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Supplemental Text
Association of the plasma proteome with use of PAH-targeted medication
We tested for the association of 208 circulating proteins (measured by 215 aptamers) that were found to be independently associated with PAH with PAH-targeted drug treatments in logistic regression models, adjusting for age and sex (drug class yes or no as dependent variable). The effect of targeted PAH therapy with endothelin receptor antagonists (ERA) and phosphodiesterase 5 (PDE5) inhibitors in the patient population on circulating levels was small compared to the effect of the PAH-control differences (mean ratio of effect sizes of drug treatment and PAH diagnosis was 0.22 for PDE5 inhibitor and 0.15 for ERA). Apart from PDE5 inhibitors and circulating PDE5A levels, no strong effect of targeted PAH therapies on protein levels was observed (Figure E1).
Cross-validation of pQTLs with external populations
We first attempted to replicate all 510 pQTLs discovered in PAH in publicly available protein GWAS through querying three GWAS studies directly1-3 (for 2 studies full summary level results were available1,2) and a curated database holding publicly available results (PhenoScanner V2 release; accessed 06/09/2020).4 We identified an external source for the replication of 396/510 pQTLs (77%), using either the aptamer or the protein label as identifier. For replication we accepted variants that correlated highly with our sentinel variant (LD r²>0.8) and reproduced 321/394 (81%) of the pQTLs externally with a Bonferroni-adjusted level of significance and concordant effect directions, targeting 314 distinct proteins (P<1.3x10-4 = 0.05/396; Supplementary Table 3). An additional 7 pQTLs replicated with nominal significance and concordant effect direction (Supplemental Table 3). This included 6 cis-pQTL (for protein levels of STAT3, PDK1, APOL1, MTRF1L, A4GALT and CBL) and 1 trans-pQTL (for protein levels of S100A11). Sixty-eight variant-aptamer pairs could not be validated externally at this point, mostly due to low LD with other sentinel variants, and 117 variant-aptamer pairs were not investigated in the databases queried (69 in cis and 48 in trans).
Effects on transcript levels of newly discovered pQTLs
We evaluated the extent to which pQTLs matched effects at the transcriptional level and queried our 69 newly identified cis pQTLs in publicly available expression QTL (eQTL) databases using PhenoScanner (V2 release; accessed 06/09/2020).4 We accepted correlated variants in high LD (LD r²>0.8). Seventy five percent (52/69) of the newly discovered cis pQTLs were eQTLs for the same gene, reaching genome-wide significance (P<5x10-8) in one or more tissue or cell type (Supplemental Table 4). The greatest overlaps were in whole blood (n = 44), lymphoblastoid cell lines (n = 21), subcutaneous adipose tissue (n=18), tibial artery (n=18), monocytes (n=18) and lung (n=16), which, in part, could be driven by the larger eQTL study sample sizes for these tissue/cell types. Colocalization testing was performed on eQTL association data from the Genotype-Tissue Expression (GTEx) project (V7 release) using the coloc package.5 We used the default priors and colocalization was assessed based on the posterior probability (PP) testing the hypothesis of a same causal variant. 40/52 pQTLs overlapped with eQTL in the GTEx data and colocalization of the same causal variant in one or more tissue or cell type was very likely (PP > 0.8) for 36/40 (90%; Supplemental Table 4).
Immunohistochemistry
Paraffin-embedded tissue sections (2µm thickness) were stained for Netrin 4 antibody (1:50, Sigma, HPA049832, Lot000017630). After dehydration (by xylol and ethanol), the antigen-retrieval for Netrin 4 staining was achieved by the heating of the pulmonary sections with the Tris-EDTA buffer (pH 9.0). Sections were immersed in blocking buffer (10% BSA) for 15min, washed with PBS, and stained with Netrin 4 antibody.  Detection was performed using a ZytoChem-Plus AP Polymer-Kit (POLAP-006, Zytomed Systems, Berlin, Germany) according to the manufacturer’s instructions. Serial section staining with von Willebrand factor (vWF, an endothelial marker) was additionally carried out. For the detection of vWF, after the dehydration human paraffin tissue sections were treated with proteinase K (Novocastra-RE-7160, Leica Mikrosysteme Vertrieb GmbH, Wetzlar, Germany). After blocking with 10% BSA, a rabbit anti-vWF antibody (A0082, Fa DAKO, Hamburg, Germany) was applied in 1:1000 dilution. After incubation with secondary antibody (anti-rabbit Ig peroxidase, ImmPRESS reagent), sections were stained with diaminobenzidine (DAB) substrate kit (SK-4100, Vector Laboratories, Inc. Burlingame, CA, USA) and staining progression was observed under the microscope.
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Supplementary Figure E7 - Immunohistological staining of Netrin 4 expression in human lung specimens.
Representative images of serial sections from healthy and IPAH-patient derived lungs analyzed for Netrin 4 and vVWF
von Willebrand factor (VWF) expression. Images were taken at 40-fold magnification. Scale bars: 20 um.
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Supplemental Figure E1 — Results from logistic regression models testing for the association of aptamer with diagnosis of
PAH and with medical treatment (PDES5i or ERA). Plotted are the estimated effect sizes (A) and the p-value obtained from
association with drug treatment (B). All models were adjusted for age and sex.
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Supplemental Figure E2 — Relation of 510 pQTL in two independent
samples (termed baseline and follow-up) in the PAH population shows
stability of effect size (A) and strength of association (p-value; B).
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Supplemental Figure E3 — Location of 510 pQTLs discovered in PAH patients, of which 383 (75%) were in cis relation to the
encoding gene (A). The significance level of cis associations decreased as the distance of the variant from the transcription start site
increased (B), and the MAF of pQTL variants was inversely related with its effect size on circulating protein levels (C). The median
proportion of the variability in plasma protein levels explained by the pQTL variant was 0.17 (interquartile range 0.12-0.28, D). Using
the Ensembl variant effect predictor (VEP), most variants were non-coding (79%) and mainly intronic (E).
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Supplemental Figure E4 — Generation of instrument variables for circulating proteins levels
for MR analysis using proteins GWAS in PAH patients and three external cohorts.
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Supplemental Figure ES — Aligned regional association plots (200kb) for the cis-pQTL on netrin-4 (A) and thrombospondin-2 (B) in the
INTERVAL study (upper panel) matched with the same region in the PAH-GWAS (lower panel). To examine whether the same causal variant
was likely to underlie overlapping pQTL and GWAS signal, we performed colocalisation testing, which revealed that an shared causal variant

was highly likely as indicated by a posterior probability (PP) >80%. Colour indicate correlation with the lead variant in the European 1000
genomes data.
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Supplementary Figure E6 — Boxplots on 3 protein levels across centres contributing PAH patients and controls to the UK National

Cohort Study. Addionally protein levels in the French EFORT Study on PAH.




