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Abstract. Three previous articles have reported a PL"' antigen in the plasma of stored 
blood which is capable of binding to PL"'-negative platelets in the presence of divalent 
cations, rendering them PL"' positive. Such a mechanism could explain the enigma of 
posttransfusion purpura (PTP), i.e., severe thrombocytopenia in a healthy subject with 
PL"'-negative platelets secondary to the infusion of blood containing PL*'-positive 
platelets. We find that the PL"' antigen of stored blood is due to the presence 
of platelet fragments which can be removed by centrifugation and that divalent cation- 
chelating agents play no role in the apparent binding of these fragments to platelets. 
The apparent conversion of PL"'-negative platelets to the PL*'-positive phenotype by 
incubation with stored plasma from a PL*'-positive subject is due to the cosedimentation 
of platelet fragments with the platelets. No soluble PL"' antigen was found in the plasma 
of five patients with acute posttransfusion purpura. [P.S.E.B.M. 1990, Vol 1951 

osttransfusion purpura (PTP) is a well-described 
disorder in which patients (usually female) be- P come profoundly thrombocytopenic 5-7 days 

after a blood transfusion. The transfused blood contains 
a platelet antigen which the patient lacks, usually PLA' 
(1-3). Introduction of the antigen produces an an- 
amnestic response. There is often a history of prior 
exposure via pregnancy or blood transfusion. Antibody- 
mediated destruction of transfused platelets with the 
antigen as well as autologous platelets lacking the anti- 
gen produces severe thrombocytopenia. The explana- 
tion for this phenomenon has remained elusive. 

Three publications (4-6) have reported or implied 
that the PLA' epitope (which resides on platelet glyco- 
protein GPIIIa (7)) may exist in soluble form in trans- 
fused blood. It has been suggested that the soluble PLA' 
epitope in transfused blood binds to PLA'-negative 
platelets (also designated PLA2), thus converting them 
to a PLA'-positive phenotype (4-6). These platelets 
could then be recognized by the anti-PLA' antibodies, 
and rapidly cleared. 
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We studied this model using (i) a high titer anti- 
PLA' antibody from a patient with PTP (8), (ii) a 
monoclonal antibody with stronger reactivity for PLAl- 
positive platelets than negative platelets, and (iii) a 
monoclonal antibody against platelet membrane 
GPIIIa which reacts equally with PLAl-positive and 
negative platelets, which we have produced (8). We 
found that neither the PLAl epitope nor GPIIIa is 
present in soluble form in the plasma or platelet prep- 
arations of PLA'-positive subjects. We also determined 
that the apparent in vitro conversion of PLA'-negative 
to PLA'-positive platelets after addition of stored plasma 
is due to the cosedimentation of PLA'-positive platelet 
fragments with PLA'-negative platelets. 

Materials and Methods 
Materials. Chemicals, reagents, staphylococcal 

protein A sepharose beads, Ponceau red stain, goat anti- 
mouse Ig, and goat anti-human IgG (y chain specific) 
were obtained from Sigma Chemical, St. Louis, MO, 
unless otherwise noted. CPDA- 1 anticoagulant (citrate, 
phosphate, dextrose pH 5.7) was obtained from Fenwal 
Laboratories, Division of Travenol Laboratories, Inc., 
Deerfield, IL. 

Platelet Preparations. Blood was collected into a 
0.8% citric acid, 2.2% trisodium citrate dihydrate, and 
2.45% dextrose (ACD) solution (Travenol) at an ACD 
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to blood ratio of 1:6. Platelet-rich plasma (PRP) was 
prepared by centrifugation at 1 OOg for 7 min. PRP from 
this blood was spun at 2500g for 30 min and the platelet 
pellet was suspended in 10 times its volume of 1% 
ammonium oxalate. After 10 min the platelets were 
spun at 25008 for 10 min and washed twice with large 
volumes of a modified human Ringer’s solution con- 
taining 2 m M  EDTA (9). 

For experiments in which we sought “soluble PLAl” 
antigen, washed platelets were resuspended in their 
original plasma volume of a modified human Ringer’s 
solution containing 2 mM EDTA and stored at 4°C for 
5 days. These preparations were then centrifuged for 15 
min at 2500g, platelets were removed, and the super- 
natant was centrifuged at 100,OOOg for 1 or 2 hr to 
remove particulate matter. The respective supernatants 
were run on 10% sodium dodecyl sulfate polyacryl- 
amide gel electropheresis (SDS-PAGE) for immuno- 
blotting. 

For experiments in which EDTA was not used, 
platelets were collected into ACD and treated with 
aspirin to a final concentration of 0.1 m M  acetylsali- 
cylic acid. The PRP was then spun as described above 
and resuspended in 1% ammonium oxalate. The sub- 
sequent washings were performed by using a washing 
fluid (10) to which 2 pM PGE, (Sigma Chemical) and 
100 pg/ml of apyrase (Sigma) were added. After incu- 
bation these platelets were then centrifuged at the des- 
ignated gravity for 45 min, and equal volumes of each 
of the supernatants were run on SDS-PAGE. 

For the experiments in which platelets were incu- 
bated with plasma or serum, the washed platelet sus- 
pension was adjusted to 200,OOO/pl and divided into 
aliquots. The aliquots were then spun at 2500g for 30 
min, the supernatant was removed, and the platelet 
button was resuspended in 2 ml of one of the various 
plasma or serum samples at their original washed plate- 
let concentration. Each aliquot was then agitated gently 
overnight at 22°C. The platelets were then spun and 
washed three times as described above and lysed with 
200 pl of 10% SDS in 60 mM Tris, pH 6.8 (1 1) (lysing 
buffer). After vortexing, an equal volume of sample 
buffer was added, and 100 p1 of this solution were 
placed in each lane of a 10% SDS-PAGE. Known PLAl- 
positive and negative platelets were similarly prepared 
and run on the same gel. 

Some washed platelet preparations were stored fro- 
zen after addition of dimethyl sulfoxide, 5% final con- 
centration. The platelets were aliquoted and left at 22°C 
for 1 hr and then stored at -70°C until needed. For 
use, the platelets were thawed at room temperature and 
washed twice with the washing solution. PLA’-positive 
platelets, stored under these conditions, were shown to 
retain PLA’ reactivity with the various antibodies. 

Antibodies. Monoclonal antibodies to platelet sur- 
face glycoprotein IIIa were prepared as described pre- 

viously (8). DEK- 16 is an IgG 1 -K murine monoclonal 
antibody to GPIIIa; it reacts equally with PLAl-positive 
and PLA’-negative platelets. DEK-1 is an 1gM-K murine 
monoclonal antibody that reacts strongly with PLA’- 
positive platelets and weakly with PLA’-negative plate- 
lets on immunoblot at a 1 OO-kDa band. The polyclonal 
antibody, BE, was prepared from a patient with post- 
transfusion purpura. 

This patient was a 69-year-old female (with pre- 
vious pregnancy) who, during a coronary artery bypass- 
grafting procedure, received 9 units of packed red blood 
cells. Five days postoperatively, her platelet count was 
normal. Three days later she had petechiae, gingival 
bleeding, and a platelet count of 18,OOO/pl. A bone 
marrow aspirate revealed increased megakaryocytes. 
The patient was treated initially with steroids and intra- 
venous y-globulin, to which she did not respond. She 
was then plasmapheresed and had an immediate and 
sustained response. Her platelets obtained during re- 
mission were subsequently found to be PLAl negative. 
Plasma from her first plasmapheresis was frozen in 
aliquots. For use in immunoblotting, the plasma was 
defibrinated by adding calcium and incubating at 37°C 
for 1 hr. After centrifugation, the serum was agitated 
overnight with an equal volume of saturated ammo- 
nium sulfate. The precipitate was washed twice with a 
50% solution of ammonium sulfate dissolved in 0.1 M 
phosphate buffer-0.154 M NaCl, pH 7.4 (phosphate- 
buffered saline), and the residual precipitate-salt mix- 
ture dissolved in a small quantity of distilled water. 
This solution was then dialyzed against water for 24 hr, 
followed by phosphate-buffered saline-0.025 % sodium 
azide for 24 hr. For immunoblotting, this antibody was 
used at a dilution of l/5000 in BLOTTO (see below) 

DEK- 16 antibody was iodinated using IODO-GEN 
(Pierce, Rockford IL). 

Plasma. Plasma was obtained from blood of PLA’- 
positive and negative subjects by collecting into ACD 
at an anticoagulant to blood ratio of 1:6. After centrif- 
ugations at 280g, then 2500g, the platelet-poor plasma 
was either used directly or stored at -20°C until thawed 
at 37°C prior to use. Serum was obtained from a PLA’- 
positive donor by collection of blood into a glass tube, 
incubation at 37°C for 1 hr, and centrifugation at 2500g. 
Stored blood was obtained from a PLA’-positive donor 
by withdrawal into CPDA-1 (1:6), gentle mixing, and 
maintenance at 4°C for 7 days. Platelet-poor plasma 
was prepared from this blood by centrifugation as de- 
scribed above. One half of this platelet-poor plasma was 
then centrifuged at 100,OOOg for 1 or 2 hr, and the 
supernatant was collected. 

Immunoblots. Whole platelet lysates were prepared 
by solubilization of washed platelets in 10% SDS in 60 
mM Tris buffer (pH 6.8), or in 1% Triton X-100 in 
0.15 A4 NaCl-0.01 M Tns buffer (pH 7.4). Platelet 

(12). 

POSTTRANSFUSION PURPURA 193 



membrane preparations or whole platelet lysates were A 6 
electrophoresed on 10% SDS-PAGE gels- and then 
transferred to nitrocellulose paper for immunoblotting 
as described previously (8), employing either polyclonal 
anti-PLA' antibody at a dilution of 1/5,000 or mono- 
clonal antibodies DEK- 1 or DEK- 16 at dilutions of 1 / 
50 to 1/1,000 in BLOTTO for 2 hr on a shaker at 37°C. 

Results 
Figure 1 (Lanes A and B) demonstrates that there 

are equal amounts of the PLA' epitope in the 2500g 
supernatant of washed platelets incubated for 1 week 
with or without EDTA. Lanes C and D show that 
centrifugation at 100,OOOg eliminated all of the detect- 
able PLA' antigenic activity. Similar results were seen 
with other experiments (data not shown). 

Figure 2 reflects the results of incubating PLA'- 
negative platelets with various plasma and serum sam- 
ples. Panel A was developed using DEK- 1,  a monoclo- 
nal antibody that reacts preferentially with the PLA1 
epitope and weakly with the PLAl-negative epitope. 
Lane 1 shows the small amount of reactivity seen with 
DEK-1 on PLA'-negative platelets and lane 6 the reac- 
tivity of ?LAl-positive platelets. The 100-kDa band is 
GPIIIa (8). The 120-kDa band has recently been de- 
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Figure 1. lmmunoblot of supernatants of stored washed platelets. 
Platelets were washed and incubated in human Ringer's solution (3 
x 10a/ml) for 5 days with or without 2 mM EDTA, supernatants 
obtained by centrifuging at 25009 for 10 min, and 100 pI applied to 
SDS-PAGE (Lane A with EDTA, Lane B without EDTA). Lanes C and 
D show a similar preparation incubated with 2 mM EDTA, but after 
centrifugation at 25009 for 10 min (Lane C) and 100,OOOg for 1 hr 
(Lane D). All lanes were transferred to nitrocellulose and developed 
with BE, a polyclonal anti-PLA' antibody. 
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Figure 2. lmmunoblots of PLA'-negative platelet incubation experi- 
ments. Each lane contains 1 x lo7 platelets applied in 100 pl. Panel 
A was developed with DEK-1, a monoclonal antibody to the PLA' 
epitope. Panel B was developed with BE, a human polyclonal anti- 
PLA' antibody from a patient with PTP. Lane 1 contains PLA'-negative 
platelets, lane 6 PLA'-positive platelets. Lanes 2 through 5 are PLA'- 
negative platelets incubated with: plasma from a PLA'-negative sub- 
ject (Lane 2), plasma from blood stored for 1 week from a PLA'- 
positive subject centrifuged at 100,OOOg for 2 hr (Lane 3), plasma 
from stored blood from a PLA'-positive subject centrifuged at 25009 
for 15 min (Lane 4), and serum from a PLA'-positive subject (Lane 5). 

scribed and thought to be either a posttranslational 
precursor of GPIIIa or a homologous glycoprotein (8). 
The band above the 120-kDa region is an artifact seen 
because of cross-reactivity of the rabbit anti-mouse IgG 
antibody with the platelet preparation, presumably to 
platelet IgG and/or Fc receptors (data not shown). Lane 
2 shows no increase in PLA' activity when PLA1-nega- 
tive platelets were incubated with plasma from a PLA1- 
negative subject. Lane 3 demonstrates no increase in 
PLA' activity when PLAl-negative platelets were incu- 
bated with plasma from 7-day stored blood from a 
PLA'-positive subject, if the plasma was spun at 
100,OOOg for 2 hr. In most experiments, similar results 
were noted after 1 hr of centrifugation at 100,OOOg. In 
one experiment a faint band of PLAl reactivity was 
present at 1 hr but was gone at 2 hr of centrifugation. 
In contrast, the PLA1-negative platelets in Lane 4 were 
incubated with the same plasma centrifuged only at 
2500g for 15 min. This clearly shows PLA' reactivity 
almost as strong as that on PLA'-positive platelets. Lane 
5 demonstrates no effect of serum obtained from a 
PLA1-positive subject, indicating absence of platelet 
fragments which were presumably trapped within the 
clot. These results were confirmed by developing an 
identical immunoblot with BE, a polyclonal anti-PLA' 
antibody, shown in Panel B. The numerous bands 
above the 120-kDa region as well as the two faint bands 
above and below the 100-kDa region are artifacts seen 
because of cross-reactivity of the goat anti-human IgG 
antibody with the platelet preparation, presumably to 
platelet IgG and/or Fc receptors (data not shown). As 
in Panel A, the conversion of PLAl-negative platelets to 
PLAl-positive platelets only occurs if the plasma from 
the PLA'-positive subject is spun at low speed for a 
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short time (Lane 4). If the plasma is centrifuged suffi- 
ciently to eliminate platelet dust, that plasma has no 
effect on PLAl-negative platelets (Lane 3). 

Having found that with sufficient centrifugation 
neither the PLAl epitope nor GPIIIa (data not shown) 
was detectable (at a detection sensitivity of 50-100 ng/ 
lane) in soluble form in stored blood in vitro, we then 
turned our attention to looking for soluble GPIIIa in 
viva Figure 3A is an autoradiogram of an immunoblot 
of the plasma (2500g at 30 min) of a thrombocytopenic 
patient with acute PTP reacted with 1251-labeled DEK- 
16 (Lane 2). By using this sensitive technique (capable 
of detecting <0.0003% of the GPIIIa of circulating 
platelets), we found no GPIIIa in the plasma of this 
PTP patient, nor was there any GPIIIa in a control 
fresh plasma (not agitated for 7 days) similarly centri- 
fuged (Lane 3). Lane 1 represents a positive control, 
consisting of triton-solubilized whole platelets. Finding 
no soluble GPIIIa in plasma, we next looked for the 
antigen existing as platelet fragments in the 100,OOOg 
sediment. Panel B shows these experiments. The PTP 
patient's acute plasma from the 2500g centrifugation 
(Lane I), the plasma from the 100,OOOg centrifugation 
(Lane 2), and the sediment of the 100,OOOg centrifuga- 
tion (Lane 3) were run on immunoblot and developed 
with 1251-DEK-16. As in Panel A, there was no GPIIIa 
in the plasma. In addition, there was no GPIIIa in the 
100,OOOg sediment from the severely thrombocytopenic 
PTP patient on immunoblot. However, GPIIIa was 

A 
1 2 3  

B 
1 2  3 4  

Figure 3. Autoradiogram of platelet and plasma specimens reacted 
with 1'25-labeled DEK-16, a monoclonal antibody against GPllla. A 
shows the reactivity with 5 x 1 O6 platelets (Lane l ) ,  100 pl of plasma 
(25009 at 30 min) from the patient BE with PTP (Lane 2), and 100 pl 
of plasma (25009 at 30 min) from a normal subject (Lane 3). B shows 
reactivity with the same antibody with platelets (Lane 4), plasma 
(25009 at 30 min) from the patient BE (Lane l), plasma spun at 
100,OOg for 2 hr from the same patient (Lane 2), and a lysate of the 
100,OOOg sediment of 1 ml of plasma in the bottom of the centrifu- 
gation tube solubilized in 200 pI of lysing buffer (Lane 3). 

present in the sediment of the supernatant of the 2500g 
plasma as well as the sediment obtained following 
100,OOOg centrifugation of the 2500g supernatant of 
control plasma from subjects with normal platelet 
counts (data not shown). Lane 4 shows a positive 
control consisting of platelet lysate. Similar negative 
results were obtained after application of 1-2 ml of the 
PTP patient's centrifuged (100,OOOg) acute phase 
plasma to a 1-ml affinity column that had been coupled 
with DEK-16. This column was capable of affinity 
purifying GPIIIa from a platelet lysate (7). No GPIIIa 
could be eluted after overnight incubation of the col- 
umn with the patient's acute phase plasma. Similar 
negative results were obtained with the acute plasmas 
of five patients with PTP, employing DEK-16 (two 
patients) as well as 1251-BE (five patients) as the devel- 
oping antibodies (data not shown). 

Discussion 
The pathophysiology of PTP is enigmatic. It is clear 

that there is an interaction between antibodies and 
autologous platelets. Several hypotheses attempt to ex- 
plain why these antibodies react with platelets which 
lack the antigen to which the antibody is made (1 3). 

One hypothesis is that the antigen comes off the 
transfused PLA1-positive platelets and somehow adheres 
to the recipient's platelets, thus converting the platelet 
phenotype from negative to positive. The antibody 
formed would then bind to the converted platelets and 
they would either be lysed by complement or cleared 
by the reticuloendothelial system. This hypothesis 
gained credence when data were published (4-6) show- 
ing that PLAl-negative platelets could be converted to a 
PLAl-positive phenotype by incubating them in plasma 
from stored blood drawn from a PLA1-positive subject. 
By using an indirect assay, Kickler et al. (4) reported 
that the concentration of PLA' epitope in the plasma of 
stored blood correlated with the duration of storage. 
The soluble PLA1 epitope, however, was not directly 
demonstrated. The soluble PLA1 was also not demon- 
strated by Dieleman et al. (6) who did not centrifuge 
their stored plasma at 100,OOOg prior to incubation 
with PLA1-negative platelets. Warejcka et al. (5) re- 
ported that PLAl platelets lost their PLA1 epitope in the 
absence of divalent cations, and that the epitope bound 
to PLA1-negative platelets in the presence of divalent 
cations. 

Our present data clearly show that the PLAl epitope 
and the GPIIIa antigen are present in particulate form 
in stored blood and can be eliminated from the super- 
natants of platelet preparations by sufficient centrifu- 
gation. Furthermore, the presence or absence of diva- 
lent cations had no effect. With the use of a more 
specific assay than that employed by Kickler et al. (4), 
we have shown that 100,OOOg centrifuged plasma from 
stored blood from a PLA- 1 -positive donor is incapable 
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of converting PLAl-negative platelets to a PLA- 1 -posi- 
tive phenotype (within the detection sensitivity of our 
assay), irrespective of the duration of storage. It is 
possible that the data published by others reflect an 
artifact of platelet dust present in units of stored blood. 
These small platelet fragments resist centrifugation at 
2500g in plasma. After mixing with washed PLA1 neg- 
ative platelets, they cosediment with whole platelets 
during subsequent washings. When this material, con- 
sisting of PLAl-negative platelets and PLAl-positive 
platelet dust, is lysed in detergent, run on SDS-PAGE, 
and developed as an immunoblot, it produces a band 
of M, 100,000 which reacts with an anti-PLA' antibody. 

Although our data suggest that transformation 
from a negative to a positive phenotype by a soluble 
antigen is an unlikely explanation for the pathophysi- 
ology of PTP, they do not exclude the possibility that 
insoluble fragments of PLAl-positive platelets might 
bind to PLA'-negative platelets, rendering them PLAl 
positive. We consider this unlikely for the following 
reasons: (i) Insoluble platelet particles, passively intro- 
duced into a patient on one occasion should be rapidly 
cleared by their reticuloendothelial system. Indeed, the 
onset of thrombocytopenia classically occurs 1 week 
after the blood (platelet) transfusion and the duration 
of thrombocytopenia can be as long as two to three 
platelet survival intervals. (ii) We were unable to detect 
insoluble PLA1 dust in the 2500g plasma or lO0,OOOg 
sediment of our severely thrombocytopenic PTP pa- 
tient. 

A second "immune complex" hypothesis proposes 
that on initial clearance of the PLA'-positive platelets 
by anti-PLA' antibody, fragmentation of these platelets 
results in the release of small amounts of PLA'-positive 
material which form complexes with anti-PLA' anti- 
body. These complexes bind to PLA'-negative platelets 
via their Fc receptors and result in accelerated clear- 
ance. On phagocytosis, the IgG-PLA' complexes are 
released and bind to newly formed platelets (3). How- 
ever, we were unable to detect soluble GPIIIa in the 
IO0,OOOg plasma of five severely thrombocytopenic 
PTP patients or insoluble GPIIIa in the 2500g plasma 
or 100,OOOg sediment of a PTP patient. If this material 
had rapidly complexed with anti-PLA' antibody, it 
might have been rapidly cleared and therefore not 
detected by our methodology. 

A third hypothesis proposes that patients with this 
disorder develop auto- or alloimmune antibodies 
against other platelet antigens shared by PLA'-negative 
and positive individuals. A recent report provides evi- 
dence for such an autoimmune antibody with specific- 
ity for a 120,000-dalton membrane glycoprotein ( 14). 

PTP is a fascinating disorder. Hypotheses regarding 
the pathogenesis abound. Unfortunately, data support- 
ing these hypotheses are either unavailable or uncon- 
firmed. Our data argue against one appealing explana- 
tion for the disorder. It is our hope that by reporting 
negative data regarding one theory, we will accelerate 
the elucidation of the mechanism of this disorder. 

This research was supported by Grant HL-13336-18 of the 
National Heart, Lung and Blood Institute. 
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exchange units of patient BE. 
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