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CHAPTER I

PLATELET-ASSOCIATED IgG AND IDIOPATHIC THROMBOCYTOPENIC PURPURA:
A SHORT REVIEW

This thesis deals with some aspects of the diagnosis and treatment of
idiopathic thrombocytopenic purpura (ITP).

Idiopathic thrombocytopenia is generally considered to be a disease
caused by circulating anti-platelet factors (1), probably autoantibodies
directed against platelet antigens. Therefore, this disease is also called
autoimmune thrombocytopenia (AITP).

In the last few years, increasing evidence for this mechanism has been
provided by the demonstration of increased levels of platelet-associated
or -bound immunoglobulins and by characterization of the antigens on the
platelet surface, possibly acting as targets for these autoantibodies.

Pathogenesis, diagnosis and therapy of ITP have been extensively revie-
wed (2-4]. 1In addition to these reviews, some important new insights in
the origin of platelet-associated immunoglobulins and their relationship

Lo ITP will be discussed in this Chapter.

Diagnosis

The diagnosis chronic ITP is made by exclusion of other causes of
thrombocytopenia. The disease is defined as & thrombocytopenia (platelet
count <150 x 102/1) without splenomegaly at physical examination, with a
normal bone marrow with adequate or abundant numbers of megakaryocytes and
a normal blood coagulation status, except for a prolonged bleeding time,
whereas other causes of thrombocytopenia have been excluded by clinical
features and laboratory investigations (2-4).

The only clinical symptoms are mostly easy bruising and in wcmen meno-
ragghia. At physical examination, petechiae and ecchymoses may be found.
Other abnormalities, such as lymphadenopathy or hepatosplenomegaly, sug-
gest another diagnosis or an associated disease. In severe thrombocytope-
nia, mucosal bleeding may occur and, very rarely, intracranial bleeding
often with a fatal outcome. However, quite often thrombocytopenia is
asymptomatic and symptoms are present, mostly only at platelet counts lo-
wer than 40x10°/1.

Haematological tests show normal values, except for the platelet count.



Bleeding time may be prolonged.

In ITP, platelet survival is always shortened and is directly correla-
ted with the platelet count (2-4). The increased destructicn of the la-
belled platelets is believed to be caused by rapid platelet destruction by
the mononuclear phagocytic system (MPS, i.e. spleen, liver and bone mar-

row).

Immunclogical investigations

Autoimmunity is thought to play a central role in the pathogenesis of
ITP. The importance of cell-mediated immunity has not been very well es-
tablished yet (2-4). The role of humeral immunity in ITP has been studied
extensively. Harrington et al. (1) provided in 1951 proof for the autoim-
mune character of ITP by demonstrating a transmissable anti-platelet fac-
tor in patients' sera, causing thrombocytopenia in nermal healthy donors.

Initially, the many attempts tc detect platelet autoantibodies were not
very successful, probably because of the following reasons. First, normal
platelets appeared to have a large amount of 'background' IgG in contrast
to e.g. erythrocytes, probably because of their spongy nature (surface-
connected canalicular system). Moreover, the amount of IgG necessary for
platelet destruction would be expected to be very small, considering the
amounts of IgG needed for erythrocyte destruction (5). Second, until the
Seventies many assays for the detection of platelet antibodies depended on
their bioclogical function (agglutination, complement fixation) or were
qualitative, leading to often unpredictable resulls.

In the last decade, numerous assays that quantitate platelet-associated
immunoglobulins (PA-Ig) have been described, circumventing the above pro-
blems: radioimmunoassays (RIA), enzyme-linked immunosorbent assays (ELISA)
and assays employing radioimmuno diffusion (2,3). In these assays, the
amount of IgG in a washed platelet suspension (determined by comparison
with known amounts of purified immunoglobulins) is related to the number
of platelets known to be present in the test sample. In this way, PA-Ig
can be quantitated.

Most assays measure only PA-TIgG. PA-1gG measured in normal donor pla=
telets as well as in platelets of thromboeytopenic patients differs consi-
derably as reported by various authors (normal donors: 0.1-26 fg TgG/pla-
telet; ITP patients: 0.1-1800 fg IgG/platelet). These PA-IgG values in

normal donors are 10 to 20 times higher than expected when PA-TgG is esti-

mated from the number of platelet Fey-receptor molecules (0.1-0.5 fg TG/
platelet) (6). Mereover, amounts of PA-IgG are measured on platelets of
patients that could hardly fit on the platelet surface, because of limi-
tations in the number of available antigenic determinants.

Another assay for detecting platelet-bound IgG is the platelet immuno=-
fluorescence test (PIFT; 7). This technique has the advantage that only
intact platelets are examined by which the influence on PA-IgG measurement
of platelet fragments and/or aggregates are excluded. Moreover, platelet-
beund TgG, IgM and IgA can be detected by this technique. In our labora-
tory, a great deal of experience has been gained in employing this techni-

que.

Some remarks on the measurement of platelet-associated immunoglobulins
Because most assays measure only PA-IgG, mainly influences on PA-IgG

measurement are discussed.

Technical influences

Naturally, it is important to wash platelets thoroughly since the ex-
pected amount of PA-IgG is approximately a thousandfold lower than the
amount of Ig6G in the envirenment.

The choice of the anticoagulant is important. Ethylenediamine tetra
acetate (EDTA) prevents platelet aggregation excellently (see ref. 3),
while introducing detection of so-called EDTA-dependent antibodies and the
EDTA phenomenon, i.e. ip-vitro platelet agglutination due to EDNTA-depen-
dent antibodies (8). The use of a fixative, e.g. paraformaldehyde (PFA),
can lead to detection of PFA-dependent antibodies (8).

Moreover, it has been suggested that direct assays measure lower PA-IgG
values than consumption assays, because of differences in affinity of the
applied anti-Tg6 for platelet-bound IgG compared to 'free' IgG, used as
reference standard in consumption assays (9).

Finally, platelet solubilization or sonication before PA-IgG measure-
ment leads to the detection of higher amounts of PA-IgG, because intracel-

lular IgG is being liberated from the platelets and measured as well (10)
(see Fig. 1).

Platelet-specific influences (Fig. 1)

Non-immune or non-specific PA-TgG

Various factors have to be considered to explain the existence of non-



Fig. 1 - Locaticns of platelet-associated IgG. a) Intracellular: probably
located in o-granules. b) In the surface-connected canalicular system
(SCCS). c¢) Bound to Fcy receptor (®) as monomeric Ig or as immune comple-
xes. d) On platelet fragments or (not drawn) platelet aggregates. These
particles cannot be accurately counted by electronic particle counters and
therefore, a falsely elevated PA-IgG value may be measured. e) Specifical-
ly bound to target antigens on the platelet surface ().

immune or non-specific PA-IgG. First, platelets have been demonstrated to
react specifically with one particular subdivision of human plasma TgG
(11). This non-immune IgG might be linked to the cellular aging process
and might trigger the removal of senescent platelets, similarly as has
been described for erythrocyte clearance (12). It is still unclear what
exactly defines an 'eld' platelet. Platelet age has been related to pla-
telet density and platelet size (for review see ref. 13). The preparation
of an 'old' platelet population remains difficult and a possible relation-
ship between non-immune PA-TgG (as has been suggested by various authors)

and platelet age is still controversial.

PA-IgG might also be plasma IgG entrapped by platelets, as suggested by
experiments of Kelton et al. (14). A possible site for IgG entrapment is
the so-called platelet surface-connected canalicular system, because of
its direct comnection with the platelet surroundings (15,16).

Furthermore, PA-TgG may be immune complexes bound by the platelet Fcy
receptor (17-19). Elevated PA-1gG levels are indeed found in diseases with
increased amounts of circulating immune complexes (20,21). An increased
Fey-receptor expression, as has been described for myeloproliferative dis-
eases (22), might lead to increased PA-IgG levels.

In states of increased platelet destruction and/or platelet apgrega-
tion, circulating platelet fragments respectively aggregates may develop.
Platelet aggregation may also occur in vitro due to the so-called EDTA
phenomenon (23). Accurate PA-IgG measurement might be hindered in these
cases, because platelet fragments and aggregates contribute to the amount
of (platelet-associated) IgG in the test suspension, while they are not
detectable in the Coulter counter, leading to falsely elevated PA-IgG le-
vels (24).

Finally, in diseases with an abnormally functioning monenuclear phago-
cytic system (MPS), platelets sensitized with antibodies, which would
otherwise be eliminated, remain in the circulation, thus increasing PA-TgG
(25).

Influences on PA-IgG determination, such as storage of blood samples
and the presence of platelet fragments, will be dealt with in Chapter 1II.
For this purpose, a recently developed radioimmunoassay for the detection
of PA-IgG was used. Also, in this Chapter, the usefulness of this test to
quantify platelet-bound antibodies will be demonstrated by measurements on
phenotyped donor platelets, sensitized by well-defined antisera.

In Chapter TII, the results with the platelet immunoflucrescence test
(PIFT) in a consecutive series of 255 thrombocytopenic patients are des-
cribed. Results of PIFT and our radioimmunoassay for PA-TIgG are compared
in aznother series of 130 thrombocytopenic patients, which is described in
Chapter IV. Similarities and discrepancies found between the two tests
will be discussed. The oceurrence of IgM antibodies (as determined by
PIFT) and platelet fragments (as determined by Coulter counter S plus II)

as causes of discrepancies will be discussed.

In Chapter V, a technique for the detection of circulating platelet



fragments is described which could demonstrate the occurrence of such
fragments in thrombocytopenic patients. With this technigque, we were able
to monitor platelet contamination in filtered red blood-cell preparations.

Results of this study are described in Chapter VI.

Targets for 'immune’ ('specifically bound') PA-IgG

Specific hinding of platelet antibodies has been made plausible by elu-
tion experiments (26). The lack of reactivity of most platelet autoanti-
bodies with platelets from patients with Glanzmann's disease type I (lack-
ing the GP ITb-TIla complex) suggested that the platelet GP ITh-IITa com-
plex might be target for most platelet autoantibodies. Other studies using
radioimmuncassays on purified platelet glycoproteins have demonstrated
specific reactivity of some sera containing platelet autoantibodies with
GP IIb-II1Ia and with GP Th (27,28).

Recently, immunoprecipitation (29) and immunoblotting (30) have been
used for the identification of platelet-specific antigens. BSome sera con-
taining autcantibodies could precipitate the GP IIb-IIla complex (MW 134-
140 kD and 89-105 kD, respectively), whereas in dimmunoblotting a small
number of sera reacted only with a 89-105-kD band (GP IIla). Reactivity
of autoantibodies containing séra with bands of 220-250 kD has also been
observed (29). These results suggested that GP 1Ib, GP IITa and/or the GP
IIb-I1TTa complex might be specific targets for platelet autcantibodies.
However, the reactivity in both techmigues has to be interpreted carefully,
because reactivity might be due to non-specific protein-protein interac-
tions. Moreover, a negative reaction in either technique does not neces-
sarily mean that a platelet autcantigen is not located on a particular
protein, because conformational determinants of the antigens may be lost
during platelet preparation and sclubilization before gel electrophoresis.

In Chapter VII, some preliminary observations on reactivity of sera
containing autoantibodies, alloantibodies or antibodies directed against

so-called cryptantigens are reported using the immunoblotting technique.

Therapy

Childhood ITP is initially treated expectively, unless severe bleedings
are present. In adult ITP, treatment is started as soon as the diagnosis
has been established with the primary objective to obtain 'safe' platelet
counts (above 40x10°%/1).

High doses of corticesteroids (1 mg/kg body weight/day) are the first-

choice therapy. If no remission is obtained, splenectomy should be done.
In this way complete remissions can be obtained in 80-909% of the patients.
When splenectomy fails, other treatments may be tried: immunosuppressive
agents (azathioprine, cyclophosphamide, vinca alkaloids or vinblastine-
loaded platelets) and danazol (31).

Recently, high-dose intravenous gammaglobulin (IVG) has been reported
as a new therapeutic agent for ITP (32). In a large number of patients,
IVG has been able to produce a fast rise of the platelet count, mostly
transiently. Therefore and because of its high costs, this form of thera-
py should be reserved for emergency treatment when intracranial or large
gastro-intestinal bleedings occur.

The results of a study on the effect of high-dose intravenous gammaglo-
bulin therapy with a preparation produced in our laboratory are described
in Chapter VIII. In this Chapter, some parameters (strength of PIFT, Clg-
binding assay, splenectomy) were related to the response to IVG treatment.
The working mechanism of IVG treatment is not yet clear. The most plausi-
ble explanations so far are inhibition of Fecy receptor-mediated platelet
destruction and inhibition of autocantibody synthesis (33-35). For the last
hypothesis, the following model may exist. Immunoglobulin administration
leads to generation of immunoglobulin-binding factors by binding of immu-
noglobuling to shedded Fc-receptor molecules. These complexes induce then
B- and/or T-cell suppression by which autoantibody synthesis is inhibited
(36; not referred to in Chapter VITT).
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CHAPTER II

QUANTIFICATION OF PLATELET-BOUND ALLOANTIBODIES BY RADIOIMMUNOASSAY
A study on some variables

J.J.E. Vos, J.G. Huisman, I.N. Winkel, N.J. Risseeuw-Bogaert,
C.P. Engelfriet and A.E.G. Kr. von dem Borne

Central Laboratory of the Netherlands Red Cross Blood Transfusion Service
and Laboratory for Experimental and Clinical Immunology, University of

Amsterdam, Amsterdam, The Netherlands

SUMMARY

Several variables that may affect accurate measurement of platelet-as~-
sociated IgG (PA-1glG) were studied by using a radioimmuncassay of the con-
sumption type. The amount of PA-IgG of washed, unfixed normal donor plate-
lets was 1.0 * 0.9 fg IgG/platelet (m * 2 sd). Upon storage of washed
platelets in a buffer containing EDTA, the amount decreased significantly
to 0.2 £ 0.2 fg TgG/platelet. Simultaneously, an increase in modal plate-
let volume was observed. Similar results were obtained when platelets were
fixed with paraformaldehyde (PFA). We postulate that this decrease in PA-
IgG is caused by the release of plasma IgG entrapped by the surface-con-
nected canalicular system of the platelet when the platelets swell during
storage in EDTA or fixation with PFA. A good quantification of platelet-
~bound alloantibodies was possible with our assay. This was demonstrated
with different anti-Zw" = anti-PlAl), anti.-Baka and anti-HLA sera. We
also observed that fragments of platelets as well as fragments of cells
of other types can cause aspecifically increased PA-IgG values and can
thus interfere with the proper measurement of platelet-bound antibodies

in all kinds of immuncassays in general.

Submitted for publication



INTRODUCTION

In the past decade, many assays have been developed to measure platelet-
associated immunoglobulin G (PA-IgG), presumed to be autoantibodies bound
to the platelets of patients with idiopathic thrombocytopenia (ITP) (Mc-
Millan, 1981; von dem Borne, 1984). However, the nature of PA-Igl is not
yet clear and the amounts of IgG measured on platelets of normal donors
and of thrombocytopenic patients differ greatly. Moreover, the variables
involved in PA-IgG measurement have mostly not been studied in detail and
no attempt has been made to evaluate the methods by applying well-defined
anti-platelet antibody-containing sera.

In this report, we describe the results ohtained with a radioimmunoas-
say (RTA) for the measurement of PA-TIgG, developed in our laboratory. Se-
veral variables that might influence PA-Iglh measurement were studied. The
ability of the test to quantify platelet-bound antibodies was determined
by measurements on normal donor platelets sensitized with wvarious sera

containing platelet antibodies.

MATERIALS AND METHODS

Human IgG (HIgG)

HIgG, used for the calibration curve and the coating of the polystyrene
beads, was derived from donor plasma by fractionation according to Cohn
(fraction II). The HIgG had been treated at pH 4 with traces of pepsin to
make it suitable for intravenous use (Immunoglobulin CLB) (Vos et al.,
1985). For construction of the calibration curve, stock solutions of 1 ml
each containing 1 mg IgG (as determined by turbidometric analysis) were
prepared and kept at -20°C. Each stock solution was frozen and thawed at

the most four times.

Polystyrene beads

Polystyrene beads (Spherotech, diameter 6.35 mm) were coated in a 50-miM
NaHCOz buffer (pH 9) containing human IgG (200 pl/bead) during a 16-h in-
cubation under gentle rocking. Unbound IgG was removed by washing with
phosphate-buffered saline (PBES), pH 7.4, containing 0.005% Tween-20 (v/v).
The beads were rinsed twice in distilled water, freeze-dried and stored at
4°C until use. For optimal reactivity in the radioimmunoassay, the amount

of human IgG attached to the polystyrene beads had to be as low as possi-

%
inhibition

ble to minimize the risk of loss of coated IgG during incubation. Maximal
binding of !25I-anti-IgG to the bead (50% of input radiocactivity) was rea-

ched at a minimum coating concentration of 2.5 pg human IgG/ml.

Radio-labelled anti-IgG

Affinity-purified rabbit-anti-human IgG (CLB no. M1023 KH16P) was trea-
ted with 20 mg pepsin/g IgG in acetic acid at pH 4.5 to yield F(ab')g
fragments. The fragments were purified from undigested IgG by gel filtra-
tion on Sephacryl-200. The homogeneity of the preparation was confirmed by
SDS-polyacrylamide gel electrophoresis, according to Laemmli (1970). The
F(ab'), fragments were iodinated by the Iodogen method {(Fraker & Speck,
1980) and subsequently freed from unbound 1257 by gel filtration over an
ACA-44 column that had been equilibrated with a PBS-containing 0.2% bovine
serum albumin (BSA). Peak fractions were pooled and stored at -20°C until
use. The conjugate did not react with highly purified human IgM parapro-
tein. (See also Fig. 1.)
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Fig. 1 - A. Standard curve obtained with human IgG (Cohn fraction 1l) and
I257.]abelled rabbit-anti-human TgG F(ab');. Accurate range between 7.8
and 62.5 ng IgG/ml. B. Standard curve with purified IgM.



Isolation of platelets

Platelet-rich plasma (PRP) was separated from blood collected in 10-ml
tubes containing 4 mM NazEDTA (Venoject). Erythrocyles and leukocytes were
pelleted by centrifugation during 10 min at 350 g. Platelets were pelleted
from the PRP by centrifugation for 7 min at 2000 g and were washed 3 times
in a solution of NapEDTA (9 mM) in PBS, pH 7.4, with 0.2% BSA (EDTA-PBS-
BSA), resuspended in washing buffer and counted in a Coulter ZF automatic
blood counter (diameter 50 microns, attenuation 0.500, aperture 4, thres-
hold 10). Platelets were adjusted to a final concentration of about 5x107/
ml with washing buffer. Only three washings were applied, because the
amounts of measured PA-IgG no longer diminished when platelets were washed

more often.

Platelet fixation

Washed platelets were pelleted and resuspended in 1 ml of 1% (v/v) pa-
raformaldehyde (PFA) in PBS for 5 min at room temperature, washed twice,
resuspended in EDTA-PBS-BSA and adjusted to a concentration of about 5 x
107/ml in EDTA-PBS-BSA.
Platelet sensitization

Sera containing platelet-specific alloantibodies (anti—Zwa = anti-PlM
seras Bo, D, BL., Vi, 0. ghd anti-Bak” sera: K and Pi) were obtained from
women negative for these antigens, who had been alloimmunized during preg-
nancies and, as a result, delivered a thrombocytopenic child, or from
patients, who developed posttransfusional purpura. Anti-HLA sera were
obtained from women alloimmunized during pregnancy or from patients who
developed adverse reactions after transfusion (CLB23 = multispecific anti-
HLA-B; CLB32 = anti-HLA-Al; CLB184 = anti-HLA-A2 and serum containing
anti-HLA-B7). In short, washed, fixed or unfixed platelets were incubated
with alloantisera for 30 min at 37°C (1 ml serum per ml platelet suspen-
sion, containing 3x10% platelets in 1 ml). TUnbound antibodies were then
removed by three washes in EDTA-PBS-BSA and the platelets were adjusted to

a final concentration of 5x107/ml with the washing buffer.

Sonication of platelets
Samples of 1 ml PRP were sonicated for 15 sec in an MSE sonicator, type
'Cabinet' no.7100, with a probe (tip diameter 3 mm) at an amplitude of &

microns peak to peak. A 15-sec period revealed a population of disrupted
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Fig. 2 - A) Size distribution plot of normal intact platelets. B) Size
distribution pleot of 15-sec-sonicated PRP. C) Size distribution plot of
intact platelets after the addition of 15-sec-sonicated platelets, washed
three times with EDTA-FBES-BSA.

platelets as observed by a Coulter Channalyzer (see also Fig. 2) and by

microscopical examination.

Platelet immuncflucrescence test (PIFT)

This test has been described in detail elsewhere (5). In brief, plate-
lets were prepared, subsequently fixed, then sensitized with antiserum and
washed three times. The platelets were then incubated with FITC-labelled
rabbit-anti-human IgG (Dakopatts F202), appropriately diluted in PBS-0.2%
BSA, washed twice, resuspended in a glycerol-PBS mixture and examined un-
der the fluorescence microscope. Results were expressed as -, +, G S £, 23

2+, 3+, 4+ (scored arbitrarily as 0, 0.25, 0.5, 1, 2, 3, 4).

Radioimmunoassay for PA-IgG
Platelet suspension (100 pl) was incubated with 100 pl of '2%I-radiola-



belled F(ab'), fragments of rabbit-anti-human IgG for 16 h at 4°C in a po-
lystyrene tray (Abbott Diagnostic Products, Chicago, ILL, USA). A polysty-
rene bead coated with human IgG was added to the reaction mixture and the
incubation was continued for 6 h at room temperature. Finally, the beads
were washed four times with distilled water in an automatic washing device
then transferred to a counting tube and the amount of radicactivity was
measured in a gamma scintillation counter. Five dilutions of a platelet
suspension (range 50 = 25 - 12.5 - 6.25 - 3.13x10%/ml) were tested in tri-
plicate. Simultaneously, a standard IgG reference curve was prepared in
triplicate with a range from 7.8 to 62.5 ng human IgG/ml (Fig. 1). The
percentage inhibition of radiocactivity (RA) bound to the bead by the test

sample was calculated from the formula:

SR " _ _% unbound RA by test sample
% inhibition = (1 % unbound RA by blank sampl

g x 100%

The amount of TgG corresponding with this percentage inhibition was read
directly from the calibration curve and was subsequently correlated to the
number of platelets present in the test sample. In general, three or four
diluticns of a platelet suspension appeared to have IgG values within the
range of the calibration curve. From these measurements the average PA-IgG
value was calculated and expressed in fg IgG/platelet. Binding of 12°I-
anti-Igb was maximally 50% of the added radioactivity. Of this amount,
maximally 70% could be inhibited by the addition of human TgG.

RESULTS

Absorption of the platelets to the IgG-coated bead

Absorption of platelets in the test sample to the IgG-coated beads
could lead to false low values of the inhibition percentage. That this
occurred was excluded as follows. Platelets, unsensitized or sensitized
with anti-Zwa, were incubated with '251-labelled anti-Tg6 and subsequently
washed. An IgG-coated bead was added and the incubation was continued.
After 6 h, the beads were washed and the amount of bound radioactivity was
measured. Binding by unsensitized platelets was maximally 1.2% of the to-
tal amount of radicactivity bound to the platelets, whereas binding of
sensitized platelets to the bead was maximally 2.5%.

In ancther series of experiments, platelets were removed from the incu-
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bation mixture before the human IgG-coated bead was added. Similar PA-IgG
values were observed as when platelets were still present during incuba-
tion with the bead. From these experiments, absorption of platelets to the
beads appeared to be of minor proportions and not to affect the test re-
sults. Therefore, removal of platelets after the first incubation step
was not necessary.
Affinity of radio-labelled anti-IgG for platelet-associated versus free
human IgG

Rosse et al. (1984) have suggested that the binding affinity of the ra-
dio-labelled anti-IgG is different for IgG associated to platelets as com-
pared with IgG in solution (free IgG) used for the calibration curve. This
could give rise to falsely elevated PA-1gG values. To investigate this, a
series of twofeld dilutions of a platelet suspension was prepared to which
a calibrated amount of human TgG was added. The amount of radio-labelled
anti-IgG bound by the platelets, corrected for the added amount of 'free'
IgG, was identical with the amount bound by the platelets in a suspension

without added IgG (Table I).

TABLE I
The affinity of the radio-labelled anti-IgG for PA-IgG and/or 'free' IgG

Platelet count Platelet-associated IgG measured Difference
(x107/ml in the (ng/ml) {ng/ml1)
test sample with free IgG without free IgG

5 37 25 12.0
2.5 26.4 12.4 13.6
1.25 20 6.1 13.9

Washed platelets were tested in three concentrations, with and without TgG
(13.5 ng/ml) added to the suspensions. The RIA for PA-IgG was performed as
described in Materials and Methods.

Storage of platelets

In our laboratory, blood samples from the patients under investigation
are mostly tested one day, and sometimes 2 days, after collection. There-
fore, we investigated the effect of storage of platelets in whole blood on
the PA-TgG values as measured. In 10 normal donors as well as in 10 pa-

tients, PA-TgG values of platelets from freshly collected EDTA blood were



identical with those of platelets from blood kept for one or two days at
4°C. Also platelet number and modal platelet size (as determined on the
Coulter Counter Channelyzer) did not change. These results are in accord

with those of others (Hedge et al, 1984).

DAY O Fix DAY 1

REL. PLATELET CNT/CHANNEL

30 43 53 CHANNEL NO.

Fig. 3 - Modal platelet size determined by the Coulter Channelyzer (sche-
matically drawn). a) Freshly prepared unfixed platelets: (m * sd) channel
30 £ 4, n = 38. b) Freshly prepared PFA-fixed platelets: channel 43 & 5,
n = 20. c) Unfixed platelets stored at 4°C for one day: chanmel 53 * 18,
n = 38. All differences were significant (p<0.001, Wilcoxen-matched pairs
signed ranks test).

Storage of EDTA-washed platelets

We also studied the effect of storage on suspensions of platelets in
EDTA-FB5-BSA. The platelet suspensions were stored at 4°C for either one
or two days. The platelets were then washed again once in EDTA-PBS-BSA
before the determination of PA-IgG. PA-IgG levels measured on one-day-old
EDTA-washed platelets appeared to be significantly lower when compared
with those of platelets prepared and analysed on the same day (day 0: 1.0%
0.9 fg/platelet; day 1: 0.2 * 0.2 fg/platelet, m * 2 sd, Wilcoxon-matched
pairs signed ranks test p<<0.001, n=38). The medal platelet size, as de-

termined in the Coulter Counter Channelyzer (expressed as channel number),

increased simultanecusly (m * 2 s.d. day 0, 30 £ 4, day 1, 53 £ 18, Wilco-
xon-matched pairs signed ranks test p<<0.001, n = 38). (See also Fig. 3.)
Two-day-stored EDTA-washed platelets appeared to have egual amounts of PA-
TgG as did one-day-stored platelets. Moreover, no further increase of mo-
dal platelet size was observed.

To exclude the possibility that the decrease in PA-IgG was a result of
a shift in the equilibrium of platelet-bound TgG to 'free' 1IgG in the
EDTA-PES-BSA buffer, we stored platelet suspensions in the presence of hu-
man IgG (Cohn fractien II) at 1 mg/ml. A decrease in the PA-TgG observed
after storage in EDTA-PBS-BSA was again found, indicating that the decrea-
se is not the result of an equilibrium shift of platelet-bound IgG (m * 2
sd day 1 without IgG 0.3 * 0.2, day 1 with IgG 0.3 * 0.2 fg/platelet, p >
0.1, Wilcoxon-matched pairs signed ranks test, n = 5). In additiom, this
experiment showed that the addition of external IgG (1 mg/ml or less) did

not result in increased PA-IgG values.

Platelet fixation

Because platelets are routinely fixed with PFA for the PIFT, the effect
of PFA fixation on PA-IgG values in normal domors was studied. PFA fixa-
tion led to significantly decreased PA-IgG levels in normal donors (m = 2
sd 0.3 + 0.3 fg/platelet, Wilcoxon-matched pairs signed ranks test p<0.001,
n = 20). A concomitant rise of modal platelet size was observed (m £ 2 sd
43 £ 5; Wilcoxon-matched pairs signed ranks test p<0.001 n=20). The amount
of PA-TgG on PFA-fixed platelets did not alter when they were subsequently
stored for one or two days at 4°C in EDTA-PBS-BSA.

Effect of sonication on PA-IgG

Platelets are known to contain intracellular TgG (Kelton et al, 1980;
Dixon et al, 1983), which is released when sonication or lysis-inducing
agents are applied. The amount of IgG freed by sonication on the day of
platelet preparation was compared with the amount of IgG freed by sonica-
tion of platelets from the same donor stored for one day in EDTA-PBS-BSA
at 4°C. On both days, about the same amount of TgG (1.5-2.0 fg HIgG/plate-

let) was released from the platelets.

guantification of amount of specifically bound PA-IgG
Platelets were sensitized with seven sera ccontaining platelet-specific
alloantibodies (anti-Zwa = anti-PlAl and anti~Baka) and four sera contai-

ning HLA antibodies (directed against HLA-A1,-A2, -B7 and multiple HLA-B



antigens, respectively) to determine whether specifically bound antibodies
could be measured in our assay. Simultaneously, the degree of sensitiza-
tion of the platelets was determined in the PIFT. As shown in Table IT,
it appeared that donor platelets positive for each of these antigens show-
ed an elevated amount of PA-IgG upon sensitization, whereas donor plate-
lets negative for these antigens did not. Incubation with sera from normal

healthy AB donors did not result in elevated PA-IgG values.

TABLE 1T

Results of the sensitization of normal donor platelets
with various alloantisera

Phenotype of x anti-Zw(a) =x anti-Bak{a) anti-HLA
the donor -Al =A2 -R7 -pan B
1. Zw(at)Bak(a+) 14.5 2.4
Zw(a+)Bak(a+) 4.3 5.6
. Zw(at)Bak(a-), 4.8 0.3 2.0
HLA (B7+)
4. Zw(a+)Bak(a-), 1.6 0.3 0.3
HLA (B7-)
5. Zw(a-)Bak(a+), 0.2 23 3.2 1 | 12.8
HLA (A1,A2,B51+)
6. Zw(a-)Bak(a+), P ) %7 0.5
HLA (A2-)
7. HLA (A2+) 2.7
8. Zw(at+)Bak(at) 14.1 1.0

The platelegs from 8 normal healthy donors were sensitized with anti-Zw"
B, anti-Bak K, anti-HLA-Al, -A2, -B7 and multispecific anti-HLA-B as des-
cribed in Materials and Methods. All donor platelets had a PA-IgG lower
than 0.8 fg/platelet after incubation with normal AB serum. In donor &4,
sera had to be diluted with AR substance (1:2) because the blood group was

AB. In the other experiments, there was no ABO antagonism between cells
and sera.

The effects of storage and of fixation of sensitized platelets in EDTA-
PBS-BSA on the amount of PA-TgG was also studied. Upon storage in EDTA-
PBS-BSA for 1 day at 4°C, anti-Zw’-sensitized platelets lost some PA-IgG
(28%, m * sem; day 0, 6.4 * 1.6 fg/platelet; day 1, 4.6 * 1.2 fg/platelet,
n=7). Tixation after platelet sensitization led to a decrease of 24% of
PA-TgG as compared with that for unfixed sensitized platelets (m * sem,
4.9 £ 2.0 fg/platelet, n=7).
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Tig. 4 - Titration curves of platelet-specific alloantisera Fanti-Zwa, B
and P1, anti-Baka, K and Pi) and HLA antisera (CLB 184 = anti-HLA-A2 and
CLB 23 = multispecific anti-HLA-B), incubated with the platel?ts of donors
positive for these antigens. The antisera were diluted in AB serum.

Because, in the indirect PIFT, platelets are routinely fixed before
sensitization, it was of interest to test whether the amount of PA-TgG on
platelets fixed before sensitization would be different from PA-IgG measu-
red on platelets fixed after semsitization. The results obtained after
sensitization with anti-Zw® before and after fixation of the platelets
differed significantly (m % sem, before fixation 8.5%1.5 fg/platelet, af-
ter fixation &.1%0.7 fg/platelet, n=5, Wilcoxon-matched pairs signed ranks

test p<0.001). The highest PA-IgG values, measured upon sensitization with
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anti-Zw® and postfixation, were 14.5 fg/platelet (i.e., about 54 000 mole-
cules of TIgG), upon sensitization with anti-Bak” 5.6 fg/platelet (di.e.,
about 21 000 molecules of IgG) and upon sensitization with multispecific
anti-HLA-B (CLB23) 12.8 fg/platelet (i.e., about 48 000 molecules IgG).

IFT-
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Fig. 5 - Comparison of the results of the PIFT (with FITC agti-IgG) and
PA-IgG wvalues measured in titration experiments with anti-Zw~ serum (B).

Series of dilutions of the various alloantibody-containing sera were
prepared (1:2 - 1:64/128) to determine the sensitivity of our radioimmuno-
assay. Fig. 4 shows the titration curves of four platelet-specific anti-
sera and two anti-HLA antisera. Similar results were obtained with other
anti-Zw® sera. The results were compared with the results obtained in the
simultanecusly performed (semi-quantitative) PIFT. The lowest detection
range of the two tests appeared to be about the same (Fig. 5), but the
range in which PIFT could discriminate between various grades of sensiti-
zation was rather small. Any gquantity above 3.0 fg lgG/platelet was judged
as 4+ in the PIFT (i.e. maximal sensitization), whereas the PA-IgG assay
could still differentiate between quantities of antibodies bound above 3.0

fg IgG/platelet (Fig. 5).
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Interference of platelet rfragments with proper PA-IgG measurement

The presence of fragmented platelets or other (IgG-coated or uncoated)
cell particles in the test suspension might interfere with the exact mea-
surement of PA-IgG (Shulman et al, 1982). These fragments must be pellet-
ted together with the platelets during platelet preparation to be able to
interfere. Therefore, PRP containing unsensitized platelets or platelets
sensitized with anti-Zw® was sonicated and added te non-scnicated PRP (ra-
tio 2:1). Subsequently, the mixture was washed, fixed and counted. The
presence of platelet fragments was confirmed by the Coulter Channelyzer
(see Fig. 2) and by flowcytometry. PA-IgG levels were then determined and
compared with PA-TgG levels of the intact cells without added fragments.

TABLE III

PA-TgG measurement of sensitized and unsensitized platelets of a
Zw(at) donor, with or without the addition of fragmented platelets
or erythrocytes before platelet isolation

No Sonicated platelets added Sonicated
fragments unsensitized sensitizeda erythrocytes
added ) with anti-Zw added
*

Unsensitized 0.3 1.1 1.4 0.8
platelets
Anti-zw’ -
sensitized 3.4 3.6 4.5 5.2
platelets

L
fg 1gG/platelet.

As shown in Table IIT, PA-IgG measured in a suspension with platelet
fragments was more elevated than PA-TgG measured in a suspension contain-
ing only intact platelets, and higher amounts were found with fragments
from sensitized platelets than with fragments from unsensitized platelets.
Also, elevated amounts of PA-IgG were observed when fragmented erythrocy-
tes were added.

DISCUSSION

In the many publications on the measurement of platelet-associated IgG
(PA-TgG), the reported values in normal donors (0.1-26 fg/platelet) and in
patients with ITP (0.1 - 1800 fg/platelet) vary markedly (McMillan, 1981;

von dem Borne, 1984). 1In most assays, PA-TgG values in normal donors are
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10 to 20 times higher than expected when the amount of PA-TgG is determi-
ned only by the number of Fcy-receptor molecules present on the platelet
(0.1-0.5 fg/platelet) (Karas et al, 1982). Only LoBuglio et al (1983) re-
ported a radiocimmuncassay by which such amounts were detected on the pla-
telets of normal individuals. We observed PA-TgG values similar to those
reported by LoBuglio et al, when platelets were stored for 16 h at 4°C in
EDTA-PBS-BSA or when platelets were fixed with PFA. 1In the assay of Lo-
Buglio et al, density-gradient centrifugation and multiple extra washings
are necessary which may result in the loss of platelets. These stages are
not necessary in our assay, which is also more easily performed, because
of the handiness of the polystyrene beads, the incubation trays and the
automatic washing dewvice.

Rosse et al (19B4) have argued that, in direct assay systems, one would
measure lower PA-TgG levels than in assays of the consumption type, such
as ours. The affinity of anti-IgG for platelet-bound IgG would be diffe-
rent from that of 'free' IgG, which is usually used as reference standard
for comsumption assays. However, we did not find any differences in the
amount of PA-TgG of normal donor platelets in the absence or the presence
of added soluble IgG and we, therefore, conclude that this presumed diffe-
rence in affinity probably does not play a role in our assay system.

Our results show that the amount of measured PA-IgG in normal donors
upon storage in EDTA-PBS decreased from 1.0 % 0.9 fg/platelet to 0.2 £ 0.2
fg/platelet. This decrease during storage was not caused by simple elution
of IgG, because storage of the platelets in a medium containing soluble
IgG led to a similar decrease. A concomitant increase of the modal plate-
let size was seen, and similar results were obtained when the platelets
were fixed with PFA. From this, we postulate that the decrease in PA-IgG
upon storage in EDTA-PBS or PFA fixation is caused by platelet swelling
and the release of plasma IgG entrapped in the platelet surface-connected
canalicular system (8CCS) (Kelton & Steeves, 1983). Upon swelling, the
SCC5 is enfolded and incorporated into the platelet surface (Milton &
Frojmovic, 1979; Frojmovic & Milton, 1982). When platelets are tested
immediately after preparation and without fixation, the IgG in the SCCS is
expelled during the overnight incubation, leading to increased PA-TgG wva-
lues. The effect of EDTA seems to be time- and/or dose-dependent as swel-
ling does not occur upon storage in whole EDTA blood (containing & mM

EDTA) and becomes maximal after storage during 16 h at 4°C. Apparently,
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PFA fixation induces swelling much faster (in a few minutes). PFA fixation
could additionally affect PA-IgG by blockage of the platelet Fcy receptor
(Helmerhorst et al, 1983).

Sensitization of platelets with different antisera and dilutions there-
of {anti-Zwa, anti—Baka, anti-HLA-Al, -A2, -B7 and multispecific anti-
HLA-B) confirmed the ability of our assay to quantify platelet-bound anti-
bodies with high sensitivity. Moreover, sensitized platelets did show a
moderate decrease of PA-IgG upon storage or PFA fixation (28 and 24%, res-
pectively) too, which was somewhat higher than found with unsensitized
platelets. 1t is not clear whether this was caused by the loss of aspeci-
fically bound or entrapped TgG or hy the elution of some specifically
bound platelet antibedy IzG.

When platelets were fixed with PFA after platelet sensitization with
alloantibodies, significantly higher PA-TgG values were found than with
platelet fixation before sensitization. Previously, this difference was
not observed in the PIFT (Helmerhorst et al, 1980), but this may have been
because, as we have found in the present study, the quantitative detection
range of the PIFT is much smaller than that of the RIA. The difference
found between pre- and postfixation may be caused by some loss of antige-
nic sites during prefixation.

When fixation was applied after sensitization with anti-Zw" serum, we
feund that, with anti-Zw" antisera, maximally 14.5 fg of IgG was bound to
the platelets of a Zwa-positive donor, i.e. about 54 000 molecules of TgG.
Although in our binding studies no saturation of the antigens appeared to
be obtained, these amounts of TgG measured by onr PA-IgG assay correspond
with the number of glycoprotein ITIb-II1TIa molecules (about 40-50 000) on
the platelet membrane (McEver et al, 1980), which are the sites of the v’
antigens (Kunicki & Aster, 1979).

Apart from plasma IgG entrapped in platelet surface-connected cannali-
culi, other factors may contribute Lo false elevated PA-IgC levels in pa-
tients with thrombocytopenia. These are the following.

1. PA-IgG measurements are often performed on solubilized or sonicated
platelets. Various amounts of intracellular IgG are liberated from the
platelets by these procedures (Kelton et al, 1980; Dixon et al, 1983; this
study).

2. Evidence has been produced for the occurrence of platelet fragments

in the blood of thrombocytopenic patients (Khan et al, 1975; Zucker-Frank-
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lin & Karpatkin, 1977; Shulman et al, 1982). Because these fragments are
not (accurately) counted, but contribute to the amount of IgG in the test
suspension, their presence could lead to false elevated PA-TgG values, as
we found.

3. Antibodies against platelet cryptantigens, which react only in the
presence of EDTA, possibly without any pathological significance (Pegels
et al, 1982; von dem Borne et al, 1985), may cause elevated PA-IgG wvalues
when measurements are done on platelets from EDTA blood, washed and sus-
pended in EDTA-containing solutions.

4. Circulating immune complexes may interfere in PA-IgG measurement
(Helmerhorst et al, 1983; Lurhuma et al, 1977; Trent et al, 1980; Hegde et
al, 1983; Puram et al, 1984), although this risk is minimized by PFA fixa-
tion of the platelets (Helmerhorst et al, 1983).

In conclusion, we have developed a radioimmuncassay of the consumption
type, adapted in such a way that we could measure platelet-bound antibody
IgG in a reliable and sensitive way. However, reliable measurement of
platelet-bound autoantibody IgG in patients with autcimmune thrombocytope-
nia is still difficult, even with our assay. This is due to the presence
of platelet fragments in the patient's blood which might interfere as well
as to the occurrence of antibodies against platelet cryptantigens znd im-

mune complexes that bind to the patient's platelets in vive or in vitro.
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CHAPTER III

CLINICAL SIGNIFICANCE OF A POSITIVE PLATELET IMMUNOFLUDRESCENCE TEST
IN THROMBOCYTOPENIA

A.E.G. Xr. von dem Borne!’2, J.J.E. Vos!, J. van der LelieZ,

1 and C.M. van der Plas-van Dalen?

B. Bossers
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University of Amsterdam, Amsterdam;
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SUMMARY

The sensitivity and specificity of platelet immunoflucrescence for the
diagnosis of idiopathic thrombocytopenia (ITP) was studied in a consecu-
tive series of 255 patients. Patients' platelets were tested directly.
Ether eluates of these platelets and patients' sera were tested indirectly
with normal donor platelets. Positive results were obtained for 92% of the
ITP patients with a platelet count of <150x10%/1 and even for 98.4% of the
patients with a count of <100x10%/1. However, for many cases immunofluo-
rescence scores were low: 59.8% of the patients had scores of %-1. Most
patients (93%) with a positive direct test had a positive indirect eluate
test. Thus, in most, if not all patients, platelet-bound antibodies were
present, but not platelet-bound immune complexes. Positive immunofluores-
cence tests were obtained for many patients with a diagnosis other than
ITP which caused a low specificity of the test for this diagnosis. The low
specificity was also due to the fact that frequently antibodies against
platelet cryptantigens (EDTA- and paraformaldehyde-dependent antibodies)

were present in the blood of many patients.
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INTRODUCTION

Many tests have been developed to detect platelet auto-sensitization in
patients with idiopathic thrombocytopenia (ITP) (ven dem Borne, 1984).
Most of these tests are based on the measurement of consumption of anti-
globulin sera by the patient's platelets.

In general, the sensitivity of such assays for the detection of increa-
sed amounts of platelet-associated immunoglobulins in clinically diagnosed
ITP is high. However, the diagnostic specificity of the consumption assays
as well as of direct assays, such as the platelet radioactive antiglebulin
test, has been found to be low (Mueller-Eckhardt et al, 1980; Kelton et
al, 1982). This could be due to the occurrence of immune mechanisms in
many more thrombocytopenic disorders than has previously been thought li-
kely (Kelton et al, 1982). Another possibility is that non-immune mecha-
nisms are responsible for increased amounts of platelet-associated immunoc-
globulins in certain diseases (Mueller-Eckhardt et al, 1980, 1982). Indeed
Shulman et al (1982) have suggested that such a mechanism might be plate-
let fragmentation, known to occur in many thrombocvtopenic disorders, in-
cluding ITP. Platelet fragments are not counted as platelets, but they may
contribute to the amount of platelet-associated immunoglobulins measured,
either because they are also sensitized by autoantibedies or because they
may bind plasma proteins non-specifically.

For many years, we have applied the platelet immunofluorescence test
(PIFT) to detect platelet auto-sensitization in ITP (von dem Borne et al,
1980). The advantage of this test is that binding of immunoglobulin and
complement to intact platelets is directly visualized, without interferen-
ce of platelet fragments. A disadvantage of the PIFT is that it is a semi-
quantitative test in which only the fluorescence strength is scored, al-
though this can be done quite reliably (Helmerhorst et al, 1980). Because
of the essentially different approach used in this assay, it seemed worth-
while to study the diagnostic sensitivity and specificity of the PIFT in a
consecutive series of patients, as has been also done for the platelet-

associated IgG (PATgG) assay (Kelton, 1982). The results of this study are

presented here.

METHODS

The test has been described in detail bhefore (von dem Borne et al, 1978,

1980). TDirect immunoflucrescence was performed on paraformaldehyde-fixed
platelets from the patients. Ether eluates were prepared from unfixed pa-
tient's platelets. Eluates and sera from the patients were tested by in-
direct immunofluorescence on fixed normal donor platelets. As antiglobulin
reagents, FITC anti-Ig, anti-TgG, anti-IgM, anti-IgA and anti-C3b were
used.

In the standard tests, platelets from EDTA blood of both patients and
normal donors were applied, suspended in phosphate-buffered saline (PBS)
containing EDTA. However, when enough material was available, the eluates
and sera were also tested with fixed platelets from citrate-anticoagulated
donor blood, washed with and suspended in PBS. Moreover, unfixed platelets
from EDTA blood were applied as well. The PIFT results were scored as fol-
lows: ++++=4, +++=3, ++=2, +=1, (+)=% (weak), t=% (dubious), 0=0 (negati-
ve).

The relation between the fluorescence score and the amount of antibody
bound to platelets, as measured in a '2°I-anti-IgG consumption assay (Vos
et al, 1986), is shown in Chapter II, Fig. 5.

In each patient, the platelet count of the EDTA blood sample was deter-
mined either by a Coulter § plus II counter or manually when fewer than
20x10? platelets per litre were counted or when the machine did not deter-
mine the platelet count because of a non-semilogarithmic platelet-size

distribution.

PATIENTS

411 patients whose blood was sent to our laboratory for platelet anti-
body testing in a period of 3 months were evaluated. We Lested the bleod
of 233 patients at least once and of 22 patients repeatedly (2-4 times).
Altogether, 278 tests were done. Clinical information was obtained from
all patients via a questionnaire and/or by inquiry over the telephone. Be-
cause of insufficient amounts of platelets, the direct test failed in &
patients and no eluates could be prepared for 27 patients. The indirect
serum test was done for all patients except one, from whom no clotted
blood was obtained.

The criteria for the diagnosis of ITP were the existence of an acquired
thrombocytopenia without another disease, a normal bone marrow and a nor-

mal coagulation status.
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RESULTS
ImmmofIuorescence studies on the blood of patients with idiopathic throm-
bocytopenia (ITP)

O0f the 255 patients studied, 194 had thrombocytopenia (platelet count
<150%10%/1) and 75 of those were diagnosed as suffering from ITP. The re-
sults of the immuncfluorescence test (IFT) results in these patients are

shown in table T.

TABLE I

Immunofluorescence test results in 75 ITP patients with a

platelet count of <150x10%/1

Direct IFT Number % Indirect ITT on eluate Indirect IFT on serum
nr. positive/ % nr. positive/ %
nr. tested pesitive nr. tested positive

Positive 63  B4.0 48/51 94.1 41/62 66.1

(score %-4)

Dubious 4 §.3 3/4 75.0 1/4 25.0

(score %)

Negative 5 6.6 0/5 0 0/5 a

(score 0) f

Not tested 3 4.0 0/0 - 3/3 100

Tatal 75 100 51/61 83.6 45/75 60.0

A positive direct IFT was obtained in 63 (84.0%) of the ITP patients,
usually with a positive indirect IFT on the platelet eluate (94.1%) and
often with the serum (66.1%). A dubious direct test result was found for
4 patients (5.3%). Of these, 3 were considered as positive, because the
eluate test was also (weakly) positive (together with a positive serum
test in 1). TFor 5 patients (6.6%), all three tests were negative. For 3
further patients, no platelets were isolated from the blood for direct
testing and the preparation of an eluate. But the indirect serum test was
positive in all three. From a second bloed sample obtained later, enocugh
platelets were obtained and both a positive direct test and an eluate test
were found. Therefeore, these 3 patients were also considered as being po-
sitive. Thus, negative immunoflucrescence results were observed for only 6
of the 75 ITP patients and the sensitivity for the diagnosis of ITP was
therefore 92.0%. This percentage was even higher when only patients with a

more severe thrombocytopenia (platelet count <100x10%/1) were considered,
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i.e. positive results in 62 of 63 patients or 98.4%.

The relationship between the score of the direct test and the platelet
count for all ITP patients (including 15 who were retested and 11 in re-
mission) is shown in Fig. 1. There was a marked variation in the score,
even in patients with low platelet counts. Low scores (%-1) were much more
frequently (59.8%) encountered than higher scores (2-4) (26.5%). But high-
er scores were more often associated with lower platelet counts and there

was a significant relationship between these two parameters (p<0.05).
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Fig. 1 - Relalionship between the immunofluorescence strength, ezpressed

as a score, and platelet count, as measured in the Coulter S plus II coun-
ter. Patients with platelet-bound autoantibodies of different Ig classes
are depicted separately.

In the present series of ITP patients, a similar immunoglobulin-class
distribution of the platelet-bound immunoglebulins and the eluted autoan-
tibodies was found, as we have previously reported (Borne et al, 1980;
Helmerhorst et al, 1982): i.e., IgG in 60 of the 67 (89.6%) patients tes-
ted (IgG alone in 44.8%), IgM in 33 of the 67 (49.3%) patients tested (IgM
alone in 9.0%), IgA in 7 of the 67 (10.5%) patients tested (IgA alone in
0%). The Ig class of the autoantibodies was not related to the strength of
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the direct test, or to the platelet count (depicted in Fig. 1). As previ-
ously reported, we could not detect complement fixation to the platelets

for any patient.

TARLE II

Platelet immunofluorescence in thrombocytopenia
Results in 194 patients

Number positive  Number negative

ITP 69 6
Other AID

- Blood (AIHA, PCP) 5 1
- Organ-specific (S8, hepatitis, 11 0

myositis, hyper-, hypothyroidism)

- Generalized (SLE, RA, FS) 9 0
Malignancies
- Lymphoproliferative (CLL, NHL, ILA} 13 4
- Multiple myeloma 1 3
~ Hodgkin's disease 0 3
- Myeloproliferative (AML, MD, CML, MH) 7 4
- Cancer (lung, breast, ovary, prostate) g 1
Infection
- viral (adenowvirus, IM) 2 0
- mycoplasmal (pneumonia) 1 (4]
- bacterial (sepsis, endocarditis) 2 0
- parasitic (Kala Azar) 2 Q0
*
Drugs 6 4
Hereditary thrombocytopenia (4] 4
Pseudothrombocytopenia 3 0
Miscellaneous
- Pregnancy g 5
s TR 1 0
- Liver cirrhosis (alcohol) 1 3
- Splenomegaly 1 0
= Vasculitis 1 2
- Diabetes 0 1
Total 153=78.9% 41=21.1%

Abbreviations: ITP, idiopathic thrombocytopenia; AID, autoimmune disease;
AIHA, autoimmune hemolytic anemia; PCP, pancytopenia; 5SS, Sjdgren syndro-
me; SLE, systemic lupus erythematosus; RA, rheumatoid arthritis; FS, Felty
syndrome; CLL, chronic lymphatic leukaemia; NHL, non-Hodgkin's lymphoma;
ITA, immunoblastic lymphadenopathy; AML, acute myeloid leukemiz; MD, mye-
lodysplasia; CML, chronic myeloid leukemia; MH, malignant histiocytosis;
IM, infectious moncnucleosis; TTP, thrombotic thrombocytopenic purpura.

%*
captopril, ibuprofen, gold, salazosulfapyridine, levedopa, benserazide,
glibenclamide, mitomycin, trimethoprim, sulfametrol.
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Diagnostic specificity of platelet immuncflucrescence

The diagnoses of all 194 patients investigated, who were thrombocytope-
nic at the time of the tests, and the IFT results are shown in Table II.
The diagnostic specificity of a positive test, calculated from these data
for the diagnosis ITP, was low (29.4%), probably because positive test re-
sults were often found for patients with thrombocytopenia associated with
other diseases. An overall prevalence of positive tests of 78.9% was found.

On the other hand, the negative predictive value for ITP of platelet
immunofluorescence in the whole group of patients was high (85.4%), and
even higher (96.6%) in patients with a low platelet count (<100 x 109/1).
This is a reflection of the rare occurrence of negative test results in

I'TE.

The occurence of EDTA- and PFA-dependent antibodies

When enough material was available, platelet eluates and sera from the
patients of the present series, if positive in the standard tests, were
also tested with unfixed donor platelets in EDTA buffer and with fized
donor platelets in PBS without EDTA, The results are shown in Table IIT.

TABLE III

The occurrence of EDTA- and PFA-dependent antibodies in eluates and sera
from patients with positive test results in the standard method

Eluate Serum

Diagnosis Number EDTA- PFA- Total Number EDTA- PFA- Total

tested depen- depen- tested depen- depen-

dent dent dent dent

ITP 41 0 0 0=0 % 39 6 2 8=20.5%
Other TP's 33 6 0 6=18.2% 42 11 7 18=42.8%
ITP in re- 11 1 0 1= 9.1% 11 3 0 3=27.3%
mission
No TP 6 3 0 3=50 % ) 3 3 6=100 %

The eluates of all 41 ITP patients that could be tested, contained an-
tibodies reactive with unfixed donor platelets and fixed platelets without
EDTA (EDTA- or PFA-independent antibodies). But in 8 out of 39 sera tested
(20.5%), EDTA- or PFA-dependent antibodies were found. For the patients
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with other thrombocytopenias, 6 of the 33 (18.2%) eluates contained EDTA-
dependent antibodies and 18 of the 42 (42.8%) sera EDTA- or PFA-dependent
antibedies. PFA antibodies were not detected in eluates. In this group of
patients, there were three with pseudothrombocytopenia, containing EDTA
antibodies in both eluate and serum.

EDTA-dependent antibodies were also detected in the platelet eluates
from 1 of 11 (9.1%) patients with an ITP in remission and from 3 of 6
(50.0%) patients who had no thrombocytopenia, but who had a positive di-
rect PIFT. The sera from these patients contained EDTA- and/or PFA-depen-

dent antibodies in 3 out of 11 (27.3%) and 6 out of 6 (100%), respectively.

DISCUSSION

From our study, it appeared that the platelet immunofluorescence is a
sensitive method to diagnose ITP, especially in patients with a platelet
count of less than 100x109/1. Moreover, it seems likely that mostly, if
not always, platelet autoantibodies and not platelet-bound complexes are
responsible for ITP, because for most patients (93%) the platelet-bound
immunoglobulins could be eluted by ether and detected in the eluate as
platelet-reactive antibodies with normal donor platelets (Helmerhorst et
al, 1984). A much higher percentage of positive results was obtained than
in a previous study (von dem Borne et al, 1980), probably because a much
better defined group of patients was investigated this time.

The degree of platelet autosensitization im ITP, as scored with the
platelet immunefluorescence test, was often low: scores of %1 were found
in about 60% of the patients (Fig. 1). This corresponds with amounts of
platelet-bound immunoglobulins of less than 1 fg/platelet (or 3750 molecu-
les/platelet) (Chapter II, Fig.5). These amounts are much lower than those
detected by many investigaters in quantitive antiglebulin consumption as-
says (von dem Borne et al, 1984) except those found in recent studies of
LoBuglio et al (1983, 1984). As already discussed, this discrepancy may
be explained by the interference of platelet fragments in many of these
assays.

Similarly to results of the various antiglobulin consumption assays,
for instance those of Kelton et al (1982), a positive immunoflucrescence
test result had a low specificity for the diagnosis of ITP. Our present

investigations show that this low specificity may have two causes. Tirst,
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autoimmune thrombocytopenia, with platelet autosensitization detected hy
the PIFT, occurs together with many other diseases (Helmerhorst et al,
1982) (Table III). Second, in the blood of the patients, antibodies may
exist that are directed against hidden or cryptic antigens of platelets
(von dem Borne et al, 1986). These antibodies react probably with antige-
nic determinants of the glycoprotein IIb-IIIa complex, which are exposed
under the influence of Ca**-chelating agents, such as EDTA and EGTA, or
after paraformaldehyde fixation. These antibodies have been detected not
only in the blood of patients with pseudothrombocytopenia (Pegels et al,
1982), with smepticemia (van der Lelie et al, 1984) and in uremic patients
on hemodialysis (Magee, 1985), but also in patients with a variety of
other diseases, both with and without thrombocytopenia, such as autoimmune
thrombocytopenia (primary and secondary), myelodysplasia, toxemia of preg-
nancy and thrombotic thrombocytopenic purpura (von dem Borne et al, 1986).
This prevalence was also reflected in the present series of patients.

It seems unlikely that antibodies against cryptantigens of platelets
are responsible for platelet destruction In vive, but they could be the
results of it (van der Lelie et al, 1984; von dem Borne et al, 1986). Bin-
ding of these antibodies probably occurs only in vitroe, due to anticoagu-
lation of the patient's blood with EDTA or fixation of the platelets with
paraformaldehyde. For patients with a manifest ITP, platelet eluates al-
ways contained antibodies that reacted with unaltered platelets (unfixed,
in the absence of EDTA). Probably, these antibodies are the pathogeneti-
cally important ones. But 8 of the 39 ITP sera contained (only) cryptanti-
gen antibodies*. They were sometimes found in platelet eluates from pa-
tients with ITP in remission, but much more frequently in platelet eluates
from patients with thrombocytopenias other than ITP and from patients with
diseases without thrombocytopenia but with a positive direct immunofluo-
rescence test. The sera of such patients contained (only) cryptantigen
antibodies in a high frequency (40-100%). Hence, this type of antibody
contributes to the low diagnostic specificity of the platelet immunofluo-

rescence test.

"The co-occurrence of antibodies reactive with unaltered antigens and an-
tibodies against cryptantigens in eluates and sera was not studied syste-
matically. But in some cases, it was found to exist by way of absorption
and elution studies.
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Cryptantigen antibodies may also be detected in other platelet antibody
tests, such as the quantitative antiglobulin consumption assays. These
antibodies may be responsible for the positive PATIgG results found for pa-
tients in whom the autcimmune nature of the thrombocytopenia is doubtful,
such as in septicemia, toxemia of pregnancy, liver cirrhosis and hyper-
splenism (Kelton et al, 1982, 1985; van der Ielie et al, 1981). Their
presence may even explain the finding of an increased amount of platelet-
associated IgG in patients with a normal platelet count and platelet life-
span (Kelton et al, 1984).

In conclusion, platelet immunofluorescence has a high sensitivity in
the detection of platelet autosensitization in ITP, but it has a low spe-
cificity for this diagnosis. The low specificity is caused not only by the
co-occurrence of autoimmune thrombocytopenia and other diseases, but also
by the occurrence of antibodies against platelet cryptantigens in the
blood of many patients. Such antibodies may be detected not only in the

immunofluorescence test, but in other platelet antibody tests as well.
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CHAPTER 1V

PLATELET-ASSOCIATED IgG IN THROMBOCYTOPENIA.
A comparison of two techniques

J.J.E. Vos, J.G. Huisman, J. van der Lelie and A.E.G. Kr. von dem Borne

Central Laboratory of the Netherlands Red Cross Blood Transfusion Service
and the Laboratory for Experimental and Clinical Immunology of the

University of Amsterdam, Amsterdam, The Netherlands.

SUMMARY

The results obtained in the analysis of 130 thrombocytopenic patients
with a radioimmuncassay (RIA) for platelet-associated IgG (PA-IgG) and the
platelet suspension immunofluorescence test (PIFT) were compared. The RIA
was positive in 33 of 41 (82.9%) patients with idicpathic thrombocytopenia
(ITP) and in 51 of 79 (64.4%) patients with secondary thrombocytopenia
{(STP). The PIFT was positive in 37 of the 41 (90.2%) ITP patients and in
57 of the 79 (72.2%) STP patients. Sensitivity and specificity for the
diagnesis of ITP of both tests were comparable: 82.9% and 40.9% for the
RIA, and 90.2% and 36.7% for the PIFT.

A significant pesitive correlation was observed between the mean amount
of PA-IgG measured and the height of PIFT scores with anti-IgG. A more
frequent incidence of aberrant size distribution patterns was found in pa-
tients with increased PA-TIgG, indicating a possible influence of platelet
fragments on the measurement of PA-IgG.

In patients with increased PA-IgG and a negative PIFT with anti-IgG,
IgM antibodies were detected more frequently in the PIFT. This suggests an
influence on PA-IgG determinations of either IgM antibody-induced platelet
agglutination in vitro or of platelet fragments present in the patient's

blood because of IgM antibody-mediated platelet destruction in vivo.

Submitted for publication
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INTRODUCTION

Many assays for the detection of platelet-associated IgG (PA-IgG) have
been described in the literature to establish the presumed autoimmune na-
ture of idiopathic thrombocytopenia (ITP). These tests vary considerably
in the obtained wvalues of PA-1gG measured in normal donors (0.1 - 26.0 fg/
platelet), as well as in patients (0.1-1800 fg/platelet) (McMillan, 1981
von dem Borne, 1984). The values detected in normal donors are often
higher than is to be expected from the number (200 - 4000) of Fc receptors
on the platelet surface (Karas et al, 1982).

Moreover, often unexpectedly increased PA-TgG values are detected, e.g.
in patients with many different non-immune-mediated diseases, even without
thrombocytopenia (Mueller-Eckhardt et al, 1980). The occurrence of plate-
let fragments and/or aggregates have been proposed as possible causes for
this phenomenon (Shulman et al, 1982). Both fragments and aggregates es-
cape from accurate platelet counting, whereas their contribution ta the
total IgG content remains. Therefore, falsely elevated PA-TgG values may
be measured.

Recently, we have developed a radioimmunoassay for PA-IgG, which allows
accurate measurement of platelet-bound alloantibodies (Vos et al, submit-
ted for publication). Platelet fixation with paraformaldehyde (PFA) appea-
red toe accomplish a loss of non-specific PA-IgG. Normal donors had low
amounts of PA-TgG compared to amounts measured by most other tests repor-
ted (0.3 £ 0.3 fg/platelet, m % 2 sd).

In this report, we compare the results of the radicimmunoassay with
those of the direct platelet suspension immunofluorescence test (PIFT)
(von dem Borne et al, 1980) in a group of 130 thrombocytopenic patients,

whose blood was sent to our laboratery for platelet-antibody tests.
MATERIALS AND METHODS

Isolation of platelets

Platelet-rich plasma was separated from blood collected in 10-ml tubes
containing 4 mM EDTA (venoject). Erythrocytes and leukocytes were pelleted
by centrifugation during 10 min at 350 g. Platelets were pelleted from the
PRP by centrifugation for 7 min at 2000 g and were washed 3 times in a so-
lution of NapEDTA (9 mM) in phosphate-buffered saline, pH 7.4 with 0.29%
(w/v) bovine serum albumin (EDTA-PBS-EDTA). The pelleted washed platelets
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were resuspended in 1 ml of a solution of 1% (w/v) PFA in PBS for 5 min at
room temperature, washed again twice, resuspended in EDTA-PBS-BSA, counted
in a Coulter ZF automatic blood counter and adjusted to a concentration of

5x107 /ml.

Platelet suspension immunofluorescence test (PIFT)

This test has been described in detail (von dem Borne et al, 1978,1980).
In brief, platelets were isolated, fixed with PFA and then tested directly
for platelet-bound antibodies with FITC-labelled antiglobulin sera (sheep-
anti-human Tg prepared in our laboratory, rabbit anti-IgG, -IgA and -IgM
purchased from Dakopatts, Denmark, appropriately diluted in PBS-0.2% (w/v)
BSA). Subsequently, the platelets were washed twice, resuspended in 50%
(v/v) glycerol in PBS and examined under the fluorescence microscope. Re-
sults were expressed as -, %, (+), 1+, 2+, 3+, 4+ (scored as 0, 0.25, 0.5,
1, 2, 3, 4, respectively). Also, to confirm the autoantibody nature of the
platelet=bound immunoglobulins, thev were eluted with diethyl ether (von
dem Borne et al, 1980), and subsequently tested for their reactivity with

donor platelets.

Radioimmunoassay for PA-IgG

One hundred Pl of a suspension of PFA-treated platelets were incubated
with 100 pl of '25T-radiolabelled rabbit-anti-human TgG F(ab')s fragments
for 16 h at 4°C in a polystyrene tray (Abbott Diagnostic Products, USA). A
polystyrene bead (Spherotech, diameter 6.35 mm) coated with human IgG was
then added to the reaction mixture and the incubation was allowed to con-
tinve for 6 h at room Lemperature. Finally, the beads were washed 4 times
with distilled water, transferred to counting tubes and bound radioacti-
vity was measured in a gamma scintillation counter.

Five dilutions of a platelet suspension (range from 50 - 25 - 12.5 -
6.25 - 3.13x10%/ml) were tested in triplicate. Simultaneously, a standard
IgG reference curve (Cohn fraction II) was prepared in triplicate with a
range between 7.8 and 62.5 ng human TgG/ml.

The percentage inhibition of radioactivity (RA) bound to the IgG-coated

bead by the test sample was calculated from the formula:

_ % RA unbound by test sample )
% RA unbound by blank sample)

% inhibition = (1 x 100%
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The amount of IgG correspending to this percentage inhibition was directly
read from the calibration curve and was subsequently correlated to the
number of platelets known to be present in the test sample. In general, 3
or 4 dilutions of a platelet suspension appeared to have IgG values within
the range of the calibration curve. According to these measurements, the

average PA-IgG value was calculated and expressed as fg/platelet.
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Fig. 1 - Various patterns of platelet size distribution plots ohtained hy
measurement on Coulter counter S plus II. Pattern A is normal and pattern
B is nearly ncormal. Patterns C-F represent abnormal size distribution
patterns.

Coulter counter determinations
EDTA-anticoagulated blood samples of the patients were analysed by a
Coulter counter, model S plus 1I, yielding platelet counts, mean platelet

volume and size distribution curves. Size distribution curves were scored
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as described by van der Lelie et al (submitted for publication). Patients
could be divided into two groups: those having normal or nearly normal
curves (patterns A and B), probably containing no or very low numbers of
fragmented cells, and those having abnormal size distribution curves (pat=

terns C-F), probably containing fragments of platelets (Fig. 1).
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Patients

We examined blood samples of 130 thrombocytopenic patients (44 men, 86
women; mean age 47 years; platelet count <150x109/1). Samples were sent to
us by physicians from all over the country in the period between September
1, 1984 and January 1, 1985. Only samples containing sufficient amounts of
platelets te perform both tests were investigated. Clinical information
was obtained by a questionnaire and inadequate information was completed

by inquiries by telephone.
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TABLE I
Results of the PIFT and the PA-IgG assay in various groups of patients

a6

Discrepancies:

Only
PA-IgG PIFT-IgG

elevated positive

PA-IgG
eleva-
ted

PIFT with anti-

Total
-IgG

number of

Diagnosis

Only

-TgM

-TgA

_Ig

patients

14
(34.1%)

20 28 33
(90.2%) (48.8%) ( 9.8%) (68.2%) (80.5%)

37

41

ITP

( 2.4%)

IT. Thrombocytopenia

accompanied by:

15

12

10

20 16

autoimmune diseases
(blood, generali-
zed, localized)

a.

13

i0

10

14

18

b. malignancies

(lymphoid, mye-

loid, solid)

infectious disease

Cia

{viral, bacterial,

parasital)

10

d. medicamenteous

e. various other

10

51
(69.6%)

11

22
79

diseases

16
(20.2%)

10 40

36
(72.2%) (45.6%) (12.7%) (50.6%)

57

Total

( 1.3%)

ITIT Bone marrow

10

disease

(30.0%)

(30.0%)

(60.0%)

(70.0%) (60.0%) (10.0%) (40.0%)

(infiltration,
cytostatics/

irradiation,
hypoplasia)

The patients could be divided into three groups. Group 1 contained 41
patients (17 men, 24 women; mean age 33 years) fulfilling the diagnostic
criteria for idiopathic thrombocytopenic purpura (ITP). Group 2 consisted
of 79 patients (22 men, 57 women; mean age 53 years) who had thrombocyto-
penia with the above clinical features, but accompanied by other diseases,
which were often of autoimmune origin (secondary thrombocytopenia, STP).
Amongst them were 9 patients with a proved preceding infectious disease,
4 patients with autcoimmune blood disorders, 11 patients with generalized
autoimmune disorders (rheumatoid arthritis, systemic lupus erythematosis),
4 with an autoimmune disorder confined teo one organ. Fourteen patients
were suffering from lymphatic or myeloid malignancies and 3 from a solid
tumor, none of whom were treated with cytoestatic and/or irradiation thera-
py. Eight patients had drug-induced thrombocytopenia without bone-marrow
suppression, whereas 9 patients had thrombocytopenia accompanied by other
diseases (liver cirrhosis, toxaemia of pregnancy). None of the patients of
group 2 was treated with cytostatic therapy. Group 3 contained 10 patients
(5 men, 5 women; mean age 60 years) who had thrombocytopenia due to bone-
marrow failure (cytostatic and/or irradiation therapy, hypoplasia). For

more details, see Table I.

RESULTS

Platelet-associated 1gG (PA-IgG) as measured by the radioimmunoassay
was elevated in 90 of the 130 thrombocytopenic patients (69.2%). Platelet-
bound immunoglobulins (PBIg) as observed by direct immunoflucrescence were
present on platelets of 101 patients (77.7%), the eluate being positive in
The Ig class of the PBlg detected in the direct PIFT
was found to be IgG in 62 patients (47.7%), IgM in 71 patients (54.6%) and
IgA in 15 patients (11.5%) (Table T).

In 57 patients, PA-IgG was elevated and the PIFT with anti-TgG (PIFT-

91 patients (70.0%).

TgG) was positive, in 33 patients only PA-IgG was elevated, whereas in 5
patients only the PIFT-IgG was positive. Results of the two tests correla-
ted well (p<0.001; x? test). Moreover, although in this study no linear
correlation between results of the two tests was observed (p<0.25; Krus-
kal-Wallis test), the mean PA-IgG increased as the PITT-IgG was scored
higher (PIFT score 0: m * s.d. = 1.2 * 1.3 fg/platelet; PIFT score 0.25-

0.5: 1.7 * 1.7 fg/platelet, p<0.05 Student's t-test; PIFT score 1-4: 5.1 *
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5.0 fg/platelet, p<0.005 Student's t-test) (Fig. 2).
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Fig. 2 - Relationship between results of FA-IgG and PIFT-IgG in thrombocy-
topenic patients. Mesn PA-1gG increased as PIFT-1gG was scored higher (p<
0.005, Student's t-test).

IgM antibodies
In patients with an elevated PA-IgG value and a negative PIFT-IgG, a
positive PIFT with anti-IgM occcurred significantly more often than in all

other patients (62.5 and 38.8%, respectively, p<0.05, x? test) (Table II).

Platelet count
Although no linear correlation was observed, the platelet count was in-

versely related to the amount of PA-TgG as measured in the RIA (p<0.01,

48

TABLE II

Relationship between results of PIFT-IgG and PA-IgG in
thrombocytopenic patients

Number Pattern Percentage Percentage
of A B C-F occurrence of patients
patients of C-F with IgM
Group patterns antibodies
+/+ 57 8 14 29 56.9 35.1
both positive
o 33 6 3 17 65.4 60.6
only PA-IgG elevated
-/t 5 g 2 1 20.0 20
only PIFT-1gG positive
e 35 15 9 7 &1 48.6

both tests negative

In groups I and IT and overall, a significant correlation was observed be-
tween positivity in PA-IgG and PIFT-IgG (p<0.0001, %2 test). In patients
with an elevated PA-IgG, an abnormal size distribution patterm was obser-
ved significantly more often (p<0.001, %2 test). In patients with an ele=
vated PA-TgG and a negative PTFT-TIgG, IgM antibodies were found signifi-
cantly more often, whereas only four patients in this group had no IgM
antibodies and a normal or nearly normal size distribution pattern.

Student's t-test), as well as to the score in the PIFT with anti-TgG (p<
0.05, %% test).

Size distribution plots

Size distribution plots were obtained from blood samples of 114 pa-
tients. Fifty five patients had abnormal patterns (C-F) (cf. Fig. 2), in-
dicating circulating fragments. In patients with elevated PA-IgG and nega-
tive PIFT-IgG, abnormal size distribution plots were observed significant-
ly more often than in patients with normal PA-IgG and negative PIFT-IgG
(65.4 and 21.9%, respectively; p<0.001 x® test) (Table II). Moreover, in
the group of patients with elevated PA-IgG and a negative PIFT-IgG, abnor-
mal size distribution curves were more frequently seen than in the group
of patients with both an elevated PA-TgG and a positive PIFT-IgG. However,

this difference was not significant (p>0.05, x? test).

Relationship to diagnosis
In Table I and Fig. 3, results of the PA-TgG test and the PIFT in vari-
ous diseases are depicted. In patients with ITP (group 1), the FIFT was
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Fig. 3 - PA-IgG results in various groups of patients. Group 1, ITP pa-

tients; group 2, patients with thrombocytopenia combined with other disea-
ses (STP patients); group 3, patients with bone-marrow suppression by
irradiation, treatment with cytostatics or with bone-marrow infiltration
or hypoplasia (see also Materials and Methods and Table I).

positive in 37/41 patients with ITP (90.2%) of whom 20 were positive with
anti-IgG (48.8%). The specificity of the PIFT for the diagnosis of ITP was
36.7%. PA-IgG was elevated in 33/41 ITP patients (82.9%), the mean PA-IgG
being 1.8%1.4 fg/platelet (m * s.d.). The specificity of the PA-IgG test
for the diagnosis of ITP was 40.9%.
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DISCUSSION

Advantages of the RIA as compared to the PIFT are its quantitative cha-
racter and the fact that smaller quantities of patients' blood are needed.
The main advantage of the PIFT is that, upon microscopic examination, only
intact platelets are examined by which the influence of platelet fragments
and/or aggregates is excluded. The two techniques are equally gimple to
perform.

In their study, published in 1980, Kelton et al observed an overall
higher sensitivity and specificity of their antiglobulin consumption assay
(94 and 95%, respectively) than of the immunofluorescence test (44 and 82
respectively). Later, the specificity of the same antiglobulin consumption
assay was reported to be about 50% (Kelton et al, 1982). In our present
study, we found, in contrast to Kelton et al, that the sensitivity and
specificity of both tests for the diagnosis of ITP were about the same.
Moreover, we found that, although there was no linear correlation, mean
PA-IgG increased as the score of the PIFT was higher. The differences be-
tween our results and those of Kelton's 1980 study may be explained by the
fact that Kelton et al selected their patients differently and that the
PIFT was only carried out with an anti-IgG conjugate.

In contrast to previous studies of our laboratory (von dem Borne et al,
1980; Helmerhorst et al, 1982; won dem Borme et al, submitted for publica-
tion), more often TgM antibodies and less often lgG antibodies were detec-
ted in the present one. Selection of patients for sufficient numbers of
platelets in the blood to perform both tests or perhaps a seasonal influ-
ence may have caused this discrepancy.

Despite the above-mentioned relationship between results of the PA-IgG
test and the PIFT with anti-TgG (PIFT-1gG), discrepancies between results
of the two tests were quite often found as well. In 33 of the 130 thrombo-
cytopenic patients PA-IgG was elevated, whereas the PIFT-I1gG was negative;
while in 5 patients only the PIFT-TgG was positive and PA-IgG was not ele-
vated.

Various explanations may be offered for these discrepancies. Borderline
results were often seen in this group (dubious or weakly positive results
in the PIFT or the PA-IgG test, i.e. 0.8 - 1.0 fg/platelet). All negative
RIAs (pn=5) with a positive PIFT-TgG could be ascribed to this, as well as
10 of the 33 positive RIAs with a negative PIFT-TIgG.
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Also, an elevated amount of PA-IgG with a negative PIFT might be ex-
plained by the presence of platelet agglutinates and/or frapgments (Shulman
et al, 1982) in the test samples. Both agglutinates and fragments escape
from accurate platelet counting. However, their contribution to the total
TIgG content remains and, therefore, a falsely elevated PA-IgG value may be
measured (Vos et al, submitted for publication}).

In our present study, we found that platelet autoantibodies of the IgM
class, as detected in the PIFT with anti-IgM, occurred significantly more
often in the blood of patients with a negative PIFT with anti=IgG and an
elevated PA-IgG, compared to patients positive in both assays. Because
platelet agglutinins are of the IgM subclass (van der Giessen et al, 1964;
van der Weerdt, 1965), it is possible that the IgM-platelet autoantibedies
caused platelet agglutination in vitre (which was noticed guite often mi-
croscopically, but not studied systematically) and, in this way, elevated
PA-TgG wvalues. However, it is also possible that the IgM autoantibodies
caused an elevated PA-IgG via the induction of platelet destruction and
fragmentation in vivo, resulting in significant amounts of platelet frag-
ments in the patient's blood. Indeed, irregular platelet-size distribution
plots, suggestive for the occurrence of circulating fragments (Kahn et al,
1975) were significantly more often observed in patients with an increased
PA-1gG wvalue, compared to those with a normal value, especially when the
PIFT with anti-IgG was negative.

A factor not systematically tested in the present study was the occur-
rence of EDTA-dependent platelet antibodies that have been found in pseun-
dothrombocytopenia (Pegels et al, 1982), in septicaemia (Van der Lelie et
al, 1984), but also in many other thrombocytopenic and non-thrombocytope=-
nic disorders and even in ITP (Von dem Borme et al, 1986). Such antibodies
are often of the IgM subclass and may cause platelet agglutination. In
fact, these antibodies could often be the IgM antibodies detected in the
patient's blood discussed above and, therefore, be an important source for
aspecifically elevated PA-IgG values, because EDTA blood is used by most
investigators (including ourselves) for PA-IglG measurement.

In conclusion, PIFT and RIA for PA-1gG have about the same (high) sen-
sitivity and the same (low) specificity for the diagnosis of ITP. There
was good correlation between the results of the two tests performed on

platelets of thrombocytopenic patients, although this relationship was not
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direct. Most discrepancies between PA-I1gG and PIFT may be explained by
either borderline results or by the occurrence of agglutinates induced by
IgM antibodies and/or fragments of platelets in the test samples. Further
investigations will be necessary to determine relative roles of each of
these phenomena as well as the contribution of the occurrence of EDTA-de-
pendent antibodies, A more systematic study into these variables is pre-

sently being undertaken in our laboratory.
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CHAPTER V

DETECTION OF CIRCULATING HUMAN PLATELET FRAGMENTS BY
USING MONOCLONAL ANTIBODIES AGAINST PLATELET GLYCOPROTEIN IIb-IITa COMPLEX

by J.J.E. Vos, J.G. Huisman, P.W. Modderman and A.E.G. Kr von dem Bormne

Central Laboratory of the Netherlands Red Cross Blood Transfusion Service,
incorporating the Laboratory of Experimental and Clinical Immunology

of the University of Amsterdam, Amsterdam, The Netherlands

SUMMARY

A radioimmunoassay (RIA) for the detection of platelets and platelet
fragments was developed. A sandwich of two monoclonal antibodies directed
against the platelet-specific glycoprotein complex IIb-IITa (GPITb-I11Ia)
was used in this assay. A discontinuous 7.5-20% (v/v) albumin gradient was
applied to separate platelets of various sizes as well as fragments deri-
ved thereof. In platelet suspensions fractionated in this way, we observed
that particles smaller than normal platelets still carried the GP ITb-IIIa
antigens. This procedure enabled us to detect platelet-derived particles

in platelet-rich plasma from thrombocytopenic patients.
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INTRODUCTION

The occurrence of in-vivo platelet fragmentation in patients with immu-
ne thrombocytopenia has been demonstrated by ultracentrifugation and elec-
tron microscopy, as well as by studies on the size distribution of plate-
lets as determined by a Coulter Channelyzer (Khan et al, 1975; Zucker-
Francklin & Karpatkin, 1977; George et al, 1982; Shulman et al, 1982).

The presence of platelet fragments in the blood of patients with throm-
bocytopenia is of interest, both for clinicians and serologists. It could
be used as a parameter for increased (in-vivo) platelet destruction. More-
over, it could offer an explanation for false-positive results of assays
for platelet-associated IgG (Shulman et al, 1982; Vos et al, submitted).
Therefore, we developed an assay for the detection of such fragments. A
sandwich assay, based on two monoclonal antibodies directed against human
platelet glycoprotein IIb-IIIa complex (GP ITb-IIIa), enabled us to detect
this complex in morpholegically unidentifiable cell fragments. We consider
GP ITb-TIITa a reliable marker for platelet-derived material, because these
glycoproteins are almost exclusively present on platelets (George et al,
1984; Howard et al, 1982).

With this assay, the platelet character of platelet fragments made in
vitro was shown as well as the occurrence of platelet-derived fragments in

the blood of thrombocytopenic patients, probably produced by in-vivo pla=

telet destruction.

MATERIALS AND METHODS

Isolation of platelets

Blood from patients and donors was collected in 10-ml tubes containing
4 mM ENTA (Vencject). Platelet-rich plasma (PRP) was obtained by centri-
fugation of the blood for 10 min at 350 g.

Senication of platelets

Samples of 1 ml PRP were sonicated in 1-ml reaction tubes (Eppendorf),
by using an MSE sonicator type 'Cabinet' no. 7100 with a probe (tip dia-
meter 3 mm) at an amplitude of 8 microns peak to peak. A 15-sec period of
sonication resulted in a disrupted platelet population as observed by a

Coulter Channelyzer and by light microscopy.
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Monoclonal antibodies
C17 (CLB-thrombo/1) has been described by Tetteroo et al (1983). This
monoclonal antibody precipitates the glycoprotein Illa (and some IIb) from

solubilized human platelets.

200 -

92.5~

molecular weight ( kD )

662~ |
45~ 1

31

1 2 "ia

Fig. 1 - Autoradiogram of immune precipitates of C17 and 6C9 from
surface-labelled platelets of a normal healthy donor separated on a 8DS-
polyacrylamide gel [5-15% (w/v)]. Neither monoclenal antibody prEClplt?ted
a band out of a lysate prepared from '25I-labelled platelets of a patient
with Glanzmann's thrombasthenia. Tane 1, total platelet lysate; lane 2,
precipitation with McAb €17; lane 3, precipitation with McAb 6C9.
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6C9 (CLB-thrombo/7) directed against GP IIb-I1la was produced by M.J.E.
Bos in our laboratory (unpublished). In serological studies, 6C9 appeared
to react with human platelets, but not with platelets from patients with
Glanzmann's thrombasthenia or with other human blood cells. Reactivily
with the GP IIb-IIlz complex was observed after immunoprecipitation and
SDS polyacrylamide gel electrophoresis and autoradiography (Fig. 1) (Mod-
derman et al; in preparation). Both monoclonal antibodies were purified by
chromatography on DEAE-Sephacel (Pharmacia) and their purity was confirmed
by SDS-PAGE (Laemmli, 1970). Subsequently, they were iodinated by the Io-
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dogen method (Fraker & Speck, 1980) and applied to an ACA-44 column to re-
move umbound 251 and unreactive fragments of iodinated IgG. Peak frac-

tions, reacting avidly with human platelets, were collected and stored at

-20°C until use.

Tyrode's buffer

Calcium-free tyrode's buffer was prepared immediately before use and
was composed of 130 mM NaCl, 27 mM KCL, 16 mM NaHCOa, 0.36 mM Na, HPO4, 5
mM MgCly, pH 6.8, supplemented with 0.2% (w/v) bovine serum slbumin (BSA,
Organon Teknika, Oss, The Netherlands) and 1% (w/v) glucose.

Albumin gradient

Bovine serum zlbumin (Organon Teknika) 30% (w/v) was diluted with tyro-
de's buffer to yield solutions of 7.5, 10, 12.5, 15, 17.5 and 20% (w/v)
BSA (densities 1.0274, 1.0365, 1.0458, 1.0550, 1.0648 and 1.0745, respec-
tively, as assessed by densitometry). Subsequently, a discontinuous six-
step albumin gradient was prepared by underlayering 1 ml of each albumin

solution in a poly-allomer tube of 14 mm x 89 mm (Beckman 331372).

Antibody coupling

One mg of purified C17 or 6CY9 was coupled to 100 mg CNBr activated Se-
pharose 4B (Pharmacia) according to the instructions of the manufacturer.
Sepharose beads were suspended in 50 ml of a buffer containing 0.05 M

Tris-HCl, 0.15 M WaCl and 0.05% (v/v) Tween-20, pH 8.0 (INT-buffer) and
0.01% (w/v) NaNg.

Separation of platelets

In a typical experiment, PRP, diluted with one part of tyrode's medium
(total wvolume 1-2 ml, containing 0.5-1.0x10% platelets) was carefully
layered on top of the albumin gradient and centrifuged for 20 min at 800 g
at room temperature. Fractions of 300 Pl were collected. The number of
platelets and/or platelet fragments presenl in each separate fraction and
their size distribution curve were determined in a Coulter counter, model
ZF, with a Channelyzer.
Radioimmunoassay for detection of glycoprotein IIb-IITa complex (RIA for
GP IIb-IIIa)

GP 1Tb-IIIa was used as a marker for platelets and platelet fragments.
To yield GP IIb-IIla complexes, platelets and/or platelet fragments were
solubilized with Nonidet P40 (NP40, Sigma).
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¥ig. 2 - Dose-response curves of a twofold dilution series of normal human
platelets in the RIA for GP IIb-TIIa.

In a typical experiment, 300 pl of a sample containing platelets and/or
platelet fragments, were incubated with 300 pl TNT buffer containing 1%
(v/v) NP40, 1% (w/v) albumin and 0.25 mg Sepharose beads coupled with 2.5
pg purified C17. After a 16-h incubation, the beads were washed 4 times
with 0.9% (w/v) NaCl solution by centrifugationm at 2000 g and subsequently
incubated with 25I-labelled C17 or 6C9. The Sepharose beads were then
waghed again 4 times with 0.9% (w/v) NaCl solution and the amount of ra-
dicactivity bound to the beads was measured in a gamma counter. GP IIb-
I1I1a was only bound when C17 was used as the antibody coupled to Sepharose

beads and, when radiolabelled, 6C9 was used to complete the sandwich.
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Furthermore, a fipal concentration of 0.5% (v/v) NP40 appeared to be es-
sential for reactivity in the assay. Background radicactivity was below
1.0% when at least 0.5% (w/v) albumin was present during the first incuba-
tion.

Under these conditions, a sigmoidal dose-response curve was obtained
between the number of platelets present in the test sample and the amount
of bound radicactivity. The lowest number of platelets detected in this
way was about 4x10%/ml (Fig. 2). Dose-response curves constructed with
platelets solubilized before or during incubation with Cl7-Sepharose as
well as a dose-response curve of sonicated platelets were similar. As
could be expected on the basis of the specificity of both monoclonals, an
excess of leukocytes or erythrocytes did not interfere with a proper bin-
ding of GP IIb-IITa. Moreover, when Sepharose beads, coupled with monoclo-
nal antibodies that did not react with human platelets, were incubated
with platelets, followed by incubation with 1251-6C9, no specific binding
of 1251-6CY was observed.

Patients

Five patients are presented in this study: two patients (A and B) suf-
fering from chronic idiopathic thrombocytopenia (ITP), one patient (C)
from a drug-induced thrombecytopenia, one patient from a thrombocytopenia
accompanying acquired immune deficiency syndrome (AIDS) (D) and one pa-
tient from a thrombocytopenia and chronic lymphatic leukaemia (E). All
patients had platelet-bound antibodies as determined by immunofluorescence
(Borne et al, 1980). In patient A, a large quantitative discrepancy was
found between the results in this test (weakly positive reaction with
anti-Tg6) and the results in a simultaneously performed consumptive radio-
immunoassay for the measurement of platelet-associated IgG (PA-IgG, 16.1
fg-1gG per platelet, normal donors <0.8 fg 1gG per platelet) (Vos et al,

submitted for publication).

RESULTS

Size distribution curves of platelets on an albumin gradient

As apparent from representative data, as shown in Fig. 3, this method
is a convenient and highly reproducible method for the separation of pla-
telets of different sizes. Separaticn of platelets by this protocol occurs

not only because of differences in density, but also because of differen-
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Fig. 3 - Size distribution plots detected by Coulter Channelyzer of va-
rious fractions collected from a discontinucus albumin gradient. Modal
platelet size decreases as albumin density decreases.

ces in size. In each fraction, the number of particles was determined as
well as their size. Platelets from normal donors appeared to be distribu-
ted over the gradient in a log-normal manner (Fig. 4). Most of the plate-
lets appeared in the 15 and 17.5% (w/v) albumin-density area. Modal pla-
telet size declined in parallel with decreasing albumin density.

When one-half of the PRP was sonicated and subsequently added to the
(unsonicated) half of the PRP, a size-distribution curve with two peaks
was found (Fig. 5A). The peak in the 15-17.5% (w/v)-density area, repre-
senting intact platelets, was significantly smaller whereas a new peak
appeared in the 7.5-10% (w/v) albumin and plasma area, obviously contain-
ing particles of smaller size. Moreover, when !25I-labelled platelets
were sonicated, most radioactivity was measured in the 7.5-10% (w/v) albu-
min and plasma area (data not shown). A re-run of a fraction of particular
density, such as from the 7.5-12.5% (w/v) area, resulted in the same size

distribution range of that particular area (Fig. 5EB).
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Fig. 4 - Distribution of normal donor platelets over the albumin gradient,
and results of simultaneously performed RIA for GP IIb-TIITa on the sepa-
rate fractions. Platelets sedimented mainly in the 15-17.5% (w/v)-density
area.

RIA for GP IIb-IIla of various albumin gradient fractions

A plot of the values obtained from the RIA for GP ITb-IITa when applied
on different albumin gradient fractions, paralleled the curves of the num-
ber of particles determined by the Coulter counter (Figs. 4 and 5). Thus,
particles derived from platelet sonication could be assessed by our assay
as being of platelet origin. Note that GP ITb-IIIa complexes were also

detected in the plasma area of the gradient.

Investigations on PRP from patients

In the PRP of all 5 patients, particles smaller than normal platelets
were detected (Fig. 6). These particles appeared in the 7.5-10% (w/v)
albumin area or remained in the plasma top fraction. Interestingly, in
fractions in which the number of platelets was too low to be detectable by
the Coulter counter, GP IIb-IITa was still detected and even distributed
in a log-normal mamner. In patient & (platelet count 10x109/1), platelet
material was observed mainly in the 7.5-10% (w/v) albumin and plasma frac-

tions, the normal platelet peak being virtually absent. However, the re-
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Fig. 5A - Distribution of 0.5 ml of sonicated PRP from a normal donor ad-
ded to 0.5 ml normal donor PRP, and results of a simultaneously performed
RIA for GP ITb-IIla on the separate fractions. Compared with the distribu-
tion in Fig. 4, the peak of normal platelets in the 15-17.3% (w/v)=-density
area was smaller, whereas a new peak appeared in the 7.5-10% (w/v) albumin
and plasma area. Note that the curves of the counted particles and of the
results in the RIA for GP ITb-IIIa parallel each other, whereas the modal
platelet-size distribution over the gradient remains the same.

Fig. 5B - Results of a re-run of a fraction of the 7.5-12.5% (w/v)=-density

area on a new albumin gradient and the simultaneously performed RIA for GP
ITb-I11a.
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Fig. 6 - Distribution of PRP of five thrombocytopenic patients (A-E) over
the albumin gradient, and results of a simultanecusly performed RIA for GP
ITh-IITa on the separate fractions. The modal platelet-size distribution
over the gradient, as far as could be determined by Coulter Channelyzer,
was similar to that of normal donor PRP (data not shown).
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sults of the RIA for GP IIb-IITa completely paralleled the curve of the
particles detected by the Coulter counter, which makes it likely that

these particles were indeed of platelet origin.

DISCUSSION

The awvailability of 2 different monoclonal antibodies directed against
the platelet-specific glycoprotein ITh-IIIa complex (GP IIb-IIIa) enabled
us to develop a radioimmunoassay to detect particles containing this GP
complex. The two monoclonal antibodies are probably directed against a
conformational antigenic determinant on the GF IIb-IIla complex, because
both can precipitate GP ITh-TITa from solubilized platelets, and they do
not react with the separate constituents of the complex in the immunoblot-
ting technique, i.e. after SDS-polyacrylamide gel electrophoresis and sub-
sequent electrotransfer of the proteins to nitrocellulose (results to be
published). Moreover, their reactivity in the RIA depended on the conti-
nuous presence of 0.5% (v/v) Nonidet P40, which also indicates that a con-
formation close to that of the native protein complex is necessary. In the
sandwich RIA that we developed, it appeared that GP IIb-IIIa could only be
detected when the two monoclomal antibodies were applied sequentially and
only when one (C17) was bound to the Sepharose beads and the other (6C9)
was used as the radiolabelled probe for the detection of GP IIb-IIIa bin-
ding. Why these antibodies can only be used in this particular combination
and not vice versa is not clear yet.

According to Coulter counter measurements, the albumin gradient that we
applied separated intact platelets effectively from fragmented ones. Loss
of fragmented platelets was avoided by lavering of PRP on top of the albu-
min gradient and by testing each fraction in the RIA without further pro-
cessing. This assay made it possible to determine the platelet nature of
particles smaller than normal platelets, not only artificially prepared by
sonication, but also circulating in the blood of thrombocytopenic patients.

This proves the platelet nature of the circulating fragments present in
such disease states due to increased platelet destruction (Kahn et al,
1975; Zucker-Francklin & Karpatkin, 1977; George et al, 1982).

As mentioned before, occurrence of platelet fragmentation is considered
to be one of the causes of aspecifically elevated PA-IgG values or unex-

pectedly high PA-IgG values which may occur in such patients (Shulman et
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al, 1982). Platelet fragments may contribute to the amount of IgG in a
test suspension, whereas they cannot be accurately counted. This is illu-
strated by the results obtained in one patient (A; Fig. 6), in whom we
found a dubious reaction with anti-IgG in the immunofluorescence test (in
which only intact platelets are examined) together with a strongly eleva-
ted PA-TgG. This patient had virtually no normally sized platelets in his
blood, as cbserved by albumin gradient-size separation and the RIA for GP
IIb=-IIla, but high amounts of fragmented platelets.

In summary, we developed a RIA for platelet ITIb-IITa which could be
used to measure platelets as well as platelet-derived material. Together
with an albumin-gradient method for the separation of intact or fragmenta-
ted platelets of different sizes, this method makes it possible to study
platelet fragmentation in vitro as well as in vivo, i.e. in patients suf-

fering from diseases with increased destruction of platelets.
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CHAPTER VI

MONITORING OF PLATELET CONTAMINATION IN FILTERED
RED BLOOD-CELL CONCENTRATES

Use of a radioimmunoassay detecting the platelet
glycoprotein IIb-IIIa complex

J.J.E. Vos, C. Schoen, H.K. Prins, A.E.G. Kr. von dem Borne

and J.G. Huisman

Central Laboratory of the Netherlands Red Cross Blood Transfusion
Service and Laboratory for Experimental and Clinical Immunology,

University of Amsterdam, Amsterdam, The Netherlands

ABSTRACT

Monitoring of contaminating platelets, granulocytes and lymphocytes in
leukocyte-poor red blood-cell concentrates is usually done by counting in
a electronic particle counter. The sensitivity and the specificity of this
technique are compromized by the contamination of the preparations with
other cell types and particles thereof.

In this report, a sensitive and specific radicimmunoassay (RTA) detect-
ing the platelet glycoprotein IIb-IIIa complex (GP IIb-IIIa) is described.

Our results indicate that platelet fragmentation, not detectable for
particle counters, may occur when bloeod-cell suspensions are filtered.
Therefore, even when no intact platelets pass through the filter, platelet
antigenic material may find its way in the red blood-cell concentrate.
This finding might have important implications for the preparation of leu-
kocyte-free red blood cells. Unwanted immunization might occur after
transfusion, especially when not only platelets but alsc leukocytes would

be fragmented by procedures by which the blood is made leukocyte-poor.
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INTRODUCTION

Red blood-cell concentrates canm be freed from leukocytes and platelets
by filtration through cotton wool (1). Filtered red blood-cell concentra-
tes are used to avoid undesired alloimmunization by contaminating leuko-
cytes and/or platelets as well as graft-versus-host reactions after red
blood-cell transfusion.

Usually, the efficiency of a filtration procedure is checked by coun-
ting the number of contaminating platelets and/or leukocytes in an elec-
tronic particle counter. Counting of leukocytes can he done directly and
indirectly in saponin-treated blood samples. In contrast, platelets must
be separated from other blood cells before the number of contaminating
platelets can be determined by the electronic particle counter. Unfortuna-
tely, remaining red blood cells interfere with proper determination of the
number of platelets. Moreover, cell fragments of platelets or leukocytes,
if present in the test samples, may not be counted by the electronic par-
ticle counter.

Recently, we developed a radioimmunoassay for the detection of plate-
lets and platelet fragments, using twe different monoclonal antibodies
directed against the human platelet glycoprotein ITb-IIIa complex (GE IIb-
IT1a) (2,3).

The aim of this study was to compare the results obtained with this
radicimmunoassay and the results of particle counting measurements in

monitoring platelet (or platelet fragments) contamination in filtered red
blood-cell concentrates.

MATERIALS AND METHODS

Radioimmuncassay for the detection of glycoprotein IIb~IIIa complex (RIA
for GP IIb-IIIa}

This method has been developed recently (3). Two monoclonal antibodies
(McAb; €17 = CLB thrombo 1 and 6C9 = CLB thrombo 7, both purified by DEAE-
Sephacel column chromatography), directed against the platelet-specific GP
1Tb-IITa (2,3) were used to detect platelets and/or platelet-derived mate-
rial. Tn short, blood samples were solubilized with Nonidet P40 (NP4,
Sigma Chem. Co., St. Louis, MO, USA) to yield GP IIb-Illa complexes. In a
typical experiment, 300 pl of a (blood)sample, possibly containing plate-

lets and/or platelet-derived material, were incubated with 300 pl of a

70

buffer containing 0.05 M Tris-HC1l, 0.15 M NaCl, 0.05% Tween-20, pH 8.0
(TNT buffer), 1% NP40 (v/v) and 2.5 pg C17 McAb, coupled to 0.25 mg Sepha-
rose beads (Sepharose CNBr, Pharmacia Fine Chemicals, Uppsala, Sweden).

After a 16-h incubation period, the beads were washed four times with
0.15 M NaCl solution by resuspension and centrifugation up to 2000 g and
subsequently incubated with 125I-labelled 6C9 McAb for 6 h in TNT buffer
containing 1% NP40 (v/v), 0.6% human IgG (w/v) and 3% bovine serum albumin
(w/v). The Sepharose beads were then washed again four times with 0.15 M
NaCl solution and the number of radiocactivity bound to the beads was mea-
sured in a gammacounter. Using the assay, a sigmoidal dose-response curve
could be obtained between the number of platelets present in a test sample
and the amount of bound 1%?%I-labelled 6C9 McAb to the coupled GP 1Tb-T1Ta
complex with a wide linear range between platelet counts from 8 ~ 120x108/
ml. The lowest number of platelets detected was about 4%108/ml (see Chap-
ter V, Fig. 2). 1In a control experiment, dose-response curves of washed
platelets in the presence of 5x10% erythrocytes/ml parallelled similar

curves without erythrocytes.

Filtration of red blood-cell concentrates

For this purpose, we used Cellselect® leukocyte filters (NPBRI, Emmer
Compascuum, The Netherlands) which have a capacity to free one unit of red
blood-cell concentrate of virtually all their leukocytes and platelets. In
this study, we deliberately overloaded the Cellselect leukocyte filter to
ensure that platelets and/or platelet-derived material would pass the fil-
ter procedure. Therefore, three units of red blood-cell concentrates, each
diluted with an equal wvolume of 0.15 M NaCl were filtered over a Cellse-
lect leukocyte filter that had been prewashed with 0.15 M NaCl. The fil-
trate was collected in fractions of 100 ml. Aliquots (vol. 100 pl diluted
to 300 pl with TNT buffer) were tested in triplicate for their content of
platelets and/or platelet-derived material. Simgltaneously, the number of
platelet-sized particles in each fraction was determined by a Coulter
electronic particle counter, model‘ZF (attenuation 0.5, aperture 4, thres-
hold 10). For each sample, the Coulter counts were corrected for erythro-
cyte content (attenuation 2, aperture 32, threshold 11). Also, the size
distribution pattern of each sample was checked for the presence of a nor-

mal platelet peak by a Coulter Channelyzer.
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Separation by albumin-density gradient

In filtration procedure IT, samples of 1 ml of fractions no. 1 and 10
were layered on a 7.5-20% (w/v) albumin-density gradient and centrifuged
for 20 min at 800g, as described before [3j. to separate normal sized pla-
telets from fragmented platelets. Subsequently, fractions of 300 M1l were
collected from each gradient and tested for their GP I[Ib-IIla content,
Also, in each fraction, the number of platelet-sized particles and their
size distribution curve was determined in the Coulter counter ZF (aperture

0.5, attenuation &4, threshold 10) with Channelyzer.

RESULTS

In Fig. 1, the results of two filtration procedures are shown. In the
various fractions, collected after filtration, virtually no platelet-sized

particles were counted by the electronic particle counter. Also, no normal

/*"\*_*/* 1

5 T 5 " 10 fraction no.

after
filtration
Fig. 1 - GP I1Ib-IIIa measurement in fractions collected after filtration
of an overload (three units) of packed cells over a hlood-cell filtration
column, Gradually, more GP 1Ib-IIla was detected in subsequent fractions,
whereas platelet counts in separate fractioms practically did not differ
from each other.
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platelet-size distribution curves were observed by particle channelyzing.
In contrast, in both filtrations, gradually more GP IIb-IIla complex was
detected by the RTA upon overload of the filter.

In Fig. 2, results of RIA for GP IIb-IIIa, applied to the separate
fractions collected after albumin-density separation of samples taken from
fractions nos. 1 and 10 of filtration no. II, are shown. TIn fraction no.
1, hardly any GP IIb-IIIa complex could be detected. In contrast, in frac-
tion no. 10 of filtration II, GP ITb-IIIa complexes were detected in the

7.5% area of the albumin gradient and the 'plasma' area, but not in the
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Fig. 2 - GP IIb=IIla measurement on fractions collected after albumin-

gradient separation of 1 ml of fractions nos. 1 and 10 collected of blood-
cell filtration procedure TT: GP ITh-IIIa was detected only in the 7.5%
area and 'plasma' area of filtration fraction no. 10, whereas in filtra-
tion fraction no. 1 virtually no GP I1Ib-IITa was detected.

15-17.5% area of the albumin gradient, where normal intact platelets are

expected to be present.
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DISCUSSION

In this study, we have demonstrated an application of a radioimmunoas-
say detecting GP IIb-IIla in blood banking. With this technique, it
appeared to be possible to detect contamination of filtered whole blood
with platelets and/or platelet fragments, whereas the technique usually
employed to detect contaminating platelets (an electronic particle counter
measurement) proved inadequate. The advantage of the RIA for GP ITb-IIT1a
in this respect is that it is a very sensitive technique for detecting
both intact platelets and their fragments.

As shown in Fig. 2, it appeared that in this particular filtration pro-
cedure very few intact platelets passed the filter, because no normal
platelet-size distribution plots were seen with the channelyzer. Particle
counting might be disturbed by lysed erythrocytes in the samples or by the
fact that fragments of platelets, if they passed the filter, were not
counted. In this study, upon overload of the filter, an increasing amount
of GP IIb-TITa complex appeared in the filtrate while no intact platelets
were seen on the channelyzer. This strongly suggests that GP ITh-TI1Ta com-
plex that passed the filter represented fragmentated platelets. This sug-
gestion was further supported by the fact that in the last fraction of
filtration procedure II, GP IIb-IITa was only detected in the low-density
area and the plasma area of the gradient (Fig. 2), whereas virtually no GP
IIb-I11a was detected in the area of the gradient (15-17.5%) where intact
platelets are expected to appear (3).

The above findings might have important implications for the control of
leukocyte=-poor preparations io blood banking. In addition to platelet
fragmentation, fragmentation of leukocytes might also occur when methods
to produce leukocyte-poor preparations are applied. These cellular frag-
ments, especially those of lymphocytes, are potentially immunogenic sub-
stances. A sensitive test, such as the RIA for GP IIb-IIla, detecting in-
tact and fragmentated platelets, as well as similar tests that have been
developed for lymphocyte- and granulocyte-derived material (Schoen et al,
in preparation), might be tools in screening for immunogenic substances,
both in leukocyte-poor red blood-cell concentrates before transfusion and
in the quality control of procedures used for preparation of leukocyte-

free red blood=-cell concentrates.
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CHAPTER VII

TARGET ANTIGENS FOR PLATELET-SPECIFIC AUTO- AND ALLOANTIBODIES.
IDENTIFICATION BY IMMUNOBLOTTING TECHNIQUE

J.J.E. Vos, A.E.G. Kr. von dem Borne and J.G. Huisman

Central Laboratory of the Netherlands Red Cross Blood Transfusion Service
and Laboratory for Experimental and Clinical Immunology,

University of Amsterdam, Amsterdam, The Netherlands

SUMMARY

In this study, preliminary results are presented of an immunoblot ana-
lysis of sera containing platelet autoantibodies, alloantibodies or anti-=
bodies directed against so-called cryptantigens (EDTA- or PFA-dependent
antibodies) and platelet eluates.

Immunoblot analysis proved to be helpful in determining the specificity
of a serologically ambiguously reacting alloantiserum. In contrast, only
2 out of 24 sera, obtained from patients suffering from idiopathic throm-
bocytopenic purpura (ITP), reacted with specific bands, namely one serum
with a 130-kD band and a 240-kD band, and one serum with a 240-kD band
only. Reactivity with this 240-kD band was also observed with the 4 sera
containing antibodies against cryptantigens. Furthermore, none of the 12
tested eluates prepared from platelets of patients with ITP reacted with
specific bands.

The lack of reactivity of platelet autoantibodies containing sera and
eluates in immunoblots might be explained by the loss of (conformational)
determinants of the target antigens during the preparation of the platelet
suspension, solubilization and/or electrophoresis.

Furthermore, our results indicate that circumstances before or during
the immunoblot procedure, such as activation of platelets by low tempera-
tures and addition of EDTA to the solubilization mixture for the inhibi-
tion of protease activity, may influence the reactivity of sera in the

immunoblot technigue.
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INTRODUCTION

In the past few years, radioimmuncassavs using purified platelet glvco-
proteins, radioimmunoprecipitation and immuncblotting have been employed
for the identification of target antigens for platelet-specific auto- and
alloantibodies (1-10).

In the case of alloantibodies, the immunoblotting technique has led to
the localization of the Zw system (= P]A) on the platelet glycoprotein
IIIa (2,4) and of the platelet-specific antigens Bak® (4) and Lek® (10) on
the platelet glvcoprotein ITh.

Localization of target antigens for platelet autocantibodies has been
more difficult. In the vast majority of sera tested in immunoblot, no re-
activity has been observed, whereas in a small number of sera reactivity
with the platelet glycoprotein Illa and a protein with a relative molecu-
lar weight of 200-250 kD has been observed in the immuncoblotting technique
(5,7,9).

The aim of this study was to extend previous observations done in our
laboratory (4) with the immunoblotting technique. Platelet-specific auto-
and alloantisera were tested, as well as ether eluates prepared from pla-
telets of patients with ITP, with a high reactivity with donor platelets
in the platelet immunofluorescence test (PIFT). Also, the reactivity of
sera, containing so-called EDTA- and PFA-dependent antibodies (11,12),
was tested.

MATERIALS AND METHODS

Platelet preparation
Blood was collected from phenotyped healthy wvolunteers and from a pa-
tient with Glanzmann's disease type I, Platelet preparation was essential-

ly as described before (13).

Sera
Anti-Zw® and anti-Bak® sera were obtained from women immunized during
pregnancy or from patients who had suffered from post-transfusion purpura.
The anti-Lek? serum was a kind gift from Dr. Boizard and has heen des-
cribed in detail (14). Twenty four sera, obtained from patients fulfilling
the diagnostic criteria for idiopathic thrombocytopenia (see Chapter 1),

were tested. Each serum reacted positively in the PIFT (13). Serum Ve,
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obtained from a patient with pseudo-thrombocytopenia, contained antibodies
reacting in the PIFT only in the presence of EDTA (so-called EDTA-depen-
dent antibodies) (11,12). Sera Ko and Zw were obtained from patients with
idiopathic thrombocytopenia and contaiued antibodies reacting in the PIFT
with paraformaldehyde (PFA)-fixed platelets but not with unfixed donor
platelets (so-celled PFA-dependent antibodies) (11,12). Also, 12 eluates
prepared from the platelets of ITP patients, strongly reactive in the PIFT
(score 3+ or 4t), were examined. Two of these eluates reacted with Glanz-

mann type-I platelets.

Radiolabeled anti-IgG

Murine monoclonal anti-human IgG (CLB no. M1268 MH16M) or F(ab')s rab-
bit-anti-human IgG (CLB no. M1023 KH16P) was used for the detection of
specifically bound antibodies. Both preparations were iodinated according
to the Todogen method (15).

Platelet solubilization and SDS-polyacrylamide gel electrophecresis (SDS-
PAGE)

Platelets (10%) were allowed to solubilize at room temperature for 45
min in 200 pl of a solubilization mixture containing 10 mM Tris=HC1l, pH
8.0, 1% (v/v) Nonidet P40 (NP40), 5 mM N-ethylmaleamide (NEM), 5 mM EDTA,
2 mM PMSF and trypsin inhibitor (20 pg/ml). In some experiments, NEM or
EDTA was omitted from this mixture. The lysate was cleared from cell de-
bris by centrifugation at 12 000 g for 30 min at 4°C. The supernatant was
then incubated for 30 min at room temperature with 1 mg swollen protein-A
Sepharose (Pharmacia Fine Chemicals, Uppsala, Sweden)/ml lysate to remove
traces of platelet-associated IgG. Finally, 125 mM Tris-HCl, pH 6.8, con-
taining 4% sodium dodecyl sulfate (SDS, w/v) and 20% glycerol (v/v) were
added to the cleared lysate in a ratio of 1:4 and the mixture was boiled

for 5 min. §DS-PAGE was carried out according to Laemmli (16).

Immmeoblotting

Immunoblotting was performed as degscribed (6) with slight modifications.
After electrophoretic transfer, the nitrocellulese sheet was washed to re-
move loosely bound material. The remaining active sites were blocked in a
solution containing 1% (w/v) gelatin and 0.5% (v/v) NP40 in PBS for 2 h at
37°C. It was then incubated for 30 min at 37°C in PBS to remove excessive
gelatin deposits. Subsequently, the nitrocellulose sheet was mounted in a

serum incubator, developed in our laboratory (A.A.A. Westgeest, unpublish-
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ed), allowing 21 serum incubations at a time.

Sera and eluates, diluted 1:20 (eluates 1:5 and 1:10) in PBS containing
0.1% (v/v) Tween-20 and 0.2% (w/v) gelatin, were incubated in a volume of
1 ml in this incubator at room temperature. After 2 h, the nitrocellulose
paper was rinsed twice during 1 h in 250 ml of washing buffer, containing
0.5% (v/v) Tween-20 and 0.2% (w/v) gelatin in PBS. It was then incubated
for 30 min with 100 ml PBS with 0.1% (v/v) Tween-20 and 0.2% (w/v) gelatin
containing 5 x 10% cpm of !25[-labeled anti-human IgG antibodies. Subse-
quently, it was rinsed again twice for 1 h in washing buffer. Finally, the
sheet was exposed to Kodak X-Omat-XAR film using a Dupont Cromnex lighting

Plus AH-intensifying screen at -70°C.

RESULTS

Tmmnoblot analysis with alloantisera

Fig. 1 shows a representative example of the immunoblot analysis to es-
tablish the reactivity of platelet alloantibodies anti-Zw® and anti-Bak®
with platelet solubilizates of Zw(at) and Bak(at) donors. As is apparent
from lane a, anti-Zw® reacted with a 88-kD protein, representing the GP
IIla molecule. Eluates prepared from Zw(a+) donor platelets, sensitized
with anti-Zw® sera, reacted also with the 88-kD band. The sensitivity of
the immunoblot analysis to monitor antibody to GP IIla in ether eluates
appeared to be of the same order as the PIFT

Anti-Bak® and anti-Lek® sera reacted with a 130-kD band on protein
blots prepared from Bak(at) and Lek(a+) donor platelets. This band repre-
sents the GP IIb molecule (Fig. 1). In contrast to the anti-Zw® sera, sera
containing anti-Bak® antibodies showed reactivity with reduced GP IIb (120
kD).

An alloantiserum (Fa), reacting with both Zw(a+) and Zw(a-) donor pla-
telets in the PIFT, reacted only with a 88-kD band (GP IIla) on protein
blots prepared with Zw(a+) domor platelets (Fig. 1).

Immunoblot analysis of other sera

Only two sera out of the 24 ITP sera tested reacted in immunoblot: sera
Es and Ro. Furthermore, the sera containing EDTA- or PFA-dependent anti-
bodies showed reactivity in immunoblot. Reactivity was observed with a

130-kD band (GP IIb) and a 240-kD band.
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Fig. 1 - Immunoblots of various alloantisera, performed as described in
Materials and Methods. All sera were diluted 1:20 unless stated otherwise.
Lane a, anti-Zw serum Br. Lanes b, ¢ and d, eluate of Zw(at) platelets,
sensitized with anti-éw serum Br, diluted 1:20, 1:10 and 1:5, respective-
ly. Lane e, anti-Bak serum Kl under non-reducing conditions. Lane f, as
lane e, under reducing conditions. Lane g, anti-Lek” serum, under non-
reducing conditicns. Lane h, serum Fa. Numbers refer to molecular weight
(in kile Daltons),

Reactivity with the 130-kD band (GP ITb)

The antibodies of patient Es reacted with protein bands with an appa-
rent molecular weight of 130 kD and 240 kD on protein blots prepared from
both Bak(a+) and Bak(a-) donor platelets (Fig. 2). This serum only reacted
with the 240-kD band of a solubilizate prepared from Glanzmann type-1 do-
nor platelets. The reactivity of this serum with GP ITb remained upon re-
duction of GP 1lIlb prior to the electrophoresis (cf. Fig. 1), whereas it
increased when protein blots were prepared from platelets solubilized in

the absence of 5 mM EDTA.
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Fig. 2 - Immunohlots of autpantisera Es and Ro, performed as described in
Materials and Methods. All sera were diluted 1:20 unless stated otherwise.
Lane a, serum Es with solubilizate prepared in the absence of EDTA under
non-reducing conditions. Lane b, as lane a, however, solubilizate preparad
in the presence of 5 mi EDTA. Lane c, serum Ro, diluted 1:20. Lane d, as

lane c, but diluted 1:100. Number refer to molecular weight (in kile Dal-
tons).

Reactivily of sera with unidentified platelet proteins

ITP serum Ro and dilutions thereof, sera with PFA-dependent antibodies
(K and Zw) and a serum with EDTA-dependent antibedies (Ve), revealed reac-
tivity with the 240-kD band which was also found in serum Es and anti-Bak®
sera. This reactivity was observed on protein blots prepared from donor

platelets of any phenotype and platelets from the Glanzmann type-1 pa-

tient.

a2

The reactivity was lost when NEM was omitted from the solubilization
mixture and diminished when platelets were activated by storage al 4°C du-
ring 60 min before solubilization. The effects of omitting NEM and plate-

let activation on the presence of the 240-kD band are shown in Fig. 3.

45 -

Fig. 3 - The 240-kD band observed after SDS-PAGE and stained with Coomas-
sie Brilliant Blue. Lane a, solubilizate of Zw(a+)Bak(at) platelets prepa-
red in the absence of EDTA at 20°C. Lapne b, as lane a, but after storage
of the washed platelets at 4°C during 1 h and subsequent solubilization at
4°C. TLane c, as lane a, but without N-ethylmaleamide added to the solubi-
lization mixture. Numbers refer to molecular weight (in kilo Daltons)

Immunoblot analysis with ether eluates from platelets of ITP patients
Twelve eluates prepared from PIFT-positive patient platelets (PIFT

score: 3+/4+) were examined in the immunoblot procedure. Protein blots

were prepared from Zw(a+), Bak(at) doner platelets and from Glanzmann

type-1 platelets.
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No reactivity in immunoblot was observed in any of the eluates, not
even with a 1:5 dilution or when the autoradiography-exposition time was
increased, although all had strong reactivity in the PIFT.

These eluates were applied to an immunoprecipitation technique with
Triton X-100-solubilized *25I-radiolaheled platelets obtained from Zw(at),
Bak(a+) donors. In this way, in 5 of them a specific binding to the GP
ITb-I1Ta complex could be observed after SDS-PAGE and autoradiography.

DISCUSSION

Previous studies in which the immunoblotting technique was used have
localized the Zw system on platelet GP IIIa (2,4) and the platelet-speci-
fic antigens Bak® and Lek® on platelet GP ITb (4,10).

In this study, anti-Bak® serum reacted with a 130-kD band under non-
reducing conditions and with a 120-kD band under reducing conditions, si-
milarly as has been described for anti-Lek” serum (10). However, under
both conditions, the anti-Lek® serum reacted much more strongly in immuno-
blot than the anti-Bak® serum, confirming results in the platelet immuno-
fluorescence test (see also next page). Immunoblotting can be helpful for
the determination of the actual allospecificity in cases like that of se-
rum Fa that reacted serologically strong with both Zw(at+) and Zw(a-) donor
platelets.

Immunoblot has not been as successful in the determination of platelet
autoantigens: the reactivity with GP IIla and a 220-250-kD protein have
been reported in a limited number of sera (5,7,9). 1In contrast to sera
containing alloantibodies, most sera containing autvantibodies and all
eluates prepared from ITP platelets did not react in our immunoblot study.
Only two sera (Es and Ro) showed specific reactions.

ITP serum Es reacted in immuncblot with a 130-kD band and a 240-kD band,
irrespective of the Bak®” type . It reacted only with the 240-kD band of a
solubilizate prepared from Glanzmann type-I platelets. To our knowledge,
this is the first ITP serum in which specific reactivity with GP IIb could
be demonstrated. Unfortunately, the platelet eluate of patient Es could
not be tested. The serum had a strong specific reactivity in immunchlot,
whereas in the immunofluorescence test the reactivity was only weak. This
discrepancy might be caused by a better exposition of the antigenic site

due to the immunoblot procedure.

B4

The reactivity of serum Es and all anti-Bak® sera diminished or disap-
peared when the platelet solubilizate was prepared in the presence of 5 mM
NayzEDTA. This phenomenon might be explained by the findings of Fujimura &
Phillips (17) who have demonstrated that GP IIb is more readily hydrolysed
in the absence of Ca?' (by addition of EDTA or EGTA), probably because
more GP IIb-IIla complexes are dissociated in the presence of EDTA or EGTA.
An amount as small as 10 3 M Ca®" appeared to be enough to make GP Ilb re-
sistant for hydrolysis. Applied to our results, this could mean that more
antigenic sites for Bak® on GP IIb might have been accessible for diges-
tion by proteases after solubilization of platelets in the presence of
EDTA. This might have led to a loss of reactivity of anti-Bak” serum for
Bak(a+) platelet solubilizate. Another explanation for the loss of reacti-
vity of anti-Bak® serum with EDTA solubilizate might be the alteration of
the antigenic determinant of Bak” during dissociation of the GP IIb-IIIa
due to EDTA.

The anti-Lek® serum, diluted 1:20, still reacted with the 130-kD band
of EDTA solubilizate. This might be explained by the many times greater
reactivity of this serum compared to anti-Bak® sera (as observed by PIFT)
or by recognition of a different epitope on GP IIb. The fact that anti-
Bak® and anti-Tek® recognize the same donor populations in platelet sero-
logy pleas against the last hypothesis (18).

ITP serum Ro, as well as the three sera containing antibodies against
so-called cryptantigens (one serum containing EDTA-dependent antibodies
and two sera containing PFA-dependent antibodies), reacted with a 240-kD
band. Therefore, the antigen located on the 240-kD band might be a so-
called cryptantigen. This band was also consistently recognized by all
anti-Bak® sera and serum Es. The reactivity with a similar band has been
reported by others (5,7) and might be due to aspecific protein-protein in-
teractions. However, the fact that, in case of ITP serum Ro, reactivity
remained at a dilution of 1:100 pleas against aspecificity.

As to the nature of the band, it might represent actin-binding protein
(240 kD) or the so-called p235, because platelet activation by cold as
well as activity of calcium-dependent protease weakens expression of the
band as shown by staining with Coomassie Brilliant Blue (19,20). Clese
linkage of cytoskeleton proteins with strongly antigenic surface glycopro-
teins has been described for actin-binding protein te GP Ib (21) and for

actin to GP ITb-ITTa (22,23). This linkage might promote the development
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of antibodies directed against so-called cryptantigens, which can be fre-
quently encountered in the platelet immunofluorescence test. The fact that
reactivity with the 240~-kD band is frequently encountered in sera with
allo- or autoantibodies directed against the strongly antigenic GP IIb
might fit in this hypothesis as well.

In conclusion, most autcantisera and all eluates prepared from ITP pla-
telets did not react with specific bands in immunoblot in contrast to
alloantisera and eluates prepared from Zw(a+) donor platelets sensitized
with anti-Zw® antibodies. However, wvan Leeuwen et al. (24) have shown in
the platelet immunofluorescence test, that most eluates prepared from ITP
platelets react with normal donor platelets, but not with platelets of pa=
tients with Glanzmann type I, suggesting a specific reactivity of most
autoantibodies for the GP I11b-I1Ta complex.

The lack of reactivity of most autoantisera and eluates prepared from
ITP platelets might be caused by the loss of conformational antigenic de-
terminants due to dissociation of the GP TTb-IIIa complex, as Rosa et al.
have suggested (25). This suggestion was further strengthened by our fin-
ding that several eluates, not reacting in immunoblot, could precipitate
GP ITb-IITa complex in a radioimmuno precipitation technique.

Further investigations are being carried ocut in our laboratory to elu-
cidate the roles of protein conformation and of EDTA in antigenic expres-

sion as well as the importance of the 240-kD band as target antigen.
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Intravenous Gammaglobulin Therapy in
Idiopathic Thrombocytopenic Purpura

Results with the Netherlands Red Cross Immunoglobulin Preparation
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Abstract. The effect of high-dose intravenous gammaglobulin (IVG) therapy with a
CLB preparation wasstudied in 42 patients: 8 patients had acute and 26 patients had chronic
idiopathic thrombocytopenic purpura (ITP); 5 patients had thrombocytopenia accompa-
nied by various diseases such as systemic lupus erythematosus, auto-immune haemolytic
anaemia and neutropenia: 3 patients had hypoplastic anaemia and | patient had ncutro-
penia and rheumatoid arthritis. After treatment. a rise in platelet count occurred in about
75% ofthe patients with ITP, although there was no sustained response in any of the patients,
There was no correlation between the strength of platelet antibodies as detected by the direct
immunofluorescence test before infusion and the pattern of response to the infusion. In most
cases of ['TP, no immune complexes, as measured by Clg-binding assay, were ohserved.
Furthermore, we found no relationship between the amount of Clg-binding activity of
patients’ sera and the reaction pattern after infusion of IVG. Splenectomy of the patient had
no influence on the outcome of [VG therapy.

platelet-bound Ig, Clg-binding assay, splen-
ectomy) to its effectiveness.

Introduction

Infusion of high doses of intravenous
gammaglobulin (IVG) can be effective in the

treatment of idiopathic thrombocytopenic
purpura (ITP) [l -6]. The mechanism of this
effect remains obscure, and it is not yet clear
whether every preparation of IVG is effec-
tive. An immunoglobulin preparation for
intravenous use was recently developed in
our laboratory. We tested it for its effect in
ITP. Moreover, we tried to relate various
immunclogical and clinical parameters (i.c,

Materials and Methods

Tmimunoglobulin

The immunoglobulin CLB {prepared in the Cen-
tral Laboratory of the Netherlands Red Cross Blood
Transfusion Servica) is produced from donor plasma by
ethanol cryoprecipitation (Cehn fraction [I). The re-
sulting product is then treated at pH 4 with traces of
pepsin to make it suitable for intravenous use. [ts char-
acteristics are similar to those of the immunoglobulin
described by Skavard [7] and used by fmbach el al. [1,
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Table 1. Patients with Secondary ITP

Patient  Sex Age  Diagnosis Effect of treat-

years ment with
VG
A F 28 AITHA+ITP no effect

[twice)

B M 3l AIHA+ITP  noeflect
L M 34 HA no effect
D F 63 HA no effect
E F 45 HA no effect
F F 12 [TP+neutro-  rise in platzlet
penia count; no
change in
leucocytes
G M b4 RAsneutro-  no effect
penia
H E 3] ITP + neu-
tropenia
+5LE rise in platelet
count: no
change in
leucocytes

RA = Rheumatoid arthritis; SLE = systemic lupus
ervthematosus; HA = hypoplastic anaemia,

2], It contains 99% lzG, 1% IgA and traces of 1gM (pro-
tein content 60g/1). IgG subclasses are distributed as
follows: 1gGil 57.5%, 1g(i2 28%, [@G3 4%, lgGd 5.5%.
95% of the IgG is monomeric, 7% dimeric and 3%
polymeric. All patients received the high-dose IVG as
described by Fmbach et al. [1, 2], i.e. daily intravenous
infusions of immunoglobulin CLB, D.4g/kg during §
days.

Platelet Counts

Platelet counts were determined by automatic cell
counting. Platelet numbers below 30x10°/1 were deter-
mined by microscopical counting. They were followed

(il possible) daily for at least 10 days after the start of

Ireatment.
Platelet auto-antibodies were determined (if pos-
sible) before and afler IVG treatment by the fluorescent

antiglobulin  technique on  paraformaldehyde-fived
platelets (PSIFT}) as deseribed by von dem Borne et al,
[&]. The Clg-binding assay was performed as described
by Zubler et al, [9] Serum [gG/laMAlgA levels were
measured before treatment, Serum IgG was also mea-
sured aller each infusion,

Patrents

We studied 3 groups of patients. Group | consisted
of patients, adults as well as children, with the diagnosis
chronic ITP whe continued to have bleeding problems
despite convenlional treatment (ic. corticosieroids,
immunosuppressive drugs and/or splenectomy). The
diagnosis TP was assessed as an idiopathic bleeding
disorder with a low platelet count (< 30x10%/1), no sple-
nomegaly, normal or increased nuimbers of megakaryo-
cytes in a bone marrow smear 10 the absence of disor-
ders responsible for secondary thromboeytopenia. This
groupconsisted of 13 adults (5 males, 10 females) with a
mean qage of 40 years (range 17-75 years) with ITP
during anaverage time of 5.5 vears(7 months—18 years)
and 11 children (5 males, & females) with a mean age of
105 years (2-17 years) with ITP during an average time
of 2.5 years (5 months—U years).

Theadult patients had been treated daily with 60 mg
prednisone forat [east 3 weeks. At the time of high-dose
IVG therapy 2 palients were still treated with 15mg
pradnisene daily. In addition, some patients had re-
ceived vincristine (n = &), azathioprine (n =6} and vin-
blastine {n = 1), 9 patients had been splenectomized and
2 were splenectomized after treatment with IV,

The children had been treated for at least 2 weeks
wilh predmsone, 2mg/kg daily, without effect. At the
time of the trial no children were being treated with
prednisone. None had been splenectomized and no
further therapy had been applisd.

Group 2 consisted of § untreated children with an
acute-onset [TP (6 males, 2 females) of whom 2 had a
recutrent type of acute ITP (1 male, | female),

Group 3 consisted of 8 patients with a variety of
disesses, mostly associated with thromhoeytopenia.
Among them werz 2 patients with Evans syndrome, i.e.
auto-immune haemolylic anacmia (AIHA)+ITP, and
2 patients with I'TPin combination with a neutrapenia.
3 patients had hypoplastic anaemia and | patient had
neutropenia associated with rheumatoid arthritis (La-
blel),

Patients’ data were cbtained from a questionnaire
filled in by the participating clinicians,

Intravenous Gammaglobulin Therapy

Results

Platelet counts rose above 50x10%1 in 11
of the 15 adult patients of group 1 (chronic
ITP). In 7 of these patients platelet counts
increased 1o more than 100x10°/1 (fig. 1a, b).
The duration of response (as [ar as we were
able to assess) varied from 4 to 42 days alter
the last day of infusion. No difference in
response to IVG therapy was seen between
the splenectomized and the non-splenec-
tomized patients: platelet counts rose to
above 50x10%/1 in 7 of the 9 splenectomized
patients. In 3 of these patients, platelet
counts increased to more than 100x107/1. In
5 of the 6 non-splenecclomized patients,
platelet counts rose to above 50x10°/1, while
in 3 of them they increased to more than
100x10%/1 (p=>0.05. Fisher exact test).

In the children with chronic ITP the
platelet count of 9 out of the 1] patients rose
toabove 50x10°/1, and the platelet count of' 8
of these Y patients rase even above 100x10%/]
{fig. 1d). Because none of these patients was
spleneclomized, we could not determine the
relationship between response in splenec-
tomized versus non-splenectomized pa-
tients in this group. In 2 of these 11 patients (1
13-year-old girl and 1 1l-year-old boy), hap-
toglobin levels and direct and indirect anti-
globulin tests on erythrocytes and serum,
respectively, were monitored during VG
therapy. These tests were and remained nor-
mal, although both patients reacted with a
transient rise of platelet counts to ahove
100=10°/1.

In group 2 (acute-onset [TP) 7 out of 8
paticnts showed a rise in platelet count, in 6
of them to numbers exceeding [00x10%/1
{fg. I¢). In 3 patients the increase in number

of platelets was only temporary. In 1 of these
patients, and in the non-reacting patient,
spontaneous remission occurred later. The 2
patients with recurrent acute-onset ITP both
reacted with an increase in number of plate-
lets to above 100x10%/1 after gammaglobulin
treatment which lasted for at least 41 days. In
a previous episode of thrombocytopenia the
platelet count in these patients recovered
spontaneously,

In group 3 we observed no increase in
platelet counts or in haemoglobulin levels in
both patients with ITP associated with auto-
immune haemolytic anaemia. In | patient
the thrombocytopenia afterwards reacted to
a combination therapy of prednisone, vin-
cristine and azathioprine, Furthermore, in
hypoplastic anaemia none of the 2 patients
showed a rise in any of their blood compo-
nents. The number of leucocytes did not rise
in any of the 3 patients with a neutropenia,
However, in 2 patients with neutropenia the
associated thrombocylopenia disappeared
and a rise in platelet count to above
100x10%/1 was seen.

Plaielet Auto-Antibodies

We found no relationship between pre-
treatment results of PSIFT and efficacy of
gammaglobulin treatment. in patients with
chronic ITP or with acute-onset ITP (ta-
ble I, fig.2). Even 1 out of 2 patients in
whom no platelet auto-sensitization was ob-
served in the PSIFT showed an increase in
the number of platelets to above 50x10%/1.
Also, | patient with only IgM auto-antibod-
ies reacted, whereas another did not, In 7 of
the 15 adult patients with chronic [TP we
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Table II. Relation between classes of auto-
antibodies as determined in PSIFT and effectiveness of
IVG (in patients with acute and chronic ITP: n=28)

lg class Maximum platelet response
0-50 30-100 100
#1071 = 10%1 ® 10711
IeG 3 4
IeM 1 |
1eG+M 2 | 8
IgG+A+M | 1 2
TeA+M I
Mo ohservable
auto-antibody 1 I
Mo specification 1

performed the PSIFT before and after treat-
ment with gammaglobulin. The serological
results were not significantly affected by the
treatment. In 6 of the 8 children with chronic

ITP, pre- and postireatment tests were per-
formed with similar results.

Clg-Binding Assay

In 13 patients with chronic ITP the Clg-
binding assay was performed, in § before as
well as after treatment. In 5 patients a small
elevation of circulating immune complexes
was observed before therapy (fig.3). In 2
patients this normalised after treatment. In 2
patients the percentage of Clg-binding activ-
ity was not changed. | patient was not tested
aflerwards, Furthermore, | patient’s nega-
tive Clg-binding assay became positive after
Lreatment.

Serum Immunoglobuling

None of the patients showed an [gA defi-
ciency. lgG levels rose from an average of
12.6 (8-19.4) to 31.9g/1 (17.6-55.2) (n=16)
during treatment.

Fig.2. Results of PSIFT in pa-
—— gL tients with 1TP before and after IVG
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Fig. 3. Resulls of performance of the
Clg-binding assay in patients with [TP
before and after IVG therapy.

Side Effecis

3 patients reported headache, im 1 case
associated with nausea, vomiting and sub-
febrile temperature. In this last patient the
complaints led to discontinuation of the
treatment after 2 days, however, the platelet
count rose to above 100x10°/1,

Discussion

The above results show that [VG pre-
pared in our institute was effective inn about
75% of the patients with chronic ITP (rise of
platelet counts to above S0x10°/1). There-
fore, it is as eflective as various other prep-
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Befora infusian  After infusion  Before infusion After infusion
frn=14] [n=8) In=5 (n=4
Chronic ITP Acute ITP

arations studied [I=3]. The efficacy of ther-
apy was shown not only by a rise in the
number of platelets, but also by a normalisa-
tion of the bleeding time as far as determined
(data not shown). Good platelet function

was confirmed by uncomplicated surgery of

4 patients afier gammaglobulin therapy
(data not shawn).

Several hypotheses on the working mech-
anisms of high-dose gammaglobulin therapy
have been proposed (3, 10, 1], The most
plausible explanation seems to be a transient
blockade of phagocytosis in the mononu-
clear phagoeytic system. especially in the
spleen, by gammaglobulin. Fehr el al. [3]
conflirmed this by Ainding a concomitant de-

Vos/van Aken/Engelfriet/von dem Borne

pression of the clearance of radio-labelled
erythrocytes sensitized with IgG antibodies
during successful gammaglobulin therapy in
chronic ITP.

Other working mechanisms may be that
immune complexes bound to the platelet
Fe-receptor are competitively eliminated by
immuneglobulin [12-14] or that immuno-
globulin, which because of its polyspecificity
contains anti-idiotype antibodies, causes
auto-antibody production to be stopped [4,
16].

We tried to measure these phenomena by
testing changes in the strength of the direct
immunofluorescence test on platelets and
circulating immune complexes after suc-
cessful treatment [13], but we could not con-
firm either of these mechanisms because
platelet auto-antibodies remained demon-
strable to the same extent after treatment
and in only a few patients was a slightly
clevated Clg-binding assay measured (fig. 2,
3).

We could not determine a relationship
between pretreatment results of the platelet
auto-antibody test and a positive effect of
gammaglobulin (fig. 2, table I1). Even a pa-
tient with no demonstrable auto-antibodies
reacted. Auto-antibodies may have been
present, but in too low a concentration to be
detectable.

Seaterma et al. [11] have proposed a new
hypothesis for the working mechanism of
VG, namely it induces a mild, clinically
non-apparent haemolysis by which the
monenuclear phagocytic system would pref-
erentially be blocked. Therefore, in 2 of our
patients, we monitored haptoglobin levels,
as well as direct and indirect antiglobulin
tests on erythrocytes and serum, respective-
ly, but these tests were and remained nor-
mal, although both patients reacted with a

transient rise in platelet counts above
100510%1. This, as well as the frequent oc-
currence of ITP together with ATHA in
Evans’ syndrome and the absence of reaction
on IVG in patients with Evans’ syndrome,
argues strongly against this hypothesis.
Other authors have also reported evidence
against this hypothesis [17-19].

Searching for a parameter of successful
treatment, Sehmidr ct al. [5, 6] have sug-
gested a relationship between splenectomy
and successful treatment. From our results,
it seems that patients with or without sple-
nectomy reacted egually well, Hence, we
could not confirm Sefmidt’s finding that
IVG is more effective in splenectomized pa-
tients.

We have shown. like others [, 2], that
IVG can be effective in acute-onset ITP, but
contrary to the results of others, not always.
When studying the effect of gammaglobulin
in acute-onset ITP, one has to bear in mind
the natural history of this disease: 80% show
a spontaneous recovery, This facl was illus-
trated by 1 spontaneously recovering pa-
tient, although he had not reacted to IVG
therapy, and by 1 patient who, after a tran-
sient rise in platelet count, had sponta-
neously recovered. Thus, the only way of
showing a real effect of gammaglobulin ther-
apy in acute-onset TP will be a double-
blind (cross-over) study.

IVG can also be effective in secondary
ITP. A temporary rise in platelet count was
seen in patients with ITP associated with
systemic lupus erythematosus and in pa-
tients with I'TP associated with neutropenia,
However, no rise in platelet counl was seen
in the 2 patients with Evans' syndrome
(AIHA +ITP). Successful treatment with

“IVG in neutropenia has been reported [20,
21]. However, we found no rise in neutrophil
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counts 1n 3 patients with neutropenia, al-
though the concomitant thromboeytopenia
in 2 of these 3 patients clearly reacted.

In conclusion, we found that CLB-IVG
was as effective in patients with ITP as were
other preparations. However, the thera-
peutic use of gammaglobulin in general
should be restricted to emergency cases such
as intercranial or large gastro-intestinal
bleedings, because of its mostly temporary
effect and high costs of treatment on the one
hand, and because of the low bleeding ten-
dency in patients with low platelet counts on
the other hand.
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SUMMARY

This thesis deals with some aspects of diagnosis and treatment of idio-

pathic thrombocytopenia (ITP).

Chapter T contains an introduction to the subject by means of a short
review of general insights in diagnosis and therapy of ITP. Because ITP
is generally considered to be an autoimmune disease, many assays measuring
platelet-associated immunoglobulins and most of them measuring platelet-
associated IgG (PA-TgG), have been developed for diagnostic purposes. PA-
IgG values for normal healthy donor platelets as well as for patients'

platelets vary considerably between the various assays reported.

In Chapter 1T, a recently developed radioimmunoassay is described, by
which several variables that may influence accurate PA-IgG measurement
were studied. Mean PA-IgG in normal donor platelets appeared to decrease
upon storage in buffer containing EDTA, or after fixation of platelets
with paraformaldehyde (PFA). Simultaneously with this decrease, an increa-
se in modal platelet volume was observed. Therefore, the decrease in PA-
IgG was postulated to be caused by release of plasma IgG, entrapped in the
surface-connected canalicular system, due to swelling of the platelets
during storage in EDTA buffer or after PFA fixation. Good gquantification
of platelet-bound allocantibodies appeared to he possible using the radio-
immunoassay. Aspecifically increased PA-IgG was observed when fragments of
platelets or other cell types were present in test samples. It was conclu-
ded that cellular fragments can interfere with proper PA-IgCG measurement

in PA-IgG assays of this type.

In Chapter I1I, the sensitivity and specificity of the platelet immuno-
fluorescence test (PIFT) for the diagnosis of ITP was studied in a conse-
cutive series of 255 patients. The sensitivity for the diagnosis ITP was
high, whereas the specificity was low. This low specificity was not only
due to the occurrence of ITP with other diseases, but also because of the

frequent occurrence of EDTA- and PFA-dependent antibodies.

From the results described in Chapter IV, the radiocimmuncassay for
PA-IgG appeared to have about similar sensitivity and specificity for the
diagnosis ITP compared to the PIFT. A significant correlation was observed
between the mean amount of PA-IgG measured and the height of PIFT scores

with anti-TgG. A more frequent incidence of aberrant size distribution
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plots was seen in patients with increased PA-IgG, indicating a possible
influence of platelet fragments on the measurement of PA-IgG. In patients
with increased PA-IgG and a negative PIFT with anti-IgG, IgM antibodies
were detected more frequently in the PIFT. This suggests an influence on
PA-I1gG determinations of either IgM antibody-induced platelet agglutina-
tion in witro or of platelet fragments present in the patient's blood he-

cause of IgM antibody-mediated platelet destruction in viveo.

In Chapter V, the existence of platelet fragments in platelet-rich
plasma of thrombocytopenic patients could be demonstrated by a radioimmu-
noassay (RTA), using a sandwich of two monoclonal antibodies directed
against the platelet-specific glycoprotein ITb-ITIa complex (GP IIb-IIXa).
Platelets and platelet fragments were separated by the use of a disconti-

nuous 7.5-20% (v/v) albumin gradient.

Platelet contamination in filtered red blood-cell concentrates was stu-
died with the same technique as described in Chapter V. From the results
described in Chapter VI, it appeared that platelet fragmentation may occur
in the production of a leukocyte-poor red blood-cell concentrate. There-
fore, even when no intact platelets pass through the filter, platelet an-
tigenic material may find its way into the red blood-cell concentrate.
This finding might have important implications for the preparation of fil-
tered red blood cells. Unwanted immunization might occur after transfusion,
especially when not only platelets but also leukocytes would be fragmented

during the preparation of leukacyte-poor red blood-cell concentrates.

In Chapter VII, preliminary results of a study on specific antigens for
platelet autoantibodies are presented. For this purpose, the immunoblot-
ting technigue was used, by which specific binding of platelet antibodies
to platelet membrane protein bands can be visualized. With this technique,
good visualization of target proteins for platelet alloantibodies can be
obtained. Therefore, it is a suitable technique for the determination of
the actual specificity in sera with troublesome serological typing.

In the study, only 2 out of 24 ITP sera tested reacted in immunoblot.
Moreover, none of 12 eluates prepared from ITP platelets (all reacting
strongly with donor platelets in PIFT) reacted in immunoblot. Because 5 of
these eluates were able to precipitate GP IIb-IIla in a radioimmunopreci-
pitation technique, these results may indicate a loss of conformational

determinants for autcantibodies during the immunobleotting procedure. Fur-

100

thermore, the reactivity in immunoblot appeared te be strongly influenced
by circumstances before or during solubilization of donor platelets (pre-

sence of EDTA and N-ethylmaleamide; platelet activation by cold).

Finally, in Chapter VIII, the results of treatment of ITP with The Ne-
therlands Red Cross immuncglobulin preparation are described. A mostly
transient rise in platelet count was observed in about 75% of the patients
with ITP. There was no correlation between the strength of PIFT or the
amount of Clg-binding activity in the patient's serum before infusion and
the response to intravenous gammaglobulin therapy. Splenectomy in the
patient's history did not increase the predictability of a beneficiary

effect on the outcome of intravenous gammaglobulin treatment.
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SAMENVATTING

In dit proefschrift worden enige aspecten van de diagnostiek en behan-
deling van idiopathische thrombocytopenische purpura (ITP) onder de loep

genomen.

Hoofdstuk I is een algemene inleiding op het onderwerp, waarin een kort
overzicht wordt gepresenteerd van de huidige inzichten ten aanzien van
diagnose en therapie van ITP. ITP wordt in het algemeen tot de autoimmuun-
ziekten gerekend. Daarom zijn er voor de diagnostiek van ITP een groot
aantal testen ontwikkeld, waarmee de hoeveelheid plaatjes (=thrombocyten)-
geassocieerde immunoglobulinen wordt gemeten. De meeste van deze testen
registreren slechts plaatjes-geassocieerd IgG (PA-IgG). Deze testen ver-
schillen onderling aanzienlijk zowel in normaslwsarden van donorthrombocy-

ten als in waarden gemeten bij thrombocytopenische patiénten.

In Hoofdstuk II worden de resultaten van een onderzoek beschreven naar
enige variabelen, welke van invloed zijn op de bepaling van PA-IgG. De
gemiddelde PA-IgG waarde van normale donorthrombocyten bleek, getest in
een recent ontwikkelde radioimmunoassay, te dalen wanneer de thrombocyten
eerst een tijd in EDTA buffer werden bewaard of wanneer zij voor de bepa-
ling waren gefixeerd met paraformaldehyde (PFA). Tegelijkertijd met deze
daling bleek het modale plaatjesvolume in grootte toe te nemen. Ie moge-
lijke oorzaak van deze daling van PA-IgG zou het vrijkomen van plasma IgG
uit het zg. 'surface-connected canalicular system' kunnen zijn, wat tenge-
volge van de zwelling van de thrombocyt onder invleoed van het EDTA of PFA
in het thrombocytenoppervlak wordt opgenomen. Indien men PA-IgG direct na
thrombocytenbereiding zonder PFA fixatie meet, dan vindt deze uitstoting
van IgG in het incubatiemedium plaats met als gevolg dat een grotere hoe-
veelheid IgG gemeten wordt en dientengevolge een hogere PA-IgG waarde. Met
deze radioimmuncassay bleek het goed mogelijk om hoeveelheden thrombocyt-
gebonden alloantistoffen te meten. Verder bleek de aanwezigheid van frag-
menten van thrombocyten of andere celtypes in de te testen monsters een

aspecifiek verhoogde PA-IgG waarde te kunnen veroorzaken.

In Hoofdstuk III wordt een onderzoek beschreven naar de sensitiviteit
en specificiteit van de immunofluorescentie test op thrombocyten (PIFT)
voor de diagnose ITP. De sensitiviteit voor ITP bleek hoog, de specifici-

teit laag te zijn. Deze lage specificiteit was niet alleen het gevolg van
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een frequente coincidentie wvan autoimmuun thrombocytopenie met andere
ziekten, maar ook van het frequent voorkomen van zg. EDTA- en/of PFA-af-

hankelijke antistoffen.

Sensitiviteit en specificiteit van de radioimmuncassay ter bepaling wan
PA-IgG bleken in dezelfde orde van grootte te liggen als die van de PTFT

(Hoofdstuk TV). Er bleek een significante correlatie tussen de gemiddelde

hoeveelheid PA-IgG en de hoogte van de PIFT-scores met anti-IgG te bestaan.

Er werden vaker afwijkende grootte-verdelingen van de thrombocytenpopula-
tie gevonden bij pati&nten met een verhoogde PA-IgG, wat zou kunnen wijzen
op een invloed van thrombocytenfragmenten op de PA-TgG bepaling. Daarnaast
werden er vaker TgM antistoffen aangetoond bij patiénten met een verhoogde
PA-IgG waarde bij een negatieve PIFT met anti-TgG. Dit zou kunnen wijzen
op beinvloeding van de PA-IgG bepaling door hetzij iIn-vitro thromboecyten-
agglutinatie geinduceerd door IgM antistoffen, hetzij de aanwezigheid van
thrombocytenfragmenten ontstaan tengevolge van IgM antistoffen-gemedieerde

thrombocytendestructie in vivo,

In Hoofdstuk V wordt het bestaan van fragmentaire thrombocyten in
plaatjes-rijk plasma van thrombocytopenische patiénten aangetoond met be-
hulp van een radioimmunoassay waarmee thrombocyten en thrombocytenfragmen-
ten kunnen worden gedetecteerd middels een sandwich van twee monoclonale
antistoffen, welke gericht zijn tegen het thrombocyt-specifieke glycopro-
teine IIb-TII1a complex (GP 1Ib-IIIa). Scheiding van thrombocyten en throm-
bocytenfragmenten werd verkregen door gebruik te maken van een discontinue

albumine gradiént (7.5-20%, v/v).

Met behulp van de in Hoofdstuk V beschreven techniek blesk het mogelijk
in erythrocytenconcentraten contaminatie met thrombocyten vast te stellen
(Hoofdstuk VI). Hierbij bleek deze techniek erg gevoelig ten opzichte van
metingen met een electronische deeltjesteller. Tevens bleek er tijdens de
bereiding van een erythrocytenconcentraat fragmentatie van thrombocyten op
te treden. Dit kan van belang zijn voor de bereiding van erythrocytencon-
centraten, omdat ongewenste immunisatie kan optreden tengevolge van trans-
fusie met een dergelijk product, met name wanneer naast fragmentatie van
thrombocyten ook fragmentatie van leukocyten zou optreden gedurende de be-

reiding van het leukocyt-arme erythrocytenconcentraat,

In Hoofdstuk VIT staan de resultaten beschreven van een onderzoek naar
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thrombocyt-specifieke antigenen., Hierbij werd gebruik gemaakt van een
immuncblotting techniek, waarmee het mogelijk is specifieke binding van
antistoffen aan een bepaald eiwit te visualiseren. Met name blijkt dit
goed mogelijk te zijn voor het bepalen wvan de antigeniciteit van bepaalde
thrombocyten alloantistoffen. Daardoor is deze techniek uitermate geschikt
om specificiteit te bepalen van alloantisera welke serologisch moeilijk
Lypeerbaar blijken.

Van de 24 geteste autoantisera bleken er maar twee in de immuncblot te
reageren. Bovendien bleek geen enkel eluaat gemaakt van ITP thrombocyten
(welke alle een sterk positieve reactie in de PIFT vertoonden) te reageren
in de immunoblot. Vijf van deze eluaten bleken wel in een immunoprecipita-
tie techniek GP TIb-I1Ta te kunnen precipiteren, wat zou kunnen wijzen op
een verlies van de antigene determinant tijdens de immunoblot procedure,
waarbij een specifieke conformatie verloren kan zijn gegaan. De reactivi=
teit in de immunoblot techniek bleek in dit onderzoek erg afhankelijk van
omstandigheden véér en tijdens de bereiding van het thrombocytensolubili-
zaat (aanwezigheid wvan EDTA en N-ethylmaleamide; koude-activatie wvan

thrombocyten) .

In Hoofdstuk VII] worden de resultaten van behandeling van ITP met het
CLB-immunoglobulinepreparaat beschreven. Er werd een -veelal tijdelijke-
stijging van het thrombocytenaantal gezien bij ongeveer 75% van de ITP pa-
tiénten. Er bleek geen relatie te bestaan tussen de sterkte van de PIFT
of een positieve Clg-binding test védr infusie en de respons op gammaglo-
buline therapie. Splenectomie in het verleden bleek evenmin de voorspel-

baarheid van een gunstige reactie op gammaglobuline therapie te vergroten.



STELLINGEN

. De meeste testen ter kwantificering van plaatjes geassocieerd IgG
meten te hoge waarden, omdat ook 'non-immuun' IgG opgeslagen in
het 'surface connected canalicular system' gemeten wordt.

dit proefschrift

. De aantoonbaarheid van glycoproteine IIb-IITa complexen op monocyten
berust op adhaesie van thrombocyten en/of thrombocytaire fragmenten
gedurende de isolatie van monocyten en niet op synthese van het
glycoproteine IIb-IIIa complex door de monocyt zelf.

Clementson et al., J.Exp.Med. 161: 972, 19385.

. Haemgphilie-patienten, die momenteel onverhitte factor VIII- of
factor IX-preparaten gebruiken, zijn door hun behandelend arts niet
goed voorgelicht omtrent de daazrmee gepaard gaande risico's.

Rouzioux et al., Lancet i: 271, 1985.

. Indien voor een vergrote, niet pathologisch aanvoelende halsklier
geen keel-, neus- of oorheelkundige verklaring kan worden gevonden,
moet worden gedacht aan een extraparotidale localisatie van een

_ Whartin tumor.

Snyderman et al., Otolaryngol.Head Neck Surg. 94: 169, 1986.

. Aanwezigheid van anti-cytoplasmatische antistoffen in het serum van
een patient kan van doorslaggevend belang zijn voor het stellen van
de diagnose Morbus Wegener.

Van der Woude et al., Lancet i: 425, 1985.

. Bij de geringste verdenking op een afwijkende positie van de stapes-
prothese na stapedectomie, dient een high resclution CT-scan van het
rotsbeen gemaakt te worden.

. De gunstige invlced van een goede functie van de buis van Eustachius
op de helderheid van het gehoor bij perceptief slechthorenden moet
niet onderschat worden.

10.

1)

12.

13.

14.

. Het feit dat een hoortoestel als een prothese wordt beschouwd en

een bril hoogstens als een ongemak is exemplarisch voor de samenhang
tussen de sociale acceptatie en het véérkomen van een handicap.

Een acuut idiopathisch gehoorsverlies berust veelal op een viraal
infect en behoeft daarom geen therapie.
Schuknecht et al., Arch.CQtorhinolaryngol. 243: 1, 1986.

Het feit dat de wet een gehuwde vrouw slechts de bevoegdheid geeft
haar eigen naam al of niet door de naam van haar echtgenoot te laten
voorafgaan is, blijkens de problemen die zij bij het niet gebruik
maken van deze bevoegdheid ondervindt, onvoldoende bekend.

De stelling van mr. C.J.J.M. Stolker, dat artsen die hun poliklinische
patienten langer dan twintig tot dertig minuten Taten wachten schade-
plichtig zijn (Medisch Contact 40: 1247, 1985), behoeft aanvulling:
Ook patienten die zonder opgave van reden hun poliklinische afspraak
niet nakomen zijn schadeplichtig.

Plaatjes vullen gaatjes.
Het is altijd beter iets goed in de oren te knopen dan achteraf te
doen alsof de neus bloedt. Het laatste wil namelijk nogal eens in

het verkeerde keelgat schieten.

Stellingen van promovendi zijn vaak gezocht.

Stellingen behorende bij het proefschrift:

" platelet-associated IgG and idiopathic thombocytopenic purpura
door J.J.E. Vos

Amsterdam, 19 juni 1986
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