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Muscle-Bone-Joint crosstalk
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Chen et al. 2016
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Evolution of Bone Tissue

«A survival tool»
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Bone tissue

...Bone is the only tissue in our body that contains a cell type, the
osteoclast, whose main function is to destroy the tissue in which it
resides ......
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Bone Re-Modeling

Bone Modeling:
- To allow the growth of Skeleton

Bone Remodeling:
- To repalr micro-fractures
- To substitute ischemic bone with mechanically competent tissue

- To regulate mineral metabolism




SOCIETA ITALIANA
V CONGRESSO NAZIONALE
G U.l.D A EVERYTHING

PER LA GESTIONE UNIFICATA E INTERDISCIPLINARE I N EE D T KN w
DEL DOLORE MUSCOLO-SCHELETRICO E DELL' ALGODISTROFIA

The endocrine role of the skeleton
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Osteocalcin

Osteocalcin in Human Serum: A Circadian Rhythm
CAREN M. GUNDBERG, MORRI E. MARKOWITZ, MARK MIZRUCHI, JOHMN F. ROSEN

Signal Peptide | ProF

MatureReptide I The Journal of Clinical Endocrinology & Metabolism, Volume 60, Issue 4, 1 April 1985,

Pages 736-739, https://doi.org/10.1210/jcem-60-4-736
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Abstract

Osteocalcin, the vitamin K-dependent protein synthesized in bone, is found in
blood. The level of circulating osteocalcin has recently been used as an indicator
of the rate of bone turnover. We measured serum osteocalcin during 24-h
periods in 6 normal 20- to 30-yr-old men and 4 women. Blood was sampled via
an indwelling venous catheter every 30 or 60 min for 24 h. Circadian
rhythmicity in circulating osteocalcin was found in 9 of the 10 individuals
studied. Osteocalcin levels fell during the morning, rose in the afternoon and
early evening, and reached a peak nocturnally. There were no consistent
correlations between osteocalcin concentrations and circulating levels of
ionized calcium, total calcium, or inorganic phosphate in the subjects tested.
This study illustrates the importance of regulating the time of blood sampling
for osteocalcin determinations in clinical investigations of metabolic bone
disease.

Issue Section: Articles
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The endocrine role of the Skeleton

Ferron M, Wei J, Yoshizawa T, Del Fattore
A, DePinho RA, Teti A, Ducy P, Karsenty G. Insulin
signaling in osteoblasts integrates bone

i ; remodeling and energy metabolism. Cell. 2010
Insulin secretion

B-cell proliferation

Bone
. O O ) : Lee NK, Sowa H, Hinoi E, Ferron M, Ahn JD,
r) Q0 s Confavreux C, Dacquin R, Mee PJ, McKee MD,
o Jung DY, Zhang Z, Kim JK, Mauvais-Jarvis
Osteocalcin lrsulin Sensitivity F, Ducy P, Karsenty G. Endocrine regulation of

energy metabolism by the skeleton. Cell.

Energy expenditure
B 2007

Oury F, Sumara G, Sumara O, Ferron M, Chang H,
Smith CE, Hermo L, Suarez S, Roth BL, Ducy
Testosterone production  p, Karsenty G. Endocrine regulation of

male fertility by the skeleton. Cell. 2011
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Osteocalcin
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Ferron et al. Cell 2010
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Rossi et al. IJIMS 2019

Osteocalcin Receptors
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Mera et al. Cell Metab. 2016

] EDL

B Soleus

Gprc6a expression

(relative to EDL)

4

Sense

Gprcéa

Anti-sense

V CONGRESSO NAZIONALE

EVERYTHING
YOU NEED TO KNOW

] WT (n=4)

Ocn-/- (n=4)
*

4

Gprcb6a expression
(relative to WT)
T




SOCIETA ITALIANA

G.UIDA.

PER LA GESTIONE UNIFICATA E INTERDISCIPLINARE
DEL DOLORE MUSCOLO-SCHELETRICO E DELL' ALGODISTROFIA

7

Males (n=5-7)

Ocn (ng/ml)
Ocn (ng/ml)

Months

Mera et al. Cell Metab. 2016
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Osteocalcin levels — Physical Activity
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Exercise-induced Iinteraction
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Hatakeyama et al. 2025
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Exercise-induced Iinteraction
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In vivo treatment with Osteocalcin
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Osteocalcin levels — Physical Activity

] Nutrient uptake,
Utilization

Osteocalcin stimulates nutrient uptake and the secretion of interleukin 6, inducing increase of muscle
mass in response to exercise.
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Osteocalcin in Synovial fluid
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Salisbury et al. 1997
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Osteocalcin in Synovial fluid
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Salisbury et al. 1997
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Delay formation of secondary ossification
centers in OCNem mice
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Yu et al. 2024
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Osteocalcin - Chondrocytes
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Osteocalcin — Be or Not to be a Hormone
14w 6m O9m

An osteocalcin-deficient mouse strain without endocrine abnormalities.

Diegel CR, Hann S, Ayturk UM, Hu JCW, Lim KE, Droscha CJ, Madaj 7B, Foxa GE, Izaguirre 1, Transgenics Core VV.
Paracha N, Pidhaynyy B, Dowd TL, Robling AG, Warman ML, Williams BO.

PLoS Genet. 2020 May 28;16(5):e1008361. doi: 10.1371/journal.pgen.1008361. eCollection 2020 May.

PMID: 32463812 Free PMC article.

wit

Osteocalcin is necessary for the alignment of apatite crystallites, but not glucose
metabolism, testosterone synthesis, or muscle mass. 0 g,
Moriishi T, Ozasa R, Ishimoto T, Nakano T, Hasegawa T, Miyazaki T, Liu W, Fukuyama R, Wang Y, Komori H, Qin X cn

Amizuka N, Komori T.

PLoS Genet. 2020 May 28;16(5):e1008586. doi: 10.1371/journal.pgen.1008586. eCollection 2020 May.
PMID: 32463816 Free PMC article.
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Irisin

Produced in response to physical exercise

ldentified in 2012 by the Spiegelman lab at
Harvard as a new peptide hormone

Role in the «browning» of adipose tissue
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Colaianni et al. 2014
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Irisin — Cortical bone
Tibia Vertebrae
A Vehicle r-irisin D - Vehicle r-irisin
Injection Vehicle r-irisin P value ST Vehicle r-irisin
TMD Cortical (gHA/cm?) 1.01 1.08 0.01 BVITV (%) 18.2 £+1.15 176+0.2
3002  0.01 Tb.N (1/mm) 253107 261103
pMOI (mm?*) 042 0.50 0.01 Tb.Th (mm) 0.7+0.1 0.7+0.0
$0.02  20.01 Th.Sp (mm) 33101 32400
Ct.BS (mm?) 1413 1520 0.02
1+0.26 +0.27
Ct.Pm (mm) 12.01 12.89 0.03
+0.23 +0.26
Tt.Area (mm?) 1.71 1.80 0.04
1+0.02 +0.03
Marrow Area (mm?) 0.96 1.05 0.03
1+0.02 +0.03
CtTh(mm) 0.13 0.12 0.62
+0.004 +0.01
BMD (gHA/cm?) 0.13 0.14 0.37
+0.01 +0.01
BVITV (%) 51.13 44 .32 0.07
+2.26 +2.60
Tb.Th (pm) 31.71 32.21 0.78
+0.80 +1.60
Tb.N (1/pm) 0.002 0.001 0.09
+0.0001 +0.0001
Tb.Sp (ym) | 21897 23555 0.23
+7:11 +11.47

Colaianni et al. 2015
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Irlsm stimulates bone formation
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aE 801.T 5
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€ 20 o
3 04 e 0- Vehicle r-irisin P-value
. MS/BS 0.03+0.00 0.04+0.01 0.399
Fdvehice WM r-irisin MAR (um/day) | 1.45+0.11 248+0.09 0.002
BFR 0.06 +0.01 0.11+0.00 0.002
(um*um?day)
Tibia Osteoblast Tibia Osteoclast
Vehicle r-irisin Vehicle r-irisin
% ) v W B o 72 SRy B ORI Wil e 5 .
|
o
o~
*
o
<

Vehicle r-irisin P-value Vehicle r-irisin  P-value
Ob.N/BPm (mm™) | 1717 +5.87 36.36+3.23 0.0496 Oc.N/BPm (mm™) | 5.00+1.20 1.56+0.33 0.0503

Colaianni et al. 2015
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Irisin stimulates osteoblast differentiation
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Irisin prevents Osteocyte apoptosis
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Colucci et al. 2020
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Posa et al. 2023
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Irisin - chondrogenesis and osteoarthritis (OA)
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Irisin inhibits cartilage degradation
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Irisin iInhibits Inflammation in ADTCS5 Cells
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PRG4 (Proteoglycan-4)

 Also known as lubricin, is a mucin-like glycoprotein found in many
areas of the body, including the superficial zone and surface of
articular cartilage.

* Boundary lubricant between articulating cartilage surfaces, but also
has demonstrated anti-inflammatory properties, including in synovial
fluid, on synovial macrophages, systemically in an osteoarthritis rat
model, and in human corneal epithelial cells following TNF-induced
Inflammation.
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PRG4
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PRG4 treatment — In vitro

Tanguay et al. 2023
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Muscle-Bone-Joint crosstalk
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 Principali fattori articolari che influenzano sia osso che muscolo [ IL-6 (Interleuchina-6)Secreta dalle cellule sinoviali e dal
liquido sinoviale.Effetti sul muscolo: promuove la sintesi proteica e la crescita muscolare (in condizioni fisiologiche).Effetti
sull'osso: puo stimolare l'attivita osteoblastica e favorire la rigenerazione ossea, ma in eccesso puo attivare osteoclasti e
aumentare il riassorbimento osseo. [ IL-15Prodotta dalla membrana sinoviale.Effetti sul muscolo: stimola l'anabolismo
muscolare e la sintesi proteica.Effetti sull'osso: promuove la formazione ossea e inibisce il riassorbimento da |[;}arte degli
osteoclasti. [« TGF-B (Fattore di crescita trasformante beta)Rilasciato dalla cartilagine e dal liquido sinoviale.Effetti su
muscolo: coinvolto nella rigenerazione muscolare, ma in eccesso puo promuovere fibrosi.Effetti sull'osso: regolail
rimodellamento osseo, stimolando gli osteoblasti e inibendo il riassorbimento osseo. 4 VEGF (Fattore di crescita
dell'endotelio vascolare)Espressa dalle cellule sinoviali e dalla cartilagine.Effetti sul muscolo: stimola l'angiogenesi e
migliora l'apporto di ossigeno e nutrienti ai muscoli.Effetti sull'osso: favorisce la vascolarizzazione ossea, essenziale per la
formazione e la rigenerazione dell'osso. [« Osteopontina (OPNBProdotta dalla cartilagine articolare e dalle cellule
sinoviali.Effetti sul muscolo: coinvolta nella riparazione muscolare e nella regolazione dell'inflammazione.Effetti sull'osso:
stimola 'attivita osteoblastica e la mineralizzazione ossea. .4 LeptinaSecreta dal liquido sinoviale e dalle cellule
sinoviali.Effetti sul muscolo: regola il metabolismo energetico e la sensibilita insulinica nel muscolo.Effetti sull'osso:
stimola la formazione ossea attraverso 'attivazione degli osteoblasti. .4 AdiponectinaPresente nel liquido sinoviale e
derivata dalle cellule sinoviali.Effetti sul muscolo: migliora l'ossidazione degli acidi grassi e la sensibilita insulinica,
favorendo la funzione muscolare.Effetti sull'osso: modula il metabolismo osseo e promuove la formazione ossea.
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* Patients with a loss-of-function mutation in the PRG4 gene
are affected by a condition known as Camptodactyly-
Arthropathy-Coxa vara-Pericarditis (CACP), which is
characterized by joint disease, pericardial effusion, and,
notably, low bone mass (osteopenia), among other
symptoms.!

Lubricin mRNA expression during elbow joint formation and in adult knee joints. (A) Pseudo-colored pictures showing Prg4 mRNA expression (red) and cell nuclei (blue) in the developing mouse elbow joint
from E14.5-E17.5. Cavitation between the humerus and ulna begins at E14.5. Gdf5 is still strongly expressed in the presumptive joint mesenchyme, but Prg4 is not expressed at that time. Prg4 mRNA
expression is detected at the forming joint surfaces from E15.5, after cavitation has begun, whereas Gdf5 expression is no longer detected in the joint area. Expression of Prg4 at the cartilage surfaces and
adnexal structures increases further as maturation proceeds. (B) Pseudo-colored pictures showing Prg4 or Agc1 mRNA expression (red) and cell nuclei (blue) in 3-month-old (P90) and 6 month-old (P180)
mouse knee joints. Alizarin red and Alcian blue—stained (A&A-stained) adjacent sections are included for orientation. Prg4 expression persists throughout adult life at the articular cartilage surface and within
the synovium but is not detectable in the growth plate cartilage. Agc1 is expressed in articular and growth plate cartilage.


https://onlinelibrary.wiley.com/doi/10.1002/jor.25772#jor25772-bib-0013
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