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Isolated FD
(monostotic, polyostotic)

Mc-Cune Albright syndrome 
(FD, endocrine lesions, skin hyperpigmentation)

Mazabraud’s syndrome
(FD, intramuscular myxomas)

…...

�
�	
����������
������	��������
�
	��	�

Mc-Cune Albright syndrome

FD

GH excess

café-au-lait spots
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5’---CGT---3’ 5’---CGT---3’ 5’---TGT---3’
3’---GCA---5’ 3’---GCA---5’ 3’---ACA---5’

M

5’---CGT---3’ 5’---CGT---3’ 5’---CAT---3’
3’---GCA---5’ 3’---GCA---5’ 3’---GTA---5’

M

C>T     R201C

G>A     R201H

pluripotent stem cells
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craniofacial FD appendicular FD

bleeding and compression fractures and deformities



bone

fibrous tissue

woven bone

osteoclasts

osteomalcia

fibrous tissue
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FD ossicle
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FD tissue
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Riminucci et al, 2003

HE

TRAP

IL6 ISH
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Riminucci et al, 2007

unmineralized
osteoid

unmineralized
osteoid

FGF23

PED pediatric patients; AD adult patients; PW phosphate wasters
NPW non-phosphate wasters
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FGF23 ISH
Fibrous dysplasia

FGF23 ISH 
normal donor, fracture callus 
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% ATC Gsa allele

FD wt 
clones

FD mutated
clones

Normal  
non clonal

FD 
non clonal
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F, 16 yrs

ATT/ATC

Michienzi et al, 2007



y = -2.59x + 114.55, r2 = .82
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Kuznetsov et al, 2008

Pt A, 16 yr
84% mutated CFU-F

Pt B, 48 yr
0 mutated CFU-F

PNA clamping/PCR
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apoptosis in FD (tunel stain)
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1. Molecular pathology of FD

Adaptive mechanism countering the mutation 

Pathogenetic mechanism  downstream the mutation

2. Proof-of-principle for gene therapy 

human skeletal stem cells (normal donors) 

mouse pluripotent stem cells

Lentiviral vector+GsaR201C



Piersanti et al, 2010
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Human skeletal stem cells



.�/������������
���	���
����
��01� �� a2"34* ���*



���
	��������������
���	���
��

��
��01� �� a2"34* ���*



01� �� a2"34* ���*�	��	
��������
��
����

HA/TCP

LV- GsaR201C hSSC
osteconductive 

carrier
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skeletal progenitors/stem cells
CFU-Fs

hematopoiesis

lipid

osteoblasts

marrow 
adipocyte

osteoclastogenesis

vascularity

fibroblast, fibrosis
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MGP

mineralization

FGF23

mineralization

humoral, indirect

local, direct
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dominant, gain of function mutations 
ubiquitously expressed gene

selective down-regulation of the 
mutated GNAS allele

GsaR201C siRNA
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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
evolution and heterogeneity of lesions

2. Expression of the transgene restricted to osteogenic cells
2.3 Col1A1GsaR201C mice

1. Mice with constitutive and ubiquitous expression of the transgene
LV-EF1a-GsaR201C mice, LV-CMVeGFP-hPGK-GsaR201C mice
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lentiviral vectors
transgene expression

cAMP in bone cells



thyroid hyperplasia

Leydig cell hyperplasia
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muscle myxomaTg 5 mo.



ectopic shepherd’s crook deformity
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LV-EF-Gs aaaaR201C mice
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woven bone

unmineralized osteoid
fibrosis

mineralized matrix

tgwt

osteoclasts
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wt
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Osteogenic differentiation assay

T0 T1
1 week

T2
2 weeks

T3
3 weeks

T4
4 weeks
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