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Abstract

Introduction: Sticky platelet syndrome (SPS) is a prothrombotic condition characterized by in-
creased platelet aggregation that causes arterial and venous thrombosis. Its diagnosis is reached by
identifying increased aggregation using low concentrations of adenosine diphosphate and epineph-
rine in platelet aggregation tests.

Objectives: To identify common mutations through exome sequencing in two patients from the same
family diagnosed with SPS and, thus, contribute to the molecular study of this disease.

Materials and methods: Descriptive study. In January 2018, exome sequencing was performed
in a 10-year-old patient treated at Fundacion HOMI (Bogota D.C., Colombia), index case, and in one
of his adult first-degree relatives, both with a history of thrombotic disease and diagnosed with SPS.
Exome sequencing was performed at the Complexo Hospitalario Universitario de Santiago de Com-
postela (Spain) using the SureSelect Clinical Research Exome V2 software by Agilent.

Results: Exome sequencing led to detect genetic variants in both cases when compared with the
reference sequence. The following variant was identified in the two samples: a cytosine to thy-
mine transition at position c¢.236 (NM_000174.4) of the glycoprotein (GP)Ib-IX-V complex platelet
membrane receptor, which causes a heterozygous transition of the amino acid threonine to isoleu-
cine (i.e., a transition from hydrophilic amino acid to a hydrophobic amino acid) at position p. 79 of
the extracellular leucine-rich repeat domain of GPIba subunit of the (GP)Ib-IX complex, involving
a conformational change of the main receptor of ligands IB alpha, which might result in platelet hy-
peraggregation and thrombosis. This variant has not been described in patients with SPS to date.
Conclusion: The mutation identified in both samples could be related to SPS considering the impor-
tance of glycoprotein IX in platelet function.

Keywords: Thrombosis; Platelet Membrane Glycoproteins; Platelet Aggregation; Whole Exome Se-
quencing (MeSH).

Resumen

Introduccion. El sindrome de plaqueta pegajosa (SPP) es una condicion protrombdtica caracterizada
por un incremento de la agregabilidad plaquetaria que causa trombosis arterial y venosa. Su diagnosti-
co se realiza al identificar el aumento de la agregabilidad utilizando bajas concentraciones de adenosin
difosfato y epinefrina en pruebas de agregacion plaquetaria.

Objetivos. Identificar mutaciones comunes mediante secuenciacion del exoma en dos pacientes de una
misma familia con diagndstico de SPPy, de esta forma, contribuir al estudio molecular de esta enfermedad.
Materiales y métodos. Estudio descriptivo en el que se realizd secuenciacion del exoma en un paciente
de 10 afios atendido en la Fundacién HOMI (Bogotd, Colombia), caso indice, y en uno de sus familiares
adultos en primer grado, ambos con antecedente de enfermedad trombdtica y diagnosticados con SPP.
La secuenciacion del exoma se realizd en el Complexo Hospitalario Universitario de Santiago de Com-
postela (Espafia) con el programa SureSelect Clinical Research Exome V2 de Agilent.

Resultados. En la secuenciacion del exoma se detectaron variantes genéticas en ambos casos en com-
paracion con la secuencia de referencia. En las muestras de ambos pacientes se identificd una variante
heterocigota consistente en una transicion de citosina a timina en la posicion ¢.236 (NM_000174.4)
que provoca el cambio del aminoacido treonina por isoleucina en la posicién p.79 del dominio extrace-
lular repetitivo rico en leucina (subunidad GPIba del complejo de la glicoproteina Ib-IX-V) y que podria
provocar el cambio conformacional del receptor principal del ligando Ib alfa, asi como hiperagregacion
plaquetaria y trombosis. Esta variante no ha sido descrita previamente en pacientes con SPP.
Conclusidn. La mutacion identificada en las muestras estudiadas podria estar relacionada con el SPP
considerando la importancia de la glicoproteina IX en las funciones plaquetarias.

Palabras clave: Trombosis; Glicoproteinas de membrana plaquetaria; Agregacion plaquetaria; Se-
cuenciacion del exoma completo (DeCS).
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Exome sequencing in sticky platelet syndrome

Introduction

The prevalence of thrombotic diseases in children has
increased as the molecular processes involved in their
pathophysiology have been better characterized. Sev-
eral inherited disorders are described as triggers of
these diseases, including deficiencies of the fibrinolytic
system and anticoagulation factors, metabolic alter-
ations, hemoglobinopathies, platelet hyperaggregation
and various acquired autoimmune diseases, endocrine
disorders, neoplastic diseases, infections, and chronic
diseases (kidney, liver, among others.)!

After the discovery of platelets and the description
of their physiological function, research on these cells
has focused predominantly on bleeding disorders? and
they are now known to have multiple biological functions
involved in hemorrhagic and thrombotic phenomena;?
however, it should be noted that platelet-associated
thrombotic events are considered rare.*

Sticky platelet syndrome (SPS) is a familial throm-
bophilic condition of autosomal dominant inheritance
characterized by an increase in platelet aggregation
leading to arterial and venous thrombosis. SPS was first
described by Holliday et al.® at the Ninth Internation-
al Joint Conference on Stroke and Cerebral Circulation
in 1983, and later, in 1986, Rubenfire et al.® published
the first study describing patients with cardiovascular
thrombotic events related to platelet hyperaggregation.

Then, in 1988, in a study describing cerebrovascular
thrombotic events, Mammen et al.” established the first
two criteria for identifying SPS in venous blood sam-
ples, using sodium citrate as anticoagulant and three
concentrations of two agonists: 1) tests with adenosine
diphosphate (ADP) at concentrations of 2.34uM, 1.17uM
and 0.58uM, with which aggregation ranges of 7.5-55%,
2-36% and 0-12%, respectively, were obtained in control
subjects, and 2) tests with epinephrine at concentrations
of 11uM, 1.1uM and 0.55uM, with which aggregation
ranges of 39-80%, 15-27% and 9-20%, respectively,
were obtained in control subjects. Furthermore, the re-
searchers found that in patients with SPS, these values
were significantly increased. Subsequently, Mammen?®
described various thrombotic disorders related to platelet
hyperaggregation in adults and in some pediatric cas-
es; in addition, the diagnostic parameters of the SPS
described above were confirmed in this study.

Finally, Bick® published a study of 153 adults residing
in Dallas, USA, who presented with thrombotic events,
in which they found that 33% of participants met the
diagnostic criteria for SPS. Based on the characteris-
tics of these patients, the author recognized three types
of the disease:

Type I: when hyperaggregation is observed when us-
ing epinephrine and ADP.

Type II: when hyperaggregation occurs only with
epinephrine.

Type III: when hyperaggregation occurs only with ADP.

Bick®also established that the diagnosis is suggestive
of SPS when, besides thrombosis, there is hyperaggre-
gation along with a concentration of ADP or epinephrine
higher than the normal ranges previously described in
only one of the tests and that this is confirmed with one
of the following possibilities: a) history of thrombotic

https://doi.org/10.15446/revfacmed.v69n3.76806

disorder and presence of hyperaggregation with two con-
centrations of one of the two agonist reagents (ADP or
epinephrine); b) history of thrombotic events and plate-
let hyperaggregation with one concentration of the two
agonist reagents; and c) history of previous thrombosis
and presence of hyperaggregation, with the same con-
centration of one of the agonists, that persists when the
test is repeated.

The first case of SPS reported in Colombia in pedi-
atrics was described in 2002 by Beltran et al.,'° who
also stated that this entity is an important cause of
thrombotic disorders during childhood. Later, also in
Colombia, Velasquez et al.'' published a series of cases
of pregnant women diagnosed with SPS, in which they
concluded that it is an unknown disorder despite being
one of the most frequent causes of thrombotic events.
Similarly, studies related to platelet hyperaggregation
syndromes have been carried out in several countries,
finding that the same inherited phenotype associated
with SPS can be observed in certain metabolic condi-
tions such as diabetes mellitus and atherosclerosis, or
in some inflammatory and infectious diseases.'***

Other research, such as Kubisz et al.'° suggest that
some thrombotic events without known etiology may
be caused by SPS. Moreover, genetic studies have re-
ported mutations and polymorphisms in the genes of
the glycoprotein VI found in the platelet membrane,
integrin beta 3 sub-unit, suggesting that variability in
these genes may be related to SPS, although no sig-
nificant differences have been found between patients
with and without the disease.'’*®

Recent studies relate different mechanisms of hemo-
stasis to activity-dependent intracellular calcium initiated
by cell membrane receptors, which are activated by in-
tracellular signals and modulated by calcium signaling
receptors located on the membrane of the endoplasmic
reticulum, with positive or negative feedback on recep-
tors located on the cell membrane.**?°

Furthermore, Barros-Garcia et al.,** after analyz-
ing the exome in an index case with SPS, identified a
molecular alteration consisting of the deletion of 5 nu-
cleotides of the ORAI1 gene (located in the long arm
of chromosome 12), which resulted in an erroneous
reading in protein synthesis. These authors also de-
scribed that the protein encoded by this gene is the
calcium channel subunit of the membrane activated by
the calcium sensor STIM1 when calcium reserves are
depleted in the cell.*

Similarly, although progress has been made in the
understanding of platelet hyperaggregation in pediatric
patients, many aspects remain to be clarified. Next-gen-
eration sequencing of the exome could be useful for this
purpose since it has been possible to identify strategies to
detect the genetic causes of different hereditary diseases.

Exome sequencing is a test used to identify DNA vari-
ants that cause genetic disease. It has been established
that most known variants that cause disease occur within
1% of the genome containing exons and at the cleav-
age and splice junctions; therefore, studying this part
of the genome is an effective and powerful clinical di-
agnostic tool in personalized medicine.???* Thus, the
objectives of this study were to identify common mu-
tations by sequencing the exome in two patients from
the same family diagnosed with SPS and, consequent-
ly, contribute to the molecular study of this disease.
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Materials and methods

Descriptive study in which exome sequencing was per-
formed on a pediatric patient (10-year-old index case
at the time of the study) and in one of his first-degree
adult relatives (mother). Both the index case and two
of his relatives (mother and sister) had a history of
thrombotic disease and had been diagnosed with SPS.

Description of index case

After reviewing the medical records of patients diagnosed
with SPS treated at the Fundacion Hospital Pediatrico
de la Misericordia (HOMI) in Bogota, Colombia, from
2001 until the time of the study, a 10-year-old male
patient, with no history other than a thrombosis of ce-
rebral artery territory was selected as the index case.
In his clinical history, it was found that one of his rela-
tives had a history of a transient ischemic attack and
migraine and that both patients had a history of platelet
hyperaggregation with ADP and epinephrine.

Both individuals were diagnosed with SPS by plate-
let aggregometry and using the guidelines proposed by
Mammen® and Bick.? In addition, to select the cases, it
was confirmed that the tests had been carried out while
the patients were not receiving antiplatelet treatment
and three months after the acute thrombotic event had
occurred in each case.

Moreover, a normalization of platelet aggregation
curves with ADP and epinephrine using acetyl salicylic
acid as a treatment was documented. Likewise, other
possible causes of SPS related to congenital throm-
bophilia were ruled out through specific studies that
yielded negative results.

In both patients, blood samples were taken at the Mo-
lecular Biology Laboratory of the Universidad Nacional
de Colombia, where they were processed and stored,
and DNA was extracted.

DNA sample separation

Blood samples were obtained by venipuncture ina 5mL
Vacutainer® tube with EDTA anticoagulant and stored
at -80°C until processing. DNA was extracted using the
PureLink™ Genomic DNA kit, following the manufactur-
er’s instructions (Invitrogen), and from mononuclear
cells isolated by sucrose-gradient centrifugation using
LSM (Lymphocyte Separation Medium) reagent.

DNA concentration was determined using the Thermo
Scientific™ NanoDrop 2000 spectrophotometer, while
the purity and quality of these DNA samples were deter-
mined by electrophoresis and through the 260/280 to
260/230 absorbance ratio, which ranged from 1.8 to 2.0.

For processing on the sequencing platform, the DNA
integrity level of the samples was verified using 0.8%
agarose gels or 2200 TapeStation (Agilent Technologies)
with Genomic DNA ScreenTape assay (Agilent Technol-
ogies) chips.

Exome analysis
Exome sequencing of patient samples was performed at

the Cardiovascular Genetics Laboratory of the Instituto
de Investigacién Sanitaria del Complexo Hospitalario Uni-
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versitario de Santiago de Compostela, Spain, using the
SureSelect Clinical Research Exome V2 software of Agilent.

Samples were processed to prepare the genetic li-
braries with SureSelect Clinical Research Exome kit by
Agilent when they met quality and quantity requirements,
and then they were sequenced on the Ion Proton™ Sys-
tem platform of Life Technologies.

The readings generated during the sequencing pro-
cess were analyzed using the Torrent Suite software,
where the signal produced during the sequencing process
was transformed into nucleotide bases. Subsequently,
a genetic mapping was performed and compared with
the reference genetic sequence; variants were detected
with the Torrent Variant Caller software suite, registered
in ANNOVAR, and analyzed to identify those of hema-
tological interest.

Raw data were analyzed using the following soft-
ware and versions: Torrent Mapping Alignment Program
v5.4.11, Torrent Variant Caller v5.4-11, Genome Anal-
ysis Toolkit v3.8-0, Picard 2.12.2-SNAPSHQOT, BEDTools
v2.26.0, SAMtools 1.6, and ExomeDepth 1.1.10.

The overall list of genetic variants was subjected to
a prioritization process according to their probability of
causality as follows:

1. Variants detected in the sequencing process that met
the quality criteria of the software used.

2. Variants identified in exonic regions and splice regions.

3. Nonsynonymous variants, frameshift mutation, or trun-
cating variants.

4. Variants with frequency < 1/2 000 in the Genome Aggre-
gation Database (http://gnomad.broadinstitute.org/).

5. Variants observed in less than 5 individuals in an in-
ternal cluster sequencing database.

6. Common variants identified in the two individuals an-
alyzed.

Ethical considerations

The study took into account the ethical principles for
medical research involving human subjects established
in the Declaration of Helsinki,?® the ethical guidelines
for biomedical research established by the Council for
International Organizations of Medical Sciences,*® and
the scientific, technical and administrative standards for
health research set forth in Resolution 8430 of 1993 of
the Colombian Ministry of Health,?” after which the re-
search was classified as minimum risk since it did not
interfere with the treatment of patients

Likewise, the research was approved by the Ethics
Committee of the Faculty of Medicine of the Universidad
Nacional de Colombia, in accordance with Minutes No.
010-173-17 of July 27, 2017, and the Ethics Committee
of the Fundacidn Hospital Pediatrico de la Misericordia,
in accordance with Minutes No. 006 IEC-54-17 of Au-
gust 15, 2017. Both participants agreed to participate
in the study, and the mother signed an informed con-
sent form authorizing her and her son’s participation.

Results
The coverage data for the sequenced region of the sam-

ples taken from the patient and his relative are shown
in Table 1:
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Table 1. Coverage data for the sequenced region.

2 % target
Patient Mean target CVG -
coverage * | TARGETS 1X #
PCT t
Index case
(pediatric 66.77 2.32 95.89 93.79
patient)
Adult relative 66.50 2.40 95.86 93.84

Coverage: number of times the analyzed sequence is found.

* Average readings found in sequencing.
T Fraction of unidentified reading frames.
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80.38  70.86 63.73 57.43 51.39 24.33

80.54  70.97 63.83 57.58 51.61 24.26

+ Percentage of the target bases achieving that or greater coverage.

Source: Own elaboration.

Variants presentin 176 candidate genes recorded in
a list created by the authors include 42 genes possibly

Table 2. Number of variants resulting from sequencing.

related to SPS and platelet aggregation. The number of
variants resulting from sequencing is shown in Table 2:

Index case ;

Total variants

Exonic + Splice

Nonsynonymous + Frameshift + Stop Codon
GnomAD_exome_ALL <0.0005

Vard (Internal Variant database) <4

A u A W N =

Common variants between both simples

7 Variant in a selected list of genes
Source: Own elaboration.

Of the total number of variants of each type found,
both in the patient and in his relative, 495 were observed
in both participants, and a common variant related to

99879 102336
27222 27820
15540 15894
2092 2243
875 1008
495
1

platelet function was identified. Table 3 shows the variant
resulting from the prioritization process of the partic-
ipants’ samples.

Table 3. Variant resulting from the prioritization process of patient and relative samples.

Genomic
position
(GRCh37)

Reference
sequence

Exon | Chr.

Point
mutation

Classification

NM
GP9  hoo174.4 3 3

g.128780818>T ¢.236C>T p.(Thr79Ile) Heterozygote Missense

AA . Type of

Unknown
significance

Gene: gene involved; Exon: corresponding exon number; Chr: chromosome number; Point mutation: nucleotide that
changed (cytosine to thymine); AA mutation: amino acid replaced (threonine to isoleucine).

Source: Own elaboration based on Richards et al.*®

The common variant identified in the index case and
his relative is a cytosine to thymine transition at posi-
tion ¢.236 (NM_000174.4) that causes the amino acid
substitution from threonine to isoleucine at position
p.79 of the extracellular domains of the leucine-rich
repeat receptor (GPIba subunit of the glycoprotein Ib-
IX-V complex), which could cause the conformational
change in the main receptor of the Iba ligand, as well as
platelet hyperaggregation and thrombosis. This variant

has not been previously associated with SPS, although
Alsahafi et al.”° had already described mutations in this
gene associated with other disorders.

Figure 1 presents the report generated by the Alamut
Visual software for the variant found in the participants,
which provides more data on a possible association
between it and SPS. Figure 2 shows the cytosine to
thymine transition in the samples from both the index
case and his relative.
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Report for variant NM_000174.4 (GP9):c.236C>T

Warning: This report is based on knowledge and data that are not firmly established. Consequently, medical decision must not be

made on the basis of this report

GP9 (Glycoprotein IX platelet) Variation

Class 3-Unknown pathogenicity

Transition from C to T in exon 3.
Missense substitution: Thr79 is changed to Ile.

This variant is known to dbSNP (147): rs200640594 (MAF/MinorAlleleCount: T=0.000/0).

This variant is known to gnomAD (2.0.1): <Exomes+Genomes>: ALL:0.023% - AFR:0.0084% - AMR:0.12% - NFE:0.011% - OTH:

0.11%

HGVS Nomenclature (v15.11)

cDNA Level:
gDNA Level:
Protein Level:

NM_000174.4:c.236C>T
Chr3(GRCh37):9.128780818C>T
p-(Thr791le)

Pathogenicity clues

= Not conserved nucleotide (phyloP: -1.25 [-14.1;6,4])
= Weakly conserved amino acid (considering 12 species)

= Moderate physicochemical difference between Thr and Ile (Grantham dist.: 89 [0-215])

= Align GVGD (v2007): CO (GV: 174.65 - GD: 0.00)
= SIFT (v6.2.0): Tolerated (score: 0.2, median: 2.93)
= Mutation Taster (v2013): polymorphism (p-value:1)

©]Interactive Biosoftware - Created by Alamut Visual v.2.10.0 on 02/01/2018

Figure 1. Report of the common variant found in the participants generated by the Alamut Visual software.
Source: Taken from the report generated by the Almut Visual software.

Figure 2. Image of the genetic variant in the two samples analyzed using the IGV genomic viewer.
Note: the image identifies the exact location of the string (at 41 bp).

Source: Document obtained during the course of the study.

These results demonstrate the coincidences of molec-
ular tests performed on both the patient and his relative.

Discussion

Platelet adhesion, activation, and aggregation are key
events in the processes of hemostasis and thrombo-

sis, in which platelet adhesion molecules, such as the
GPIb-IX-V complex, are essential.

Diseases that cause an increase in platelet function
may lead to thrombotic events, such as strokes, which
can kill more people than respiratory diseases and cancer.

Antiplatelet agents such as aspirin and clopidogrel,
which block thromboxane and ADP receptors, are vital
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for the treatment of thrombosis; however, thrombotic
events persist in some patients despite treatment with
these drugs, making it necessary to look for other ef-
fective activation pathways. Therapies targeting other
ligands may also be considered in this process.*°

Brass et al.*! cite previous studies on physiological and
genetic analyzes of platelet aggregation (normal and
hyperaggregation states), including reports of possible
genetic polymorphisms initiated by external and internal
platelet stimuli, in which a relationship has been estab-
lished between this process and membrane receptors
of different structure, such as integrins, glycoproteins
and ion channels with activation of metabolic calcium
storage sequences.

The results of the present research showed a cytosine
to thymine transition at position c.236 (NM_000174.4)
that causes the substitution of the extracellular domains
of the leucine-rich repeat receptor (GPIba subunit of the
GPIb-IX-V complex) and that could also cause the confor-
mational change of the main receptor of the Iba ligand,
as well as platelet hyperaggregation and thrombosis.

It has also been described that the extracellular,
transmembrane, and intracytoplasmic domains in the
platelet membrane of the Ib-IX complex act as recep-
tors responding to low thrombin concentrations and von
Willebrand factor in inflammatory and infectious pro-
cesses resulting in thrombus formation.=?

Likewise, Gardiner**reported that the Iba subunitis
the receptor for the different ligands and acts through
the N-terminal leucine-rich repeats (LRR), generating
intracellular signals by itself, although binding to sub-
unit IX promotes a fundamental conformational change
to amplify these signals in thrombus formation. By the
same token, Estévez et al.’* demonstrated that, by bind-
ing to thrombin, the amplification of activation in the
intracellular signal pathways mediated by GPIba and
GP IbpB, and GPIX is synergized by protease-activat-
ed receptors, which also act as primary receptors for
thrombin and which, in inflammatory states, increase
their density in the platelet membrane, increasing the
possibility of thrombosis

It is important to note that intracellular mediators
such as G, Racl, LIMK1 and Syk proteins, and even oth-
er tyrosine kinases enzymes such as Toll-like receptors,
originated by the binding of low thrombin concentrations
and the platelet von Willebrand factor to the Ib-IX-V
subunit of the platelet membrane and amplified in in-
flammatory or infectious states, are shared by other
types of platelet receptors such as ADP, thromboxane,
and fibrinogen to generate thrombosis. At this point,
it should be noted that the binding of thrombin to the
GPIb-IX-V complex is not continuous and ends at the
catalytic site of glycoprotein V, and that states of recur-
rent thrombosis have been observed in genetic models
of absence of function of the V-ATPase subunit.*>¢

It is evident that other platelet receptors should be
explored given the importance of platelet activation; the
relationship of platelets to inflammatory and infectious
phenomena, angiogenesis, and recurrent thrombotic
events despite the use of antiplatelet agents; and bleed-
ing phenomena as side effects.?”

The results obtained in the present study have not been
previously reported in the literature but may be related
to SPS considering the importance of glycoprotein IXin
platelet functions. In this sense, itis evident that research
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on blockers or modulators of the GPIb-IX-V-mediated
agonist response as thrombosis generators is needed.*°

The main limitation of the present study is that it was
carried out only in two patients diagnosed with SPS (index
case and his relative); however, as a strength, thisis the
first time that a possible pathological variant of the dis-
ease has been described in Colombia by exome analysis.

Conclusions

In this study, it was established that both patients analyzed
presented with a genetic variant consisting of a cytosine
to thymine transition at position c.236 (NM_000174.4)
that caused the substitution of threonine to isoleucine at
position p.79 of the leucine-rich repetitive extracellular
domain (GPIba subunit of the GPIb-IX-V complex). This
variant has not been described previously as a finding
associated with SPS, but it could be related considering
the importance of glycoprotein IX in platelet functions.

In this sense, platelet hyperaggregation in SPS may
not be caused by a specific mutation, but rather by the
expression of several genetic polymorphisms found in
patients with this disorder.

The results of the present study are highly relevant;
however, further research is needed to establish the
foundations of much more specific and effective treat-
ments for the management of platelet hyperaggregation
events such as SPS.
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