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ABSTRACT 

Introduction: Fibrodysplasia ossificans progressiva (FOP) is a rare autosomal dominant disorder of skeletal malforma- 
tions and progressive extraskeletal ossification. Patients and Methods: In the present study, we present a case of FOP 
with marked progressive ossification of extraskeletal tissues. We investigated whether soluble factors in serum would 
affect the osteoblast phenotype by examining the effects of serum from this patient and control subjects on mouse os- 
teoblastic MC3T3-E1 cells. Results: The clinical findings of this patient were compatible with FOP, and direct se- 
quence analysis of genomic DNA demonstrated the presence of a heterozygous 617G > A (R206H) mutation of activin 
type 1 receptor (ACVR1). Serum from the FOP patient enhanced the level of alkaline phosphatase (ALP) in Western 
blotting, compared with serum from the control, in MC3T3-E1 cells. Moreover, serum from the FOP patient enhanced 
the levels of ALP, osteocalcin and bone morphogenetic protein-2 mRNA in these cells. Conclusion: We presented a 
case of FOP with progressive ossification in extra-skeletal tissues with ACVR1 mutation. The present data suggest that 
the serum from this patient includes some soluble factors, which might enhance the osteoblast differentiation and BMP- 
2 expression in mouse osteoblastic cells. 
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1. Introduction 

Fibrodysplasia ossificans progressiva (FOP) is a rare 
autosomal dominant disorder of skeletal malformations 
and progressive extraskeletal (heterotopic) ossification, 
characterized by congenital malformation of the great 
toes. Heterotopic ossification of the muscles, tendons, 
ligaments, and fascia begins in childhood and can be 
induced by trauma or for no reason, leading to extra- 
articular ankylosis of all major joints in the axial and ap- 
pendicular skeleton, which renders movement impossible 
[1,2]. Several reports suggest that the earliest pathologi- 
cal finding in FOP is perivascular lymphocytic infiltra- 
tion into normal-appearing skeletal muscle, followed by 
muscle-cell degeneration and highly vascular fibropro- 
liferative soft tissue swelling. Fibroproliferative lesions 
evolve through an endochondral process into mature lame- 
llar bone with marrow elements [2,3].  

As for the pathogenesis of FOP, Shafritz et al. [4] 
reported that the ectopic osteogenesis of FOP is associ- 
ated with increased levels of bone morphogenetic protein 
(BMP)-4 in lymphocytes, and Olmsted et al. [5] further 
showed that the rate of BMP-4 transcription was elevated 
in cells of FOP patients. Moreover, de la Pena et al. [6] 
reported that lymphocytes in FOP exhibited a defect in 
BMP receptor type IA (BMPR-IA) internalization and 
increased the activation of downstream signaling, sug- 
gesting that altered BMP receptor trafficking underlies 
ectopic bone formation in FOP. Recently, Shore et al. [7] 
mapped FOP to chromosome 2q23-24 by linkage analysis 
and identified an identical heterozygous mutation (617G 
> A; R206H) in the glycine-serine (GS) activation do- 
main of activin A type I receptor gene (ACVR1). Protein 
modeling induces destabilization of the GS domain, con- 
sistent with constitutive activation of ACVR1, expressed 
in many tissues, including skeletal muscle and chon- 
drocytes. Constitutive activation of ACVR1 induces al- *Corresponding author. 
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kaline phosphatase (ALP) activity in C2C12 cells and 
upregulates BMP-4 [7]. Moreover, BMP-4 induces cons- 
titutive activation of ACVR1 in these cells [8]. These 
findings indicate that ACVR1 is a strong candidate gene 
for FOP. Although the causal gene of FOP was found, 
numerous points in the pathogenesis of FOP remain 
unclear. Moreover, there have not been any reports about 
the pathological role of serum from the patient with FOP 
to our knowledge. 

In the present study, we present a case of FOP with 
marked progressive ossification of extraskeletal tissues. 
This patient had known ACVR1 mutation, and serum 
from the patient possessed activity that modulated the 
osteoblast phenotype. 

2. Patients and Methods 

2.1. Patient 

A 36-year-old man had progressive ectopic ossification. 
Short thumbs and malformed big toes were noted at birth. 
Psychomotor epilepsy occurred at 1 year old and scolio- 
sis was noted at 4 years old. The first ossification ap- 
peared on his back at 6 years old and rapidly formed new 
ossification in the biopsy area, the first ossification area 
and other normal skin area; therefore, he was diagnosed 
with FOP at 6 years old. Ossification and joint fixation 
progressed from the back, neck, hip, and jaw to all limbs. 
At 36 years old, he is bedridden in the prone position, 
because almost all of his joints and back muscles have 
been fixed by ossification. No close relatives show FOP 
symptoms and there is no parental consanguinity.  

His clinical features showed an asymptomatic lump on 
the left side of his head and along the vertebral column, 
fixation of the whole body, marked lordosis and scoliosis, 
bedsores on both sides of the greater trochanter, and 
malformed big toes. His consciousness was clear and 
speech was fluent. There was no disorder in mental and 
pubertal development. Glucocorticoid (betamethasone 0.75 
mg per day) and etidronate (200 mg per day for two 
weeks every three or four months) have been adminis- 
tered in order to suppress progressive heterotopic ossifi- 
cation since he was 33 years old.  

The laboratory findings showed high and low levels of 
bone resorption and bone formation indices, respectively 
[bone-type ALP 12.7 U/l [normal range: 9.6 - 35.4], uri- 
nary type I collagen N-telopeptides (NTx) 131 nmol- 
BCE/mmolCr [normal range: 9.3 - 54.3], osteocalcin 
(OCN) 1.8 mg/l [normal range: 2.5 - 13]. Renal function 
was not disturbed (creatinine clearance 96.3 ml/min). 
Serum levels of calcium, phosphorus and intact PTH 
were 2.2 mmol/l (normal range: 2.10 - 2.48), 3.7 mg/dl 
(normal range: 2.4 - 4.5), 51 ng/l (normal range: 10 - 65), 
respectively. Urinary calcium excretion was increased 
(302.8 mg/day). Arterial blood gas under room air was 

also analyzed (pH 7.429, pCO2 52.7 mmHg, pO2 89.7 
mmHg, 3HCO  34.1 mmol/l, BE 8.0 mmol/l). 

On X-ray examination (Figures 1A and B), there were 
multiple areas of soft tissue ossifications and a recently 
developed lump on the left side of the cranial bone. The 
vertebral column showed marked lordosis and scoliosis. 

On the bone scintigram (Figure 1C), radioisotope ac- 
cumulation was highly increased on the left side of the 
cranial bone and the whole vertebra. Other heterogene- 
ous increased radioisotope accumulation was observed in 
the limbs, sacroiliac joint, hip joints, and soft tissues of 
the legs. 

On pelvic computed tomography, short and broad 
femoral necks were observed as well as intramuscular 
ossification throughout the whole body. 

2.2. Materials and Cell Cultures 

Mouse osteoblastic MC3T3-E1 cells were kindly pro- 
vided by Dr. H. Kodama (Ohu Dental College, Japan). 
Human recombinant BMP-2 and anti-β-actin antibody 
were from Sigma (St.Louis, MO, USA), and anti-tissue 
non-specific alkaline phosphatase rabbit monoclonal an- 
tibody was from Santa Cruz Biotechnology (Santa Cruz, 
CA, USA). All other chemicals were of analytical grade.  

After informed consent, an overnight fasting serum 
sample was obtained. Serum was kept at –80˚C until 
used for the experiments. The serum was obtained under 
similar conditions from age- and sex-matched controls. 
The study was approved by the ethics review board of 
Kobe University Hospital.  

MC3T3-E1 cells were cultured in α-minimal essential 
medium (α-MEM; containing 50mg/ml of ascorbic acid) 
supplemented with 10% FBS and 1% penicillin-strep- 
tomycin (Invitrogen, Carlsbad, CA, USA). The medium 
was changed twice a week.  

 
(A) X-ray of skull; (B) X-ray of lower legs; (C) Bone scintigram; images of 
whole body (anterior-posterior) (a) Thorax (anterior-posterior) (b) and lat- 
eral head: right-left (c), left-right (d).  

Figure 1. Clinical features of FOP patient. 
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2.3. Protein Extraction and Western Blot 
Analysis 

After confluent MC3T3-E1 cells were cultured in serum- 
free α-MEM for 12 hr, cells were treated with the final 
30% serum from the FOP patient and normal controls for 
24 hr before the harvest of cell lysates. In our preliminary 
study, this time point and serum concentration were the 
best to observe significant effects of serum from FOP 
patient in the present study. Cells were lysed with ra- 
dioimmunoprecipitation buffer with 0.5 mM of phenyl- 
methylsulfonyl fluoride (PMSF), complete protease in- 
hibitor mixture, 1% Triton X-100, and 1mM of sodium 
orthovanadate, as previously described [9]. Cell lysates 
were centrifuged at 12,000 g for 20 minutes at 4˚C, and 
the supernatants were stored at –80˚C. Protein quantita- 
tion was performed with BCA protein assay reagent 
(Pierce, Rockford, IL, USA). Equal amounts of protein 
were denatured in SDS sample buffer and separated on 
10% polyacrylamide-SDS gels. Proteins were transferred 
in 25 nM Tris, 192 mM glycine, and 20% methanol to 
polyvinylidene difluoride membranes. Blots were blocked 
with Tris-buffered saline (20 mM Tris-HCl (pH 7.4) and 
137 mM NaCl) plus 0.1% Tween 20 containing 3% dried 
milk powder. The membranes were immunoblotted with 
anti-ALP and β-actin antibodies. The antigen-antibody 
complexes were visualized using the appropriate second- 
dary antibodies (Sigma), and the enhanced chemilumi- 
nescence detection system, as recommended by the ma- 
nufacturer (Amersham Pharmacia Biotech, Bucking- 
hamshire, UK). 

2.4. RNA Extraction and Real-Time PCR  

Total RNA was prepared from cells using TRIZOL re- 
agent. cDNA was synthesized using the SuperscriptTM 
First-Strand Synthesis System for RT-PCR (GIBCO 
BRL). Specific mRNA was quantified by real-time PCR 
using a 7500 Real-time PCR system (Applied Biosys- 
tems, Rotkreuz, Switzerland) with SYBR Premix Ex 
TaqTM II (Perfect Real Time) kits (TaKaRa) according 
to the manufacture’s standard protocol. The mRNA value 

for each gene was normalized relative to the mouse 
GAPDH mRNA levels in RNA samples. Primer se- 
quences (forward and reverse) were as follows. GAPDH, 
5’-GTGTACATGGTTCCAGTATGAGTCC-3’ and 5’- 
AGTGAGTTGTCATATTTCTCGTGGT-3’; OCN, 5’- 
CCTGAGTCTGACAAAGCCTTCA-3’ and 5’-GCCGG- 
AGTCTGTTCACTACCTT-3’; ALP, 5’-ATCTTTGGT- 
CTGGCTCCCATG-3’ and 5’-TTTCCCGTTCACCGT- 
CCAC-3’; BMP-2, 5’-GGTCACAGATAAGGCATTG- 
C-3’ and 5’-GCTTCCGCTGTTTGTGTTTG-3’. 

2.5. Statistics 

All experiments were repeated at least three times with 
reproducible results. Data are expressed as the mean ± 
SEM. Statistical analysis was performed using ANOVA. 

3. Results 

The clinical findings of this patient with progressive ex- 
traskeletal osteogenesis induced by physical or surgical 
trauma were compatible with FOP. Direct sequence ana- 
lysis of genomic DNA demonstrated the presence of a 
heterozygous 617G > A (R206H) mutation, which was 
previously reported [7] (Figure 2). No other family 
members had the phenotype of FOP and 617G > A 
(R206H) mutation. These findings confirmed that the 
diagnosis of this patient was FOP. We investigated 
whether soluble factors in serum would affect the os- 
teoblast phenotype using MC3T3-E1 cells. We used se- 
rum from normal volunteers matched for age and gender 
as the control.  

As shown in Figure 3(a), serum from the FOP patient 
increased the level of ALP compared with the control 
serum in MC3T3-E1 cells. Moreover, serum from the 
FOP patient increased the levels of ALP, OCN and 
BMP- 2 mRNA in these cells (Figure 3(b)).  

4. Discussion 

BMPs were originally identified because of their ability 
to induce endochondral bone formation [10]. Although 
BMPs are synthesized by skeletal cells, their synthesis is  

 
Arrow indicates the mutation site. 

Figure 2. Activin A type I receptor gene (ACVR1) analysis. 
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(a)                                                           (b) 

Figure 3. Serum from FOP affects osteoblast phenotype in MC3T3-E1 cells. (a) After confluent MC3T3-E1 cells were cul- 
tured in serum-free α-MEM for 12 hr, cells were treated with 30% serum from the FOP patient or a normal control in the 
presence or absence of 100 ng/ml BMP-2 for 24 hr. Protein extraction and Western blot analysis were then performed for 
ALP. These data were reproduced three times; (b) After confluent MC3T3-E1 cells were cultured in serum-free α-MEM for 
12 hr, cells were treated with 30% serum from the FOP patient or a normal control for 24 hr. Total RNA extraction and 
real-time RT-PCR were then performed for ALP, OCN, BMP or GAPDH mRNA. Data are expressed relative to the GAPDH 
mRNA value. *P < 0.01 relative to serum from normal control 1-treated group. 

not limited to bone because they are expressed in a vari- 
ety of extraskeletal tissues, in which BMPs play a critical 
role in development and cell function. A fundamental 
function of BMP-2 and -4 is to induce the differentiation 
of mesenchymal cells toward osteoblastic linage cells. 
Furthermore, these BMPs induce endochondral ossifica- 
tion and chondrogenesis in extra-skeletal tissues. Over- 
expression of BMP-2 and -4 in developing limbs induces 
an increase in chondrocytes cell number and matrix car- 
tilage, leading to joint fusion [10,11].  

As previously reported, the constitutive activation of 
ACVR1 is considered to play the main role in the patho- 
genesis of FOP [7]. In this patient with FOP, the reported 
mutation was identified. This mutation was considered to 
be the main pathogenesis of ectopic progressive ossifica- 
tion in this patient. FOP lymphocytes expressed 6-fold 
higher levels of BMP receptor type IA (BMPR-IA) on 
the cell surface and displayed a marked reduction in li- 
gand-stimulated internalization and degradation of BMPR- 
IA in response to BMP-4. The disrupted BMP signaling 
pathway caused inappropriate enhancement of the ex- 
pression of BMP-4 mRNA and protein, resulting in het- 
erotopic ossification [6,7]. From these findings, we can 
speculate that the heterozygous 617G > A (R206H) mu- 
tation in this patient might have induced inappropriate 
enhancement of the expression of BMP-4 and heterotopic 
ossification. 

In the present study, serum from the FOP patient en- 
hanced the level of ALP on Western blotting of mouse 
osteoblastic cells, compared with the control serum. 
Moreover, serum from the FOP patient enhanced the 
levels of ALP and OCN mRNA in these cells, compared 
with the control serum. These findings indicate that solu- 
ble factors in the serum from the FOP patient were re- 
sponsible for a stimulation of differentiation in osteoblast. 
Moreover, we revealed that serum from the FOP patient 

enhanced the levels of BMP-2 mRNA in these cells, 
compared with the control serum. Since BMP-2 induces 
ectopic bone and cartilage formation in extraskeletal tis- 
sues in vivo and activates AVCR1, the present data sug- 
gest the possibility that there might be some serum solu- 
ble factors, which enhancing muscle ossification in the 
FOP patient.  

Bone resorption and bone formation indices are in- 
creased and decreased in this FOP patient. The use of 
glucocorticoid and long-term immobilization might en- 
hance bone resorption. The direct action of glucocorti- 
coid on the gene expression in skeletal cells plays the 
main role in glucocorticoid-induced osteoporosis (GIO). 
In GIO, glucocorticoid induces a decrease in osteoblast- 
genesis and an increase in the apoptosis of mature os- 
teoblast and osteocyte, by inhibiting the expression of 
osteoblastic key genes, resulting in osteoblastic bone 
formation [12]. 

Immobilization induces bone loss, since the reduction 
of compressive mechanical forces during immobilization 
results in stimulating osteoclast activity by inducing bone 
resorption factors, such as receptor activator of NF-κB 
ligand [13]. In this patient, the long-term immobilization 
state might enhance bone resorption, leading to an in- 
crease of bone resorption indices in spite of glucocorti- 
coid administration. The change of some soluble factors 
in the serum of this patient by glucocorticoid use and 
immobilization might be responsible for enhancing the 
level of ALP, OCN and BMP-2 in osteoblast. Further- 
more, increased bone resorption indices may be due to 
BMP-2, stimulation of bone resorption by enhanced os- 
teoclast formation, and osteoclastic activity [14,15]. Oka- 
moto et al. [16] reported that mice overexpressing BMP- 
4 in bone developed severe osteopenia with increased 
osteoclast number. Enhanced BMP activity itself might 
be one of the causes of enhanced bone resorption indices 
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in this FOP patient. 
The serum was obtained before taking 0.75 mg be- 

tamethazone in the morning, 24 hr after administration 
the previous day. Serum concentration of betamethasone, 
the next morning, was considered to be very low, since 
Miyachi et al. reported that betamethazone in the serum 
disappeared 24 hr after oral administration, otherwise the 
patient developed liver failure [17]. These findings indi- 
cate that the residual betamethasone did not modulate the 
effects of serum from the FOP patient in the present 
study. 

5. Conclusion 

We presented a case of FOP with progressive ossification 
in extra-skeletal tissues with ACVR1 mutation. This mu- 
tation was responsible for the pathogenesis in this patient. 
From the present data, a systemic humoral factor may be 
related to the pathogenesis of FOP in this patient. Some 
bone anabolic factors might be elevated in the serum 
from the patient with FOP. Alternatively, some inhibitory 
factors for bone formation could be suppressed in the 
patient serum. Moreover, the effects of the patient serum 
on ALP, OCN and BMP-2 should be confirmed in sev- 
eral patients with FOP. Further studies are necessary to 
clarify this issue and will be performed in the near future. 
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