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Summary

Platelets are dynamic cell fragments that modify their shape
during activation. Utrophin and dystrophins are minor actin-binding
proteins present in muscle and non-muscle cytoskeleton. In the
present study, we characterised the pattern of Dp71 isoforms and
utrophin gene products by immunoblot in human platelets. Two new
dystrophin isoforms were found, Dp71f and Dp71d, as well as the
Up71 isoform and the dystrophin-associated proteins, o andf -
dystrobrevins. Distribution of Dp71d/Dp71A110", Up400/Up71 and
dystrophin-associated proteins in relation to the actin cytoskeleton
was evaluated by confocal microscopy in both resting and platelets
adhered on glass. Formation of two dystrophin-associated protein
complexes (Dp71d/Dp71A110"~DAPC and Up400/Up71~DAPC)
was demonstrated by co-immunoprecipitation and their distribution in
relation to the actin cytoskeleton was characterised during platelet
adhesion. The Dp71d/Dp71A110"~DAPC is maintained mainly at the
granulomere and is associated with dynamic structures during
activation by adhesion to thrombin-coated surfaces. Participation of
both Dp71d/Dp71A110"~DAPC and Up400/Up71~DAPC in the
biological roles of the platelets is discussed.

Introduction

Platelets are cell fragments with striking dynamic properties
involved in clot formation after blood vessel injury. Platelets become
activated after exposure to several agonists such as adenosine
diphosphate (ADP), collagen, thrombin or after adhesion to surfaces
such as glass (1). During activation, platelets undergo dramatic
shape changes from discoid shape in the blood circulation to a
rounded shape projecting filopodia and to a spread shape
associated with a consequent increase of the platelet surface. These
modifications of shape, do not only facilitate efficient adhesion to the
substrate but also the aggregation to other platelets (2,3). During
platelet activation, several cellular events occur simultaneously such
as cytoskeleton redistribution, centrifugal spreading of the
granulomere with the fusion of the granules to the open canalicular
system (OCS) or to the plasma membrane (4). Platelet granules
were reported to contain membrane receptors and adhesion proteins
such as P-selectin, that become associated with the plasma
membrane upon platelet activation and granule secretion (5,6)
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The platelet cytoskeleton is highly dynamic and is responsible
for the shape modifications observed during activation and adhesion
to the substrate. This cytoskeleton is constituted by a membranous
skeleton containing actin filaments, a cortical coiled ring of
microtubules and actin-binding proteins, associated with membrane
glycoproteins (7). Assembly of actin filaments together with actin
binding proteins (a-actinin, filamin, vinculin and talin) (8-12)
determine the formation of specific structures observed only during
activation including filopodia, lamellipodia, focal adhesion points and
a contractile ring involved in degranulation and platelet contraction
(13). The secretion of the dense and a-granules is mediated by actin
filaments. In resting platelets, actin filaments function like a barrier to
restrict inappropriate release of thrombogenic substances from
platelets (14).

Dystrophin, the largest member of the spectrin superfamily, is
an actin-binding protein (15) coded in the dmd gene as a molecule of
427 kDa (Dp427). Internal promoters in the dmd gene codify for the
expression of short dystrophin products of 260 kDa (Dp260), 140
kDa (Dp140), 116 kDa (Dp116) and 71 kDa (Dp71) (16-20). They
associate with a dystrophin-associated complex (DPC), constituted
by dystrophin, dystroglycan, sarcoglycans, dystrobrevins and
syntrophins to form what is named the dystrophin-associated
glycoprotein complex (Dp~DAGC), which anchors the actin
cytoskeleton to the cell membrane (21-23). Dp71 (70-75 kDa) is the
major dystrophin expressed in non-muscle cells such as neural
tissue (16), glia (24), spermatozoa (25), astrocytoma cells (26) as
well as platelets (27,28).

Dp71 transcripts are alternatively spliced in exons 71-74 and
78 to produce multiple products of 70-78 kDa (29). Differential
splicing of Dp71d exon 78 produces at least two Dp71 isoforms: a)
Dp71d which preserves the C-terminal end of Dp71 and b) Dp71f
(for Dp71 founder sequence) corresponding to the removal of exon
78. Two other transcripts, Dp71A110® and Dp71A110" respectively,
were recently characterised as the gene products resulting from an
alternative splicing at exons 71-74 and/or 78 (28, 29).

Furthermore, an alternative gene codes for the full-size
utrophin Up400 (400 kDa), Up140 (140 kDa), and Up71 (70 kDa)
(30, 31), which share similar binding domains for DAG and actin



filaments (32-34). Utrophin (Up400) is also expressed in a wide
range of non-muscle cells including platelets (27). Finally, Up400
and Dp71A110 were detected in whole extracts of thrombin-activated
platelets, in co-distribution with the cytoskeleton proteins vinculin

S and spectrin (27, 28) and with a-syntrophin and -dystroglycan (28).
o In this study we report, for the first time in human platelets, the
= expression of two Dp71 isoforms (Dp71d and Dp71f), of the utrophin
g isoform Up71 and of three DAPs (a-dystrobrevin-1 (al-Db), o-
2 dystrobrevin-2 (a2-Db) and pB-dystrobrevin) as well as their co-
§ distribution with actin filaments in resting and in activated platelets
= by adhesion to glass or by the exposure to the agonist thrombin.
= Table 1. Characteristics of the antibodies.
2.
30 Antibody .LOCB.'[IOI’I of Specificity Reference/
S immunogen resource
[
= All Dalloz et al.,
E H4 pAb C-Tlast 11 aa dystrophins 2003
< : Novocastra
%' Dys2 mAb C-T last 27 aa All dystrophins (New Caste, UK)
S Dp71 mAb N-T first 7aa All Dp71s Loh et al., 2000
= Dystrophins with Loh et
2401 pAb Alternative C-T r_:llt_ernatlve al.,
splicing of exon
78 2000
K7 pAb C-T last 15 aa All utrophins Dalloz et al., 2003
Dvstrobrevin Transduction
y Pep 249-403 Dystrobrevin-1 Laboratories
mAb :
(Lexington, KY)
JAF pAb C-T last 7 aa B-dystroglycan Rivier et al., 1997
o-Db pAb C-T last 10 aa o-dystrobrevin Peters et al., 1997
) o and 3 Peters et al.,
pan Db pAb Pep 344-366 dystrobrevins 1997
i a and f Rivier et al.,
P6 pAb Pep. 191-206 syntrophins 1999
Sta. Cruz
actin pAb C-T actin Biotechnology Inc.
(CA).
i All dystrophins Claudepierre et
HOA3 Pep 3357-3660 and utrophins al., 1999

mAb , monoclonal antibodies ; pAb, polyclonal antibodies; C-T, COOH-
terminal; N-T, NH,-terminal.
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Materials and Methods

All reagents were purchased from Sigma Chemical Co. (St.
Louis, MO) unless otherwise indicated.

Antibodies

Table 1 lists the recognition properties of all the antibodies
used in this study. Monoclonal antibodies are here referred to as
mADbs and polyclonal antibodies as pAbs.

Platelet suspension

Platelets were obtained by vein puncture from healthy donors
who had not received any drug treatment for 10 days prior to the
study. Platelet-rich plasma was obtained as described by Cerecedo
et al. (35).

Platelet adhesion, fixation and immunofluorescence staining.

Platelets were settled on glass coverslips with or without 1
U/ml thrombin for 20 minutes. Non-adhered cells were removed by
washing with Hank’s balanced salt solution and adhered platelets
were fixed with a mixture of 2% p-formaldehyde, 0.05%
glutaraldehyde, and 0.04% NP40 in the cytoskeleton stabilizing
solution, PHEM (100 mM PIPES, 5.25 mM HEPES, 10 mM EGTA,
20 mM MgCly, pH 6.9) for 20 min (35).

Suspended or platelets adhered on glass were first incubated
for 1 hour with 0.1 pg/ml FITC (Fluorescein Isothiocyanate Citrate)
phalloidin to label actin filaments, followed by incubation for 2 hours
with primary antibodies against Dp71s and DAPs (Table 1) diluted in
0.1% Fetal Bovine Serum (FBS) in PBS. Cells were washed with
PBS and incubated for 1 hour with the secondary goat anti-rabbit or
anti-mouse antibody conjugated to Alexa-Fluor-568 (Molecular
Probes, Eugene, OR), washed and mounted in Vectashield media
(Vector Laboratories, Inc. Burlingame, CA). Slides were observed
using a LSM-510 Zeiss Meta-confocal microscope equipped with a
Kr/Ar laser. Optical sections [z] were performed at 0.18 pum. Co-
localisation was determined by merging images. Negative controls
included cells incubated with an irrelevant polyclonal antibody
against Toxoplasma gondii (raised by R. Mondragon), or cells just
exposed to the fluorescent-secondary antibodies. None of these
controls showed any conspicuous signal.
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Western blot (WB) and immunoblot

SDS-B-mercaptoethanol lysates of platelets in suspension
were boiled, resolved in a 10% SDS-PAGE and transferred to
nitrocellulose membranes, using a semi-dry system (Owl Separation
Systems, Potsmouth, NH) (36). Protein was quantified using the DC
kit (Bio-Rad, USA), and 80 ug of protein were loaded in the gels.
Membranes were incubated with appropriate primary antibodies
(Table 1) and then, with horseradish peroxidase-conjugated
antibodies, visualised using an enhanced chemiluminescence
Western blotting analysis system (Amersham, ECL Western blot
system, England) and documented using X-Omat film (Kodak,
Rochester, NY). Platelet controls were incubated only with
horseradish peroxidase-labeled secondary antibodies.

Immunoprecipitation assays

Suspended or adhered platelets were lysed v/v for 15 minutes
at 4°C with 2X lysis buffer (2 mM EGTA, 100 mM HEPES, 150 mM
NaCl, 2% NP-40, pH 7.4) containing a protease inhibitor mix
(Amersham

Biosciences, US). Lysates were incubated for 2 hours at 4°C
with antibodies for actin, Dp71d/Dp710.;0 or Up400/Up71, and
subsequently incubated overnight with Rec Protein G-sepharose
(Zymed, San Francisco, CA). Immunoprecipitates were washed by
centrifugation with NP-40-free lysis buffer, resuspended in 2X
sample buffer (125 mM Tris HCI, 4% SDS, 20 % glycerol, 0.01
mg/ml O-mercaptoethanol and bromophenol blue, pH 6.8) and boiled
for 5 minutes. Immunoprecipitates and supernatants were analysed
by immunoblot.

Detection of a and B—dystrobrevins by Reverse Transcriptase-PCR
(RT-PCR) analysis.

Total RNA was extracted from 1.5x10° platelets and from rat
brain, according to Chomczynski and Sacchi (37). Reagents for RT-
PCR were from Invitrogen (Carlsbad, CA) unless otherwise
indicated. The RT reaction was performed with a specific primer for
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a-dystrobrevin (GeneBank: NM_001390, position 1939-2058, 5’GCC
TCT TGT ACA TCT CCC CC 3’) and B-dystrobrevin (GeneBank:
U46745 position: 2025-2050, 5' CAA ACT GAA GCA TGG ACA TAC
ATT AG 3)).

The mix reaction for the cDNA synthesis contained 5 pg of
denatured total RNA, 500 ng of specific primer, 20 mM of dNTP mix,
1X cDNA synthesis buffer, 0.01 M DTT, 80U RNAseOUT and 35 U
of ThermoScript RT, in a final volume of 40 ul and incubated at 60°C
for 1 hour. The RNA was eliminated by adding 2 ul of an RNAse
cocktail (0.25U/ul of RNase H, 5 U/ul Ribonuclease T2 and 100 ng/ul
RNase A) (Amersham Biosciences, US) at 37 °C for 20 minutes. The
cDNA was purified using QIAquick Spin Columns (QIAGEN,
Valencia CA). PCR amplification was carried out in a final volume of
50 pl containing 1.5 mM MgCl,, 0.7 mM dNTP mix, 20 pM of each
primer and a polymerase mix (5:0.25 units of Deep Vent, Taq
polymerase (New England Biolabs, USA) with hot start). 35 cycles
(15 sec at 94 °C, 15 sec at 65 °C and 1.15 min at 72 °C) were used
for amplification. Products were purified using QIAquick Spin
Columns (QIAGEN). RT-PCR products were analysed by
electrophoresis in 1.5% agarose gels at 100V. Oligonucleotide
primers used in the PCR reaction for a and B-dystrobrevins were
designed to flank the corresponding codons of dystrobrevin epitopes
recognised by the antibody from Transduction Laboratories (aa 251-
480) and Pan Dystrobrevin from D. Mornet (aa 291-299) (Table 1).
The specific sequence of a-dystrobrevin lower primer was: 5CTG
ATG GTG TGG CTG GGG GAA GAG C 3’ (a-Db positions 1932-
1956) and of B-dystrobrevin: 5CTT TCT CTG GCG TGG GCT GGG
AAG C 3’ (B-Db, positions 1542-1566). For both cDNAs, the same
upper primer was used: 5GGG ATT TCG ATA CCG ATG TCA ACA
G 3, denominated U-Db (aDb positions: 1003-1027 and B-Db
positions: 1027-1051) (Figure 3B).

Results

1. The two short dystrophin isoforms Dp71d and Dp71f are part
of the human platelet cytoskeleton and co-distribute with the
actin cytoskeleton during adhesion.

Expression pattern and distribution of short dystrophins were
investigated in human platelets using both WB and confocal
microscopy approaches. Since all members of the dystrophin family
are expressed in the brain, rat brain was used as positive control.
Brain (b) and platelet (p) extracts were analysed by immunoblot with



antibodies against epitopes localised in the Dystrophin C-terminal
region (Dys2, H4), the N-terminal domain of Dp71 (nDp71) and the
founder sequence produced by alternative splicing of exon 78 (2401)
(Table 1, Figure 1A). In brain extracts (Figure 1A,b), a band of 76
kDa detected with both the Dys2 mAb and the H4 pAb was identified

< as the Dp71d isoform. In platelet extracts (Figure 1A,p), a band of
N similar Mr was detected with both antibodies, although the reaction
= with Dys2 was less intense.
o
3
m -
2 Figure 1
8
=
- A :
=) Dystrophin
® __C-Term
§ nDp71 Dys2 H4 2401 C
o
o
=
= 116 -
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é o7 — e - Laand
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Figure 1. Detection and topographical distribution of short dystrophins in human platelets.

A. Western-blots of whole protein lysates from rat brain (lanes b) and from human platelets (lanes
p) revealed with specific antibodies against Dp71d, Dp71f, Dp71A110" and Dp71Ai110°. Proteins
detected with Dys2 and H4 were identified as Dp71d isoforms (76 kDa). Dp71f isoform (76 kDa)
was revealed by 2401 antibody. nDp71 antibody detected all Dp71 isoforms: Dp71d and Dp71f of
76 kDa, Dp71A110" and Dp71A110° of 55 kDa. C, platelet cell extract incubated with the HRP-
secondary antibody. B. Resting platelets in suspension (inserts) and adhered on glass were
analysed by confocal microscopy after processing for double labelling using FITC-phalloidin to
detect actin filaments and Dys2 antibody followed by a secondary antibody-TRITC to detect
Dp71d/Dp71A110". Merge of the respective images is shown. Control consisted in the incubation
with the TRICT-secondary antibody only. Granulomere area (triangle); front advance of the
lamellipodia (arrowhead); filaments bundles (arrows in Dp71d/Dp71A110™); filopodia (arrows in
Actin). Scale bar =2 um.
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The H4 antibody revealed a band of 55 kDa that was more
intense in platelets than in rat brain. The 55 kDa probably
corresponds to Dp71A110™, which is produced by alternative splicing
of exons 71-74 (29,38). Furthermore, the 2401 pAb raised against
the founder sequence, revealed two bands of 76 and 55 kDa in both
rat brain and platelets. These two bands identified as Dp71f and
Dp71A110° respectively, demonstrate the existence of Dp71f in
platelets and confirm the presence of Dp71A110® (28). The nDp71
mADb detected in both platelet and brain samples, a band of 76 kDa
that might correspond to Dp71d and Dp71f, and one band of 55 kDa
corresponding to Dp71A110™ and Dp71A110% (28), thus confirming the
results obtained with the Dys2, H4 and 2401 antibodies. An
unidentified protein of 97 kDa was observed using the H4, 2401 and
nDp71 antibodies. In negative controls no signal was detected (only
shown for platelets as C). Together, these data demonstrate, for the
first time, the presence of both Dp71d and Dp71f in human platelets.
Dp71A110" and Dp71A110° isoforms have been previously reported in
cytoskeletal fractions of suspended platelets activated by thrombin
(28). However, their distribution during the adhesion process was not
investigated. Distribution of Dp71d and Dp71A110™ was studied in
relation to the actin cytoskeleton in both suspended and adherent
platelets using the Dys2 mAb. Because Dys2 recognises an epitope
preserved at the C terminus of both Dp71d and Dp71A;10™ isoforms,
their distribution is here referred to as Dp71d/Dp71A110™ (Figure 1B).
In suspended platelets, actin filaments and Dp71d/Dp71A110™
showed a similar distribution as scarce cytoplasm aggregates that
clearly co-localised (Figure 1B, inserts). The negative control did not
show any signal (Figure 1B, control). An additional control of
specificity consisted in the immunoabsorption of the Dys2 mAb on
Dp71d/Dp71A110™ eluted from the respective SDS-PAGE band: the
remaining supernatant did not stain platelets, indicating the
specificity of the antibody (data not shown).

Platelet adhesion to glass is a non-synchronous process,
therefore, platelets can be observed at different adhesion stages
(35) such as pseudopodial platelets characterised by filopodia
extended over the substrate or lamellipodial platelets with a full
spread membrane.

In platelets presenting filopodia, actin was concentrated in the
cytoplasm and in filopodia (Figure 1B, actin, arrowhead) while in
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Table 2. Summary of distribution of Dp71d/Dp71A;10", Up400/Up71 and DAPs

relative to actin in adhered platelets.

10

Platelet Structures
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remained in the granulomere zone in platelets with disperse granules.

(+), co-localisation; (-); not co-localisation; CR, contractile ring; Molecules
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lamellipodial platelets, actin filaments formed a contractile ring and
showed a radial distribution towards the lamellipodia edge (Figure
1B actin, arrows). The hollow central zone is explained by a
centrifugal dispersion of the granulomere contents and of actin
filaments (Figure 1B actin, triangle). The granulomere is a structure
constituted by secretory granules embedded within the OCS.
Dp71d/Dp71A110" was found in filopodial and lamellipodial platelets,
co-localising with actin filaments in filopodia, granulomere and
lamellipodia  following a patched pattern (Figure 1B,
Dp71d/Dp71A110", arrowhead). This suggests a discontinuous
anchorage of the actin cytoskeleton to the plasma membrane.
Interestingly, a subtle difference of distribution was observed for
dystrophins Dp71d/Dp71A11", which remained inside the
granulomere even after centrifugal dispersion (Figure 1B
Dp71d/Dp71A110™, triangle; Table 2 and 3).

Table 3. Proposed roles for the DAPC corresponding to Dp71d/Dp71A.10"
Up400/Up71in adhered human platelets.

11

Proposed rolein:
Dystrophin-
associated Shape and Granule Aggregation
complex volume Adhesion dispersion
changes
Dp71d/Dp71A, + + - +
10m
Up400/Up71 + + - +

Based on data from Figures 4, 5 and Table 2. In accordance with the localisation
of each DAPC in actin structures (Figure 4 and Table 2).
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2. Utrophins are present in human platelets and co-localise with
actin filaments during adhesion.

The presence of utrophin Up400 was previously reported in
human platelets but its localisation in relation with the actin
cytoskeleton was not investigated. To identify protein products of the
utrophin gene, platelets (p) and brain extracts (b) were analysed by
immunoblot with the K7 pAb (Figure 2A, Table 1). In platelet
extracts, two major bands of 400 kDa and 76 kDa were detected,
corresponding to Up400 (27) and Up71, respectively (Figure 2A, p).

Figure 2

4
kDa b

Actin Up4OOIUp?1 Merged Control

Figure 2. Detection and topographical distribution of utrophins in human platelets.

A. Whole protein lysates from rat brain (lane b) and from human platelets (lane p) were
comparatively analysed by immunoblot using the K7 antibody against utrophins (Up400, Up140
and Up71). Control consisted in the incubation with the HRP-secondary antibody only. B.
Confocal microscopy analysis of resting platelets in suspension (inserts) and platelets adhered
on glass after double labelling with FITC-phalloidin for actin filaments (Actin) and the K7 antibody
followed by a secondary antibody-TRITC to detect utrophins (Up400/Up71). Merge of the
respective pairs of images is shown. Control consisted in the incubation with the TRICT-
secondary antibody only. Granulomere area (triangle), filopodia (arrow). Scale bar = 2 um.

12
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In contrast, in brain extracts, Up71 was not detected and the
band corresponding to Up400 was less intense (Figure 2A, b). In
platelet extracts, a band of 160 kDa (faintly seen in brain extracts)
was clearly identified (Figure 2A,p). This band could correspond to a
degradation product of Up400 (27). It could also indicate the
presence of Upl40, an isoform of Up400, whose transcripts were
identified in brain and in other tissues (31) (Fig 2A,p). These results
were confirmed using other anti-utrophin antibody (H5A3, data not
shown).

Distribution of Up400 and of Up71, as detected with the K7
pAb, was characterised in relation to the actin cytoskeleton by
confocal microscopy (Figure 2B). In suspended platelets, actin
filaments and utrophin products presented a homogeneous
distribution within the cytoplasm with just a very limited co-
localisation (Figure 2B, inserts).

In adhered platelets, utrophins were mainly distributed in the
granulomere, the contractile ring, filopodia, but scarcely at the
plasma membrane (Figure 2B, Up400/Up71). Utrophin products and
actin co-localised in filopodia (arrow), the contractile ring and the
granulomere with and without aggregated granules (triangle) (Figure
2B, merged), summarised in Table. Together, these results show, for
the first time, that Up71 and probably Upl40 are expressed in
human platelets. They also suggest that Up400/Up71 participate
with actin filaments, to the formation of filopodia, the organisation of
the granulomere and to a lesser extent, in the association of the
cytoskeleton to the plasma membrane.

3. a and B Dystrobrevin isoforms are present in human platelets
and together with other DAPs, co-localise with actin filaments
during adhesion.

Knowledge of DAPs in human platelets is limited: a-syntrophin
and B-dystroglycan were detected in whole platelet extracts by
immunoblot (20) while dystrobrevins failed to be detected (7). Their
distribution in resting or in adhered platelets remains unexplored.

Using a pan-dystrobrevin pAb, which recognises all
dystrobrevin isoforms, two main bands of 84 kDa and 55 kDa were
detected in both platelet (p) and brain (b) extracts, corresponding to
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Figure 3. Identification and topographical distribution of B-dystroglycan, a-syntrophin,
and dystrobrevins in human platelets.

A. Whole protein lysates from rat brain (lanes b) and human platelets (lanes p) were
comparatively analysed by immunoblot. Blots were immunostained with antibodies against (-
dystroglycan (JAF), a-syntrophin (P6), Pan-dystrobrevin (Pan-Db) and a-dystrobrevins (a-Db).
DAPs were identified by their Mr: 43 kDa for B-dystroglycan, 54 kDa for a-syntrophin, 84 kDa for
a-Db-1 and 55 kDa for a-Db-2. Expression of 3-Db (65 kDa) was only detected in brain extract.
C, control of platelet extract incubated with the HRP-secondary antibody only.

B. Schematic representation of human o and B dystrobrevin cDNA. The primers used for
the analysis of dystrobrevin cDNAs are localised above the schematic cDNA, as well as the size
of the expected cDNA fragment. The primers UDb (100/27) and a-Db (1932/56) were expected
to generate a cDNA fragment of 954 bp for o dystrobrevin whereas the primers UDb (1027/51)
and B-Db (1542/66) were expected to generate a fragment of 538 bp. Underneath the schematic
cDNA are represented the peptide sequences recognised by the antibodies used in this study:
The panDb (D Mornet, DM) recognised peptides 281-253 of both o and B dystrobrevin. The o-Db
(Transduction Laboratories, TM) recognised specifically the peptide 251-480 of a-dystrobrevin.

C. Identification of o and B dystrobrevins transcripts in human platelets. The primers used for
PCR reactions flanked codons that code for epitopes recognised by the dystrobrevin antibody
from Transduction laboratories (TL), and by the Pan-Db produced by D. Mornet (Table 1). The
main RT-PCR products are indicated with arrows for platelets and brain samples. C, controls
without cDNA.

D. Confocal microscopy of resting platelets in suspension (inserts) and platelets adhered on
glass processed for double labelling using FITC-phalloidin for actin filaments (Actin) and
antibodies against B-dystroglycan, a-syntrophin and a-dystrobrevins, revealed with secondary
antibodies-TRITC (DAP). Merges of the respective pairs of images are shown. Resting
suspended platelets are shown in the inserts. Controls consisted in the incubation with the
TRICT-secondary antibody only. Granulomere (triangle); plasma membrane patches
(arrowhead); tips of filopodia (arrow). Scale bar = 2 pm.

a-dystrobrevin-1 and a-dystrobrevin-2 respectively. An additional
band of 65 kDa corresponding to B-dystrobrevin was also detected in
both platelets and brain (Figure 3A, Pan-Db). Presence of the two a-
dystrobrevin isoforms of 84 and 55 kDa was further confirmed using
the a-Db pAb, (Figure 3A, a-Db). An anti-dystrobrevin mAb from
Transduction Laboratories that had been previously reported as
negative (27) was also assayed but failed to detect anything (data
not shown).

Presence of pB-dystroglycan (43 kDa) and of a-syntrophin (54
kDa), both previously reported in platelets extracts (27), was
confirmed in brain (b) and in platelets (p) samples using the JAF anti
B-dystroglycan pAb and the P6 anti-a-syntrophin pAb (Figure 3A).

In order to confirm the presence of a and B-dystrobrevins in human
platelets, RT-PCR was performed on human platelets using specific

15
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Figure 4. Topographical distribution of DAPs regarding Dp71 isoforms and
utrophin gene products in human adhered platelets.

A. Platelets adhered on glass were stained for Dp71d/Dp71A.:," using the Dys2
antibody and a secondary antibody-FITC (Dp71d/Dp71A.0" ), and co-stained with
antibodies against B-dystroglycan (JAF pAb), a-syntrophin (P6 pAb), a-dystrobrevins
(a-Db pAb) (DAPS), all revealed with a secondary antibody-TRITC. B. Platelets
adhered on glass were stained for Up400/Up71 using the K7 antibody and a secondary
antibody-FITC (Up400/Up71), and co-stained with antibodies against pB-dystroglycan
(JAF pAbD), a-syntrophin (P6 pAb), a-dystrobrevins (a-Db pAb) (DAPS), all revealed
with a secondary antibody-TRITC. The control with TRICT-secondary antibody was
negative (not shown). Plasma membrane patches (arrowheads), filopodia (arrows),
granulomere and contractile ring (triangles). Scale bar = 2 um.

1duasnuew Joyine vH

primers for mRNAs encoding o and B—dystrobrevins. The primers
used for PCR reactions flanked codons that code for epitopes
recognised by the dystrobrevin antibody from Transduction
laboratories (TL), and by the Pan-Db produced by D. Mornet (Table
1) as shown in Fig. 3B and C. The main RT-PCR products from
platelets were about 700 bp for a-dystrobrevin and 500 bp for B-
dystrobrevin (Figure 3C, platelet, a-Db and B-Db, arrows). Products
of about 1100, 400, 350 and 250 bp and about 1500, 850, 300 and
150 bp were also obtained for a-dystrobrevin and p-dystrobrevin,
respectively (Figure 3C, platelet, a-Db and p-Db, arrows), suggesting
a complex alternative splicing pattern of dystrobrevin mRNA in
platelets. In brain samples, as previously reported (39), the major
products detected were at about 800 and 500 bp (Figure 3D, Brain,
o-Db and B-Db).
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Together, these results show, for the first time, that o-
dystrobrevin-1 and o-dystrobrevin-2 and B-dystrobrevin are
expressed in human platelets.

Distribution of DAPs was investigated in relation to the actin
cytoskeleton in both suspended platelets and in platelets adhered on
glass (Figure 3D). In resting suspended platelets, B-dystroglycan
presented diffuse staining in the cytoplasm and a granular pattern
associated with the plasma membrane. Co-localisation with actin
filaments was detected only within the cytoplasm (Figure 3D, B-
dystroglycan, arrowhead in insert, merged). a-syntrophin and actin
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filaments co-localised within the cytoplasm and presented a
homogeneous distribution (Figure 3D, a-syntrophin, inserts).
Although a-dystrobrevins and actin filaments had a similar
distribution within the cytoplasm they did not co-localise (Figure 3D,
a-dystrobrevin, insert).

In adhered platelets, B-dystroglycan co-localised with actin
filaments at the tips of filopodia in pseudopodial platelets, (Figure
3D, B-dystroglycan, arrow), while in full spread platelets, they co-
localised in the contractile ring, cytoplasm and lamellipodia
membrane (Figure 3D, B-dystroglycan, arrowheads). Actin filaments
and p-dystroglycan were both contained at the granulomere.
However, B-dystroglycan staining decreased after dispersion of the
granulomere (Figure 3D, p-dystroglycan, triangles). In contrast, o-
syntrophin was abundant in granulomeres with or without centralised
actin filaments (Figure 3D, a-syntrophin, triangles). a-syntrophin also
co-localised with actin filaments as patches associated with the
platelet membrane (Figure 3D, a-syntrophin, arrowheads). o-
dystrobrevins were observed at the granulomere of all adhesion
stages, even in granulomeres with dispersed actin filaments (Figure
3D, a-dystrobrevin, triangles). Scarce aggregates of a-dystrobrevins
were observed at the plasma membrane and within the cytoplasm
(Figure 3D, a-dystrobrevin). Co-localisation of a-dystrobrevin with
actin filaments occurs mainly at the granulomere containing
centralised actin (arrowhead) and was limited at the plasma
membrane (Figure 3D, a-dystrobrevin, merged, Table 2).

4. Both dystrophins and utrophins co-localise in human
platelets and their distribution varies during adhesion.

To investigate the formation of both Dp71d/Dp71A110"~DAPC
and Up400/Up71~DAPC during the adhesion process, co-
localisations between Dp71d/ Dp71A110" or between Up400/Up71
and dystrophin associated-proteins, were analysed by confocal
microscopy. In full extended platelets, Dp71d/Dp71A110" co-localised
with B-dystroglycan, a-syntrophin and a-dystrobrevins (Figure 4A) in
filopodia (arrows), the granulomere, the cytoplasm and at the plasma
membrane. Noticeably, at the plasma membrane, the label was
distributed as aggregates (arrowheads) which were more discrete for
a-syntrophin. Dp71d/Dp71A110™ and the three DAPs remained inside
the granulomere regardless of the presence of granules or not
(Figure 4A).
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A perfect co-localisation of Up400/Up71 with B-dystroglycan,
and with a-dystrobrevins was observed in pseudopodial platelets.
Co-localisation was less obvious for a-syntrophin (Figure 4B). In fully
extended platelets, all DAPs co-localised with Up400/Up71 mainly at
the centralised granulomere, but also in contractile rings when cells
contained dispersed granules (Figure 4B, triangles). At the plasma
membrane, Up400/Up71~DAPC showed a patched pattern similar to
Dp71d/Dp71A110™~DAPC. Altogether, these results suggest the
presence of different DAPC of Dp71d/Dp71A110™ and Up400/Up71
with a distribution that would vary during the different steps of
platelet adhesion (Table 2).

5. Short dystrophins and utrophins form molecular complexes
with DAPs and/or with actin in human platelets.

The existence of molecular associations between actin and
Dp71d/Dp71A110™ and/or utrophins was investigated by
immunoprecipitation from extracts of resting suspended platelets
and of platelets adhered on glass, using anti-actin, the Dys2
antibody against Dp71d/Dp71A110" and the K7 antibody against
Up400/Up71 (indicated as IP on Figure 5). Co-immunoprecipitated
proteins were analysed by immunoblots using antibodies against
actin, DAPs, Dp71d/ Dp71A110™ and utrophins.

The immunoprecipitation of actin from suspended platelets
and from platelets adhered on glass, pulled down p-dystroglycan, o-
syntrophin and Dp71d/Dp71A110™ (Figure 5, Actin Ip, Susp; Adh). In
contrast, the immunoprecipitation pattern of both dystrobrevin and
utrophin varied in both types of platelets. In suspended cells, a-
dystrobrevin-1 (84 kDa) and Up400 (400 kDa) were more intensely
detected in the immunoprecipitates than a-dystrobrevin-2 (55 kDa)
and Up71 (71 kDa), while in adhered cells, a-dystrobrevin-2 and
Up71 were more easily detected in the immunoprecipitates (Figure
5, actin, Ip).
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Figure 5. Co-precipitation of actin, Dp71d/Dp71A110", and utrophin gene products with

DAPs.

Immunoprecipitations were performed from human platelet extracts of suspended (Susp) and
adhered platelets (Adh) with anti-actin, anti-Dp71d/Dp71A110™
Proteins from total extracts (E) and immunoprecipitates (Ip) were analysed by immunoblot using
antibodies against actin, p-dystroglycan, a-syntrophin, a-dystrobrevins, Dp71d/ Dp71A11" and
utrophins. Controls incubation with the HRP-secondary antibody were negative, except for the
detection of the immunoglobulin heavy chain.

or anti-utrophin antibodies (IP).
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When immunoprecipitations of Dp71d/Dp71A110" were
performed using the Dys2 antibody, B-dystroglycan, a-syntrophin, o-
dystrobrevin-1, -2 and actin were co-immunoprecipitated from
suspended cells (Figure 5, Dp71d/Dp71A110", Ip, Susp), while in
adhered platelets (Figure 5, Dp71d/Dp71A110", Ip, Adh), Dp71A110"
(55 kDa band) was the main isoform associated with the three
analysed DAPs. Actin was also faintly detected.

When Up400/Up71 were immunoprecipitated using the K7
antibody, a-syntrophin, a-dystrobrevin-2 and actin were also
detected in the immunoprecipitates from suspended platelets (Figure
5, Up400/Up71, Ip, Susp), while in adhered platelets, Up71 mainly
immunoprecipitated  with  B-dystroglycan,  a-syntrophin, o-
dystrobrevin-2 and to a lesser extent, with actin (Figure 5,
Up400/Up71, Ip, Adh).

These results thus show the existence of two protein
complexes formed by Dp71d/Dp71A110" or Up400/Up71 associated
with the DAPs in suspended platelets while in adhered platelets,
these complexes are mainly formed by the association of DAPs with
Dp71A110" or Up71. These results might suggest a stepwise
interaction of these complexes with the actin cytoskeleton in
suspended platelets and in platelets adhered on glass.

6. Dp71 and DAPs are restricted to the cytoplasm and to the
granulomere maintaining their association with actin in
platelets stimulated for adhesion to thrombin.

A previous biochemical study showed that in platelets
activated by thrombin, Up400 and Dp71A:10" are found in the
cytoskeleton insoluble fraction of platelet extracts (27,28). In order to
determine if association of both Dp71 isoforms and DAPs to actin
filaments would be modified upon platelet activation by thrombin,
platelets were settled onto thrombin-coated surfaces and the
distribution of DAPC  components (Dp71d/Dp71A110™, B-
dystroglycan, a-syntrophin and a-dystrobrevins) and actin filaments
was evaluated by confocal microscopy (Figure 6).
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Figure 6. Topographical distribution of Dp71 and DAPs regarding actin cytoskeleton on
thrombin-coated-surfaces.

Confocal microscopy of platelets adhered on glass coated with thrombin were processed for
double labelling using FITC-phalloidin for actin filaments (Actin) and antibodies against Dp71
isoforms, B-dystroglycan, a-syntrophin and a-dystrobrevins, revealed with secondary antibodies-
TRITC. Merges of the respective pairs of images are shown. Lamellipodia (arrowhead); tips of
filopodia (arrow). Scale bar = 2 pm.

In contrast to the results described in Figure 1 for glass-
adhered platelets, platelets activated by thrombin induced
predominantly the formation of filopodial shapes (Figure 6). Actin
filaments were found aggregated in the granulomere zone, and
forming numerous filopodia (Figure 6, Actin, arrows) with just limited
lamellipodia (arrowheads).

Dp71d/Dp71A110" co-localised with actin filaments in the
granulomere, and as a punctuated pattern at the plasma membrane
(Figure 6, Dp71d/Dp71A110", merged). In addition, actin was found
distributed within the filopodia. B-dystroglycan was found as
aggregates in the cytoplasm and in the granulomere,
homogeneously distributed in filopodia and decorating the plasma
membrane in a patched pattern (Figure 6, B-dystroglycan). Co-
localisation with actin occurred in all the structures mentioned above
(Figure 6, B-dystroglycan, merged). a-syntrophin was predominantly
observed at the granulomere, co-localising with actin filaments
(Figure 6, a-syntrophin). a-dystrobrevins showed a patched pattern
dispersed in the cytoplasm, the filopodia and the granulomere
(Figure 6, a-dystrobrevin), and co-localised with actin at the center of
the platelet (Figure 6, a-dystrobrevin, merged).

Presence and distribution of Dp71d/Dp71A110"~DAPC in
human platelets adhered to the thrombin-covered-surface were
studied by double staining, using the Dys2 mAb (FITC label) and
antibodies against DAPs (TRITC label). Dp71d/Dp71A110™ isoforms
(Figure 7, Dp71d/Dp71A110™) and DAPs (Figure 7, DAP) showed a
distribution pattern similar to platelets adhered on glass: most of the
labeling was found concentrated within the cytoplasm and at the
granulomere zone coinciding with the actin contractile ring, but also
at the plasma membrane. All DAPs co-localised with
Dp71d/Dp71A110" in a patched pattern decorating the plasma
membrane, filopodia (arrows) and the granulomere (Figure 7,
merged).
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Figure 7
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Figure 7. Topographical distribution of DAPs regarding Dp71 isoforms in human
thrombin-coated adhered platelets.

Platelets adhered on thrombin-coated glass were stained for Dp71d/Dp71A110™ using the
Dys2 antibody and a secondary antibody-FITC and co-stained with antibodies against B-
dystroglycan (JAF pAb), a-syntrophin (P6 pAb), a-dystrobrevins (a-Db pAb) (DAPS) all
revealed with a secondary antibody-TRITC. Filopodia (arrows). Scale bar = 2 pm.

Together, these results indicate that, in platelets activated for
adhesion by thrombin, formation of Dp71d/Dp71A110"~DAPC
occurs. Such DAPC are mainly distributed in dynamic structures
such as filopodia, the contractile ring and the granulomere, all
structures which are directly involved in changes of platelet shape
and re-organisation of the cytoskeleton, correlating with the
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expansion and secretion of secretory granules and with platelet
adhesion through filopodial structures.

Discussion

In the present study, we characterised the complete pattern of
Dp71 isoforms, utrophin gene products and DAPs in human
platelets. New isoforms were here described, 1) Dp71d and Dp71f
for short dystrophins, 2) Up71 for utrophins, 3) a-dystrobrevin-1, a-
dystrobrevin-2 and p-dystrobrevin for DAPs. Two DAPCs
corresponding to Dp71d/Dp71A110"~DAPC and Up400/Up71~DAPC
were characterised in relation to the distribution of actin cytoskeleton
during platelet adhesion (Table 2). The role of the Dp71d/Dp71A110™
protein during adhesion was confirmed in platelets activated for
adhesion by thrombin.

Successful identification of both o and 8 dystrobrevins in
human platelets was possible using both the Pan-Db pAb (Table 1)
that recognises common epitopes of o and 3 dystrobrevins (aa 283-
292) and the a Db antibody (DM) against a specific epitope of the a
isoform (aa 733-743) (39). Lack of dystrobrevin recognition
previously reported using the anti-dystrobrevin Ab from T-L (28)
could be explained by the localisation of the epitope recognised
within a high alternative splicing region of the dystrobrevin pre-
MRNA sequence (aa 251-480). Demonstration in our study of
several a and p—dystrobrevins mRNAs confirmed the expression of
different dystrobrevin protein products in human platelets and is in
agreement with high splicing reported to occur in the gene region
between 251-975 bp (40).

The association of Dp71d/Dp71A110" and Up400/Up71 with
actin filaments in suspended platelets as well as in adherent
platelets, suggests their participation probably through actin-binding
proteins (9) (summarised in Table 2) in the internal organisation of
the cytoplasmic components not only in the resting suspended state
but also in adherent or thrombin activated platelets. Interestingly,
association of Dp71d/Dp71A110"~DAPC or Up400/Up71~DAPC with
actin was better observed in resting than in adherent platelets. In
suspended discoid platelets, co-localisation of Dp71d/Dp71A110™ and
Up400/Up71 with actin filaments might involve the formation of a
scaffold strong enough to keep the OCS, granules and cytoskeleton
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compacted within the small platelet volume, thus preventing the
spontaneous secretion of thrombogenic substances, as recently
suggested for actin filaments found surrounding the granules (13). In
glass adhered or thrombin activated platelets, Dp71d/Dp71A110"
showed a patched pattern in contrast to the homogeneous
distribution of Up400/Up71 at the plasma membrane, suggesting
that Dp71d/Dp71A110" would participate in the organisation of an
actin-based cortical cytoskeleton. Co-localisation of both
Dp71d/Dp71A110™ and Up400/Up71 with actin filaments in structures
such as filopodia, lamellipodia, granulomere and the actin contractile
ring suggests their participation in the organisation of the dynamic
structures specialised in adhesion.

Association of both Up400 and Dp71A;10" with the actin
cytoskeleton was initially suggested based on their detection in
insoluble fractions of cytoskeleton from thrombin activated platelets
(27,28). This study now demonstrates this association and also
shows the presence of DAPC containing proteins such as f-
dystroglycan, a-syntrophin and dystrobrevins.

Binding of both Dp71d/Dp71A110™ and Up400/Up71 to actin
has been described to occur through their N-terminus (32, 41) or
indirectly, through associated molecules such as p-dystroglycan
(42). In addition, Up400/Up71 can bind actin in the contractile ring
through dystrobrevin, whose association with myosin was
demonstrated in human promyelocytic leukemia cells (43). Since
localisation of Dp71d/Dp71A110™ and Up400/Up71 coincides in most
actin-based-structures in adherent platelets (Table 2), they could
function in a complementary way in the organisation of the
cytoskeleton during motile processes as proposed in other models
(44, 45).

Abundance of utrophins, a-syntrophin and dystrobrevins at
the granulomere, could suggest their participation in the organisation
and expansion of the OCS as well as in the exocytosis of granules
during platelet adhesion or interaction with thrombin. The co-
localised patched pattern at the plasma membrane of
Dp71d/Dp71A110™ with a-syntrophin suggests that they could
participate in the recruitment of platelet signalling proteins such as
tyrosine kinase receptors, and ion channels as has been suggested
in different models (44,46,47).
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In conclusion, both the Dp71d/Dp71A1:0"~DAPC or
Up400/Up71~DAPC participate with the actin cytoskeleton in the
formation of membrane scaffolds probably involved in defining
platelet shape, in substrate adhesion and in motile processes
including OCS expansion and granule migration (Table 3). They may
also participate in the signalling triggered by the adhesion to glass
and by the interaction with agonists such as thrombin.

Platelet abnormalities or deficiencies in coagulation have not
been observed in patients with Duchenne Muscular Dystrophy
(DMD), however a bleeding tendency has been reported during
highly invasive surgical procedures such as spinal surgery (48) and
tracheotomy (49). A recent report associated the bleeding in invasive
surgeries with an impaired vessel reactivity but not with a deficiency
in the platelet functions (50). The maintenance of the haemostatic
role of platelets in absence of dystrophins in DMD patients could be
attributed to a feasible compensatory role of Up400/Up71~DAPC.
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