
The Clinical Potential of Senolytic 
Drugs  

 

James L. Kirkland, M.D., Ph.D.,  

Noaber Foundation Professor of Aging Research  

Director, Mayo Clinic Kogod Center on Aging  

 

14 th  Drug Discovery for Neurodegeneration  

Alzheimerôs Drug Discovery Foundation 

April 17, 2020  



Disclosures  
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JLK is a scientific advisor for other organizations 
developing interventions targeting basic aging 
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Consequences of Fundamental 
Aging Processes: Geroscience 

Hypothesis  

Fundamental Aging Mechanisms  
 

Inflammation (chronic, low -grade, sterile), Fibrosis  

Macromolecular/ Organelle Dysfunction (DNA, protein 
aggregation, autophagy, AGEôs, lipotoxicity, mitochondria)  

Stem Cell and Progenitor Dysfunction  

Cellular Senescence  

Phenotypes  
 

Geriatric Syndromes : 
Sarcopenia  
Frailty  
Immobility  
MCI  
 

Chronic Diseases : 
Dementias  
Cancers  
Atherosclerosis  
Diabetes  
Osteoporosis  
Osteoarthritis  
Renal dysfunction  
Blindness  
Chronic lung disease  
 

Decreased Resilience : 
Infections  
Delirium  
Delayed wound healing  
Slow rehabilitation  
Chemotherapy toxicity  
ICU Care  





Senescent Cells Accumulate in Human 
Adipose Tissue with Aging  

4 younger (31 ±  5 y) and 4 older (71 ±  2 y) healthy 
male volunteers. *P < 0.05  

Young  

Old  

Xu, et al ., PNAS, 2015  



Transplanting Senescent Cells 
Around Knees Causes Osteoarthritis -

Like Joint Destruction  

Xu, et al ., J. 
Gerontol ., 2017  

Control  Senescent  



Transplanting Senescent Cells 
Causes Physical Dysfunction and 

Decreases Survival  

Xu et al ., 
Nature 

Medicine, 
2018  

Lag  



Transplanting Senescent 
Cells Accelerates Death From 

All Causes  

Xu et al ., Nature Medicine, 2018  



Transplanting Senescent Cells 
Spreads Senescence to Host Cells  

Xu et al ., Nature Medicine, 2018  
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Efforts to develop 
senolytics  

1980  

Developing senolytics began before 
and independently from making or 

studying INK -ATTAC mice  

Development of 
Senolytics  



Hypothesis -Driven Senolytic 
Drug Development  

1) Senescent cells can resist apoptotic 
stimuli, implying increased pro -survival  
anti -apoptotic defenses  
 
2) In some respects, senescent cells are like 
cancer cells that do not divide, including 
apoptosis resistance and metabolic shifts  

2013  



Networks of Anti -Apoptotic 
Regulators Confer Resistance to 

Apoptosis in Senescent Cells  

Aging Cell, March, 
2015; Nature Commun , 

Sept., 2017  

Pathways: 
Ephrins/ 

dependence 
receptors; PI3K d/ 
Akt/ metabolic; 

Bcl -2 (Bcl -xl , Bcl -2, 
Bcl -w );  p53/ 
FOXO4/ p21/ 

serpine (PAI -1&2); 
HIF -1Ŭ; HSP90  



siRNAôs Against Anti-Apoptotic 
Regulators Selectively Decrease 

Senescent Cell Viability  

Radiation - induced senescent cells  

Selected from 39 pro -survival 
transcripts targeted, 17 of 

which affected senescent cell 
viability  Zhu et al ., Aging Cell, March, 2015  


