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A novel mutation ¢.774G>C in the ACVR1 gene causes fibrodysplasia ossificans progressi-
va in one Chinese patient

ZHANG Wan-jiao,ZHANG Wei,ZHANG Ke-qin~

(Department of Endocrinology ,the First Affiliated Hospital of NJMU ,Nanjing 210029, China)

[Abstract] Objective: Fibrodysplasia ossificans progressiva (FOP) is a rare and disabling genetic condition of congenital skeletal
malformations and progressive heterotopic ossification (HO) ,associated with the mutation in the activin A type 1 receptor / activin-
like kinase 2 (ACVR1/ALK2) gene. The purpose of this study was to report one FOP patient with atypical clinical findings and to i-
dentify the genetic entity. Methods: Clinical diagnosis was based on physical examination,radiological findings and biochemical
tests. For mutation detection,the blood samples from the FOP patient, his parents and 60 normal controls were collected with informed
consent. Genomic DNA was isolated from peripheral lymphocytes and all the exons of ACVR1 were amplified by PCR. The PCR prod-
ucts sequenced directly with the cycle sequencing methods. Then we generated the three-dimensional model of protein structure for
the cytoplasmic domain of the R258S in ACVR1 to evaluate its receptor function. Results; The patient had congenital minimal mal-
formations of the great toes and radiographic evidence of heterotopic ossification at the time of evaluation. The process of heterotopic
bone formation was a mild course and did not follow the typical temporal and spatial patterns. Analysis of ACVRI1 gene revealed that
the patient had a heterozygous missense mutation,c.774 G>C(R258S),which is located in the kinase domain of ACVR1. We also find
that all the people,including the patient,the parents and 60 normal controls, occurred nonsense mutation,c.690 G> A(E230E). In the
protein modeling, ARG258 and SER194 can form the H-bonds. When the ARG258 is substituted by SER,the H-bonds are lost,so the
aGS1 and the oC helix conformations do shift and make ACVR1 into an “open” conformation and constituently activated. Conclu-

sion; Most patients showing typical FOP phenotypes have the heterozygous ¢.617G>A (R206H) mutation belonging to the GS domain
of ACVRI1. Our report describes a patient affected with FOP showing mild progressive symptoms,and these atypical FOP phenotypes
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may associate with a novel mutation (c.774 G>C),affecting a conserved residue of the ACVR1 kinase domain.Our findings make the

relations between phenotypes and genotypes of FOP better understood.
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Figure 1  Clinical manifestations of patient
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Figure 2 DNA sequencing of the ACVR1 gene in the patient and patient’s parents
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Figure 3 The three-dimensional model structure of the ACVR1
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FEHEATHINEE DY 2 8 N LR I R IAT . WL
W ERE AR T AN RH A 0 B 4 J i R rh I I e i)
H &M B, I R R A 212, 1fij H 4= 5 i bk
R R A, 5 BB BANAT | 12 83 1 S = AU
WA AL E AL, X8 53R FOP R [R] Al R B
TRATRE R IZAF R R AR T R, TR

protein
[R206H] [E230E| [R2585]
™™ GS KINASE
[
4 ACVRI [ EEEHIX
Figure 4 A schematic of ACVR1 domain organization
R258s 241 DEKSWFRETELYNTV ENILGFIASDMTSRHSSTQLWLITHYHEMGSLYD 293
Homo sapiens DEKSWFRETELYNTVM ENILGFIASDMTSRHSSTQLWLITHYHEMGSLYD
Mus musculus DEKSWFRETELYNT ENILGFIASDMTSRHSSTQLWLITHYHEMGSLYD
R. Norvegicus DEKSWFRETELYN ENILGFIASDMTSRHSSTQLWLITHYHEMGSLYD
M. Mulatta DERSWFRETELYN ENILGFIASDMTSRHSSTQLWLITHYHEMGSLYD
C. Familiaris DEKSWFRETELYN ENILGFIASDMTSRHSSTQLWLITHYHEMGSLYD
B. Taurus DEKSWFRETELYHNTV ENILGFIASDMTSRHSSTQLWLITHYHEMGSLYD
G. Gallus DERSWFRETELYNTVL ENILGFIASDMTSRNSSTQLWLITHYHEMGSLYD
Danio rerio DEKSWFRETEIYNTVL ENILGFMASDMTSRNSSTQLWLITHYHENGSLYD
F. Rubripes DEKSWFRETEIYNTVL ENILGFIASDMTSRNSSTQLWLITHFQEMGSLYD
C. elegans DEPAFHKETEIFET PNVLRYIGSDRVDTGFVTELWLVTEYHPSGSLHD

El'5 ACVRIL [ [RIEXT Horrsh

Figure 5 Orthology comparison of ACVRI among vertebrate species
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JEFER A RIS AR R A T R ER S 2 A
A0 BMP A D AR 20 R TR0kt N i A
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