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From Cause to Cure

e Mode
encoc

and Id

MECHANISMS

ed the structure of the mutant protein
ed by the FOP gene
entified a previously unrecognized

and unstable switch
enabled by the FOP mutation.

e Showed that hypoxia
dramatically enhances BMP signaling
In FOP cells
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THE FOP “"HYDROGEN BOMB”

Trauma, Surgery, Muscle fatigue,

Trigger N _
IM Injection, Viruses, etc.
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FOP Is a Metamorphosis
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Cells of Flernatopoletic Origin
Contripute to zarly & Laie Lesjons
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Table 1. Cell lineage contributions to the heterapic endochondral anlagea®

Heterotopic Skeletal Anlagen Stages

Promoter Cell Lineage Fibroproliferative | Chondrogenic | Osteogenic

MyoD Skeletal Muscle <5 <1 ND¢

SMMHC | Vascular ND ND ND
smooth muscle

Tie2 Endothelial 40-50 40-50 40-50
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Working Model of BMIP - Assoclated
Fleterotopic Ossificaiion
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Principles of Skeletal Metamorpnosis in FOP

o Data frorn FOP pailents and frorm  in vivo anirmeal
rmocdlels of FOP strongly suggest tnat
inflarnrmeatory signals, in response to soft fissue
injury, ropilize | es iclent connective issue

orogeniior cells of vascular origin inat contrioute
to every stage I 'ir.he cdlevelopment of the

neterotopic anlager..

- nflarnmatory signals, in respornse to soft fssue
injury, ere sufficlent to induce  neterotopic
ossification in a BMP  -conducive environmerit,

1

- nflarnmatory cells of nernatopoigiic origin irigger

Oft tissue metarnoronosis to  neteroiogic  vone.
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Principles of Skeletal Metamorpnosis in FOP

- Cells of tne innate imrmune sysiern, specifically of
tne monocyie /macropnage linezge, induce
retarnorpnic crianges in a sMP conducive
enviroriment,

- Cells of ine adaptive Irmnrmune sysiern, specifically
of the lyrnpnocyie lineage, oropagate ine grovvrm
ard expansion of retarnorpnic cnanges in a BVIP
concucive environrerit.

- mmunosuppression  armeliorates
ossification in a geneiically suscepil



Principles of Skeletal Metamorpnosis in FOP

- Bone marrow transplantailon does not cure FOP
and is ineffective in abrogating its prograssion.

o Anormal Irnrmune systern is Sll'f'f]f‘]g'ﬂ" to trigger
neterotoplc ossification in a genetically suscepiiole
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- Connective tissue progenitor cells of vascular orig
transduce Inflarnmatory signals in a BMP conducive
environment and contripuie to every stage in ine
evolution of a neterotopic  anlagern.
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o Trnerapeuic regulation of orogernror cell
pooulations involved in FOP lesions nolds prormise
for treatrnent of FOP and gossioly oiner disorders o

leierotoplc  ossification,
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ACVRL (Tne Bomo)

INFLAM
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R206H/FKBP12 (The Fuse)
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ACTIVIN- LIrE r¥INASES

L TSRA smads 1,58
2 ACVEL 158
3 BMPRIA 158
4 ACVHI1E 2,3
5 TGF-0R 23
5 BMPRIE 158
! ACVEL 273






Zeprafisn Emoryogenesis Can Be Used
As An In Vivo Screen for BMIP Acilvity
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DIM-3189 Partly Innhipiis F.0O.
In Conditional caAlk? mice

& S0 Do Cortlcosterolds
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Contrioution of  MyoD+ and Tie2+
Cells to Heterotopic  Ossificatlor
Following Intra rnuscular Injection of BMPZ












FOP Cells

> Increased expression of EMP4 - (NEJIM)
> Fallure to upregulate BIVIP4 cWJ[clJOfJSS (JBJS)
> Feallure to regulate concentration of BMP

In exiracellular space (JBJR)

receptors In preserice o'f ligand (JEMR)
> Basal leariness of BMP signaling tnroughn
Sread painway In apsernce of  ligand (JBMR)
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U

> Flyper-responsiveness of BMP signaling througr
038 MAPY patnway in presence on - ligand (JBMR)
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~OP MUTATION MUST =/

szl Leakdness of BMIP Signaling In apsence of
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Funcilonal Effecis of ACVRL c.8L7G>A (R206H) Mutaiior
- In vivo analyses: zebrafisr

Shen, Little et al. unpubl.
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BMP Signaling Painways

O

Leziy rlyper-responsive



Trne transforrneation
of one norrnal iissye
Into anotner
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Inflarnmeatory Triggers/ Signeals
Actlvate Stern/ Progenitor Cells



(BMP)

(TGF-b)
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