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Caloric/Energy Restriction Delays Aging in Mice
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Inverse linear relationship between calorie intake and lifespan

Processes involved in regulating longevity are nutrient and energy status sensitive

Weindruch et al PMID 3958810



Metabolic Reprogramming is a signature of CR

Brain. Inner Ear. Heart. Liver. Kidney. Adipose muscle.
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Energetic Processes are vital for maintained cellular,
tissue, and organismal function.... OK, sure...

but metabolism influences everything
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PGC-1a Directed Mitochondrial Activation
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Mitochondrial Activation: Cellular Redox & Lipids

Metabolic imaging redox
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Mitochondrial Activation: Growth Signaling Regulation
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Mitochondrial Activation: RNA Processing &

Chromatin Remodeling
RNA Processing

Genes with >1 annotated Chromatin Remodeling 0.2 — . 0.6 — *
&2 transcript detected —~ o1d * - - q *
? Mo g 009 g 02 -
c O Esrra  Bcl11a o oo O 00
g D 3 Total: 8;\' —0.3 - . 8<;l —0.2 — -
£ B% \ A58 M e e s e a0
C
< ®© 40 - ZEI *
o 12— .7Myelzij Ieukfr::_ias § 30 - . . (1) *
ipocytokines =
§ 71" "'{-. Insulin 'té\; 20 - * b‘(b(bo b‘b{bo
E Hy / ) \2\ \2\
@ 6 T 10 - %
£ - - 8 ] [H i _*x *
2 mRNA regulation o 0 S
S MAPK 2 O 0 0 0 O 0
w0 | | | ° i q'/b(b N a2 o W@
0 10 20 30 S SR
KEGG pathways (p < 0.0001) NN

" B Vector || PGC-OE



-log,, p-value (closed bars)

20

Metabolism

Immune

6 4
Enrichment score (open bars)

10

Extensive Cellular Networks are linked to Metabolism

PGC-1a in vitro
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Metabolic connections to Hallmarks of Aging

Genomic instability Chronic inflammation
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Mouse Aging & CR Impact Circulating & Central Lipids

Circulating Lipids

MOUSE
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Mouse Brain Aging Molecular Signatures of Metabolism
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Tauopathy is Rescued by CR-like Metabolic Stimulation
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Age-related survival
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Hazard ratio = 4.432 (p = 0.003)

Caloric Restriction Improves Survival in Monkeys (NHPs)

All-cause survival

1.00

o
\'
Sl

Survival probability
o
)
o

0.25

0.00

= Control = Restricted

0 10 20 30 40
Time (years)

Hazard ratio = 1.828 (p = 0.013)

76 monkeys recruited to the study and monitored for 30 years
Adult onset (8-14 years of age) males & females

30% CR from baseline food intake



CR Impacts Multiple Age-Related Diseases & Disorders
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Q1. What creates shared vulnerability to a host of seemingly unrelated diseases and disorders?
Q2. What is CR changing to delay aging and onset of age-related conditions?
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Highly Coordinated NHP Hepatic CR Metabolic Response
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Caloric restriction implements a
program that changes
metabolism - how energy is
derived, stored, used, and shared.
This program can be detected
across all platforms & pathways,
influencing many cellular
processes
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CR Delays Sarcopenia (Mass & Function) In NHPs

Skeletal Muscle aging
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NHP Skeletal muscle Sex Dimorphic CR response
metabolism, growth, & repair

Males Females
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Translational Implications:
Two-year Clinical Trial: NIH/NIA CALERIE Study

HUMAN CR MONKEY CR
* Lower bodyweight v
* Lower adiposity v
* Lower circulating glucose 4
* Lower circulating insulin v
* Improved insulin sensitivity v
* Lower risk factors for CVD v

3 locations, n=220 (145 CR; 75 Control)
non-obese adults (BMI 22-28kg/m?), 21-50 years old



NHP Adipose Tissue transcriptome Depot specificity
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Adipose CR: response is Depot Specific

Common pathways enriched in both depots
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Adipose CR: RNA Processing & Ribosomal Rearranging
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Monkey & Human Adipose are highly similar
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Metabolism of xenobiotics by cytochrome P450 4
Steroid hormone biosynthesis 4

Retinol metabolism -

Calcium signaling pathway -

Allograft rejection -

Cell adhesion molecules -

Type | diabetes mellitus 1

Autoimmune thyroid disease -
Graft-versus—host disease A

Neuroactive ligand-receptor interaction A
Cytokine—cytokine receptor interaction 1

Lysosome A
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Ribosomal Rearranging with Human CR

Subcutaneous
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NHP 12mo 24mo
I

Small subunit

RPS19
MRPS18A -
MRPS2 =
MRPS15 -
MRPS18C -
MRPS7

MRPS12 4
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NHP 12mo 24mo
B |

Log2FC

0.8

0.4
0.0

-04
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