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EDTA Inhibits the Binding of Clone 96.2C1,
an Anti-CD41a Monoclonal Antibody, to the Platelets and
Addition of Heparin and CaCl, to the Antibody Neutralizes
the EDTA-induced Inhibitory Effect

Hyojin Chae M.D. and Hun Hee Park

Department of Laboratory Medicine, The Catholic University of Korea, Seoul, Korea

Background: The binding of some monoclonal antibodies platelet glycoprotein (GP) IIb/Illa, which is
frequently used for flow cytometric immnophenotyping, is known to be inhibited by EDTA. To select
the ideal antibodies to be included in the ‘Acute Leukemia Panel’ for immunophenotyping of acute leuke-
mia, we compared the inhibitory effect of EDTA on the binding of 5 different clones of monoclonal
antibodies to platelet GP IIb/Illa. We also discovered a simple method to neutralize this inhibitory effect.
Methods: Flow cytometric measurement of the number of platelet GP IIb/Illa binding sites with different
anticoagulants was performed using a panel of 5 clones of monoclonal antibodies against CD41 (clone
PM6/248), CD41a (clone 96.2C1 & clone HIP8), CD41b (clone HIP2) and CD61 (clone VI-PL2), and
the results are expressed as the mean equivalent soluble fluorochrome (MESF) values.

Results: The MESF value of the EDTA platelets stained with anti-CD41a, clone 96.2C1 antibody showed
a significantly lower value than the MESF of platelets anticoagulated with heparin or citrate (P<<0.001).
The inhibitory effect of EDTA on the binding of anti-CD41a, clone 96.2C1 antibody to the platelets
was neutralized by addition of heparin and CaCl,. The mean MESF value of EDTA platelets stained
with anti-CD41a, clone 96.2C1 antibody was significantly increased by the addition of heparin and CaCl,

(P=0.0001).

Conclusion: The false-negative results of the binding of anti-CD41a, clone 96.2C1 antibody to the plate-
lets seem to be due to the calcium chelating property of EDTA, and the addition of CaCl, and heparin
could be used as an easy compensatory measure for the inhibitory effect of EDTA on other antibodies

as well. (Korean J Hematol 2009;44:42-46.)
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INTRODUCTION

Ethylenediamine tetra-acetic acid (EDTA) is
the anticoagulant of choice for hematology cell
counts and cell morphology. It is also one of the

most commonly used anticoagulants for flow cy-
tometric immunophenotyping.l’Z> CD41 and CD61
antigens, also known as glycoprotein (GP) IIb
and IIla, are the major cell surface glycoproteins
in the platelet plasma membrane.” They are re-
ceptors for fibrinogen, von Willebrand’s factor, fi-
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bronectin, and vitronectin and have been shown
to be essential for platelet aggregation and adhe-
sion.” Antibodies to one or both of these antigens
are usually included in the ‘Acute Leukemia
Panel’ for immunophenotyping in a typical hem-
atology laboratory for the diagnosis of acute meg-
akaryoblastic leukemia. It is also used for label-
ing platelets for immunoplatelet measurement.”

Binding of some of these antibodies is known
to be inhibited by EDTA.” To select ideal anti-
bodies to be included in the ‘Acute Leukemia
Panel’ we compared the inhibitory effect of
EDTA on binding of 5 different clones of mono-
clonal antibodies to platelet specific glycoproteins.
In this article we present the results of these in-
vestigations.

MATERIALS AND METHODS
1. Platelet preparation

Peripheral blood samples from 8 healthy vol-
unteers (including 6 authors) who had not taken
aspirin for at least 10 days were collected in 3
tubes each containing different anticoagulants,
K3-EDTA (Sekisui, Tokyo, Japan), sodium hep-
arin (Becton Dickinson, San Jose, CA, USA), and
sodium citrate (Greiner, Linz, Austria). Platelet
rich plasma (PRP) was collected from peripheral
blood by centrifugation.” The platelet count of
PRP was measured using automatic hematology
analyzer (XE-2100, Sysmex, Kobe, Japan) and the
PRP was diluted to a platelet count of 10x10°/L
using phosphate buffered saline (PBS, pH 7.4) as
diluent. Informed consents were obtained from
all volunteers.

2. Comparative quantitative analysis of the num-
ber of platelet GP IIb/IIla binding sites on
the circulating platelets

Flow cytometric measurement of the number
of platelet GP IIb/IIla binding sites on the circu-
lating platelets was performed using a panel of
S clones of monoclonal antibodies against CD41
(clone PM6/248, Serotec, Oxford, UK), CD4la

(clone 96.2C1, Ancell, Bayport, MN, USA & clone
HIPS, Becton Dickinson, San Diego, CA, USA),
CD41b (clone HIP2, BD Pharmingen, San Diego,
CA, USA) and CD61 (clone VI-PL2, BD Pharm-
ingen).

Briefly, 10uL. each of fluorescein isothiocyanate
(FITC) labeled anti-CD41, CD 41a, CD41b anti-
bodies and phycoerythrin (PE)-conjugated anti-
CD61 antibody were added to 100ul of diluted
PRP and mixed. The mixture was then incubated
in the dark for 15 minutes at room temperature.
After washing with 3mL of PBS, the platelets
were resuspended in 0.5mL of PBS and were ana-
lyzed using flow cytometer (FACS Calibur, Becton
Dickinson, San Jose, CA, USA) and CellQuest
program (Becton Dickinson). Quantum FITC and
PE mean equivalent soluble fluorochrome (MESF)
kits (Bangs Laboratories, Fishers, IN, USA) were
analyzed together with the samples for com-
parative fluorescence analysis. Platelets and the
control beads were gated using forward scattering
(FSC) and side scattering (SSC) characteristics
on a dot plot. The results were expressed as mean
geometric fluorescence intensities, and the MESF
was calculated using QuickCal v. 2.3 program
(Bangs Laboratories).

3. Neutralization of the inhibitory effect of EDTA

To neutralize the inhibitory effect of EDTA on
the binding of anti-CD41a, clone 96.2C1 antibody
to the platelets, heparin and CaCl, were added to
the antibody. One hundred units of sodium hep-
arin and 10mg of CaCl, (Kanto chemical co. Inc,
Japan) were dissolved in 1mL of distilled water,
and 1 part of this mixture was added to 9 parts
of antibody and kept at 4°C until use. Flow cyto-
metric measurement of the number of anti-
CD41a binding sites on the circulating platelets
from 8 normal healthy volunteers using this anti-
body mixture was performed in the same manner
as described above.

4. Statistical analysis

Comparison of the numbers of binding sites of
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the antibodies on the platelets among different
anticoagulants was performed using one-way
ANOVA test. P values less than 0.05 were consid-
ered statistically significant. When ANOVA test
showed significant results, Student-Newman-Keuls
test was performed for comparison of pair sub-
groups. Correlations of the number of binding
sites of the antibodies on the platelets between
different anticoagulants were estimated using
Pearson’s correlation coefficients and P value.

RESULTS

The results of comparative quantitative analy-
sis of the number of binding sites of various
clones of antibody on the platelets anticoagulated
with different anticoagulants are shown as MESF
in Table 1. The MESF value of EDTA platelets
stained with anti-CD 41a, clone 96.2C1 antibody
showed significantly lower value than MESF val-
ue of platelets anticoagulated with heparin or cit-
rate with a F-ratio of 33.5 and a P value of
<0.001 by one way ANOVA test. The MESF val-
ues of platelets stained with other antibody
clones, anti-CD 4la (clone HIP 8), anti-CD41b
(clone HIP 2), anti-CD41 (clone PM6/248), and
anti-CD61 (clone VI-PL2) were not significantly
different according to anticoagulants (>0.05).
Student-Newman-Keuls test for pairwise compar-
isons showed that only the MESF value of EDTA
platelets stained with anti-CD 41a, clone 96.2C1
was different from that of heparinized and ci-

trated platelets (?<0.05). When MESF data of
anti-CD41a, clone 96.2C1 antibody were ex-
cluded, Pearson’s correlation coefficients and P
values between different anticoagulants showed
good correlation (r=0.8652, P=0.0119 between
EDTA and heparin, r=0.9814, P=0.0001 between
EDTA and citrate, r=0.9758, P<0.001 between
heparin and citrate).

Anti-CD41a, clone 96.2C1 antibody did not
bind well to the platelets in EDTA-anticoa-
gulated blood, and caused false negative results
on the immunophenotyping (Fig. 1). The inhi-
bitory effect of EDTA on binding of anti-CD41a,
clone 96.2C1 antibody to the platelets was neu-
tralized by addition of heparin and CaCl, in the
antibody (Fig. 1). The mean MESF value of
EDTA platelets stained with anti-CD 41a, clone
96.2C1 antibody was 2,707+3,681, and that
stained with the same antibody mixed with hep-
arin and CaCl, was significantly increased to
32,397+9,533 (P=0.0001).

DISCUSSION

Glycoprotein IIb/IIIa molecules are known to
exist in a heterodimer complex in the intact pla-
telet membrane, and when EDTA is added for
anticoagulation, the lowered calcium level induces
dissociation of the heterodimer complex into
pure IIb and IIla molecules.” As the heterodimer
dissociates conformational changes of the mole-
cule occur and this modifies, exposes or hide cer-

Table 1. MESF values of 5 clones of monoclonal antibodies against platelet glycoprotein llb/llla with different anticoagulants

Anticoagulant EDTA Heparin Citrate
Antibody clone Mean+SD Mean+SD Mean+SD
CD41a 96.2C1* 2,092+2,182 77,529+21,110 91,531+21,830
CD41a HIP8 45,993+ 3,397 48,655+4,517 49,487+4,216
CD41b HIP2 2,367+129 2,210+205 2,364+469
CD41 PM6/248 40,908+10,948 35,155+6,118 38,595+7,941
CDé61 VI-PL2 7,248+ 311 6,490+ 337 6,906+ 264
Negative control 307x5 3045 3077

*Clone 96.2C1 showed significant difference among anticoagulants (one way ANOVA test, P<0.001).

Abbreviations: MESF, mean equivalent soluble fluorochrome.
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tain epitopes.9> The inhibitory effect of EDTA on
the binding of antibody to the platelets was not
seen with other antibodies including another clone
of antibody against CD41a. Therefore, only the
epitope of the anti-CD4l1a, clone 96.2C1 antibody
is a EDTA-dependent antigen modified or hid-
den as the heterodimer dissociates when the cal-
cium levels are lowered by EDTA. And since
EDTA is known as a much stronger calcium che-
lating agent than citrate,’” and is capable of re-
moving calcium from the binding sites within the
integrin molecules, this explains the fact that ci-
trated platelets showed excellent binding with
this same antibody even though it also is a cal-
cium chelating agent.

The inhibitory effect is enough to cause false
the
analysis. We had two cases of acute megakaryo-

negative results on immunophenotyping
blastic leukemia whose immunophenotyping re-
sults were misinterpreted as CD4la negative us-
ing anti-CD41a, clone 96.2C1 antibody and EDTA
anticoagulated bone marrow samples (data not

shown). Both cases were later proven to be

Fig. 1. Scattergram (A) and his-
tograms of normal platelets
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1(')4 after staining with FITC labeled

anti-CD41a, clone 96.2C1 mono-
clonal antibody. EDTA-anti-
coagulated platelets (B) show
low fluorescence consistent with
inhibition of antibody binding,
but citrated same platelets (C)
and EDTA-anticoagulated pla-
telets after staining with CD41a,
clone 96.2C1 monoclonal an-
tibody plus CaCl, and heparin
show high fluorescence (D). It
means the inhibitory effect of
EDTA is completely neutral-
ized by addition of heparin
and CaCl,.
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CD41a positive using heparinized bone marrow
samples with residual samples remained after
chromosome analysis. The inhibitory effect of
EDTA on the binding of anti-CD41a, clone 96.2C1
antibody to the platelets was neutralized by addi-
tion of heparin and CaCl,. The specific concen-
tration of heparin and CaCl; used for neutraliza-
tion was deduced from a series of dilution experi-
ments and the concentration that had maximal
neutralization effect was chosen. The addition of
heparin and CaCl, is a very simple and easy
method for removing the inhibitory effect of
EDTA, and although our data is limited to anti-
CD41a, clone 96.2C1 antibody, this can be used
as an easy compensatory measure for the in-
hibitory effect of EDTA on other antibodies as
well. Since EDTA inhibited binding of some of
the monoclonal antibodies against CD41a could
lead to false negative results on immunopheno-
typing analysis of acute leukemia bone marrow
samples, when selecting antibodies to be included
in the ‘Acute Leukemia Panel’ one should verify
the binding of the clone of anti-CD41a antibody
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to EDTA anticoagulated platelets, and when this
should show inhibition then CaCl, and heparin
supplementation to the antibody should be in-
corporated as a routine measure to neutralize the
inhibition.
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