
Original Articles

AJ and IC contributed equally 
to the manuscript.

Funding: this work was 
supported by grants from
the Dirección General de
Investigación del Ministerio de
Educación y Ciencia 
(BFU2006-00914) and
Fundación Rodríguez Pascual. 
AJ was recipient of a 
fellowship from the Ministerio 
de Educación y Ciencia. IC
holds a research contract from
the Consejo Superior de
Investigaciones Científicas.  

Acknowledgments: we thank
María Teresa Seisdedos and
Silvia Hernández for technical 
assistance, with the confocal
microscopy.

Manuscript received on
October 19, 2009. Revised
version arrived on December
23, 2009. Manuscript accepted
on December 23, 2009.

Correspondence: 
Consuelo González-Manchón,
Department of Cellular and
Molecular Medicine, Centro de
Investigaciones Biológicas,
Ramiro de Maeztu 9, 28040
Madrid, Spain.
E-mail: cgmanchon@cib.csic.es 

The online version of this article
has a Supplementary Appendix.

Background
Support for the role of transmembrane and membrane-proximal domains of αIIbβ3 integrin in
the maintenance of receptor low affinity comes from mutational studies showing that activat-
ing mutations can induce constitutive bi-directional transmembrane signaling. 

Design and Methods
We report the functional characterization of a mutant αIIbβ3 integrin carrying the Leu718Pro
mutation in the membrane-proximal region of the β3 cytoplasmic domain, identified in het-
erozygosis in a patient with a severe bleeding phenotype and defective platelet aggregation and
adhesion. 

Results
Transiently transfected cells expressed similar levels of normal and mutant αIIbβ3, but surface
expression of mutant αvβ3 was reduced due to its retention in intracellular compartments.
Cells stably expressing mutant αIIbβ3 showed constitutive binding to soluble multivalent lig-
ands as well as spontaneous fibrinogen-dependent aggregation, but their response to DTT was
markedly reduced. Fibrinogen-adherent cells exhibited a peculiar spreading phenotype with
long protrusions. Immunofluorescence analysis revealed the formation of αIIbβ3 clusters
underneath the entire cell body and the presence of atypical high-density patches of clustered
αIIbβ3 containing encircled areas devoid of integrin that showed decreased affinity for the flu-
orescent lipid analog DiIC16 and were disrupted in cholesterol-depleted cells. 

Conclusions
These findings are consistent with an important role of the membrane-proximal region of β3
in modulating αIIbβ3 clustering and lateral redistribution of membrane lipids. Since the β3
mutant was associated with a thrombasthenic phenotype in a patient carrying one normal β3
allele, these results support a dominant role of clustering in regulating integrin αIIbβ3 functions
in vivo.
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Introduction

Integrins function as transducers of extra- and intracellu-
lar signals, and integrin transmembrane domains are
involved in these bi-directional signaling processes mediat-
ing the transmission of conformational rearrangements
between the cytoplasmic and extracellular regions.1 The evi-
dence from mutational studies suggests that a helical inter-
face between α and β subunit transmembrane domains
restrains the integrin in the resting state.2 In addition,
hydrophobic and electrostatic contacts within the mem-
brane-proximal helices of αIIb and β3 cytoplasmic tails also
have a role in maintaining αIIbβ3 in a low affinity state.3,4

Full activation of integrin signaling requires both ligand
occupancy and receptor clustering. Recent data suggest that
integrin conformational changes and clustering are comple-
mentary and may be mechanistically linked,5 but the molec-
ular base involved in the lateral association of integrins is a
matter of debate.6,7

Glanzmann’s thrombasthenia is a rare autosomal reces-
sive disorder characterized by a lifelong bleeding tendency
due to absent or severely reduced platelet aggregation.8 The
disease is caused by quantitative or qualitative defects in
integrin αIIbβ3, the main platelet fibrinogen receptor. More
than 100 mutations causing Glanzmann’s thrombasthenia
have been found in ITGA2B and ITGB3 genes (http://sinai-
central.mssm.edu/intranet/research/glanzmann). Most frequent-
ly, αIIbβ3 expression on the platelet surface is absent or
very low due to mutations resulting in reduced stability of
the mRNA or defective post-translational processing.
Mutations associated with near normal or low receptor
expression have provided useful information on the molec-
ular basis of receptor function.9,10 So far, five natural muta-
tions have been reported in the cytoplasmic tail of αIIb or
β3. Two of them, R995Q in αIIb11 and D723H in β3,12 dis-
rupt a conserved salt bridge that stabilizes the interaction
between the membrane-proximal regions of the α and β
subunits.13 Three other mutations in the β3 cytoplasmic
domain, R724STOP,14 S752P,15 and IVS14-3C>G,16 were
found in homozygosis associated with variant forms of
Glanzmann’s thrombasthenia caused by defective activa-
tion of αIIbβ3.

It is widely accepted that the plasma membrane is organ-
ized into liquid ordered (Lo) microdomains, sphingolipid-
and sterol-enriched, which coexist with a more fluid or liq-
uid disordered (Ld) phase having lower resistance to extrac-
tion with non-ionic detergents.17 Lo domains, named mem-
brane rafts, compartmentalize cellular processes and can
sometimes stabilize to form larger platforms through pro-
tein-protein and protein-lipid interactions.18-20 In living cell
membranes, cholesterol depletion has been shown to
induce macroscopic separation of Lo and Ld phases into large
domains that are clearly visible with fluorescent dyes that
partition differentially into the two phases.21

In the present work, we used transfected cell models to
study the functional consequences of a new natural muta-
tion, L718P, in the membrane-proximal region of the β3
cytoplasmic tail. L718P had been identified in heterozygosis
as a de novo mutation in a patient with a severe thrombas-
thenia-like phenotype carrying one normal β3 allele.

The results revealed that the L718P mutation in the prox-
imal-membrane region of β3 promotes abnormal integrin
clustering and alters lipid order in the plasma membrane,
exerting a dominant negative effect on integrin function.

Design and Methods

Case report
Written informed consent to the use of blood samples was

obtained from the patient, her family members and controls in
accordance with the Declaration of Helsinki. The patient is a
Caucasian 43-year old female from Canary Island (Spain) with a
phenotype of severe and frequent mucocutaneous hemorrhages
which started when she was 12 months old, menorrhagia since the
age of 14 years and two episodes of spontaneous intra-peritoneal
bleeding. Analytical studies revealed moderate thrombocytopenia
(127¥109/L) and platelet anisocytosis. Platelet aggregation, investi-
gated in platelet-rich plasma, was markedly reduced (10-20% of
control) in response to 10 μM ADP, 10 μM epinephrine, 10 μg/mL
collagen, and 1.25 mM arachidonic acid, but agglutination induced
by 1.2 mg/mL ristocetin was normal. P-selectin and CD63 expres-
sion upon activation with 25 μM TRAP was 7% of control. A bone
marrow examination was not performed in the patient. Exhaustive
questioning did not reveal a significant bleeding tendency in the
mother, one brother, or three sisters of the patient. The patient’s
deceased father was also asymptomatic.

Flow cytometry analysis of surface receptors
Membrane receptor content was measured using the monoclonal

antibodies 2BC1 (anti-αIIb) and H1AG11 (anti-β3),22 P2 (anti-αIIbβ3,
Immunotech, Marseille, France), LM609 (anti-αvβ3, Chemicon, CA,
USA), and AK2 (anti-GPIbα, Serotec, Oxford, UK).

Washed platelets (106/100 μL) or transfected cells (2.5¥105/100 μL)
were incubated with the specific monoclonal antibody for 30 min,
washed, and treated with a 1:500 dilution of Alexa Fluor 488-anti-
mouse IgG (Molecular Probes, Eugene, Oregon, USA) for 20 min.
Samples were analyzed with a Coulter flow cytometer model EPICS
XL.

Fibrinogen and PAC-1 binding assays
Purified human fibrinogen (Calbiochem) was labeled with fluo-

rescein isothiocyanate (FITC) as previously described.23 FITC-conju-
gated PAC-1 monoclonal antibody was from BD Biosciences (San
José, CA, USA).

Washed platelets were resuspended in Hepes buffer, pH 7.4 (10
mM HEPES, 136 mM NaCl, 2.7 mM KCl, 1 mM CaCl2, 1 mM MgCl2,
0.1% glucose) at a final concentration of approximately 5¥107/mL.
Aliquots of 100 μL were treated for 5 min with 100 μM ADP plus 1
mM epinephrine, 40 μM TRAP-6, or 10 nM PMA, in the presence of
50 μg/mL FITC-Fg or 0.5 μg of FITC-PAC-1. After 20 min, platelets
were washed and analyzed by flow cytometry. Numerical data are
calculated as a product of the percent of gated positive cells and the
value of the mean channel of fluorescence intensity.

Chinese hamster ovary (CHO) cells stably expressing wild or
mutant αIIbβ3 were resuspended in Hepes buffer at 4¥106/mL and
treated for 5 min with 1 mM RGDS or 25 mM DTT, and incubated
with FITC-PAC-1 (5 μg/mL). When indicated, cells were first incu-
bated with the monoclonal antibody 2BC1 at 4ºC for 30 min,
washed, and labeled with Alexa Fluor 647-anti-mouse IgG. Cells
were then washed, incubated with 80 μg/mL FITC-fibrinogen in the
absence or presence of 40 mU/mL thrombin, washed again, and ana-
lyzed with a Coulter flow cytometer model FC500.

Sequence analysis
Screening for mutations was carried out by direct sequencing of

PCR-amplified overlapping fragments of reversed transcribed αIIb
and β3 mRNA. Genomic DNA was extracted from peripheral blood
cells and the sequence of PCR amplification products containing
exons and whole or flanking regions of introns were analyzed using
standard procedures.
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Transient and stable transfections
To generate the mutant β3-P718 construct, the Afl II-EcoR I cDNA

fragment from the patient was exchanged for the corresponding seg-
ment in the wild β3-cDNA vector.22 K562 cells were transiently
transfected with wild or mutant β3-cDNA plasmid alone or togeth-
er with wild αIIb-cDNA vector, using the Amaxa nucleofection sys-
tem (Koeln, Germany). With this procedure, cell viability and trans-
fection efficiency were higher than 90%.

CHO cells were transfected with αIIb-cDNA and either normal or
mutant β3-cDNA vectors using Lipofectamine reagent (Invitrogen,
CA, USA). Transfected cells were grown in medium containing
G418 for 3 weeks before being sorted twice for cells expressing high
levels of αIIbβ3 using a FACS Vantage cell sorter (Becton Dickinson).
Experiments were performed with cell populations expressing simi-
lar levels of wild or mutant αIIbβ3.

Western blot analysis
Western blot analysis of total αIIb and β3 platelet content was car-

ried out using 1 μg/mL of mixed 2BC1 and H1AG11 monoclonal
antibodies. Tyrosine phosphorylation of focal adhesion kinase (FAK)
in stably transfected CHO cells was determined by western analysis
using anti-FAK [pY576] (Biosource, Nivelles, Belgium).

Soluble fibrinogen-dependent aggregation of Chinese
hamster ovary cell transfectants

Stably transfected CHO cells (1.2¥106) in 0.5 mL of DMEM medi-
um containing 1 mg/mL fibrinogen were plated on 24-well dishes
blocked with 1% BSA and incubated for 15 min at 37ºC in the
absence or presence of 15 mM DTT. Cell aggregates were examined
and microphotographed using a phase-contrast microscope with x4
objective.

Cell and platelet spreading and immunofluorescence
microscopy

Aliquots of 500 μL of stably transfected CHO cells (4¥104/mL)
or washed platelets (2¥108/mL) were plated on glass coverslips
coated with 50 μg/mL fibrinogen or 10% FCS in 24-well dishes.
After different periods of time, they were fixed, blocked and per-
meabilized with 0.5% Triton X-100 in PBS-0.5% BSA for 20 min
at room temperature. The cells were then incubated with anti-
αvβ3 (LM609), anti-αIIb (2BC1), anti-β3 (H1AG11), or anti-
αIIbβ3 (P2) monoclonal antibodies, and/or with an anti-
FAK[pY576] or anti-protein disulfide-isomerase (PDI) (Upstate,
Lake Placid, NY) polyclonal antibodies in PBS containing 0.1%
Triton X-100 and 10% normal goat serum for 1 h. After washing,
they were incubated with Alexa Fluor 488-anti-mouse and/or
Alexa Fluor 546-anti-rabbit antibodies and then washed as above.
When indicated, Alexa Fluor 568 conjugated to phalloidin was
added to simultaneously visualize integrins and the actin
cytoskeleton. In some experiments, cells were incubated with 5
μM dialkylindocarbocyanine (DiIC16, AnaSpec, San José, CA,
USA) at room temperature for 15 min and then thoroughly
washed before mounting. The preparations were mounted on
Mowiol-DABCO (Sigma) and visualized with a x63 objective
using a Zeiss Axioplan fluorescence microscope (Göttingen,
Germany) equipped with a cooled CCD camera (Leica DFC 350
FX), or the Leica TCS-SP2-AOBS confocal microscope system. To
detect DilC16 labeling, cells were excited with a laser emitting at
543 nm, and a 560-nm long-pass filter was used for collecting
emissions. For cholesterol depletion, cells were harvested and
incubated in suspension for 15 min at 37ºC with 5 mM methyl-β-
cyclodextrin (MβCD, Sigma) in the absence of serum, followed
by plating on fibrinogen-coated coverslips.

Results

Platelet glycoprotein expression and functional analysis

The platelet content of αIIbβ3 was estimated by western
and flow cytometry (Figure 1A-B). The total αIIbβ3 content
in the patient was similar to that in the controls. However,
the surface detection of platelet αIIbβ3 was found to be
78%, 69% or 47% of the control depending on whether
antibodies recognizing β3, αIIb or αIIbβ3 epitopes were
used, respectively. This analysis also revealed a 25%
decrease of GPIbα and a reduced mean value of side scatter
in the patient’s platelets.

As shown in Figure 1C, a small population of the patient’s
platelets was found to bind soluble fibrinogen under basal
conditions, but the binding response to ADP plus epineph-
rine, TRAP, and PMA was significantly reduced, concordant
with the deficient aggregation. Binding to the activation-
dependent PAC-1 antibody following agonist stimulation
was also markedly decreased compared to control (values of
1.42, 0.36, and 1.42 versus 102, 14.4, and 333 in response to
ADP plus epinephrine, TRAP, and PMA, respectively). In
addition, when plated on fibrinogen, platelets showed size
heterogeneity and a high proportion displayed impaired
spreading and defective lamellipodia formation (Figure 1D).

Platelets from the other members of the family showed
glycoprotein levels, soluble ligand binding and spreading on
immobilized fibrinogen similar to control platelets.

Identification of the L718P mutation in β3
The defective platelet function and reduced surface detec-

tion of αIIbβ3 complex in the patient prompted the
sequence analysis of the ITGA2B and ITGB3 genes. RT-PCR
analysis revealed similar amounts of two different β3 tran-
scripts: one normal, and the other carrying a novel non-syn-
onymous single-nucleotide variation in exon 14, T2231C,
which would change Leu to Pro at position 718 in the
mature β3 chain (Figure 2A). The heterozygous status of the
mutation was confirmed by analyzing the genomic DNA.
The mutation was not found in the other family members
and the carrier status of the IVS14+9C>T polymorphism
was very useful to infer the absence of the T2231C muta-
tion in the deceased father (Figure 2B). It was, therefore,
concluded that T2231C started as a de novo mutation in the
patient. The L718P mutation in β3 was not found in more
than 50 DNA samples from control donors and healthy rel-
atives of patients suffering from other platelet-related dis-
eases.

The analysis of αIIb-cDNA identified two homozygous
polymorphic variations: I843S (HPA-3) in exon 26, and the
synonymous transition c.3063C>T in the first codon of exon
30. Further sequencing of genomic DNA confirmed their
homozygous status and revealed the presence of three other
polymorphisms in intron 21: IVS21+36delCAGGGGCTC,
IVS21-7C>G, and IVS21+254A>G (Online Supplementary
Figure S1A). All five variations were found in heterozygosis in
a control from the same geographical region. The first four
variants have already been reported to be reciprocally linked
and found in homozygosis in individuals with normal
platelet aggregation responses.24 Exon-trapping analysis of a
genomic DNA fragment containing the variant intron 21
indicated that it does not have a significant impact on αIIb
gene expression at the transcription level. Both alleles gener-
ated similar amounts of transcripts, but a scarce additional
RT-PCR product was obtained from the variant αIIb allele
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(Online Supplementary Figure S1B). Sequence analysis revealed
that it contains aberrant αIIb transcripts with incorporation
of variable length fragments of intron 22.

Surface expression of αIIbβ3-P718 and αvβ3-P718
mutants

Transient transfection of K562 cells showed that surface
expression of αIIbβ3 complexes was slightly reduced in cells
transfected with mutant β3-cDNA. However, expression of
the β3-P718 mutant complexed to endogenous αv chains
was markedly decreased, independently of the absence or
presence of αIIb (Online Supplementary Figure S2A).
Immunoprecipitation analysis of total αIIbβ3 and αvβ3 com-
plexes suggested that the mutant β3 subunit is synthesized
and forms dimers with αIIb at near normal rates, but that it
prevents some of the steps involved in the maturation and
traffic of the αvβ3 complex (Online Supplementary Figure S2B).

CHO cells stably expressing similar levels of wild or
mutant αIIbβ3 complexes were obtained by successive cell
sorting. Fluorescence microscopy analysis of adherent CHO
cells showed that normal αvβ3 integrin detected with both
H1AG11 and LM609 monoclonal antibodies was evenly
dispersed within the plasma membrane, with some bright
fluorescent clusters mainly at the cell periphery. In contrast,
in cells expressing mutant β3-P718, the anti-β3 staining
showed a heterogeneous reticular pattern that matches the
endoplasmic reticulum distribution of protein disulfide iso-
merase. Furthermore, the immunofluorescence labeling of
αvβ3 was strongly concentrated on a precise location, sug-

gesting intracellular retention of this mutant integrin (Online
Supplementary Figure S2C). The anti-β3 monoclonal anti-
body recognizes both β3 integrins, though the near normal
surface expression of mutant αIIbβ3 integrin suggests that
the retention pattern revealed by the anti-β3 monoclonal
antibody corresponds basically to mutant αvβ3 integrin.

The αIIbβ3-P718 receptor is constitutively active
L718P is located in the membrane-proximal region of the

β3 cytoplasmic domain (Figure 2C), which has a role in
maintaining αIIbβ3 in a low affinity state.3 To explore
whether the L718P substitution could render αIIbβ3 consti-
tutively active, we estimated its ability to bind soluble lig-
ands. A subpopulation (55%) corresponding to cells express-
ing the higher levels of the mutant integrin displayed signif-
icant spontaneous binding of the multivalent ligand-mimet-
ic PAC-1 monoclonal antibody which was prevented in the
presence of fibrinogen or the tetrapeptide RGDS. However,
DTT-induced ligand binding was significantly reduced in
cells expressing the mutant integrin (Figure 3A), suggesting
that β3-P718 induced conformational changes altering the
accessibility of the integrin disulfide bonds to the reducing
agent. Constitutive binding of labeled fibrinogen and poly-
merizing fibrin was also detected in the subpopulation of
cells with the highest expression levels of mutant receptor
(Figure 3B). In agreement with these findings, CHO cells
expressing mutant αIIbβ3 formed spontaneous cell aggre-
gates in the presence of 1 mg/mL fibrinogen, but DTT failed
to enhance cell aggregation (Figure 3C).

Aberrant αIIbβ3 clustering causes thrombasthenia 
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Figure 1. Platelet expression of αIIbβ3 and
binding of fibrinogen to stimulated
platelets. (A) Flow cytometry analysis of
surface αIIbβ3 and GPIbα. Washed
platelets were incubated with monoclonal
antibodies against β3 (H1AG11), αIIb
(2BC1), αIIbβ3 (P2) and GPIbα (AK2) as
described in the Design and Methods sec-
tion. (B) Western analysis of platelet αIIb
and β3 content. (C) Flow cytometry analy-
sis of fibrinogen binding. Washed platelets
were stimulated for 5 min with 100 μM
ADP plus 1 mM epinephrine, 40 μM TRAP-
6, or 10 nM PMA in the presence of FITC-
fibrinogen. Numbers in the figure panels
represent the fluorescence values calculat-
ed as a product of the percent of gated pos-
itive cells and the value of the mean chan-
nel of fluorescence intensity. (D) Adhesion
and spreading of platelets on immobilized
fibrinogen. Washed platelets were seeded
on fibrinogen-coated coverslips for 30 min
at 37ºC and, then, fixed, labeled with anti-
αIIbβ3 monoclonal antibody 2BC1, and
analyzed with an epifluorescence micro-
scope. Bars: 15 μm. All data are represen-
tative of determinations with platelets from
two different extractions of blood samples. 
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β3-P718 induces an atypical pattern of αIIbβ3 
clustering in immobilized fibrinogen-adherent cells
β3 integrins mediate cell spreading on fibrinogen-coated

surfaces.25 When plated on fibrinogen, CHO cells stably
expressing mutant αIIbβ3-P718 showed a peculiar spreading
phenotype with extensions. A number of cells also exhibit-
ed one or two long protrusions largely exceeding the cell
borders and often with marked swelling at the tip. This
extension pattern was not observed in cells attached to
plates coated with serum proteins (Figure 4A-B). Although
no differences were observed in static adhesion assays, cells
expressing αIIbβ3-P718 integrin showed enhanced adhesion
under flow (Online Supplementary Figure S3). 

In order to determine whether the active L718P mutation
in β3 could affect ligand-induced integrin redistribution, we
explored the recruitment of αIIbβ3 to focal adhesions. In our
experimental conditions, wild type integrins were found
uniformly diffused throughout the cell surface, or grouped
in small clusters at the periphery in fibrinogen-adherent cells
(Figure 5A). However, when mutant β3-expressing cells
were plated on fibrinogen-coated surfaces we observed the
formation of fluorescent integrin clusters evenly distributed
underneath the entire cell body. They also displayed an

abnormal clustering pattern consisting of patches of very
high receptor density that contained integrin-free round
areas. Confocal microscopy analysis localized integrin clus-
ters in membrane sections close to the adherent surface in
contact with the substratum. These atypical clusters of
mutant αIIbβ3 were detected using both anti-αIIb (Figure
5A-B) and anti-αIIbβ3 (Figure 5B) monoclonal antibodies,
and were not observed when cells expressing wild αIIbβ3
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Figure 2. Identification of a de novo Leu718Pro mutation in β3. (A)
Direct sequencing of the sense strand of the 3’ overlapping RT-PCR
product showing a heterozygous T to C substitution that changes
Leu718 to Pro in the β3 subunit of the thrombasthenic patient. (B)
Detection of the T2231C mutation and the IVS14+9C>T polymor-
phism in family members. The haplotype of the deceased father
was deduced from those of the other members. (C) Localization of
the Leu718Pro mutation (encircled) in the membrane-proximal
region (underlined) of the β3 cytoplasmic tail. 

Figure 3. Binding of fibrinogen and PAC-1 to normal or mutant
αIIbβ3 expressed in CHO cells. (A) CHO cells stably expressing wild
type or mutant αIIbβ3-P718 were preincubated in the absence or
presence of 1 mM RGDS or 25 mM DTT for 5 min at room temper-
ature. Cells were then incubated with FITC-PAC-1 for 30 min,
washed, and analyzed by flow cytometry. (B) CHO cells were first
labeled with anti-αIIb monoclonal antibody and then incubated with
FITC-Fg in the absence or presence of thrombin as described in the
Design and Methods section. (C) Soluble fibrinogen-dependent
aggregation of CHO cell transfectants. Non-transfected cells (CHO)
or αIIbβ3 expressing cells were incubated in serum-free medium
containing 1 mg/mL fibrinogen in the absence or presence of 15
mM DTT. Aggregates were examined with a phase contrast micro-
scope using a x4 objective. All the results are representative of, at
least, three separate experiments.  
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were stimulated with 1 mM Mn2+ (not shown). Double stain-
ing with phalloidin and anti-αIIb revealed that the abnormal
clusters did not correspond to focal adhesions because they
did not locate near the termini of actin stress fibers (Figure
5B). Interestingly, the patches were initially localized under-
neath the main cell body but, after long-term cell spreading,
they adopted a polarized position at the opposite side of
emerging protrusions (Figure 5C).

Consistent with the atypical clustering pattern of mutant
αIIbβ3 integrin in transfected cells, confocal immunofluo-
rescence analysis of platelets from the thrombasthenic
patient revealed a non-homogeneous distribution of αIIbβ3
in the adherent surface in contact with the substratum
(Online Supplementary Figure S4).

Cell lines expressing other αIIbβ3 activating mutants have
been shown to exhibit constitutive phosphorylation of the
focal adhesion adaptor protein FAK when in suspension.6,19

However, FAK phosphorylation in cells expressing mutant
αIIbβ3-P718 was similar to that of control cells, regardless of
whether the cells were in suspension or adhered to fibrino-
gen-coated plates (Figure 4C). Moreover, immunolabeling of
cells adhered to fibrinogen showed that phosphorylated
FAK colocalized with mutant αIIbβ3 in focal adhesions but
was not detected within the atypical patches of clustered
integrin (Figure 5B).

The proximity between αIIbβ3 molecules was further
analyzed by treating cells with disuccinimidyl suberate
(DSS), a cross-linker with spacer arm length of 11.4 Å. In
cells expressing β3-P718, immunoprecipitation of αIIbβ3
with either anti-β3 or anti-αIIb monoclonal antibodies
showed a significant increase of protein complexes of

approximately 200 kDa that should correspond to combina-
tions of αIIb and β3 subunits since they were detected with
both antibodies (Online Supplementary Figure S5). Given that
both wild-type and mutant cells express similar receptor
levels, it is reasonable to deduce that such combinations do
not correspond to the native αIIbβ3 heterodimers. Rather,
they could result from crosslinking of α and β subunits from
two different integrin molecules that would be closer than
in cells transfected with the normal β3 subunit. In addition,
the different patterns of cross-linked proteins obtained with
some of the antibody pairs may reflect the fact that the mol-
ecules surrounding integrins are not the same in the two
types of cells.

Clustering of αIIbβ3-P718 associates with disruption of
ordered lipid domains in the plasma membrane

Current models of biological membranes show that pro-
tein clustering or cross-linking could affect the formation or
distribution of different lipid phases.17 Cholesterol is
thought to contribute to the tight packing of lipids in
ordered domains;26 in addition, these domains can be
formed only within certain ranges of cholesterol concentra-
tion.27 We hypothesized that the round areas devoid of
αIIbβ3 observed within the atypical clustering patches may
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Figure 4. Fibrinogen-mediated spreading of CHO cell transfectants.
(A) Fluorescence microphotographs of CHO cell transfectants seed-
ed for 16 h on fibrinogen or serum proteins. Cells were fixed, labeled
with anti-β3 monoclonal antibody H1AG11 and examined in an epi-
fluorescence microscope with a x40 objective. Arrowheads point to
the extending processes in cells expressing mutant αIIbβ3-P718.
Bars: 50 μm. (B) Arrows point to the swelling at the tip of the
extending protrusion in CHO-αIIbβ3-P718 cells examined with a x63
objective. Bar: 25 μm. (C) Tyrosine phosphorylation of FAK in CHO
cells. Non-transfected (CHO) or cells expressing wild-type (W) or
mutant αIIbβ3-P718 were maintained in suspension or adhered to
fibrinogen for 30 min. Cell lysates were analyzed by western blot. All
the experiments were performed at least three times and similar
results were obtained.

Figure 5. Clustering of mutant αIIbβ3-718P stably expressed in CHO
cells. (A) CHO cells stably expressing wild-type or mutant αIIbβ3-
P718 were seeded on fibrinogen-coated coverslips for 4 h and then
fixed and labeled with the anti-αIIb monoclonal antibody 2BC1, and
examined by confocal microscopy. (B) CHO cell transfectants
expressing αIIbβ3-P718 were seeded on fibrinogen-coated cover-
slips for 4 h and then labeled with anti-αIIbβ3 monoclonal antibody
P2, and anti-FAK[pY576] polyclonal antibody or phalloidin, and ana-
lyzed by confocal microscopy. (C) CHO cells expressing αIIbβ3-P718
were plated on fibrinogen-coated coverslips for the indicated peri-
ods of time, fixed and labeled with 2BC1, and analyzed by confocal
microscopy. The images are single confocal sections near the adher-
ent surface of the cells. Bars: 30 μm. Arrowheads point to function-
al adhesion complexes. Asterisks point to cell regions where the
atypical integrin clusters locate. These experiments were repeated-
ly performed (n>4) with the same results.
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correspond to coalescence of lipid domains and could,
therefore, be sensitive to cellular cholesterol depletion.
Thus, we incubated the cells with MβCD, a cholesterol-
sequestering agent widely used to study the effect of choles-
terol depletion and lipid raft disassembly. In cells expressing
mutant αIIbβ3-P718 integrin, MβCD disrupted the atypical
clustering patches, fusing the round areas into larger and
more irregular integrin-free domains (Figure 6A). A very
incipient pattern of integrin-free round areas could also be
observed in some control cells when treated with a high
concentration of MβCD.

Lipids with long and saturated acyl chains, such as the
synthetic fluorescent lipid mimetic DiIC16, preferentially
incorporate into the cholesterol-enriched Lo microdomains
and have been used to observe the formation and dynamics
of membrane domains in model plasma membranes28 and
living cell membranes.29,30 To further corroborate a role of
mutant αIIbβ3-P718 in membrane lipid phase behavior, cells
were stained with DiIC16 and analyzed by confocal
microscopy. As shown in Figure 6B, in cells expressing nor-
mal αIIbβ3, DiIC16 labeling was uniformly distributed in
confocal sections near the cell surface in contact with the
substratum. In contrast, cells expressing the mutant integrin
showed a “Swiss cheese“ pattern with non-stained round
areas that match the integrin-devoid holes.

Discussion

We have studied the functional consequences of a novel
de novo mutation, L718P, located in the membrane-proximal
region of the β3 cytoplasmic domain, and associated with a
severe thrombasthenia-like phenotype in a patient carrying
one normal β3 allele. The 50% reduction of reactivity in the
flow cytometry analysis with a complex-dependent mono-
clonal antibody contrasted with the expression detected
using other antibodies and with the normal content of αIIb
and β3 in the western blot analysis, and suggested an almost
normal amount but aberrant structure of native αIIbβ3 in

the patient’s platelets. Consistent with this, the surface
expression of mutant αIIbβ3 in transiently transfected cells
was only faintly diminished. However, the surface content
of mutant β3-P718 complexed to αv was markedly reduced
due to intracellular retention of mutant αvβ3. This distinc-
tive effect of the mutation on the processing of β3 integrins
is unexpected in view of the conservation of the membrane-
proximal sequences among the α subunits. Mutant αvβ3
integrin was recognized by a specific monoclonal antibody
within some Golgi-related structures, but accumulation of
more immature complexes within the endoplasmic reticu-
lum was only detected with the anti-β3 monoclonal anti-
body, which also recognizes αIIbβ3. Thus, it cannot be
excluded that a partial retention of mutant αIIbβ3 integrins
at the level of the endoplasmic reticulum contributed to the
decreased surface detection in the patient’s platelets.

A minor subpopulation of the patient’s platelets elicited
spontaneous binding to soluble fibrinogen but platelet aggre-
gation as well as fibrinogen binding induced by agonists
were severely deficient. On the other hand, cells stably
expressing the αIIbβ3 mutant receptor showed spontaneous
binding and aggregation in the presence of multivalent lig-
ands, but failed to respond to DTT. Taken together, these
data suggest that the intracellular defect induces a conforma-
tional change that is propagated to the extracellular domain,
rendering partially activated receptors unable to support nor-
mal aggregation. L718P substitution in β3 alters the second
leucine in the membrane-proximal sequence LLXXXHDRR,
highly conserved in all integrin β subunits. On the basis of
mutational analysis and structural modeling, the interaction
between the membrane-proximal domains of αIIb and β3
cytoplasmic tails has been proposed to play an important role
in maintaining the αIIbβ3 receptor in a low affinity state.3,4,31

Thus, the L718P mutation may disrupt such an interaction
rendering partially activated αIIbβ3. In support of this notion,
activating L718H was identified in a random mutagenesis
assay.2 Furthermore, it cannot be excluded that the P718-
induced structural change facilitated the access to talin,
which contributes substantially to integrin activation.32,33
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Figure 6. Clustering of mutant αIIbβ3-
718P induces coalescence of lipid
domains. (A) Effect of cholesterol
depletion on the clustering pattern
induced by β3-P718. CHO cells were
treated for 15 min at 37ºC with MβCD
followed by plating on fibrinogen-coat-
ed coverslips. Cells were then fixed,
labeled with 2BC1 and analyzed by
confocal microscopy. In the bottom
panels, MβCD-induced disruption of
αIIbβ3-P718 integrin clustering is
shown under high magnification. (B)
Distribution of the fluorescent lipid
analog DiLC16 in the plasma mem-
brane of CHO cells expressing normal
or mutant αIIbβ3 integrin. CHO cells
stably expressing wild type or mutant
αIIbβ3 were seeded on fibrinogen-
coated coverslips for 4 h and then
labeled with the anti-αIIbβ3 mono-
clonal antibody 2BC1 and the fluores-
cent lipid-analog DiIC16 as described
in the Design and Methods section,
and analyzed by confocal microscopy.
Bars: 30 μm. Representative pictures
of more than four separate experi-
ments are shown. 
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Half of the normal αIIbβ3 content is sufficient to support
normal platelet aggregation in heterozygous carriers of
Glanzmann’s thrombasthenia mutations.8 Thus, another
mechanism presumably contributes to the defective receptor
function and thrombasthenia-like phenotype in the patient.
Our results indicate that mutant β3-P718 promotes aberrant
αIIbβ3 distribution in both platelets and transfected cells
which, in turn, results in altered outside-in signaling as meas-
ured by the abnormal adhesion and/or spreading phenotype
of platelets and adherent transfected cells on immobilized
fibrinogen. Consistent with this, significant differences were
found in the immunoprecipitation pattern of cross-linked
wild-type and mutant receptors, suggesting that lateral inter-
actions of mutant integrins with other proteins may be
altered. To date, the intermolecular forces driving integrin
clustering are poorly understood.34 Increasing evidence sug-
gests that the orientation of transmembrane helices and their
tendency to self-associate can be modulated by the lipid
environment into which they are embedded, and it is clear
that even a minor change in, for instance, the orientation of
the transmembrane segments in the lipid bilayer can have
important structural and functional consequences for the
intact membrane protein.35 The recently determined high-
resolution structure of the β3 integrin transmembrane seg-
ment and flanking sequences in phospholipid bicelles
showed that the membrane-proximal hydrophobic residues
L717-721 appear to be immersed in the membrane, thus
ensuring a pronounced transmembrane helix tilt relative to
the lipid bilayer.36 As reported for other transmembrane pro-
teins,37 the introduced proline residue may form a hinge in
the alpha helix that, in turn, may induce a hydrophobic mis-
match with the membrane bilayer. Integrin clustering at the
cell surface may, therefore, be a direct consequence of
hydrophobic mismatching between mutant β3 and lipids in
the membrane due to the presence of proline at position 718.

It is widely accepted that the plasma membrane is a later-
ally non-homogeneous mixture of lipids, with an organized
structure in which lipid molecules segregate and form Lo

microdomains – sphingolipid- and sterol-enriched lipid rafts
– which coexist with more fluid domains having lower
resistance to extraction with non-ionic detergents.38 Protein
recruitment at the interface between lipid domains and the
surrounding membrane is thought to contribute to a reduc-
tion in line tension at the phase boundary, changing the
propensity of the domains to fuse.17 In our study, the effect
of cholesterol depletion and the differential labeling of a
lipid analog that preferentially incorporates into ordered
domains, support the notion that the atypical αIIbβ3 recruit-
ment induced by the L718P-β3 mutation promotes coales-
cence of apparently liquid-disordered or more fluid
microdomains. One of the more important roles of lipid
microdomains at the cell surface is their contribution to reg-
ulating the efficacy of signaling by concentrating selected
proteins at specific sites.18-20 Hence, αIIbβ3 integrin cluster-
ing, by promoting lipid coalescence, may redistribute signal-
ing molecules and, as a result, transmit aberrant outside-in

signals. In our case, defective outside-in signaling can be
inferred from abnormal spreading and clustering patterns in
both CHO cells and platelets.

Another natural mutation in the membrane-proximal
region of β3, D723H, has recently been reported in heterozy-
gosis in a patient with an autosomal platelet disorder consist-
ing of mild thrombocytopenia, platelet anisocytosis, and
giant platelets.12 This mutation is predicted to disrupt a con-
served salt bridge that stabilizes the interaction between the
membrane-proximal regions of the α and β subunits13 and,
similar to L718P, was found to activate αIIbβ3 and to induce
long protrusions in transfected CHO cells plated on fibrino-
gen. In CHO-αIIbβ3-P718 cells, the atypical integrin-
enriched patch was uniformly distributed upon adhesion
but, during cell spreading, it relocated outside the membrane
portion that emits protruding extensions. This polarized
location may reflect that the aberrant clustering patch
impedes normal retraction/detachment from the substratum
and, consequently, deregulates cell spreading. The mild
thrombocytopenia and platelet anisocytosis in the present
case are, therefore, consistent with the recent proposal that
outside-in signaling via αIIbβ3 after fibrinogen engagement
is an important component of platelet formation.39 In accor-
dance with this, dominant inheritance of an in-frame dele-
tion in the ectodomain of β3 has been associated with
macrothrombocytopenia and platelet dysfunction in two
Italian families.40 It is possible that, as previously suggested,41

platelet anisocytosis arises from a physical effect through
which increased proplatelet adhesion to fibrinogen alters
platelet release in bone marrow sinusoids.

In summary, we report the functional characterization of
L718P mutation in β3, identified in heterozygosis as the
only αIIbβ3 pathogenic mutation in a patient with a throm-
boasthenia-like phenotype. The findings support a role for
integrin clustering in regulating outside-in signaling through
lipid microdomain coalescence. According to these findings,
we propose aberrant integrin clustering as the mechanism
underlying the thrombasthenic phenotype in the patient.
Nevertheless, it cannot be ruled out that the patient has a
second unidentified defect in another gene accounting for at
least part of the platelet functional defects. Our study also
yields insights into the role of the proximal-membrane
region of β3 in the function of αIIbβ3 in vivo, and supports
the notion that αIIbβ3 receptor clustering is necessary cou-
pled to its conformational activation.
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