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Genetic deletion of mouse platelet glycoprotein Ib@ produces a Bernard-Soulier
phenotype with increased a-granule size

Kazunobu Kato, Constantino Martinez, Susan Russell, Paquita Nurden, Alan Nurden, Steven Fiering, and Jerry Ware

Here we report the characterization of a
mouse model of the Bernard-Soulier syn-
drome generated by atargeted disruption
of the gene encoding the glycoprotein
(GP) Ibp subunit of the GP Ib-IX complex.
Similar to a Bernard-Soulier model gener-
ated by disruption of the mouse GP Iba
subunit, GP IbgNY mice display macro-
thrombocytopenia and a severe bleeding
phenotype. When examined by transmis-
sion electron microscopy, the large plate-
lets produced by a GP IbpN'! genotype
revealed a-granules with increased size

as compared with the a-granules from
control mouse platelets. Data are pre-
sented linking the overexpression of a
septin protein, SEPTS5, to the presence of
larger a-granules in the GP IbpNu! plate-
let. The SEPT5 gene resides approxi-
mately 250 nucleotides 5’ to the GP Ibp
gene and has been associated with modu-
lating exocytosis from neurons and plate-
lets as part of a presynaptic protein com-
plex. Fusion mRNA transcripts presentin
megakaryocytes can contain both the
SEPT5 and GP Ibp coding sequences as a

result in an imperfect polyadenylation
signal within the 3’ end of both the human
and mouse SEPT5 genes. We observed a
2- to 3-fold increase in SEPT5 protein
levels in platelets from GP IbpNY!' mice.
These results implicate SEPT5 levels in
the maintenance of normal a-granule size
and may explain the variant granules as-
sociated with human GP Ibg mutations
and the Bernard-Soulier syndrome.
(Blood. 2004;104:2339-2344)
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Introduction

The Bernard-Soulier syndrome is a rare autosomal recessive
disease resulting from mutations in any one of the 3 subunits
comprising the platelet membrane receptor complex, glycoprotein
(GP) 1b-1X.3 The diagnostic features of the syndrome are a
moderately reduced platelet count, visible giant platelets in periph-
eral blood smears, and an absent surface-expressed GP |b-1X-V
receptor. The presence or absence of a GP Ib-1X-V complex can be
directly evaluated by flow cytometry and confirmed by the absence
of ristocetin-induced platelet agglutination in platelet-rich plasma.
A large number of mutations have been described producing the
Bernard-Soulier phenotype, and what is readily apparent is the
heterogeneous nature of the mutations within either of the 3 genes
encoding the GP Ib-IX complex: GP Iba, GP Ibg, or GP X3
However, mutations within the gene encoding the GP V subunit do
not produce the Bernard-Soulier phenotype.*®

A mouse model of the Bernard-Soulier syndrome has been
described and was generated by the ablation of the GP Iba
subunit.® In this case, the most salient features of the human
syndrome were all recapitulated by the mouse counterpart.
Moreover, the phenotype was rescued by the expression of a
transgene encoding human GP Iba.® These results established
proof that the absence of GP Iba could directly produce the
macrothrombocytopenic phenotype of the Bernard-Soulier syn-
drome. Detailed transmission el ectron microscopy of megakaryo-
cytes and platelets from GP IbaNU!! animal s revealed a reduction
in cytoplasmic membrane content and suggested that normal

megakaryocytopoiesis in the mouse is directly impacted by the
presence of a GP Ib-1X complex.”

Here, we report the generation and characterization of a germ
line knockout of the “other” subunit of GP Ib, GP Ibf. Similar to
their GP IbaNU!' counterparts, the animals display a severe bleeding
phenotype and macrothrombocytopenia. However, transmission
electron microscopy revealed the presence of increased granule
sizein platelets from GP |baNU! animals. Indeed, one report on the
molecular basis of the human Bernard-Soulier syndrome haslinked
abnormal platelet a-granules to a mutation in the human GP 1bg
gene.® This description remains the single report that documents
platelet ultrastructure in a patient with a mutation in their GP 1bg3
gene. Data will be presented and discussed linking the expression
of platelet GP IbB to a nearby septin gene, SEPT5, implicated in
exocytosisfrom platelets and neurons. Theresults suggest arolefor
the platelet septin, SEPT5, in the maintenance of granule morphol-
ogy, and the implications for SEPT5 function are discussed.

Materials and methods

Isolation of the mouse GP Ibd gene and construction of
the targeting vector

A search of the high-throughput genomic sequence database using the
mouse GP Ibp cDNA sequence® identified a mouse clone (GenBank
accession no. AC003067) containing 2 GP IbB exon sequences (Figure 1A).
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Figure 1. GP IbB gene structure and targeted disruption. (A) The mouse GP IbB gene is schematically presented as it spans a portion of GenBank accession no. AC008019.
The GP Ibg gene is adjacent to a second gene, SEPT5, whose exon arrangement is shown as open boxes. The GP IbB gene is composed of 2 exons (boxes | and I1), with most
of the coding sequence present in exon 2 (black box). E indicates EcoRlI; H, Hindlll; X, Xhol; and B, BamHI. (B) The structure of a targeting vector to disrupt the GP b3 gene is
shown directly under the corresponding genomic region depicted in panel A. The pBS/KS- vector is shown as a dashed line. N indicates Notl. (C) Successful homologous
recombination in mouse embryonic stem (ES) cells results in the replacement of an 18-kb EcoRlI restriction fragment with a 12-kb EcoRI fragment and the structure of a
targeted allele is shown. The position of a radiolabeled probe used to identify clones with homologous recombination is shown. (D) Southern blot analysis of 2 clones (16655
and 182ES) with the altered EcoRl restriction fragment pattern and 2 clones (32 and 28S) with the 2 copies of a wild-type allele. (E) Germ line transmission of 166FS cells was
obtained producing GP IbgHet mice. The breeding of GP IbgHet mice produced the expected 3 genotypes and shown is a representative Southern blot of Hindlll-restricted DNA
revealing the wild-type GP Ibp gene (5.6 kb) and the targeted allele (6.6 kb) present in each respective genotype.

The exon/intron arrangement for the mouse GP I1bg gene is similar to the
arrangement of the human GP IbB gene and contains the adjacent gene,
SEPTS (previously designated as CDCrel-1 and PNUTL1), immediately 5'
to the transcription start site of the GP 1bg gene. 1014

To generate a targeting vector to ablate GP 1bB expression, a 4.4-kb
Hindll1/Xhol restriction fragment spanning exon 1 was subcloned into
pBS/KS- (Figure 1A). The new plasmid was further modified to add a
neomycin-resistance (neo") cassette at the Xhol restriction site and generate
a single plasmid containing the 5" flanking arm and neo" cassette (Figure
1B). A separate plasmid was generated to create the 3" arm of the targeting
vector corresponding to a 5.4-kb BamHI/EcoRI restriction fragment
spanning the 3’ end of exon 2 of GP IbB (Figure 1A). Then, utilizing a
unique Ascl restriction site found 3’ to the neomycin cassette and a unique
Ascl restriction site 5 to the BamH| restriction siteinthe 3" arm, the 5" arm,
neo’ cassette, and 3" arm were ligated together as depicted in Figure 1B. The
targeting vector contains only thefirst 3 GP I1bg codons of exon 1 and lacks
all of theremaining GP 1bg codons found in exon 2.

Generation of a platelet GP Ibg\u" animal

Thetargeting vector was linearized with Notl and electroporated into DS2A
embryonic stem (ES) cells. Transfected cells were selected for geneticin
(G418) resistance and approximately 180 clones were expanded for
analysis by Southern blotting. All probeswere labeled by [32P]dATPusing a
Prime-1t 11 Random Primer Labeling kit (Stratagene, La Jolla, CA). Probe D
was a 940-base pair (bp) Dralll/BsrBI restriction fragment 5’ to the
targeting vector (Figure 1C). Of the 180 different ES colonies, 5 revealed a
Southern blot pattern consistent with the predicted changeinaGP1bg alele
(Figure 1C-D). Confirmation of the altered aleles was performed with
Southern blot analysis of Hindlll-digested genomic DNA probed with a
labeled Hindlll/Xhol restriction fragment (Figure 1C, probe E). Two
transformed ES cell lines (182FS and 166%S) were chosen for injection into
blastocysts and implantation into pseudopregnant females. Chimeras from
both cell lines demonstrated germ line transmission and altered GP |b3
alleles. Mice containing heterozygous GPIbg loci (GP1bpHe) werebred [GP
IbaHet X GP IbpHe] and DNA analysis of the resultant offspring
revealed all 3 expected GP Ibg genotypes: wild-type (GP IbgWT),
heterozygous (GP IbpHe), and homozygous-deficient (GP IbgNu')
animals (Figure 1E).

Bleeding time assays

Mouse tail bleeding times were determined as previously described.
Briefly, a 1- to 3-mm portion of distal tail was removed, and the tail was
immersed in isotonic saline (37°C). A complete cession of blood flow was

defined as the bleeding time. When bleeding time exceeded 10 minutes,
measurements were stopped by cauterization of thetails.

Flow cytometry

Whole blood was isolated from anesthesized mice from the retroorbital
plexus.’ Blood was collected in heparin-coated microhematocrit capillaries
(Fisher Scientific, Pittsburgh, PA), and transferred to tubes with heparin at a
final concentration of 30 U/mL (Sigma, St Louis, MO). Whole blood (2 L)
was mixed with 18 pL modified Tyrode buffer (5 mM HEPES [N-2-
hydroxyethyl piperazine-N’-2-ethanesulfonic acid], pH 6.5; 137 mM NaCl,
2.7 mM KCl, 0.4 mM NaH,PO,, 2.8 mM dextrose) containing 1% bovine
serum albumin. A quantity of 5 pL phycoerythrin (PE)-abeled rat
antimouse GP |ba monoclonal antibody (Xia.G5, M040-2; Emfret Analyt-
ics, Wurzburg, Germany) or PE-labeled rat antimouse GPIbll1a (CD41/61)
monoclonal antibody (Leo.D2, M020-2; Emfret Analytics) was then added,
and the mixture was gently agitated and incubated for 15 minutes at room
temperature. Phosphate-buffered saline (PBS; 400 L) was added to each
sample mixture immediately before the flow cytometry analysis. Measure-
ments were obtained using a Becton Dickinson FACScan (San Jose, CA).

Immunoblotting

To make platelet lysates, murine blood was drawn from retroorbital bleeds
as described in “Flow cytometry.” Platelet-rich plasma (PRP) was obtained
by centrifugation of whole blood at 5009 (7 minutes, 4°C). Platelets were
washed one time in a modified Tyrode buffer with 5 U/mL apyrase and 10
wM prostaglandin E1 and then centrifuged at 1500g (12 minutes). The
platelet pellet was resuspended in 50 L Tyrode buffer (pH 7.4) and lysed
with an equal volume of 50 mM Tris (Tris(hydroxymethyl)aminomethane;
pH 7.5) and 10% sodium dodecyl sulfate (SDS). Protein concentrations
were determined using a Micro BCA kit from Pierce (Rockford, IL).
Dithiothreitol (Sigma-Aldrich, St Louis, MO) was added as a fina
concentration of 10 mM to reduce protein samples before gel electrophore-
sis. Samples were boiled for 5 minutes and analyzed in a 4% to 20%
gradient SDS—polyacrylamide gel electrophoresis (PAGE) gel. Following
electrophoresis the proteins were transferred to nitrocellulose membranes
(Invitrogen, Carlsbad, CA). Membranes were blocked with TBS-T (20 mM
Tris[pH 7.5]; 150 mM NaCl, 0.05% Tween 20) containing 5% skim milk
(30 minutes, room temperature).

The anti-SEPT5 monoclonal antibody, LJ-33, has been previously
described.’® The polyclona anti-14-3-37 antibody was purchased from
Santa Cruz Technologies (Santa Cruz, CA). Immunoreactive proteins were
detected using a horseradish peroxidase (HRP)—conjugated rabbit anti-
mouse immunoglobulin G (IgG) or HRP-conjugated goat antirabbit 1gG
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obtained from Zymed Laboratories (South San Francisco, CA). Primary
antibodies were incubated with the membranes for 1 hour at room
temperature. Afterward, the membranes were washed 3 times with TBS-T
and the membranes were incubated with HRP-conjugated secondary
antibody for 30 minutes at room temperature. Membranes were developed
using an enhanced chemiluminescence detection system (Amersham-
Pharmacia Biotech, Little Chalfont, United Kingdom).

Mouse brain lysates were prepared from dissected whole mouse brain.
Briefly, the dissected brains were manually cut into small pieces, placedin a
lysis buffer (150 mM NaCl, 1% Nonidet P-40, 0.5% sodium deoxycholate,
0.1% SDS, 10 pg/mL leupeptin, 10 mg/mL aprotinin, 1 mM Pefabloc, 50
mM Tris [pH 7.4]) and kept on ice prior to homogenization. Brains were
then homogenized in a dounce homogenizer followed by 2 centrifugations
to pellet insoluble material (3000g, 20 minutes, 4°C). Protein concentra-
tions were determined using a Micro BCA kit (Pierce) and 20 g of protein
was analyzed by SDS-PAGE and immunoblotting.

Electron microscopy

Platelets were fixed in 1.25% glutaraldehyde (Fluka, Buchs, Switzerland)
diluted in 0.1 M phosphate buffer (pH 7.2) for 1 hour at room temperature.
Samples were washed and postfixed in 1% osmic acid containing 1.5%
potassium ferrocyanide (Sigma) for 1 hour at 4°C. Following fixation the
samples were dehydrated using graded alcohols and propylene oxide and
then embedded in Epon (Taab Laboratories, Reading, United Kindom).
Embedded samples were sectioned with an Ultracut E ultramicrotome
(Reichert, Vienssa, Austria) and stained with uranyl acetate (Merck,
Darmstadt, Germany) and lead citrate (Sigma).1” The surface area of each
platelet section was calculated for 41 randomly selected platelet sections
using Metamorph software (Universal Imaging, Paris, France) as de-
scribed.” The surface area of each a-granule within an individual platelet
section was determined in a similar manner. The results (Table 2) are
expressed as mean values plus or minus standard deviation (SD). Statistical
analysis was performed by means of the Student t test.

Results

The mouse GP 1bg cDNA sequence has been previously reported
along with a BAC clone containing the mouse GP IbB gene.®13
Figure 1 displays a diagrammatic representation of the 2 exons
encoding platelet GP Ibp and also displays the close proximity of
another gene, termed SEPTS (previously designated CDCrel-1),
whose 3’ end is approximately 250 nuclectides 5’ to exon 1 of the
GP 1bg gene.101214 The close proximity of the 2 genes resultsin a
transcriptionally complex locus owing to the presence of an
aberrant polyadenylation signal sequence within the SEPT5 gene.1°
As a result of imperfect polyadenylation, a number of different
transcripts have been described containing SEPT5, GP Ibg, and
SEPT5/GP 1bg mRNA sequences.’® Both SEPT5 and GP IbB
transcripts and proteins have been identified in platel ets, suggesting
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both genes may share regulatory elements that support megakaryo-
cytic expression. 116

To generate atargeted replacement of the mouse GP 1bg gene, a
targeting vector was generated in which all of the codonsin GPIbB
exon 2 were replaced with a neo” cassette (Figure 1B and
“Materials and methods”). Transfection of the targeting vector into
mouse embryonic stem (ES) cells and selection for neomycin
resistance produced 180 antibiotic-resistant ES cell lines. A
Southern blot analysis of all 180 clonesidentified 5 clones with the
predicted change in asingle GP IbB alele (Figure 1C-D). Of the 5
clones, 2 (16655 and 182%S) were chosen to generate chimeric
animals and chimeric males from both cell lines produced germ
line transmission of the altered ES cell genotype. Heterozygous
animals (GP IbgHet) were chosen for the generation of a GP b
knockout colony. The breeding of heterozygous animals pro-
duced offspring with the expected genotypes: wild-type (GP
IbeWT), heterozygous (GP IbpHe!), and knockout (GP IbgNull)
(Figure 1E). No problems with breeding or viability have been
observed in the GP IbgNU! colony just as previously described
for GP IbaNU! animals.®

The role of GP IbB in the efficient surface expression of a GP
Ib-1X complex has been established in transfection studies using
heterologous cells.1®20 The expression of a mouse GP Ib-1X
complex on the surface of platelets from mice with atered GP IbB
aleles was analyzed by flow cytometry. As shown in Figure 2A,
GP IbpNUl platelets have no detectable GP Ib-1X complex assayed
with a PE-labeled rat antimouse GP lba antibody. Platelets
produced from animals with GP 1bHe aleles express GP Ib-1X
complex but are clearly different from their GP IbWT littermates,
presumably owing to a lower platelet count and increased platel et
size (Figure 2C). The expression of the murine integrin complex,
allb/B3, was a'so examined in the same animals. In the absence of
a GP Ib-IX complex, increased fluorescence for «llb/B3 was
observed for both GP 1bgNUl and GP IbaNU! platelets. A hallmark
feature of Bernard-Soulier plateletsistheir large size, and thiswas
apparent for GP [bpNY! platelets by monitoring their forward-light
scatter profile (Figure 2C). GP IbgHet platelets displayed an
intermediate size similar to that reported for GP |ba™ platel ets.®

Having established the presence of giant plateletsin GP IbgNul
animals, we examined hematologic parameters for littermates
produced from GP IbgHet X GP IbgHe crosses. As summarized in
Table 1, erythrocyte count, hemoglobin levels, microhematocrit,
and white blood cell count were all indistinguishable in the blood
of GP IbgWT, GP IbpHe, and GP IbpNUl genotypes. However,
platelet counts were influenced by the presence or absence of GP
Ibp aleles. Platelet counts in GP IbgNu! animals were approxi-
mately 25% of the levels present in wild-type littermate controls.
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Figure 2. Flow cytometric analysis. (A) A flow cytometric analysis of whole blood was performed after labeling with a PE-tagged rat antimouse GP Iba monoclonal antibody.
Surface expression of a GP Ib-IX complex requires concomitant expression of GP Iba, GP Ibg, and GP IX. As shown, neither blood from GP IbgN! nor GP IbaNU! animals
contains a reactive anti-GP Iba signal. (B) Mouse integrin, allb/B3 levels are shown in mice deficient in a GP Ib-IX complex. A PE-tagged rat antimouse allb/83 monoclonal
antibody was mixed with whole blood and samples were analyzed by flow cytometry. An increase in «llb/B3 levels in heterozygotes and homozygotes probably reflects an
increase in platelet volume per platelet. (C) Forward-scatter profile of platelets from the designated mice are presented. Both GP IbaNU" and GP IbpN!! platelets have a similar
increased platelet size in their population. GP IbgHet platelet size presents as an intermediate phenotype between wild-type and knockout platelets.
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Table 1. Blood counts

GP IbpWT GP Ibghet GP Ibpnu!!
n=>5 n==6 n==6
RBC count, X 10%?/L 8.09 (0.55) 7.58 (0.42) 8.48 (1.26)
Hg, g/L 143 (9) 135 (6) 153 (20)
PCV, % microhematocrit 39.9 (2.3) 38.0 (1.5) 43.3 (5.9)
WBC count, X 10%L 6.62 (2.56) 8.70 (1.39) 8.40 (1.62)*
Platelet count, x 10%/L 955 (76) 805 (89)t 241 (47)%

Values are presented as the mean, with the standard deviation in parentheses.
RBC indicates red blood cell; Hg, hemoglobin; PCV, packed cell volume; and WBC,
white blood cell.

*n=>5.

1P = .014 using Student t test for a comparison with GP 1bp"T.

P = 8.60 X 107 using Student t test for a comparison with GP IbgWT.

GP IbpHe animals had an intermediate platelet count similar to that
reported from GP IbaNU! animals.® The decrease in circulating
platelet counts was significant for both GP IbpHet and GP [bpNul
animals (Table 1).

Asalfinal assay to verify that the GPIbgNu'" phenotype produces
amurine equivalent of the Bernard-Soulier syndrome, tail bleeding
times were determined for each of the 3 genotypes (Figure 3). Just
as reported for GP IbaNU! animals, GP IbaNU! animals display a
severe bleeding phenotype as expected for the congenital absence
of amajor platel et adhesion receptor.

The ultrastructure of GP lbaNY" mouse platelets has been
previously described and with the exception of the larger platelet
size and abnormal membrane distribution, no other distinguishing
characteristicswere noted.” However, transmission el ectron micros-
copy of GP IbgNul platelets revealed an unexpected finding;
namely, the a-granul es appeared to be larger than their counterparts
in normal mouse platelets (Figure 4). To quantify this change, the
area occupied by a-granules in 41 random platelet sections was
measured. As summarized in Table 2, the mean platelet area of 41
platelet sections was larger in GP 1bgNu! platelets (2.95 wm? vs
1.69 wm?), consistent with the presence of larger platelets in the
population. The total number of granules in the 41 sections was
larger in the GP 1bgNu!' samples (215 vs 150) but when normalized
for the platelet area, the number of granules per wm? waslessin GP
IbpNUI samples (1.78 vs 2.17). However, the average surface area
occupied by asingle a-granule in the GP IbpNU! platelet was larger
than the average surface area of an a-granule from a control
platelet sample (0.090 wm? vs 0.074 wm?; P = .0006). The larger
a-granules did not reflect more a-granule content, as a-granules
occupied 16% of the total area in both knockout and control
samples (Table 2). Thus, GP 1bgNu'! platel ets have fewer a-granules
per wm? of section, but those present are slightly larger. The total
cytoplasmic area occupied by a-granules is the same for a GP
[bBWT or GP 1bgNu!l platelet.

Given our prior studies that documented the close proximity of
the GP IbB gene to a septin gene, SEPTS5, along with a growing
awareness of SEPT5 as part of a presynaptic complex in neurons
and platelet vesicles, we hypothesized that ablation of the GP 1bg
gene has atered SEPT5 levels. Shown in Figure 5A is a Western
blot analysis of SEPT5 levelsin resting mouse platelets. GP [ bpNul
platelets displayed an approximate 2- to 3-fold increase in SEPT5
protein levels. GP 1bgH® platelets had an intermediate level of
SEPT5 protein, whereas SEPTS levelsin GP [baNU! platelets were
similar to wild-type controls. Since SEPT5 is also expressed to
high levels in brain, we examined SEPT5 levels in brain lysates.
Herethelevels of SEPT5 were indistinguishable among GP 1bgWT,
GP 1bgNu! and GP IbaNU! samples. Thus, the increased levels of
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SEPT5 protein is unique to the megakaryocytic lineage and does
not occur in brain tissue.

Discussion

The etiology of the Bernard-Soulier syndrome is well established
with numerous mutations found in the GP Iba, GP 1bg, and GP X
genes.t3 In all cases, the diagnosis usually starts with recognition
of the hallmark features of the phenotype, macrothrombocytopenia,
alack of ristocetin-induced platelet aggregation, and undetectable
GP1b-1X-V complex by flow cytometry. At the molecular level, the
heterogeneity of the syndrome becomes apparent as a full range of
genetic lesions, missense mutations, nonsense mutations, and gene
deletions have each been described in individual pedigrees. The
unifying feature of all of the mutationsis the ability of the mutation
to disrupt the assembly and function of a surface-expressed GP
Ib-1X-V complex. How individual mutations affect complex assem-
bly or surface expression can be variable. Indeed, in many
instances an individual who has been identified as a carrier of the
Bernard-Soulier phenotype (heterozygous) may have partial macro-
thrombocytopenia,?-2 yet in other cases the platelets from carriers
are indistinguishable from normal platelets.2#%> Relative to the
heterogenous nature of mutations in the GP I1bg gene was the
description of a Bernard-Soulier variant with the appearance of
abnormal granulesin the cytoplasm, a unique finding never before
associated with a Bernard-Soulier phenotype.g A presumed second
mutation, unrelated to the GP Ib-1X-V complex, or some unknown
link between the GP Ib-1X-V complex and platelet vesicle forma-
tion was suggested as the basis for this secondary finding.®
Nevertheless, recognizing the heterogeneity that gives rise to the
Bernard-Soulier syndrome is a first step at understanding all
aspects of the receptor and how it participates in hemostasis,
thrombosis, and platel et formation.

As a continuing effort on the development of mouse models of
hemostasis and thrombosis we targeted the mouse GP |bB gene.
Our results demonstrated that the most salient features of the
Bernard-Soulier syndrome were present in the GPIbNY murine
model. The thrombocytopenia (Table 1), lack of a surface-
expressed GP Ib-1X-V complex (Figure 2A), large platel ets (Figure
2C), and severe bleeding (Figure 3) established the generation of
the model and validated its phenotypic similarity to the mouse
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Figure 3. Tail bleeding time assays. Offspring produced from GP IbgHet x GP IbgHet
crosses were subjected to tail bleeding time assays prior to their genotyping. Results
are shown for 5-week-old animals and the cessation of bleeding time was recorded.
Four animals, later genotyped as GP IbgNu!l, failed to stop by bleeding by 10 minutes,
at which point the tail was cauterized. Shown are the data obtained from individual
animals.
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Figure 4. Transmission electron microscopy of purified plate-
lets. Platelet-rich plasma was prepared and a platelet pellet was
fixed with glutaraldehyde. After osmium staining, platelet samples
were viewed by electron microscopy. Shown are representative
sections from GP IbgWT and GP IbgNU! platelets. A black bar in
each panel represents 500 nm. Platelet areas and a-granule
areas were quantified from 41 randomly selected sections and the
results are presented in Table 2. Images were obtained using a
Jeol JEM-1010 transmission electron microscope (Jeol, Croissy-
sur-seine, France) at 80 kV. Quantitation of surface areas was
calculated using Metamorph software (Universal Imaging, Paris,
France).
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Bernard-Soulier model generated by ablation of the GP Iba gene.®
By all of the previously mentioned criteria, the phenotype of a GP
IbaN and GP [N animal were indistinguishable. However,
when we examined transmission electron microscopic images of
the GP 1bgNu! platelets, a noticeable increase in a-granule size was
apparent (Figure 4). A more objective analysis of the a-granule size
was obtained by quantifying platelet size and determining the
cytoplasmic area of each platelet occupied by a-granules. Here, the
results confirmed the ablation of the GP I1bg gene had increased
a-granule size while the area of the cytoplasm occupied by
a-granules had not changed (Table 2).

A similar increase in a-granule size was not observed with GP
lbaNul platelets,®” so we considered the possibility that the
molecular basis of the increased granule size was not directly
linked to the GP Ib-IX-V complex. Instead, we considered the
possibility that by deleting alarge portion of the GP IbB transcript,
we effected the expression of a septin gene, SEPT5, located
immediately 5’ to the platelet GP IbB gene (Figure 1). We
originally described SEPT5 as part of a transcriptionally complex
locus composed of the CDCrel-1 (later renamed SEPT5'4) and GP
IbB genes.’ A potential role for SEPT5 in a-granule biology is not
completely unexpected. Both in platelets and in neurons SEPTS is
part of a presynaptic protein complex and inhibits the soluble NSF
attachment protein receptor (SNARE)—protein syntaxin, thereby
negatively modulating neurotransmitter release and platelet re-
lease. 162627 |ncreased levels of SEPT5 in GP IbpNul platelets

Table 2. Analysis of transmission electron microscope
platelet sections

GP IbpWT GP [Nl

Platelet section area, p.m?2, mean (SD) 1.690 (0.941) 2.947 (0.724)
Platelet section area, no. patients 41 41
No. of =e-granules in 41 sections 150 215

Surface of granules, um2, mean (SD) 0.0743 (0.0356)* 0.0900 (0.0319)*

Surface of granules, no. patients 150 215
% of platelet area with «-granules (total

granule area/total platelet area) 16 16
No. of granules per um? 2.17 1.78

*P = .0006 using the Student t test.

suggest that SEPT5 influences platel et granule morphology (Figure
5). Increased levels of SEPTS5 were not observed in brain lysates,
suggesting the alteration of SEPT5 levelsis specific to megakaryo-
cytic expressed transcripts from the SEPT5/GP b locus. We have
also examined platelets that are devoid of SEPT5.16 Here, the
platelets rel ease stored components in the presence of subthreshold
levels of agonist but no noticeable differences are seenin a-granule
morphology (JW. and PN., unpublished observation, March
1999). Thus, theincreased level of SEPT5 in the GP IbgNu! platel et
may not have arole in the biogenesis of platelet granules but may
be causing a premature vesicle fusion. Such a possibility is
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Figure 5. SEPT5 levels in platelet and brain lysates. (A) Protein concentrations in
mouse platelet lysates samples were determined and similar protein amounts were
loaded into a reducing 4% to 20% SDS-PAGE. After electrophoresis, the proteins
were transferred to nitrocellulose and immunoblotted with an anti-SEPT5 monoclonal
antibody (LJ-33). As previously shown, the predominant SEPT5 signal present in
platelet lysates is approximately 45 kDa. Quantitation revealed a 2- to 3-fold increase
in SEPT5 levels in platelets from GP IbgNu! animals. (B) The same membrane was
subsequently reacted with an anti-14-3-3¢ polyclonal antibody to document the
approximate protein load for each lane using 14-3-3¢ (32 kDa) as an internal
standard. (C) Equal quantities of brain lysates protein were analyzed by SDS-PAGE
and immunoblotting for the septin protein, SEPT5. (D) The filter shown in panel C was
reprobed for 14-3-3( protein and is shown for comparison.
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suggested by the similar cytoplasmic areas occupied by a-granules
ineither aGP IbaNY! or GPIbgWT platelet (Table 2).

How would the gene deletion created to produce a GP 1bgNu!
locus alter levels of the SEPT5 protein? We previously described
the presence of a megakaryocytic transcript containing a fusion of
SEPT5 and GP Ibp mRNA sequences.’® In the current work, our
targeting strategy generated a locus where a large part of GP Ibg
exon 2 has been replaced by the neo' cassette (Figure 1C). Thus, a
potential scenario has developed where there is increased stability
in a transcript encoding SEPT5 in the SEPT5/GP IbB fusion
transcript. As such, the fusion transcript containing SEPT5 and GP
IbB sequences becomes relevant to the megakaryocytic expression
of SEPTS. It would also suggest that a similar fusion transcript is
not relevant to neuron-expressed SEPT5, since SEPT5S levels were
unchanged in brain tissue.

The close proximity of the GP Ibg and SEPT5 genes certainly
supports the possibility that the expression of one gene might
influence the expression level of the other. Arelarger a-granulesto
be an expected finding for GP Ibg mutations associated with the
Bernard-Soulier phenotype? We believe thisis unlikely and would
depend on the specific mutation in the GP Ibp gene. Several of the
GP 1bB gene mutations that have been described are missense
mutations.2328-30 |n general, these mutations might be expected to
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have a minimal effect on transcript stability. However, in the case
of Watanabe et al,® who observed abnormal vesicles, the mutation
is a 13-bp deletion within the signal peptide coding region of the
GP IbB gene. Inthis case, the transcript stability may have changed
and could represent the etiology of the variant granules.

The recognition of mammalian septins as critical regulators of
cytoplasmic events is growing.3%%2 Our results examining the
phenotype of GP IbB-deficient platelets provide some unexpected
findings relevant to septin biology and identify some future
experiments to dissect septin relevance in platelet biology. An
unexpected phenotype in the Bernard-Soulier mouse has contrib-
uted both on the role of GP Ib-1X and of septins for normal platel et
structure and function. Thus, new directions for future studies are
provided by the GP [baN!l animal.
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