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2010–2011
Identification of RARγ

Agonists (Palovarotene)

2020s: Clinical Trials
Garetosmab (an anti-Activin A antibody) 
Regeneron Pharmaceuticals announced that the 
U.S. Food and Drug Administration has accepted 
for Priority Review the Biologics License 
Application (BLA) for garetosmab

Saracatinib (an oral kinase inhibitor repurposed 
from cancer research to target the ACVR1 kinase 
activity).

2023: First FDA-Approved Treatment In August

2023, the U.S. FDA approved Palovarotene
(Sohonos)

INC000928/Zilurgisertib

Andecaliximab

2014–2016:
FOP Global Natural History 

Study
2006

The FOP Gene found

2017
Identification of FAPs as the 

Progenitor Cells

2017
The world’s first clinical trial using a drug candidate 

identified through FOP iPS cells (reprogrammed 
patient cells) 
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Genetic Modifiers
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2007
1° Congresso FOP 

(Genova)

2008
2° Congresso FOP 

(Rovereto,TN)

2009
3° Congresso FOP 

(Cerignola, FG)

2010
4° Congresso FOP 

(Verbania)

2011
5° Congresso FOP 

(Roma)

2012
6° Congresso FOP 

(Milano)

2013
7° Congresso FOP 

(Parma)

2014
8° Congresso FOP 

(Genova)

2015
9° Congresso FOP 

(Roma)



2016
10° Congresso FOP 

(Livorno)

2018
12° Congresso FOP 

(Napoli)

2019
13° Congresso FOP 

(San Marino)

2020
14° Congresso FOP 

(OnLine)

2022
15° Congresso FOP 

(Lecce)

2024
15° Congresso FOP 

(Torino)

2025
16° Congresso FOP 

(Portonovo,AN)

2017
11° Congresso FOP

DDF 
(Alghero)



ECM & Proteases

Endochondral bone 
neoformation

(inhibitors of differentiation -
Palovarotene)

Kinase inhibitors

Anti-ActA antibodies

Inflammation

Microenvironment,
Hypoxia, autophagy

Gene therapy



EFORT Open Reviews (2024) 9 589–599https://doi.org/10.1530/EOR-23-0207



Do you remember Rosiglitazone?
Once upon a time in 2010…



Rosiglitazone & FOP

 ROSI (general TZD drugs) are strong activators of the 
PPAR-γ transcription factor. 

 PPAR-γ can significantly counteract the inflammation 

 PPAR-γ has a relevant effect on bone differentiation 
and metabolism (can trigger and switch differentiation of 
progenitor cells towards adipogenesis at the expense of 
osteogenesis, and possibly on mechanisms involving osteoclast-
mediated bone resorption, is also taking place). 

• ROSI can have side-effects

• This is an anedoctical report and not a 
structured clinical study

 ROSI (in generale i farmaci TZD è un forte attivatore 
di PPAR-γ

 PPAR-γ ha un potente effetto anti-infiammatorio

 PPAR-γ ha un effetto significativo sul 
differenziamento orientando verso l’adipogenesi
rispetto all’osteogenesi

• ROSI può avere effetti collaterali

• Sono necessari studi clinici strutturati



Modified from DOI: 10.1186/s13395-021-00265-6

PPARγ+
Adipociti



FOP lesions do not contain adipocytes or adipogenic signals

Treatment with a PPARγ agonist suppresses osteogenesis and induces adipogenesis in 
FOP BMSC in vitro

Il trattamento con ROSI nei topi FOP inibisce la 
formazione di osso ectopico e induce la produzione di 

tessuto adiposo 



Treatment with rosiglitazone significantly reduces 
formation of post-injury FOP lesions

Il trattamento con ROSI nei topi FOP riduce in maniera 
significativa la formazione di osso ectopico



Both Systemic and local treatment with rosiglitazone reduces heterotopic
bone formation in a trauma-induced HO model

Il trattamento con ROSI riduce la formazione di osso 
ectopico anche in un modello di HO post-traumatica ed è 

efficace sia somministrato localmente che per via 
generale



https://www.myeloma.org.uk/library/ask-the-nurse-car-t-cells/



Figure 1. Closed-loop strategy targeting Activin A. (A) Schematic representation of the BRE-ActR2A-Fc
construct. (B) Proposed model for transfected bone marrow cells-based therapy in fibrodysplasia ossificans
progressiva (FOP) mice.

Inibizione 
dello stimolo 
di formazione 
osso ectopico

Istruzione per 
produrre il farmaco 



Effect of transplanted bone marrow cells 56 
days post CTX injection 



In this study the authors describe the development of an 
autologous, closed-loop cell therapy which can migrate 
to sites of tissue injury and locally secreting an inhibitor 
of Activin A.

Through our use of an Activin A-responsive promoter to 
drive expression of the recombinant Activin A inhibitor, 
this engineered cell therapy exhibits closed-loop 
behavior and effectively prevents heterotopic bone 
formation in a mouse model of fibrodysplasia ossificans 
progressiva (FOP).

This approach may be impactful beyond FOP and provide 
a blueprint for the development of marrow-derived cell 
therapies across the disease spectrum.

Questo studio descrive lo sviluppo di una  terapia 
cellulare autologa capace di migrare nei siti di 
lesione e rilasciare localmente un inibitore di 
Activina A. 

La terapia previene la formazione di osso eterotopico 
nel modello murino di FOP e offre un modello per 
nuove terapie cellulari del midollo osseo.

Closed-loop strategy targeting Activin A



• Circulating mesenchymal progenitor cells (cMPCs) are isolated using a microfluidic iChip from patients 
undergoing hip replacement and a mouse model of traumatic HO,  & exhibit HO-associated gene expression 
as early as 6 hours post-injury - 41 days before radiographic detection. 

• RNA sequencing of cMPCs enabled development of a liquid biopsy-based HO risk prediction model, 
achieving up to 90% sensitivity and 100% specificity in human subjects. 

• Furthermore, the model detected significant reductions in HO risk following prophylactic treatment, 
correlating with decreased HO volume. These findings establish a noninvasive platform for early detection 
and monitoring of HO and suggest broader utility for diseases involving aberrant mesenchymal cell fate.

• This approach enables high-throughput screening of at-risk patients and realtime assessment of therapeutic 
efficacy



Modified from https://www.cancertodaymag.org/cancer-talk/what-is-liquid-biopsy/

Rilevare la presenza di cellule o acidi nucleici 
(DNA e RNA) derivanti da tumori o da profili di 
differenziamento tissutale specifico

- Ricavare firme molecolari specifiche per 
trattamenti personalizzati e per monitorarne 
l’efficacia



Modified from https://www.cancertodaymag.org/cancer-
talk/what-is-liquid-biopsy/

• Cellule mesenchimali progenitrici circolanti (6 ore post 
trauma/intervento fino a 41 giorni prima dell’evidenza 
radiografica di ossificazione ectopica) dopo trauma 
(topo) o intervento chirurgico (nell’uomo, protesi 
d’anca)

• Profilazione di queste cellule

• Generazione di un modello predittivo di ossificazione 
ectopica (90% specificità-100% sensibilità) basato sul 
codice a barre molecolare generato da questo studio

• Utile per predire la formazione di HO e per valutarne 
l’efficacia di trattamento



Update of the research on FOP  

Modified from EFORT Open Reviews (2024) 9 589–599 https://doi.org/10.1530/EOR-23-0207
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Updates on key Research themes in FOP
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Organ Chip device for FOP
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From our group

C2C12_ACVR1_wt
C2C12_ACVR1_R206H

C3H10T1/2_wt
C3H10T1/2_R206H
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C2C12 3D model
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Confirmation:
• Dose-response curves
• Toxicity evaluation (MTT assay)
• Id1 & Id3 genes expression

• Primary Screening of 300 natural derived 
compounds

• 196 commercially available analogues

• ActA vs BMP2

• Effect on canonical and non canonical P-Smads

• In vitro differentiation (micromass cultures)

• Ex-vivo & In-vivo analysis (FOP mouse)

√

√

Screening of Natural product-derived compounds

√
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ND1 significantly reduces Activin A-induced mineralization in C2C12 Acvr1_R206H cells
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**p ≤ 0,01; ***p ≤ 0,001; ****p ≤ 0,0001

ALP staining

Michela Signo, Mauro Bergamaschi & Silvia Brunelli
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ND1 reduces Activin A-induced SMAD1/5 phosphorylation in C2C12 Acvr1_R206H cells

*p ≤ 0,05

Michela Signo, Mauro Bergamaschi & Silvia Brunelli Confidential



ALP staining

NT BMP-2ActA

ActA/LDN ActA/ND1 ActA/ND2

Effect of selected natural compound on osteogenic FAP_R206H differentiation
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