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Supplementary Materials

For Supplementary Data, please see the supplemental Excel file provided.

Supplementary Data 1: Study demographics and white blood cell fractions. Age and white blood
cell fractions are presented as median (interquartile range). P-values for between-group differences
were derived from Chi-squared tests of independence and one-way ANOVA tests for categorical and
continuous variables, respectively. Abbreviations: NK = natural killer. * P-values from two-sided
paired T-tests between baseine and follow-up values.

Supplementary Data 2: Study demographics, white blood cell fractions and clinical characteristics
of baseline and follow-up samples. Abbreviations: NK = natural killer. P-values were derived from
two-sided paired T-tests and McNemar tests for continuous and categorical variables, respectively.

Supplementary Data 3: Top CpG markers associated with PAH reaching a significance threshold of
P<10°. Three CpG markers reaching the genomic-inflation-factor-adjusted epigenome-wide
significance threshold of P<107 are highlighted. Results are multivariable regression analysis (main
EWAS). Effectl Effect estimate of CpG marker on PAH susceptibility in log(OR) per % increase in
methylation. Gene Target gene name from the UCSC database.

Supplementary Data 4: Top three CpG marker regions associated with PAH. CpG markers present in
the corresponding regional plot are listed, lead CpG markers are highlighted. Results are
multivariable regression analysis (main EWAS). Effectl Effect estimate of CpG marker on PAH
susceptibility in log(OR) per % increase in methylation. Correlation coefficient with lead CpG marker,
Spearman’s rank correlation coefficient. P value A adjusted P-values adjusted for the genomic
inflation factor of this study (A=1.45).

Supplementary Data 5: CpG marker associations with PAH at 16 established PAH genes. CpG
marker(s) with Q-values < 0.05 are highlighted. Results are multivariable regression analysis (main
EWAS). Effectl Effect estimate of CpG marker on PAH susceptibility in log(OR) per % increase in
methylation. Gene region feature category Gene region feature category describing the CpG
position, from UCSC. P-values adjusted for multiple comparisons using the Benjamini & Hochberg
method.

Supplementary Data 6: Transcript abundance and CpG methylation associations between the top
three CpG markers and genes within the CpG-marker-containing TAD (topologically associating
domain). Multivariable regression analysis. Effect2 Effect estimate of the CpG marker on
transcript abundance (RNAseq) in beta units per TPM. P value FDR adjusted P-values adjusted
for multiple comparisons using the Benjamini & Hochberg method.

Supplementary Data 7 - Log10 fold-changes and associated statistics from whole blood RNA
comparisons between PAH and healthy controls from UK PAH Cohort study, and correlations with
CpG methylation status of epigenetic regulators. Discovery (n=24 controls versus 120 PAH patients)
and validation (another n=24/120) groups are combined for final analysis by edgeR corrected for
white blood cells estimated from RNAseq data, age, sex and principal components as described in
Rhodes, Otero-Nunez et al AIRCCM 2021. Spearman’s Rank correlations performed in all patients
with overlapping data.



Supplementary Data 8 - Correlation of CpG profiles with markers of disease severity. Rho values
and significance of Spearman's rank tests.

Supplementary Data 9 - Linear regression model for plasma cathepsin Z levels in PAH patients.
Plasma proteins used to predict cathepsin Z levels all measured on Somalogic SomaScan platform as
described in Rhodes et al AJRCCM 2022

Supplementary Data 10 - Details of individuals who donated lung tissue for
immunohistochemistry.
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Supplementary Figure 1. Smoking prediction in NFBC1966 using EpiSmokEr compared to self-reported survey
data in NFBC1966 and general UK population circa 2019 (source: UK Office for National Statistics 7).



cTsz
JZNF678 coG6 Z
. FAM1968 906850687 cg17156665
SCFD2 ) N /
STON1-GTF2A1L .
o, — NAV2HEETy g04540493 /GNg7
[ N J L ]
. 919588519 o
8 ° /Fsrg SAMD12 . e -l ..\
o, © = ™ L o, .c,.MAEZKS P 0Wm?7
3 . 0. % e . % - , o WO0P17635" 8 & o* .
e i e LT :‘ LINCQO189
()] ™ ‘. ° o §°
o8 o®® ~ °
¥ L ]
L ]
4
2
N T % % 6 © A @ o KU S S S Y
Chromosome

Supplementary Figure 2. Upper: Manhattan plot of epigenome-wide association analysis of PAH. DNAme
markers are ordered according to their genomic positions along the x-axis. P-values (without adjustment for
genomic inflation) for the CpG marker effect are plotted along the y-axis on the -logio scale. The red horizontal
line corresponds to the epigenome-wide significance threshold of P<107 with annotated markers reaching this

threshold. CpG markers with the lowest P-value in each chromosome are annotated with the name of the
nearby gene, where available, or the CpG marker name otherwise.
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Supplementary Figure 3. Genomic region containing the significant DNAme marker near COG6 identified by
the epigenome-wide association study (EWAS). A 50-kilobase region on either side of the top DNAme marker
(cg27396197) is shown. Each circle represents a DNAme marker colored by its correlation value with the top
DNAme marker (only markers with significant [P <0.05] Spearman’s rank correlation coefficients are colored;
red — positive, blue — negative). Epigenomic data in endothelial cells including pulmonary artery endothelial
cells (HPAEC) and human umbilical vein-derived endothelial cells (HUVEC), lung and the right heart indicate
areas likely to contain active regulatory regions and promoters. Markers include histone H3 lysine 4
monomethylation (H3K4Me1l; often found in enhancers) and trimethylation (H3K4Me3; strongly observed in
promoters) and H3 lysine 27 acetylation (H3K27Ac; often found in active regulatory regions). Auxiliary hidden
Markov models, which summarise epigenomic data to predict the functional status of genomic regions in
different tissues or cells, are shown (chromHMM). Red marks signal active transcription start sites. Annotation
data were extracted from the UCSC website *6. The UCSC Session URL is available in the Supplementary
Materials section.
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Supplementary Figure 4. Genomic region containing the significant DNAme marker near ZNF678 identified
by the epigenome-wide association study (EWAS). A 50-kilobase region on either side of the top DNAme
marker (cg03144189) is shown. Each circle represents a DNAme marker colored by its correlation value with
the top DNAme marker (only markers with significant [P <0.05] Spearman’s rank correlation coefficients are
colored; red-positive, blue-negative). Epigenomic data in endothelial cells including pulmonary artery
endothelial cells (HPAEC) and human umbilical vein-derived endothelial cells (HUVEC), lung and the right heart
indicate areas likely to contain active regulatory regions and promoters. Markers include histone H3 lysine 4
monomethylation (H3K4Me1l; often found in enhancers) and trimethylation (H3K4Me3; strongly observed in
promoters) and H3 lysine 27 acetylation (H3K27Ac; often found in active regulatory regions). Auxiliary hidden
Markov models, which summarise epigenomic data to predict the functional status of genomic regions in
different tissues or cells, are shown (chromHMM). Red marks signal active transcription start sites. Annotation
data were extracted from the UCSC website >6. The UCSC Session URL is available in the Supplementary
Materials section.
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Supplementary Figure 5. Analysis of the three lead CpG sites between controls and PAH individuals
in females and male separately. P-values shown on the top are from unpaired T-tests comparing the
residuals of DNAme levels - adjusted for the EWAS covariates — between male or female controls
and PAH patients.
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Supplementary Figure 6. Methylation levels of the three PAH-associated DNAme markers in baseline and
follow-up samples of PAH and controls from the ADNI cohort. Residuals of CoG methylation levels after
adjusting for covariates in the EWAS are plotted along the y-axis. Boxplots show the median, interquartile
range (IQR) and whiskers extend to 1.5 times the IQR. P-value from the paired t-test is shown.
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Supplementary Figure 7. Methylation levels of the three PAH-associated DNAme markers in heritable versus
idiopathic PAH samples. Residuals of CpG methylation levels after adjusting for covariates in the EWAS are
plotted along the y-axis. Boxplots show the median, interquartile range (IQR) and whiskers extend to 1.5 times
the IQR. P-value from the unpaired t-test is shown.
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Supplementary Figure 8. Genomic region containing the DNAme marker in the 5’ untranslated region of
BMP10 identified by the epigenome-wide association study (EWAS). A ~50-kilobase region on either side of
the top DNAme marker (cg10976975) is shown. Each circle represents a DNAme marker colored by its
correlation value with the top DNAme marker (only markers with significant [P <0.05] Spearman’s rank
correlation coefficients are colored; red-positive, blue-negative). Epigenomic data in endothelial cells including
pulmonary artery endothelial cells (HPAEC) and human umbilical vein-derivedumbilical vein endothelial cells
(HUVEC), lung and the right heart indicate areas likely to contain active regulatory regions and promoters.
Markers include histone H3 lysine 4 monomethylation (H3K4Me1l; often found in enhancers) and
trimethylation (H3K4Me3; strongly observed in promoters) and H3 lysine 27 acetylation (H3K27Ac; often found
in active regulatory regions). Auxiliary hidden Markov models, which summarise epigenomic data to predict
the functional status of genomic regions in different tissues or cells, are shown (chromHMM). Red marks signal
active transcription start sites. Annotation data were extracted from the UCSC website 6. The UCSC Session
URL is available in the Supplementary Materials section.
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Supplementary Figure 9. Genomic region containing the DNAme markers near BMPR2. A 50-kilobase region
on either side of the gene is shown. Each circle represents a DNAme marker colored by its correlation value
with the top DNAme marker (only markers with significant [P <0.05] Spearman’s rank correlation coefficients
are colored; red-positive, blue-negative). Epigenomic data in endothelial cells including pulmonary artery
endothelial cells (HPAEC) and human umbilical vein-derived endothelial cells (HUVEC), lung and the right heart
indicate areas likely to contain active regulatory regions and promoters. Markers include histone H3 lysine 4
monomethylation (H3K4Me1; often found in enhancers) and trimethylation (H3K4Me3; strongly observed in
promoters) and H3 lysine 27 acetylation (H3K27Ac; often found in active regulatory regions). Auxiliary hidden
Markov models, which summarise epigenomic data to predict the functional status of genomic regions in
different tissues or cells, are shown (chromHMM). Red marks signal active transcription start sites. Annotation
data were extracted from the UCSC website *6. The UCSC Session URL is available in the Supplementary
Materials section.
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Supplementary Figure 10. Bulk tissue CTSZ expression from the GTEx Portal. Each violin depicts the
distribution of gene expression values in the tissue site. Top three tissue sites with the highest CTSZ expression
profiles (“Artery — Aorta”; “Artery — Coronary”; “Lung”) are in bold. GTEx V8 data are plotted.

Single cell gene expression for CTSZ
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Supplementary Figure 11. Single cell CTSZ expression in the heart and the lung from the GTEx Portal. Each
violin depicts the distribution of non-zero expression values from individual cells of a cell type from the tissue
site. Cell fraction is the fraction of cells in which the gene is detected. CP10K = counts per 10K transcripts. GTEx
V8 data are plotted.
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Supplementary Figure 12. CTSZ CpG DNA methylation in pulmonary endothelial cells from controls, heritable
PAH (HPAH) and idiopathic PAH (IPAH) %,
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Supplementary Figure 13. BMP10 CpG DNA methylation in pulmonary endothelial cells from controls,
heritable PAH (HPAH) and idiopathic PAH (IPAH) .
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Supplementary Figure 14. CTSZ RNA expression in right ventricle tissue (RV) from non-failing
controls (n=14), and patients with compensated (n=11) or decompensated (n=7) RV from public
dataset GSE198618. Kruskal-Wallis ANOVA followed by Dunn’s multiple comparisons tests versus
controls (**=p<0.01, ns = not significant, p>0.05).
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