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multimodal A\ shifttowarda newholisticparadigmto takeinto accountbiologicalcomplexity

approach

AA new perspectivieom«organdisease to «systerfinctiondisease

Majorrole of themusculoskeletaystem in thelderly: gaitspeed andurvival

A 0.1 m/¥ in gaitspeed or a 1 SPPB pdtiover lyear

significantlyW 5-and 10/earsurvival Multimodaapproach .
(PereraJ GerontoR005) Formulatesystems levelinterpretatiorof
biologicalphenomena
No. of Total Sample
Deaths Size A/l
ardovascuiar Hoal o - usculoskeleslstem
Study,?? 1991
Established Populations for the 1955 2128 -
Epidemiologies Study of the Elderly,>® 1985
Health, Aging, and Body Composition 848 3048 -
Study, 12 2009, 2005
Hispanic Established Populations for 972 1905 L ]
Epidemiological Study of the Elderly,'? 1999
Invecciare in Chianti,'” 2000 187 972 -
Osteoporotic Fractures in Men,20 2005 1073 5833 -
Third National Health and Nutrition 2837 3958 =
Examination Study,?! 2004
Predicting Elderly Performance,2® 2003 293 491 -
Study of Osteoporotic Fractures,2 1990 5512 10349 =
Pooled (random effects) -
Pooled (shared frailty model) [ - |

.- - ,
0.7 1.0 2.0
Adjusted Hazard Ratio

Age-Adjusted Hazard Ratio for Death per 0.1-m/s Higher Gait Speed

Mountingvidencef inteorgarcross talk
FunctionaleclingDisability

System biology based approaches represent a true challenge for human healt
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Osteosarcopenia is more than sarcopenia and osteopenia alone. = SO SO D D 45 oD B oS b S P 1O
NENTRNTNTNTN NT NN N7 7 .~
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Do imtwmisiaizaets Bone and Skeletal Muscle: Neighbors With Close Ties T v
inical Interventions in Aging
ORIGINAL ARTICLE Douglas J DiGirolamo,” Douglas P Kiel,” and Karyn A Esser® 3 S iy S

Muscular strength measurements indicate bone
mineral density loss in postmenopausal women

Sarcopenia and its relationship with bone mineral density
in middle-aged and elderly European men

Zhixiong Zhou'?
Lu Zheng®
Dengyun Weit

S Verschuerim - E, Gielen « T. W, O'Nelll - S, R. Pye»

J.E. Adams K. A. Ward - F. C. Wa «P. Szulc - Maturtas. 2013 Jun, 75(2)-175-80. dod: 10.1016§. maturitas 2013.03.018, EM 2013 ﬁDfZE
M. Luwrent « K. Clucssens + D, Vanderschueren « 5. Boonen " r -
Relationship between postmenopausal osteoporosis and the components of
Osteoporos Int clinical sarcopenia.

DOI 10.1007/500198-013-2427-1

Sjoblom 5. Suwonen J, Rikkonen T. Honkanen K. Kroger H, Sirola J

ReginstelY,Beaudar€, Buckin¥, Bruyére @steoporosisd
sarcopenidawodiseasesr oneTurrOpinClinNutMetalCare.
2016 Jan;19(1):81

OPINION PAPER

What’s in a name revisited: should osteoporosis
and sarcopenia be considered components

of “dysmobility syndrome?” Associations of fat and muscle masses with bone mineral

in elderly men and women'—3
N. Binkley - D. Krueger - B. Buchring
Richard N Baumgartner, Patricia M Stauber, Kathleen M Koehler, Linda Romero, and Philip J Garry

- Citation: BoneKEy Reports 1, Article number: 80 (2012) | doi: 10.1038/bonekey. 201 2.60
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Forum on Bone and Skeletal Muscle Interactions: itk .

Summary of the Proceedings of an ASBMR Workshop The skeletal muscle secretome: an emerging
player in muscle—bone crosstalk

Lynda F Bonewald,' Douglas P Kiel,? Thomas L Clemens,® Karyn Esser,* Eric S Orwoll,* Y R [t s

Regis J O’Keefe,® and Roger A Fielding”

Department of Csllul%r Elology and Anatomy, Institute of Molecular Medicine and Genetics, Georgia Health Sciences

N : Unie ity, A =t
Ageing Research Reviews niversit, Augusta

1n vitro and in vivo studies provide evidence that a varlety of growth factors and cytokines are actively secreted by
muscle tissue. Muscle can therefore function as an endocrine and paracrine organ. These peptides characterize the

ELSEVIER journal homepage: www . elsevier.com/locate/arr

muscle secretome, and many muscle-derived factors such as insulin-like growth factor-1. basic fibroblast arowth
racter, -15, my. in and protein acidic and rich in cysteine (osteansctin) are also known to have
Review significant effects on bone . The factors by muscle may vary according to muscle activity, in that

musele contraction, muscle atrophy or traumatic muscle injury can alter the type and relative abundance of particular
Muscle and bone, two interconnected tissues ! factors released from muscie cells. The molecular and cellular pathways by which muscle-derived factors affect
different types of bone cells (for and are, h poorly un
Camille Tagliaferri*-<, Yohann Wittrant*”, Marie-Jeanne Davicco™*", ! e  these nindings furthar U ore the lex nature of m e . na ¢ i the
. S able mportance of integrating muscle Gy an. nto ouru & of bone growth, developmen
Stéphane Walran . Véronique Coxam o e

BoneKEy Reports 1, Article number: 60 (2012) | doi:10.1038/bonekey.2012.60




Bonand muscéanilatemporal patterns

S AA parallelchronologicakvolutionthroughoutife
physiology

gelated changes in BMD of the
radius and muscle width in theiorearm
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'>§° AVluscle : masg 1-2% /ystrengthloss 1.53% /y(Lang et al.,
5 °° Osteoporosignt 2010)
2 os ABone: loss 1-2% /y(Riggset al., BoneMinerRes2008)
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(Data were normalized to the peak value for bone and muscle across the lifespan) 2 -
(Novotnyet al, Physiology2015 ; adapted frolleemaet al.,CalcifTissue Res 1973) L Ar
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Dot Auringgrowth
physiology
Z The altered morphological featureddff mice (lacking muscle)
_ and the increased bonesorptionshow the role of muscle activity in
o bone shaping and the consequences of bone unloading

MyoD/-, Myf%- mice(unloadingn utero modél
Z Lackof skeletaimuscle, no activemovement
Z Abnormalnnervation
ZShape horesplofoundiydifferent
Z Lessmineralizatiomndshortermineralize@ones
U Osteoclashumber

(A) Images of pups after removal of the skin over the thorax. In dd/ff fetuses,
the gaunt outline of the limb is striking because of the absence of the bulk
of the leg musculature, and the characteristic appearance of the lung lobes
is visible because of the absence of ribs

(B) Whole mount preparation of forelimbs for skeletal morphometry

(C) pCT 3D reconstruction of the skeletal architecture of wild type (WT) and
mutant (dd/ff) mice

C
Vi (Gomez et al.,Ahat2007)
a0
§‘\ BoyssufferingfromDuchennenusculadystrophyor
: 5 cerebrapalsyhaveabnormabones(osteopenigand
%\ increasedisk of fracture
dd/ff

(Larson& HendersorRediattOrthop2000)
(Shaw et alArchDis Child 1994)
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Pathe : ,ZDuringageing_Ieanmass changes impasbnemass morefficiently
physiology thanchanges in fat composition

MrOSstudy. CorrelatiorwithBMD changes

Partial R

Baselineage 0.03
Weightthange 0.07
Total bodyeanmass change 0.09
Total body fat mass change 0.04

Measurements at baseline and repeated aft
years on average, in 2487 men aged over 6

Ajustement fage race and site

Change in hip BMD by quartile of Change in hip BMD by
change inweigthand body composition quartileof change ifeanmass
-13 kg -1.6kg 0.1kg 1.7kg
14 to-1.6kg to0.kg to 1l.%kg to10 kg
o] 6569 7074 7579 >80 0 1
~ 064 011 I
2 0
S 04 5 _ 021
2 L
S 02+ % 031 p <0.0001
© =
5 27 2 04
2 0.2 s
S 0.4 - P~ -0.5 A1
> B BMD g 064
0.6 40 weigth :
0840 Fat 0.7 1
1 B Lean
- 0.8
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Patho KCorrelatiorbetweerthe skeletorandquantitybut alsoqualityof muscles
physiology

MUSCLE
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2 2 AV Fibersize
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o
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Tertile of thigh muscle attenuation 7 ‘ BONE
AFattyinfiltration obonemarrow
Muscle quality (thigh) predicts AWCellularitgfperiosteum
fracture risk regardless of the B AWOsteocytasumber

A WPeriostaksponse growthactors

(Lang et al., BoneMinerRes2010)
-, (Novotnyet al, Physiology2015)

y 14N A-romphysiologyto pathologg
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e An osteoporotigatients, th@revalencef sarcopenias > iy '_r '
Sarcopenia
B
/ (Ho et al., Hong Kong Med J 2015)

Hida et al,* 2013 Di Monaco et al,*22012 Present study, 2015

Prevalence of sarcopenia 44.7% (M), 81.1% (F) 95% (M), 64% (F) 73.6% (M), 67.7% (F)

Definition Japanese criterion New Mexico Elder Health Survey AWGS definition

Mean interval between fracture and Immediately after fracture and 209 14.2

DXA assessment (days) before surgery

Mean age (years) 80.3 (M), 82.7 (F) 79.7 82

Abbreviations: AWGS = Asian Working Group for Sarcopenia; DXA = dual-energy X-ray absorptiometry; F = female; M = male

The prevalence pfesarcopeniél 7%) andarcopenig58%)European Working Group OL
Sarcopenia Older People (EWGSOP) defiigithuigiher in higracture women (Italy)
(Di Monaco et ahgingClinExpRes2015)



Bonand muscéanilatemporal patterns

e AConverselysarcopenias arisk factor forosteoporosisaswell
physiology

Sarcopenia

(Sj6blomet al. Maturita2013)

TheFinnishOSTPH-PSstudy (590postmenopausabmerimearage 67.9y))
-Therisk of osteoporosiss X12.9 isarcopenisvomen( p O0 . 01, OR=5B%). 9;: 95 %
-Therisk of fallsduringthe precedindl2monthsis 2.1 Xhigher(p=0.021, OR=2.1; 95% CB:9)1
- Therisk of fracturas 2.7Xhigher(p=0.05, OR=2.732; 95% C53)4

(Verschueren et aDsteoporognt 2013)
TheEuropeamMaleAgeingStudycohort(689subjectsvitha mearage 4079y)

-Sarcopenidappendiculanuscle <7.26 kg/nsgssociatedvithaW BMD

(He et alQsteoporosnt 2015)
Acohortof 17 89%ubjects(3 ethniesAfroAmericansCaucasiangChinesg

-Therisk of osteopenifsteoporosiss X2 insarcopenicubjects g( ;
‘Each{ 5 @ 2rdusciild&sBoredleadsto a 37% ofbsteopenid osteopOrosig

/

(Pereira et alArchEndocrinoMetal2015)°resarcopeniandsarcopeniareassociated
withanabnormaBMD
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Pathe \  AComplication cdarcopeniaincreasedisk of fracture
physiology

Sarcopenia

(Cawthoret al., BoneMinRes2008)

The components of clinical

Ageadjusted rate
per 1000 persen
years (95% CI)

Test ofphysical Numbelof

sarcopeniare strongly associate
performance fractures

with osteoporosis

Repeathair stands

Unable (N = 135) 9

Able (N = 5767) 68
Narrowwalk

Unable (N = 471) 16

Able (N = 5431) 61
Gripstrength

Unable (N = 95) 5

Able (N = 5807) 72

(Vellaset al. RevMédinterne 2000)
Insarcopeniavomen 29falls/ 100(pbersonsvs 13fall¥1000 in nosarcopeniwolunteers
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Aesenchymaltemcellscommitmeninto differentineages

» Multipotenstemcell — Flbroblast

|

Osteoprogenitazell
Cbfal
SOoX Runx2

Myoblast Chondroblast Osteoblast Adipocyte

é dommormesodermiorigin

(Nielson et al., ASBMR 2009)
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Aanysimilaritiesbetweerthetwotissues

Z An usystemiaegulatiorandsharedrisk factors

EXTRINSIC FACTO OKin
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Innactivity 8 Nutritiona Medical Lifestyle® VitamiD

Immobilisati@gn factors treatment deficienc

Metabcﬂicidosis\

W Bonenass <« Lowgrade inflammati

s W Muscle mass
Mgmpairewchicroarchitect

L W Musclgtrength
‘\ .
W Biomechanigadperties Omdaﬂsﬂess:: W Physicakerformances
Hormonal ¢

\
\ hanges
Lipotoxic'r/v

S INFLAMMAGING
CONST/TUT/VE FACTOR Metabolidysregulations

AGenefiactoréVDR, AR, ERdBetatphidrepigeneiactors
Adormordficiencigematotrope stdspidormondsyroidormonassul)n

__] SARCOPE

' 4m Lossfmotor
neurons

Ansuliresistance
ACemorbiditieabetgsbesityCushing syndpanadysisachexia B OC D é )

(Franchescet al., Ann N XcadSci2000)la6flammaging
(Curtis et al., CellPhysiol2015) Determinantsf boneand muscldoss)
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ABondmuscle crossalk

7 Mechanicastresses" ;‘Tj >J}1>®%> 2

1
o ABoneadaptsts shapeand mass

l e D Al to the stresset undergoegwo | f| f
“— law 1892)

remodeling ASkeletatesponseselectiveley

differdependingpn the amplitude
of thegeneratedleformation

1. (F r o médctiasosta}
SBt?gr?gth von Meyer's Femur

» Mechanical
Disuse Physiological window Overload loading
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Byidende mechanismbkaction

Z T h eMechanostatheory» of Frosts notsufficientto explainthe
relationshipdetweerbonesand muscles

A | mp oappenadiculaiugcle mass correlates witt
bone cortical thicknegsn at remote sita®l not just
adjacent, mechanically loaded bone, suggesting ac
paracriner endocrine cross talk, by which bone a
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ABondmuscle crossalk

Z Mechanotransductidnvolvesosteocytes
(andtheircrosstalk withtheothercelly

mechanical

force
frizzled ECM
; T9R3Es
caveolin W,/ FAK B-cat LRP5/6

l B “R-‘(GSK@

1
@ Peat)

~

integrins

RANKL/OP&G ~ Preosteoclast

Preosteoblast
> ey
Mih
@ Osteoblast

osteocyte
survival

CaveoliAl/ERK antlVnifa-catenin

NQY

PGY

IGF¥ TGHBY
TGHBY RankiOP&
SclerostiW

(AdaptedromGortazaet al., Biol Chem2013)

Osteocytesransducdheloadingmechanicasignals

and releassignalingmoleculego recruitOB or OC
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ABondmuscle crossalk
Z Physicalexercice anthuscularsecretome

Summanpof the mainmyokinestheir putativeeffects andthe molecular
signalgpathwaysnvolved

AAMPKAMRactivategroteirkinase

ABDNPprainderivedheurotrophfactor

ACREB¢cAMResponselemenbindingrotein

AC-X-CR2, C-X-Crecepto?

A FAfreefattyacid

A GR1, fibroblasjrowttiacto21

A=nds, fibronectitypelll domaircontaining proteinFstl, folllstatHhkel Sl |
AGFjnsulidikegrowttiactor ™)
AL-1ra,|L-1 receptoantagonist

Ansb, insulidike6

ALIF Jeukemimhibitor§actor

ANO, nitricoxideNOS nitricoxidesynthase -
A GG1U peroxisomeroliferateactivatedecepten coactlvatdxa w
ABK, phosphatidylinosgéinase oxcnl )
FSIRTL sirtuirl
ASPARGCsecretegroteimcidi@ndrichincysteine
ATNFR,solubl&@NFreceptors

ArkB tropomyosieceptokinase

I AJCH, uncouplingroteirl _
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ABondmuscle crossalk

7 Biochemicatrosstalkis bi-directional
(Warning & Guise, Clin Cankes2014 )

—— (KajiJ BoneMetal2014)

My(K/Iklne i{GDES (Tagliaferret al. AgeingResRev2015)

:Iri)s/ﬁls(fg:}f OB) b (Schnyder &andschinBone2015)

-TGhb

-PGE2

-IL6(+£), IL7(-), IL8(+F) | |

-IL15(+£) :

-IL11 -NFKB

-Tm11g:) -SclerostiftWnt/ b-catenin Osteokines

-lC_ZIE'(I:FI%ciIiarmeurotrophfactorI ) Myostatifactivin _(Sjslteoczti'lr? SQ+)

- - -Sclerostin-

-Osteocrinmuscling AGF1 Ak mTov Foxo _OPGRankL(+)

-Osteoglycir{+) -IHH(+)

-MEF2ollistatinkkel) \ [/ -Connexim3(+)

-MMP2 (+) -BMP2, 4+)

-OPGRankI(+) \ PGHE+ ; PGE
Chemokines A . -ActiVinA ()

L8 MatrixProteins -Follistatin(+)

-CXC ligand 1 -Ssteo_nectln Wnt3(+)

CCL7 _ngﬁgﬂns Growthfactors
Growthfactors _Cathepsins -IGF1, IGHZ)

-IGF1, IGF&) Collagen -TGHb (+H)

-FGF2, 2(+) -VEGK+)

-CTGHKconnective tissue GF) -FGF23?)

-MGHmechangrowtHactor)
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A\ crosstalk onseverabrganizationdevels acomplexinterplayof
mechanicaéndocrine an@aracrinesignals
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Nutritionahanagement

AOsteassarcopeniaor malnutritiorsameinevitablegear

,.J Undernutritio
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AValnutritioris associatedvith functionalimitations

Management of
osteosarcopenia

b Handgrip strength™" EhunEPaI::r:ri:?lszzré?:rance
100%
80%
60%
40%
Rlsk MN Rlsk MN

(n 92} (n=168) (n 35; (n 92} (n=168) |{n 35)

MMA Mini Nutritional Assessment; WN wellnourished; MN malnourished

Functional limitations:
(& age B1vy)

M no/slight

B/l moderate/severe

B rhysically unable

***Chi*-Test; p<0.001

(Kiesswetteet al., Nutrhealth Ageing 2013)
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Management of
osteosarcopenia

Aluscleboneunit: an uniqu@reventivéherapeuticarget

1) Meetheneedh constitutimeitrients

(Vitamip)
——, Osteosa copenia
Sarceosteoporosis

—" MusculosKeletdtailt
2)Avoitbssofbonénuscle components: pysmopil yndromye

Limitnetabolacidosis

Macronutrien m

Whegroteindeth -hya’ro -methylbutyral Inflammaging

Codf/swwe/nﬁr ytau /ysfeaf/ne%mte'ns Inflammation  Yitamip
dro/yzw//agene l I

Lipotoxicity

ids Othersitamins 5, C, Earotenoid's

N3 fattyacidgEPA, DHAIP Oxidatisross | £a
Signallimaihvayspelyphenols

PH IVITY |

Mithalet aI.,Osteo oro$nt 2013
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SN Arhe musclédoneunitshouldbeconsidereds a singléherapeutitcarget
A volutiortowardsmoreholisticstrategyshouldbe encouraged
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Cartilage Adipose tissue m

(Tagliaferret al. AgeingResRev2015)
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