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Why Study Aging?

Lifespan: Total number of years lived by an individual
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Healthspan: Number of disease-free years lived

Garmany et al. npj Regenerative Medicine 2021
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Why Study Aging?

Lifespan: Total number of years lived by an individual

Maturity Peak Continuous decline
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CALORIE RESTRICTION ¥ oL
REDUCTION OF DAILY CALORIC INTAKE

WITHOUT MALNUTRITION



UW-Madison Rhesus Monkey Calorie Restriction Study
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CALORIE RESTRICTION DIET

Canto, 25

Although a senior citizen — the average rhesus menkey
lifespan in captivity is 27 — Canto, above, is aging fairly
well. Qutwardly, he has a nice coat, elastic skin, a smooth
gait, upright posture and an energetic demeanor. His
bloodwork shows he is as healthy as he locks.

Human equivalent Meals prepared by Mike Linksvayer, 36

Dinner vegan sausage, kale,
tomate sauce and salad

MONKEY MENLU
—— Daily calories =
445 885

Menkeys also receive an apple
each day

HUMAN MENU
—— Daily calories =
2,000 3,000
Beverages, snacks and

desserts not shown. Diet varies

according o body lype, sex
and aclivity level

.
v
L}
e
NORMAL DIET
Owen, 26

He gets more food, but Owen, above, isn't aging as well.
His posture has been affected by arthritis. His skin is
wrinkled and his hair is falling out. Owen is frail and moves
slowly. His bloodwork shows unhealthy levels of glucose
and triglycerides.

Diet of an average, active human male of 36

Photos by Jim Wilson and Tony Cenicola/The New York Times and Lars Klove for The New York Times

Breakfast fermented Lunch lofu,
soybeans and garlic konyakku and carrots
www.icomi.org



Overlooked feature in Calorie Restriction

Ad libitum CR
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Overlooked feature in Calorie Restriction

Ad libitum CR

Light/Dark
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Overlooked feature in Calorie Restriction

Ad libitum CR

4

Light/Dark
Eat for
~2 hours
Fasting for
~22hours

60-80%
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Distinguish the fasting-dependent and calorie-dependent effects of
CR on metabolic health, fithess, and longevity

AL: Control (ad libitum)

Diluted AL: 50% Diluted Diet (ad libitum) - Elimination of fasting

| MF.cr: 30% restriction (Fed 3x per day) - Elimination of binging

| CR: 30% restriction (Once a Day) - Classic calorie restriction

o]

Acclimation and new MRI
diet training period Randomize MRI MRI MRI
Chambers
4 Weeks H 4 Weeks
Start Diet GTT ITT ATT GSIS GTT ITT ATT GSIS
A
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Body composition outcome of three modes of calorie restriction

Body Weight (g)
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Weeks on Diet

AL: Control (ad libitum)
Diluted AL: 50% Diluted Diet (ad libitum) - Elimination of fasting

| MF.cr: 30% restriction (Fed 3x per day) - Elimination of binging

| CR: 30% restriction (Once a Day) - Classic calorie restriction
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Glucose tolerance is improved in all CR models

AL: Control (ad libitum)

Diluted AL: 50% Diluted Diet (ad libitum) - Elimination of fasting

| MF.cr: 30% restriction (Fed 3x per day) - Elimination of binging

| CR: 30% restriction (Once a Day) - Classic calorie restriction

w
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Fasting is required to improve insulin sensitivity

AL: Control (ad libitum)

Diluted AL: 50% Diluted Diet (ad libitum) - Elimination of fasting

| MF.cr: 30% restriction (Fed 3x per day) - Elimination of binging

| CR: 30% restriction (Once a Day) - Classic calorie restriction
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Fasting is required for the distinct fuel utilization pattern in CR-fed
mice
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AL: Control (ad libitum)
 Diluted AL: 50% Diluted Diet (ad libitum) - Elimination of fasting

| MF.cr: 30% restriction (Fed 3x per day) - Elimination of binging

| CR: 30% restriction (Once a Day) - Classic calorie restriction
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CR and MF.cr Feeding
Timepoint
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Fuel Oxidation (kcal/day)
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Fasting promotes the unique metabolomic signature in CR mice

PC 2 (27.7%)
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Fasting promotes the unique metabolomic signature in CR mice

Liver Skeletal Muscle
6- 6 -
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Fasting alone recapitulates the CR response

AL: Control (ad libitum)

TR.al: Unlimited food access for
3hrs (no calorie restriction)

CR: 30% restriction (Once a Day)
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Fasting alone recapitulates the CR response

AL: Control (ad libitum)

TR.al: Unlimited food access for
3hrs (no calorie restriction)

CR: 30% restriction (Once a Day)
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Fasting alone recapitulates the CR response

AL: Control (ad libitum)

TR.al: Unlimited food access for
3hrs (no calorie restriction)

CR: 30% restriction (Once a Day)

g

CR and TR.al Feeding
Timepoint

DARK L

g

i

Fuel Oxidation (kcal/day)
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Over 90% of differentially expressed genes
(DEGs) are the same between CR and TR.al

iWAT
CRI/AL
TR.al/AL

CR/AL
TR.al/AL

Less than10% of
DEGs were changed
between TR.al and

CR!
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Endocytosis jmm
MAPK signaling pathway
Long-term depression fzm
Rap1 signaling pathway =
TGF-beta signaling pathway
Bladder cancer
mTOR signaling pathway
Cytokine-cytokine receptor interaction
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Fasting is necessary for CR-induced improvement in
insulin sensitivity

AL: Control (ad libitum)

Diluted AL: 50% Diluted Diet (ad libitum) - Elimination of fasting

CR: 30% restriction (Once a Day) - Chronic fasting model
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Fasting is necessary for CR-induced improvements in frailty
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AL: Control (ad libitum)

Diluted AL: 50% Diluted Diet (ad libitum) - Elimination of fasting

CR: 30% restriction (Once a Day) - Chronic fasting model
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Fasting is necessary for CR-induced improvements in lifespan

AL: Control (ad libitum)  Median Lifespan = 850 days

Diluted AL: 50% Diluted Diet (ad libitum) - Elimination of fasting Median Lifespan = 776 days

CR: 30% restriction (Once a Day) - Chronic fasting model Median Lifespan = 1022 days

100 —o

Cancer Observed at Necropsy
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Restriction of
calories
without fasting

Restriction of
calories or
fasting alone

Daily fasting
without CR

—> <« > —>

Lean mass
Fatty acid oxidation
Frailty score

Lifespan

Maintain weight, fat
and adiposity

Glucose tolerance

Energy expenditure
Carbohydrate/protein
oxidation

Maintain lean mass
Insulin sensitivity

Fatty acid oxidation
Frailty score?

Lifespan?



Chronic Fasting model vs Non-fasting model

Fasting
Timepoints

4hr (ZT 7)

8hr (ZT 11)
12hr (ZT 15)

AL: ad libitum Control

Metabolic
. . Phenotyping
CR: 30% Calorie Restricted

> Sacrifice
16hr (ZT 19 7
Fed at 6-7AM { ) > Weeks
20hr (ZT 23
8 weeks on diet I 24hr (ZT 3)

(n = 8 mice/diet/timepoint)

N n [ N n
U (W)
q\}’
6AM 9AM 1PM
5PM
CohortA | OP
eeding GTT/ITT/ATT ohort B h
GTT/ITT/ATT oho A
Feed CR 12hr Fast GTT/ITTI/IATT ohort U 9AM
Mice
GTT/ITT/ATT Cohort E
N GTT/TT/ATT Cohort F

. = _ ] GTT/TT/ATT
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Glucose tolerance is affected by fasting duration
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Blood Glucose (A Baseline)
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Insulin sensitivity is only observed after a prolonged fast in

Fasting Timpoints

CR mice
-O-AL
-0-CR
150- 4 Hour Fast 150- 8 Hour Fast 150- 12 Hour Fast
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CR animals are adapted to maintain tight blood levels
during a prolonged fast

Feed

Couegltolt:)aSting Feeding (2hrs) Cog?g‘t) (I;ed
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Insulin levels may be dependent on time of feeding

Feed
Colleézltol;%sting Feeding (2hrs) Cogtle&t) (I;ed
Fasting Fed
Time Point Time Point —-@-AL Fasted -@-AL Fed ¢ CR Fasted ¢ CR Fed
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T 4
£ 35. *
273
e 231 ¢
3.2 :
< 1.5, ! § %
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0.5. ‘ ‘
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ICoMI www.icomi.org
vvvvvvv



Insulin levels may be dependent on time of feeding

Feed

Colleé:ItOI;a:jsting Feeding (2hrs) Cogtlegg ‘I;ed
prasting red -o-AL Fasted -@-AL Fed < CR Fasted ¢ CR Fed

4.5- 4.54
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Is circulating insulin level dependent on the time of first feeding?

Fasting
Timepoints

4hr (ZT 19)

8hr (ZT 23)
12hr (ZT 3)
16hr (2T 7)
20hr (ZT 11)

AL: ad libitum Control

Metaboli_c
Phenotyping > Sacrifice
5 Weeks

CR: 30% Calorie Restricted
Fed at 6-7PM

| 8 weeks on diet |

(n = 8 mice/diet/timepoint)
Night Fed
CR mice fed at 6-7pm

: 9AM
Feeding S o
GTTATT/ATT | CohortC
Fe,;f’ CR 12hr Fast GTTATT/ATT | CohortD
Ice
GTTATTIATT
- A o GTTITT/ATT Cohort F
L&?lm_' www.icol >4hr Fast

GTT/NTT/ATT




Blood Glucose (A Baseline)

Night-fed CR mice had similar improvements in glucose tolerance

as morning fed CR mice

-o-AL
-0>-CR

Fasting Timpoints

©- 8hr

O 12hr -© 16hr -@- 20hr -@- 24hr
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Insulin sensitivity was also only observed after a 20hr of
fast

Fasting Timpoint
-o-AL -@- 4hr ©- 8hr ?)S Eir m:)po1lghf -@ 20hr -@- 24hr
--CR
120 -
100
150- 4 Hour Fast 150, 8 Hour Fast 150, 12 Hour Fast
120 L 120 120, = 23
— (4 S (_ (/1) .
g 60" 60‘ 60_ °\° 20
ﬂ; 30. 30 30- )
= 0 0 8 %0 15 30 45 60 90
o o [120-
5| 150, 16 Hour Fast 150,  20HourFast ~ 150, 24 HourFast g |100
g 120 120 120 g 80 .
o : ¢ ¢
8 90 VN\%/Q_ | 90 V;\’\’—H 90 . 60 -
m| 60- 60, =« 4 6 o * 60 7 . b 40 |
30 30 ¥ x * 30- H 20 .
0 : , , , , 0 : ; ; : - 0 T . 0
0 1530 4560 90 0 15304560 90 0 15304560 90 o 15 30 45 80 90
- Time (min) — Time (min) *

ILoMmI www.icomi.org
VIRTUAL



CR animals have adapted to maintain tight blood glucose
levels during a prolonged fast

Feed
Couegltof)a(‘jSting Feeding (2hrs) Cog?g‘t) (Ii:ed
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Insulin levels are dependent on time of day for AL mice

Feed

Colleé:ltol;adsting Feeding (2hrs) Cogcle&t, ged
Fasting Fed
Time Point Time Point
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Insulin levels are dependent on time of day and time of

feeding for CR mice

Feed

Collect Fasting
Blood

Feeding (2hrs)

Collect Fed
Blood
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PISBK/AKT/mTOR Pathway

%2 Insulin

—| IRS1/2

IRS1/2
degradation

IRS1/2
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Genetic/pharmacological inhibition of mMTORC1 extends

lifespan

Cell Reports

Rapamycin
Open P y

ACCESS

Increased Mammalian Lifespan and a Segmental

and Tissue-Specific Slowing of Aging
after Genetic Reduction of mTOR Expression
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Hepatic mMTORC1 activity is regulated by the fed/fasted
state
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Hepatic mMTORC1 activity is regulated by the fed and
fasted state
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Hepatic mTORC1 activity is regulated by the fed and fasted

state
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Summary

/CR mice maintain tight blood glucose levels during a prolonged fast
1. CR mice have improved glucose tolerance compared to AL mice during a 24hr fast
2. CR mice have a unigue response to insulin at different fasting durations

K?" CR mice suppress hepatic glucose production during a fast

Insulin is required for the tight regulation of glucose level in CR mice

1. CR mice do not have improved insulin sensitivity until a 20hr fast

2. Insulinis required for the tight regulation of glucose homeostasis in CR mice

3. Insulin secretion/clearance is shifted to match that of time of day and feeding schedule

mTORC1 activity is mediated by the fed and fasted stated
1. AL and CR mice have the same hepatic mMTORC1 when feeding status is the same
2. Suppression of hepatic mTORC1 activity is not required to elicit the CR effect
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