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Introduction
Bernard-Soulier Syndrome (BSS; OMIM ID #231200), is a rare autosomal

recessive inherited bleeding disorder that is characterized by
thrombocytopenia and large platelets ( 1, 2 ). The bleeding tendency in BSS
results from the functional impairment of the glycoprotein complex Ib-1X-V
(GPIb-1X-V), which consists of four polypeptide chains (GPlba, GPIbB, GPIX,
and GPV) that are assembled in a ratio of 2: 4: 2: 1 ( 3 - 5 ). As a receptor for
the von Willebrand factor (VWF), this complex is crucial for platelet adhesion
and activation. The four polypeptide chains are coded by the genes GP1BA,

GP1BB, GP9, and GP5, respectively.

Homozygous or compound heterozygous mutations in GP1BA, GP1BB, or
GP9 genes are responsible for the autosomal recessive forms and mutations
in the GP1BA gene for the rare autosomal dominant trait ( 6 - 9 ), whereas

none are known in the GP5 gene ( 10).

Herein, we report three compound heterozygous BSS cases from two families
in which we identified two novel mutations in the GPIBA and the GP9 genes,

respectively.

Patients

Family 1

The pedigrees of Family 1 and Family 2 are shown in Figure 1 .

FIGURE 1

Pedigrees of the two BSS families (novel mutations depicted in bold).
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Case 1
The index patient of this family is a now 11-year-old girl that was born to

healthy non-consanguineous parents after an uneventful pregnancy at 40
weeks of gestation with a birth weight of 3. 455 kg and a height of 54 cm. A

diagnostic workup for febrile iliness at the age of 13 months revealed

thrombocytopenia with large platelets (61 x 10 ° /L, MPV 17 fl) but no
leukocyte inclusion bodies. There was no bleeding history in the family.
Nevertheless, based on platelet morphology, inherited thrombocytopenia
was suspected and flow cytometry followed by genetic testing were

performed. Over the years, the platelet counts remained in the range of 40

to 70 x 10 ? /L. Aside from petechial rashes and recurring mild epistaxis
(mostly left-sided due to a prominent plexus Kiesselbach), she experienced
three episodes of prolonged bleeding during the first 6 years of age that
required medical interventions. Two of these were successfully controlled
with local and systemic application of tranexamic acid, whereas the third
one, which was due to oral mucosa laceration by potato chips, required
transfusion of platelets and packed red blood cells for a particularly dramatic
severe blood loss.

Case 2

The sister of the index case, now 8 years old, presented with bruises and
thrombocytopenia already at birth. The positive family history for BSS

allowed for a straightforward workup. The platelet counts remained between

40 and 70 x 10 2 /L. She also had intermittent petechial rashes
predominantly on the face and the upper extremities as well as two episodes

of prolonged mucosal bleeding that also required medical interventions. At
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the age of four, she had a respiratory infection with bilateral epistaxis, which
was originally treated locally with cooling, decongestants and oral
tranexamic acid but then, prolonged bleeding and a drop of the hemoglobin
level to 8. 3 g/dl required hospitalization for nasal tamponade as well as
transfusion of platelets and packed red blood cells. 6 months later, she was
again admitted to the hospital because of continuous bleeding after an
incidental injury of the lip and gum, which stopped after intravenous

tranexamic acid application and a platelet transfusion.

Family 2

Case 3
The index patient of the second family was the first child of non-

consanguineous healthy parents. The girl was born after an uneventful
pregnancy at week 35 of gestation with a birth weight of 2. 245 kg and a
height of 45 cm. She was admitted to a neonatal intensive care unit because

of a non-severe transitory asphyxia (Apgar 3/5/10), where thrombocytopenia

with a platelet count of 51 x 10 2 /L was noted. There were no obvious signs
of external bleedings and, in particular, also no intracranial one. There was

no bleeding history in the family. The tests for intrauterine infections were

negative. Both parents had normal platelet counts (237 and 204 x 10 9 /L,
respectively). Neonatal alloimmune thrombocytopenia was excluded by
negative MAIPA test of the maternal serum ( 11 ) and negative cross-match

with paternal platelets. An X-ray examination of both forearms excluded

radius anomaly. Since her platelet count dropped to 30 x 10 ?2/L, she
received one unit of platelets and four infusions of intravenous

immunoglobulin (400 mg/kg/day for 4 days) at the neonatology unit, which
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increased the platelet count to 90 x 10 2/L. During her first year of life the

platelet counts remained between 50 and 120 x 10 2 /L. At the age of 14
months, she was referred to our department for further diagnostic evaluation

of the persistent thrombocytopenia.

At admission, her platelet count was 60 x 10 2 /L, the MPV 12 fl.
Morphological assessment of the blood smear showed a considerable
proportion of large platelets without neutrophilic inclusion bodies. The
proportion of reticulated platelets measured by flow cytometry was 29. 1%
(normal range 2. 0-7. 0%). She had no platelet-reactive antibodies and the
number and morphology of mature megakaryocytes in her bone marrow was
normal. In addition, coagulation tests (prothrombin time, aPTT, thrombin
time, fibrinogen, VWF antigen, and vW-Ristocetin co-factor activity) were
normal. Platelet function tests were performed to exclude von Willebrand
disease Type 2B. Platelet aggregation in response to ristocetin 1. 2 mg/ml
and 0. 9 mg/ml was 30 and 12%, respectively. The aggregation response to
the other agonists was between 61 and 84%. Her maternal grandfather had
mantle cell lymphoma but otherwise the family history was inconspicuous.
Although the combination of thrombocytopenia with large platelets
suggested an underlying genetic condition, further clarification deemed
unnecessary at that time, as platelet counts remained stable without clinical

bleeding signs.

Her brother, who was born 2 years later, experienced also a transient
thrombocytopenia at the age of 2 months, which resolved spontaneously

within a few weeks. A laboratory checkup of the boy for a scheduled
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adenotomy at the age of 5 years revealed a prolonged activated partial
thrombin time (aPTT). Hemophilia and von Willebrand disease were excluded
and the aPTT normalized spontaneously. Based on this episode, the parents
reqguested to investigate the cause of their first-born child's
thrombocytopenia and, in particular, its potential relationship with her

brother's problem.

We therefore screened the respective BSS genes for causative mutations in
the index patient, who in the meantime is 21 years old, her brother, both
parents, as well as her maternal grandparents. Except for prolonged
menstrual bleedings that are well controlled by oral contraceptives, she had

not endured any significant bleedings so far.

Methods

Platelet Morphology and Platelet Function Tests
Platelet and white blood cell morphology were assessed on May-Grunwald-

Giemsa stained peripheral blood smears in all patients.

Platelet function tests were performed in Case 3 for a suspected von
Willebrand disease Type 2B. Agonists' inducible platelet aggregation in
platelet-rich plasma was studied with a Platelet Aggregation Profiler 8E
(Bio/Data Corporation, Horsham, PA). Agonists (mdLab Langenfeld, Germany)
were ADP 10 uM and 5 uM, arachidonic acid 1. 6 mM, collagen 190 pg/ml,
and ristocetin 1. 2 mg/ml and 0. 9 mg/ml. Platelet aggregation was

monitored for 10 min, and maximal aggregation was recorded.

https://assignbuster.com/novel-compound-heterozygous-mutations-in-two-
families-with-bernardsoulier-syndrome/



Novel compound heterozygous mutations in... - Paper Example Page 7
Flow Cytometry

All flow cytometry evaluations were performed on Trisodium citrate-
anticoagulated whole blood (9 parts of whole blood, 1 part of 0. 108 mol/L
trisodium citrate) with a FACSCalibur flow cytometer (Becton Dickinson, BD,
San Jose, CA) and an argon laser at 488 nm ( 12 ). In brief, GP surface
expression was examined by staining 20-ul aliquots of diluted blood samples
with the following monoclonal antibodies (MoAb): Fluorescein (FITC)-labeled
anti-CD42a (clone ALMA. 16, BD), phycoerythrin (PE)-labeled anti-CD42b
(clone SZ2, Immunotech, Marseille, France), allophycocyanin (APC)-labeled
anti-CD41a (clone HIP8, BD), FITC-labeled anti-CD61 (Immunotech), and
FITC-labeled anti-CD36 (clone FA6. 152, Immunotech) for 15 min. The
reaction was stopped by adding 500 ul of ice-cold phosphate-buffered saline.
Standard beads that contain specific amounts of “ mean equivalent soluble
fluorescein molecules” were used for calibration. A total of 10, 000 events
were acquired in a logarithmic mode within the platelet window. For
analyses, we gated on SSC vs. fluorescence 4 (FL4). Specific binding of the
MoAb was calculated by subtracting non-specific binding of isotype-matched
controls. The results ( Table 1 ) are expressed as median fluorescence
intensity (MFI). Samples from two healthy controls were analyzed

concurrently.

TABLE 1

Platelets' glycoprotein expression of flow cytometry ™.
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Molecular Genetic Analyses
For genetic testing, we obtained the informed consent from all adults and

the children's parents. Genomic DNA was isolated from EDTA blood samples

using the NucleoSpin ® Blood kit from Macherey-Nagel (Diren, Germany).
The coding regions of the GP1BA (index patients of both families) and GP1BB
and GP9 (index patient of family 2) genes were amplified by PCR and the
purified DNA fragments were subsequently Sanger sequenced. The primer
sequences are available upon request. To determine the carrier status of all
other family members, we only looked for the mutations that had been

identified in the respective index patients.

The reference sequence of the GPIBA gene is NM_000173. 5, that of the
GP1BB gene is NM_000407. 4, and that of the GP9 gene is NM_000174. 4,
with nt +1 being the A of the initiation codon. Allele frequencies were
extracted from the gnomAD browser (genome Aggregation Database, v2. 1.
1; http://gnomad. broadinstitute. org ; accessed July 21, 2020). Where
applicable, computational algorithms used to assess the potential effect of
the variant were PolyPhen2 ( 13 ), SIFT ( 14 ), Mutation Taster ( 15 ), and

CADD ( 16).

Results
Platelet Morphology

The blood films of all three patients revealed platelets obviously larger than
normal, but platelet size in case 3 was less prominent and could be easily

overlooked by an inexperienced observer ( Figure 2 ).

https://assignbuster.com/novel-compound-heterozygous-mutations-in-two-
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FIGURE 2

Peripheral blood smears (magnification x 1000):(A)Case 1 illustrating giant

platelets;(B)Case 3 demonstrating less prominent large-sized platelets.

Flow Cytometry
The results of both families are summarized in Table 1 . Consistent with a

diagnosis of BSS, the expressions of CD42a (GPIX) and CD42b (GPIb) were
significantly reduced in the compound heterozygous patients from both
families, compared to the heterozygous relatives and the controls. The plots
of the index cases (Case 1 and Case 3) are presented in Figure 3 . Of
interest, the expression of the other glycoproteins in the patients was higher
than in the heterozygous carriers, who had normal expression of the

respective platelet surface glycoproteins.

FIGURE 3

Flow cytometry of the index cases of the two families: Plots(A)CD42a
and(B)CD42b in Case 1;(C)CD42a and(D)CD42b in Case 3. The histograms of
the cases and the same control are overlayed. The shaded area represents

the histogram of the index case, the open area of the control.

Molecular Genetics

Family 1 (Case 1 and Case 2)

The coding region of the GPIBA gene was sequenced in Case 1. Compound
heterozygosity for a known pathogenic 2-base deletion c. 1601 1602delAT
(p. Tyr534CysfsTer82) ( 17 ) and a novel c. 1036C> T nonsense mutation
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that created a stop codon (p. GIn346Ter) was found ( Supplementary Figure

1la ). This particular variant is obviously very rare, as it has not been reported
in gnomAD. Genetic testing of her sister (Case 2) confirmed that she also has
the same compound heterozygous mutations, whereas the mother carries

the 2-base deletion and the father, the novel nonsense mutation ( Figure 1 ).

Family 2 (Case 3)

Since sequencing of the coding region of the GP1BA and the GP1BB genes in
the patient of family 2 did not uncover any mutations, we also analyzed the
coding exon 3 of the GP9 gene and identified two compound heterozygous
missense mutations, an already known one, c. 182A> G (p. Asn61Ser), and a

novel one, c. 112T> C (p. Cys38Arg) ( Supplementary Figure 1b ). The c.

182A> G mutation is the most commonly encountered one in the GP9 gene (
18 ), whereas the c. 112T> C mutation, which is predicted to be damaging
by computational algorithms, has not yet been described and is not listed in
gnomAD. The carrier screening of the other family members revealed that
her brother and father have the common mutation and her mother and
maternal grandmother have the novel one ( Figure 1 ). The results of the

molecular tests are summarized in Table 2 .

TABLE 2

Results of the molecular genetic testing.

Discussion

The triad thrombocytopenia and large platelets together with a reduced or
absent expression of components of the GPIb-IX-V complex is an
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unambiguous diagnostic hallmark of BSS, an inborn bleeding disorder that
can be caused by mutations in three different genes and be inherited in
either a rare autosomal dominant or the more common autosomal recessive

manner ( 6 - 8, 19 ). Given the genetic heterogeneity, it is therefore of

utmost importance to identify the specific underlying genetic defect, not only
to establish an indisputable diagnosis, but especially also to obtain the
information that is essential for a precise carrier identification and a
trustworthy counseling of family members. Based on these necessities, we
genetically tested three patients with a clinical diagnosis of BSS and
identified two novel mutations, one in the GP1BA and another one in the GP9

gene, each of which occurred together with previously known ones.

The “ Leiden Open Variation Database (LOVD)” currently lists 558 individuals
with BSS, 366 (66%) of which result from mutations in the GPIBA, 73 (13%)

in the GP1BB, and 119 (21%) in the GP9 gene ( Supplementary Table 1 ).

They are scattered over the entire genes without any evident hotspots and
comprise missense, honsense as well as frameshift mutations ( 19 ). Since
many BSS cases occur in consanguineous families, approximately 85% of
them are homozygotes and only approximately 13% are compound
heterozygotes ( 19 ). Although individuals with only one mutant allele are
overwhelmingly asymptomatic carriers, approximately 2% of them, primarily
those with a GP1BA mutation, can have a mild macrothrombocytopenia that
is transmitted as an autosomal dominant trait ( 19 ). The majority of these
monoallelic dominant cases share the same c. 515C> T (Bolzano) founder

mutation, which is particularly prevalent in Italy ( 9).
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The two compound heterozygote siblings of family 1 had a novel nonsense c.
1036C> T mutation in the GP1BA gene, which produces a stop codon. It
occurred together with a previously known 2-base deletion (c.

1601 _1602delAT) causing the frameshift mutation p. Tyr534CysfsTer82 ( 17
). The GP1BA gene encodes GPlba, a type | transmembrane protein, which
binds to two GPIbB subunits and forms the GPIb complex that, in turn,
interacts non-covalently with the GPIX and GPV subunits ( 20 ). Functional
studies have already shown that the subunits GPIb and GPIX are both

required for an efficient surface expression of the GPlb-IX-V complex ( 20,

1).

As evident from the flow cytometry data in our patients, these mutations
lead to an almost complete loss of GPIb expression on the platelet surface.
The frameshift mutation is particularly common in patients of northern
European ancestry ( 17, 22 ). It causes a truncated GPlba with modified
transmembrane and cytoplasmic domains. While this truncated version is
lacking on platelets, it is nevertheless present in the plasma of patients,
which indicates that the mutant protein may either be poorly anchored or
that it is proteolytically cleaved ( 17 ). Although we have not studied the
functional consequences of the novel mutation /n vitro or in an animal
model, the predicted truncation of the protein after translation of 345 amino
acids clearly indicates that both the transmembrane and the cytoplasmic

domains of the mutated GPIb are lost.

Both missense mutations that we found in the index patient of family 2 in

exon 3 of the GP9 gene affect the protein sequence of the extra-cytoplasmic
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domain between the N-terminus and the leucine-rich repeats of the GP IX
polypeptide. The paternal-derived mutation c. 182A> G is not only the most

common one in GP9 ( 23 ), but it is also an ancient one that is scattered

throughout Northern and Central Europe ( 24 ). It replaces asparagine with
serine, which affects the buried leucine-rich repeat consensus residue and
thus protein folding. The novel maternal-derived mutation c. 112T> C, on the
other hand, replaces a cysteine that is involved in a conserved disulfide bond
by arginine. Based on the criteria provided on the Varsome site (
https://varsome. com/variant/hg19/rs764292260 ), we classified this
sequence variant as “ likely pathogenic.” We hypothesize that, in analogy
with the effects of such GP1BB mutations, the two GP9 missense mutations
obstruct the proper folding of the protein, which then impede the formation
of a functional GPIX and subsequently cause an incorrect assembly of the
GPIb-IX complex ( 25 - 28 ). The flow cytometry findings in case 3 suggest
that the GPIX misfolding results in partial lysosomal degradation of GPIba, as

previously shown by Dong et al. ( 20 ).

Genotype/phenotype studies in compound heterozygous patients are still
lacking ( 29 ). However, given the data available even in homozygous BSS
patients, a clear correlation between genetic defects and clinical severity of
compound heterozygous BSS is unlikely to be achieved. The two patients of
family 1 who lacked GPIb expression on platelets had continuously mild
spontaneous bruises as well as mucosal bleedings that required medical
interventions. The patient from family 2, on the other hand, experienced
apart from prolonged menstrual bleeding no other clinically relevant

bleedings. In this instance, one may therefore speculate that the milder
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clinical course may possibly be ascribed to a partially retained GPIb-1X-V

function.
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Supplementary Figure 1. Mutations in the GPIBA and GP9 genes:(a) GP1BA
electropherograms of the wild-type (upper panel) and the compound
heterozygous novel c. 1036C> T and c. 1601_1602delAT mutations,
respectively, that were identified in the index patient of family 1 (lower

panel). The sequence of each genotype with the corresponding amino acid
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residues is shown below. Her also affected sister had the same mutations
(data not shown).(b) GP9 electropherograms of the wild-type (upper panel)
and the compound heterozygous novel c. 112C> T and common c. 182A> G

mutations (lower panel), respectively, of the affected patient from family 2.

References

1. Bernard J. [History of congenital thrombocytic hemorrhagic dystrophy].
Comptes rendus de I'Academie des sciences. C R Acad Sci lll. (1996) 319:

727-32.

2. Bernard J, Soulier JP. Sur une nouvelle variete de dystrophie
thrombocytaire-hemoragipare congenitale. Sem Hop. (1948) 24(Spec. No.):

3217-23.

3. Berndt MC, Andrews RK. Bernard-Soulier syndrome. Haematologica.

(2011) 96: 355-9. doi: 10. 3324/haematol. 2010. 039883

4. Li R, Emsley J. The organizing principle of the platelet glycoprotein Ib-IX-V

complex. / Thromb Haemost. (2013) 11: 605-14. doi: 10. 1111/jth. 12144

5. Luo SZ, Mo X, Afshar-Kharghan V, Srinivasan S, Lopez JA, Li R.
Glycoprotein Ibalpha forms disulfide bonds with 2 glycoprotein Ibbeta
subunits in the resting platelet. Blood. (2007) 109: 603-9. doi: 10.

1182/blood-2006-05-024091

6. Lopez JA, Andrews RK, Afshar-Kharghan V, Berndt MC. Bernard-Soulier

syndrome. Blood. (1998) 91: 4397-418. doi: 10. 1182/blood. V91. 12. 4397

https://assignbuster.com/novel-compound-heterozygous-mutations-in-two-
families-with-bernardsoulier-syndrome/



Novel compound heterozygous mutations in... - Paper Example Page 17

7. Miller JL, Lyle VA, Cunningham D. Mutation of leucine-57 to phenylalanine
in a platelet glycoprotein Ib alpha leucine tandem repeat occurring in
patients with an autosomal dominant variant of Bernard-Soulier disease.

Blood. (1992) 79: 439-46. doi: 10. 1182/blood. V79. 2. 439. 439

8. Savoia A, Balduini CL, Savino M, Noris P, Del Vecchio M, Perrotta S, et al.
Autosomal dominant macrothrombocytopenia in Italy is most frequently a
type of heterozygous Bernard-Soulier syndrome. Blood. (2001) 97: 1330-5.

doi: 10. 1182/blood. V97. 5. 1330

9. Noris P, Perrotta S, Bottega R, Pecci A, Melazzini F, Civaschi E, et al.
Clinical and laboratory features of 103 patients from 42 Italian families with
inherited thrombocytopenia derived from the monoallelic Alal56Val
mutation of GPlbalpha (Bolzano mutation). Haematologica. (2012) 97: 82-8.

doi: 10. 3324/haematol. 2011. 050682

10. Lanza F. Bernard-Soulier syndrome (hemorrhagiparous thrombocytic

dystrophy). Orphanet J Rare Dis. (2006) 1: 46. doi: 10. 1186/1750-1172-1-46

11. Mandelbaum M, Koren D, Eichelberger B, Auerbach L, Panzer S.
Frequencies of maternal platelet alloantibodies and autoantibodies in
suspected fetal/neonatal alloimmune thrombocytopenia, with emphasis on
human platelet antigen-15 alloimmunization. Vox Sang. (2005) 89: 39-43.

doi: 10. 1111/j. 1423-0410. 2005. 00662. x

12. Panzer S, Eichelberger B, Koren D, Kaufmann K, Male C. Monitoring

survival and function of transfused platelets in Bernard-Soulier syndrome by

https://assignbuster.com/novel-compound-heterozygous-mutations-in-two-
families-with-bernardsoulier-syndrome/



Novel compound heterozygous mutations in... - Paper Example Page 18

flow cytometry and a cone and plate(let) analyzer (Impact-R). Transfusion.

(2007) 47: 103-6. doi: 10. 1111/j. 1537-2995. 2007. 01070. x

13. Adzhubei IA, Schmidt S, Peshkin L, Ramensky VE, Gerasimova A, Bork P,
et al. A method and server for predicting damaging missense mutations. Nat

Methods. (2010) 7: 248-9. doi: 10. 1038/nmeth0410-248

14. Ng PC, Henikoff S. SIFT: Predicting amino acid changes that affect protein

function. Nucleic Acids Res. (2003) 31: 3812-4. doi: 10. 1093/nar/gkg509

15. Schwarz JM, Cooper DN, Schuelke M, Seelow D. MutationTaster2:
mutation prediction for the deep-sequencing age. Nat Methods. (2014) 11.:

361-2. doi: 10. 1038/nmeth. 2890

16. Kircher M, Witten DM, Jain P, O'Roak BJ, Cooper GM, Shendure J. A
general framework for estimating the relative pathogenicity of human

genetic variants. Nat Genet. (2014) 46: 310-5. doi: 10. 1038/ng. 2892

17. Afshar-Kharghan V, Lopez JA. Bernard-Soulier syndrome caused by a
dinucleotide deletion and reading frameshift in the region encoding the
glycoprotein Ib alpha transmembrane domain. Blood. (1997) 90: 2634-43.

doi: 10. 1182/blood. V90. 7. 2634

18. Wright SD, Michaelides K, Johnson D}, West NC, Tuddenham EG. Double
heterozygosity for mutations in the platelet glycoprotein IX gene in three
siblings with Bernard-Soulier syndrome. Blood. (1993) 81: 2339-47. doi: 10.

1182/blood. V81. 9. 2339. 2339

https://assignbuster.com/novel-compound-heterozygous-mutations-in-two-
families-with-bernardsoulier-syndrome/



Novel compound heterozygous mutations in... - Paper Example Page 19

19. Savoia A, Kunishima S, De Rocco D, Zieger B, Rand ML, Pujol-Moix N, et
al. Spectrum of the mutations in Bernard-Soulier syndrome. Hum Mutat.

(2014) 35: 1033-45. doi: 10. 1002/humu. 22607

20. Dong JF, Gao S, Lopez JA. Synthesis, assembly, and intracellular transport
of the platelet glycoprotein Ib-1X-V complex. J Biol Chem. (1998) 273: 31449-

54. doi: 10. 1074/jbc. 273. 47. 31449

21. Lopez JA, Leung B, Reynolds CC, Li CQ, Fox JE. Efficient plasma
membrane expression of a functional platelet glycoprotein Ib-IX complex
requires the presence of its three subunits. / Biol Chem. (1992) 267: 12851-

0.

PubMed Abstract

22. Afshar-Kharghan V, Craig FE, Lopez JA. Bernard-Soulier syndrome in a
patient doubly heterozygous for two frameshift mutations in the glycoprotein
ib alpha gene. BrJ Haematol. (2000) 110: 919-24. doi: 10. 1046/j. 1365-

2141. 2000. 02261. x

23. Liang HP, Morel-Kopp MC, Clemetson JM, Clemetson K], Kekomaki R, Kroll
H, et al. A common ancestral glycoprotein (GP) 9 1828A> G (Asn45Ser) gene
mutation occurring in European families from Australia and Northern Europe
with Bernard-Soulier Syndrome (BSS). / Thromb Haemost. (2005) 94: 599-

605. doi: 10. 1160/TH05-03-0165

24. Koskela S, Javela K, Jouppila J, Juvonen E, Nyblom O, Partanen J, et al.

Variant Bernard-Soulier syndrome due to homozygous Asn45Ser mutation in

https://assignbuster.com/novel-compound-heterozygous-mutations-in-two-
families-with-bernardsoulier-syndrome/



Novel compound heterozygous mutations in... - Paper Example Page 20

the platelet glycoprotein (GP) IX in seven patients of five unrelated Finnish
families. Eur/ Haematol. (1999) 62: 256-64. doi: 10. 1111/j. 1600-0609.

1999. tb01755. x

25. Du X, Beutler L, Ruan C, Castaldi PA, Berndt MC. Glycoprotein Ib and
glycoprotein IX are fully complexed in the intact platelet membrane. Blood.

(1987) 69: 1524-7. doi: 10. 1182/blood. V69. 5. 1524. 1524

26. Kunishima S, Lopez JA, Kobayashi S, Imai N, Kamiya T, Saito H, et al.
Missense mutations of the glycoprotein (GP) Ib beta gene impairing the GPIb
alpha/beta disulfide linkage in a family with giant platelet disorder. Blood.

(1997) 89: 2404-12. doi: 10. 1182/blood. V89. 7. 2404

27. Luo SZ, Mo X, Lopez JA, Li R. Role of the transmembrane domain of
glycoprotein IX in assembly of the glycoprotein Ib-IX complex. / Thromb

Haemost. (2007) 5: 2494-502. doi: 10. 1111/j. 1538-7836. 2007. 02785. x

28. McEwan PA, Yang W, Carr KH, Mo X, Zheng X, Li R, et al. Quaternary
organization of GPIb-IX complex and insights into Bernard-Soulier syndrome
revealed by the structures of GPIbbeta and a GPIbbeta/GPIX chimera. Blood.

(2011) 118: 5292-301. doi: 10. 1182/blood-2011-05-356253

29. Savoia A, Pastore A, De Rocco D, Civaschi E, Di Stazio M, Bottega R, et al.
Clinical and genetic aspects of Bernard-Soulier syndrome: searching for
genotype/phenotype correlations. Haematologica. (2011) 96: 417-23. doi:

10. 3324/haematol. 2010. 032631

https://assignbuster.com/novel-compound-heterozygous-mutations-in-two-
families-with-bernardsoulier-syndrome/



	Novel compound heterozygous mutations in two families with bernard–soulier syndro...
	Introduction
	Patients
	Family 1
	Case 1
	Case 2

	Family 2
	Case 3



	Methods
	Platelet Morphology and Platelet Function Tests
	Flow Cytometry
	Molecular Genetic Analyses

	Results
	Platelet Morphology
	Flow Cytometry
	Molecular Genetics
	Family 1 (Case 1 and Case 2)
	Family 2 (Case 3)


	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Conflict of Interest
	Acknowledgments
	Supplementary Material
	References


