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It was reported over 50 years ago that old age is associated with deple-
tion and loss of function of stem cells (1). Since that time, there has been 
extensive research confirming the deleterious effects of aging on all 
types of stem cells, and a growing belief that such age-related changes 
in stem cells further accelerate tissue and organismal aging (2–4). There 
are two major divisions of stem cells, embryonic stem cells and adult 
stem cells. Embryonic stem cells are only present at the embryonic state 
and are pluripotent, giving rise to any fetal or adult cell type. Similarly, 
inducible pluripotent stem cells have the potential to differentiate into 
cells of various lineages, and are thus similar to embryonic stem cells. 
Inducible pluripotent stem cells are derived experimentally from dif-
ferentiated somatic cells usually involving activation of the “Yamanaka 
transcription factors” (Oct4, Sox2, Klf4, Myc; “OSKM”) (5). In con-
trast, adult stem cells, or tissue-specific stem cells, have restricted lineage 
potential and are present in both the developing and adult organisms. 
Adult stem cells respond to tissue injury throughout life by prolifera-
tion and differentiation, leading to telomere attrition and eventually 
reduced proliferative capacity. Today, stem cells are considered to play 
a central role in aging and have been included among the Seven Pillars 
of Aging (6) and the nine Hallmarks of Aging (7).

Transplantation of stem cells has been trailed in humans since the 
1950s in particular for myeloproliferative disorders where hematopoi-
etic stem cell transplantation has become routine care. There have also 
been hundreds of early-phase clinical trials using mesenchymal stem 
cells (MSCs) for a wide range of disorders including graft-versus-host 
disease, autoimmune disease, and heart disease where both regenera-
tive and immunomodulatory effects of MSC are harnessed (8). MSC 
can be harvested from the patients themselves (autologous stem cell 
transplantation) or from a donor (allogeneic stem cell transplanta-
tion). In older patients, allogeneic stem cells harvested from younger 
donors are preferable because age-related changes in stem cells make 
them less efficient for transplantation (9). MSC have a number of 

biological properties that make them attractive as therapeutic agents: 
they home to sites of inflammation and tissue injury after an intra-
venous injection; they differentiate into many cell types including 
muscle and bone; they secrete bioactive compounds that induce tis-
sue recovery and suppress inflammation; and they avoid host immune 
responses because of their immunomodulatory effects (8).

The possibility that stem cells might be “vehicles for youth-
ful regeneration of aged tissues” has been well recognized (3,10). 
Mesenchymal stem cells from young mice infused into old mice 
improved age-related osteoporosis and also increased life span 
(11). Transplantation of stem cells from young mice to old mice has 
also been reported to improve cardiac (12) and reproductive func-
tion (13). Apart from transplanting young stem cells, an alternative 
therapeutic approach is to improve the function of endogenous 
stem cells within old animals (10). For example, induction of the 
“Yamanaka factors” in a progeria mouse model reduced markers of 
aging and increased life span (14), whereas the embryonic stem cell 
gene, Nanog, reversed aging changes in MSC from old donors (15). 
In summary, there are age-related changes in stem cells; animal data 
indicating the beneficial effects of stem cell transplantation and/or 
activation in various aging conditions; and extensive experience with 
stem cell transplantation in humans. There is clearly an opportunity 
to now undertake clinical trials to explore the therapeutic potential 
for stem cell transplants for age-related conditions in older humans.

Frailty provides an ideal target for clinical trials of MSC trans-
plantation and aging. Frailty in older humans is associated with 
reduced circulating MSC, while many of the clinical features of 
frailty involve mesenchymal tissues, that is, the musculoskeletal sys-
tem (16). Frailty is a common syndrome in old age associated with 
high mortality and disability. It is diagnosed in humans using either 
Fried’s frailty phenotype or Rockwood’s frailty index or variations 
on these two approaches (17) and has also been recognized and 
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defined in older mice (18). In clinical practice, the diagnosis is often 
made based on clinical impression rather than any formal diagnostic 
process. The definitions of frailty overlap with definitions of aging 
and sarcopenia. Frailty can be considered to be the end-stage conse-
quence of the biological processes of aging and accumulated chronic 
disease. Therapies that have been trailed include exercise, diet, vita-
min D, and anabolic steroids but with little success (17).

In this issue of the Journals of Gerontology, two clinical trials are 
published on the effects of MSC transplantation in frail older humans, 
and these trials represent potential landmarks in the treatment of frailty. 
Both studies are early-phase trials of a small number of participants, 
designed primarily to assess safety, so conclusions about efficacy need 
to be treated with caution. Even so, the results are striking and, at mini-
mum, pave the way for large randomized Phase III clinical trials. The 
studies have been titled CRATUS (the Greek God of strength and power) 
and the rationale, methods and design were published previously (19).

The first study was a Phase I open-label trial (20) where allo-
geneic MSC collected from the bone marrow of younger donors 
aged 20–45 years were used to treat 15 frail patients (average age 
78 years) using a single infusion of either 50, 100, or 200 million 
cells. After 6 months, outcomes that improved included the 6-min-
ute walk and tumor necrosis factor α (TNFα) levels, with variable 
improvements in forced expiratory volume in 1 second (FEV1), 
Mini-Mental State Examination (MMSE), and quality of life. No 
significant adverse effects were recorded, and only one patient 
developed antibodies that could potentially neutralize the outcomes.

The second study by the same group was a Phase II randomized, 
double-blinded trial of allogeneic MSC at two doses (100 or 200 
million cells) versus placebo (21). The participants were 30 frail 
patients with an average age of 76 years. No therapy-related adverse 
effects were documented at 1 month. Improvements were reported 
for physical performance, the 6-minute walk test, short physical 
performance exam, FEV1, and TNFα mostly in the 100 million cell 
groups. The authors conclude that the treated groups had “remark-
able improvements” in outcomes. There are always caveats associ-
ated with interpreting efficacy in small numbers of subjects, yet it is 
remarkable that a single treatment seems to have generated improve-
ment in key features of frailty that are sustained for many months.

MSC transplantation is a promising and innovative approach for the 
treatment of frailty in older humans, and we look forward to the results 
of Phase III clinical trials. That only a single treatment may be required 
with few if any adverse effects is of course especially appealing for older 
people, where the burden and adverse effects of treatments are always 
a major concern. We are very pleased that the authors chose to publish 
their groundbreaking trials in the Journals of Gerontology as this attests 
to the leading role this journal has developed as a platform for transla-
tional research in aging. Because of the far-reaching implications of this 
research, we are inviting researchers to submit articles for a special trans-
lational edition of the Journals of Gerontology: Biological Sciences and 
the Journals of Gerontology: Medical Sciences on stem cells and aging.
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