Skeletal progenitors and Fibrous Dysplasia of bone




Fibrous dysplasia and related disorders

Isolated FD

(monostotic, polyostotic)

Mec-Cune Albright syndrome

(FD, endocrine lesions, skin hyperpigmentation)

Mazabraud’s syndrome
(FD, intramuscular myxomas)




GNAS
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FD is caused by gain-of-function mutations of GNAS

DMR DMR DMR DMR
...
et . I 1 r 5 I e
Pat +

Nesp 43 2 1 Nespas Xlas Gsa Exons 2-13
,| ] | B I I v
Ina | | | 1 M ==
Complete locus §2.27 kD>
e | : !

I
I
Mutation !
|

5
*j‘.

1

1

1

e - - -

1384 " 28w
atg




FD is established in pluripotent stem cells
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FD develops in the post-natal life

craniofacial FD appendicular FD




Abnormal bone/bone marrow organ in FD




FD is a disease of post-natal skeletal stem cells




Bone resorption in FD
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Osteomalacia and FGF23 in FD
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Osteomalacia and FGF23 in FD
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FD and the endocrine function of bone

J. Clin. Invest. 112:683-692 (2003). doi:10.1172/]JCI200318399.

FGF-23 in fibrous dysplasia of bone
and its relationship to renal
phosphate wasting

See the related Commentary beginning on page 642. ‘
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Asymmetric expression of Gs in human skeletal progenitors
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Intralesional mosaicism and the “normalization” of FD lesions
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Modeling Fibrous dysplasia

(LV)GNAS R201C




Cellular models of FD: what can we learn, what can we do

1. Molecular pathology of FD
Adaptive mechanism countering the mutation

Pathogenetic mechanism downstream the mutation

2. Proof-of-principle for gene therapy

R201C
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Transfer of the FD cellular phenotype in hSSC
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PDE-based adaptive response in LV- Gs o*?%1¢ hSSC

(relative expression)
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Abnormal skeletal differentiation of LV- Gsoff?91¢ hSSC
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LV- Gsaff?91¢ hSSC reproduce FD ossicles
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High throughput analysis of gene modulated in LV- Gs o*?91¢ hSSC
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Skeletal cells and the abnormal bone/bone marrow organ in FD
skeletal progenitors/stem cells

ﬁ osteoblasts
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Skeletal cells and the abnormal bone/bone marrow organ in FD

«

? osteoclastogenesis

Chemotaxis of osteoclast precursors CXCL1 CXCL2
Proliferation of osteoclast precursors CXCL2

Differentiation of osteoclast precursors RANK-L orc




Skeletal cells and the abnormal bone/bone marrow organ in FD
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Matrix gla protein (MGP) and mineralization in FD
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Gene therapy in FD

dominant, gain of function mutations selective down-regulation of the
ubiquitously expressed gene mutated GNAS allele

Gsa?07C siRNA

vector nucleotides sequence
LV-siGsa-human 407-425 ggcgcagcgtgaggcocaac
LV-siGsa."'¢1 839-857 ttegetgetgtgtectgac
LV-siGsa.®'.2 838-856 cttcgctgetgtgtoctga
LV-siGsaR¥1c.3 835-853 ctgcttogetgetgtotce
LV-siGsa™1¢.4 845-863 gctgtgtcetgacctetgg
LV-siCtr caccgacgtegactgttgg




Gs*?01C siRNA reverts the cellular phenotype of FD
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Gso*?%1¢ siRNA restores skeletal differentiation of LV- Gs a??1¢ hSSC
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Transgenic models of FD: what can we do, what can we learn

1. Development of therapies
drug testing, cell therapy, gene therapy
2. Natural history and pathogenesis of FD

role of mosaicism
inheritance
post-natal development of lesions

Pronuclear injection



Transgenic mice with ubiquitous expression of Gsoff*?01¢

(expression of Gsof?°1¢ in all cell types, including skeletal stem cells and progenitors)

lentiviral vectors .
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FD and related disorders in LV-FD
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LV- FD mice reproduce the human disease
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Spatial and temporal pattern of FD lesions in LV-FD mice
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PDEs as potential molecular deteminants of FD

PDE relative expression in LV-EF calvarial OBs
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LV- FD mice reproduce the histopathology of FD
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High bone mass phenotype in 2.3 Col1A1Gsaf?%1¢ mice

(expression of Gs f?%1¢ restricted to mature osteoblasts)
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High bone mass phenotype in 2.3 Col1A1Gsaf?%1¢ mice

(expression of Gs %1€ restricted to mature osteoblasts)
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Skeletal progenitors, osteoclastogenesis and FD lesions

RANK-L / OPG in LV-EF tail OBs (lesion)

Osteogenic differentiation assay

RANK-L / OPG in Col1A1 tail OBs (lesion)
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Skeletal progenitors, osteoclastogenesis and FD lesions
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