
demonstrate an unbiased screening method using whole
genome sequencing (WGS) to identify novel genes that may
cause HHT.
Methods Through the UK 100,000 Genomes Project Data
Release 6.0, WGS data were available for 160 HHT partici-
pants from 126 families, following Illumina pipeline align-
ments and variant calling. For the current project, customised
scripts were written in Python to extract all variants in HHT
patients’ variant call files (vcfs, currently for single nucleotide
variants and small indels). The variants were then prioritized
by characteristics such as allele frequency, deleteriousness, gene
location and gene expression profiles, using both stepwise fil-
tering and machine learning feature selection algorithms
including LASSO and SVM-RFE.
Results A mean of 4,813,192 variants (range 4,726,104 to
5,362,271) were found in each HHT patient. Stepwise filters
removed an average of 3,663,003 variants which exceeded an
allele frequency of 0.02% in the 1000 Genome Project data-
base, and a further 690 synonomous variants that did not
change the genetic code. Excluding variants present in HHT
patients where a likely pathogenic variant was already identi-
fied through the Genomic Medicine Centres left a residual
501,702 variants. Subsequent stages required novel machine
learning algorithms focusing on endothelial cell-expressed var-
iants (defined if present in one of the 11,488 genes with
alignments in our RNASeq experiments in primary normal
human microvascular endothelial cells); in-house RNASeq
changes following BMP9 or TGF-b1 stimulation; and absence
or very low frequency in non HHT Participants in the
100,000 Genomes project. Selected variants are being priori-
tised based on expert input from the HHT PAVM GeCIP
Pathway Analyses Subgroup’s knowledge of gene coding and
untranslated regulatory regions, and detailed functional
pathways.
Conclusions We have already identified multiple genes with
putative damaging variants in patients with unexplained HHT,
and are next to focus on variants in genes expressed by other
cell types. Similar approaches could also be implemented in
other rare diseases.

S96 IDENTIFYING GENETIC MODIFIERS OF DISEASE
SEVERITY USING WHOLE GENOME ANALYSES OF
FAMILIES WITH HEREDITARY HAEMORRHAGIC
TELANGIECTASIA RECRUITED TO THE 100,000
GENOMES PROJECT
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Introduction Why individuals with the same disease-causing
DNA variant can have very different phenotypes is a puzzle in
many conditions inherited as autosomal dominant traits. To
explore, we focussed on hereditary haemorrhagic telangiectasia
(HHT) in which approximately 50% of patients develop pul-
monary arteriovenous malformations (PAVMs). In turn, these
PAVMs can vary in severity dramatically within the same
HHT family. With the rare opportunity for whole genome
analysis of many HHT families recruited to the 100,000
Genomes Project1, examination of potential phenotypic modi-
fiers within families with the same HHT pathogenic variant
was a relevant and unique question.

Methods Data were analysed within the 100,000 Genomes
Project Research Data Embassy, following Illumina pipeline
alignments and variant calling. Customised Python script was
used to identify families with the same pathogenic HHT var-
iant and extract each affected individual’s DNA variants. Com-
parisons between affected family members differing markedly
in disease severity were then performed using 3 separate
methods: comparison of clinical tiered DNA variants, analysis
of newly released copy number variants, and comparison of
all single nucleotide variants and small indels in patients’ var-
iant call files (vcfs).
Results From the initial data set of 193 fully sequenced HHT
families taken from Data Release 7 of the 100,000 Genomes
Project, we selected those in which one family member had
noticeably more severe symptoms recorded by the recruiting
Genomic Medicine Centre. In one typical nuclear family with
3 affected members including one with severe PAVMs, within
tiered genes of known function, 111 variants were only
present in the PAVM-affected patient. Extending to copy num-
ber variants identified a further 363 variants that differed
between this patient and the less severely affected relatives.
Extending to vcf analyses using python script identified
490,225 variants that were only present in the PAVM-affected
patient. The combined variant list is being cross-referenced to
genomic locations of known gene coding regions and untrans-
lated regulatory regions using in silico prediction tools.
Conclusions Whilst HHT is an autosomal dominant trait, these
data emphasise the potential extent to which an unaffected
parent may affect the disease severity through the influence of
other inherited gene variants.

REFERENCE
1. : http://www.genomicsengland.co.uk
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POTENTIAL RELEVANCE TO PULMONARY ARTERY
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Background The link between pulmonary arterial hypertension
(PAH) and haemolytic anaemias, such as sickle-cell disease and
thalassaemia, is well established. Recent studies have implicated
sub-clinical haemolysis and the release of cell free haemoglo-
bin (CFH) in idiopathic PAH. The interaction between CFH
and pulmonary artery endothelial cells (PAECs) could induce
endothelial dysfunction, a key component of the pathophysiol-
ogy of PAH.
Objectives This study aims to investigate the role of CFH in
PAEC dysfunction, defined in terms of intracellular and mito-
chondrial reactive oxygen species (ROS) generation, altered
cell proliferation indices and changes in gene transcription of
the ROS-generating enzyme NADPH oxidase-2 (Nox2).
Methods Cultured human PAECs (hPAECs) were challenged
with 10 mM haemoglobin (Hb) or no treatment (control) for
24 hours. Flow cytometry was used to measure total intracel-
lular ROS (dihydroethidium assay), mitochondrial ROS (Mito-
SOX assay) and cell cycle profile using propidium iodide.
Nox2 gene expression was measured using RT-qPCR. Cell
proliferation was measured using the BrdU assay.
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Results Total intracellular and mitochondrial ROS production
in HPAECs increased (~3-fold) following Hb challenge com-
pared to control. Additionally, Nox2 mRNA expression was
greater in hPAECs treated with Hb for durations of 1 or 2
hours compared to control. Hb-treated hPAECs displayed a
significant decrease (*p<0.05) in the percentage of cells in S
and G2/M phases compared to control (see figure). In con-
trast, the BrdU results indicated a significant increase (~1.8
fold) in proliferation in response to Hb treatment
(**p<0.005).
Conclusions These findings suggest that hPAECs exposed to
Hb undergo an increase in intracellular and mitochondrial
ROS production, which is also associated with an upregulation
in Nox2 gene expression. Results from the cell cycle and
BrdU assays suggest contrasting proliferative responses to Hb
exposure, but warrant further investigation into possible
changes in apoptotic or cell repair processes. Further studies
are warranted to investigate the role of these processes in the
PAH disease setting.

S98 THE EFFECTS OF BMPRII LOSS ON ENDOTHELIAL SHEAR
ADAPTATION IN THE PULMONARY VASCULAR
ENDOTHELIUM
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Introduction Abnormal endothelial morphological adaptation to
shear stress is a feature of pulmonary arterial hypertension
(PAH) but the mechanisms responsible are poorly understood.
In this study, we explored whether BMPRII loss mediates
abnormal human pulmonary artery endothelial cell (HPAEC)
adaptation to laminar shear stress and investigate gene expres-
sion of shear-sensitive Rho GTPases (RhoA, Rac1 and
CDC42), known for their involvement in cytoskeletal
reorganisation.
Methods HPAECs were transfected with BMPRII siRNA
(siBMPRII) or control siRNA (siControl). Laminar shear stress
acting on HPAECs was modelled using a parallel-plate fluid
flow chamber (ibdi). siControl and siBMPRII-transfected
HPAECs were exposed to unidirectional shear stress (15 dyn/

cm2) for 72 hours. Phase-contrast and confocal microscopy
were used to assess cell morphology and orientation. Gene
expression of RhoA, Rac1 and CDC42 were quantified using
qPCR.
Results siControl-transfected HPAECs subjected to shear
stress significantly elongated (length-to-width ratio 1.90
±0.227 versus 4.12±0.133, p<0.001) and aligned within
the direction of flow (31.7±4.82% versus 62.9±5.83%,
p<0.05) compared with static siControl cultures, whereas
that of BMPRII-silenced HPAECs exposed to flow failed to
significantly elongate (1.79±0.173 versus 2.45±0.136) and
align (29.6±1.97% versus 42.1±5.49%), relative to static
siBMPRII HPAECs. Shear stress significantly induced the
upregulation of RhoA and not Rac1 and CDC42 in siCon-
trol-transfected HPAECs, while siBMPRII-treated HPAECs
subjected to flow did not exhibit significant increases in
RhoA, Rac1 and CDC42 mRNA, in comparison with static
counterparts, respectively.
Conclusion Inactivating mutations in the BMPRII gene may
contribute to PAH by engendering abnormal pulmonary artery
endothelial shear adaptation.

S99 HEPCIDIN DOWN REGULATES BMPRII IN PULMONARY
ARTERY ENDOTHELIAL CELLS MIMICKING PULMONARY
ARTERY HYPERTENSION PHENOTYPES
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Introduction Pulmonary arterial hypertension (PAH) is charac-
terised by vascular remodelling of pulmonary arterioles. Dis-
rupted iron homeostasis linked to elevated hepcidin levels has
been observed in PAH patients, and disruption of the hepci-
din/ferroportin axis at the level of the pulmonary vasculature
cells has been shown to contribute to proliferation of pulmo-
nary artery smooth muscle cells. A role for Pulmonary artery
endothelial cells (PAECs) linked to hepcidin has not been
investigated.
Objectives In this study we explored the influences of hepci-
din-25 on PAEC gene expression targeting BMPRII, known to
be dysfunctional in PAH.
Methods Cells were challenged with Hepcidin-25 (1 mg/mL)
or for comparison IL-6 (10 ng/mL). Transcriptional regulation
was analysed by RT-PCR, protein expression by
immunocytochemistry.
Results Novel findings demonstrate that BMPRII mRNA
expression is significantly down regulated in PAECs challenged
with hepcidin-25 over a time course from 1 hour to 5 hours;
figure 1 illustrates findings at 3 hours. IL-6 challenge was not
able to replicate this response over the same time frame. In
addition, Western blot analysis of cell lysates (n=2) showed
an obvious loss of BMPRII protein expression in Hepcidin-25
challenged cells when compared to control and IL-6 chal-
lenged cell lysates.
Conclusion This is the first report linking hepcidin-25 activity
to potentially dysfunctional BMPRII responses in PAECs.
Given the established role of hepcidin as regulator of cellular
iron levels, a role for downstream signaling linked to iron
accumulation in PAECs may offer a plausible mechanism for
these observations and warrants further investigation. These

Abstract S97 Figure 1 Change in cell proliferation
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