Severe platelet desialylation in a patient with
glycoprotein Ib/IX antibody-mediated immune
thrombocytopenia and fatal pulmonary hemorrhage

Immune thrombocytopenia (ITP) is a common bleeding
disorder characterized by autoantibody-mediated platelet
destruction. Antibodies predominantly target platelet gly-
coproteins GPIIb/Illa (70-80%) and GPIb/IX (20-40%),
with some patients having both. In animal models, anti-
GPIb/IX but not anti-GPIIb/Illa antibodies are associated
with Fc-independent platelet clearance and resistance to
intravenous immunoglobulin G (IVIG) therapy.'” In
humans, anti-GPIb/IX-mediated ITP is associated with
inferior responses to both IVIG and corticosteroids.”® The
mechanism behind anti-GPIb/IX-mediated Fc-independent
platelet clearance has not been adequately addressed.” We
recently found in murine models of ITP that anti-GPIb/IX
antibodies trigger platelet activation and neuraminidase
translocation to the cell membrane, causing platelet desia-
lylation (removal of sialic acid residues) and Fc-independent
hepatic platelet clearance (Li] et al., submitted manuscript).”
Here we report the first clinical evidence of antibody-medi-
ated platelet desialylation utilizing ITP sera from a fatal
case. In addition, we show antibody specificity was exclu-
sively targeting GPIb/IX and not GPIIb/IIla. Our findings
introduce an Fc-independent mechanism of platelet
destruction that may explain the differences in response to
therapy between anti-GPIb/IX and anti-GPIIb/Illa-mediat-
ed ITP.

The patient was a 63-year old male with a 7-year history
of Evan’s syndrome with severe thrombocytopenia, muco-
cutaneous bleeding, and gastrointestinal hemorrhage. He
had presented seven years previously with autoimmune
hemolytic anemia (AIHA). He was treated with corticos-
teroids, intravenous immunoglobulin (IVIG), and red cell
transfusions and experienced a complete response with no
further recurrences of AIHA. He presented with ITP five
years before the current admission with a platelet count of
16x10°/L but no bleeding manifestations. He was treated
with corticosteroids with complete response. He experi-
enced 3 additional episodes of thrombocytopenia four,
two, and one year before the current admission (platelet
count nadirs were 35x10°/L, 13x10°/L, and 1x10°/L, respec-
tively), each treated with corticosteroids as an outpatient
with normal platelet counts between relapses. Relapses
were not associated with hemorrhagic symptoms other
than petechiae.

Seven days before the current admission, the patient
developed petechiae. Platelet count was 58x10°/L (hemo-
globin 134 g/L with no evidence of hemolysis). The follow-
ing day he noted oral purpura and his platelet count fell to
4x10°/L. He was started on oral dexamethasone 40 mg
daily for four days as an outpatient. Platelet counts three
and five days later were unchanged. On Day 5, due to new
onset of melena, he was admitted to hospital (platelet
count 2x10%/L). Over Days 5 to 7 he was administered
intravenous steroids, intravenous immunoglobulin (IVIG),
tranexamic acid, 5 units of red blood cells, and 4 platelet
pools with continued gastrointestinal hemorrhage. No
increments in platelet count were seen post platelet trans-
fusion. On Day 7, he developed progressive shortness of
breath, hemoptysis, and patchy airspace disease (Omnline
Supplementary Figure 51). Despite intravenous and endotra-
cheal tranexamic acid and recombinant factor VIla, he had
progressive respiratory failure due to pulmonary hemor-
rhage and died. Sera was obtained from the patient prior to
death and laboratory testing with monoclonal antibody-
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Figure 1 (A) GPIb/IX specificity as detected by MAIPA in two inde-
pendent assays (OD: optical density). No anti-33 (i.e. anti-GPllla)
antibodies were detected (black bars, below the dotted black line).
Only anti-GPIb antibodies were detected (light gray bars, above dot-
ted black line). Control was normal human sera. (B) Ristocetin-
induced (i.e. GPlb-VWF-mediated) platelet aggregation was inhibit-
ed by patient sera (5% dilution). Control was normal human sera.

specific immobilization of platelet antigen (MAIPA)
revealed a strikingly high level of anti-GPIb/IX antibodies,
with no detectable anti-GPIIb/IIla antibodies (Figure 1A).
To evaluate whether the anti-GPIb/IX antibodies had an
effect on the hemostatic function of platelets, we incubated
the patient’s sera with normal human platelets and stimu-
lated aggregation in vitro using ristocetin (an agonist specif-
ically inducing GPIb-VWF interaction). The patient’s anti-
GPIb/IX antibodies were found to interfere with normal
platelet function as shown by inhibition of GPIb-VWEF-
mediated platelet aggregation (Figure 1B). Aggregation may
have been impaired due to competitive inhibition of the
GPIb receptor by the anti-GPIb antibodies, which likely fur-
ther enhanced the severity of the patient’s hemorrhage.
The most interesting finding was that incubation of the
patient’s sera with normal human platelets resulted in
platelet activation and marked platelet desialylation (Figure
2A and B). Platelet activation was detected by P-selectin
staining.”"’ Desialylation was detected by flow cytometry
with fluorescein-conjugated Ricinus Communis Agglutinin
I (RCA-1), which binds to underlying galactose residues.
Neuraminidase-1 (NEU1) is a mammalian sialidase with
natrow substrate specificity with preference for glycopro-
teins. NEU1 can be found in abundance in platelet granules
and can be clearly observed via immunofluorescence of
permeabilized platelets (Online Supplementary Figure S2).
Platelet NEU1 has been shown to translocate to the platelet
surface to mediate platelet desialylation during cold stor-
age. We found that incubation of normal human non-per-
meabilized platelets with this patient’s sera induced surface
expression of NEU1 (Figure 2C), which likely mediated the
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observed desialylation. We, therefore, propose that the
antibody specificity and severe desialylation observed
affected not only platelet number, but also platelet function
and response to treatment, resulting in fatal refractory
hemorrhage. A change in antibody specificity may explain
why previous relapses occurred without hemorrhage in
this patient. Physicians should be aware that even within
the same individual, each ITP relapse may differ in bleeding
severity and response to treatment, possibly due to changes
in antibody specificity. Thus, we strongly recommend that
screening for antibody specificity become standard practice
for ITP at the first presentation and at every relapse.

Our proposal is supported by our very recent discovery
in animal models of ITP. Previously, we and others have
found that anti-GPIba antibodies cause platelet activation
and apoptosis.”® We further found in a murine model of
anti-GPIb/IX-mediated ITP that anti-GPIb/IX antibodies
trigger platelet activation and degranulation, which likely
was accompanied by neuraminidase translocation to the
cell membrane, causing platelet desialylation.” Through
engagement with Ashwell Morell receptors on hepato-
cytes, in vivo evidence suggested that these desialylated
platelets may be cleared by the liver in addition to the
spleen.’ Importantly, this Fc-independent thrombocytope-
nia was successfully treated with sialidase inhibition in ani-
mal models of anti-GPIb/IX-mediated ITP.* Notably, a pre-
vious case report described an ITP patient who was treated
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Figure 2. (A) P-selectin expression after incu-
bation with patient sera in serial dilutions,
expressed as fold change from control sera.
(B) Platelet desialylation after incubation with
patient sera in serial dilutions. B1-A repre-
sents desialylation as measured by flow
cytometry detection of fluorescein-conjugated
Ricinus Communis Agglutinin | (RCA-1) bound
to exposed desialylated galactose residues. (C)
Neurominidase (NEU1, red) translocation to
the platelet surface (GPllla, green) after incu-
bation with patient sera. Platelets were non-
permeabilized. Scale bar represents 2 um.

with a neuraminidase inhibitor (TamifluTM) for HIN1
influenza and had a complete resolution of her thrombocy-
topenia after five days. Therefore, it is likely that the severe
platelet desialylation observed in our case contributed to
the pathogenesis of ITP. This study establishes the clinical
relevance of the desialylation pathway and presents its
potential as an important biomarker and therapeutic target
for refractory ITP.
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