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Background Mutations in the bone morphogenetic protein type
II receptor (BMPR-II) underlie the majority (>80%) of familial
and up to 25% of ‘sporadic’ cases of idiopathic pulmonary arte-
rial hypertension (PAH). Recently, homozygous recessive muta-
tions in GCN2 (also known as EIF2AK4) were identified as
causative in a rare cause of PAH, pulmonary veno-occlusive dis-
ease (PVOD) and pulmonary capillary haemangiomatosis (PCH).
The mechanisms by which GCN2 deficiency contributes to the
development of PAH remain unknown. GCN2 is a serine/threo-
nine protein kinase, one of a family of 4 kinases that phosphory-
late the a-subunit of the translation initiation factor eIF2a.
Phosphorylation of eIF2a at serine 51 results in an inhibition of
eIF2B (the eIF2 guanine nucleotide exchange factor), which ulti-
mately leads to loss of eIF2a function. This results in inhibition
of protein synthesis while enhancing the translation of a small
number of mRNAs encoding proteins involved in the response to
cellular stress.
Methods We characterised the pulmonary vascular phenotype of
the homozygous null Gcn2 (Gcn2�/�) and wild-type controls at
6 months of age. This mouse was chosen because it mimics the
homozygous loss-of-function genotype of patients with familial
PVOD/PCH. In addition, we investigated the phenotype of
Gcn2�/� mice crossed with bmpr2-deficient mice. In comple-
mentary in vitro studies, pulmonary artery smooth muscle cells
(PASMCs) were extracted from patients with PVOD and idio-
pathic/heritable PAH and studied with wild-type controls.
Findings The Gcn2�/� mouse displayed mild pulmonary hyper-
tension. Mean right ventricular systolic pressure (RVSP) was
28.3 ± 1.2 mmHg in Gcn2�/� mice compared with 24.7 ± 1.1

mmHg in wild-type mice. GCN2�/� mice crossed with bmpr2-
deficient mice demonstrated a further increase in RVSP
(32.8 ± 4.1 mmHg). Exposure of human PASMCs derived from
a PVOD patient, and patients with mutations in BMPR2, to L-
histidinol, which increases the phosphorylation of eIF2a, resulted
in proliferation of these cells but had no effect on control
PASMCs.
Conclusions GCN2 deficiency promotes the development of pul-
monary hypertension in mice, an effect that is exaggerated by
BMPR2 deficiency. Increased phosphorylation of eIF2a resulted
in PASMC proliferation. Further elucidation of these mechanisms
may reveal new treatments for this devastating disease.
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Introduction Pulmonary arterial hypertension (PAH) is a rare
desease characterised by profound vascular abnormalities in the
peripheral arteries of the lung, leading to a progressive increase
in pulmonary vascular resistance, right heart failure and death.
The disease exists in several forms including a heritable form
(HPAH) caused primarily by mutations in bone morphogenetic
protein receptor type 2 (BMPR2) and an idiopathic form (IPAH).
Endothelial cell (EC) dysfunction is considered a critical initiating
factor in the pathobiology of PAH, manifested by increased
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