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Why 
working 

on 
healthy-

aging 
research?

We are living longer on a global scale

The US population ages 90 & older will quadruple between 
between 2010 & 2050  



“The idea is to die young
as late as possible.”

—Ashley Montagu
anthropologist



Healthy Aging

Changing Lives by Keeping People Healthy/Active
Evidence Based Medicine / Patient Centered Care

Personalized 
Medicine

Diet
Caloric Restriction

Intermittent 
Fasting

Ketogenic Diet

Lifestyle
Aerobic Exercise

Angiogenesis
Meditation

Yoga

Regenerative 
Medicine

Stem Cell 

Banking

Stem Cell 

Therapy
PRP

Exosomes

Drugs
Metformin
Rapamycin
Senolytics

Telomerase 
activity

Disease Free-High Physical/Cognitive Level-Socially Engaged- Productive



The Hallmarks of Aging

Lopez-Otin et al. Cell 2013

Why do we age?

John Cooke’s lab
Methodist Inst. Houston

James Kirkland’s lab
Mayo Clinic

Paul Robbins’s lab
U. Minnesota

James Kirkland’s lab

Johnny Huard’s/ Marc Philippon
SPRI

Laura Niedernhofer’s lab
U. Minnesota

Johnny Huard’s lab

Johnny Huard’s
SPRI



Good Stem cells become dysfunctional 
(tired) during the aging process

Young Old

Stem cells =  
Youthful Growth factors = 



Telomerase activity
(hTERT)

Drugs
Metformin
Rapamycin
Senolytics

Why stem cells become dysfunctional during the aging process? 



Why Stem Cells Become Defective with Aging?

J Orthop Res. 2017 Jul;35(7):1375-1382
mTOR signaling plays a critical role in the defects observed in muscle-derived stem/progenitor cells isolated from a 
murine model of accelerated aging. Takayama K1,2,3, Fu FH1, Robbins PD6, Niedernhofer LJ6, Huard J



• Transient rapamycin treatment can increase lifespan and 
healthspan in middle-aged mice. Elife. 2016 Aug 23;5. pii: e16351. Bitto A1 et al. 

• Rapamycin fed late in life extends lifespan in genetically 
heterogeneous mice. Nature. 2009 Jul 16;460(7253):392-5. Harrison DE et al. 

Rapamycin (m-TOR inhibitor) 
Treatment to  Delay Aging

FDA-approved drug Metformin (M-Tor 
inhibitor)  to delay multiple age-related 

conditions 
A diabetes medication that costs 6 
cents a pill could be a key to living 

longer

https://www.ncbi.nlm.nih.gov/pubmed/?term=Harrison%20DE%5BAuthor%5D&cauthor=true&cauthor_uid=19587680


Diet
Caloric Restriction

Intermittent Fasting
Ketogenic Diet

Longo et al. Cell Met. 2015

Cell Cycle 12:12, 1842–1847; June 15, 2013; © 2013 Landes Bioscience
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Killing/ Clearing  Senescent Cells for Healthy Aging
James Kirkland’s lab

Mayo Clinic



SA
SP

Dasatinib
Quercetin
Alvespimycin
Fisetin

Improved musculoskeletal health, strength, and 
function. Increased lifespan.Dasatinib

Quercetin
Alvespimycin
Fisetin

Killing senescent cells to delay aging
Senescent cells

Senescence associated secretory phenotype
(SASP) 

Stem Cells

Various drugs that specifically 
kill/clear senescent cells to 

delay aging

Aging (Albany NY). 2017 Mar 8;9(3):955-963. New agents that target senescent cells: the flavone, fisetin, and the BCL-
XL inhibitors, A1331852 and A1155463. Zhu Y1, Doornebal EJ1,2, Pirtskhalava T1, Giorgadze N1, Wentworth M3, Fuhrmann-
Stroissnigg H4, Niedernhofer LJ4, Robbins PD4, Tchkonia T1, Kirkland JL1

Nat Commun. 2017 Sep 4;8(1):422. Identification of HSP90 inhibitors as a novel class of senolytics. Fuhrmann-
Stroissnigg H1, Ling YY1, Zhao J1, McGowan SJ1, Zhu Y2, Brooks RW1, Grassi D1, Gregg SQ3, Stripay JL3, Dorronsoro 
A1, Corbo L1, Tang P1, Bukata C1, Ring N4, Giacca M4, Li X1, Tchkonia T2, Kirkland JL2, Niedernhofer LJ1, Robbins PD5

(chemotherapy medication) 
(Reduce free radicals)

(heat shock protein (HSP) 90 inhibitor)
(antioxidant & mitochondrial function)

https://www.ncbi.nlm.nih.gov/pubmed/28273655
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhu%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=28273655
https://www.ncbi.nlm.nih.gov/pubmed/?term=Doornebal%20EJ%5BAuthor%5D&cauthor=true&cauthor_uid=28273655
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pirtskhalava%20T%5BAuthor%5D&cauthor=true&cauthor_uid=28273655
https://www.ncbi.nlm.nih.gov/pubmed/?term=Giorgadze%20N%5BAuthor%5D&cauthor=true&cauthor_uid=28273655
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wentworth%20M%5BAuthor%5D&cauthor=true&cauthor_uid=28273655
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fuhrmann-Stroissnigg%20H%5BAuthor%5D&cauthor=true&cauthor_uid=28273655
https://www.ncbi.nlm.nih.gov/pubmed/?term=Niedernhofer%20LJ%5BAuthor%5D&cauthor=true&cauthor_uid=28273655
https://www.ncbi.nlm.nih.gov/pubmed/?term=Robbins%20PD%5BAuthor%5D&cauthor=true&cauthor_uid=28273655
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tchkonia%20T%5BAuthor%5D&cauthor=true&cauthor_uid=28273655
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kirkland%20JL%5BAuthor%5D&cauthor=true&cauthor_uid=28273655
https://www.ncbi.nlm.nih.gov/pubmed/28871086
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fuhrmann-Stroissnigg%20H%5BAuthor%5D&cauthor=true&cauthor_uid=28871086
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ling%20YY%5BAuthor%5D&cauthor=true&cauthor_uid=28871086
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhao%20J%5BAuthor%5D&cauthor=true&cauthor_uid=28871086
https://www.ncbi.nlm.nih.gov/pubmed/?term=McGowan%20SJ%5BAuthor%5D&cauthor=true&cauthor_uid=28871086
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhu%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=28871086
https://www.ncbi.nlm.nih.gov/pubmed/?term=Brooks%20RW%5BAuthor%5D&cauthor=true&cauthor_uid=28871086
https://www.ncbi.nlm.nih.gov/pubmed/?term=Grassi%20D%5BAuthor%5D&cauthor=true&cauthor_uid=28871086
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gregg%20SQ%5BAuthor%5D&cauthor=true&cauthor_uid=28871086
https://www.ncbi.nlm.nih.gov/pubmed/?term=Stripay%20JL%5BAuthor%5D&cauthor=true&cauthor_uid=28871086
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dorronsoro%20A%5BAuthor%5D&cauthor=true&cauthor_uid=28871086
https://www.ncbi.nlm.nih.gov/pubmed/?term=Corbo%20L%5BAuthor%5D&cauthor=true&cauthor_uid=28871086
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tang%20P%5BAuthor%5D&cauthor=true&cauthor_uid=28871086
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bukata%20C%5BAuthor%5D&cauthor=true&cauthor_uid=28871086
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ring%20N%5BAuthor%5D&cauthor=true&cauthor_uid=28871086
https://www.ncbi.nlm.nih.gov/pubmed/?term=Giacca%20M%5BAuthor%5D&cauthor=true&cauthor_uid=28871086
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20X%5BAuthor%5D&cauthor=true&cauthor_uid=28871086
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tchkonia%20T%5BAuthor%5D&cauthor=true&cauthor_uid=28871086
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kirkland%20JL%5BAuthor%5D&cauthor=true&cauthor_uid=28871086
https://www.ncbi.nlm.nih.gov/pubmed/?term=Niedernhofer%20LJ%5BAuthor%5D&cauthor=true&cauthor_uid=28871086
https://www.ncbi.nlm.nih.gov/pubmed/?term=Robbins%20PD%5BAuthor%5D&cauthor=true&cauthor_uid=28871086


WT Zmpste24-/-

Adult mice

Alizarin Red and Alcian blue staining

Articular Cartilage abnormalities (OA) in 
Zmpste24 progeria mice

Hambright W, Kayakami Y  et al. in revision, Molecular Therapy, 2019

• HGPS is an autosomal dominant disease that 
involves premature aging (lamin A deficiency) 
causing early death in childhood, rapid sclerotic 
skin, joint contractures, bone abnormalities and 
growth impairment are observed.

Zmpste24-/- (Z24-/-) 
mice 

Zmpste24-/- (Z24-/-) mice are
reliable model of human Hutchinson-
Gilford progeria (HGPS). They are 
incapable of producing lamin A, an 
essential component of the nuclear 
envelope, and exhibit accelerated 
ageing process. 

Beta-gal cells (blue)= senescent stem cells
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Premature senescence in 
the Zmpste24-/-model

Can we delay OA in progeria mice by killing 
senescent cells with senolytic agent?



Progeria-Z24-/-
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Effects of Senolytic Drugs on osteoarthritis (OA) in Z24-/-mice

p1
6

p16: marker for 
senescent cells

Killing senescent cells with 
senolytic drugs delay OA

Quercetin is a plant 
pigment (flavonoid).

Fisetin:
a plant polyphenol from 

the flavonoid group.Reduce free radicals
Antioxidant

Zmpste24-/- (Z24-/-) mice 
Progeria mice

Articular cartilage analyses
For OA progression 

Progeria-Z24-/-

+ senolytic drugs



Clinical trial of senolytic agents to delay  
Osteoarthritis (OA) in 2019

• Dr. James Kirkland (Mayo Clinic)
• Dr. Marc Philippon/Johnny Huard (SPRI)
• 60 patients with moderate OA will need to be recruited

• 20 patients on Quercitin (250mg)(2 days on and 13 days off) for a period of 3 months 
• 20 patients on Fisetin (20 mg/KG daily, 100mg capsule).. 2 days on and 13 days off) for a period of 3 months 
• 20 patients on placebo

• Investigational New Drugs (INDs) already approved by FDA 
• IRB already approved at Mayo Clinic (for Alzheimer) and will need to be transferred to 

SPRI/Vail Health for OA
• NIH funded grant at Mayo Clinic to identify biomarkers that can be used to determine 

improvement of OA
• OA patients will be monitored at 4-8 and 12 months post treatment
• Biomotion and Imaging will allow to monitor the progression of OA
• The goal is to delay OA progression so we can post-pone the first joint replacement

• Keep the people active with limited OA
• Delay the first joint replacement 
• Eliminate joint replacement revision

Quercetin is a plant 
pigment (flavonoid).

Reduce free radicals

Fisetin:
a plant polyphenol from 

the flavonoid group.
Antioxidant



At birth 100% of cells are 
good with rejuvenation/ 
regenerative potential

In adults 50% of cells are 
good with rejuvenation/ 
regenerative potential

At older age, 75% of cells 
become senescent and lose 

rejuvenation potential

Prenatal 
Period Childhood Adolescence Adulthood Aged-old

Stem cells 
depletion 
during the 
aging process!

De Barros S. Mol. Ther. (2013);Kuhn H.G. Neuroscience (1996) ; Molofsky A.V. . Nature (2006); Huard J. Nature Commun. 2012 



Spontaneous accelerated aging in progeria mice

Normal mice

Symptoms:
cachexia & sarcopenia, osteoporosis, bone marrow hypoplasia, 

epidermal atrophy, renal & liver function, loss of vision 
and hearing, Neurodegeneration, osteoporosis, 

osteoarthritis (OA)

Hypothesis: Defects exist in the stem 
cells compartment of ERCC-XPF-

deficient progeroid mice

Stem cell defects in Progeria ERCC
deficient mice

Paul Robbins’s lab
U. Minnesota

Niedernhofer LJ et al. Nature (2006) 444; 1038-43 

Laura Niedernhofer’s
lab. U. Minnesota

Progeroid mice

Progeria mice

Stem Cells



Origin of Stem Cells: Blood vessel walls

Blood Vessels

Endothelial Cells

Pericytes

Exercise
Neuromuscular Electrical Stimulation

The synergistic effect of treadmill running on stem cell transplantation to heal injured 
skeletal muscle. Tissue Eng Part A. 2010 Mar;16(3):839-49. Neuromuscular 

electrical stimulation as a method to maximize the beneficial effect of muscle stem cell 
transplanted into dystrophic muscle. PloS One  2013, 8(3):e54922

Better healing after injury/disease/aging
Stem Cells



Normal MDSPCs Progeroid MDSPCs

Lavasani M. et al. Nature Commun. 2012, Jan 3, 3;608 doi:10.1038/ncomms 1611

Progeroid MDSPCs

Progeroid MDSCs Normal MDSCs

Normal MDSPCs

Stem Cells from Progeroid mice
display limited proliferation & 

differentiation potentials (myogenic, 
osteogenic, and chondrogenic)

“Tired Stem Cells”
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Injection of young muscle stem cells 
extends the lifespan of progeroid mice!

5X105 young stem cells injected 
into 17 day old progeroid mice …

progeroid mouse

Lavasani M. et al. Nature Commun. 2012, Jan 3, 3;608 doi:10.1038/ncomms 1611

The progeroid mice injected with young stem cells showed a 3-
fold increase in their lifespan and had a significantly increased  

healthspan, when compared to non-injected mice.



Clinical Translation: The Future of Stem Cell Therapy
Stem Cell isolation, 
expansion at a GMP 

facility

Cell coding and 
cataloging for long-

term storage in liquid 
nitrogen

Based on FDA 
approved protocols for 
clinical trials, clinicians 
request that patients’ 
cells are prepared for 

injections.

The requested 
number of cells are 

shipped frozen to the 
operating room and 

cell therapy is 
initiated

The goal is no to make 
you look younger; it is 

to make you age 
better.

22Cells are thawed and expanded

• Muscle biopsy and MDSC 
isolation

• Umbilical cord cells
• Other sources of stem 

cells

Ag
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s

The same approach can 
be used for soldiers prior 

to deployment, NASA 
prior to Space Shuttle 
launches and patients 

before disease 
progression



23

Stem cell harvest from different types of tissues like 
Bone marrow, Cord blood, Muscle, Adipose, etc., 

Baseline senescence upon ex vivo expansion of 
stem cells : beta-galactosidase (SA-β-gal) staining

Clinical Translation: Current Status of Stem Cell Banking

ex vivo culture expansion of 
stem cells in GLP laboratory

Storage/cryopreservation of 
ex vivo cultured stem cells 

Senescent cells
Senescence associated secretory phenotype

(SASP) 



New Direction in 2019
Method to Isolate Adult Stem Cells without Compromising 

their potency and regenerative potential!

No cell expansion in vitro! FDA Compliant
Banking of stem cells at the Steadman Clinic

Transplantation in the USA (no need to go overseas)



Young blood can 
rejuvenate aged animals 

In addition of banking our stem cells, 
perhaps we need to bank our blood when 

we are younger as well…..



Women have 
longer life span 

than men…..

Testosterone, has been linked to violence 
and risk taking! 



Mother & Fetus interaction during Pregnancy
Natural exchange of blood/stem cells between fetus & mother

Can the fetus release 
rejuvenating factors or stem 

cells that help tissue repair in 
mother?

Late-in-life pregnancy could 
predict longevity, Health Jun 
26, 2014 5:35 PM EDT

”Women who become 
pregnant (40-50 years old) 

age slower & achieve 
extreme longevity”.
Nature 389, 133 1997.

Pregnancy is a good example that 
youthful factors and young stem 

cells can extend lifespan!    
NIH Funded Project 

• Title: “Effects of Circulating Factors and Progenitors on Wound 
Healing during Pregnancy”
• Principal Investigator: Dr. Johnny Huard (SPRI)
• Co-investigator: Dr. Aiping Lu (UT Health)

• Funded by the NIH. National Institute of Arthritis and 
Musculoskeletal and Skin Diseases (NIAMS)

• Funding period: 06/01/18 – 05/31/20

https://www.pbs.org/newshour/health


modified from http://www.geocities.co.jp/
HeartLand-Suzuran/9389/kekkan

Blood vessel cells ,endothelial 
cells  (CD34, CD144) & 

pericytes (CD146) are likely the 
source of muscle stem cells!

The blood vessel wall 
represents a potential source of  

stem cells in other post-natal 
tissues (Fat, Bone marrow) !

Crisan M et al. Cell Stem Cell. 2008 Sep 11;3(3):301-13

Zheng B et al. Nature Biotech. 25, 9: 1025-1034, 2007

Angiogenesis (creation of 
blood vessels) and 

vascularity of a given tissue 
can be manipulated: Exercise 

(training); Neuromuscular 
electrical stimulation (NES)

Bruno Peault



Experiments to demonstrate that exercise is good 
for you: Mice on treadmill..



Exercise delays aging! Delay aging 
Aging Better 
& Healthier

Moderate and intense active lifestyles attenuate/delay the effects
of aging . Silva LC et al. 2016

Exercise-induced changes of the capillaries in the cortex of middle-aged 
rats. These results provide a baseline for further studies that search for 

strategies to delay the deleterious effects of brain aging .Huang CX et al. 
2013

Mental and physical activities delay cognitive decline in older persons with 
dementia. Cheng ST et al. 2014

Bottom line: 
“Exercise is good for you”

(Lifestyle important for healthy aging) 



Personalized medicine for Healthy Aging!
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A combinatorial approach to provide 
personalized anti-aging therapy



Healthy Aging

Changing Lives by Keeping People Healthy/Active

Evidence Based Medicine / Patient Centered Care

Personalized 
Medicine

Diet
Caloric 

Restriction
Intermittent 

Fasting
Ketogenic Diet

Lifestyle
Aerobic Exercise

Angiogenesis
Meditation

Yoga

Regenerative 
Medicine

Stem Cell 

Banking

Stem Cell 
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Exosomes

Drugs
Metformin
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Telomerase 
activity

Personal trainer for Healthy Aging
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their support!

Happy Life-Happy Marriage-Healthy Aging


