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The diagnosis of bleeding disorders caused by inher-
ited defects of platelet function or production (or
combinations of both) forms an intrinsic part of the
work of every hematological laboratory.' The classic proce-
dure for the work-up of inherited platelet disorders (IPDs)
is based on an initial examination of the patient by a spe-
cialist in the field, followed by a series of often complex
biological tests designed to identify molecular pathways
likely to be affected in each case. Algorithms have been
proposed to aid in this task while human phenotype ontol-
ogy (HPO) annotation and cluster analysis has been recom-
mended as part of phenotyping.”* However, in many labo-
ratories the tests chosen are often limited by availability,
while intensive HPO interrogation is time-consuming and
often not performed in the context of an initial hospital
consultation. Despite such restrictions, diagnosis advances
sufficiently for many patients to justify DNA sequencing of
selected genes; a situation usually reserved for patients
with classic IPDs and a well-defined phenotype.
Frequently the work-up is long and costly, and requires the
patient to make multiple visits to his/her local hospital, and
possibly to a specialized centre. Too often, the result ends
in the lack of a clearly defined diagnosis.

In the current edition of Haematologica, Bastida et al.’!
present a high-quality pilot study introducing high-
throughput gene sequencing into the mainstream of
genetic diagnostic practice for IPDs. Working in the con-
text of a national collaboration, these authors designed a
novel platform to identify gene variants in 82 patients, the
majority of whom come from the Iberian Peninsula, with
IPDs of previously undiagnosed molecular causes. Their
procedure consisted of using 1399 probes targeting 1106
regions of 72 genes known to be associated with IPDs
and/or encoding proteins significant in platelet physiolo-
gy. With step-by-step use of bioinformatics tools and
informed interpretation of clinical and biological data,
they were able to identify likely disease-causing genes in
the majority of patients. First, they validated their plat-
form by successfully confirming the mutations previously
assigned by Sanger sequencing in an additional group of
10 patients with known IPDs. For 34 patients with a high
suspicion of defined IPDs, they identified candidate vari-
ants in 30 patients (88.2%) (Figure 1). The success rate for
a cohort of 48 patients of uncertain etiology was lower,
with 26 variants identified in 16 genes in 26 cases. In 22
cases disease-causing genes were not identified.

Pioneering studies worldwide in the application of
next-generation sequencing projects to IPDs came from
the BRIDGE-Bleeding and Platelet Disorders (BPD) con-
sortium led by Professor Willem Ouwehand, Cambridge,

UK; a project in which we were early members, submit-
ting DNA from 80 well-characterized patients in 2011.
BRIDGE initially used whole exome sequencing (WES),
and later whole genome sequencing (WGS) to identify
gene variants, while also establishing the
ThromboGenomics gene platform, which originally con-
tained 63 genes.”® The BRIDGE studies represent the gold
standard in the discipline, helped by the sequencing
capacity of the Sanger Institute and their extensive back-
up bioinformatic analysis. In Europe, in parallel, a
Birmingham-based UK group led by Professor Steve
Watson looked specifically at UK patients with IPDs in
the Genotyping and Phenotyping of Platelets (GAPP)
study.” The data obtained from these groups and others
world-wide® helped Bastida et al. to compose their gene
platform. However, one disadvantage of selected gene
platforms is that successful identification of disease-caus-
ing variants is limited to the genes tested, and this may
explain the 22 cases where the causal gene defect was not
found in the Spanish study. WES, and particularly WGS,
offer the potential to identify new genes, especially when
combined with selective approaches such as comparing
patient phenotypes with those of knock-out mouse mod-
els or gene datasets; approaches that allowed us to iden-
tify TRPM7 (from an existing mouse model) and DIAPH1
(from a search of genes responsible for deafness) in
patients belonging to the French cohort which we sub-
mitted to BRIDGE."" Recent advances in bioinformatic
analysis of next-generation sequencing data are enhanc-
ing causal gene identification in IPDs, helped by HPO
questioning and the study of variant penetrance within
large families.” It would be interesting to now apply
WGS to those cases in the Spanish cohort for whom dis-
ease-causing variants were not identified. It should be
underlined that finding a novel gene variant is not in itself
final proof that it is causing the disease, even with pene-
tration within the family. Cosegregated but non-high-
lighted genetic variants may also be contributing to phe-
notype. Thus, structure/function studies on the protein
are often necessary, and/or studies on mouse or zebrafish
models as was performed for a recently described SRC
variant;"® a situation that now applies to several of the
gene variants identified by Bastida et al.*

Improving bioinformatic approaches may also be help-
ful in identifying gene variants which often display het-
erozygous expression and only cause bleeding in rare
phenotypes when acting in combination. Haplogroups of
genetic variants that are individually benign may be
widespread, originating in part from now dispersed eth-
nic and religious minorities. In this regard, we were sur-
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Figure 1. Genotype/phenotype in IPDs: an Iberian Peninsula Study. An illustration showing a platelet (center) surrounded by boxes naming the genes that are arbi-
trarily grouped into gene families constituting the platform composed by Bastida et al.* The genes with mutations thought likely or probable to be pathogenic for IPDs
within the Iberian Peninsula are highlighted in blue. In red are those genes recently highlighted in the literature to be disease-causing, and which are candidates to

be added to the platform.

prised upon discovering that when comparing single
nucleotide polymorphisms (SNPs) within selected
domains of ITGA2B and [TGB3 in patients with
Glanzmann thrombasthenia (GT), combinations of SNPs
reoccurred in ostensibly non-related families.”
Furthermore, studies on GT have clearly shown that
while defects in ITGA2B and ITGB3 confirm the disease,
other genetic and epidemiological factors define bleeding
risk and possibly the frequency of other associated
pathologies.” This suggests that next-generation sequenc-
ing data for IPDs should also be analyzed and gene plat-
forms designed to identify gene variants that may influ-
ence bleeding independently of the disease-causing geno-
type and/or increased susceptibility for associated illness-
es —an example being the risk of hematological malignan-
cy with genes such as RUNX1 or ETV6 or with defects in
immunity, as has been recently performed for inhibitor
development in hemophilia A."*"” This would be of great
benefit with regard to patient care.

So, what is the best way to continue¢ While highlight-
ing the advances in Europe, the Spanish-based study in
the current issue of Haematologica by Bastida et al.,* or
the parallel Scandinavian study'® show the now obvious
need for greater collaboration and standardization. In
Europe, many countries already have national or regional
sequencing centers specializing in rare diseases, while

public databases such as the Exome Aggregation
Consortium (ExAC) provide continued analysis of rare
gene variants through input from genome-wide associa-
tion studies and large-scale sequencing, such as the 1000
genomes project. Although easier to manage, high-
throughput gene screening platforms need to evolve con-
tinuously as disease-causing variants continue to be iden-
tified and the whole genome landscape of IPDs
emerges.”” The ideal would be to establish a consensus
for gene platforms within Europe, permitting local refer-
ence centers throughout the European Community to
analyze IPD samples. For difficult cases, the next logical
step would be to provide back-up links to specialized cen-
ters, as highlighted by BRIDGE, with facilities for WGS in
order to research not only new disease-causing variants
but also the effects of gene enhancers and pleiotropy.
Ideally a result should be obtained within days for the
bulk of patients, both for the cause of a disease and to
predict the risk of bleeding. Thus, next-generation tech-
nology can form part of frontline hospital practice, with
biological tests performed on the basis of gene testing
rather than vice versa. It would also permit uniformity
while conserving national identity. In the platelet field
this would lead to cost-cutting, increased efficiency and
much improved patient care. Advances in Europe would
also provide a model for other parts of the world.
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