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

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

��
����
	 �����!����



SARAH CAMERON

Dr Roger Smith



Medical Sciences Division

Supporting research into Fibrodysplasia Ossificans Progressiva (FOP)

‘University of Oxford FOP Research Fund’

Sarah Cameron Research Fund



President
* Mr Richard Simcox

Chairman
*Mrs Sheryll Hadley

Secretary
*Julie Hopwood

Medical Advisers
*Professor James Triffitt
*Dr Roger Smith
*Professor Paul Wordsworth

http://www.fopaction.co.uk/



��������
�"#$�%

& ������������'���	����()������	���
��
�
���*��

��	������

& %�����	��������������
�	������
��*
�
	���	��
����+��
�
�,�- ���	
��	�.����
*
�������
��
����

& /
		*��������	��������-*
������
�,��,���
��



%	�� ���������0
������

& 1�'����.�������
�����������
�����������	�*�
2��'*��,��	��������	������	��,����
�����
�	�����������������
�������

& ���	����2��'*��,�����	��������* 
�,�
������
����	��	�����*	�
�������� ���	���* �

�����������,����	����	�
��������
������
-�	��� ��*���	���'�*
,�	������	��,����
�����
��� ��
��������	��	�����*	�
���*	�����-����
�����	
��������'��	����������3



4
�%1
//��3���"%���55(

BONE MORPHOGENETIC PROTEIN

Urist, MR. Bone formation by 
autoinduction. Science. 1965 

“Under the influence of bone 
morphogenetic protein (BMP),
perivascular mesenchymal-type 
cells (pericytes) differentiate into 
cartilage and woven bone.” Urist
et al Proc. Natl. Acad. Sci. USA, 
Vol. 81, pp. 371-375, January 1984



Experimental myositis ossificans: cartilage and bone  formation in muscle in 
response to a diffusible bone matrix-derived morpho gen.

M R Urist , M Nakagawa , N Nakata, H Nogami
Arch Pathol Lab Med. 1978 Jun ;102 (6):312-6
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Radiographs of feet



Control

Patient 1

G605T
Electropherogram data from sequence analysis of ACVR1 gene
in Patient 1. c.605G>T identified in exon 6 of ACVR1 gene and
corresponds to mutation of arginine to isoleucine at position
202 (p.R202I) in the ACVR1 protein.

Protein

146 208 4951 33 107 124 178 509

Ligand TM GS Kinase

R206HR202I

ACVR1 PROTEIN
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•55 year old female FOP diagnosed in 1956. 
•Severe reduction deformities in all digits at birth .  
•First presentation with lumps, usually painful, on the occiput.  
•At 6 years had stiff spine and shoulders. 
•At 14 years both elbows and right hip showed ectopi c ossification.  
•At 18 years left hip showed ossification.
•At 20 years jaw showed ossification after dental ex traction.  
•At 26 years presented complete spinal fixation, sho ulders fixed in 
adduction, elbows fixed in flexion, hips restricted , fixed in slight flexion, jaw 
gape was 0.3cm. 

Patient treated with disodium etidronate (EHDP) from  18 years to 22 years.
Normal ECG.  Appendicectomy at 24 years-normal scar.  Mild questionable 
mental retardation. Diffuse scalp hair thinning sin ce 14 years.

•Presented clinical features outside ‘typical’ FOP                                                            
Smith et al (1976)

Connor and Smith (1982)

UK ACVR1 FOP MUTATIONS
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Radiographic image of hand  

All  digits severely shortened.  

Hand radiograph shows the absence of the distal and intermediate
phalanges and some shortening of the proximal phalanges

Photograph of feet
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Control

Patient 2

G983A
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Electropherogram data from the sequence analysis of the ACVR1
gene in patient 2.  c.983G>A identified in exon 8 of ACVR1 and
corresponds to amino acid mutation from glycine to glutamate at
position 328 (p.G328E) in kinase domain of ACVR1 protein.
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,��8�.�89�'��2�����,���	
,��8�.�89�'��2�����,���	
,��8�.�89�'��2�����,���	
,��8�.�89�'��2�����,���	

#���,��� ��������������	
���'
	��
��
��*������	��	
�

"�	�������*���*��	�	�
,��
�F��	
���H
• �������
��*����	
���
��*��	�	�
,�
• %'�**
�,�������
������
�	��
• ���	�
�	����
��G�2�����������	

• $�����
�
��	
�������*�����
��
��������������.������	���
��*�

�F��	
����
	�

��	
��	�8��	
��	�8��	
��	�8��	
��	�8




,��(<�
,��(<�
,��(<�
,��(<�I III �������
���	.������
����	.�'���
�,����	-�*	�������
���	.������
����	.�'���
�,����	-�*	�������
���	.������
����	.�'���
�,����	-�*	�������
���	.������
����	.�'���
�,����	-�*	

& ��'��2�*�	����
I ����
��*.�	�����
��G�*��-�����
�����
�
I ���	* �������������>�'��2�

?+�� �:�����
��*������ *��
� ������,,��	
������
���* ����
�
��	
���-�	'��������	��F�
�	��B��	�
�
�
-*����� ��������*
��C

& ��������	�	
���=����	���*�	��H
I �-���
��*�'�**.��
,�	��*��2.�����*����G�-����	���
 �

I �������:��
�������'�**
�,�'
	���	����
�
��	
���
�� �
,�	�
�-���
��*�'�**

CC01

��	
��	�8��	
��	�8��	
��	�8��	
��	�8



• ?+�� ���� ����*�	��:�
���
�
��	
������*��-���
������
��* ����*��

• �%%:����
�
��	
���
��
������
��* ����*��.�
'
	���������
��
����*��-�� ����*��G�
�
,�	�-����	

��	
��	�8��	
��	�8��	
��	�8��	
��	�8



������	* ��	��,��(;������	* ��	��,��(;������	* ��	��,��(;������	* ��	��,��(;

#!��
��	
��#!��
��	
��#!��
��	
��#!��
��	
��
& <�	�		���.�<�-�� +�
���
�,�.�	�������	�� G�������
� � ������

�����-���
��*�'�**��**�'
	���	����
�
��	
��

& ���
�
��	
��������-����
-�*�� ����

& $��+	������-�� ����������*��-*�������
��-�	��	�
,�� �G�	���
�
,�	�*�'���-��2

& ��**�'
�,��� �
�	����� �G�� ���	����� .�����'�*2�� >))��
���
���.��'
����;))��8!E'��2.���
���������.�-�	�����
� ��
���-*��	����	����	��'��2

CC01

��	
��	�8��	
��	�8��	
��	�8��	
��	�8



%������
�,�����*	�%������
�,�����*	�%������
�,�����*	�%������
�,�����*	�

CC01

��	
��	�8��	
��	�8��	
��	�8��	
��	�8

1�	���@ ,��������*��3;9=�D����	�	
���
��	���7%��
�� �����
�����

���� �!�� >�'�
�����-�	
	�	���������������*���
�� '
	����� *
��

�	����
�����5>�
��	���7%�����
�����	���
��������	�
 �B/�5>�C



Classic and Atypical FOP Phenotypes

More recently further new mutations in ACVR1 identi fied and the phenotype 

reported to vary *

Classic FOP
•Clinical features of FOP - characteristic great toe malformations and progressive 
heterotopic ossification)

FOP-plus
•Classic defining features of FOP plus one or more atypical features 

FOP variants
•Major variations in one or both of the two classic defining features of FOP

*Classic and atypical fibrodysplasia ossificans progre ssiva (FOP) phenotypes are caused by mutations in 
the bone morphogenetic protein (BMP) type I recepto r ACVR1. Kaplan et al. Human Mutation 30, 379–390, 
2009
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FKBP12 binds the GS
domain in the
in an inactive state

FOP mutation sites

“Dorsomorphin” inhibitor
bound to ATP pocket

Wild-type kinase locked
in inactive conformation

A. Bullock et al. 2011
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FOP (Fibrodysplasia
Ossificans Progressiva)

Drug target for FOP 

� Kinase activation in FOP by R206H mutation

� Muscle turns to bone (a living statue)

� No treatment & irreversible 

� SGC collaboration with Prof Jim Triffitt

� Found additional R202I and G328E mutations

� SGC structure of ACVR1-FKBP12 complex
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Peterson, Nat Chem Biol. 2008 Nat Medicine 2008

PDB 3H9R (2.35 Å)

Existing 
chemical probe
activity in mouse 
disease model

SGC identifies potent
inhibitor series & SAR
(imidazo[1,2-b]pyridazines)

(“ALK2”)


