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Presentation Outline

Part 1

e The “typical” older muscle, inflammation, cell
senescence and the potential role of muscle-derived
precursor cells in contributing to this phenotype

Part 2

e Heterogeneity of older phenotypes. Comparing the
inactive and active older muscles. What we can
learn from master athletes and life-long exercisers
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Implications of a progressive age- related

decline in muscle function

Note: We should
not assume this
decline is linear!
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Loss of muscle size and quality in
ageing (sedentary)

Parise & Yarasheski (2000)

Curr Opin Clin Nutr Metab Care, Sa rco pe n ia



Sarcopenia characterised by:

Young Old

Infiltration of fat and

connective tissue
(probably an extreme
example)

Agley et al. 2013
Young Old Andersen et al. 2003
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Factors associated with sarcopenia..

e “Anabolic resistance” to feeding and exercise
e Changes in circulating “anabolic” hormones
e Metabolic dysregulation

e Inflammation (“inflammageing”)

e Cellular senescence

e Impaired regeneration from exercise-induced
damage



“Inflammageing”
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Soluble factors, T regs, helper T cells, N 1
regulatory DC, — MSCs
(Figure 2)
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Factors associated with sarcopenia..

e “Anabolic resistance” to feeding and exercise
e Changes in circulating “anabolic” hormones
e Metabolic dysregulation

e Inflammation (“inflammageing”)

e Cellular senescence

e Impaired regeneration from exercise-induced
damage



Satellite cells — the muscle’s resident stem cells

Mauro 1961
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satellite cells - proliferating myoblasts (muscle

precursor cells)
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Quiescent satellite cell
Expresses: Pax 7, CD56 (NCAM), Myf5

Activated Satellite cell -
(proliferation and commitment)
Expresses: Pax7, MyoD, Myf5, Desmin



satellite cells - proliferating myoblasts (muscle

precursor cells) - fusion & differentiation...

J—
==

i | SEEEE 1 R TN EEL I T ETRTTIRT ] L FFUE) EERTE TR i R ey OOy 1 1 $E1)

T conEEREREERETEY LEREREEFEREETERELTEN FE 10 ENEEERNLNER T TN RO ANEE

'I'I-!'I EP:[!!IJ.:!III EESERETT ETHE HERFTEENSERERRT TLDE Ekhl‘l!‘!ll‘,tllilll”_"llll.ﬂithlt'ltii!i'.l-l'il'lil!'l‘ll“'l

LFEENETTET ERERY FEELE FUEERE RN R FELF R R N R R FUEE Y P E R B G S 2R3 K EG DR AT

BRI ERERE R L ENE L PUREEFEEIEFEITF LRC R RER R EERE R RS T AR L CLE BN RN

PEVIEETEERTNALEELE ENEESEERTRERITR LR ERREEREEER R D LD R PR T T R T R R R E DY TR R E R R

FELTERERRTFIILELED ERERIEEREREF I T REL T EEERURRER DI SRR PRI EE LN ENERY R EEF PR ERF AT

FEXTPNEERIRTLTENER EUEERTRFEAEFIIR EEIFEETE N EERE RN T EXERFFENFERNENITFFIEEEEE TR T

EEEFENEREFTIFRERR L EHTEAFTRETITI AR LET TREERLTEER R R T FI TN lrl'll'.l‘I:!!IiilI!t.r'll FEERARETEL

l‘“"l@"ﬂl”l' I:LIElltllltltlxtltimFE:Itlil TITELEVELETEERES VIR EEEIEEE

LEEEE

ERFIEEREL H iy LIEER

IBFTBELLEE ,;.. o THELE

SRR ETERLE Fm'.;. it EI_LEH

b Py

Wk .THH-J'I. HET

LEELE

r i

~3 KIEEY

Morgan & Partridge (2003)

Quiescent satellite cell
Expresses: Pax 7, CD56 (NCAM), Myf5

Activated Satellite cell -
(proliferation and commitment)
Expresses: Pax7, MyoD, Myf5, Desmin

Fusion
Expresses: CD56, MyoD, MRF4,
Desmin, Myogenin,



satellite cells - proliferating myoblasts (muscle

precursor cells) - fusion & differentiation...
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Quiescent satellite cell
Expresses: Pax 7, CD56 (NCAM), Myf5

Activated Satellite cell -
(proliferation and commitment)
Expresses: Pax7, CD56, MyoD, Myf5,
Desmin

Fusion
Expresses: CD56, MyoD, MRF4,
Desmin, Myogenin,

Terminal differentiation - (in
culture forming myotubes)
Expresses: CD56, Desmin, myogenin
and MHC
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Delayed increase in satellite

cell number in older men Type | fibres
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Primary human muscle cell culture

Satellite Cell

DESMIN/HOECHSTITE-7/

Myoblasts Fibroblasts



MPCs - myotubes

Proliferation — differentiation

MHC Hoechst
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Differentiation:
Similar responses

in cells obtained
from young and

old people
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Differentiation

e Non-senescent
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Differentiation:

Impaired responses
in senescent cells
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ARTICL.
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doi:10.1038/nature16932

Naturally occurring p16™%42_positive
cells shorten healthy lifespan

Darren J. Baker!, Bennett G. Childs?, Matej Durik!, Melinde E. Wijers!, Cynthia J. Sieben?, Jian Zhong', Rachel A. Saltness',
Karthik B. Jeganathan!, Grace Casaclang Verzosa®, Abdulmohammad Pezeshki*, Khashayarsha Khazaie?,
Jordan D. Miller? & Jan M. van Deursen!?

Induction of apoptosis in
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Baker et al., 2016



Ageing & human muscle precursor cells

1) Is there an inherent ageing effect on the
myogenic properties of human MPCs?

— No, but senescence in culture creates a distinct
and impaired phenotype



Functioning satellite cells obtained from a 96 yr old
- 17 days after death...
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Ageing & human muscle precursor cells

1) Is there an inherent ageing effect on the
myogenic properties of human MPCs?

— No, but senescence in culture creates a distinct
and impaired phenotype

2) Do environmental factors influence human
MPC behaviour?



Parabiotic mice — conjoined circulation

Generate Injure Young Aged
parabiotic mice leg muscle :
. 30 *
Ty T Ty ' @  ommm—
) ”f h | Q
: c 20
- » o > Q
: . i\ Regenerated ™
Dry ice muscle &J 10
Young  Young 'rl_.i
€0

Young

—~ —
y : _.’ /'.
> f o Iso. Hetero. Iso. Hetero.
- x. % Regenerated
' ' muscle . - :
Old s Ty
& .a._ -_. e : ; .. i
e, : by e

Impaired
regeneration
Olid Old

Conboy et al. (2005)



Inflammatory cytokines inhibit the progression of

CD56*v¢ cells to myoblasts (expressing desmin)
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TGF-B1 inhibits differentiation in both young and old human

cells at concentrations secreted by senescent cells
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Ageing & human muscle precursor cells

1) Is there an inherent ageing effect on the myogenic
properties of human MPCs?
— No, but senescence in culture creates a distinct and
impaired phenotype
2) Do environmental factors influence human MPC
behaviour?

— Yes, e.qg. inflammatory cytokines (which can be released
from muscle cells) impair behaviour



Presentation Outline

Part 1

e The “typical” older muscle, inflammation, cell
senescence and the potential role of muscle-derived
precursor cells in contributing to this phenotype

Part 2

e Heterogeneity of older phenotypes. Comparing the
inactive and active older muscles. What we can
learn from master athletes and life-long exercisers
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The decline in maximum
voluntary isometric knee
extensor force (strength)
can be greater than the
decline in quadriceps CSA

Young et al. (1985)



How strong is healthy human muscle in vivo?

e Accounting for:

— Accurately determined muscle CSA
e MRI for lean, anatomical cross-sectional area

e Ultrasound for determination of muscle
architecture (pennation angles) to calculate
physiological CSA

— Obijective measures of function (torque) |

e Full activation of agonists (confirmed or
corrected for using twitch interpolation)

e Corrected for antagonist co-contraction

— Calculation of force applied directly to
the tendon form external torque

e Correction applied from measurement
(through MRI) of internal level systems

— ~55Nlcm2 O’brien et al. (2010)



Isometric force in human skinned
fibres Fibre o

Isometric force at max Ca?*
activation
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Measurement of fibre
diameter for calculation of CSA



\ specific force related to \activity not
ageing per se

specific force

Po/CSA (kN/m?)

4
MHC

I YOUNG W EL-END

D’Antona et al. (2007)



“Ageing” or the study of “older people”?

Optimal Biological

Most studies of ageing
err in this direction

—_———p

Ageing + disuse # ageing

Exercise Continuum

Inactivity is
deleterious to health
and contaminates
many studies of
ageing. As such it
confounds our
understanding of the

inherent biological
. I
ageing process .
Health Warning




Declining performance of master athletes: silhouettes
of the trajectory of healthy human ageing?

Norman R. Lazarus and Stephen D. R. Harridge

Centre of Human and Aerospace Physiological Sciences, King’s College London, London, UK

Set Point Theory
The graded effects of physical activity/exercise on ageing

ol

:

Healthspan
compromised

The Journal of

Physiology

l

'

Healthspan
optimised

.

Above Set Point

More than sufficient exercise
Enhancement of physiological
function and athletic
performance

/

Healthspan optimised
(assuming no
overtraining pathologies)

f

;

Optimal ageing - Trajectory of
decline in athletic performance
reflecting biological ageing.
Compressed morbidity




Optimally Ageing Phenotypes
125 amateur cyclists (aged 55-79 years)

Cyclists were:

* non-elite (amateur road cyclists
primarily from Audax)

* Entry criteria
— Males 100km < 6.5 hrs
— Females 60km < 5.5 hrs

— 2 rides completed 3 weeks prior to
testing

e Average monthly cycling distance
— 725km (males)
— 600km (females)
— No decline with age Pollock et al. (2015)

Journal of Physiology



A study of optimal human ageing

Detailed physiological profiling of 125 amateur cyclists
(aged 55-79 years)

Laboratory measures:
e EXercise capacity

Neuromuscular function
— Muscle biopsies

e Lung function

 Endocrine, metabolic,
Immune function

e Cardiovascular function
 Bone (DXA)

« Cognitive function

e Quality of life....

Pollock et al. (2015)
Journal of Physiology



Maximal Oxygen uptake (VO,max)
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Maximal Oxygen uptake (VO,max)
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No association between age and appendicular
muscle mass (SMI)
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Neuromuscular function

Isometric strength
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Muscle morphology showed “young” fibres

55 Years 65 Years 79 Years

Master cyclist - aged 83yrs

No correlation between age and sollock et ol (2015)
type 2 fibre area Ageing Cell



No age-related J,in capillarity:
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No age-related |, in mitochondrial complex proteins
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Higher mitochondrial complex protein content in master
cyclists compared to both young and elderly sedentary
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Higher PGC1-a protein content in master cyclists compared
to both young and elderly sedentary
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Fold induction

Mitochondrial fission / fusion — determined
more by activity than by age
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Fold induction

Mitochondrial fission / fusion — determined
more by activity than by age
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Marked amelioration of
“Inflammageing” in master cyclists
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Does exercise (or being a master athlete)
prevent or reverse the effects of ageing?
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General conclusions

In most studies of ageing it is not possible to differentiate the
effects of ageing from those of inactivity, disuse and pathology

Older exercisers have generally superior levels of physiological
function and global health compared to sedentary - concept of
“buying back” years of function

Physical performance declines even in the elite old (e.g. world
records) - this decline accelerates in the eighth decade. Do these
records reflect the change in integrative physiology due to ageing?

However, the gap in muscle mass, contractile and metabolic
function between exercisers and the sedentary demonstrates that
activity pattern plays a large role in determining the phenotype of
the older muscle



. -
ACTUAR PARA LA PREVENCION T
ITU TRANSIIRENAICA OF LA DEPENDENCIA iniLterre I
DE LAS PERSONAS MAYCRES et

POCTEFA e

NION EUROPEENN

iGracias! / Merci! / Thank you!

Stephen Harridge

www-aptitude-net.com
aptitudednavarra-.es

=
Taulouse OCCITANIE
it s P a
e i \_1GERONTOPBLE SAAS SEFVE! ANDORAA Exuipe Régionaie Vieilissement
DATENCIO SANITARIA € Prévention de ia Dépandance
ntr orateur OMS pour la Fragilité, S ot

=
N
L.

% Fundacio g
5% saluti Envelliment N U Dﬂa P
u e it a s

« NAVARRABIOMED




“Acknowledgements Coeee
LONDON

Muscle Cell Biology

' -
PN
L X

Dr Anthea Rowlerson Dr. Anthea RcEwlgrson ITU muscle
Dr Andy Philp e D;F'E“?‘SO?‘V‘{_:S hes Dr Zudin Puthucheary
Dr Katie O’brien r>eena il us Prof Nick Hart

Tom Francis
Dr Chibeza Agley
Dr Oihane Jaka
Dr Cristiana Velloso
Dr Mansour Alsharidah
Dr Tomasz George

Inherent ageing
Prof. Norman Lazarus
Dr Ross Pollock
Prof Janet Lord
Dr Niharika Duggal

Dr Michaeljohn Kalakoutis Prof Hugh Montgomery

Dr Yotam Levy Prof Kenny Smith

Dr Julien Ochala Prof Phil Atherton
Prof Norman Lazarus

Dr Sophie Joanisse
Prof Phil Atherton
Dr Beth Phillips

National Institute for
Health Research

(ALY B nqfoundatio. . BBSRC

The Medical Research Chartty blOSClence for the future




