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Universality of aging 

Human Mouse 

Yeast Worm 



Trajectories of Human Lifespan 

Squaring the survival curve in human populations 
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Adapted from Weindruch et al., 1979 

Caloric restriction 

C3B10RF1 mice 
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Molecular Targets for Caloric Restriction and 
Pharmacological Interventions For Healthy Aging 

de Cabo et al. (Cell, 2014) 



Non-genetic extension of lifespan 
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Acarbose: Longevity Effect Greater in Males 

Harrison et al. (Aging Cell, 2014) 

Rapamycin: Females better than Males 

Miller et al., Aging Cell, In Press 



Ferrucci L, Studenski S. Clinical Problems of Aging. In: Harrison’s Principles of Internal Medicine, 18th Ed. – 2011 

 

The Hallmarks of Aging 

Carlos Lo´ pez-Otı´n,,Maria A. Blasco, Linda Partridge,Manuel Serrano, and Guido Kroemer. Cell 3013, 153:  1194 

 

Aging 
Phenotype 

Physical and Cognitive 
FRAILTY 

Disease Susceptibility 
Reduced Functional Reserve 
Reduced Healing Capacity and Stress Resistance 
Unstable Health 
Failure to Thrive 

AGING and DISEASES 

Changes in 
Body Composition 

Energy Imbalance  
Production/Utilization 

Homeostatic 
Dysregulation 

Neurodegeneration 

What are the mechanisms behind aging and disease  
That affect aging phenotypes and longevity?  

Stem Cells 
Exhaustion 

Altered 
Intercellular 

Communication 
Genomic 
Instability 

Telomere 
Attrition 

Epigenetic 
Alterations 

Loss of 
Proteostasis 

Deregulated 
Nutrient Sensing Mitochondrial 

Dysfunction 
Cellular 

Senescence 
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Heterogeneity of male B6 mice 

C57BL/6J 

Male 

n = 400 

Old: 23-24 months old 
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Metabolic cages 
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Cross-sectional design 

C57BL/6J 

Male 

n = 100 

Young, Middle Aged and Old 



Gait Analysis 

p = 9.63e-07 
R2 = .618 

MotoRater (TSE Systems) for fine 
motor kinematic analysis 

Gait speed 

Gait speed, Cadence, Tail Height, Stride 



Frailty 

p = 3.83e-06 
R2=.821 

p = 1.141e-07 
R2=.337 



STUDY OF LONGITUDINAL AGING IN MICE 
Multi PI study at the NIA Baltimore 



Genetically heterogeneous Genetically homogeneous 

n = 400 n = 400 n = 400 n = 400 

C57BL/6J 
UM-HET3 

(CByB6F1 x C3D2F1) 

Diet: irradiated NIH-31 



Mice 

• 2 strains: 

– C57BL/6 males and females 

– 4-waycross (HET3) males and females 

• n = 1600 (n = 400/strain/sex) 

• Starting age: 4-mo old (arrival at our vivarium when 

they are 3-4 weeks old) 

• Diet: NIH31 

• Mice will be received in 8 cohorts from JAX 
every 3 months (n=50/sex/strain) 
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Staggered plan – first 36 mo 
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Body weight and food consumption 
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Glucose and Lactate 

n = 47-50/strain/sex 
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Grip strength 
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Gait analysis 

0 .0 0

0 .0 5

0 .1 0

0 .1 5

0 .2 0

0 .2 5

S te p  t im e

S
te

p
 t

im
e

 (
s

)

H E T 3 C 5 7 B L /6 J

F F MM

0

2

4

6

8

S te p  le n g th

S
te

p
 l

e
n

g
th

 (
c

m
)

H E T 3 C 5 7 B L /6 J

F F MM

0

5

1 0

1 5

S tr id e  le n g th

S
tr

id
e

 l
e

n
g

th
 (

c
m

)

H E T 3 C 5 7 B L /6 J

F F MM

0

2 0

4 0

6 0

8 0

G a it  s p e e d

G
a

it
 s

p
e

e
d

 (
c

m
/s

)

H E T 3 C 5 7 B L /6 J

F F MM

Only C1 first time point. 
We have the videos and we are analyzing C1 2nd time point and C2 first time point. 



Metabolic cages 
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Metabolic cages – RMR 

RMR is defined as average RER when Total Activity <50 
Also, VO2 >1000, VCO2 >1000, 0.6 < RER > 1.1* 

*to avoid weird values due to power blips or other problems 
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Ongoing MR imaging  examples 

heart brain 

fat 
liver 



Human 
Data 

Animal Data 

Animal 
Models 

SO…..what is the THE BIG PICTURE 

Metrics 

Identification of Predictive Targets 

Felipe Sierra 



Human 
Data 

Animal Data 

Animal 
Models 

THE BIG PICTURE 

Metrics 
VALIDATED 
METRICS 

Interventions Multi 
Morbidity 

Healthspan 

Lifespan 

Target Engagement And Validation Identification of Predictive Targets 

Felipe Sierra 

Predictive Mechanism-Related Markers for Aging-Related Outcomes  
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