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The largest genetic screen to date shows that some pulmonary hypertension patients should be
offered genetic testing http://ow.ly/WE1vG

In this issue of the European Respiratory Journal, GIRERD et al. [1] summarise their experience to date with
genetic testing for reported mutations in cohorts of patients with familial pulmonary arterial hypertension
(PAH), idiopathic PAH, pulmonary veno-occlusive disease (PVOD) and pulmonary capillary
haemangiomatosis (PCH). This collective work from the French Referral Centre of Pulmonary Hypertension
represents a current state of the art in a fast moving and complex area from a group with considerable
experience. In the last decade, we have moved from a simple and unequivocal association of one gene;
heterozygous germline mutations in the bone morphogenetic protein receptor type 2 (BMPR2) [2, 3], to
multiple hits in the BMPR2 signalling pathway [4–8], to additional genes in non-canonical BMP pathways of
uncertain clinical significance or definitively agreed frequencies [9–11]. How to test, what to test and how to
counsel is already a potential minefield. It is only likely to become more complicated in the immediate future
given the technological advances and rapidly decreasing costs involved in large-scale genetic studies. So for
now, we have a well-delineated step-wise model set out, in which patients are first tested for BMPR2 and, if
negative, a sub-selected population proceeded to activin receptor-like kinase (ALK)1 and endoglin testing.
EIF2AK4 (eukaryotic translation initiation factor 2 alpha kinase 4) was only screened in patients suspected of
having PVOD/PCH. This is not dissimilar to the recent change to guidelines where it is now recommend
that genetic testing should be offered in PVOD/PCH, familial and sporadic PAH, but largely leave the
specifics of this to local guidelines and regulations. If BMPR2 testing is negative, it is suggested that
endoglin/ALK1 should be considered for patients aged under 40 years or with a history (or family history) of
hereditary haemorrhagic telangiectasia (HHT) [12]. In a French cohort, those with a familial history were
also tested for SMAD9, KCNK3 and CAV-1of PAH if negative for BMPR2/ALK1/endoglin.

This pragmatic approach largely confirms the primacy of BMPR2 in both the heritable and idiopathic disease
groups with prevalence in idiopathic PAH at around 15% and familial PAH 84%, very much in line with
previous reports [13, 14]. In fact, it is notable how few of the other reported mutations have been found in this
large cohort of 529 patients, though care needs to be taken as not all patients were screened for the full panel
of genetic mutations and the researchers were selective in their filtering. There were nine ALK1 mutations and
one endoglin mutation in the idiopathic cohort and only two KCNK3 mutations, in familial disease only, with
a further three patients in the familial cohort having an ALK1 mutation. All of the positive ALK1 patients had
clinical features or a family history of HHT. No mutations were found in SMAD9 or CAV-1.

BMPR2 therefore retains its place as the undisputed champion of genetic pathophysiology, although the
testing criteria and algorithm somewhat stack the odds in its favour. In idiopathic PAH, there is clear
importance in testing and counseling patients, but probably only in BMPR2 in the first instance as things
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stand. Of note they report equivocal evidence for changes in the BMPR2 promoter region. As these data
are only in 10 patients, the jury remains out on the importance of the promoter region.

It is reassuring that clinical features or a family history were present in all ALK1 mutation carriers and
clarifies the continued importance of taking a full history and accurate examination to target those patients
who might need further testing. In familial disease, it looks with additional rare genetic mutation we are into
the laws of diminishing returns, but a proportion of familial disease still remains unexplained by our current
knowledge of the genes involved. It is likely that in the next 10 years we will be filling in the gaps with
prospective whole genome sequencing now available and already in progress in large patient cohorts [15].
This should additionally clear up the question about how frequent some of the newer described genetic
mutations are, and whether we should be changing our routine practice to incorporate some or all of them.
For now, the French Referral Centre data gives us confidence that the current approach remains acceptable.

In PVOD/PCH, this work strongly solidifies the case for EIF2AK4 with sporadic cases now reported in 9%
of the French cohort. To have built a patient cohort of 81 patients represents a significant achievement in a
very rare disease, and really puts EIF2AK4 centre-stage. It is going to be difficult to amass enough patients
to study but preliminary efforts to look at exercise physiology have been undertaken [16] and an intriguing
link to drug-induced vasculopathy with mitomycin suggested [17]. The recapitulation of the mitomycin
changes in an animal model also suggests some of the pathway pathophysiology may be traceable in animal
models [17]. We can be confident that we have a new pathway of relevance to the pulmonary vascular field.
Much as we have in the last 10 years needed to reassess basic pulmonary vascular science through the
prism of BMPR2 across a wide spectrum of the causes of pulmonary hypertension, we now need to discern
if this pathway is restricted in relevance to PVOD/ PCH, or of more general importance.

The authors have also provided a nice summary of the mechanics of how this is all explained to the
patients and their families including some data from a survey giving us some understanding of patient
perceptions. This is particularly useful given the lack of published work in this area and the guidance, by
necessity, referring to local regulations. Cultural and ethical considerations mean that it is difficult to apply
a “one size fits all” algorithmic approach worldwide. Insight into how this is done in differing, experienced
centres and networks is of definite value. Ultimately, whilst this will remain an area for imminent
innovation and exploration, we still have to communicate the results to our patients and make sure the
potential benefits and ethical issues raised by more complex genetic tests are not lost or forgotten.
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