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The Thrombocytopenia of Wiskott Aldrich Syndrome Is Not Related
to a Defect in Proplatelet Formation
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David L. Nelson, Alain Fischer, William Vainchenker, and Najet Debili

The Wiskott-Aldrich syndrome (WAS) is an X-linked heredi-
tary disease characterized by thrombocytopenia with small
platelet size, eczema, and increased susceptibility to infec-
tions. The gene responsible for WAS was recently cloned.
Although the precise function of WAS protein (WASP) is
unknown, it appears to play a critical role in the regulation of
cytoskeletal organization. The platelet defect, resulting in
thombocytopenia and small platelet size, is a consistent
finding in patients with mutations in the WASP gene. How-
ever, its exact mechanism is unknown. Regarding WASP
function in cytoskeletal organization, we investigated
whether these platelet abnormalities could be due to a
defect in proplatelet formation or in megakaryocyte (MK)
migration. CD34* cells were isolated from blood and/or
marrow of 14 WAS patients and five patients with hereditary
X-linked thrombocytopenia (XLT) and cultured in serum-free
liquid medium containing recombinant human Mpl-L (PEG-
rHUMGDF) and stem-cell factor (SCF) to study in vitro
megakaryocytopoiesis. In all cases, under an inverted micro-
scope, normal MK differentiation and proplatelet formation

abnormality in MK maturation, and normal filamentous MK
were present. Moreover, the in vitro produced platelets had a
normal size, while peripheral blood platelets of the same
patients exhibited an abnormally small size. However, de-
spite this normal platelet production, we observed that
F-actin distribution was abnormal in MKs from WAS pa-
tients. Indeed, F-actin was regularly and linearly distributed
under the cytoplasmic membrane in normal MKs, but it was
found concentrated in the center of the WAS MKs. After
adhesion, normal MKs extended very long filopodia in which
WASP could be detected. In contrast, MKs from WAS pa-
tients showed shorter and less numerous filopodia. How-
ever, despite this abnormal filopodia formation, MKs from
WAS patients normally migrated in response to stroma-
derived factor-la (SDF-1a), and actin normally polymerized
after SDF-1a or thrombin stimulation. These results suggest
that the platelet defect in WAS patients is not due to
abnormal platelet production, but instead to cytoskeletal
changes occuring in platelets during circulation.
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were observed. At the ultrastructural level, there was also no

HE WISKOTT-ALDRICH syndrome (WAS) is an X-linked processes. Proplatelet formation is related to a reorganization of
hereditary disease characterized by thrombocytopenidhe cytoskeleton involving microtubules and actin filaments.

with small platelet size, eczema, and increased susceptibility td herefore, it is possible that WASP is involved in the platelet
infections3 A milder form, designated as hereditary X-linked formation process, ie, development of platelet demarcation
thrombocytopenia (XLT), is characterized by isolated thrombo-membranes, proplatelet formation, and/or platelet release from
cytopenia with small platelet siZ&. The gene responsible for MKs.2%2! In addition, as platelets are not actually released
WAS was recenﬂy C|OneﬂSequence ana|ysis identified muta- within the marrow, the transendothelial migration of MKs is
tions of the WAS gene in both WAS and XLT, suggesting that absolutely required for release of platelets into the circulation.
they are two different phenotypes of the same disé8sthe This process requires reorganization of actin filaments and
exact function of WAS protein (WASP) is still unknown, but formation of pseudopods. It i_s wort_h noting that _Berngrd Souli_er
through its GBD domain that binds to the small guanosineSyndrome, another disease involving changes in actin organiza-
triphosphatase (GTPase) protein Cdé42 and through its tion, is associated with thrombocytopenia, but with large
verprolin and cofilin homology domains located at its C- platelets’ o .
terminal regior* WASP participates in cytoskeletal organiza-  1° Study the megakaryocytopoiesis of WAS patients and to

tion. Moreover, WASP has been described to interact with man)f’x""m'r_'e if patient MKs demonstrate abnc_)rm_al proplatelet
SH3-containing proteins by its proline rich domafrié Thus, formation and platelet release, we performed in vitro cultures of
WASP appears to play an important role in the regulation of
cytoskeletal organization and in signal transduction.
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CD34* cells isolated from blood and/or bone marrow of 19 1.25% glutaraldehyde in phosphate buffer (0.1 mol/L,$H.4) for 1
patients with WAS or XLT under conditions that allowed the hour, and washed twice. Cells were then fixed with osmium tetroxide,
differentiation of CD34 cells into platelet producing MIR425 dehydrated, and embedded in Epon. Thin sections were examined with
and compared them with CD34cells from normal controls. a Philips CM 10 electron microscope (Philips, Eindhoven, The Nether-
stroma-derived factorel (SDF-1a)—-induced migration of MKs lands) after uranyl acetate and lead citrate staining. Immunolabelling for
was also tested. It was found that WAS megakaryopoiesis an&”bBS was performed on glycol-methacrylate-embedded MK cultures

. ! . and platelets with polyclonal antitlbp3 antibody (a generous gift
platelet production, as well as the SD&-Induced migration from D. Pidard, Institut Pasteur, Paris, France) followed by immuno-

of MKs, were normal. gold (goat antirabbit IgG coupled to 10 nm colloidal gold) (British
Biocell, Cardiff, UK). The diameter of shed platelets was measured on
MATERIALS AND METHODS electron micrographs.

Monoclonal antibodies Phycoerythrin (R-PE)-conjugated anti- MK immunofluorescence microscopyAfter 7 to 13 days, cultured
CD41a monoclonal antibody (MoAb) (Pharmingen, San Diego, CA), cells were fixed in 2% paraformaldehyde (PFA) for 15 minutes, washed
R-PE-conjugated anti-CD34 MoAb (HPCA-2; Becton Dickinson, in phosphate-buffered saline (PBS), and resuspended in PBS at the
Mountain View, CA), and fluorescein isothyocyanate (FITC)-labeled concentration of 10 cells/100 pL. Cell suspensions (100 pL) were
phalloidin (Sigma Chemical Co, St Louis, MO) were used for flow cytocentrifuged at 500 rpm for 2 minutes. Cells were then fixed once
cytometric analysis. Mouse anti-CD34 MoAb conjugated to magneticmore in 2% PFA for 5 minutes, rehydrated in PBS, permeabilized with
beads (Miltenyi Biotech GmbH, Bergisch Gladbuch, Germany) was0.1% Triton for 3 minutes, and washed with PBS before incubation for
used for the Miltenyi technique of purification. Rabbit anti-von 30 minutes at room temperature with a rabbit anti-vWF polyclonal
Willebrand factor (vWF) polyclonal antibody (Dako, Glostrup, Den- antibody. After three washes with PBS, cells were incubated at room
mark), mouse anti-WASP MoA#®, FITC-labeled donkey antimouse temperature with TRITC-labeled donkey antirabbit IgG and FITC-
IgG (Jackson Immunoresearch, West Grove, PA), tetramethylrhodalabeled phalloidin. DNA was labeled by 7.5 ng/mL Hoechst 33258
mine isothiocyanate (TRITC)-conjugated donkey antirabbit IgG, amino-(Hoechst 33528, Sigma) for 15 minutes in the dark.
methylcoumarine (AMCA)-conjugated donkey antirabbit IgG (Jackson Cell preparations were analyzed with a fluorescence microscope
Immunoresearch), FITC-labeled phalloidin (Sigma) were used forequipped with the appropriate filter combinations (Zeiss, Oberkochen,
indirect immunofluorescence assays. Germany).

Purification of CD34 cells and cell cultures. Fresh blood samples For the immunofluorescence studies on adherent MKs, glass cover-
(n = 19) and bone marrow aspirates £n5) were harvested from 19 slips were coated with poly-L-lysine for 1 hour and gently washed with
patients with either WAS (n= 14) or XLT (n = 5) during medical PBS. Cultured cells were resuspended in PBS without any fixation at the
evaluations (blood samples) or under general anesthesia for splenecencentration of 19100 pL. The unfixed cell suspension (100 pL) was
tomy (marrow aspirates). In 10 patients, the mutation in the WASP geneipetted onto the coverslips and allowed to adhere for 1, 5, 15, 30, or 60
was characterized. They consisted of R211stop, Y83stop, R86H, and minutes. After these different time points, cells were fixed in PFA and
mutation in intron 10 in one patient, respectively. S483FSstop494 wapermeabilized with Triton, as described above, before incubation for 30
found in two related patients and V75L in four other related patients.minutes at room temperature with a rabbit anti-vWF polyclonal
Characterization of the mutation is currently being performed in theantibody and, in some experiments, with a mouse anti-WASP MoAb.
other nine patients. After three washes with PBS, cells were incubated with TRITC- or

Cells were separated over a Ficoll-metrizoate gradient (LymphoprepAMCA-labeled donkey antirabbit IgG, FITC-labeled phalloidin, and
Nycomed Pharma, Oslo, Norway) to obtain an enriched fraction of TRITC-labeled donkey antimouse IgG. When the AMCA-labeled
mononuclear cells. CD34cells were then isolated by the Miltenyi donkey antirabbit antibody was not used as secondary antibody, DNA
immunomagnetic bead technique as previously repdftétCells were was labeled by Hoechst, as described above.
incubated for 30 minutes at 4°C with an anti-CD34 MoAb conjugatedto MK migration after SDF-& stimulation. To analyze MK migra-
magnetic beads. The CD34ells were retained on the column and were tion, CD34" cells were cultured for 7 days. Then, cultured cells were
eluted by pressure using the plunger supplied with the column.resuspended in serum-free medium at a final concentration of 2
Subsequently, cells were purified by cell sorting. Briefly, cells were cells/mL. Migration assays were performed using 5-um pore filters
labeled with a R-PE anti-CD34 MoAb and, after one wash, were sorted Transwell, 24-well cell clusters; Costar, Cambridge, MA). Cell suspen-
on a FACSvantage (Becton Dickinson) equipped with an argon ion lasesions (2.5x 10° cells in a 100-uL volume) were placed into the upper
(INNOVA 70-4, Coherent Radiation, Palo Alto, CA) tuned to 488 nm chamber, whereas 600 pL of medium with or without recombinant
and operating at 500 mW. A “morphological” gate including 80% of the human SDF-& (300 ng/mL) R & D Systems, Minneapolis, MN) was
events and all of the CD34cells was determined on two-parameter introduced in the lower chamber. The chambers were incubated for 1
histograms (side scatter [SSC] versus forward scatter [FSC]). Controhour at 37°C in 5% C@and 95% air. The cells in the upper and in the
CD34* cells were purified by the same procedure from normal bonebottom chamber were recovered separately in the same volume for
marrow of patients undergoing hip surgery or from the peripheral bloodcounting. The different cell fractions were then labeled with a PE-anti—
of patients after mobilization by chemotherapy and granulocyte colony-CD41a MoAb and analyzed by flow cytometry. All assays were
stimulating factor (G-CSF). Informed consent was obtained in all caseperformed in triplicate. Data are presented as the percentage of
(patients and controls) in accordance with the institutional guidelines ofmigrating cells (number of cells migrating [lower chamber]/total
the Committee on Human Investigation. number of cells [cells in the lower chamber remaining cells in the

To obtain MKs, purified CD34 cells were cultured in serum-free upper chamber]).
liquid medium containing a recombinant truncated form of Mpl-L MK actin polymerisation after thrombin and SDfeIstimulation.
(PEG-rHUMGDF, Amgen, Thousand Oaks, CA, 10 ng/mL) and recom-After 7 to 13 days, cultured cells were resuspended in three equal
binant human stem cell factor (SCF; Amgen, 50 ng/mL) as previously0.1-mL aliquots. The first aliquot was incubated with thrombin (0.1

described? IU/mL) for 30 seconds with shaking at 37°C. The second aliquot was
Cultures were observed daily under an inverted microscope tancubated with SDF-@ (300 ng/mL) for 30 seconds in the same
compare normal and WAS MKs. conditions. The remaining tube was incubated in the same conditions

Ultrastructural studies. Cultured cells were studied by electron without thrombin or SDF-& to assess baseline activation. Cells were
microscopy. They were washed twice in Hanks medium at 4°C, fixed inthen fixed with 2% paraformaldehyde (PFA) for 15 minutes, washed in
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PBS, permeabilized in 0.1% Triton for 3 minutes, washed, andof PEG-rHUMGDF and SCF to a serum-free liquid culture of
resuspended in PBS. Cells were then incubated at 4°C for 30 minuteghese cells led to the differentiation of CD34ells into MKs,
with PE-labeled anti-CD41a MoAb and FITC-labeled phalloidin. Cell 5,4 eventually to their maturation into platelet-producing cells.
samples were analyzed on a FacSort (Becton Dickinson). For eac nder these culture conditions, the number of MKs obtained
sample, 10,000 cells were acquired in the list mode and analyzed wit? ltured CD34 cell tfll in WAS . trol
the Cellquest software package (Becton Dickinson). rom cuiture cells was the same in as In contro
cultures (four MKs per CD3% cell) when cultures were
RESULTS analyzed by flow cytometry after staining with a PE-CD41a
MK maturation and differentiation under light and electron MoADb. All of the steps of differentiation and maturation of MKs

microscopy. To study a large series of patients, we developedc0uld be observed inthe cultures of all patient CD8élls (n=

a purification technique that allowed the isolation of CD34 19) and gave identical results, whatever the origin of CD34
cells from 10 mL of blood. CD34 cells were first purified by ~ Cells (blood or marrow).

the Miltenyi technique with one passage on the column. After Unexpectedly, MKs from WAS and XLT patients were
this first separation, the purity was between 5% and 10%. Cellgnorphologically similar to normal MKs, with the same timing
were then further purified by cell sorting, pemitting the recovery Of differentiation. Under light microscopy, round MKs began to
of 2,000 to 5,000 CD3#%cells per sample with a purity of over deform at day 7 of culture and formed a pseudopod that
95%. In five cases, in addition to blood CD34ells, marrow  progressively elongated to become as long and thin as that of
aspirates could be obtained from patients during generaMKs from normal controls (Fig 1A and B), and that ultimately
anesthesia for splenectomy, and the same procedure allowed tigave rise to detached (pro)platelets. These platelet-producing
purification of 50,000 to 100,000 CD34ells per aspirate. The MKs were as numerous in patient as in normal cultures (about
number of purified CD34 cells obtained from blood and/or 10% to 20% of the MKs being filamentous), and no obvious
marrow of WAS patients was the same as obtained with bloodabnormality could be detected in their morphologic appearance.
and/or marrow from controls. As previously described, addition  To study the polymerization and distribution of actin in MKs,

Fig 1. Platelet-producing normal and WAS MKs
have the same morphological aspect. CD34+* cells of
WAS patients (A) or normal controls (B) were puri-
fied from blood or bone marrow and were grown in
the presence of PEG-rHUMGDF and SCF. Analysis of
cultured cells under light microscopy by day 8 al-
lowed the identification of platelet-producing MK
characterized by the extension of very long and thin
pseudopods. They give rise to proplatelets by break-
ing irregularly at several constriction sites. The fre-
quency and appearance of these platelet shedding
MKs were similar in WAS patients (A) and in normal
controls (B).
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cultured cells were costained with anti-vWF antibodies tonine cases. In all cases, electron microscopic appearance of
precisely identify MKs and with phalloidin to observe actin WAS MKs was similar to that of normal MKs. The demarcation
filaments. F-actin was linearly located under the cytoplasmicmembrane system was well developed and normal in distribu-
membrane and regularly distributed in normal MKs (Fig 2A tion in WAS MKs (Fig 4). In only one case, the membrane
through C). In contrast, it was found concentrated near thelemarcation system seemed to be more developed than in
nucleus in the center of 50% of the WAS MKs (about 60 MKs normal MKs, but this observation was not confirmed in the
studied in each patient) (Fig 2D through F). A part of the F-actinother eight patients. The maturation of WAS MKs during
was also distributed under the cytoplasmic membrane. Howplatelet shedding, consisting of alignment and dilatation of the
ever, in platelet-producing MKs from normals and WAS peripheral demarcation membranes, proplatelet formation (Fig
patients, the immunofluorescence appearance of F-actin wag), detachment of newly formed platelets, and presence of
identical. Phalloidin staining was linearly distributed all along platelets in the supernatant of the culture medium was also
the pseudopods that give rise to platelets after breaking (Fig 3ynormal in WAS MKs. Surprisingly, the diameter of in vitro shed

It is worth emphasizing that WAS protein, as well as VWF, were platelets measured by electron micrographs in seven WAS
present in pseudopods of normal MKs. patients (10 platelets in each case) was normal, as compared

Ultrastructural analysis of patient MKs was performed in with the diameter of shed platelets from normal MKs (273

Fig2. Abnormal F-actin redis-
tribution in WAS MKs. Cultures
were performed as described in
Fig 1. At day 8, cells were fixed
and, after cytocentrifugation,
were incubated with anti-vWF
(TRITC) to localize the MKs (B
and E) and with phalloidin (FITC)
to study F-actin distribution (C
and F). DNA was stained by
Hoechst dye (A and D). In normal
MKs (A, B, and C), F-actin distri-
bution was located linearly un-
der the cytoplasmic membrane
and regularly distributed (C),
while in WAS MKs (D, E, and F),
F-actin was localized in the cen-
ter of the cell (F).
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0.9 um and 2.87 0.9 um, respectively), whereas the mean in
vivo platelet volume of these patients was abnormally low when
measured in peripheral blood with an electrical impedance
particule counter (5.5 0.3 fL) as compared with mean platelet
volume of normal controls (8.2 1.9 fL).

Immunofluorescence studies of adherent MKRo test the
distribution of F-actin during the adhesion process, unfixed
MKs were pipetted onto poly-L-lysine—coated glass coverslips.
Adhesion to poly-L-lysine emphasized the abnormal F-actin
distribution in WAS MKs as compared with normal MKs (Fig
5). After 5 minutes of adhesion, normal MKs began to extend
long filopodia that reached their maximum extension after 30 to
60 minutes (Fig 5A and B). In the same conditions, WAS MKs
could extend filopodia, which however were shorter and less
numerous than in normal MKs, even after 60 minutes of
adhesion (Fig 5C and D). In contrast to the proplatelet filaments,
no VWF could be detected in the filopodia of both normal and
WAS MKs. Lamellipodial formations were observed in normal
and WAS MKs and did not seem different (not shown). The
defects observed in F-actin distribution and filopodia formation
were equally represented among WAS and XLT patients. By
staining normal MKs with anti-WASP antibody, we could show
that unlike VWF, WASP protein localized along the filopodia
with the same topography as F-actin (Fig 6A and B). However,
in the central part of the MKs, WASP did not exactly colocalize
with F-actin, but was in a more central position (Fig 6B). WASP
protein expression was studied in two patients with a missense
mutation. In both cases, WASP protein was detected in cultured
MKs, but in one of them in contrast to normal MKs, WASP did
not colocalize with F-actin.

Migration of MKs stimulated by SDFel Because it has
been shown that SDFelcan induce MK migration, we tested
migration of MKs to SDF1a in WAS. The baseline percentage
of migrating MKs (no SDF-& in the lower chamber) was
invariably under 0.1% for normal and WAS MKs. After SD-1
stimulation, the mean percentage of migrating cells was 21%
(= 8%) for WAS MKs and 19% £ 8%) for normal MKs
(P, not significant [NS]).

Polymerization of actin after stimulation of MKs by thrombin
and/or by SDF-&. Finally, we investigated whether an abnor-
mality in actin polymerization was present in WAS MKs after
thrombin or SDF-& stimulation. For this purpose, the intensity
of phalloidin staining was studied by flow cytometry after
double-staining with FITC-phalloidin and R-PE anti-CD41a
MoADb. As illustrated in the representative examples (Fig 7), the
same significant increase in F-actin content after stimulation by
thrombin (0.1 1U/mL) or SDF-& (300 ng/mL) was found in
MKs (CD41a" cells) from normal and WAS patients. Moreover,
kinetic analysis of actin polymerization by the same method did
not show any difference between normal and WAS MKs after

Fig 3. Immunofluorescent appearance of a platelet-producing
WAS MK. Cultures were performed and labeled as described in Fig 2.
Phalloidin staining (FITC) was distributed linearly all along the
pseudopod that gives rise to platelets by breaking irregularly at
several constriction sites (A). VWF (TRITC) was present in this
pseudopod (B), while Hoechst staining determined the localization of
the nucleus (C). This immunofluorescent appearance of platelet-
producing WAS MK was similar to that observed in normal control
platelet-producing MKs (not shown).
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Fig 4. Electron microscopic
view of a cultured mature WAS
MK. This MK is starting the pro-
cess of platelet shedding. The
nucleus (N) is excentric, the de-
marcation membrane system
(dms) is widening, delimitating
platelet territories (p) and, at the
cell periphery, proplatelets (pp)
start to extend. (A, a-granules;
gly, glycogen).M= x 7.375. In-
sert: Normal proplatelet (pp) ex-
tend from mature MK.M= x
2.145.

stimulation by thrombin or SDFed (data not shown). Baseline tion that probably contributes to the thrombocytopenia, platelets
F-actin content was also similar in normal and WAS MKs. of WAS patients have several intrinsic abnormalities in morphol-
ogy, phenotype, and functidft?-2°In addition, defects in the
DISCUSSION cytoskeletal architecture and organelle organization have been
Thrombocytopenia and small platelet size are two consistenteported-®28 By studying autologous platelet survival, platelet
findings in WAS and XLT. Their precise mechanisms are function, and megakaryocyte histology in four WAS patients,
unknown. In addition to increased peripheral platelet destrucOchs et & demonstrated a decrease in platelet turnover, which

Fig 5. Abnormal filopodia formation of WAS MKs
after adhesion to poly-L-lysine. Cultured cells were
pipetted onto poly-L-lysine—coated coverslips. After
30 minutes of adhesion, cells were fixed, permeabi-
lized, and labeled as described in Fig 3. (A and B)
Examination of a normal MK with a combination of
filters allowing simultaneous visualization of vVWF
(TRITC), F-actin (FITC), and DNA (Hoechst). The nor-
mal MK displays long, thin, and numerous filopodia
that contain F-actin, but not vVWF, which remains
localized in the center of the cell. In contrast, WAS
MKs fail to extend long filopodia (C) or extend very
short, but less numerous filopodia (D) than do nor-
mal MK. Examination of WAS MKs with a combina-
tion of filters was not interpretable because of the
central localization of F-actin that overlaps with that
of VWF and therefore was not shown in this figure.
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structure leading to proplatelet formatiét£%3! Thus, we
hypothesized that the platelet abnormalities in WAS could be
due to a defect in proplatelet production as a consequence of an
abnormal interaction between WASP and the cytoskeleton. In
favor of this hypothesis, Miki et & reported that in MEG-01
cells, a megakaryoblastic cell line, WASP interaction with actin
filaments was indispensable for microvesicle formation, a
process hypothesized to be similar to MK proplatelet formation.
To test this hypothesis, we performed in vitro cultures of
CD34" cells from 19 patients in conditions supporting the
differentiation of CD34 cells into platelet-producing MK%!
By analyzing F-actin distribution after phalloidin staining, we
confirmed that F-actin distribution was abnormal in WAS MKs
and that this phenomenon was exacerbated during adhesion to
poly-L-lysine. Indeed, we found that WAS MK F-actin was not
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Fig 6. Localization of WASP in normal MKs after adhesion on 0 "
Phalloidin FITC Phalloidin FITC

Poly-L-lysine. Examination of normal MKs was performed as de-
scribed in Fig 5. MKs were labeled with anti-vWF polyclonal antibody

(AMCA), phalloidin (FITC), and anti-WASP MoAb (TRITC) after 30 24 C
minutes of adhesion to poly-L-lysine-coated coverslips. Anti-vWF =
labeling (AMCA) allowed the localization of MKs. Unlike vVWF, WASP ES
is localized in filopodia (A) with the same topography as F-actin (B).

Counts

was 30% of the normal value in all four cases. In contrast, 3
marrow megakaryocyte mass was normal or increased. Thi
discrepancy between the normal or increased megakaryocy!

mass and the decreased platelet turnover suggests that ineffe - T
10 10 10 10

2
tive thombocytopoiesis does occur in WAS and may be Phalioidin e Phailoidin FITC

responsible for thrombocytoperfia.In some patients, we
studied the thrombopoietin (TPO) level in the plasma by Fig7. Normal actin polymerization of WAS MKs after stimulation
enzyme-linked immunosorbent assay (ELISA) and found thatby SDF-1a and thrombin. After 7 to 13 days, cultured cells were

d . he th b . he TPO | | | resuspended and stimulated with thrombin (0.1 IU/mL) or SDF-1la
espite the thrombocytopenia, the evel was norma OIZ?:OO ng/mL) for 30 seconds with shaking at 37°C. Cells were then

slightly elevated (data not shown), as described in immun&ixed, permeabilized, and incubated with PE-labeled anti-CD41a and
thrombocytopenia patients (ITP). This clearly reinforces theFITC-labeled phalloidin. Cell samples were analyzed on a FacSort
contention that the MK mass is normal or increased in WAS (Becton Dickinson). MKs were selected by gating the CD41+ cells (A).
.Analysis of FITC intensity on CD41+ cells showed that the baseline

patients, but platelet numbers are limited by dysmeQakaryOpOIEontent of F-actin and the increase of actin polymerization after

esis or platelet destruction. The late stages of megakaryocytopoktimulation of MKs by SDF-1a (B and D) and thrombin (C and E) were
esis are accompanied by profound modifications of the celkhe same in normal MKs (B and C) and in WAS MKs (D and E).
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linearly distributed at the periphery of the cell, but was emphasizing that WASP-deficient mice have only modest
concentrated in the center of the cell, as described recently ialterations in their platelet numbers (five of seven wild-type
WAS patient lymphocyte® After adhesion to poly-L-lysine, mice), with normal platelet siz€. The absence of a marked
WAS MKs could extend some filopodia, but in general, they thrombocytopenia in mice may be related to the much smaller
were shorter and less numerous than in normal MKs. Onelatelet size in comparison to human platelets, allowing normal
possible explanation for this defect is the interaction of WASPpassage through the spleen.
with Cdc42 through its GBD domaif¥:'2Cdc 42 is a member  |n vitro chemotaxis of WAS neutrophils and monocytes has
of the Rho family of proteins that plays a critical role in been shown to be deficieht142It was recently reported that
cytoskeletal organizatiGf® and is particularly involved in  SDF-1x could induce the migration of MKs through endothelial
filopodia formation. Thus, absent or abnormal interactioncells®3 or directly through a 5-um pore size transwé#s
between WASP and Cdc42 may explain abnormal filopodiagecause migration involves a profound reorganization of the
formation in WAS MKs. Because this phenomena was observegytoskeleton with polarization of actin filaments, we tested to
in all cases tested except for one=n7), this would mean that  see if SDF-h—induced migration of MKs was altered in WAS.
WASP interaction with Cdc42 was impaired in all or most cases.However, in all cases, normal migration through transwells was
However, of all the mutations reported so #af>3"none was  gpserved. Because SDR-has been described to induce actin
located in the exon encoding the GBD domain. This implies thatpolymerization in lymphocytééand MKs#4 we also tested the
direct interaction of WASP with Cdc42 may be necesssary, bultects of SDF-#& on induction of actin polymerization in WAS.
is not sufficient to allow filopodia formation. Alternatively ithas g differences were found between normal and WAS MKSs in
been reported that the majority of the mutations alter thepe jnguction of actin polymerization by SDRDr thrombin.
quantitative level of WASP expressiéhit is also possible that  tpage opservations demonstrate that the abnormal F-actin
the central localization of F-actin does not allow normal yisyibytion in WAS MKs does not impair migration and actin
extension of filopodia despite an eventual normal interaction, ,y merization in vitro. These results also demonstrate that the
betweerl WAS_P and Cdc42. . . - _machinery necessary for migration is functional in cultured
DesP'te this abnormal F-actin d|§tr|but|qn .and filipodia MKs. This normal in vitro MK migration does not definitively
formation, all steps of normal MK differentiation could be exclude a defect in in vivo transmigration of WAS MKs through

nggrvde:\/g}o\”tr:;;: g]nedS?jiziiﬂbegcsyhEo);t(ter?:lggrsfa:gggor:lsauedn(:ihe endothelial barrier. Indeed, the in vivo process also requires
pods, P that MKs normally adhere to the extracellular matrix and to

brane system, proplatelet formation .and detachment of newI>¢’3ndothehal cells. Hamada etdtlemonstrated that a neutraliz-
formed platelets, phenomenons that involve profound reorganis: . . .
: . . ing MoAb against E-selectin blocked the SDF-1-induced

zation of cytoplasmic structure, were all normal under light and o . .
. o transmigration of MKs by 50%, suggesting that cellular interac-
electron microscopy. Unexpectedly, in vitro produced platelets. . . "
. . tion of MKs with bone marrow endothelial cells was critical for

had a normal apparent diameter, while platelets from the sam

. . . K migration. Furthermore, it was recently reported that, in
patients were abnormally small in the blood. Recently, it hash latelets. WASP is t . hosphorviated after sti
been shown that Wistar Furth rat platelets have defectiv uman piateiets, IS yrosine-phosphoryiated afier stimu-

. 5 . .
filopodia formatior®® It is noteworthy that in both diseases, ﬁatlon by collagerf’ a molecule that may be involved in the

characterized byadefectivefilopodiaformation,athrombocyto-'meracuon between MKs and endothelial cells. Thus, one

penia is present, but with major differences in the plateletcannm exclude that abnormal interaction between WAS MKs
volume. Indeed, Wistar Furth rats have thrombocytopenia withand endothelial cells through adhesion signals other than SDF-1

large platelets, whereas platelets of WAS patients are Sma”.r.nay h.ave.a direc'.[impactlon platelet formation. Further analysgs
This suggests that proplatelet formation and filopodia formationnvestigating the interactions between bone marrow endothelial
result from two independent mechanisms. _ceIIs, collagen, and WAS MKs will be necessary to resolve this
If one accepts that these in vitro observations are applicabl&SU€- _ B
to normal in vivo platelet production, our results would suggest Taken together, these results confirm that the abnormalities of
that diminution of platelet size occurs after platelet production.Cytoskeletal reorganization are probably very complex in WAS
It can be hypothesized that as a consequence of abnorm&d may vary among the different hematopoietic lineages, as
cytoskeletal organization, platelet deformation occurs in thedlready observed for B and T lymphocytes. The fact that all of
blood circulation, especially in spleen sinusoids, and leads t¢he steps of maturation of MKs, including the size of shed
diminution of size and spleen destruction. Alternatively, due toPlatelets, are normal in vitro suggest that the platelet defect is
abnormal membrane deformability, WAS platelets of normalProbably related to a peripheral mechanism. However, these
size would be preferentially destroyed in the spleen, whereastudies are limited by the number of MKs that can be isolated
small platelets would be submitted to less prononced deformafrom a small volume of blood and/or marrow of patients.
tion in the vessels and would thus escape destruction. The fadfloreover, all of the tests were performed on MKs cultured in
that the half-life of reinfused, autologous, small-sized plateletsvitro under stimulation by Mpl-L and SCF. One cannot com-
was only moderately reduced, ie#51.3 days compared with pletely exclude that in vitro stimulation by these cytokines does
9.5 + 0.6 days in normal subjeétsargues for the second not change the behavior of MKs. The recent description of
hypothesis. This may also explain why platelet size increase$VASP-deficient mice should make it possible to obtain enough
after splenectomi? In five patients who underwent splenec- material to study platelets and MKs in vitro and in vivo and to
tomy in the course of this study, platelet volume also increasedgetermine the precise mechanisms of cytoskeletal reorganiza-
but slightly without reaching normal values. It is worth tion regulated by WASP during adhesion and MK migration.
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