Skeletal Muscle Decline with Advancing Age

National Academies of Science: Food Forum
November 20, 2024

0]

L

NH

2

o)

Ho/\‘)k OH

NH

2

Anna Thalacker-Mercer, Ph.D.

UAHSF Endowed Professor of Regenerative and Translational Medicine
Associate Professor and Vice Chair of Training Programs and Mentorship
Associate Director, UAB Center for Exercise Medicine




Disclosure statement

* Funding:
* NIA RO1 AG075059, RO1 AG058630, P30 AG050886,
 NHLBI RO1 HL153460,
 NIJAMS UO1AR071133,
* NIDDK P30 DK056336,
* DoD DARPA FA8650-19-C-7944,
* University of Alabama Health Science Foundation

* No financial conflicts to declare



Skeletal muscle in human health

Skeletal muscle is the largest organ (system) in the body
~45% of body weight (BW) in young men

~35% of BW in young women
[] 25-30% of BW by 70 y—sarcopenia
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Age-related change in thigh muscle, fat, and fibrotic
masses in BMI and sex matched adults

Male Age 25
€9 93y 9|eN

Female Age 30
99 93y 9|ewd4

Similar BMI

UAB Core Muscle Research Laboratory



Loss of muscle strength and quality is 3X greater than the loss of
muscle mass

White Black White Black
men women women

7 % /

7

Annualized declines (% / year)

Gender difference within race, p <0.01. Racial difference within gender, p <0.05
Leg lean mass (hatched bar); muscle strength (black bar) Goodpaster et al. J. Geron A Biolo Sci Med Sci 2006



Complex (multi)cellular changes in skeletal muscle with aging

Atrophy Heterogeneity Clustering

C = Type | :
G?SEELTVZ,Zﬁ.a Females > Males Females > Males Type | grouping: Both sexes

Black = Type IIx Type | cluster size: Females > Males

Roberts et al. Exp Gerontol. 2018, Jang et al. Cold Spring Harb Symp Quant Biol 2011; 76:101-11



* Physical

* % Falls and
impairment/disability S

fractures hospital stay

\}

Wound healing

Shorter \ t ’
survival

Disease Need for
progression / treatment rehabilitation
toxicity (cancer)

Poor quality Postoperative
of life complications

Adapted from Prado et al. Clin. Nut. 2022

The adverse effects of
skeletal muscle deterioration

Reduced Activities of
Daily Living (ADLs)

and Instrumental
ADLs

Loss of autonomy
and independence

Institutionalization

*Mobility most common disability among older adults
* 35% of adults 70 y
* Majority of adults >85 y
**Annual falls in older adults
* 1in4 older adults
* 41,000 deaths




Mechanisms are multi-factorial

( Atrophy-Priming Mechanisms Incrementing the Effects of Disuse in the Ageing Muscle)
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Adapted from McKendry et al. Exp. Phys. 2024



Mechanisms are multi-factorial
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Understanding mechanisms will help us

identify biomarkers and understand how to intervene

Adapted from McKendry et al. Exp. Phys. 2024




Temporal changes in skeletal muscle mass and strength

Older life

Minimising loss

Adult life

Maintaining peak

Early life
Growth and
development to
maximise peak

i i Environmental
changes can lower the
disability threshold

Rehabilitation and ensuring
quality of life

Muscle mass and strength

Age

Modified WHO/HPS, Geneva 2000



Level of evidence for dietary patterns, whole foods, and

nutrients impacting indicators of sarcopenia
| [ MidAdult(<60y) |  OldAdult(265y) |

Dietary Evidence (limited) of higher quality diets Evidence (moderate) for higher quality diet patterns
Patterns being beneficial for physical performance inbeing better for muscle strength and physical
later life. performance.
Whole Select examples
Foods Fruits and Evidence (limited) benefits physical Evidence (limited) for benefits on physical
Vegetables performance later in life. performance with higher intakes
Meat Evidence (mixed) for mass and strength when mixed

with exercise. Evidence for potential harmful effects
of processed meats.
Dairy / Dairy Evidence (mixed) of mass, strength, and functional
product benefits when mixed with exercise. Relationship
between consumption, mass and strength.

Nutrients Select examples

Protein Evidence of benefits when mixed with Evidence (mixed) of mass, strength, and functional
exercise. benefits when mixed with exercise.
Vitamin D  Evidence is inconsistent.
Antioxidants Very limited evidence. Evidence (limited) for benefits on mass, strength,
and function particularly when coupled with exercise.
B vitamins Evidence (limited) of B12 status association with

muscle mass and strength.
Robinson et al. AJCN 2023; Ganapathy and Nieves Nutrients 2020; Granic et al. Proc. Nutrition Society 2024; Campbell et al. J. Geron Med Sci 2023



Level of evidence for dietary patterns, whole foods, and
nutrients impacting indicators of sarcopenia

/| Mid-Adult(<60y) |  OIldAdult(@65y)
Dietary Evidence (limited) of higher quality diets Evidence (moderate) for higher quality diet patterns
Patterns being beneficial for physical performance inbeing better for muscle strength and physical

later life. performance.
Whole Select examples

Timing of intake, dose, biological age, polypharma, exercise/physical activity

level, habitual diet, etc. need to be accounted for.

exercise. benefits when mixed with exercise.
Vitamin D  Evidence is inconsistent.
Antioxidants Very limited evidence. Evidence (limited) for benefits on mass, strength,
and function particularly when coupled with exercise.
B vitamins Evidence (limited) of B12 status association with

muscle mass and strength.
Robinson et al. AJCN 2023; Ganapathy and Nieves Nutrients 2020; Granic et al. Proc. Nutrition Society 2024; Campbell et al. J. Geron Med Sci 2023



Vitamin Vitamin p

B12<400pg/mL n=240 |B122400pg/mL n=163
Age 73.7£719 72.9+7.81 0.30
Muscle strength (kg) 17.95+9.06 20.00+9.11 0.03
Fat (kg) 22.49+8.88 22.97+10.01 0.65
Lean body mass (kg) 45.98+8.14 49.42+9.52 0.001
Skeletal muscle mass (kg) 26.01+£4.51 27.97+5.38 0.001
Muscle (kg) 43.58+7.66 46.92+9.06 <0.001
Skeletal muscle mass index (skeletal | 7.14+1.32 7.74+£1.43 <0.001

muscle mass/height?)

N =403 human adults aged 70-84 y

Muscle mass and strength are related to Vitamin B12 levels

Bulut, A.E., et al.,, 2017



Disrupted mitochondria cristae and inclusions are observed in
muscle of B12 deficient sheep
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J. Comp, Path. 1983. Vol, 93



Disrupted mitochondria cristae and inclusions are observed in
muscle of B12 deficient sheep
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Examining the impact of B12 supplementation
on aged skeletal muscle
Diet: AIN93

[ Weekly vehicle injection, control | B12¢on

Randomized 12 weeks treatment: | Weekly B12 injection, supplemented | B1240s

e 1.25pugB12in 0.9% saline /—“: IAic&i;E:n | |

 vehicle control (0.9% saline) i
Assessments: C57BL/6N sl ek

* Mitochondria architecture with electron

microscopy
* Global proteomics

Indicator of improved B12 status
* Increased ceruloplasmin levels (4.6-fold)



Preserved mitochondrial morphology with B12
supplementation

Vehicle control

Supplemented

464c-6.tif

A475s-2.tif
1pm 1pm
HV=120kV al: 0.001408 pm/pix

HV=120kV
Direct Mag: 5000 x 4:33 2024-09-19 Direct Mag: 5000 x
UAB HRIF

UAB HRIF

al: 0.001408 pm/pix
3:59 2024-09-19

amera: NS43, Exposure: 500 (ms) x 4 std. frames, Gain: 5, Bin: 1 amera: NS43, Exposure: 500 (ms) x 4 std. frames, Gain: 5, Bin: 1
amma: 1.00, Level 1, Normal Contrast amma: 1.00, Level 1, Normal Contrast

Unpublished data



B12 availability impacts
skeletal muscle mitochondria and structure

Isocitrate dehydrogenase [NAD] subunit gamma 1, mitochondrial
NADH dehydrogenase [ubiquinone] iron-sulfur protein 6, mitochondrial
Pre-B-cell leukemia transcription factor-interacting protein 1
Elongation factor 1-delta

Purine nucleoside phosphorylase

Plasminogen activator inhibitor 1 RNA-binding protein
Mth938 domain-containing protein

Glutaredoxin-3

40S ribosomal protein S4, X isoform

Ubiquinone biosynthesis protein COQ9, mitochondrial
Elongation factor 1-gamma

Thioredoxin-dependent peroxide reductase, mitochondrial
Actin-related protein 2/3 complex subunit 4

Tubulin polymerization-promoting protein family member 3
Cytochrome c oxidase subunit 5A, mitochondrial
Kininogen-1

LIM and cysteine-rich domains protein 1

40S ribosomal protein S25

Fructose-bisphosphate aldolase C

Carbonyl reductase [NADPH] 1

Maleylacetoacetate isomerase

Peptidyl-prolyl cis-trans isomerase FKBP1A

Low molecular weight phosphotyrosine protein phosphatase
D-dopachrome decarboxylase

Transitional endoplasmic reticulum ATPase

Citramalyl-CoA lyase, mitochondrial

28S ribosomal protein S36, mitochondrial

Protein MEMO1

Serine protease inhibitor A3K

10 kDa heat shock protein, mitochondrial

Importin-7

Ubiquitin carboxyl-terminal hydrolase 14

Myosin-binding protein H

SH3 domain-binding glutamic acid-rich protein

Electron transfer flavoprotein-ubiquinone oxidoreductase, mitochondrial
Serine/threonine-protein kinase OSR1

Spectrin beta chain, erythrocytic

Titin

Troponin |, fast skeletal muscle

V-type proton ATPase catalytic subunit A

Mitogen-activated protein kinase 12

Serum paraoxonase/lactonase 3

Glycerol-3-phosphate phosphatase

Carboxylesterase 1D

40S ribosomal protein SA

Prefoldin subunit 3

D[ [

* Top differentially expressed proteins related
* Mitochondria function
e Skeletal muscle architecture / structure

* Top canonical pathways

* Regulation of elF4 and p70S6K (p = 1.30E-08)
* mTOR signaling (p = 6.32E-07)

* Physiological system development and function

» Skeletal muscular system development and function (p-value
range 5.14E-03 — 1.07E-07)

e Organismal survival (p-value range 1.77E-05 — 1.29E-07)

Unpublished data



Anticipated vs. unexpected sarcopenia

“Anticipated”
Early life Adult life Older life
Growth and : Maintaining peak Minimising loss

development to |
maximise peak i

isability threshold

Muscle mass and strength

I
.
I
]
1 Rehabilitation and ensuring
: quality of life

Age

Modified WHO/HPS, Geneva 2000



Muscle mass and strength

Early life
Growth and

development to |
maximise peak i

Anticipated vs. unexpected sarcopenia

“Anticipated”

Older life

Minimising loss

Adult life

Maintaining peak

_______ .
Disability thresholdl

Rehabilitation and ensuring
quality of life

- o -

T
I
1
1
1
1

Age

Modified WHO/HPS, Geneva 2000

Lean Muscle Mass (kg)

36
34
32
30
28
26
24
22
20
18

“Unexpected”

Gradual sarcopenia model

“Catabolic Crisis" model

>

Acute illness or injury
leading to extended

bed rest Incomplete

recovery

40

50 60 70 80 90
Age (y)

Kirwan et al. GeroScience 2020



“Unexpected” stressors impact skeletal muscle health
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“Unexpected” stressors impact skeletal muscle health
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Endogenous serine (and glycine) availability is lost with
advancing age

*Older and younger adults
e *Metabolomics skeletal muscle, plasma and serum

Skeletal muscle

Circulating

Young Older
*human adults  human adults
Plasma Serum Plasma Serum
uM/L - uM/L - pM/L uM/L
I-Serine 136 112 135 98
Glycine 360 248 352 246

100 -

] é?a &% ** 4 - Hﬂ

*changes with age also observed in mice

Amino Acid Concentration (nmol/mg Protein)

¢ @ @ @ @& & @ & @& @& & @ @& @& @ Adi
S 8 o o o o o € & 5 € different from young, p<0.05
(©) X g 2 &
v @be Q N \%\ NV @é\‘? (\\}’b «\ ')
(4)
Q‘(\

Gheller et al. Mol Metab. 2021



Enhanced skeletal muscle remodeling with
reduced serine and glycine availability in older mice

+Serine/Glycine -S(=:r|ne/GI¥0|ne _, adipocytes

* C57BI/6N, aged (19-20 months)
* Diets: isonitrogenous, isoenergetic

%

Replete Serine / Glycine, control

Depleted Serine / Glycine

[} o

&) (@]

o 3 28 = Z

dpi dpi dpi - -

| 4 Weeks a8 s

Diet ‘ ‘ J = =

acclimation Muscle IHC IHC 2 aQ
Injury

Gheller et al. Mol Metab. 2021 Control Ser/Glygepieted



Enhanced skeletal muscle remodeling with
reduced serine and glycine availability in older mice and humans

+Serine/Glycine -Serine/Glycine

* C57BI/6N, aged (19-20 months)
* Diets: isonitrogenous, isoenergetic

Replete Serine / Glycine, control SGcont
Qj Depleted Serine / Glycine SGpep

5
O
0o 3 28 =
dpi dpi dpi =
‘ 4 Weeks ’ ‘ ‘
Diet ’ J
acclimation Muscle IHC IHC
Injury < 3
Gheller et al. Mol Metab. 2021 Control Ser/GlY gepieted

Lustgarten & Fielding, Exp. Gero. 2017
*Older adults: n=73 older adults, mean age 78 y
“% eMultivariate-adjusted linear regression model to evaluate the association
‘ between serum metabolites and skeletal muscle composition.
*Normal density (NDM) vs. low density thigh muscle area (LDM)
*Serine and Glycine were positively associated with NDM/LDM—increasing
adiposity of the muscle was associated with reduced Serine/Glycine
availability



Summary and Conclusions

* Skeletal muscle deterioration is the most prevalent phenotype observed with
advancing age

* Mechanisms are multi-factorial and therapies are limited

* Nutrition and nutrient availability for the age-related muscle decline
* Have potential benefits for attenuating the “anticipated” muscle deterioration trajectory
* Are likely necessary for “unexpected” stressors that derail the trajectory



Summary and Conclusions

 Skeletal muscle deterioration is the most prevalent phenotype observed with

advancing age

* Mechanisms are multi-factorial and therapies are limited

* Nutrition and nutrient availability for the age-related muscle decline
* Have potential benefits for attenuating the “anticipated” muscle deterioration trajectory
* Are likely necessary for “unexpected” stressors that derail the trajectory

* Muscle and nutrients don’t work in silos

Liver

ooooooooooo

Hoch et al. Front Nut. 2022

Muscle, Strength, and Function

- e e - ey

I { =
4’ Resistance training T Z
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McKendry et al. Exp. Phys. 2024
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