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Familial pulmonary arterial hypertension, leucopenia, and
atrial septal defect: a probable new familial syndrome
with multisystem involvement
Ali Dursuna, R. Koksal Ozgula,e, Asli Soydasa, Tugba Tugrulb, Aytemiz Gurgeyc,
Alpay Celikerd, Robyn J. Barstf, James A. Knowlesg, Mansukhani Maheshh

and Jane H. Morsei

We present two siblings with identical clinical findings

that seem to represent a previously unreported familial

syndrome. Major findings involve three systems: pulmonary

arterial hypertension, cardiac abnormalities including

secundum-type atrial septal defect, and the hematopoietic

system with intermittent neutropenia, lymphopenia,

monocytosis, and anemia. The siblings also shared several

minor abnormalities: pectus carinatum, long fingers,

proximally placed thumb, broad nasal bridge, and

high-arched palate. The male proband also had bilateral

inguinal hernias and undescended testes. The same

findings in two siblings suggest a genetic cause–either an

autosomal recessive disorder or germline mosaicism

in one parent for a dominant mutation. Investigations

revealed a bone morphogenetic protein receptor 2

polymorphism in intron 4 in only one sibling, which

was also present in unaffected maternal relatives.
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Introduction
We report two Turkish siblings who presented with

a combination of familial pulmonary arterial hypertension

(FPAH), secundum-type atrial septal defect (ASD), and

hematological abnormalities including intermittent

neutropenia, lymphopenia, monocytosis, anemia, and

dysplastic changes. Although several features found in

these patients are similar to those in some well-described

syndromes including Fanconi anemia, Holt–Oram

syndrome, Blackfan–Diamond syndrome, and Schimke

immunoosseosus dysplasia, to the best of our knowledge,

this specific combination has not been reported before

(Brockhoff et al., 1999; Saraiva et al., 1999; Dokal, 2006).

Case 1
Case 1, the sister of the proband (case 2), was born

to healthy and nonconsanguineous parents after an

uneventful pregnancy after 37 weeks of gestation. Her

birth weight was 2800 g. She developed respiratory

distress on the 2nd day of life but was followed up at

a local hospital without any specific diagnosis being made.

At 3 months of age, physical examination revealed a body

weight of 3270 g (< 5th centile), length 55 cm (< 5th

centile), head circumference 37.2 cm (< 5th centile),

heart rate 160/min, respiratory rate 58/min, mild hepato-

megaly, and a mild systolic murmur. Several minor

dysmorphic features were also noted including transverse

palmar creases on both hands, proximally placed thumbs,

hypertelorism, high-arched palate, pectus carinatum,

and broad nasal bridge. Laboratory studies showed a white

blood count (WBC) 1900/mm3 accompanied by mono-

cytosis (28%), neutropenia (28%) and lymphopenia

(40%), Hb 6.5 g/dl, and platelets 272 000/mm3. Studies

of lymphocyte subsets revealed T-cell population 42%

(N = 60–85), total B cell population 11% (N = 6.9–23.5),

CD4 + cells 25% (N = 29–59), and CD8 + cells 36%

(N = 19–48). Bone marrow aspiration showed hypocellular-

ity with normal distribution of all series. Echocardiogra-

phy showed a large secundum ASD and mild pulmonary

hypertension. Prominent pulmonary conus and cardio-

megaly on chest radiograph and right axis deviation on

echocardiography were also noted.

During follow-up until 10 months of age, WBCs varied

between 1700 and 5000/mm3. Absolute neutrophil counts

varied between 300 and 630/mm3, and lymphocytes

between 336 and 3800/mm3. Striking monocytosis

(reaching 714/mm3) was a constant finding at each blood

smear examination, becoming more marked at times of

severe neutropenia. Her hemoglobin was kept above

9 g/dl by erythrocyte transfusions. Metabolic workup,

blood chemistry, platelet counts, immunoglobulin levels,
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sweat test, and antibody tests for cytomegalovirus,

rubella, and toxoplasmosis were within normal limits.

Cardiac catheterization, performed at 10 months of

age, revealed high pulmonary artery pressure (PAP)

(72/19 mmHg, mean 42 mmHg) and the secundum

ASD. At surgery for pulmonary artery banding, the PAP

could only be decreased to 51 mmHg by compressing

the artery to one-fourth of the original size without

an increase in the systemic blood pressure. Therefore,

pulmonary banding was abandoned and the ASD was left

open. During surgery a thymus biopsy was obtained as it

seemed hypoplastic. Thymic biopsy was consistent with

severe involution but not dysplasia. The patient was then

lost to follow-up, and the parents later informed us that

she died at home because of severe respiratory distress

at the age of 18 months. No autopsy was performed.

Case 2
The male proband was born after an uneventful

pregnancy of 37 weeks with low birth weight (2800 g).

He developed respiratory distress on the 2nd day of

life requiring hospitalization similar to his sister. He

was referred from a local hospital with the diagnosis of

secundum ASD, leucopenia (1990/mm3), and anemia

(Hb 8.9 g/dL). At the time of referral at 2 months of age,

physical examination revealed a weight of 4000 g (< 5th

centile), length 57 cm (25–50th centile), blue sclera, mild

systolic murmur, pectus carinatum, mild hepatomegaly,

bilateral inguinal hernia, and undescended testes (Fig. 1

and Fig. 2a, b). Minor dysmorphic features including long

fingers, proximally placed thumb, high-arched palate, and

broad nasal bridge similar to his sister. Laboratory

investigations showed WBC count 3800/mm3, Hb

7.2 g/dl, platelet count 229 000/mm3, and reticulocytes

2%. Peripheral blood smear revealed striking monocytosis

(20%) and dysplastic changes in the neutrophils (52%)

with vacuolated cytoplasm and lymphocytes (26%),

hypochromia, polychromasia, anisocytosis, and basophilic

stippling of red blood cells (Fig. 3a and b). Bone marrow

aspirate displayed dysplastic changes in all lineages,

megaloblastic changes in both myeloid and erythroid cell

lines, severe vacuolization in myeloid series, erythroid

hypoplasia, and megametamyelocytes. Lymphocyte

subset evaluation and immunoglobulin levels were within

normal limits. Echocardiography was compatible with

secundum ASD and mild pulmonary hypertension.

During his admission to hospital and at several occasions

during his follow-up, granulocyte colony stimulating

factor (dose of 5–10 mg/kg/day) was administered for

neutropenia. This treatment had a transient effect on

granulocyte levels as well as inducing severe dysplastic

changes in the granulocytes and thrombocytes. Ilopros-

trometamol, a prostacycline analog, was started in a dose

of 10 ng/kg/min for pulmonary hypertension. A transient

decrease of pulmonary pressure was observed. Estimated

PAPs on repeat cardiac echocardiography studies

increased to as high as 80 mmHg even though the dose

of iloprostrometamol was increased to 25 ng/kg/min.

Chromosomal analysis, as well as fluorescence in-situ

Fig. 1

Case 1 with high palatal arch and long fingers.

Fig. 2

Case 2 with (a) Pectus carinarum and (b) long fingers with proximally
placed thumb.
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hybridization for 22q11 deletion syndrome, was normal.

Computerized tomography of the chest revealed cardio-

megaly, widening of the radius of the main pulmonary

artery, and hypoplasia of the thymus (Fig. 4a and b).

Other hematological investigations showed normal levels

of vitamin B12 and folic acid, low serum iron (22 mg/dl;

N = 59–158), and low total iron-binding capacity values

(190 mg/dl; N = 228–448), which was compatible with iron

deficiency. The patient died at 18 months of age at home.

Autopsy was not performed. Clinical and laboratory

findings of the two siblings are summarized in Table 1.

Genetic studies

Bone morphogenetic protein receptor 2 (BMPR2), which

is the most frequently reported genetic abnormality in

FPAH, was investigated as a candidate gene. The BMPR2
gene including 13 exons and intron/exon boundaries were

sequenced. Sequencing was performed bidirectionally

using the Big DyeR v1.1 Cycle Sequencing Kit (Applied

Biosystems, Foster City, California, USA) and an ABI

3100. DNA sequencing traces were examined using

Mutation Surveyor v2.0 (SoftGenetics Inc., State

College, Pennsylvania, USA). In addition, a genotyping

study covering the BMPR2 and primary pulmonary hyper-

tension 2 loci was performed in the family. For this study,

four microsatellite markers were used in the nuclear

family including parents, the two affected siblings and an

unaffected female sibling. Two markers, D2S309 and

D2S2289 were selected to identify the boundaries

of the BMPR2 locus and two additional markers,

D2S1238 and D2S1245, were selected to define the, more

centromeric, PPH2 locus (Fig. 5).

Discussion

We present two siblings with identical clinical findings,

which seem to represent a previously unreported familial

syndrome. Major findings involve three systems: PAH,

cardiac abnormalities including secundum-type ASD, and

the hematopoietic system with intermittent neutropenia,

lymphopenia, monocytosis, and anemia. The siblings also

shared several minor abnormalities: pectus carinatum,

long fingers, proximally placed thumb, broad nasal bridge,

and high-arched palate. The male proband also had

bilateral inguinal hernias and undescended testes (Table 1).

The same findings in two siblings suggest a genetic

cause; either an autosomal recessive disorder or germline

Fig. 3

(a) and (b) Hematologic changes including vacuolization and dysplastic
changes in leucocytes in the blood smear of case 2.

Fig. 4

Computerized tomography of thorax of case 2 showing large pulmonary
artery and thymus hypoplasia. (a) Large pulmonary artery labeled with
asterisks. (b) Thymus hypoplasia labeled with arrows.
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mosaicism in one parent for a dominant mutation. To our

knowledge, this clinical phenotype has not been reported

previously and suggests a new clinical entity.

PAH was the main feature in both siblings. In the first

patient, PAH was confirmed by cardiac catheterization

(PAP 72/19 mmHg). In the second patient’s chest

radiograph, computerized tomography of the chest and

estimated PAPs determined by cardiac echocardiography

more than once were consistent with PAH although

hemodynamic measures during cardiac catheterization

performed under high dose of iloprosttrometamol

treatment were near to normal limits (PAP 26/9 mmHg).

It is well known that a defect in TGF-b. pathway

including BMPR2 protein causes disorders in diverse

systems, including PAH, impairment of proliferation/

differentiation of hematopoietic stem cells and cardiac

maldevelopment (Dickson et al., 1995; Bhatia et al., 1999;

Ruscetti and Bartelmez, 2001; Grossfeld, 2003;

McElhinney et al., 2003; Rosendahl et al., 2003). BMPR2
mutations are the most frequently reported genetic

abnormality in FPAH as well as in cases of PAH with

ASDs (Thomson et al., 2000; Morse et al., 2002; Roberts

et al., 2004; Harrison et al., 2005). Therefore, BMPR2
gene was considered as candidate gene and analyzed for

mutation by sequencing of 13 exons together with

intron–exon boundaries in the siblings. The study

Table 1 Major and minor findings of the two siblings

Sister (case 1) Brother (case 2; proband)

Sex Female Male

Age of death 18-months 18-months
Major findings
Vasculogenesis

PAH + +
Cardiovascular system

Secundum-type ASD + +
Hematopoietic

Leucopenia (/mm3) + (1700–5000) + (1200–8800)
Neutropenia (/mm3) + (300–630) + (112–6000)
Anemia (g/dl) + (6.5–9.2) + (7.8–9.9)
Lymphopenia (/mm3) + (336–3800) + (154–3680)
Monocytosis (/mm3) + (380–714) + (16–2378)
Thrombocytopeniaa(/mm3) – (141–222) + (35–449)
Dysplasia in all cell lines,
erytroid hypoplasia, and
vacuolization in myeloid
cell lines (bone marrow)

+ +

Immune system
Thymus hypoplasia + +

Minor findings
Proximal localization of

thumb
+ +

Simian line on the right
(incomplete on the left)

+ –

Broad nasal bridge + +
Undescended testis – +
Pectus carinatum + +
High palatal arch + +

aIt is clear that the case 2 to have had intermittent thrombocytopenia; however, it is
not obvious in case 1 because few measurements for thrombocyte were avaliable.
ASD, atrial septal defect; PAH, pulmonary artery hypertension.

Fig. 5

D2S309 178 182 188
176

268
383 407

290

202
182

202

276
395

202

302
375

182
202

302 302
375 407

268 268268

202
188 178

202 202 202 176
188

276
395 383

182 182

? ?

D2S2289

D2S1238
D2S1245
PPH2

BMPR2

D2S309
D2S2289

D2S1238
D2S1245

PPH2

BMPR2

Genotyping of microsatellite markers for bone morphogenetic protein receptor 2 (BMPR2) and primary pulmonary hypertension (PPH2) loci in the
nuclear family.

22 Clinical Dysmorphology 2009, Vol 18 No 1



revealed an intron 4 insertion/deletion change in more

than 50 bases in only one of the affected siblings. This

polymorphism was also detected in three asymptomatic

maternal relatives (mother, maternal aunt, and maternal

grandfather). In addition, genotyping was performed

using two microsatellite markers that flank BMPR2
(D2S309 and D2S2289) to further investigate the pattern

of segregation of the BMPR2 locus in the family.

Genotyping showed that the affected siblings do not

share either of their BMPR2 locus. As the father is

homozygous at D2S2289 and hence uninformative,

however, it is possible that the two siblings share one

allele, although this would require a recombination event

to have occurred in the 1.5 Mb region between the two

markers (approximately about 1.5% chance of occur-

rence). Genotyping revealed also that all three siblings

(two affected and one unaffected) shared a maternally

derived DNA segment of undefined length at D2S1238.

Therefore, a mutation at the PPH2 locus, which is more

centromeric to BMPR2, could not be definitively excluded.

Secundum-type ASD was the main cardiac finding in

both siblings. ASD has been reported as a component of

nearly 200 clinical syndromes. The syndromes with ASD

accompanying pulmonary hypertension, however, are

quite rare, including Holt-Oram syndrome, Jarcho–Levin

syndrome, Marshall–Smith syndrome, and Braddock

syndrome (Brockhoff et al., 1999; Rastogi et al., 2002;

Braddock, 2003). Other syndromes including Fanconi

anemia, Blackfan–Diamond syndrome, and Schimke

immunoosseosus dysplasia should also be considered in

the differential diagnosis because of the hematological

findings (Saraiva et al., 1999; Dokal, 2006). However,

although some features of our patients resemble these

disorders, none match the pattern exactly.

Neutropenia accompanied by marked monocytosis was

another impressive finding in both patients. Additionally,

bone marrow aspirates performed during an infection-free

period showed abnormal findings involving all cell lineages:

dysplastic changes in all cell lines, vacuolization in the

myeloid and erythroid cells, and hypoplasia. Interestingly,

neutropenia showed a fluctuating pattern changing approxi-

mately every 1–2 weeks. Other cell lines including

lymphocyte and monocyte followed this fluctuating pattern,

which was most clearly observed in the case 2 during his long

hospitalization period. The thrombocyte counts also showed

fluctuating patterns although repeated counts were generally

within normal limits. It was difficult to establish whether

hemoglobin levels reflected the fluctuating pattern of other

cell lines because of frequent blood sampling and repeated

red blood cell transfusions. The hemoglobin levels were

always at the lower end of the normal range during follow-up.

Marked thymic involution was another finding in our cases,

demonstrated by radiological investigations, both radio-

graph and tomography of the chest. Biopsy of the thymus

of case 1 showed that the normal structure of the thymus

was conserved, excluding dysplasia as a cause for the

small size. Although involution of thymus can be attributed

to repeated infections, we believe that this finding should

be considered as a component of the clinical complex.

In conclusion, we suggest that the two siblings reported

here might have a previously unreported clinical entity.

The pedigree suggests autosomal recessive inheritance

or dominant inheritance because of germline mosaicism

in one parent. In this family a genetic cause was only

considered after the birth of a second affected sibling. In

other families such a history may be overlooked, as many

patients with systemic involvement are considered to have

a sporadic cause. A detailed history and retrospective search

for other affected members in a family may provide the

clues for describing new clinical entities.
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