated nanocomplex 
delivery system that down-regulated the level of miR-29b-3p in BM-
MSCs-derived exosomes significantly ameliorated the insulin resistance 
of aged mice. Meanwhile, BM-MSCs-specific overexpression of miR-29b-3p 
induced insulin resistance in young mice. Taken together, these 
findings suggested that BM-MSCs-derived exosomal miR-29b-3p could 
modulate aging-related insulin resistance, which may serve as a 
potential therapeutic target for aging-associated insulin resistance.


