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Abstract

Immune thrombocytopenia (ITP) is a bleeding disorder caused by dysregulated B- and T- cell functions, which lead to
platelet destruction. A well-recognized mechanism of ITP pathogenesis involves anti-platelet and anti-megakaryocyte
antibodies recognizing membrane glycoprotein (GP) complexes, mainly GPIb/IX and GPIllIb/lIlla. In addition to the current
view of phagocytosis of the opsonised platelets by splenic and hepatic macrophages via their Fc y receptors, antibody-
induced platelet desialylation and apoptosis have also been reported to contribute to ITP pathogenesis. Nevertheless,
the relationship between the specific thrombocytopenic mechanisms and various types of anti-platelet antibodies has
not been established. In order to ascertain such association, we used sera from 61 ITP patients and assessed the capacity
of anti-platelet antibodies to induce neuraminidase 1 (NEU1) surface expression, RCA-1 lectin binding and loss of mito-
chondrial inner membrane potential on donors’ platelets. Sera from ITP patients with detectable antibodies caused sig-
nificant platelet desialylation and apoptosis. Anti-GPlIb/Illa antibodies appeared more capable of causing NEU1 surface
translocation while anti-GPIb/IX complex antibodies resulted in a higher degree of platelet apoptosis. In ITP patients with
anti-GPlIb/llla antibodies, both desialylation and apoptosis were dependent on FcyRlla signaling rather than platelet ac-
tivation. Finally, we confirmed in a murine model of ITP that destruction of human platelets induced by anti-GPllb/Illa
antibodies can be prevented with the NEU1 inhibitor oseltamivir. A collaborative clinical trial is warranted to investigate
the utility of oseltamivir in the treatment of ITP.

membrane glycoprotein (GP) complexes.?® The seminal

Introduction . . . e
Harrington-Hollingsworth experiment of self-infusion of

Immune thrombocytopenia (ITP) is an acquired auto-
immune disease characterized by enhanced platelet de-
struction and impaired platelet production from
megakaryocytes.' ITP patients can present with no predis-
posing condition (hence, primary ITP) or with a variety of
associated disorders (secondary ITP),? such as auto-
immune diseases (especially systemic lupus erythemato-
sus),® infections (notably Hepatitis C virus and HIV)* as
well as malignancies.® Primary ITP is estimated to repre-
sent approximately 80% of all adult ITP.* Regarding the
incidence of ITP, studies from Europe have estimated that
to be 2.9-3.9/100,000 annually in adults,®® with an overall
incidence slightly higher in females than males. The
prevalence is approximately 9.5-23.6/100,000.5°

The pathogenesis of ITP involves antibodies recognizing

ITP plasma led to the discovery of a humoral factor ac-
countable for platelet destruction in ITR™? Subsequently,
Shulman identified that this factor could be adsorbed by
platelets and was associated with immunoglobulin G
(IgG).”® Currently, the widely-accepted mechanism is that
antibody-coated platelets are phagocytosed by splenic
and/or hepatic macrophages of the reticuloendothelial
system, via their Fc y receptors (FcyR), resulting in accel-
erated platelet clearance®* Equally important in the pa-
thogenesis of ITP is the dysfunction of T cells. Both CD4*
T-regulatory cells reduction™" and CD8" T-cell-mediated
cytotoxicity™?' have been reported in ITP.2°"® |n addition,
CD8" T-regulatory cells’ immunosuppressive role in ITP
has been recognized.?? This further highlights the signifi-
cant role of T cells in immune dysregulation and ITP.??
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Antibody-mediated platelet apoptosis has also been sug-
gested in ITP. In 2006, Leytin and colleagues reported in
the mouse model that monoclonal anti-GPIlb antibody in-
jection induced thrombocytopenia, caspase-3 activation,
enhanced phosphatidylserine (PS) exposure and mito-
chondrial inner transmembrane potential (A¥Ym) depolar-
isation.?* In 2012, Winkler et al. demonstrated similar
findings in pediatric patients with ITP.2> More recently, pla-
telet apoptosis was also confirmed in adult ITP patients
by Goette and colleagues.?® However, the relationship be-
tween platelet apoptosis and ITP antibody specificity was
unclear, as only one patient carried sole anti-GPIb/IX anti-
bodies in this study.

Another ITP pathway that has also been previously?” and
recently?® described is Fc-independent platelet clearance.
Li and co-workers reported platelet desialylation through
antibody-induced platelet activation by treating donor
platelets with monoclonal anti-GPIb/IX antibodies and ITP
sera.?® Using a murine model of ITP secondary to mono-
clonal anti-GPlba antibodies, the group demonstrated evi-
dence of platelet removal via Ashwell-Morell receptors on
hepatocytes, and the use of sialidase inhibitors to attenu-
ate thrombocytopenia.?® Although the model is not di-
rectly relevant to human disease due to the absence of
platelet surface FcyRIIA on mouse platelets and the poly-
clonal nature of primary ITP,2? these findings still have
potential therapeutic implications: patients with anti-
GPIb/IX antibodies may respond to sialidase inhibitors
while patients with anti-GPIIb/llla antibodies were con-
sidered unlikely to respond to this novel treatment.
Conversely, patients who harbor anti-GPIlb/Illa antibodies
possibly respond to IVIg therapy better than those with
sole anti-GPIb/IX antibodies, because anti-GPlIb/llla anti-
bodies could drive ITP in an Fc-dependent fashion.?330-32
Similarly, splenectomy may be ineffective in patients with
only anti-GPIb/IX autoantibodies as desialylated platelets
are removed by the liver.?2® This differential effect and,
therefore, determining antibody specificity, may influence
treatment decision and ultimately patient outcomes.
Nevertheless, these views have been recently challenged
by Cantoni et al., who studied 93 ITP patients and found
no predictability of anti-platelet antibody (APA)-specificity
on the site of platelet clearance.*® Thus, ongoing investi-
gations to determine whether antibody specificity pre-
dicts therapeutic response is vital.

The true extent to which platelet desialylation and/or pla-
telet apoptosis are involved in ITP pathology remains
unclear. Notably, both desialylated and apoptotic platelets
were reported to be removed by the liver.?83+35 Yet, platelet
apoptosis was observed in a murine ITP model induced
by monoclonal anti-GPllb antibodies,?* but desialylation
has been demonstrated in ITP patients with anti-GPlba?®
and anti-GPlIb/Illa antibodies.?®*” Whether there is a link
between platelet desialylation and platelet intrinsic apop-
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tosis in ITP caused by these two antibodies is still not de-
fined. In addition, the possibility of using neuraminidase
inhibitors in the treatment of ITP is also to be investigated.
We recently examined the sera from 61 ITP patients for
the presence of APA and their specificities.*® Here, we
further scrutinize the sera’s capability to induce platelet
desialylation and apoptosis, and studied these two po-
tential thrombocytopenic mechanisms’ relationship with
the antibody subtypes. Additionally, we established a
mouse model to elucidate the therapeutic effect of neur-
aminidase inhibitor in preserving human platelet number
in the presence of patients’ antibody and provide in vivo
data on the feasibility of this agent in the treatment of ITP.

Methods

Patient sample collection

The study was approved by the Human Research and Ani-
mal Care Ethics Committees of the University of New
South Wales (Sydney, Australia). Sera were obtained from
61 adult ITP patients (aged between 18-90 years) and 21
healthy controls with written informed consent. All 61 pa-
tients were diagnosed with ITP according to the inter-
national working group’s criteria,® which was also
consistent with the 2019 updated consensus report.*°
Whole blood was centrifuged at 860xg for 10 minutes
(min). The sera and plasma were stored in aliquots at -
80°C until required for analysis. In some experiments, IgG
fraction, purified using Protein G affinity chromatography
(Sigma-Aldrich, USA), was used. The purity was over 95%
as determined by gel densitometry (Imaged, Version
2.1.0/1.53c).

Anti-platelet antibody detection and specificity
determination

The indirect detection of APA and the determination of
antibody specificities in this cohort of patients have re-
cently been published.*® Briefly, venous blood was col-
lected into 3.2% trisodium citrate. Platelet pellets were
washed with wash buffer (pH 6.0) containing 140 mM
NaCl, 5 mM KCL, 12 mM trisodium citrate, 10 mM glucose,
12.5 mM sucrose, followed by resuspension in buffer (pH
7.4) containing 140 mM NaCl, 3 mM KCL, 0.5 mM MgCL,, 5
mM NaHCO,, 10 mM glucose and 10 mM HEPES. Washed
platelets (1x10°) were incubated with patients’ samples at
various dilutions for 30 min at 37°C, washed twice, incu-
bated with Alexa Fluor 488 or 647-labeled anti-human IgG
(Invitrogen, 1:100), washed and analyzed by flow cytometry
(LSRFortessa™ X-20 [BD, USA]).

For antibody specificity determination, monoclonal anti-
body immobilization of platelet specific antigens assay
(MAIPA) was performed as previously described.*®4 Donor
platelets were incubated with sera, followed by washing
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and incubation with antibodies against GPlIb/Illa complex
(AP2; Beckman Coulter, USA), GPIX (FMC25, Millipore, USA)
or GPV (G-11, Santa Cruz Biotechnology, Inc. USA). The pla-
telets were washed, solubilized and incubated in goat
anti-mouse 1gG Fc fragment-specific antibody (Jackson
ImmunoResearch, USA) precoated microtiter plates
(ThermoFisher, USA). The reactions were washed and
further incubated with goat anti-human IgG Fc fragment-
specific-horseradish peroxidase-conjugated antibody
(Sigma-Aldrich, USA). SureBlue™ TMB-microwell peroxi-
dase substrate (KPL Inc. USA) was then added and
stopped at 10 min with 0.18 M sulphuric acid. The absorb-
ance was read at dual wavelength (450 nm and 492 nm).

Platelet neuraminidase expression, desialylation and
activation

In order to examine sera-induced platelet neuraminidase
expression, 1x10® washed donor platelets were incubated
with patient or control sera (1:25) for 30 min at 37°C fol-
lowed by washing and incubation with anti-NEU1 mouse
monoclonal antibody (1:25, Santa Cruz Biotechnology, Inc.
USA) for 20 min at room temperature and washing. Simi-
larly, for platelet desialylation, the washed sera-donor
platelet reactions were incubated with FITC-labeled Rici-
nus communis lectin (RCA-1, Vector Laboratories, USA, 0.5
pg/mL). In order to determine the effect of patients’ IgG,
control experiments were performed using purified IgG
from healthy donors and ITP patients (50 pg/mL). Platelet
activation was assessed by flow cytometry with anti-P-
selectin monoclonal antibody APC (1:5, eBioscience™, Ger-
many).

Platelet apoptosis

In order to evaluate ITP patient sera’s effect on platelet
mitochondrial inner membrane depolarization potential,
1x10® washed donor platelets in phosphate-buffered saline
containing 1 mM MgCL,, 5.6 mM glucose, 10 mM HEPES and
0.1% bovine serum albumin were incubated with patients’
or controls’ sera (1:10) for 30 min at 37°C, followed by
washing and incubation with 100 nM DiOC, (Molecular
Probes) for 15 min in the dark. In order to examine the role
of FcyR in platelet apoptosis, platelets were pre-incubated
with anti-FcyRlIla antibody (clone IV.3, 2.5 ug/mL) for 10
min at 37°C prior to treatment with patients’ sera. In order
to determine the effect of patients’ IgG on platelet apop-
tosis, experiments were performed using 50 pyg/mL of IgG,
followed by washing and incubation with 50 nM DiOC,.

NOD/SCID mouse model of immune thrombocytopenia

Human platelets (450x10°) were transfused via the tail vein
into the non-obese diabetic/severe combined immuno-
deficient (NOD/SCID) mice and allowed to stabilize for 2.5
hours (h). Forty pg/g of patients’ or controls’ IgG was then
administered intravenously.*?> Oseltamivir-treated mice re-
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ceived intraperitoneal (IP) injection of 10 pg/g oseltamivir
immediately prior to human platelet infusion and again,
immediately before I1gG injection. Mouse blood was col-
lected at time O (prior to IgG injection), 2, 4 and 6 h fol-
lowing 1gG injection. Human platelets were identified
using anti-human CD41a V450 (BD Biosciences, USA) by
flow cytometry. The percentage of human platelets at
time 0 was set at 100%.

Statistical analysis

Flow cytometry data were processed with FlowJo soft-
ware (LCC, USA). Data were analyzed with GraphPad Prism
version 8 (GraphPad Software, USA). The significance level
was set at less than 0.05. Kruskal-Wallis test with Dunn’s
multiple comparison was carried out for in vitro desialy-
lation and apoptosis experiments. Linear mixed model
was used to examine the effect of neuraminidase inhibitor
on platelet survival in vivo. Mann Whitney test was applied
in other analyses.

Results

Patient characteristics

Of the 61 patients (aged between 18-90 years old) in-
cluded in this study, 61% were female. The majority (84%)
had primary ITP. Thirty-five patients (57%) had detectable
APA in their sera as determined by flow cytometry. MAIPA
demonstrated that nine patients had sole anti-GPIIb/llla
antibodies, five patients had sole anti-GPIb/IX antibodies
while seven other patients had antibodies against both
complexes. The rest (14 patients, 23%) had no detectable
anti-GPIIb/llla or anti-GPIb/IX antibodies by MAIPA (Figure
1A).%® Compared to the direct testing,*® the lower detection
rate of dual antibody positive patients may reflect the
lower sensitivity in antibody determination using indirect
method, which is consistent with a prior MAIPA report.*
Recent work demonstrated that GPV is an important tar-
get of APA in ITP.#*45 We additionally interrogated patient
samples with positive indirect APA (sera from 31 patients
were available) for the presence of anti-GPV antibodies.
Using a cutoff of 3 standard deviations (SD) over the mean
of 20 normal controls, 21 patients were positive for anti-
bodies against GPlIb/llla, GPIb/IX and/or GPV (Table 1).
Seven were found to have anti-GPV antibodies in their
sera. However, two patients have co-existing anti-
GPIIb/llla antibodies, two others have co-existing anti-
GPIb/IX antibodies, and one patient had all three
antibodies (Table 1; Figure 1B).

Anti-platelet antibodies predict platelet desialylation

In order to determine whether ITP patients’ sera can in-
duce desialylation, we treated donor platelets with ITP or
control sera and measured NEU1 expression by flow cyto-
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Figure 1. Antibody pattern by indirect flow cytometry and monoclonal antibody immobilization of platelet-specific antigen assay.
(A) Focusing on GPIIb/llla and GPIb/IX in 61 immune thrombocytopenia (ITP) patients, 43% had no detectable antibodies by flow
cytometry (Ab negative); of the 35 patients with positive antibody by flow cytometry, 15% had antibodies against GPIIb/Illa (l1b/ll1a);
8% against GPIb/IX (Ib/1X); 11% had antibodies against both complexes (lIb/Illa & 1b/1X). (B) Examination of anti-GPV antibody by
monoclonal antibody immobilization of platelet-specific antigen assay (MAIPA) in 31 patients with available sera, in relation to

anti GPIlb/Illa and GPIb/IX antibodies. GP: glycoprotein.

metry. NEU1 expression was significantly increased in ITP
sera-treated platelets compared to controls (Figure 2A).
Further scrutiny of the patient subgroups, determined by
the antibody status, demonstrated that NEU1 transloca-
tion was significantly different from controls only in pla-
telets treated with sera from patients with detectable APA
(Figure 2B). Indeed, when we examined the level of pla-
telet desialylation, as assessed by RCA-1 binding, we
found that only antibody-positive sera could induce de-
tectable desialylation (Figure 2C). Of note, a significant
difference in RCA-1 binding was not detected when com-
paring the whole ITP group (antibody-positive and -
negative sera) to normal controls (Figure 2D). This is likely
due to the weak binding of lectins (such as RCA-1) to their
target sugars.*®

We further examined whether the IgG fraction was re-
sponsible for platelet desialylation. We used purified 1gG

Table 1. Summary of anti-platelet antibodies found in sera as
determined by monoclonal antibody immobilization of
platelet-specific antigens assay.

Patient N Patient %
GPlIb/llla 6 28.6
GPIb/IX 3 14.3
GPV 2 9.5
GPIIb/llla+GPIb/1X 5 23.8
GPlIb/llla+GPV 2 9.5
GPIb/IX+GPV 2 9.5
GPIIb/Illa+GPIb/IX+GPV 1 4.8
Total 21 100.00

GP: glycoprotein.

from two ITP patients containing anti-GPlIb/Illa antibodies
to treat donor’s platelets. Figure 2E shows that the I1gG
fraction causes significant platelet desialylation. This re-
sult confirmed the findings by Marini and colleagues, that
ITP patients’ IgG leads to cleavage of platelets’ sialic acid
and hence, platelet desialylation.®*® Together, these data
show that ITP autoantibodies induce NEU1 translocation
and platelet desialylation.

Given the previous observation of platelet activation by
monoclonal antibodies against GPlba causing platelet de-
sialylation,?® we examined the ability for ITP patients’ sera
to induce P-selectin externalization. Compared to the
control group, there was no enhanced anti-CD62P binding
to treated platelets (Figure 2F). Unlike NEU1 expression
and desialylation, no difference in platelet activation was
noted between sera from patients with or without detect-
able APA (Figure 2G). Interestingly, the three sera with the
highest P-selectin expression were all from secondary ITP
patients (systemic lupus erythematosus [SLE], anti-phos-
pholipid syndrome [APS] and B-cell lymphoma), raising
the likelihood of distinct disease biology in secondary ITP.
Finally, no difference was seen when patients with
GPllb/llla APA were compared with those with anti-GPIb/IX
antibodies (Figure 2H).

Anti-platelet antibodies predict platelet apoptosis

In order to determine the role of ITP auto-antibodies in
platelet apoptosis, washed platelets were treated with
either ITP or control sera. Like NEU1 expression, upon
treatment with patients’ sera, platelets showed signifi-
cantly reduced DiOC, fluorescence compared to the con-
trol (Figure 3A). This denotes the loss of mitochondrial
inner membrane potential, AWm, indicating the presence
of platelet apoptosis. Consistent with the observations for
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desialylation, when compared to the controls, antibody
positive patients’ sera disrupted mitochondrial A¥m more
effectively than the antibody negative group (Figure 3B).
Importantly, these changes are induced by the IgG fraction
of ITP sera (Figure 3C). Therefore, the presence of APA in
ITP sera induces platelet apoptosis as determined by

changes in mitochondrial AYm.
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Anti-GPllb/llla antiplatelet antibodies induce platelet
apoptosis via Fcy receptor

Prior literature demonstrated that the platelet desialylat-
ing capacity of anti-GPlba antibody was FcyR-indepen-
dent.?® However, in the case of anti-GPIIb/llla antibodies
induced ITP, we and others have shown that FcyR is the

driver of antibody-mediated platelet desialylation.®*¢*"Also
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Figure 2. Effect of immune thrombo-
cytopenia patient sera on platelet de-
sialylation and activation. (A and B) NEU1
surface translocation and (C and D), RCA-
1 lectin binding comparing patient sub-
groups and controls. (E) Effect of purified
immune thrombocytopenia (ITP) immu-
noglobulin G (IgG) (50 pg/mL) on RCA-1
lectin binding. (F and G) P-selectin ex-
pression on control and patient sera
treated platelets. (H) P-selectin ex-
pression on platelets treated with
GPlIb/llla or GPIb/IX antibodies. CTRL:
control; Pt: patient; Neg: antibody-
negative; Pos: antibody-positive; MFI:
mean fluorescence intensity. Data shown
as mean * standard deviation. Levels of
significance are expressed as P-values.
ns: non-significant, *P<0.05, **, P<0.01.
Mann Whitney and Kruskal-Wallis test
with Dunn’s multiple comparison.
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clinically relevant is that, anti-GPIlb/Illa auto-antibodies
account for the majority of antibody positive cases in our
patient population (Figure 1B), which is consistent with a
recent report.*®* Therefore, further examination into the
pathogenesis of anti-GPIlb/Illa antibody driven ITP is of
clinical significance.

In order to establish the relationship amongst anti-
GPlIb/llla antibodies, platelet FcyR and platelet apoptosis
in ITP, we evaluated the impact of FcyRIIA inhibition with
the monoclonal antibody IV.3 on platelet apoptosis. Pla-
telets were treated with patient sera with or without the
presence of IV.3, and the effect on platelet AWm was
examined. In the presence of FcyRIIA inhibitor, APA’ ability
to induce loss of AWYm was impaired (Figure 3D). The rise
in AWm in platelets pretreated with IV.3 was quantified
and is shown in Figure 3E. This observation indicates that
the anti-GPlIb/llla auto-antibodies signal via FcyRIIA to
initiate platelet apoptosis pathway.

Anti-platelet antibodies have differential effects on the
thrombocytopenic pathway
We further examined the differential effects of the most
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common APA’s on platelet desialylation and apoptosis. Al-
though only nine sera contained anti-GPlIb/llla without
the presence of anti-GPIb/IX antibodies, six of these anti-
bodies induced NEU1 translocation (defined as mean flu-
orescence intensity [MFI] greater than 2SD of the
controls). In contrast, only one of the five sera with anti-
GPIb/IX antibodies, without anti-GPllb/llla, was able to do
so (Figure 4A, table 2). To our surprise, four of these five
anti-GPIb/IX sera led to platelet apoptosis as reflected by
significant loss of AWm (defined as MFI lower than 2SD of
the controls) while only three of the nine anti-GPllb/Illa
sera induced this change (Figure 4B; Table 2). Together,
these novel findings indicate that APA specificity is an im-
portant determinant of platelet fate in ITP and the missing
link between the previously unobserved relationship be-
tween platelet desialylation and apoptosis.3®

Two patient sera were found to have sole anti-GPV anti-
bodies. Repeated experiments using these two sera did
not show evidence of desialylation on donor platelets
(Figure 5A). However, treatment of donor platelets using
one of the two patients’ sera produced significant reduc-
tion of DIiOC6 fluorescence (Figure 5B). The second
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Figure 3. Effect of immune thrombocytopenia sera on platelet apoptosis. Loss of mitochondrial inner transmembrane potential
(A¥m) as measured by DiOC, in platelets treated by (A) immune thrombocytopenia (ITP) patients’ (Pt) and controls’ sera (CTRL),
as well as (B) antibody-positive (Pos) and antibody-negative (Neg) patients’ sera. (C) Effect of purified ITP immunoglobulin G
(IgG) (50 pg/mL) on washed platelets. (D) Histogram representing the effect of anti-FcyRlIla antibody 1V.3 on AWm despite the

presence of patient sera. (E) Effect of anti-FcyRIla antibody IV.3

on AWm of 3 patients; data point represents the mean of 3 ex-

periments. MFI: mean fluorescence intensity. Data shown as mean + standard deviation. Levels of significance are expressed as
P-values. ns: non-significant, *P<0.05, ***P<0.001. Mann Whitney and Kruskal-Wallis test with Dunn’s multiple comparison. Re-

peated measures ANOVA used in 3E.
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Table 2. Relative effects of anti-GPlIb/Illa and anti-GPIb/IX
antibodies on platelet desialylation and apoptosis.

Anti-GPllb/Illa Anti-GPIlb/IX
Effect
sera sera
Positive NEU1 translocation 67% 20%
Significant loss of AWm 33% 80%

GP: glycoprotein; AWm: mitochondrial inner transmembrane poten-
tial.

sample also led to decreased AWm compared to controls
but was not statistically significant (P=0.15; Kruskal Wallis
with Dunn’s multiple comparison), indicating that anti-
GPV APA possibly lead to platelet apoptosis. A larger
sample size with sole anti-GPV antibody is needed to as-
sess its functional effect on platelets.

Oseltamivir protects platelets from GPIlib/llla antibody
mediated destruction in vivo

Neuraminidase inhibitor oseltamivir has been previously
reported to protect platelets from anti-GPIba monoclonal
antibody driven platelet destruction in murine studies.?®
More recently, we demonstrated oseltamivir’s effect on
platelet number preservation in the presence of poly-
clonal human anti-GPIl/Illa antibody from a patient with
acquired Glanzmann Thrombasthenia.*” Following our
findings that anti-GPlIb/llla antibodies induce desialyla-
tion (Figure 4A), we extended our in vivo experiments to
examine other ITP patients with sole anti-GPlIb/Illa anti-
bodies. In order to test whether destruction of human
platelets could be prevented in vivo, we treated recipient
mice with oseltamivir. As shown in Figure 6, oseltamivir
protected human platelets from anti-GPIIb/llla antibody-
mediated destruction. Therefore, the protective effect of
desialylation inhibitors could be generalized to patients
with anti-GPlIb/llla antibodies. Oseltamivir reduces pla-
telet destruction in ITP and is potentially an efficacious
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treatment for a larger proportion of ITP patients as anti-
GPIlIb/llla antibody is a more common antibody than anti-
GPlba antibody.

Discussion

ITP is a heterogenous disease with multiple proposed
mechanisms. Potential therapeutic advances require more
detailed understanding of the means that lead to platelet
destruction. As such, we sought to examine platelet de-
sialylation and apoptosis as contributors to thrombo-
cytopenia in ITP. We studied 61 ITP patient sera and
examined the presence of APA as a predictor for these two
processes. Antibody specificity was interrogated, specifi-
cally, anti-GPIb/IX, anti-GPlIb/Illa and GPV antibodies. GPla
was not examined as isolated anti-GPla/lla antibody posi-
tivity has not been reported in recent literature.*** We
demonstrated that the presence of APA in ITP patients’
sera is associated with platelet desialylation in our patient
population. Although desialylation was initially thought to
be induced by anti-GPIb/IX antibodies in ITP,*® here we
found that enhanced neuraminidase expression was ob-
served in the majority of our patient cohort with detect-
able APA. This supports recent studies which reported
that the loss of sialic acid is a more frequent finding in
ITP than previously thought.***® Furthermore, in a murine
model of ITP utilising patients’ anti-GPIIb/llla antibodies
and human platelets, we found solid and reproducible3®
evidence to support the use of neuraminidase inhibitors
as potential new therapeutics for ITP.

The status of whether the patients have detectable ITP
antibodies also influences the degree of platelet apopto-
sis. Sera with ITP antibodies induced significantly greater
loss of AWm compared to the controls, which was not ob-
served in the antibody-negative group. As we and others
have found that desialylation depends on FcR activity in
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Figure 4. Differential effect of anti-GPIlb/Illa and anti-GPIlb/IX antibodies on NEU1 surface translocation and mitochondrial inner
transmembrane potential. (A) Effect on NEU1 surface translocation and (B) on mitochondrial inner transmembrane potential
(Aym). CTRL: control. Black horizontal lines represent the means for each group. Green horizontal lines indicate the cutoff for
positive samples (2SD over [for NEUT] and under [for DIOC ] the average of controls). Two patients in the anti-GPllb/lIlla antibody
subgroup and 2 patients in the anti-GPIb/IX subgroup had concomitant anti-GPV antibodies. MFIl: mean fluorescence intensity.
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anti-GPllb/llla antibody-driven ITR,** we further examined
the relationship between platelet FcyR and the down-
stream signaling of these ITP antibodies in platelet apop-
tosis. FcyRlla inhibitor V.3 effectively suppressed
antibody-induced platelet loss of AWm, indicating that
anti-GPllb/llla antibodies may signal through FcyR to initi-
ate platelet apoptosis.

In addition to the ability to predict desialylation and apop-
tosis, antibody specificity appears to have an impact on
the predominant thrombocytopenic mechanism in ITP.
Unlike a prior report,?® we found that anti-GPllb/Illa anti-
bodies resulted in higher degree of NEU1 translocation. On
the other hand, anti-GPIb/IX antibodies appeared to cause
more platelet apoptosis. A recent systematic study exam-
ined antibody specificity and platelet/megakaryocyte de-
sialylation.*® The report described no association between
antibody-induced desialylation and platelet apoptosis in

S.S. Zheng et al.

ITP.2¢ However, this study did not report the relationship
between antibody specificity and the induction of either
desialylation or apoptosis. In our study, the finding of dif-
ferential effects with respect to the antibody specificity
provides a potential new dimension to the understanding
of ITP pathogenesis.

The small number of patients containing sole anti-GPV
antibodies precludes definite conclusions on its effect on
the subsequent platelet events, but it is notable that sera
from both patients did not induce desialylation. Interest-
ingly, this result is consistent with the finding by Amini
and colleagues, who recently reported the lack of hepatic
uptake of Indium-111 labeled platelet in patients with anti-
GPV antibodies.* Of note, serum from one anti-GPV posi-
tive patient induced significant loss of platelet AWm,
indicating anti-GPV may drive ITP via platelet apoptosis.
While APA testing is available in specialized platelet lab-
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Figure 5. Effect of anti-GPV antibodies on platelet desialylation and apoptosis. (A) Effect on desialytion and (B) on apoptosis.
CTRL: control; Pt: patient. Data shown as mean * standard deviation. ns: non-significant, ***P<0.001. Kruskal-Wallis test with

Dunn’s multiple comparison. MFI: mean fluorescence intensity.
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Figure 6. Murine model of immune thrombocytopenia with anti-GPllb/llla antibodies. Effect of 3 immune thrombocytopenia (ITP)
patients’ (Pt) immunoglobulin G (IgG) (black dots) and oseltamivir treatment (red dots) in the presence of patient IgG, on human
platelet (plt) survival in NOD/SCID mice (n=5 for each patient group) measured as human platelet percentage at 2, 4, and 6 hours
after IgG injection. Data shown as mean * standard error of the mean. Levels of significance are expressed as P-values. ns: non-
significant, **P<0.01, ****P<0.0001. Linear mixed model. NOD/SCID: non-obese diabetic/severe combined immunodeficient.
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oratories, routine testing has not been recommended, and
ITP remains a disease without any confirmatory investi-
gation or a “gold standard” test. Given the additional im-
portant information provided by a positive result, which
is the ability of patients’ antibodies to induce platelet de-
sialylation and apoptosis, we suggest ITP antibody testing
to be incorporated into ITP management algorithm. It may
provide new insight into ITP pathology and could guide
treatment individualization.

The main weakness of our study is that it was performed
on stored patient samples. Prospective evaluation of path-
ological ITP sera would allow us to correlate the sera’s
ability to induce desialylation and apoptosis with patients’
treatment and disease response. Another significant limi-
tation in using stored samples is the lack of direct testing
on patient platelets. Direct glycoprotein-specific APA as-
says will improve testing sensitivity***° and is the recom-
mended test by the International Society of Thrombosis
and Hemostasis (ISTH).5" Nevertheless, indirect examin-
ation allowed us to determine the impact of APA present
in the patient serum on donor platelets and compared
such effect of different patient samples as well as with
controls.

Another limitation is the small number of patients with
single APA specificity. Larger sample size is desirable to
capture the difference between each antibody type and
the associated downstream effect on platelet survival
more accurately, which may ultimately lead to ITP treat-
ment individualization. An additional challenge is the dif-
ficulties in performing platelet antibody testing outside
specialized laboratories. In agreement with the ISTH rec-
ommendation, we recommend referral of platelet immu-
nology tests to a centralized laboratory, where staff are
adequately trained in specialized methods to minimize
laboratory variability.®

In conclusion, we report the predictive capability of APA
in relation to the potential underlying ITP mechanisms,
specifically platelet desialylation and apoptosis. We
showed the differential effects of antibody subtypes on
these two ITP pathogenesis pathways and the role of FcyR
on anti-GPlIb/llla antibodies induced platelet apoptosis.
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We also demonstrated the therapeutic effect of neur-
aminidase inhibitor in platelet preservation despite the
presence of anti-GPlIb/llla antibodies. Hence, such treat-
ment can potentially be applied to most ITP patients since
it is likely that both anti-GPlIb/Illa antibodies (this study)
and anti-GPIb/IX antibodies?® lead to platelet desialylation.
Further collaboration is required to investigate the treat-
ment potential using neuraminidase and/or apoptosis in-
hibitors in prospective randomized ITP clinical trials.
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