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Abstract

Scott syndrome is a bleeding disorder associated with an
isolated defect in expression of membrane coagulant activity
by stimulated platelets. This defect represents a decrease in
platelet membrane binding sites for coagulation factors Va
and VIIIa, reflecting diminished surface exposure of phos-
phatidylserine (PS). To gain insight into the cellular and
genetic basis for this disorder, B-lymphocytes from a patient
with Scott syndrome and from normal donors were immor-
talized by EBV-transformation, and tested for their capacity
to expose plasma membrane PS in response to the Ca2"
ionophore, A23187. Upon incubation with A23187, EBV-
lymphoblasts derived from normal donors consistently in-
duced surface expression of PS in > 70% of all cells, as
detected by membrane association of the PS-binding pro-
teins, factor Va or annexin V. PS exposure in these cells was
maximal after 5 min, and saturated at < 100 ,uM external
free [Ca2"]. By contrast, < 30% of Scott syndrome
lymphoblasts exposed PS, and saturation was not observed
at > 1 mMexternal free [Ca2"]. Single-cell clones derived
from the Scott lymphoblasts all exhibited a diminished re-
sponse to A23187 comparable with that of the parental cells,
suggesting that all lymphocytes from this patient share this
membrane abnormality. Hybridomas prepared by fusion
of Scott lymphoblasts with the myeloma cell line UC-LUC
showed responses to Ca2+ ionophore comparable to those
observed for normal lymphoblasts and for hybridomas pre-
pared by fusion of normal lymphoblasts with UC-LUC. This
correction of the Scott abnormality suggests possible com-
plementation of an aberrant gene(s) responsible for this
disorder. (J. Clin. Invest. 1994. 94:2237-2244.) Key words:
Epstein-Barr virus * blood coagulation - phosphatidylserines
* hybridomas - calcium * cell death

Introduction

The "Scott syndrome" refers to a bleeding disorder associated
with an isolated defect in expression of membrane coagulant
activity by stimulated platelets (1, 2). Scott platelets exhibit
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diminished capacity to promote plasma clotting due to reduced
expression of membrane catalytic activity for the tenase (en-
zyme complex of coagulation factors VIIIaIXa) and prothrom-
binase (enzyme complex of coagulation factors VaXa) reac-
tions (3, 4). This defect is now known to represent a decrease
in the number of newly exposed membrane binding sites for
coagulation factors Va and Vllla by the activated platelets,
reflecting diminished surface exposure of phosphatidylserine
(PS)' and reduced shedding of coagulant plasma membrane
vesicles ("microparticles") from the platelet surface (5, 6).
Although Scott platelets are defective in PS-exposure and mi-
croparticle formation in response to either calcium ionophore,
complement C5b-9, or agonists such as thrombin and collagen,
these platelets exhibit normal agonist-induced secretory and ag-
gregation responses, implying a defect that selectively affects
the plasma membrane events that are required for normal ex-
pression of platelet coagulant activity (2). While it has been
suggested that Scott platelets contain a deficient or defective
membrane component required for the normal coagulant re-
sponse, the possibility that a plasma-derived inhibitor affects
the surface properties of these cells has not been excluded. The
erythrocytes and resealed erythrocyte ghosts prepared from this
patient have recently been found to exhibit a membrane defect
that is similar to that found in the platelets (7).

The mechanism by which platelet activation initiates move-
ment of phosphatidylserine from inner-to-outer leaflets of the
plasma membrane and initiates plasma membrane vesiculation
remains unresolved. This response has been shown to depend
upon an influx of Ca2' across the platelet plasma membrane,
and is most prominent for those agonists that cause large in-
creases in cytosolic [Ca2+] (8-11). A similar dependence on
Ca2+ is also observed for PS-exposure and expression of coagu-
lant membrane surface by calcium ionophore-treated as well as
irreversibly sickled erythrocytes (12-14). The activity of sev-
eral intracellular enzymes, including calmodulin-dependent ki-
nases, calpains, transglutaminase, and phospholipase A2, are
known to be regulated by the level of cytosolic Ca2+, and
inhibitors of one or more of these enzymes have been reported to
affect expression of platelet coagulant activity, although direct
causal relationships between enzyme activity and expression of
coagulant activity remains unresolved (12, 15-19). Recently,
it has been reported that Ca2+-induced transbilayer movement
of PS depends on the membrane concentration of phosphatidyl-
inositol 4,5-bisphosphate (20), suggesting direct interaction of
this ion with lipid. Nevertheless, biochemical analyses of Scott
platelets and erythrocytes have to date failed to reveal a compo-
sitional defect of lipid or protein that might account for the

1. Abbreviations used in this paper: AET, 2-aminoethylisothiouronium
bromide; PS, phosphatidylserine; SRBC, sheep red blood cells.
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impaired responsiveness of these cells to elevated intracellular
Ca2+ (2).

The observation that the plasma membrane defect observed
for Scott platelets is also shared by erythrocytes and potentially
other hematologic cells suggested the cellular defect might also
be identified in a nucleated cell line that could be propagated
through in vitro cell culture for genetic analysis. In this paper
we describe cellular cloning and characterization of EBV-trans-
formed B-lymphoblasts expressing the Scott syndrome pheno-
type.

Methods

Materials. BSA, RPMI 1640, L-glutamine, sodium pyruvate, 2-amino-
ethylisothiouronium bromide (AET), and 0.4% trypan blue solution
were purchased from Sigma Chemical Co. (St. Louis, MO); HATand
HT media were from GIBCO BRL (Gaithersburg, MD); polyethylene
glycol 1,500 was from Boehringer Mannheim (Indianapolis, IN); FCS
was from Biocell (Dominguez, CA); lymphocyte separation medium
(Ficoll) was from Organon Teknika (Durham, NC); B95-8 Epstein-
Barr virus (2.5 x 108 transforming U/ml) was from Tampa Bay Re-
search Institute (St. Petersburg, FL); ISOTONwas from Curtin-Mathe-
son Scientific Inc. (Houston, TX); calcium ionophore, A23187, and
hygromycin B were from Calbiochem Corp. (La Jolla, CA). Bovine
factor Va was from Haematologic Technologies, Inc. (Essex Junction,
VT); and FITC on Celite and propidium iodide were from Molecular
Probes (Eugene, OR). Murine monoclonal antibody, V237, specific for
the light chain of human factor Va was a generous gift from Dr. Charles
T. Esmon (Oklahoma Medical Research Foundation, Oklahoma City,
OK) and has been described previously (21), and the human myeloma
cell line UC-LUC (22) was a gift from Dr. Paula Kavathas (Yale
University, New Haven, CT). Human annexin V was purified from
human placenta according to methods described by Funakoshi et al.
(23). All other chemicals were of reagent or analytical grade.

Solutions. Sodium MOPS: 10 mMMops, 150 mMNaCl, 0.02%
sodium azide, pH 7.4. PBS: 137 mMNaCl, 2.7 mMKCI, 8.1 mM
Na2HPO4, 1.5 mMKH2PO4, pH 7.4. Standard culture medium: RPMI
1640 supplemented with 15% heat inactivated FCS, 2 mML-glutamine,
and 1 mMsodium pyruvate.

Fluorescence labeling of proteins. Annexin V and antibody V237
were conjugated with FITC at pH 9.0. The protein to be labeled was
dialyzed against sodium MOPSand pH was adjusted to 9.0 by adding
1/10th volume of 1 Msodium carbonate, pH 9.0. To 0.2-0.5 mg of
the protein (200-500 ug/ml), 1-2 mgof FITC on Celite was delivered
with rapid mixing. After incubation at room temperature for 30-60 min,
the reaction was stopped by adding 1 / 10th volume of 1 M(NH4)2CO3,
pH 7.0. Free dye was removed by gel filtration on Sephadex G-25 (PD-
10, Pharmacia Biotech Inc., Piscataway, NJ), followed by exhaustive
dialysis against sodium MOPS(V237) or sodium MOPScontaining 0.1
mMEDTA (annexin V) in the presence of activated charcoal.

Preparation of AET-treated sheep red blood cells. SRBC were
washed twice with HBSS(1,000 g, 10 min, at 18-20°C), and incubated
at 20% hematocrit in a solution of 140 mMAET, pH 9.0, at 37°C for
20 min. The AET-treated SRBCwere washed twice with PBS, and then
suspended to 4% hematocrit.

EBV-transformed lymphoblasts. EBV-transformed B lymphoblasts
were established from a patient with Scott syndrome and from nine
normal donors. Briefly, PBMCwere separated by Ficoll centrifugation
(500 g, 30 min, at 17°C). Separated mononuclear cells were washed
twice with serum-free RPMI 1640, and suspended in the standard me-
dium at a concentration of 1 x 107/ml. To 2 ml of PBMC, 2 ml of
heat-inactivated FCS and 2 ml of AET-treated SRBC(4% hematocrit)
were added. After centrifugation at 200 g for 5 min at 4°C, cells were
incubated on ice for 60 min, and then gently suspended. The cells were
layered on Ficoll, centrifuged (900 g, 35 min, at 4°C), and the cells in
the interface layer were collected, washed with PBS twice, and sus-

pended at 2.5 x 106/ml in serum-free RPMI. The T cell-depleted lym-
phocytes were transformed by addition of B95-8 EBV transforming
virus at a final concentration of 1 transforming U/cell, and incubated
for 2 h at 37°C in humidified 5% CO2 with occasional agitation. The
cells were recovered by centrifugation, suspended in standard culture
medium at 1.25 x 106/ml, and plated in 96-well plates (200 ptl/well).
After 20-40 d of culture, growing cells were harvested and expanded.
The EBV-transformed B lymphoblasts were cultured at 37°C in humidi-
fied 5%CO2in standard culture medium. All transformed cell lines were
stabilized in culture for two months prior to assay. Three independent
transformations of Scott syndrome lymphocytes performed with blood
samples obtained from this patient (and matched controls) on separate
occasions yielded indistinguishable results.

Cloning of EBV-transformed B lymphoblasts. Cloning was per-
formed by limiting dilution in 96-well plates, with a feeder layer of
irradiated human PBMC. Briefly, PBMCfrom a normal donor were
separated by Ficoll centrifugation (500 g, 30 min, at 17°C). Separated
PBMCwere washed twice with PBS, resuspended in the standard culture
medium, and then irradiated with 3,000 rad. Irradiated PBMCwere
transferred to each well of 96-well microtiter plates (Falcon Labware,
Oxnard, CA) at a cell concentration of 1 x 105/ml (100 ,ul/well). After
culturing the feeder cells for 2-10 d, feeder cells were aspirated, and
100 IL of the EBV-transformed lymphoblasts were plated in each well
(0.3-2.0 cells/well). Approximately half of the medium was changed
every 4-7 d. After 2-4 wk of the culture, plates were observed by
microscopy for viable clones. Selected clones were expanded in 24-
well plates (Falcon Labware), and this procedure was repeated.

Cell fusion. Human B cell hybridoma were prepared by fusion of
EBV-transformed lymphoblasts with the hygromycin B-resistant, hypo-
xanthine guanine phosphoribosyl transferase (HGPRT) -deficient human
myeloma cell line, UC-LUC (22). UC-LUC cells (2 x 107 cells) and
EBV-transformed lymphoblasts (4 x I07 cells) were washed twice with
serum-free RPMI 1640, and mixed in 50 ml conical tubes. The cells
were centrifuged at 200 g for 5 min. After aspirating the supernatant
completely, fusion was performed by resuspending the cells in 1 ml of
50% PEG 1,500 at 37°C, added drop-wise over 1 min. After gentle
mixing for an additional one minute, the sample was immediately diluted
by slow drop-wise addition of serum-free RPMI 1640 at 37°C. The cells
were centrifuged at 200 g for 5 min, resuspended in the standard culture
medium supplemented with HATand 400 pg/ml of hygromycin B, and
then plated at a cell concentration of 1 x 105/well in 96-well microtiter
plates (200 Ml/well). Approximately half of the medium was changed
every 4 d. After 2 wk of culture, culture medium was changed to the
standard culture medium with HT and 400 Ag/ml of hygromycin B,
and then after 3 wk, to the standard culture medium with 400 izg/ml of
hygromycin B. Hybridomas were expanded in 24-well plates or T-25
flasks for assay.

Assay of PS exposure by flow cytometry. PS exposure on the B
lymphoblast surface was detected by the specific binding of FITC-
conjugated annexin V (FITC-annexin V) or factor Va, the latter detected
with FITC-V237 (19, 21, 24). Lymphoblasts were washed twice with
serum-free RPMI 1640, and suspended at 37°C, in RPMI 1640 supple-
mented with 0.1% BSA and 1 mMCaCl2 (or, as otherwise indicated)
at a concentration of 2.5 x 105 cells/ml. At time = 0, A23187 (1 gUM
final concentration) was added from 0.5 mMstock solution in DMSO.
In all experiments, identically treated cells receiving DMSOwithout
ionophore served as untreated controls. At times indicated in figure
legends, the reaction was stopped by addition of 3 mMEDTA. 50 ,ul
of the cells were transferred to tubes containing 5 Ml of bovine factor
Va (final concentration, 5 ,ug/ml), and incubated at room temperature
for 15 min, after which cells were stained with FITC conjugated V237
(5 tig/ml) for an additional 15 min. Samples were then diluted by
adding 250 Ml ISOTON, and the binding of FITC-V237 was assayed
by flow cytometry (FACScan®; Becton Dickinson, San Jose, CA) im-
mediately after dilution. The data of 2,000 cells were acquired by using
a forward angle light scatter trigger. For measurement of annexin V
binding, after the treatment with Ca2' and 1 ,uM A23187, 50 ul of the
cell suspension was transferred to tubes containing 5 ,tl of FITC-annexin
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V (final concentration, 3 /g/ml). After incubation for 15 min at room

temperature, the samples were diluted with 250 .l of ISOTON for flow
cytometry. Data analysis was perfonned using the Lysis II software
(Becton Dickinson). To quantitate the number of calcium ionophore
responsive cells in each sample, a FITC fluorescence threshold was set
so as to include 98%of the non-activated cells (representing background
binding of factor Va or annexin V) in each untreated sample. The
number of cells that exposed surface PS in response to treatment with
A23187 (defined as calcium responsive cells) was then determined from
the ratio of FITC-negative cells in the A23187-treated versus untreated
samples, according to (see Fig. 1):

percent calcium responsive cells

100 x I percent FITC-negative cells (A23 187)
percent FITC-negative cells (untreated)

Ca2" dependence of PS exposure. To deduce the relationship be-
tween extracellular ionized Ca2" and A23187-induced PS exposure,

lymphoblasts (2.5 x I05 cells/ml) were washed and suspended in RPMI
1640, 0.1% BSA, 20 mMHepes, 1.2 mMEGTA, with concentrations
of CaCl2 between 0 and 4 mM, and then incubated with 0 or 1.0 HM
A23187 for 10 min at 37°C. The reaction was stopped by addition of
EDTA, and calcium responsive cells determined from the exposure of
factor Va binding sites, measured by flow cytometry. Ionized Ca2+
under each condition was calculated using FreeCal version 4.0 software
(generously provided by Dr. Lawrence F. Brass, University of Pennsyl-
vania, Philadelphia, PA).

Propidium iodide staining. EBV-transformed lymphoblasts were

washed twice with serum-free RPMI 1640 and suspended (2 x 106
cells/m) in RPMI 1640, 0.1% BSA, 1 mMCaCl2. Activation was per-

formed by addition of 1 uM A23 187. After 40 min incubation at 37°C,
cells were stained (3 min, room temperature) by addition of 5 4g/ml
propidium iodide. After 10-fold dilution in ISOTON, the percentage of
propidium-stained cells were analyzed by flow cytometry.

Trypan blue staining. A23 187-treated and untreated cells were

stained by addition of trypan blue (final concentration 0.2%) and imme-
diately examined by microscopy. The percentage of cells incorporating
stain was determined in independent assays of duplicate samples.

Results

EBV-transformed B lymphoblasts expressing membrane defect
of Scott syndrome. To clarify whether the defect in Ca2+ -induc-
ible PS exposure that is characteristic of Scott syndrome plate-
lets and erythrocytes reflects an inherent genetic defect that is
expressed in multiple cell lineages and that propagates through
cell division, EBV-transformed lymphoblasts were prepared
from B-lymphocytes isolated from the blood of this patient
(primary lymphoblast cell line, designated Scott-O). EBV-
transformed lymphoblasts prepared from nine normal donors
served as controls (see Methods). After at least 8 wk of stabili-
zation in culture, the EBV-transformed cell lines were further
expanded and analyzed for their capacity to expose PS on the
surface of the plasma membrane upon treatment with the cal-
cium ionophore, A23187. As described in Methods, PS expo-

sure was detected either by the exposure of plasma membrane
binding sites for factor Va (Fig. 1), or, by the binding of FITC-
labeled annexin V (data not shown). As illustrated by these
data, incubation with A23187 in the presence of 1.4 mMexter-

nal [Ca2+ ]induced new factor Va binding sites on virtually all
of the lymphoblasts derived from normal donor lymphocytes.
Similar results were obtained using FITC-labeled annexin V to

probe surface-exposed PS (not shown). This ionophore-medi-
ated exposure of membrane binding sites for these PS-binding
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Figure 1. PS exposure in Scott-O and normal control lymphoblasts as

detected by binding of factor Va. Washed lymphoblasts (Scott-O and
W9), suspended at 2.5 x 105 cells/ml in RPMI 1640 with 0.1% BSA,
1 mMCaCl2, were treated with 1 MMA23187. After incubating 15 min
at 37°C, 3 mMEDTA was added and cells were stained by addition of
factor Va and antibody FITC-V237, as described in Methods. Dot plots
denote forward angle light scatter (linear scale; abscissa) versus FITC
fluorescence intensity (logarithmic scale; ordinate). Also shown are

histograms of FITC-fluorescence (logarithmic scale; abscissa) for the
ionophore-treated samples. Arrows in the histograms indicate the thresh-
old of positivity used to determine the relative number of calcium re-

sponsive cells under each condition (see Methods). Data of a single
experiment, representative of results obtained in more than 20 indepen-
dent experiments, using Scott-O and nine separate normal controls.

proteins has been shown in other cells to reflect an intracellular
Ca2+ -initiated transbilayer migration of PS from inner-to-outer
leaflets of the plasma membrane (21, 24, 25). In addition to
exposing membrane binding sites for factor Va and annexin V,
the ionophore-treated lymphoblasts showed a distinct shift in
forward light scatter, reflecting change in refractility and re-

duced cell size. By contrast to the results obtained with normal
donor lymphoblasts, the Scott-O lymphoblasts were distinctly
resistant to this treatment, with only 20-30% of all cells con-

verting to the activated phenotype (surface PS-positive and re-
duced size) upon incubation with the calcium ionophore (see
also Fig. 2). This distinct difference in the response to Ca2+
ionophore of the Scott-O lymphoblasts versus normal-donor
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Va, as detected by flow cytometry (see Fig. 1). The number of calcium-
plus-ionophore responsive cells in each sample (expressed as the per-
centage of all cells) was determined as described in Methods. Data
plotted represent mean values obtained in at least 20 independent experi-
ments using Scott-O, and at least three independent experiments in the
case of the normal control cell lines L096, 44, W6, W9, and WIO.
Results for cell lines L479, LH002260, L056W5, and LH1 102 were
obtained in a single experiment. Error bars denote SD.

cell lines was stably expressed in these cells during continuous
culture for periods in excess of 6 mo. Essentially the same
results were obtained in experiments performed with Scott-O
cells (and control lymphoblasts) prepared in independent EBV-
transformations of peripheral blood B-cells isolated from this
patient on three separate occasions over a period of 11 mo
(data not shown). In all cell lines, a small and variable number
(< 20%) of surface PS-positive cells was also detected in the
untreated samples (see Fig. 1), which is likely to reflect mem-
brane damage arising during the multiple washing procedures
required for these measurements. No consistent difference in
this background of initially PS-positive cells was observed be-
tween Scott-O lymphoblasts and the lymphoblasts prepared
from normal donors, and the PS-positive cells in the untreated
samples were excluded from analysis (see below).

Comparison of Ca2+ response of Scott-O and lymphoblasts
from normal donors. To quantitatively compare the number of
Ca2+-responsive and nonresponsive cells in each cell line, we

analyzed the A23187-induced conversion of initially surface
PS-negative to surface-PS positive cells in each population. As
summarized by the data of Fig. 2, in the case of lymphoblasts
derived from normal donors, exposure to Ca2+ plus A23187
under the conditions of these experiments converted 70-90%
of all cells to the PS-positive (i.e., factor Va-binding) pheno-
type. By contrast, only 20-30% of the Scott-O lymphoblasts
expressed factor Va binding sites under these conditions.

Dependence on external [Ca 2+]. To determine whether the
diminished response of the Scott-O cell line detected under the
conditions of Fig. 1 reflected either altered kinetics or decreased
sensitivity to [Ca2+] per se, the time-dependent and [Ca2+ ] -
dependent responses of Scott-O cells to A23 187 were compared
with normal donor lymphoblasts (Fig. 3). As illustrated by
these data, the response of the normal donor lymphoblasts was
nearly-maximally expressed within 5 min after addition of iono-
phore, while the ionophore-induced response of Scott-O cells
failed to reach the levels of normal controls, even after 30 min
incubation (Fig. 3 A). The apparent half-maximal induction
of the PS-exposed phenotype in A23187-treated lymphoblasts
derived from normal donors was observed at approximately 18
j.M extracellular free [Ca2 ], and saturated by 100 1iM Ca2+
(Fig. 3 B). By comparison, in A23187-treated Scott-O
lymphoblasts, saturation of this response was not observed at
> 1 mMexternal free [Ca2+ ] ,the apparent half-maximal re-
sponse requiring > 45 paM Ca

Relationship to cell viability. In addition to nuclear degrada-
tion, the induction of programmed cell death in lymphocytes and
other cells is known to be accompanied by increased cytosolic
[Ca2+ ], and consequent changes in the transmembrane distribu-
tion of plasma membrane phospholipids, with ultimate loss of
plasma membrane integrity. Furthermore, treatment of B-lym-
phocytes with calcium ionophore has been shown to directly
induce many of the cellular changes associated with cellular
apoptosis (26, 27). It was therefore of interest to determine
whether the apparent resistance of Scott-O cells to Ca2+ iono-
phore-induced exposure of PS is also reflected by increased
resistance of these cells to the loss of plasma membrane integrity
that normally accompanies a sustained elevation of cytosolic
[Ca2+]. Wetherefore compared the plasma membrane integrity

A B Figure 3. Kinetics of PS exposure and depen-
<100 100 dence on external [Ca2"]. (A) Scott-O (-) andO0 three normal control lymphoblasts (W6, W9, and

CX WIO; A) were incubated with 1 ,uM A23187
3 80 80 / under conditions described in Fig. 1. Cells identi-
0

/ / cally exposed to DMSObut not ionophore served
.' 60 / 60 as untreated cells. At the indicated times (ab-
o: / /scissa) 50 Ml of each suspension was transferred
QL 40 / 40 to tubes containing 1 bl of 150 mMEDTA, and
a) | / | / ~PSexposure was detennined from the exposure

E 20 20 of factor Va binding sites. Calcium responsive
cells (ordinate) at each time was calculated as

0u. described in Methods. Error bars denote mean
CZ 0_
0 0 10 20 30 0.1 1 10 100 1000 + SD for three separate normal cell lines. Data

of single experiment, representative of results
Time (mmn) [External Ca2+] (pl") obtained in three independent experiments. (B)

Scott-O (e) and normal control lymphoblasts
(W9; A) were suspended in RPMI 1640, 0.1% BSA, 20 mMHepes, 1.2 mMEGTAand various concentrations of CaCl2 to obtain concentrations
of ionized Ca2' denoted on abscissa (logarithmic scale; see Methods). PS exposure was induced by incubation for 10 min at 37°C with 1 yM
A23187. Cells identically exposed to DMSObut not ionophore served as untreated cells. After addition of EDTA, PS exposure was detected by
flow cytometry, using factor Va (see Fig. 1). Calcium responsive cells (ordinate) at each [Ca2+ ] was calculated as described in Methods. Data of
single experiment, representative of three similar experiments.
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Table L Analysis of Propidium Iodide and Trypan Blue Staining

Propidium iodide Trypan blue

Scott-O Control Scott-0 Control

Percent positively stained cells

Untreated 17.7 16.2±9.1 10.0 5.9±4.7
+ A23187 33.7 64.8±5.3 7.6 87.8±2.6

Scott-0 and three control lymphoblasts were incubated with 1 /1M
A23187 in the presence of 1.4 mMCaC12, and then stained with either
propidium iodide or trypan blue (see Methods). Results are expressed
as the percentage of cells that incorporate dye. Untreated cells refer to
identical-matched pair lymphoblasts (Scott-0 or control) exposed to
DMSO,but not A23187. Data for controls represent mean±SD deter-
mined for three separate control cell lines.

of A23187-treated Scott-O versus normal lymphoblasts by
staining with trypan blue and propidium iodide (Table I), under
conditions that resulted in conversion of approximately 20%
(Scott-O) versus > 90% (normal controls) of the cells to the
PS-positive phenotype, evaluated by factor Va binding (see Fig.
1). As illustrated by these data, the marked difference in Ca2+
sensitivity of Scott-O cells versus normal controls that is ob-
served for PS exposure was also observed with respect to cell
staining by both of these markers of plasma membrane integrity.

Cloning of EBV-transformed Scott lymphoblasts. The data
of Figs. 1 and 2 suggest that - 20-30% of the Scott-O
lymphoblasts respond normally to calcium ionophore, raising
the possibility that this line includes cells of mixed phenotype,
reflecting both normal and abnormal sensitivities to Ca2+ . Alter-
natively, the reduced response of Scott-O cells to treatment
with A23187 might reflect a diminished probability for induced
rearrangement of plasma membrane lipid at each concentration
of cytosolic Ca2 , that is shared by all cells in the population.
This latter possibility was suggested by the observation that PS
exposure in A23187-treated Scott-O cells appears shifted to
elevated [Ca2, ] versus A23187-treated normal lymphoblasts
(Fig. 3), implying that a diminished sensitivity to intemal Ca2+
is exhibited by the 20-30% of Scott-O cells that do respond to
ionophore, as well as the 70-80% of the cells that remain
quiescent under the conditions of these experiments. To address
this question, we undertook to analyze the Ca2+-response of
single-cell clonal lines derived from the Scott-O lymphoblasts.
In these experiments, seven independent clonal cell lines de-
rived from Scott-O were analyzed for A23187-induced factor
Va binding, and compared to the response of the parental (Scott-
0) cell line. The responses of the daughter clones appeared to
be normally distributed with respect to that of the parental Scott-
0, and all showed markedly diminished responses to A23187
when compared with lymphoblasts derived from normal donors
(data not shown). To confirm that the initial cloning resulted in
single-cell derived progeny, two of the Scott-0-derived clones,
(3E8 and 2C10) were further cloned, and five secondary clones
from each were analyzed. All of these secondary clones showed
abnormal response to calcium ionophore, characteristic of the
Scott-O lymphoblasts (data not shown).

Correction of the abnormal phenotype by somatic cell hy-
bridization. Propagation of the abnormal phenotype of Scott-0
lymphoblasts through multiple cell divisions implied that the
basis for this disorder is a gene mutation affecting Ca2 -medi-
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Figure 4. Calcium ionophore-induced PS exposure in B-cell hybridomas
derived from Scott lymphoblasts. Hybridomas prepared by fusion of
Scott-O with the myeloma cell line, UC-LUC (Scott-OIUC-LUC) were
analyzed for A23187-induced PS exposure under conditions described
for Fig. 1. Comparison was made to the parental lymphoblast cell line
Scott-O, the normal control lymphoblast cell line W9, the myeloma cell
line UC-LUC, and the hybridoma prepared by fusion of W9with UC-
LUC (W9/UC-LUC). For each cell line, left hand panel denotes un-
treated cells; right-hand panel are cells treated with 1 uM A23187. All
dot plots denote forward angle light scatter (linear scales; abscissa) and
FITC-fluorescence (logarithmic scales; ordinate). Data of single experi-
ment, representative of results obtained in > 20 independent experi-
ments so performed.

ated changes in the physical properties of the plasma membrane,
a defect that is also presumably shared by the platelet and
erythroid progenitor cells of this patient. Unresolved is whether
the observed phenotype reflects a mutation that results in a loss
of normal function (e.g., a membrane-associated component
with diminished affinity for Ca2+), or, whether the phenotype
of these cells reflects the over-expression of a cellular compo-
nent that normally serves to stabilize the plasma membrane. To
gain initial insight into the potential for genetic transfer of the
Scott trait, hybridoma cell lines were prepared by fusion of the
Scott-0 lymphoblasts with the human myeloma cell line, UC-
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A B FigureS. Kinetics of PS exposure and depen-
100100 dence on external [Ca2 ] in Scott and controlen ,= hybridomas. (A) The hybridoma cell lines

CD 80 j r l 1 80- /t Scott-O/UC-LUC (o) and W9/UC-LUC
O I _ / (A) were incubated with 1 ybM A23187 under

@-60 1 60- g conditions described in Fig. 1. Cells identi-60 60r cally exposed to DMSObut not ionophore
o served as untreated cells. At the indicateda-
ca 40 40- times (abscissa) 50 ILI of each suspensionCD
cc z ,8/wastransferred to tubes containing 1 ,ul of
E 20 20- / 150 mMEDTA, and PS exposure was deter-

mined from the exposure of factor Va binding
CZ0S 0- sites. Calcium responsive cells (ordinate) at

0 10 20 30 0.1 1 10 100 1000 each time was calculated as described in
Time (min) [External Ca2'] (glVM) Methods. Comparison is made to data for the

parental lymphoblast cell lines Scott-O (e)
and W9(A). Error bars denote mean + SD obtained for three independent hybridoma cell lines. Data of single experiment, representative of results
obtained in three independent experiments. (B) The hybridoma cell lines Scott-O/UC-LUC (o) and W9/UC-LUC (A) were suspended in RPMI
1640, 0.1% BSA, 20 mMHepes, 1.2 mMEGTAand various concentrations of CaCl2 to obtain concentrations of ionized Ca2+ denoted on abscissa
(logarithmic scale; see Methods). PS exposure was induced by incubation for 10 min at 37°C with 1 yM A23187. Cells identically exposed to
DMSObut not ionophore served as untreated cells. After addition of 3 mMEDTA, PS exposure was detected by flow cytometry, using factor Va
(see Fig. 1). Calcium responsive cells (ordinate) at each [Ca2+] was calculated as described in Methods. Data of single experiment, representative
of three similar experiments.

LUC, and the resulting Scott-O/UC-LUC hybridomas evaluated
for Ca2 -induced PS exposure after selection on HATmedium
and propagation in culture (Figs. 4 and 5). In all experiments,
comparison was made to hybridomas prepared by fusion of a
normal control lymphoblast line (W9) with the UC-LUC my-
eloma cells (W9/UC-LUC). As illustrated by the dot plots in
Fig. 4, Ca2" ionophore-induced PS exposure in the myeloma
cell line UC-LUC closely approximated that seen for W9and
other EBV-lymphoblasts from normal donors, with increased
factor Va binding observed for > 80% of the ionophore-treated
cells, versus < 30% in the case of Scott-O (see Figs. 1, 2, and
4). Hybridomas generated by fusion of Scott-O with UC-LUC
showed a responsiveness to ionophore comparable to that ob-
served for hybridomas prepared by fusion of W9 (or other
control lymphoblasts; not shown) to UC-LUC (compare Scott-
O/UC-LUC to W9/UC-LUC in Fig. 5 and Table II), suggesting
a possible "dominance" of the wild-type ("high responder")
phenotype that is characteristic of the lymphoblasts derived

Table I. A23187-induced PS Exposure in Scott
and Control Hybridomas

Ca2 Responsive cells (%)

mean±SD

Parental cells
Scott-0 22.4±7
W9 90.2±5
UC-LUC 97.7±4

Hybridomas
Scott-0/UC-LUC 97.7±2
W9/UC-LUC 95.1±4

PS exposure in six independent Scott-0/UC-LUC hybridomas, and 10
independent W9/UC-LUC hybridomas were assayed by methods de-
scribed in Fig. 2. Data are compared with results for parental
lymphoblast cell lines Scott-0 and W9, and the myeloma cell line,
UC-LUC. Measurement of the calcium response of each cell line was
performed in triplicate assay, expressed as mean±SD.

from normal donor lymphocytes (see Discussion). Consistent
with this interpretation, PS exposure in the ionophore-treated
Scott-O/UC-LUC hybridomas showed similar dependence on
time and extracellular [Ca2+] as was observed for the iono-
phore-treated W9/UC-LUC hybridomas (Fig. 5), or for the
normally Ca2+ -responsive parental cell lines (W9 or UC-LUC).

Discussion

Previous studies of the cellular defect in Scott syndrome have
provided substantial insight into how the normal expression of
platelet coagulant activity depends upon an active remodeling
of plasma membrane phospholipids that is initiated through
increased intracellular Ca2+ (2, 5-7). Nevertheless, the physi-
cal and molecular processes that are responsible for this re-
arrangement of the normal configuration of plasma membrane
phospholipids remain unresolved. Furthermore, studies with
platelets and erythrocytes obtained from this patient have failed
to unequivocally distinguish whether the defects observed in
this syndrome are of humoral or cellular origin, and biochemical
analyses of blood obtained from this patient have to date failed
to reveal a missing or aberrant component of blood plasma or
of the platelet plasma membrane that might account for the
observed defect in platelet coagulant response.

In this paper, we demonstrate that the coagulant nonre-
sponder phenotype previously associated with Scott syndrome
platelets and erythrocytes is expressed by all of the EBV-trans-
formed lymphoblasts derived from the B-cells of this patient,
and that the unique phenotype of the defective cells can be
isolated by single cell cloning and propagated in culture through
many generations. The continuous expression of this aberrant
phenotype through in vitro culture confirms that the Scott syn-
drome defect represents a gene deletion or mutation that is
passed to daughter cells through mitosis. Furthermore, we dem-
onstrate by heterokaryon hybridoma fusion that the abnormal
Scott phenotype can be corrected by fusion with a cell exhibiting
the normal coagulant-responder phenotype, and that the normal
phenotype is sustained when these hybridomas are subsequently
propagated through many generations. Taken together with the
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results of previous studies, these data suggest that the cellular
defect observed in Scott syndrome reflects a mutation or dele-
tion of a gene(s) that is required for normal Ca2"-dependent
transbilayer migration of PS to the plasma membrane surface,
that this defect is phenotypically corrected through somatic cell
fusion with wild-type (responder) cell lines reflecting possible
genetic complementation, and that this defect is shared among
the blood cells of lymphoid, megakaryocytic and erythroid lin-
eages in this patient.

Previous flow cytometric analysis of the platelets in Scott
syndrome suggested that the normal coagulant response to vari-
ous agonists was attenuated by - 60-90% (6), consistent with
the estimated two-thirds reduction from normal levels of plate-
let-catalyzed tenase and prothrombinase activity originally re-
ported for this patient (4). Furthermore, these studies suggested
that the platelet defect might be of clonal origin, as those Scott
cells that responded to agonist bound nearly equivalent amounts
of factor Va per cell as did activated platelets from normal
donors. These experiments, however, failed to resolve whether
the attenuated coagulant response observed for Scott platelets
reflects coexisting populations of "responder" and "nonre-
sponder" cells, or altematively, that all platelets from this pa-
tient share the same potential to express factor Va binding sites
upon activation, but that the probability of the coagulant re-
sponse upon elevation of intracellular Ca2" is approximately
one-third that of normal. The results of single cell cloning sug-
gest that all of the lymphoblasts derived from this patient share
the characteristic phenotype exhibited by other blood cells in
this disorder, and that this phenotype reflects a diminished prob-
ability in all blood cells for induction of PS-exposure at elevated
cytosolic [Ca2 ]. Nevertheless, it should be noted that we can-
not exclude the possibility that our failure to derive clones with
a normal (wild-type) Ca2' response from the Scott-O cell line
reflects a pre-selection of only the aberrant cells, either at the
stage of EBV-transformation of blood lymphocytes, or, by vir-
tue of a different viability of the cells through single-cell cloning
and subsequent expansion.

The mode of inheritance of the Scott defect is unknown.
Nevertheless, the apparent correction of the Scott syndrome
defect in all hybridomas derived from fusion of Scott-O with
the UC-LUC myeloma cell line (Table II and Figs. 4 and 5)
suggests the possibility for genetic complementation of the
membrane defect of the Scott syndrome by expression of the
wild type (Ca 2+ -responsive) genome. Although these experi-
ments do not exclude the possibility that the Scott phenotype
reflects the over-expression of an inhibitor of the Ca2+ -response
in Scott blood cells, the expression of a normal phenotype by all
Scott-O/UC-LUC derived hybridomas suggests that the Scott
mutation is a recessive loss-of-function mutation that can be
corrected through co-expression of the wild-type gene. In addi-
tion to providing a stable cellular source for future study of the
genetic basis for the cellular defect in Scott syndrome, isolation
of clonal cell lines exhibiting a selective defect in Ca2+-initiated
PS exposure potentially provides a new tool to undertake identi-
fication of those gene(s) responsible for maintaining and col-
lapsing the normal asymmetric distribution of plasma membrane
phospholipids.
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