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Brief Report

Three novel mutations in the glycoprotein lib gene in a patient
with type 1l Glanzmann thrombasthenia

Gergely Losonczy, Nurit Rosenberg, Zoltan Boda, Gyorgy Vereb, Janos Kappelmayer,
Hagit Hauschner, Zsuzsanna Bereczky, Laszlo Muszbek

From the Clinical Research Center,
Thrombosis and Hemostasis
Research Group of the Hungarian
Academy of Sciences (GL, ZBe, LM)
and 2nd Department of Medicine,
Thrombosis and Hemostasis Division
(ZBo) and Department of Biophysics
and Cell Biology (GV) and
Department of Clinical Biochemistry
and Molecular Pathology (JK),
University of Debrecen, Medical and
Health Science Center, Debrecen,
Hungary; Amalia Biron Research
Institute of Thrombosis and
Hemostasis, The Chaim Sheba
Medical Center, Tel-Hashomer, Israel
(NR, HH).

Funding: the study was supported
by grants from the Hungarian
National Research Fund (OTKA
7043086, K62087, TF 038301,
1049392), from the Hungarian
Academy of Sciences (MTA
2006TKI227), and from the
Hungarian Ministry of Health
(ETT 406/2006).

Acknowledgments: the authors are
indebted to Ms. Gizella Haramura,
Ms. Anikd Veszprémi and Mr. Csaba

Antal for their expert technical assis-

tance. Wild type GPIIb and GPllla
cDNAs were generous gifts from Dr.
Peter Newman (Blood Center of
Southeastern Milwaukee, W) and Dr.
Deborah L. French (Mount Sinai
School of Medicine, New York, NY),
respectively.

Manuscript received September 29,
2006.

Manuscript accepted March 9,
2007.

Correspondence:

Laszlo Muszbek, MD, PhD, Clinical
Research Center, University of
Debrecen, Medical and Health
Science Center, PO Box 40,
Debrecen 4012, Hungary.

E-mail: muszbek@med.unideb.hu

ABSTRACT

In the platelets of a type Il Glanzmann thrombasthenia patient, the amount of glyco-
protein (GP) llb and llla was significantly reduced. Three novel mutations were identi-
fied in the GPllb gene (c.440C—G/p.Leull6Val, ¢.1772_1773insG/p.Asp560
GlyfsX16 and ¢.2438C—A/p.His782Asn). p.Leul16Val did not represent a causative
mutation. The ¢.1772_1773insG mutation resulted in an early stop codon and non-
sense mediated decay of mRNA. When expressed in transfected BHK cells, the trun-
cated protein was unable to form complex with GPllla. The p.His782Asn mutation
compromised transport of the pro-GPllb/lIlla complex from the endoplasmic reticulum
to the Golgi, hindering its maturation and surface expression.
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The fibrinogen receptor (GPIIb/Illa
complex, oumfs integrin; CD4la) is
synthesized in megakaryocytes and
expressed on the platelet surface.’ In the
endoplasmic reticulum, pro-GPIIb forms het-
erodimer with GPIIla, a prerequisite for sur-
face expression. In the Golgi, pro-GPIIb is
cleaved into heavy and light chains, linked
through a disulfide bridge (mature GPIIb).
GPIIb consists of four major domains, B-pro-
peller, thigh, calf-1 and calf-2 domains. The
main contact site with GPIlla is located in the
B-propeller, while calf-1 and calf-2 domains
contribute minor interfaces. Glanzmann
thrombasthenia (GT) is an autosomal reces-
sive bleeding disorder characterized by quan-
titative or qualitative defect of the fibrinogen
receptor and the inability of platelets to
aggregate The GT database(hitp://sinaicen-
tral.mssm.edu/intranet/research/glanzmann) lists
62 and 41 mutations in the GPIIb and GPllla
genes respectively. In type I disease no fib-
rinogen receptors or only a very low number
can be detected on the platelet surface, while
in type II GT their number, although reduced
(below 15%), is measurable. This report dis-
cusses a type 1I GT patient with three novel
heterozygous mutations in the GPIIb gene
and analyzes their consequences at protein
level.
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Design and Methods

A 52-year-old male patient, of non-consan-
guineous parents, was investigated because
of recurrent hemorrhagic symptoms. Family
members showed no sign of bleeding diathe-
sis. His bleeding time was >20 min and PFA-
100 closure times were >300 sec. The
patient’s platelets failed to aggregate in
response to ADP, arachidonic acid, epineph-
rine and collagen. Clot retraction was partial-
ly retained (45% versus 30% in normal con-
trols). The patient and family members gave
informed consent. Ethical approval for the
study was obtained from the Ethics
Committee of the University of Debrecen.
Preparation of platelet specimens, flow cyto-
metric analysis, SDS-PAGE of platelet lysate,
immunodetection of GPs by Western blot-
ting, isolation of genomic DNA, PCR ampli-
fication and sequencing of exons of GPIIb
gene, isolation and reverse transcription of
platelet RNA have all been previously
described.?

Baby Hamster Kidney (BHK) cells were
transiently transfected with wild type (WT)
GPIlla and one of the mutant GPIIb contain-
ing plasmids.** The surface appearance of
GPIIb in transfected BHK cells was investigat-



ed by confocal laser scanning microscopy (CSLM), while
its expression in whole cells was studied by immunopre-
cipitation of GPIIb/Illa or GPIlla and Western blotting.**

Fibrinogen binding to transfected BHK cells was
assessed by flow cytometry. Cells expressing p.Leul16Val
or WT GPIIb and WT GPIIla were incubated for 1 hour in
Tris buffered saline (TBS) containing 0.1% bovine serum
albumin (BSA), 0.25 mM MgCI2 and 0.1 mg/mL human
fibrinogen (Sigma) in the presence or absence of 10 pg/mL
PT25-2 monoclonal antibody (Takara, Shiga, Japan)
known to activate GPIIb/Ila. Cells were washed and
incubated for 20 min with 10 uL FITC-conjugated rabbit
anti-human fibrinogen (Dako) and analyzed by flow
cytometry.

The intracellular fate of mutant GPs expressed in BHK
cells was studied by pulse-chase analysis.* After chase,
cells were lysed, and GPIIb and Illa were immunoprecip-
itated by anti-GPIIb-Illa polyclonal antibody (Affinity
Biologicals). The immunoprecipitate was analyzed by
SDS-PAGE and fluorography. Relative amounts of radio-
labelled proteins were estimated by quantitative densito-
metry. For the intracellular localization of GPIIb, trans-
fected cells were washed in PBS, fixed and permeabilized
for 2 min in —20°C methanol, washed in PBS containing
0.05% Triton X-100 and 0.5% BSA (TX-BSA-PBS), and
then incubated for 40 mins at room temperature with the
following antibodies: monoclonal mouse antibody
against protein disulfide isomerase (PDI) (ascites, 1:200
dilution) (Affinity Bioreagents, Golden, CO), 1 pg/mL
anti-Golgin-97 mouse monoclonal antibody (Invitrogen)
and 4 pg/mL phycoerythrin (PE) labelled anti-GPIIb anti-
body (DAKO). The anti-PDI antibody and the anti-
Golgin-97 antibody were previously complexed with
AlexaFluor 488 and AlexaFluor 647 conjugated goat anti-
mouse IgG, respectively, using the Zenon labelling and
blocking kit (Invitrogen). Cells were then washed 3 times
in TX-BSA-PBS, mounted in 5 uL. Mowiol, and examined
by CLSM. Laser scanning cytometry (LSC) was per-
formed using an iCys instrument (CompuCyte,
Cambridge, MA, USA) based on an Olympus IX-71
inverted microscope. As well as the immunostainings
described above, nuclei were also stained with 4’,6-
diamidino-2-phenylindole (DAPI). Quantitative digital
image processing tasks were performed using the C pro-
gramming environment of SCIL-Image (TNO, Delft, The
Netherlands). Average GPIIb labelling intensities were
determined for both the ER and Golgi regions and the
ratio of the two was calculated for each cell.

Results and Discussion

Flow cytometric analysis showed a clearly detectable
but strongly reduced amount of surface expressed GPIIb
(Figure 1A,a) and GPllla (Figure 1A,b) on patient’s
platelets. Permeabilization increased the labelling, but
there was still a difference between patient and control

Heterozygosity in Glanzmann’s thrombasthenia

GPIIb GPlla

A 60

FL2-H
60
50
240
230 |
AW
18 s \1\4
100 10 EIPZZ-H 10°
B
N P N P
Mr (kD) -
- «— GPllb
116- :
97.4- W @ —cPlla
Anti-GPllla  Anti GPIIb/Illa

Figure 1. Measurements of GPIlb and GPllla in the patient’s
platelets. A. Detection of GPllb (a,c) and GPIllla (b,d) on the
platelets’ surface (a,b) or in permeabilized platelets (c,d) by flow
cytometry using monoclonal anti-GPIllb and anti-GPIlla antibodies;
light gray: normal platelets, dark gray: patient’s platelets, black:
isotype control. B. Analysis of GPIlIb and GPllla in the lysate of nor-
mal (N) and patient’s (P) platelets by Western blotting. 30 ug
platelet protein was loaded onto each lane. GPllb and GPIlla were
immunodetected by a monoclonal anti-GPllla antibody or by a
polyclonal antibody reacting with both GPIIb and GPllla.

(Figure 1A,c,d). 57,104+5,568 fibrinogen receptor copies
were detected on control, and 2,556 copies (4.5%) on
patient’s platelets. The patient’s two daughters expressed
31,157 and 35,030 receptor copies. In the patent’s
platelets the amount of GPIIb and GPllla was strongly
reduced (Figure 1B). Only 6% and 16% of the amount
present in control platelets were measured by scanning
densitometry respectively.

Sequencing of patient’s DNA revealed three novel het-
erozygous mutations in the GPIIb gene (wiww.ensemble.org,
gene ID: ENSG00000005961): c.1771_1772insG causes
frameshift and predicts a premature termination codon at
amino acid 575 (p.Asp560GlyfsX16; X575GPIIb),
c.339C>G and ¢.2437C>A resulting in p.Leull6Val
(L116VGlIb) and p.His782Asn (H782NGPIIb) amino acid
exchange. One of the patient’s daughters carried the
c.2437C>A mutation. The other daughter carried the
¢.1771_1772insG along with ¢.339C>G mutation, indicat-
ing that these mutations are on the same allele. Neither
point mutation could be detected in 50 unrelated individ-
uals suggesting that they do not represent common poly-
morphisms. No mRNA representing the allele with
c.1771_1772insG was detected in the patient’s platelets.
As the premature termination codon is 110 nucleotides &’
to the next exon-exon junction, in the nonsense-mediated
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Figure 2. Co-expression of wild type or mutant GPllb with wild
type GPllla in BHK cells. The following GPllb mutants were
expressed: L116V, H782N, X575. A. Immunoprecipitation and
Western blot analysis of GPIlIb from transfected BHK cells. A poly-
clonal antibody reacting with both GPIIb and GPIlla or a mono-
clonal anti-GPllla antibody was used for immunoprecipitation.
SDS PAGE was carried out in reducing condition. The polyclonal
antibody against GPIIb and GPIlla was used for immunodetection.
In reducing condition, GPllla shows poor reaction with the anti-
body. For comparison, platelet lysate was also subjected to SDS
PAGE and immunodetection. The first lane represents Mr stan-
dard proteins. =>:pro-GPllb; —: mature GPllb; *: truncated GPlIIb.
B. Surface expression of GPllIb/llla complex on transfected BHK
cells was investigated by confocal laser scanning microscopy.
FITC-labelled monoclonal antibody against GPllb/llla complex
was used for immunolabelling. As no GPIIb/llla was detected on
the surface of cells co-expressing X575 GPllb and wild type
GPllla, this experiment is not shown in the Figure.
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decay-competent region of the transcript, it is very likely
that the mutant GPIIb-mRNA is eliminated by nonsense-
mediated decay mechanism.® A similar effect of GP muta-
tions causing early stop codon has been reported in some
cases.*™*

The polyclonal antibody against both integrin subunits
immunoprecipitated pro-GPIIb and mature GPIIb from
BHK cell expressing WT or L116V mutant to the same
extent and anti-GPIlla antibody co-immunoprecipitated
the mature proteins, indicating their normal complex
forming ability (Figure 2A). In fact, considerable surface
labelling of WTGPIIb/Illa and L116VGPIIb/Illa was
observed (Figure 2B). The extent of fibrinogen binding to
ac<Mtivated GPIIb/Illa in cells expressing WTGPIIb and
L116VGPIIb was also identical (not shown). The amount of
mature H782NGPIIb was diminished while that of its
pro-form was similar to the WT (Figure 2A) suggesting
hindered maturation. The surface expression of
H782NGPIIb/Illa was strongly reduced (Figure 2B). The
X575GPIIb was expressed in a limited amount as a trun-
cated protein of 70 kDa that was not co-immunoprecipi-
tated by anti-GPIlla (Figure 2A). This finding and the lack
of its surface expression suggest that it was unable to
form complex with GPIIla. This mutation is located in the
C-terminal part of the thigh domain and results in the loss
of both calf domains and the distortion of thigh domain.
Two other non-sense mutations in the thigh domain also
prevented complex formation with GPIlla.** There is an
extensive, ~/ nm’ contact between the thigh domain and

Figure 3. The fate of wild type and
mutant GPIIb molecules in transfected
BHK cells. A. Intracellular localization of
wild type and mutant GPIIb by immuno-
fluorescent staining. Cells co-transfected
with wild type GPllla and wild type (a-c),
H782N mutant (d-f) or L116V mutant (g-
i) GPIlb were stained for an ER marker
(protein disulfide isomerase), a Golgi
marker (Golgin-97) and GPIlb. ER, Golgi
and GPllb appear in green, blue and red
colors, respectively. a,d,g: double
labelling for ER and Gogi; b,e h: double
labelling for GPIlb and ER; c,f,i: double
labelling for GPllb and Golgi. Overlap of
labelling ER and GPIIb appears in yellow,
while overlap of staining for Golgi and
GPIlb results in purple color. B.
Determination of the relative abundance
of wild type and mutant GPIlb molecules
in the ER and in the Golgi by laser scan-
ning cytometry. Labelling intensity of
GPIlb in the Golgi relative to that in the
ER was measured for the three GPIllb vari-
ants. MeanstS.D are shown on the
graph. 1766, 1443 and 1859 cells trans-
fected with the WT, H782N and L116V
proteins respectively were used for the
calculations. C. Pulse chase analysis of
BHK cells co-transfected with wild type or
H782N mutant GPIlb and WT GPllla. The
cells were pulsed for 30 mins with *S-
methionine and chased for various time,

WT H782N L116V

S—
as indicated in the figure. The ratio of
- e mature GPllb and pro-GPllb was deter-
mined by quantitative densitometry. nd:
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the B-propeller” that might be important for the correct
orientation of B-propeller for interaction with GPIlla. The
absence and/or distortion of part of the thigh domain
could alter the orientation of B-propeller and block the
complex formation with GPIlla.

CLSM of permeabilized BHK cells showed co-localiza-
tion of WTIGPIIb and L116VGPIIb with both ER and
Golgi markers (Figure 3A), indicating normal synthesis
and transport from ER to Golgi. H782NGPIIb co-localized
with the ER, while co-staining for GPIIb and the Golgi
seemed less remarkable. As demonstrated by LSC, stain-
ing of WTGPIIb and L116VGPIIb in the ER and in the
Golgi were of the same proportion, while the relative
amount of the H782NGPIIb in the Golgi was significant-
ly lower (Figure 3B).

Pulse-chase experiments showed that the degradation
of WT and H782NGPIIb forms (pro-GPIIb plus mature
GPIIb) followed the same kinetic (Figure 3C). By contrast,
the conversion of H782Npro-GPIIb into mature GPIIb
was significantly slower than that of WTpro-GPIIb.
These findings indicate normal degradation, but delayed
maturation of H782N mutant. Maturation of L116VGPIIb
occurred with the same kinetics as the WT protein (not
shown). Normal synthesis, maturation, intracellular trans-
port, surface expression and fibrinogen binding ability
indicated that L116V was not a causative mutation. The
H782N mutation is localized to the calf-2 domain and
contact between the calf-2 domain of GPIIb and GPIIla
has been demonstrated.™* The partial disruption of this

101:4808-15.
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contact due to mutation does not influence the complex
formation with GPIlla, but could be responsible for the
impaired transport of the aberrant complex from the
ER.*"™ A similar correlation between retention in the ER
and impairment of GPIIb maturation has been reported.*
A further disturbance in the transport of the
H782NGPIIb/Illa complex beyond the cis-Golgi that
could contribute to the poor expression of GPIIb/Illa on
the surface of platelets and co-transfected BHK cells can-
not be excluded.
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