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Simultaneous flow cytometric detection of antibodies
against platelets, granulocytes and lymphocytes
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We present a time-saving and objective flow cytometric immunofluorescence assay for the simultane-
ous detection of antibodies against platelets, granulocytes or lymphocytes using a reconstituted mixture
of these cell populations. Platelets, granulocytes and lymphocytes could be distinguished on the basis of
their forward (FSC) and sideways (SSC) light scattering properties plotted on scales of 4 log orders. After
setting FSC/SSC gates around the platelets, granulocytes and lymphocytes, the reactivity of the sera with
the cell populations was determined by histogram analyses of immunofluorescence for each gate. The
flow cytometric assay of reconstituted cell mixtures showed a strong, positive correlation with a reference
microscopic immunofluorescence assay of separate cell suspensions. The reproducible procedures for the
isolation and staining of the cells and the electronic stability of the flow cytometer permitted the use of
the same gate and marker settings throughout the experiments. Consequently, the entire analysis of data
stored in list mode could be performed using a keystroke, so that time consuming and subjective manual
analyses were avoided.
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Introduction demonstration of autoantibodies on platelets
and/or granulocytes may be valuable in establish-

Antibodies against platelets, granulocytes ing the autoimmune nature of thrombocytopenia

and /or lymphocytes are important in immunohe-
matology, e.g., in autoimmune hematological dis-
ease and in platelet transfusion therapy. The
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Abbreviations: BSA, bovine serum albumin; FSC, forward
light scatter; GIFT, granulocyte immunofluorescence test;
LIFT, lymphocyte immunofluorescence test; PBS, phosphate-
buffered saline; PFA, paraformaldehyde; PIFT, platelet im-
munofluorescence test; PRP, platelet rich plasma; RT, room
temperature; SSC, sideways light scatter.

or granulocytopenia (Verheugt et al., 1977; Von
dem Borne et al., 1980). In platelet transfusion
therapy, serological tests for the demonstration of
alloantibodies against HLA antigens and/or
platelet-specific antigens may establish alloimmu-
nization as the cause of platelet refractoriness;
such tests may also be used as a platelet cross-
match to select compatible platelet donors for
alloimmunized patients (Freedman et al., 1984;
Sintnicolaas et al., 1987).

Direct and indirect immunofluorescence tech-
niques allow the detection of autoantibodies
and/or alloantibodies to platelets, granulocytes
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or lymphocytes. The assays are routinely per-
formed on suspensions of blood cells containing
single, i.e., separated, purified cell populations
(platelets, granulocytes or lymphocytes). Flow cy-
tometry enables these cell populations to be dis-
tinguished in a mixed suspension on the basis of
their different light scattering properties. The
application of flow cytometry to the detection of
antibodies against platelets, granulocytes and
lymphocytes would permit the simultaneous de-
tection of antibodies against those cells after
electronic gate setting. We present here a simple
and rapid immunofluorescence assay for the de-
tection of autoantibodies and alloantibodies to
platelets, granulocytes and lymphocytes that is
performed using a reconstituted cell suspension
and flow cytometric analysis.

Materials and methods

Preparation of cell suspensions

For screening sera for the presence of antibod-
ies against platelets, granulocytes or lymphocytes,
a cell panel derived from five randomly chosen
donors was routinely used. Platelet-rich plasma
(PRP) was obtained from EDTA-anticoagulated
blood by centrifuging at 400 X g for 10 min. All
centrifugation steps were carried out at 20°C
using a temperature controlled centrifuge (Rotixa
RP, Hettich, F.R.G.). The PRP was centrifuged
at 1200 X g for 20 min to obtain a platelet pellet.
The platelets were washed twice in a solution of
0.027 M Na,-EDTA in 0.013 M phosphate-
buffered 0.145 M NaCl, pH 7.4 containing 0.2%
bovine serum albumin (EDTA-PBS-BSA). To
prepare granulocyte and mononuclear cell sus-
pensions, EDTA-PBS-BSA was added to the 4-6
ml of cell suspension that remained after removal
of PRP to give a final volume of 10 ml. To this
suspension, 0.5 ml of methylcellulose solution (2%
in PBS), was added, mixed and incubated at
37°C for 30-45 min to allow gravity sedimenta-
tion. The leukocyte containing supernatant was
harvested and the granulocytes were separated
from the mononuclear cells by density centrifuga-
tion using Ficoll-Hypaque (Lymphoprep, Ny-
comed, Norway) at 1000 X g for 20 min. The
interphase cells (mononuclear cells) were col-

lected and washed once with EDTA-PBS-BSA.
The erythrocytes in the cell pellet fraction were
lysed by incubation with precooled NH,ClI for 5
min on melting ice. The remaining cells
(granulocytes) were washed once with EDTA-
PBS-BSA. The three fractions were then washed
once with EDTA-PBS without BSA, fixed with
1% paraformaldehyde (PFA) in PBS for 5 min at
room temperature (RT) and washed twice using
EDTA-PBS-BSA. After resuspension in EDTA-
PBS-BSA, the cell concentrations were adjusted
to 150 x 10°/1 for platelets and 4.5 X 10°/1 for
mononuclear cells and granulocytes. Finally, a
mixed cell suspension was prepared by mixing
equal volumes of the platelet, granulocyte and
mononuclear cell suspensions.

Preparation of 1% PFA in PBS

A stock solution of 4% (w/v) PFA was pre-
pared by dissolving PFA in PBS while slowly
heating to 70 °C. The solution was filtered and
stored in the dark at 4 ° C. The stock solution was
used for a maximum of 4 weeks. A working
solution of 1% PFA was prepared by dilution of
the stock solution with PBS immediately before
use.

Indirect immunofluorescence test

To 50 ul of the mixed cell suspension 50 wl of
serum were added. Following incubation for 30
min at RT the cells were washed three times. 50
wl of a 1/40 dilution of goat F(ab’),-anti-human
IgG conjugated with fluorescein isothiocyanate
(FITC) (Dakopatts, Glostrup, Denmark) were
added for 30 min at RT, followed by washing and
flow cytometry. All tests were performed in dupli-
cate.

Flow cytometry

Flow cytometry was performed on a FACScan
(Becton and Dickinson Immunocytometry Sys-
tems (BDIS), San Jose, CA), equipped with an
air-cooled argon ion laser emitting 488 nm at 15
mW, a solid state silicon detector to detect for-
ward light scatter (FSC) and three photomulti-
plier tubes to detect sideways light scatter (SSC),
and green (FITC), orange-red and deep red fluo-
rescence. Green fluorescence was collected
through a 530/30 nm bandpass filter. The FSC,



SSC and FITC fluorescence signals were ampli-
fied logarithmically. The data of 10,000 events
were collected, stored in list mode and analyzed
using Consort 30 software.

In the analyses, gates were set around the
platelets, granulocytes and lymphocytes on the
basis of their FSC and SSC characteristics. His-
togram analyses of FITC fluorescence were per-
formed for these 3 gates in which standard mark-
ers were placed to distinguish negative and posi-
tive events. These standard marker sets were
chosen as follows. One positive and one negative
serum was selected on the basis of their reactivity
in the microscopic assay. These sera were then
tested against platelets, granulocytes and lympho-
cytes from 20 donors in the flow cytometric and
microscopic assays. For each gate, five different
marker sets were arbitrarily chosen around the
feet of the negative peaks obtained with the neg-
ative serum, and the percentages of positive cells
calculated. These results were compared with
those of the microscopic assays and the marker
settings that gave maximum discrimination be-
tween microscopic negative and positive results
were selected: PIFT, channels 200 and 10,000;
GIFT, channels 460 and 10,000; and LIFT, chan-
nels 340 and 10,000. The standardized isolation
and staining procedures of the cells permitted the
use of identical gate and marker settings through-
out the experiments. All tests were performed in
duplicate and the mean values were used as the
test results. A test result was scored ‘positive’
when the percentage of positive cells exceeded
30%. That percentage resulted in the best posi-
tive correlation between the flow cytometric and
microscopic results of PIFT, GIFT and LIFT
assay (data not shown). A test result was rejected
when the difference between the duplicate values
exceeded 10%.

Microscopic immunofluorescence tests

The platelet immunofluorescence test (PIFT),
granulocyte immunofluorescence test (GIFT) and
lymphocyte immunofluorescence test (LIFT) were
performed as previously described (Decary et al.,
1975; Verheugt et al.,, 1977; Von dem Borne et
al., 1978). Cell suspensions of platelets, granulo-
cytes and mononuclear cells were prepared as
described above. Final cell concentrations were
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100 x 10°/1 for platelets and 1.5x 10°/1 for
granulocytes and mononuclear cells. All tests were
performed in duplicate and all slides were inde-
pendently read by two investigators. Fluorescence
intensity was scored from negative to strongly
positive, i.e., —, +, + + to + + +.

Patient and control sera

Serum samples were harvested from whole
blood which had been allowed to clot for 2 h at
RT and stored at —70°C. Sera from multitrans-
fused patients reacting with platelets, granulo-
cytes and lymphocytes from more than 90% of
random donors (MS sera) served as positive con-
trols. Negative control sera were obtained from
untransfused male blood donors. Control and test
sera were always ABO compatible with the test
cells.

Monoclonal antibodies

For the identification of lymphocytes we used
anti-Leud /FITC (CD3, T lymphocytes) and anti-
Leul6/FITC (CD20, B lymphocytes) (BDIS).
Granulocytes were identified using VIM-DS5
(CD15), monocytes using My-4 (CD14) (Coulter
Clone, Hialeah, FL), platelets using CLB-
thromb/1 (CD61) (Central Laboratory of the
Dutch Red Cross Blood Transfusion Service,
Amsterdam, The Netherlands), and erythrocytes
using VIE-G4 (reactive with glycophorin A).
VIM-D5 and VIE-G4 were kindly donated by Dr.
W. Knapp (Institute for Immunology, Vienna
University, Vienna, Austria). When unconjugated
monoclonal antibodies were used, a second incu-
bation was performed with goat anti-mouse Ig-
FITC (Nordic). All antibodies and conjugates
were diluted in EDTA-PBS-BSA and used at
saturating concentrations.

Results

The use of a 4-order logarithmic scale for FSC
and SSC permitted the simultaneous display of
platelets, granulocytes and lymphocytes. For each
cell population gates were set as shown in Fig. 1.
The cell mixtures were immunophenotyped to
analyze the composition of the gated cell popula-
tions (Table 1). In the platelet gate (gate 1), 79%



218

10* -
10° 4
% 10%4
(2] ]
1
10’
1OOI—Y T T TTTTIIT .I‘Y_Y—IIHIT T T 7T, T 1 T 17711
10° 10 10? 10° 10*
FSC

Fig. 1. FSC (horizontal axis) /SSC (vertical axis) dot plot of a

reconstituted cell mixture. A 4 order logarithmic scale is used

for both axes. The standard gates for platelets (gate 1),

granulocytes (gate 2) and lymphocytes (gate 3) are shown. The

cluster of events with FSC/SSC properties larger than lym-
phocytes represents the monocytes.

[3%] (mean [SD] of five experiments) of the cells
were positive for CD61; in the granulocyte gate
(gate 2), 80% [10%] of the cells were positive for
CD15 and in the lymphocyte gate (gate 3), 84%
[89%] of the cells were positive for either CD3 or
CD20. The purity of the cell populations selected
by these gates was considered sufficient to permit
detection of antibodies against the respective cell
populations.

A cell mixture prepared from a random donor
was incubated with a serum containing multispe-
cific anti-HLA antibodies and a negative control

TABLE 1

serum (Fig. 2). Using the gate settings as de-
scribed above, separate FITC fluorescence his-
tograms were obtained for platelets, granulocytes
and lymphocytes. Clear differences between the
fluorescence intensities of the negative and posi-
tive sera were observed in all three cases. The
cells in the granulocyte and lymphocyte gates of
the negative control sample revealed a second
peak of cells with intermediate fluorescence. Ad-
ditional experiments (not shown) revealed that
these intermediate fluorescent cells also stained
positive with propidium iodide. Thus, the inter-
mediate fluorescence of the granulocytes may
have been caused by cell membrane damage. Two
colour immunofluorescence analysis of mononu-
clear cell suspensions (not shown) revealed that
the cells with low fluorescence were mainly CD3 ™
(i.e., T lymphocytes) and that the cells with inter-
mediate fluorescence were mainly CD20* (i.e.
lymphocytes) or CD14%* (i.e., monocytes). Thus
the intermediate fluorescence of the cells within
the lymphocyte gate may result from (a) surface
IgG on B lymphocytes and (b) aspecific-binding
of serum IgG and/or conjugate to Fc receptors
on monocytes present in the lymphocyte gate.
The presence of cell populations with intermedi-
ate fluorescence led to an increase in the per-
centage of positive cells in the negative controls,
but did not prohibit the detection of alloantibod-
ies (see below).

To study whether or not the mixing procedure
of the platelets, granulocytes and lymphocytes
per se would influence the immunofluorescence
signals, experiments were simultaneously per-
formed using reconstituted cell mixtures and
non-mixed cells, i.e., with separate suspensions of
platelets, granulocytes and mononuclear cells

IMMUNOPHENOTYPING OF CELL POPULATIONS BY FLOW CYTOMETRY

Cell Phenotype Platelet Granulocyte Lymphocte
population gate (#1) gate (#2) gate (#3)
Platelets CD61 79 (3] 4 [5] 2[4]
Granulocytes CD15 73] 80 [10] 211]
Monocytes CD14 0[1] 0 [0] 2(2]
Lymphocytes CD3+CD20 2[1] 6 [3] 84 [8]
Erythrocytes Glycophorin A 0[1) 2 [2] 0[0]

a Mean [1 standard deviation] (n = 5).
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Fig. 2. Example of fluorescence histograms. On the horizontal

axis FL1 (FITC fluorescence) is indicated on a log scale. On

the vertical axis the number of events is given on a linear

scale. Shaded curve: negative control serum. Open curve:
positive control serum.

without further modification of the test. Three
patient sera were selected that showed strong and
selective reactivity against a single cell population
(platelets or granulocytes or lymphocytes) in the
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conventional microscopic assay. These sera were
tested in conjunction with a negative and a posi-
tive control serum against a cell panel derived
from 5 randomly chosen blood group O donors.
The results are shown in Fig. 3. For each serum
and cell donor, the percentage of positive cells
obtained using non-mixed cell supsensions was
subtracted from the corresponding percentage
obtained using reconstituted cell suspensions. The
resulting differences (mean [SD]) were 4% [5%]
(p =0.0003; Wilcoxon signed rank test) for
platelets, 2% [6%) (p =0.13) for granulocytes
and 0% [6%] (p=0.57) for lymphocytes. The
results obtained with mixed cells and separate’
cell suspensions were strongly and positively cor-
related (platelets, r = 0.99; granulocytes, r = 0.98;
lymphocytes, r =0.99). Thus, mixing of the cells
did not significantly affect the immunofluores-
cence signals obtained from granulocytes and
lymphocytes, and led to a small but significant
increase in the percentage of positive platelets.
Finally, flow cytometric analyses were com-
pared with microscopic analyses on separate cell
suspensions for the detection of serum alloanti-
bodies (Table II). 24 sera from patients with
hematological malignancies receiving platelet
transfusion therapy were tested in both assays
against a panel derived from five randomly cho-
sen blood group O donors. These experiments
were performed on three occasions (eight sera
and five cell donors per occasion). Flow cytome-
try and microscopy yielded identical scores for
platelets in 108 of the 118 evaluable tests, granu-
locytes in 96 of 114 and lymphocytes in 100 of
117. An analysis of discrepant scores revealed
that flow cytometry yielded significantly more
positive reactions than microscopy for platelets
and lymphocytes (p=0.002 and p <0.001 re-
spectively). Thus, flow cytometry was more sensi-
tive in the detection of antibodies against platelets
and lymphocytes than microscopy. Flow cytome-
try and microscopy did not differ significantly in
the detection of antibodies against granulocytes.
In addition, the results were analyzed for each
serum. A serum was scored reactive when cells of
more than two out of five donors of the cell panel
gave weakly positive reactions (microscopic score:
+, flow cytometry 30-50% positive cells) or when
cells of at least one donor of the panel gave
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Fig. 3. Comparison of the use of reconstituted cell mixtures with separate cell suspensions. Horizontal axis: percentage of positive

cells using separate cell suspensions. Vertical axis: percentage of positive cells using reconstituted cell mixtures. The 30% lines on

both axes indicate the cut-off values for discrimination between negative and positive test results (see materials and methods
section).

strongly positive reactions (microscopic score + +
or + + +; flow cytometry assay > 50% positive
cells). For 20 of the 24 sera tested, identical
scores were obtained. No antibodies were de-
tected in 14 sera, HLA antibodies (i.e., antibodies
reactive with platelets, granulocytes and lympho-
cytes) were detected in four sera and platelet
specific antibodies (i.e., antibodies reactive with
platelets only) were demonstrated in two sera.
Discrepant results were found in four sera: three
were reactive only in the flow cytometric assay
(two sera were reactive with lymphocytes only;
one serum with granulocytes only) and one serum
reacted in the flow cytometric assay with platelets
and lymphocytes and in the microscopic assay
with granulocytes and lymphocytes.

TABLE 11

Discussion

Initially, immunofluorescence microscopic tests
were performed on separate cell suspensions, i.c.,
containing only platelets, granulocytes or lympho-
cytes and thus requiring separate examinations
(Decary et al.,, 1975; Verheugt et al., 1977; Von
dem Borne et al., 1978). Apart from being time
consuming, a major disadvantage of microscopic
tests is that the results are subject to observer
bias. Recently, flow cytometric tests have been
described for the detection of alloantibodies
against platelets (Rosenfeld et al., 1986; Wang et
al., 1989) and lymphocytes (Garovoy et al., 1983;
Scornik et al., 1989). Also, the simultaneous de-
tection of alloantibodies against granulocytes,

COMPARISON OF THE FLOW CYTOMETRIC IMMUNOFLUORESCENCE ASSAY APPLIED TO RECONSTITUTED
CELL MIXTURES WITH THE MICROSCOPIC METHOD APPLIED TO SEPARATE CELL SUSPENSIONS

Flow Microscopic Platelets Granulocytes Lymphocytes
cytometric method

assay

- - 87 82 82

+ + 21 14 18

— + 0 — * 10— 0

+ _ 10 _P= 0.002 8 _nJ.s. 17_P < 0.001
Not evaluable 2 6 3

Key: — = negative test result; + = positive test result; * = sign test; n.s. = not significant.



lymphocytes and monocytes, but not platelets,
has been reported (Robinson et al., 1987). The
assessment of the reaction pattern of a serum
against three blood cell populations of a single
donor is important since information about the
specificity of antibodies can thus be obtained. For
instance, anti-HLA antibodies are reactive with
platelets, granulocytes and lymphocytes, whereas
antibodies against platelet or granulocyte specific
antigens react only with platelets or granulocytes,
respectively.

We present here a flow cytometric method for
performing simultaneous immunofluorescence
tests on platelets, granulocytes and lymphocytes
from a single donor for the detection of antibod-
ies against these cells. The use of 4-order loga-
rithmic scales for FSC and SSC signals permitted
the identification of platelets, granulocytes and
lymphocytes by standard FSC/SSC gate settings
in reconstituted cell mixtures prepared from sep-
arate cell suspensions. The cell mixtures were
reconstituted in such a way that a similar number
of events was recorded in the three gates. Con-
tamination of these gated cell populations with
other cell types was < 20% in most cases. A
potentially time-saving alternative to the use of
reconstituted cell mixtures would be the use of
buffy coat preparations in which the erythrocytes
have been lysed. However, the concentrations of
platelets, granulocytes and mononuclear cells may
differ considerably from donor to donor, leading
to variable ratios between cell types on the one
hand and antibodies on the other. Hence, we
have not explored this approach further. To dis-
criminate between positive and negative cells in
each gate, markers were set on the basis of the
fluorescence histograms of the negative control
serum, which were kept constant throughout the
experiments.

Using sera exclusively reactive with platelets,
granulocytes or lymphocytes we demonstrated
that the reconstitution procedure did not lead to
major changes in the immunofluorescence signals
compared to the separate cell suspensions. A
slight but significant increase in the percentage of
positive platelets was observed which did not
interfere with the detection of antibodies to
platelets. A comparison between the flow cyto-
metric assay applied to reconstituted cell mix-
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tures and the microscopic assay applied to sepa-
rate cell suspensions revealed a greater sensitivity
for the flow cytometric assay in detecting antibod-
ies to platelets and lymphocytes, whereas both
assays performed similarly in the detection of
antibodies to granulocytes.

The standardized isolation and staining proce-
dures of the cells and the electronic stability of
the FACScan flow cytometer permitted un-
changed gate and marker settings throughout the
experiments. A major advantage of this situation
was that the analysis and calculation of the re-
sults could be fully automated through a keystroke
avoiding the time consuming and subjective ad-
justments of the gate and marker settings which
would have required manual analysis.
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