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Aggiornamenti sulla ricerca

Update of the research on FOP  

EFORT Open Reviews (2024) 9 589–599 
https://doi.org/10.1530/EOR-23-0207
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BMP9 as a target for FOP therapy?

https://doi.org/10.1038/s44321-024-00174-3



What else? A novel mutation-specific feature! 

Hatsell et al., Sci Transl Med. 2015 Sep 2;7(303):303ra137; Hino et al., Proc Natl Acad Sci U S A. 2015 Dec 15;112(50):15438-43.
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Have we ever heard about BMP9?



Hino K et al. Neofunction of ACVR1 in fibrodysplasia ossificans progressiva. Proc Natl Acad Sci U S A. 2015 Dec 15;112(50):15438-43. doi: 10.1073/pnas.1510540112. PMID: 26621707



Abnormal proliferation of FOP-iMSCs and flare-ups triggered by BMP-9 in FOP-ACVR1 transgenic mice

La BMP9 prodotta dai macrofagi stimola la divisione delle cellule 
progenitrici (mesenchimali) e innesca la fase fibroproliferativa

che porta all’ossificazione ectopica  



Increased BMP-9 expression in CTX-injected tissue of FOP mice



Does BMP9 is a druggable target for FOP?

Bmp9-KO-hFOP-ACVR1 transgenic
mice exhibit attenuated HO after CTX 
injection.

Systemic BMP-9 neutralizing antibody
administration mitigates earlBmp9-KO-
hFOP-ACVR1y FOP lesions and HO 
progression in CTX-induced FOP mice.
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BMP9

Does BMP9 is a druggable target for FOP?

Interventions targeting BMP-9 or TGF-β signaling elements may
represent a therapeutic option for early-stage FOP, offering
valuable insights into advancing FOP treatment strategies

BMP9 as a target for FOP therapy
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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



n=2-5 ( $, p < 0.05 *, p < 0.01;** p<0.001 relative to ActA) Mann-Whitney non parametric test

ND1 and ND2: effect on the reporter gene (dose-response)



ActA vs BMP2 ND1 & ND2 & effect on SMAD1/5/9 signaling



ALP staining

NT BMP-2ActA
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Effect of selected natural compound on osteogenic FAP_R206H differentiation



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: 
identification of 2 (+1) active compounds

√

√
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Myositis ossificans (MO) is characterized by benign heterotopic ossificans in soft tissues like muscles, which can 
be classified into nonhereditary MO and fibrodysplasia ossificans progressiva (FOP). 

The annual number of publications and related research areas in the MO field increased gradually in the past 20 
years. The USA contributed the most percentage (42.58%) of articles. The University of Pennsylvania (UPenn) and 
the Journal Bone published the most articles among all institutions and journals. Kaplan FS and Shore EM from 
UPenn were the top two scholars who made the largest contributions to this field.

Keyword analysis showed that research hotspots changed from traumatic MO and clinical management of MO to 
the genetic etiology, pathogenesis, and treatment of FOP.





Organ Chip device for FOP
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