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Energy and Aging
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Energetic principles of human health



Energetic principles of human health

1. Energy distribution across physiological networks
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Energetic principles of human health

1. Energy is distributed across physiological networks



Energetic principles of human health

1. Energy is distributed across physiological networks

2. Total energy transformation capacity is limited



Limit to human energy transformation capacity

Events <0.1 days
SusMS = -1.67  0.04 logsoDays + 13.75 + 0.08
df =11, adj. r2=0.99, P < 0.0001
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Not human

Metabolic scope (xBMR)
10

SusMS: maximum Sustained Metabolic Scope Thurber et al. Sci Adv 2019



Partitioning of energetic resources in humans
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Bioenergetic principles of health

1. Energy is distributed across physiological networks
2. Total energy transformation capacity is limited

3. Sustained hypermetabolism promotes damage



Damage accumulation
Energy flow = entropy production = decay and finite lifespan

HYPERMETABOLISM

Seconds Years / Decades Centuries

Hypermetabolism is an increase in the amount of
energy needed to sustain one’s life over time






What happens to cellular energy
demand/consumption with increasing cellular age?
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Cellular quiescence/senescence decrease division rate by >90-95%
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Cellular quiescence/senescence decrease division rate by >90-95%

Growth curve
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Increased glucose and glutamine
consumption in quiescent
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Increased protein secretion (SASP)

WL

Donor 1

TGF-alpha [ ]
GDF-15
IL-18
Chitinase 3-like 1 0
ALCAM
CCL7
TIMP-1
CD163
IGFBP-7
CCL3
TNF-beta
MMP-7
IFN-gamma
FSTL1
Lumican
CXCL16
Fetuin A
CCL23
PCSK9
TNF RI
IL-6
TNFRSF9
TNFRSF6
TFPI

IL-8

TNF RII

Days Grown
27

Days grown 258

Protein concentration 4 >30-fold

o (6)]

&
Log2 fold-change



S

Donor 1 Donor 2

T"sasssasas

Donor 3

TGF-alpha [ I * I

GDF-15
IL-18
I

Chitinase 3-like 1

ALCAM

GDF-15
(pg / mL / million cells)

WL

ccL7
TIMP-1

o

CD163

IGFBP-7

CCL3
TNF-beta
MMP-7

T
& (=} 3]
Log2 fold-change

LLLLLLL

[

|

[

|

[

|

I
CXCL16 | | I
Fetuin A | i

|l

TNFRSF6

TFPI

IL-8
TNF RII
Days Grown

27 258 28

Days grown

2500 — | © Donor 1
~©- Donor 2

1500 — Donor 3
1000 — | o Donor 4
750— | © Donor5

|
0 50 100 150 200 250 300

Days grown

230 28

189

e

(@)

GDF15 chan

+89.9-fold

200 —
150 —
100 —
50 —

—

/




Donor 1 Donor 2 Donor 3
TGF-alpha (1 - | ] |

o M8
Chitinase:l:l‘i:l;:’; | g | £ "
035 —~
Tjé?:i 2 2 2500 1 & Donor 1 ° +89.9-fold
IGFBP-7 1 T S 8 1500 ©- Donor 2 o200
cCL3 - c Donor 3 =
Vv w .o 1000 -o- Donor 4 }:“ 150
IFN-gamma 1= ©- Donor 5
= - = UL E 750 G
Joi | L E S 100
B | 03 = 50
ccL23 € a
PCSK9 = -~ 0
= 2 ©
TNFRSFo B J = 0 50 100 150 200 250 300
s H - — - - Days grown N
IL-8 I [ ys g (00
TNFRII I I i I o)
Days Grown
27 Days grown 258 28 230 28 189
*%
1%106 — cell-free DNA 20— +10.6-fold

; 1

cf-mtDNA
relative to early life av
ik

cell-free mtDNA
T

(copies / ml /million cells)

o

. | .
0O 50 100 150 200 250 300 '\S\\Q
N

2 &

Secretion of protein & DNA 1 >10-90-fold



Jatp/ cell volume

Aging human fibroblasts are HYPERmetabolic
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Aging (senescent) cells become hypermetabolic
But the whole body does not

In fact, whole body energy expenditure declines with age
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Aging (senescent) cells become hypermetabolic
But the whole body does not

In fact, whole body energy expenditure declines with age

_§

ol § MHMM“%_&,#%
e iy 1,500 1

|||||||||||||||||||||
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95

Age (yr)

Resting metabolic (RMR) (kcal/day)

20 40 60 80 100

Ferrucci et al. JAGS 2012



Energeilégaradox ?

CELLULAR
HYPERMETABOLISM

1 energetic expenses

1 transcriptional noise,
ectopic gene expression

2 1 cytoplasmic
and cell-free DNA

Ve hypersecrehon

HYPERMETABOLISM

‘ﬂ' 1 mitochondrial —/E'

proI|ferat|on

GL E
1 Metabolic shift,
OX lower efficiency

Adjusted BEE (%) =

50 75 100 125 150 175 200
1 1
.3.’ °
!=c#
__o—.
—o——.—

WHOLE-BODY
HYPOMETABOLISM

b g it

_§

Resting metabolic (RMR) (kcal/day)

_%)

.g

:

:

r— 1 1t 1. 1 1 1 1 1 1 T Tt T T T 1T T T T 1
5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95

Age (yr)

20 40 60 80 100
Age (yrs)



Brain-body Energy
Conservation (BEC)

Manifestations of aging
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Brain-body Energy Conservation (BEC)
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Brain-body Energy Conservation (BEC)
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Brain-body Energy Conservation (BEC)
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Is the common factor or intersection point ENERGY ?
Do the hallmarks physically intersect in the ?

Modified from
Lopez-Otin et al. Cell 2023



Brain-body energy conservation (BEC)
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Predictions of the BEC model

Frailty (loss of functions) is a pro-survival strategy (cancer cachexia), so
people who can develop/sustain frailty should live longer (women vs men)

Costly processing of sensory information may be down regulated to conserve
energy (sensory deficits)

Torpor and energy conservation prolong healthspan/lifespan (Biorxiv 2024)

Chronic life stress and social isolation promotes cellular hypermetabolism,
systemic signals of hypermetabolism (cytokines), and morbidity / accelerated
physiological aging (Snyder Mackler et al. Science 2020)

Hormones should exist to convey somatic hypermetabolism to the brain
(GDF15, other cytokines) (Monzel et al. Life Metab 2024)



GDF15 is the most significantly upregulated protein
In human aging
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What does GDF15 mean to the organism?
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What does GDF15 mean to the organism?

Metabokines/Mitokines
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Manifestations of aging
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