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Abstract Fibrodysplasia ossificans progressiva (FOP) is

a rare autosomal dominant disorder of skeletal malforma-

tions and presents progressive extra-skeletal ossification.

The 617G>A (R206H) mutation in the activin receptor type

IA (ACVR1) gene has been identified in all examined

individuals with FOP of various ethnic groups, including

Caucasian and Chinese descents. Here, we examined three

Japanese patients with FOP for ACVR1 mutations. We

identified the 617G>A mutation in all three patients. Our

results suggest that the mutation in the ACVR1 gene is

common and recurrent in the global population.
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Introduction

Fibrodysplasia ossificans progressiva (FOP; OMIM

135100) is a rare genetic disorder with autosomal dominant

transmission (Kaplan et al. 2002). FOP is the most severe

disorder of heterotopic ossification and results in the

postnatal formation of an ectopic skeleton (Cohen et al.

1993; Kaplan et al. 1993, 2004). Heterotopic ossification in

FOP begins in childhood and can be induced most often by

trauma. The ossification is episodic and progressive, lead-

ing to extra-articular ankylosis of all major joints of the

axial and appendicular skeleton (Cohen et al. 1993; Kaplan

et al. 1993, 2004), rendering movement impossible. Con-

genital malformation of the great toes is common.

Recently, Shore et al. (2006) mapped FOP to chromo-

some 2q23-24 by linkage analysis and identified a hetero-

zygous mutation (617G>A; R206H) in the glycine-serine

(GS) activation domain of ACVR1, encoding a BMP type I

receptor. They found the mutation in 39 families examined,

including African–American, European–American, Euro-

pean (UK), Korean, and Native Brazilian descents. Fur-

thermore, a Taiwanese patient with a de novo ACVR1

617G>A mutation has been reported (Lin et al. 2006). Only

the 617G>A mutation has been found in FOP so far. To

investigate whether ACVR1 617G>A mutation is common

and recurrent, we examined the ACVR1 gene in Japanese

FOP patients. We found the 617G>A mutation in all

patients examined.

Materials and methods

The diagnosis of FOP was based on clinical and radio-

graphic findings. The phenotypes of the three patients are

summarized in Table 1. All patients were sporadic.
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Peripheral blood or fingernails were obtained with

informed consent from the patients. Genomic DNA was

extracted using standard procedures. We amplified exon 4

by polymerase chain reaction (PCR) using primer

sequences 5¢-CCAGTCCTTCTTCCTTCTTCC-3¢ and

5¢-AGCAGATTTTCCAAGTTCCATC-3¢ (Shore et al.

2006). PCR products were sequenced directly using an ABI

Prism 3700 automated sequencer (Applied Biosystems,

Foster City, CA).

Results and discussion

Direct sequence analysis of genomic DNA demonstrated

the presence of a single heterozygous 617G>A mutation in

all three patients with FOP (Fig. 1). No other mutation was

identified. Thus, we found that Japanese patients with FOP

also had the same ACVR1 617G>A mutation. These results

suggest that the mutation is common and recurrent in FOP,

regardless of ethnic background. The presence of the

mutation hot spot facilitates molecular diagnosis in clinical

practice. Early diagnosis is very critical for FOP patients to

avoid ossification-causing stimuli, including medical

intervention.

Accumulation of mutation in a particular single nucle-

otide is most famous in achondroplasia, the most common

skeletal dysplasia (OMIM 100800). Mutations in the

transmembrane domain of fibroblast growth factor receptor

3 (FGFR3) are identified in achondroplasia, and more than

99% of the FGFR3 mutation occurs in a particular single

nucleotide, 1138G (1138G>A/C (G380R) mutation). To

date, this represents the most mutable single nucleotide

reported in the human genome. In both achondroplasia and

FOP, the mutations are CpG dinucleotide changes, and

paternal age effects in sporadic cases have been reported

(Penrose 1955; Tuente et al. 1967). In achondroplasia, the

initial and subsequent studies (Shiang et al. 1994; Rousseau

et al. 1994; Bellus et al. 1995) found only G380R mutation

in more than 200 subjects, which led some researchers to

conclude that achondroplasia is defined by recurrent

G380R mutation (Bellus et al. 1995). However, the dif-

ferent mutation in FGFR3 has been found later in slightly

atypical cases (Ikegawa et al. 1995; Superti-Furga et al.

1995). The mutation G375C is also in the transmembrane

domain. The phenotypic difference between the common

and uncommon mutation are subtle (Nishimura et al.

1995).

In contrast to homogeneity of the achondroplasia phe-

notype, the clinical manifestation of FOP is considerably

diverse, which argues against the homogeneity of the FOP

mutation. In a family reported by Shore et al. (2006) who

showed ambiguous FOP feature, the ACVR1 617G>A

mutation was not identified. More extensive search for the

FOP/ACVR1 mutation that includes patients with atypical

FOP phenotypes is necessary to conclude that the single

mutation determines the FOP phenotype.

Acknowledgments We thank the patients and their relatives who

co-operated in this study, and Ms. Tomoko Kusadokoro for her

technical assistance.

References

Bellus GA, Hefferon TW, Ortiz de Luna RI, Hecht JT, Horton WA,

Machado M, Kaitila I, McIntosh I, Francomano CA (1995)

Achondroplasia is defined by recurrent G380R mutations of

FGFR3. Am J Hum Genet 56(2):368–373

Cohen RB, Hahn GV, Tabas JA, Peeper J, Levitz CL, Sando A, Sando

N, Zasloff M, Kaplan FS (1993) The natural history of

heterotopic ossification in patients who have fibrodysplasia

ossificans progressiva. A study of forty-four patients. J Bone

Joint Surg Am 75(2):215–219

Ikegawa S, Fukushima Y, Isomura M, Takada F, Nakamura Y (1995)

Mutations of the fibroblast growth factor receptor-3 gene in one

familial and six sporadic cases of achondroplasia in Japanese

patients. Hum Genet 96(3):309–311

Table 1 Clinical summary of the patients with fibrodysplasia ossificans progressiva (FOP)

ID Age

(years)

Sex Age of onset of

ossification

Family

history

Great toe

abnormalitya
Short thumb Other abnormality

FOP1 17 M 2 years – + + –

FOP2 39 M 10 years – + – Scalp baldness

FOP3 30 F 3 months – + + Short broad femoral neck

a Halux valgus, hypoplasia of metatarsal/phalanges

Fig. 1 A direct sequence of genomic DNA from a Japanese patient

with fibrodysplasia ossificans progressiva (FOP), showing the

common ACVR1 mutation 617G>A (R206H) (arrow)

474 J Hum Genet (2007) 52:473–475

123



Kaplan FS, McCluskey W, Hahn G, Tabas JA, Muenke M, Zasloff

MA (1993) Genetic transmission of fibrodysplasia ossificans

progressiva. Report of a family. J Bone Joint Surg Am

75(8):1214–1220

Kaplan FS, Shore EM, Connor JM (2002) Fibrodysplasia ossificans

progressiva (FOP). In: Royce PM, Steinmann B (eds) Connec-

tive tissue and its heritable disorders: molecular, genetic, and

medical aspects, 2nd edn. Wiley-Liss, New York, pp 827–840

Kaplan FS, Glaser DL, Hebela N, Shore EM (2004) Heterotopic

ossification. J Am Acad Orthop Surg 12(2):116–125

Lin GT, Chang HW, Liu CS, Huang PJ, Wang HC, Cheng YM (2006)

De novo 617G-A nucleotide mutation in the ACVR1 gene in a

Taiwanese patient with fibrodysplasia ossificans progressiva.

J Hum Genet 51(12):1083–1086

Nishimura G, Fukushima Y, Ohashi H, Ikegawa S (1995) Atypical

radiological findings in achondroplasia with uncommon muta-

tion of the fibroblast growth factor receptor-3 (FGFR-3) gene

(Gly to Cys transition at codon 375). Am J Med Genet

59(3):393–395

Penrose LS (1955) Parental age and mutation. Lancet 269(6885):312–

313

Rousseau F, Bonaventure J, Legeai-Mallet L, Pelet A, Rozet JM,

Maroteaux P, Le Merrer M, Munnich A (1994) Mutations in the

gene encoding fibroblast growth factor receptor-3 in achondro-

plasia. Nature 371(6494):252–254

Shiang R, Thompson LM, Zhu YZ, Church DM, Fielder TJ, Bocian

M, Winokur ST, Wasmuth JJ (1994) Mutations in the trans-

membrane domain of FGFR3 cause the most common genetic

form of dwarfism, achondroplasia. Cell 78(2):335–342

Shore EM, Xu M, Feldman GJ, Fenstermacher DA, Brown MA,

Kaplan FS (2006) A recurrent mutation in the BMP type I

receptor ACVR1 causes inherited and sporadic fibrodysplasia

ossificans progressiva. Nat Genet 38(5):525–527

Superti-Furga A, Eich G, Bucher HU, Wisser J, Giedion A,

Gitzelmann R, Steinmann B (1995) A glycine 375-to-cysteine

substitution in the transmembrane domain of the fibroblast

growth factor receptor-3 in a newborn with achondroplasia. Eur

J Pediatr 154(3):215–219

Tuente W, Becker PE, Von Knorre GV (1967) Zur Genetik der

Myositis ossificans progressiva. Humangenetik 4(4):320–351

J Hum Genet (2007) 52:473–475 475

123


	The ACVR1 617G$62#A mutation is also recurrent in three Japanese patients with fibrodysplasia ossificans progressiva
	Abstract
	Introduction
	Materials and methods
	Results and discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


