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Muscle-Bone-Joint crosstalk
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Chen et al. 2016

MSC



«A survival tool»

Evolution of 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 ……

Bone tissue



Bone Modeling:

- To allow the growth of Skeleton

Bone Remodeling:

- To repair micro-fractures

- To substitute ischemic bone with mechanically competent tissue

- To regulate mineral metabolism

Bone Re-Modeling



The endocrine role of the skeleton



Osteocalcin
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The endocrine role of the Skeleton



Osteocalcin



Role of Osteoclasts

CO2 + H20 = H2CO3
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Osteocalcin Receptors

Rossi et al. IJMS 2019



Gprc6a expression - Muscle

Mera et al. Cell Metab. 2016



Mera et al. Cell Metab. 2016

Osteocalcin levels



Physical activity



40 minuti corsa treadmill 30cm/s

Mera et al. Cell Metab. 2016

Osteocalcin levels – Physical Activity



Hatakeyama et al. 2025

Exercise-induced interaction
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Exercise-induced interaction



In vivo treatment with Osteocalcin

Mera et al. Cell Metab. 2016



Osteocalcin levels – Physical Activity

Osteocalcin stimulates nutrient uptake and the secretion of interleukin 6, inducing increase of muscle 

mass in response to exercise.



Salisbury et al. 1997

Osteocalcin in Synovial fluid



Osteocalcin in Synovial fluid

Salisbury et al. 1997



Yu et al. 2024

Delay formation of secondary ossification 

centers in OCNem mice



Yu et al. 2024

OCNem mice



Osteocalcin - Chondrocytes

Yu et al. 2024



Osteocalcin – Be or Not to be a Hormone 
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Irisin

• Produced in response to physical exercise

• Identified in 2012 by the Spiegelman lab at 

Harvard as a new peptide hormone

• Role in the «browning» of adipose tissue



Irisin
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Irisin stimulates osteoblastogenesis

Colaianni et al. 2014



Irisin – Cortical bone

Colaianni et al. 2015



Irisin stimulates bone formation

Colaianni et al. 2015



Irisin stimulates osteoblast differentiation

Colaianni et al. 2015



Irisin prevents Bone Loss and Muscle atrophy

Colaianni et al. 2017



Irisin prevents Osteocyte apoptosis

Storlino et al. 2020



Irisin - Microgravity

Colucci et al. 2020



Irisin - Chondrogenic markers 

Posa et al. 2023



Irisin - Chondrogenic markers 

Posa et al. 2023



Irisin - chondrogenesis and osteoarthritis (OA)

Li et al. 2021



Irisin inhibits cartilage degradation 

Li et al. 2021



Irisin inhibits Inflammation in ADTC5 Cells 

Li et al. 2021



• 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.

PRG4 (Proteoglycan‐4)



PRG4

Rhee et al. 2005



PRG4 deficient mice

Tanguay et al. 2023 



PRG4 treatment – In vitro osteoclastogenesis

Tanguay et al. 2023 



PRG4 - Exercise

Roggio et al. 2023 



Muscle-Bone-Joint crosstalk

Osteocalcin

Irisin

?
Prg4



Thank you
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Secretome

Soluble factors

EV



Extracellular vesicles



Interaction of target cells with EV



EV papers - Bone



Osteogenic potential of vesicular RANK

Ikebuchi et al. Nature Communications 2018



Circulating RANKL EV
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Irisin in EV

Chi et al. European Heart Journal 2022
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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: può stimolare l'attività osteoblastica e favorire la rigenerazione ossea, ma in eccesso può 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 parte degli 
osteoclasti.  TGF-β (Fattore di crescita trasformante beta)Rilasciato dalla cartilagine e dal liquido sinoviale.Effetti sul 
muscolo: coinvolto nella rigenerazione muscolare, ma in eccesso può promuovere fibrosi.Effetti sull'osso: regola il 
rimodellamento osseo, stimolando gli osteoblasti e inibendo il riassorbimento osseo.  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 (OPN)Prodotta dalla cartilagine articolare e dalle cellule 
sinoviali.Effetti sul muscolo: coinvolta nella riparazione muscolare e nella regolazione dell'infiammazione.Effetti sull'osso: 
stimola l'attività osteoblastica e la mineralizzazione ossea.  LeptinaSecreta dal liquido sinoviale e dalle cellule 
sinoviali.Effetti sul muscolo: regola il metabolismo energetico e la sensibilità insulinica nel muscolo.Effetti sull'osso: 
stimola la formazione ossea attraverso l'attivazione degli osteoblasti.  AdiponectinaPresente nel liquido sinoviale e 
derivata dalle cellule sinoviali.Effetti sul muscolo: migliora l'ossidazione degli acidi grassi e la sensibilità insulinica, 
favorendo la funzione muscolare.Effetti sull'osso: modula il metabolismo osseo e promuove la formazione ossea.



• 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.1

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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