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ABSTRACT: The transverse redistribution of plasma membrane phosphatidylserine is one of the hallmarks
of cells undergoing apoptosis and also occurs in cells fulfilling a more specialized function, such as platelets
after appropriate activation. Although an increase in intracellular Ca2+ is required to trigger the remodeling
of the plasma membrane, little information regarding intracellular signals leading to phosphatidylserine
externalization has been provided. Scott syndrome is an extremely rare inherited disorder of the migration
of phosphatidylserine toward the exoplasmic leaflet of the plasma membrane of stimulated blood cells.
We have studied here the intracellular Ca2+ mobilization and Ca2+ entry involved in tyrosine
phosphorylation in Epstein Barr virus (EBV)-infected B cells derived from a patient with Scott syndrome,
her daugther, and control subjects. An alteration of Ca2+ entry through the plasma membrane and subsequent
tyrosine phosphorylation induced by Ca2+ were observed in Scott EBV-B cells, but the release of Ca2+

from intracellular stores was normal. Furthermore, phosphatidylserine externalization at the surface of
stimulated cells does not depend on tyrosine kinases. These results suggest that the defect of
phosphatidylserine exposure in Scott syndrome cells is related to the alteration of a particular way of
Ca2+ entry, referred to as capacitative Ca2+ entry, although some differences may be related to the cell
type. Hence, this genetic mutant testifies to the prime significance of Ca2+ signaling in the regulation of
phosphatidylserine expression at the surface of stimulated cells.

The occurrence of phosphatidylserine (PS)1 in the exo-
plasmic leaflet of the plasma membrane is considered one
of the hallmarks of cells undergoing apoptosis and more
generally constitutes one of the determinants for the phago-
cytosis of stimulated cells to be rapidly cleared (1-3). PS
is also an essential element of the hemostatic response owing
to its ability to promote the assembly of the characteristic
enzyme complexes of the blood coagulation cascade at the
surface of activated platelets (4).

In resting, i.e., nonstimulated cells, the maintenance of the
asymmetric distribution of phospholipids between the two
leaflets of the plasma membrane involves a specific inward
transporter of aminophospholipids, phosphatidylethanola-

mine, and PS, a flippase termed aminophospholipid trans-
locase (5). After stimulation, the outward movement of PS,
may result from the activation of a nonspecific lipid
“scramblase” and/or a floppase having reverse aminophos-
pholipid translocase activity (3, 6). Other transporters have
been proposed to participate in the transmembrane migration
of phospholipids. In the yeastSaccharomyces cereVisiae, the
vectorial movement of fluorescent-labeled phosphatidyle-
thanolamine is controlled by transcription regulators of some
ATP-binding cassette transporters (7). The multidrug resis-
tance protein MRP has been shown to be responsible for
the outward translocation of NBD-labeled lipids in erythro-
cyte membranes (8), but its action seems limited to modified
lipid analogues (9). However, the mechanism(s) triggering
the outward migration of PS remain(s) mostly unknown. The
recent isolation and molecular cloning of a human plasma
membrane phospholipid scramblase suggest that this protein
of ∼37 kDa mediates the Ca2+-dependent transbilayer
movement of phospholipids (10, 11). A murine counterpart
of ∼34 kDa has also been cloned, and both human and
mouse scramblase exhibited a similar activity and affinity
for Ca2+ (12, 13). These data are in agreement with the
requirement from an increase of intracellular calcium con-
centration ([Ca2+] i) for PS exposure in apoptotic cells (14)
and activated platelets (15). Moreover, it has been shown
that Ca2+-mobilizing agents [such as Ca2+ ionophores,
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§ Hôpital de Bicêtre.
| CHU Hôtel Dieu.
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thapsigargin (TG) or thrombin], which act mainly by
releasing Ca2+ from intracellular stores and allowing Ca2+

entry through the plasma membrane channels (16, 17), elicit
PS exposure and the shedding of membrane microparticles
(18, 19). It has also been demonstred that exposure of PS in
erythrocytes and platelets (20) as well as during apoptosis
(21) is dependent on the presence of extracellular Ca2+ and
that a continuously elevated [Ca2+] i may be necessary to
maintain this externalization process (22). Hence, Ca2+ influx
across the plasma membrane and maximal exposure of
aminophospholipids seem necessary for microparticle forma-
tion in platelets (19). Nevertheless, little information regard-
ing the upstream and downtream intracellular signals leading
to PS externalization or phospholipid scrambling has been
provided. Recently, several groups have studied the intrac-
ellular signaling that leads to exposure of PS in platelets from
normal and Scott subjects. It has been suggested that the
development of the procoagulant response, bleb formation,
and exposure of PS in platelets need a sustained increase in
[Ca2+] i as a result of activation of tyrosine kinases (23) which
would control the procoagulant response.

Scott syndrome is an extremely rare inherited disorder of
PS exposure affecting multiple hematologic lineages with
an associated clinical phenotype restricted to severe to
moderate bleeding episodes (24, 25). In this respect, the lack
of PS externalization and microparticle formation in Scott
syndrome platelets and erythrocytes seems to be related to
a defect of tyrosine phosphorylation (26, 27), but not directly
causal (27). In addition, Scott B lymphocytes (28, 29) and
erythrocytes (30) contain a phospholipid scramblase capable
of accelerating transbilayer phospholipid movements, sug-
gesting that the Scott phenotype is caused by the impairment
of a regulatory element. Thus, it has been hypothesized that
a diminished activation of scramblase by Ca2+ may be
responsible for the PS exposure defect (30). Taking advan-
tage of normal Ca2+ response and tyrosine phosphorylation
in EBV-transformed B cells from control subjects with
respect to the nontransformed counterpart cells (31, 32), Ca2+

signaling was studied in Scott EBV-B cells.
We report here the defective Ca2+ entry across the plasma

membrane and subsequent tyrosine phosphorylation induced
by Ca2+ and a normal Ca2+ release from intracellular stores
in EBV-transformed B cells presenting the Scott phenotype.
It is suggested that the alteration of Ca2+ entry, referred to
as capacitative Ca2+ entry (33), is related to the defective
exposure of PS in Scott syndrome cells.

EXPERIMENTAL PROCEDURES

Materials. X-VIVO 15 culture medium was purchased
from BioWhittaker (Walkersville, MD), RPMI, cyclosporin,
and FCS from Life Technologies (Paisley, UK). Fluo-3/
acetoxymethyl ester (Fluo-3) was obtained from Molecular
Probes (Eugene, Oregon) and Ca2+ ionophore A23187 from
Calbiochem (La Jolla, California). Genistein, 1,2-bis-(o-
aminophenoxy)ethane-N,N,N′,N′-tetraacetic acid-acetoxym-
ethyl ester (BAPTA/AM) and thapsigargin were from Alexis
Corporation (San Diego, CA), and aprotinin, leupeptin,
pepstatin, phenylmethanesulfonyl fluoride (PMSF), and
Tween-20 from Boehringer Mannheim (Germany). Anti-
phosphotyrosine antibody (PY20) was purchased from
Transduction Laboratories (Lexington, KY) and horseradish

peroxidase-conjugated anti-mouse antibody from Leinco
Technologies (Ballwin, Missouri). Enhanced chemilumines-
cence reagents and CL-XPosure films were obtained from
Pierce (Rockford, IL). All other reagents were from Sigma
Chemical Co. (St. Louis, MO).

Patients, Preparation, and Culture of B Lymphoblasts.
Peripheral blood was collected from the propositus, a 74
year-old woman, who has suffered from severe to moderate
hemorrhagic episodes for a long time, her daughter who
denied any bleeding tendency, and three control subjects.
The cases of the propositus and her daughter have been
detailed in another study (25) where homozygous and
heterozygous status have been respectively suggested. In the
cases of the propositus and her daughter, only two blood
collections were possible for lymphocyte isolation. Lym-
phocytes were isolated under sterile conditions and stored
in liquid nitrogen. Infection of B lymphocytes by EBV (EBV
B958, Marmouset) was performed in RPMI culture medium
containing 20% FCS in the presence of 50 ng/mL cyclosporin
and was achieved within 3 weeks (25). Three independent
EBV infections could be performed. EBV-infected B cells
were expanded in X-VIVO 15 culture medium (free Ca2+

concentration) 1.8 mM). Cell mortality was estimated by
Trypan blue staining (0.1% final concentration).

Measurement of [Ca2+] i by Flow Cytometry.EBV-infected
B lymphocytes were studied at 106 cells/mL. B lymphoblasts
were loaded with 3µM Fluo-3/AM for 30 min at room
temperature. Cells were then washed twice in X-VIVO 15
medium, left for 10 min, and resuspended at the same
concentration (106 cells/mL, 1 mL/analysis). Fluo-3 fluo-
rescence was monitored using a FACScan Becton-Dickinson
flow cytometer and the CELLQuest software. Viable B
lymphoblasts were gated based on forward and side light
scatter to exclude other cell populations and fragments. A
baseline value was obtained for each sample by fluorescence
measurement for 30 s before addition of pharmacologic
agents (1 or 5µM A23187 and 1µM TG in the absence and
in the presence of 2 mM EGTA). Collection was immediately
resumed, then terminated after an additional 5 min (∼50000
events). Fluo-3 fluorescence was measured in arbitrary
fluorescence intensity units and plotted as FL-1 versus time,
basal fluorescence values being 147( 22, 153( 34, and
154 ( 36 for control, Scott patient, and daughter’s B cells,
respectively. To convert these data into absolute [Ca2+] i,
calibration was performed at the end of each experiment (34).
[Ca2+] i was calculated using the equation: [Ca2+] i ) Kd[(F
- Fmin)/(Fmax - F)], whereKd is the dissociation constant
of the Ca2+/Fluo-3 complex (400 nM).Fmax represents the
maximum fluorescence (obtained by treating cells with 10
µM A23187), andFmin represents the minimum fluorescence
(obtained by addition of 2 mM MnCl2 to ionophore-treated
cells).F represents the actual sample fluorescence. Fluores-
cence intensities were expressed as the increase in fluores-
cence with respect to baseline fluorescence intensity before
stimulation.

Western Blots.After incubation with the pharmacologic
agents for different periods of time at 37°C, the reaction
was stopped by addition of 500µL/mL of ice-cold buffer A
(50 mM Tris, 250 mM NaCl, 8 mM MgCl2, 10 µg/mL of
aprotinin, leupeptin and pepstatin, 1 mM PMSF, 5 mM
EDTA, 0.5 mM EGTA, and 2 mM sodium orthovanadate).
Cells were spun down and lysed for 30 min in 1 mL of ice-
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cold lysis buffer [buffer A plus 1% (vol/vol) Triton X-100].
Approximately 10µg of protein was resuspended in Laemmli
sample buffer (35) and separated on 10% SDS-PAGE and
western blotted. Blots were probed with the monoclonal
antibody anti-phosphotyrosine (PY20) and developed with
horseradish peroxidase-conjugated anti-mouse antibody.
Blots were visualized with enhanced chemiluminescence
reagents for 10 min and then exposed to CL-XPosure films.

Functional Detection of Procoagulant Phospholipids.
Procoagulant phospholipid exposure in stimulated cells and
derived microparticles was detected using a human pro-
thrombinase assay in which PS promotes the activation of
prothrombin by factor Xa in the presence of factor Va (36).
Thrombin generated by assembled prothrombinase complex
was measured using a chromogenic assay as described
elsewhere (25). EBV-infected lymphocytes were studied at
2 × 105 cells/mL, and the ability to expose procoagulant PS
was examined after stimulation by 1µM A23187 (10 min
at 37°C, in the presence of 1.8 mM external CaCl2) in the
absence and in the presence of 10 and 100µM genistein
(preincubation of 30 min at 37°C). B cells were separated
from derived microparticles by centrifugation at 12000g for
1 min before measurements. For each protocol, results were
compared with the prothrombinase activities developed in
samples from healthy volunteers.

Statistical Analysis.Results are expressed as means(
SEM of at least six separate experiments performed at
different culture stages. Unpaired Student’st-test was used
for the statistical analysis. Ap < 0.05 value was considered
significant.

RESULTS

Changes of [Ca2+] i. To investigate the changes of [Ca2+] i,
B lymphoblasts were loaded with the Ca2+-binding fluoro-
phore Fluo-3 and emission fluorescence shifts were assessed
by flow cytometry. No significant difference was detected
in the basal fluorescence intensity of normal, daughter, and
Scott B lymphoblasts ([Ca2+] i basal values were 37( 10,
44 ( 10, and 44( 13 nM, respectively). To study Ca2+

responses, drastic activation with Ca2+ ionophore A23187
was performed, since the Scott phenotype was observed in
B lymphoblasts from the patient after this treatment (25).
A23187 at 1µM induced a time-dependent increase in Fluo-3
fluorescence in both normal and Scott EBV-transformed B
cells (Figure 1). This increase in fluorescence intensity was
significantly lower (p < 0.05) in Scott than in normal cells.
Ionophore-stimulated cells from Scott patient’s daughter
exhibited an increase in the fluorescence intensity which was
not significantly different from values corresponding to
normal cells (Figure 1). The difference in the response to
A23187 of Scott versus normal B lymphoblasts was also
observed at higher concentration of ionophore (5µM) (not
shown).

Normally, depletion of intracellular Ca2+ stores by TG
treatment is responsible for Ca2+ currents through the plasma
membrane which results in an elevation of [Ca2+] i and
refilling of stores. This mechanism is referred to as capaci-
tative Ca2+ entry (33). To establish whether the reduced
response of the Scott cells was due to decreased Ca2+ release
from intracellular stores or to decreased Ca2+ capacitative
entry, we used TG (1µM), an inhibitor of reticulum

endoplasmic Ca2+-ATPases, in the absence and in the
presence of EGTA (2 mM), and compared the response of
the Scott versus normal B lymphoblasts. In the absence of
EGTA, TG produced an increase of Fluo-3 fluorescence
intensity, which was lower than the increase induced by
A23187 at the same concentration. Again, we observed that
this increase in fluorescence intensity was higher in normal
than in Scott B cells (p < 0.01) (Figure 2A). Interestingly,
at the outset of the measurements, cells from daughter
showed a lower increase in fluorescence which was similar
to the response of Scott cells, but rapidly increased to reach
a maximal intensity not significantly different from that
induced by TG in normal B lymphoblasts (Figure 2A). In
the presence of EGTA (2 mM), TG-induced response was
weak and similar in normal, daughter’s, and Scott cells,
suggesting that Ca2+ release from intracellular Ca2+ stores
is not altered in Scott cells. However, when CaCl2 (1.8 mM)
was added to raise the extracellular Ca2+ concentration and
to allow the capacitative Ca2+ entry into the cytosol, the
increase of Fluo-3 fluorescence intensity was significantly
higher in normal and daughter’s than in Scott lymphoblasts
(p < 0.01), suggesting that capacitative entry is reduced in
Scott cells (Figure 2B). It should be noted that the increase
in Fluo-3 fluorescence induced by A23187 or by TG in the
continuous presence of EGTA and the subsequent addition
of CaCl2 was not affected by treatment with either of the
voltage-dependent Ca2+ channel blocker verapamil (10µM)
(not shown) or the tyrosine kinase inhibitor genistein (100
µM) (not shown), suggesting that influx of Ca2+ involves
voltage-independent Ca2+ channels and is not modulated by
tyrosine kinase activity.

A23187 and TG Treatment of B Lymphoblasts Triggers
Tyrosine Phosphorylation.Comparison of phosphorylation
patterns induced by A23187 (1µM) in normal, daughter’s,
and Scott cells showed that basal levels of tyrosine phos-
phorylation in the three types of cells were different. Contrary
to observations in normal B lymphoblasts, in daughter’s cells
A23187 induced a weak increase in tyrosine phosphorylation

FIGURE 1: Histograms showing the increase in Fluo-3 fluorescence
in B lymphoblasts from the patient with Scott syndrome, from her
daughter, and from control donors. Cells were activated with 1µM
A23187. Results are expressed as the mean of the increase in
fluorescence( SEM as a function of time. Data are representative
of eight experiments. *p < 0.05 responses of Scott versus normal
B lymphoblasts.
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after 30 s of treatment, and this level slightly enhanced at 3
min. However, A23187 failed to promote any increase of
phosphorylation in Scott cells (Figure 3). These results
suggest an alteration of tyrosine phosphorylation in such
cells, probably due to a defective Ca2+ ionophore-induced
signal. In normal B lymphoblasts, genistein, an inhibitor of
tyrosine kinases, produced a concentration-dependent inhibi-
tion of tyrosine phosphorylation induced by A23187. At 1
µM, genistein inhibited tyrosine phosphorylation only weakly,
but, at 100µM, it considerably reduced this phosphorylation
(not shown).

In the presence of EGTA (2 mM), TG produced an
increase in tyrosine phosphorylation in B lymphoblasts from
control subjects (Figure 4). This response was similar at 30
s and at 3 min of stimulation with TG. After 3 min, the

addition of CaCl2 (1.8 mM) induced an increase in tyrosine
phosphorylation of several proteins (∼38, 75, and 100 kDa).
In daughter’s and in Scott cells, in the presence of EGTA,
TG induced an increase in tyrosine phosphorylation similar
to that observed in control cells at 30 s. However, while in
daughter’s cells, this level of phosphorylation was stable at
3 min, it declined in Scott cells. Moreover, the subsequent
addition of CaCl2 weakly and strongly diminished tyrosine
phosphorylation in daughter’s and Scott cells, respectively
(Figure 4).

In the presence of BAPTA/AM (30µM), an intracellular
Ca2+ chelator, TG did not affect the level of tyrosine
phosphorylation (after 30 s and 3 min of stimulation) in all
of the cell types. Addition of CaCl2 (1.8 mM) induced a weak
increase of phosphorylation in cells from normal subjects,
but failed to produce any significant effect in Scott and
daughter’s cells (Figure 5). The fact that BAPTA/AM
inhibited tyrosine phosphorylation induced by TG and by
subsequent Ca2+ addition suggests that Ca2+ release from
intracellular stores and Ca2+ influx from the 1.8 mM
extracellular Ca2+ are saturated at 30µM of BAPTA/AM.
These findings are in accordance with the above results, and
taken together, they indicate that the capacitative Ca2+ entry
and the associated tyrosine phosphorylation induced by Ca2+

are impaired in Scott B lymphoblasts.
Effects of Tyrosine Kinase Inhibitor on Phospholipid

Externalization. In the absence of stimulation, normal B
lymphoblasts and their corresponding supernatants exhibited
low prothrombinase activities (0.77( 0.23 and 0.4( 0.05
NIH units of thrombin generated per mL/min/2× 105 cells,
respectively). Genistein (10 and 100µM) did not affect the
basal procoagulant phospholipid activity in these cells (not
shown). After Ca2+ ionophore treatment, prothrombinase
activity was enhanced in both cells and supernatants, being
1.78 ( 0.47 and 0.73( 0.22 NIH units of thrombin
generated per mL/min/2× 105 cells, respectively. Genistein
did not affect the generation of prothrombinase activity
induced by Ca2+ ionophore in normal B lymphoblasts (1.77
( 0.49 and 2.00( 0.49 NIH units of thrombin generated
per mL/min/2× 105 cells, in the presence of 10 and 100
µM of genistein, respectively) or the corresponding super-
natants (0.78( 0.27 and 0.94( 0.28 NIH units of thrombin
generated per mL/min/2× 105 cells, in the presence of 10
and 100 µM of genistein, respectively). As previously
reported (25), B lymphoblasts from the Scott patient and her
daugther displayed, respectively, a 87 and 53% reduction of
prothrombinase activity when compared with control cells
after stimulation by Ca2+ ionophore A23187 (1µM).

DISCUSSION

The present study shows that Scott B lymphoblasts, which
present a defect of PS externalization, have decreased
capacitative Ca2+ entry without any detectable alteration in
the mobilization of Ca2+ from intracellular stores. This
defective Ca2+ influx across the membrane results in an
alteration of tyrosine kinase activity. However, tyrosine
kinases are not involved in PS exposure.

Augmentation of [Ca2+] i is due to Ca2+ release from
intracellular stores, mainly endoplasmic reticulum, and Ca2+

transmembrane influx (37). In the present study, the Ca2+

responses induced by A23187 and TG in the presence of

FIGURE 2: Histograms showing the increase in Fluo-3 fluorescence
in B lymphoblasts from the patient with Scott syndrome, from her
daughter, and from control donors. Cells were activated with the
endoplasmic reticulum Ca2+-ATPases inhibitor, thapsigargin (TG),
1 µM, in the presence of 1.8 mM extracellular Ca2+ (A), and in
the presence of 2 mM EGTA and the subsequent addition of 1.8
mM CaCl2 in the continuous presence of TG (B). Results are
expressed as the mean of the increase in fluorescence( SEM as a
function of time. Data are representative of eight experiments. *p
< 0.05, **p < 0.01, responses of Scott B cells versus control cells.
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extracellular Ca2+ are reduced in Scott B lymphoblasts when
compared to control B lymphoblasts. Although A23187-
induced Ca2+ entry may occur through the ionophore itself,
the differences of responses clearly suggest the existence of
other Ca2+ channels. It has also been reported that in platelets
from the first Scott patient, stimulation by collagen and
thrombin induces an increase of [Ca2+] i, lower but not
significantly different from that in control platelets (15). Here,
a somewhat intermediate pattern was observed in cells from
the patient’s daugther, with a normal A23187-induced
increase in Fluo-3 fluorescence, but a response to TG
consistently lower than in controls although significantly
different from that of Scott cells, suggesting that this increase
in [Ca2+] i might be sufficient to produce∼50% of PS
exposure as already described (25). This is additional
evidence supporting the view that the daughter has probably
a heterozygous status with respect to Scott syndrome. Both
A23187 and TG have been reported to induce Ca2+ release
from intracellular stores, and after sustained depletion,
voltage-independent Ca2+ influx across the plama membrane
(16, 17) becomes activated. To assess which is the affected
pathway in Scott cells, experiments were performed in the

presence of EGTA, and TG, an inhibitor of endoplasmic
reticulum Ca2+-ATPases, was used to empty Ca2+ stores,
and capacitative Ca2+ entry after subsequent addition of
CaCl2 was studied. Under these conditions, response to TG
was similar in all cell types, suggesting that intracellular Ca2+

stores are not altered in either of Scott or daughter’s cells.
However, when CaCl2 was added in the continuous presence
of TG, Ca2+ entry was diminished in cells from Scott patient
and was normal in daughter’s cells. Taken together, these
data are in favor of an alteration of capacitative Ca2+ entry
in Scott cells, but not in daughter’s cells. Impaired A23187-
and TG-induced Ca2+ responses in Scott B cells could also
be explained by a multidrug resistance process responsible
for a rapid elimination of these compounds out of the cells.
Another possibility is that endoplasmic reticulum Ca2+-
ATPases of Scott cells are insensitive to TG. Two observa-
tions exclude these hypotheses. First, it has been reported
that EBV lymphoblasts from this french Scott patient do not
express multidrug resistance genes (38). Second, intracellular
Ca2+ release induced by TG in the presence of EGTA is
normal in Scott cells (the same results were obtained with
A23187, not shown).

FIGURE 3: Western blotting of tyrosine phosphorylated proteins from B lymphoblasts from a control donor, from the patient with Scott
syndrome, and from her daughter. Cells were stimulated by 1µM A23187 during 30 s and 3 min in the presence of 1.8 mM extracellular
Ca2+. Blots are representative of four separate experiments.

FIGURE 4: Thapsigargin (TG)-induced tyrosine phosphorylation in B lymphoblasts from a control donor, from the patient with Scott syndrome,
and from her daughter. Cells were treated with the Ca2+ chelator EGTA, 2 mM, for 5 min followed by addition of 1µM TG during 30 s
and 3 min. CaCl2, 1.8 mM, was added 3 min after TG addition and tyrosine phosphorylation was probed 1 min later. Blots are representative
of four separate experiments.
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Among the molecular mechanisms proposed for the
activation of capacitative Ca2+ entry, tyrosine kinases have
been studied in platelets where the influx of Ca2+ evoked
by TG induces tyrosine phosphorylation and tyrosine kinase
inhibitors block capacitative Ca2+ entry (39, 40). In our study,
genistein did not affect the response induced by CaCl2 in
the sustained presence of EGTA and TG, indicating that
capacitative Ca2+ entry is not likely to be regulated by
tyrosine kinase activity. At the opposite, the lack of increase
in tyrosine phosphorylation in the presence of BAPTA/AM
indicates that tyrosine phosphorylation induced by TG
depends on elevation of intracellular Ca2+.

Several groups have recently studied the possible relation-
ships between tyrosine kinase activity and the externalization
of PS. In platelets, inhibition of tyrosine kinases by genistein
diminished the increase in [Ca2+] i, PS exposure, and bleb
formation induced by collagen, but did not affect the
responses induced by A23187 (23). In normal erythrocytes,
staurosporine did not prevent the generation of PS-dependent
procoagulant, i.e., prothrombinase activity induced by iono-
mycin suggesting that tyrosine kinase activity is not required
for lipid scrambling (27). In agreement with these results,
we have shown that in normal B lymphoblasts, genistein did
not affect the [Ca2+] i responses or prothrombinase activity
induced by A23187. Taken together, these results suggest
that tyrosine kinases are not likely to be involved in the
regulation of the sustained increase in [Ca2+] i induced by
drastic activation conditions (Ca2+ ionophore). However, it
cannot be excluded that the increase in [Ca2+] i induced by
other agents could be mediated by tyrosine kinase activity.

In platelets and erythrocytes from the two Scott patients,
an abnormal pattern of tyrosine phosphorylation in response
to the physiologic agonist combination of collagen and
thrombin has been reported (26, 27). Here, in addition to
defective Ca2+ entry in Scott B lymphoblasts, we have
observed an alteration in tyrosine phosphorylation linked to
Ca2+ entry across the membrane in response to A23187 and
TG. Although defective Ca2+ entry can result in impaired
Ca2+-induced tyrosine phosphorylation, increased tyrosine
phosphatase activity or reduced tyrosine kinase activity
cannot be excluded. In this respect, a normal tyrosine
phosphatase activity has been reported in platelets from the

same Scott patient (26) and we have observed a normal
pattern of A23187-induced tyrosine phosphorylation in her
derived B lymphoblasts when sodium orthovanadate (an
inhibitor of tyrosine phosphatases) was omitted in the lysis
buffer (see Experimental Procedures) (not shown). On the
other hand, a reduced tyrosine kinase activity could explain
the impaired tyrosine phosphorylation in Scott cells after
Ca2+ influx. However, the finding that in these cells in the
presence of EGTA, TG-induced tyrosine phosphorylation is
normal but declined after CaCl2 addition suggests that the
impairment of tyrosine kinase activity occurs only after the
deficient Ca2+ influx. Hence, the alteration of Scott cell
tyrosine kinase activity may well result from defective Ca2+

influx. When the same protocol was used in daughter’s cells,
a weak diminution of tyrosine phosphorylation was observed,
in agreement with a possible heterozygous status. However,
the involvement of tyrosine kinases in phospholipid scram-
bling remains to be elucidated, according to experimental
protocols allowing simultaneous measurements of PS exter-
nalization, cytosolic Ca2+ variations, and protein tyrosine
phosphorylation.

Little is known about the Ca2+ channels mediating the
capacitative Ca2+ entry or the intracellular signals governing
this Ca2+ influx. Concerning the channels (also referred to
as store-operated or Ca2+ release-activated Ca2+ channels),
it is established that they are regulated by the level of Ca2+

in the intracellular stores. Regarding the signaling mecha-
nisms, different second messengers have been proposed [for
review see Fasolato et al. (41)]. Whether the defective Ca2+

responses observed in Scott cells are due to a mutation of
Ca2+ channels or elements involved in the regulation of
intracellular signaling remains to be clarified. The absence
of intracellular stores in erythrocytes and resealed ghosts
might question the results obtained with B cells. However,
Ca2+ ionophore-induced PS exposure and expression of
membrane procoagulant activity in red blood cells occurs
much more slowly and to a much lesser extent than in
platelets (20) and in B cells (in our study, phothrombinase
activity was maximal after 10 min of A23187 stimulation).
Therefore, it seems reasonable to assume that, although the
protein involved in the PS exposure is the same in B cells

FIGURE 5: Prevention of thapsigargin (TG)-induced tyrosine phosphorylation by the intracellular Ca2+ chelator BAPTA/AM in B lymphoblasts
from a control donor, from the patient with Scott syndrome, and from her daughter. Cells were treated with BAPTA/AM 30µM for 30 min
followed by addition of 1µM TG during 30 s and 3 min. CaCl2, 1.8 mM, was added 3 min after TG addition and tyrosine phosphorylation
was probed 1 min later. Blots are representative of four separate experiments.
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and erythrocytes, the intracellular regulatory mechanism(s)
may be different.

The present study shows that the capacitative Ca2+ entry
is reduced but not totally abolished in Scott B cells. It
remains, however, to be established whether this occurs in
other cell lineages presenting the Scott phenotype. In this
respect, an interesting observation is that of the absence of
Ca2+ entry across the plasma membrane with a normal Ca2+

mobilization from the intracellular stores associated with a
case of primary T-cell immunodeficiency (42). Although the
same abnormality was found in other hematopoietic cell
lineages and in fibroblasts, the authors showed that B cell
proliferation, platelet aggregation, and polymorphonuclear
neutrophil functions were not affected. The Scott patient
studied here did not present other clinical symptoms than
bleeding episodes, and (auto)immune disorders have not been
observed (25). Platelet aggregation is also normal in this
patient (25), suggesting that a reduced Ca2+ influx is harmless
for a normal immune response but not for the induction of
rapid PS externalization, necessary for the hemostatic
response.
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