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Primary pulmonary hypertension (PPH) is a potentially lethal disorder, in which 
heterozygous mutations within the bone morphogenetic protein type II receptor (BMPR2) 
gene (BMPR2) have been identified. We conducted a molecular study of BMPR2 mutations 
in 4 Japanese families with familial PPH and 30 Japanese patients with sporadic PPH, and 
found 13 different mutations, of which 10 were novel, including missense (n=2), nonsense 
(n=4), frameshift (n=3), and splice-donor site (n=1) mutations. In total, BMPR2 mutations 
were found in all 4 familial PPH cases and 12 (40%) of the sporadic PPH cases. Further, a 
majority of the mutations found were predicted to cause premature termination, as 
previously reported. In the 9 mutations found in the sporadic cases, 2 were shown to be de 
novo, 2 were shared in multiple cases, 1 was shared with an FPPH case, and 1 was the same 
as previously reported in Caucasian FPPH. These results indicate that a substantial portion 
of Japanese PPH patients carry BMPR2 mutations with considerable heterogeneity. © 2004 
Wiley-Liss, Inc. 
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INTRODUCTION 

Primary pulmonary hypertension (PPH; MIM# 178600) is characterized by widespread obstruction and 
obliteration of the smallest pulmonary arteries, which leads to a sustained elevation of pulmonary artery pressure. 
The incidence is reported to be about 1 to 2 per 1 million people each year, with familial PPH, inherited as an 
autosomal dominant trait with reduced penetrance, estimated to represent approximately 6% of all PPH cases 
(Rich, et al., 1987). 

Heterozygous germline mutations in the BMPR2 gene (MIM# 600799), which encodes bone morphogenetic 
protein type II receptor (BMPR2) (Rosenzweig et al., 1995), a type II receptor of the TGFß superfamily, have 
recently been shown to cause familial PPH (Lane et al., 2000). In addition, more than a quarter of apparent 
sporadic cases have been reported to have mutations in BMPR2 (Thomson et al., 2000). Since all current mutation 
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reports except for 1 were based on studies of Caucasian patients (Deng et al., 2000; Lane et al., 2000; Machado et 
al., 2001; Morrell et al., 2001; Newman et al., 2001; Runo et al., 2003; Thomson et al., 2000; Uehara et al., 2002), 
we conducted a BMPR2 gene survey in 34 Japanese PPH patients (4 familial, 30 sporadic).  

SUBJECTS AND METHODS 

Study Subjects 

All patients were Japanese and visited the National Cardiovascular Center Hospital in Suita City, Japan. 
Primary pulmonary hypertension was diagnosed with the use of current international consensus criteria (Rich et al., 
1987), which require the presence of elevated pulmonary artery pressure in right-heart catheterization (mean 
pulmonary artery pressure >25 mmHg at rest or >30 mmHg during exercise) and the absence of any secondary 
causes of elevated pulmonary arterial pressure (for example, chronic lung disease associated with hypoxemia, 
thromboembolism, intracardiac shunting, left ventricular failure, liver cirrhosis, and collagen diseases). Thirty-four 
patients with primary pulmonary hypertension, including four familial and 30 apparently sporadic cases, were 
evaluated for the BMPR2 mutation. Available family members were also included in the analysis. Family histories 
were taken, and the inquiries included cardiopulmonary diseases and unexpected death. All patients were 
apparently unrelated to each other and none had a history of appetite-suppressant drug use. Each participant gave 
their written informed consent for genetic analyses prior to participation. This study was approved by the Ethics 
Committee of the National Cardiovascular Center, and by the Committee on Genetic Analysis and Genetic 
Therapy of the National Cardiovascular Center. 

 
 

Mutation analysis: DHPLC and direct sequencing 

Genomic DNA was extracted from leukocytes isolated from venous blood samples using an NA-3000 (Kurabo, 
Osaka, Japan) according to the manufacturer’s protocol. PCR primers were designed based on genomic sequences 

fragment sense primer antisense primer annealing Tm
exon1-1 5'-CAGTCGGGAACTAGTTCTGA-3' 5'-GCTGCAGCGAGGAAGTCAT-3' 58?
exon1-2 5'-CTTTGCCCTCCTGATTCTTG-3' 5'-ATATGGAAGTGGGGATAGGAA-3' 58? (DMSO5%)
exon2 5'-TCATGAACAGAAGAACGTCATT-3' 5'-CACAGTCATTTCAGGTAAGGA-3' 58?
exon3 5'-TAGCTTACACGTACTCTCACA-3' 5'-CTGGCTTCAACCTTGAATGTT-3' 58?
exon4 5'-CTAAAGGGCAGTCTGTCAGT-3' 5'-TACTATTGAGGCTGGGTGTAT-3' 58?
exon5 5'-TCATGCTATTCTGCATTCATCT-3' 5'-CAGGTCTAGTATCACAGTAGA-3' 58?
exon6 5'-TGTAAGCAACAGAGAGCTGT-3' 5'-ACCACACCTGGCCTCAGTT-3' 58?
exon7 5'-TGTTTAAATTCCCCTTTCCATC-3' 5'-TTTGAACCCACATGAGTGTCA-3' 58?
exon8 5'-GAGTTGAAATTCCGATTTCTCT-3' 5'-ACACCTGGCCAGTAGATGTT-3' 58?
exon9 5'-TTAATGACATGGTTAGGGTCAA-3' 5'-GTTAGGTACTATAGGTAGAGAA-3' 56?
exon10 5'-TGGTATCAGAAATACCCCTGT-3' 5'-ATTTGTGGCATTAGGCAACTC-3' 58?
exon11 5'-ATGGTTTGACATGTACTTTGTC-3' 5'-ATCTTGCACTTGTACCAAACAA-3' 58?
exon12-1 5'-AGGTGTTAAATTTGGAGAGACA-3' 5'-TAGTAGTCATGCCAGTACTTG-3' 58?
exon12-2 5'-AACAAGTGTCACCAGCCTCT-3' 5'-CATGCTTGGCCATTTGCAGT-3' 58?
exon12-3 5'-GTAGAAGCAACTGGACAGCA-3' 5'-TGTTTGGCCAGATAGTACTGT-3' 58?
exon12-4 5'-TGCTGCCACAACCCAATATG-3' 5'-CAAAAGACACACAGGAGAGAT-3' 58?
exon13 5'-AGTTACATCCCTTACCCGTTA-3' 5'-CACTCCATAGGCTTGAAAACA-3' 58?

TABLE1. Primers used for PCR amplification.

Sequence information is  based on GenBank reference sequences, AC064836.7 (exon1), AC073410.7 (exon2-7) and
AC009960.10 (exon8-13).
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(AC064836.7, AC073410.7, and AC009960.10) to amplify the entire coding region as well as the intron/exon 
boundaries of the BMPR2 gene. The sequences of each set of primers and conditions are described in Table 1. 
PCR products were analyzed by DHPLC using the WAVE system (Transgenomic, Omaha, NE) and by direct 
sequencing using an ABI 3700 (Applied Biosystems, Foster City, CA). All detected novel mutations were 
excluded by their presence in a panel of 190 chromosomes from normal individuals. Genotyping of polymorphic 
markers in the 5’-upstream CGG repeat region was done using primers 5'-TGAGCGAATCACAACCCCCCG-3' 
(forward) and 5'-GAGTTCCGTCAGGAGCCCAG-3' (reverse). Genotype analysis for the CTTT repeat in BMPR2 
intron 1 was performed as previously reported (Machado et al., 2001). 

RESULTS  

 
BMPR2 mutations and polymorphisms found in this study are summarized in Table 2. DNA mutation 

numbering is based on +1 as the A of ATG translation start sites of the cDNA sequence (NM_001204.3). In the 
four cases of familial PPH tested, we found two novel mutations (p.Y67C, p.S930X) as well as two mutations that 
were previously reported (p.R147X, p.Q403X). In 30 cases of sporadic PPH, we found five nonsense mutations 
(p.R213X, p.Y708X, p.E874X, p.R899X, p.S930X) in seven patients, four of which were novel, and one missense 
mutation (p.C420Y), as shown in Table 2. We also found three in/dels, which cause frameshift mutations and 
premature terminations (c.15_19del, c.1375_1376del, c.1954_1955dup), and one mutation in the consensus 
sequence of the intron 3 splice-donor site (c.418+2_418+4TAA>GAG), whose 5’-sequence was [ggaggt] instead 
of the conserved [gtaagt] (Table 2). 

p.R899X, which was previously reported in familial PPH, was found in two sporadic cases, while p.S930X was 
found in both familial PPH cases and one sporadic PPH patient, and p.R213X was found in two sporadic patients. 
p.C420Y (c.1259G>A) was mutated in the same amino acid as previously reported for p.C420R (c.1258T>C), 
however, in a different codon. In cases 3 and 12, genomic DNA samples from both parents were also examined 
and the mutations were not found. In case 10, the father was found to be absent of the mutation that was found in 
his son. In the remaining cases, DNA from the parents was not available. In total, four (100%) familial PPH cases  
and 12 (40%) sporadic PPH cases had disease-causing mutations in the BMPR2 gene. Further, 13 (81%) of the 16 
cases with disease-causing mutations carried nonsense or frameshift mutations that resulted in premature 
termination. None of the mutations revealed in the study subjects were found in 190 chromosomes from healthy 
subjects. 

In addition to these mutations, we found fivevariations in the coding sequence of the BMPR2 gene during the 
screening process (Table 2). Both of the non-synonymous substitutions (p.A646G, p.Q844R) were considered to 
be polymorphisms, since they were also observed on chromosomes from the control subjects. However, it is also 
possible that these are disease-causing mutations with reduced penetrance, as they were found as singletons in the 
190 control chromosomes. 
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DISCUSSION  

We studied 34 Japanese PPH patients, which included four familial and 30 sporadic cases, for germline 
mutations in the BMPR2 gene. Thirteen different mutations were found, of which 10 were novel, including 
missense (n=2), nonsense (n=4), frameshift (n=3), and splice-donor site (n=1) mutations. The remaining three 
mutations were the same as reported in two Caucasian FPPH cases (p.R147X, p.R899X) (Lane et al., 2000; 
Machado et al., 2001) and a Japanese case (p.Q403X) (Uehara et al., 2002). Three of the mutations (p.R213X, 
p.R899X, p.S930X) were observed in multiple cases. 

case sex age* location domain nucleotide change amino acid change mutation in parents

1 F 31 Exon1 LB c.15_19delGCAGC p.L5fsX29 SPPH ND

2 F 33 Exon2 LB c.200A>G p.Y67C FPPH

3 F 19 intron3 LB c.418+2_418+4TAA>GAG inactivate splice donor site SPPH absent in both parents

4 F 32 Exon4 TM c.439C>T p.R147Xa
FPPH

5 F 27 Exon6 KD c.637C>T p.R213X SPPH ND

6 F 19 Exon6 KD c.637C>T p.R213X SPPH ND

7 M 40 Exon9 KD c.1207C>T p.Q403Xb
FPPH

8 F 27 Exon9 KD c.1259G>A p.C420Y SPPH ND

9 M 32 Exon10 KD c.1375_1376delAG p.R459fsX9 SPPH ND

10 F 22 Exon12 CT c.1954_1955dup p.T652fsX6 SPPH absent in father

11 F 38 Exon12 CT c.2124C>G p.Y708X SPPH ND

12 F 14 Exon12 CT c.2620G>Te
p.E874X SPPH absent in both parents

13 M 38 Exon12 CT c.2695C>T p.R899Xc
SPPH ND

14 F 47 Exon12 CT c.2695C>T p.R899Xc
SPPH ND

15 F 33 Exon12 CT c.2789C>G p.S930X SPPH ND

16 F 22 Exon12 CT c.2789C>G p.S930X FPPH

polymorphisms in the coding region found in general population allele frequency

Exon2 LB c.165T>C p.N55 1.1%

Exon12 CT c.1937C>G p.A646G 0.5%

Exon12 CT c.2379A>C p.T793 2.1%

Exon12 CT c.2531A>G p.Q844R 0.5%

Exon12 CT c.2811G>A p.R937d
2.1%

cDNA sequence information is based on GenBank reference sequence NM_001204.3. Intron3 sequence is based on AC073410.7.

Nucleotide numbering is based on +1 as the A of the ATG translation initiation codon. *age at study.

LB: ligand binding domain; TM: transmembrane domain; KD: Ser/Thr kinase domain; CT: cytoplasmic tail

Table 2: BMPR2  mutations and polymorphisms

fs: frameshift; SPPH: sporadic PPH; FPPH: familial PPH; ND: not determined; areported:(Machado, et al., 2001); breported:(Uehara, et al., 
2002); creported:(Lane, et al., 2000); dreported:(rs1061657); ede novo mutation
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As previously reported (Machado, et al., 2001; Thomson, et al., 2000), a majority of the mutations found in the 
present study were predicted to cause premature termination. In the 16 cases with pathogenic mutations, we 
predicted that 13 would produce truncated peptides, of which one was truncated in the ligand-binding domain, one 
in the trans-membrane domain, four in the kinase domain, and seven in the cytoplasmic tail. Further, missense 
mutations were found in the ligand-binding and kinase domains. Although we did not perform dose-PCR 
experiments, 14 of 18 cases without a pathologic mutation in the BMPR2 gene were found to be heterozygous for 
at least one of the polymorphic markers, including CGG repeats 5’-upstream (as described in Methods), CTTT 
repeats in intron 1 (Machado, et al., 2001), and SNPs in exon 12 (c.2379A>C, c.2811G>A), which excluded the 
possibility of a large deletion of this locus in those cases.   

Recently, the cytoplasmic tail of BMPR2 has been suggested to have functions different from the regular Smad 
pathway. Machado, et al. reported a functional interaction between the BMPR2 cytoplasmic domain and Tctex-1, a 
component of the motor complex dynein, which in turn might interact with Smad1 or p38MAPK (Machado, et al., 
2003). Foletta, et al. also reported that the BMPR2 cytoplasmic domain interacts with LIMK1, a regulator of actin 
dynamics, and subsequently reduces the ability of LIMK1 to phosphorylate cofilin (Foletta, et al., 2003). Seven 
cases in our study had nonsense or frameshift mutations in exon 12, which comprises most of the cytoplasmic tail 
domain and is spliced out in a minor variant form. Examination of the phenotype/genotype correlations may lead 
to a better understanding of the role of BMPR2 in the pathology of PPH. 

In the present study, all four familial cases and 12 (40%) of 30 unrelated sporadic cases had BMPR2 mutations. 
These proportions were higher than in other reports of Caucasian patients, especially in the sporadic cases. At least 
two of the sporadic cases were shown to be de novo and not transmitted from either of the parents, however, in the 
others, we were unable to analysis transmission status, because most of our patients were adults and samples from 
their parents were not available. Therefore, it is possible that some of the apparently sporadic cases were actually 
transmitted from the parents with low penetrance (Newman, et al., 2001). Indeed, three (p.R213X, p.R899X, 
p.S930X) were shared in multiple cases, though the subjects had no relation to each other in terms of family or 
geography. Interestingly, p.R899X (c.2695C>T), found in two of the present sporadic cases, and p.R147X 
(c.439C>T), found in an FPPH case, were the same as previously reported in Caucasian FPPH. Since these 
mutations are likely to occur because of deamination of cytosine to thymine, they might represent sites of recurrent 
mutation. Haplotype analysis may be helpful to answer this question, though it was not applicable in the present 
study. We concluded that it is very important to obtain a concise and extensive family history for every PPH 
patient, as well as to accumulate information regarding phenotype/genotype correlations, including responsiveness 
to treatment and other environmental factors. 
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