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ABSTRACT

mmune thrombocytopenia is a common bleeding disease caused by

autoantibody-mediated accelerated platelet clearance and impaired

thrombopoiesis. Accumulating evidence suggests that desialylation
affects platelet lifespan in immune thrombocytopenia. Herein, we report
on novel effector functions of autoantibodies from patients with immune
thrombocytopenia, which might interfere with the clinical picture of the
disease. Data from our study show that a subgroup of autoantibodies is
able to induce cleavage of sialic acid residues from the surface of human
platelets and megakaryocytes. Moreover, autoantibody-mediated desia-
lylation interferes with the interaction between cells and extracellular
matrix proteins leading to impaired platelet adhesion and megakaryocyte
differentiation. Using a combination of an ex vivo model of throm-
bopoiesis, a humanized animal model, and a clinical cohort study, we
demonstrate that cleavage of sialic acid induces significant impairment of
the production, survival as well as function of human platelets. These
data may indicate that prevention of desialylation should be investigated
in the future in clinical studies as a potential therapeutic approach to treat
bleeding in immune thrombocytopenia.

Introduction

Immune thrombocytopenia (ITP) is an autoimmune disorder characterized by
bleeding due to isolated thrombocytopenia with a platelet count below 100x107/L."?
The incidence of ITP ranges between 3.3-3.9/100,000 per year in adults, and
between 1.9-6.4/100,000 per year in children.** While the disorder has a brief course
with spontaneous remission in the majority of children, most adult patients develop
chronic ITP which can be associated with clinically significant bleeding including
hemorrhages in the skin or mucous membranes, giving rise to petechiae and purpu-
ra and, rarely, intracranial manifestations.”® The exact mechanism of autoimmunity
leading to ITP is still unclear, but includes an alteration of the balance between effec-
tor and regulatory cells.” This imbalance results in a breakdown of the immune tol-
erance in TP patients, causing functional alterations in the humoral and cellular
immune systems which are thought to contribute to the pathogenesis of ITP. For a
long time, it was thought that the low platelet count is caused solely by enhanced
destruction of opsonized platelets in the spleen upon binding of the antiplatelet
autoantibodies (AAb) to the glycoproteins expressed on the surface of platelets.*®
However, platelet desialylation has recently been suggested to be an alternative
mechanism of platelet destruction, which occurs in the liver through Ashwell-
Morell receptors.” This may explain the observation that a subgroup of ITP patients
(up to 20%) is refractory to splenectomy and treatment with intravenous immune
globulin G (IgG)." Furthermore, in recent years more attention has been drawn to
impaired platelet generation as another major cause of the low platelet count in
ITP'* This is due to the fact that megakaryocytes, the cells that release platelets
into the circulation,” express the same glycoproteins (GPIIb/Ila and GPIb/IX), pres-
ent on the platelet’s surface, that are targeted by AAb in ITP.*"
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Based on these considerations, we hypothesized that
the AAb-mediated desialylation of the glycoproteins
expressed on platelets and megakaryocytes may interfere
with platelet lifespan, affecting the clinical picture in ITP.
In this study, we investigated a cohort of ITP patients
with a focus on the impact of AAb-mediated desialyla-
tion on the survival and function of human platelets and
megakaryocytes.

Methods
Study cohort

Patients were enrolled into the study after a retrospective
review of their clinical records by two physicians to confirm the
diagnosis of ITP. Experiments were performed using leftover
serum from the ITP patients. Control sera were obtained from
non-ITP thrombocytopenic patients (with hypoproliferative
thrombocytopenia) as well as from randomly chosen healthy
blood donors, after obtaining written consent. Studies involving
human material were approved by the Ethics Committee of the
Medical Faculty, Eberhard-Karls Universitat, University Hospital
of Tiibingen, Germany, and were conducted in accordance with
the Declaration of Helsinki. Additional details are available in the
Online Supplementary Methods.

Antibody characterization

Free and platelet-bound AAb were detected by the monoclonal
antibody-specific immobilization of platelet antigens (MAIPA)
assay, as described previously.”" AAb-mediated changes in the
sialylation status of platelets and megakaryocytes were analyzed
using a flow cytometer. In order to investigate the AAb-induced
apoptosis, the mitochondrial inner transmembrane potential was
measured by flow cytometry, as previously described with minor
modifications." Furthermore, the impact of desialylation on the
ability of platelets to adhere to human serum albumin (Kedrion,
Barga, Italy), fibrinogen (Sigma Aldrich, Munich, Germany) or
von Willebrand factor (VWF: Baxalta, Vienna, Austria) was
assessed using an adhesion test, as previously described.”
Additional information is provided in the Online Supplementary
Methods and Online Supplementary Figure S1.

In vivo analysis

The impact of desialylation on the survival of human platelets
was analyzed using the NSG mouse model, as described previ-
ously.*”" All animal studies were conducted in Tibingen,
Germany, and were approved by the responsible authorities of
the State of Baden-Wirttemberg.

In vitro generation of human megakaryocytes
Megakaryocytes were produced from CD34" cells as previous-
ly described with minor modifications.”” In brief, CD34" cells
were magnetically isolated and cultured for differentiation into
megakaryocytes in cell medium supplemented with 50 ng/mL of
thrombopoietin for 14 days. The megakaryocytes generated in
vitro were identified and characterized using a flow cytometry
gating strategy based on DNA content, expression of CD41 and
CD42a as well as viable markers, as previously described.”* In
order to investigate the impact of AAb-induced desialylation on
thrombopoiesis, megakaryocytes were incubated with IgG from
ITP patients or healthy donors and proplatelet generation as well
as platelet release were assessed by microscopy and flow cytom-
etry, respectively, as previously described with minor modifica-
tions.” Furthermore, the ability of megakaryocytes to adhere to
human serum albumin, fibrinogen, VWEF or collagen (Collagen-

Horm, Takeda, Linz, Austria) was verified and quantified after 2
hours (h) of incubation with IgG fractions from ITP patients or
healthy donors, taking images from seven different microscope
fields (x40, Olympus IX73, Olympus GmbH, Germany).
Additional details are provided in the Ounline Supplementary
Methods and Online Supplementary Figure S2.

Statistical analysis

Statistical analyses were performed using GraphPad Prism 7
(LaJolla, CA, USA). A t-test was used to analyze normally distrib-
uted data, whereas a nonparametric test (Mann-Whitney test)
was used when data were not normally distributed, as assessed
by the D’Agostino and Pearson omnibus normality test. Group
comparisons were performed using the Wilcoxon rank-sum test
and the Fisher exact test with categorical variables. A P-value
<0.05 was assumed to represent statistical significance.

Results

Patients’ characteristics

The clinical records of 100 patients with ITP were inde-
pendently reviewed by two physicians. Forty percent of
the patients were female and the median age at the time
that laboratory testing was performed was 54 years
(interquartile range [IQR], 0-86 years) (Table 1). The medi-
an platelet count was 32x10°/L (IQR, 7-74x10°/L) and
48/100 (48%) patients reported bleeding events. With
regards to therapy, 35/100 (35%) patients had received
steroids and 32/100 (32%) had been treated with high
doses of intravenous IgG. Rituximab and thrombopoietin
analogs were given as second-line treatments to seven
(7%) and eight (8%) patients, respectively. On the day of
laboratory investigation, MAIPA assay revealed positive
results for free or bound AAb in 51/100 (51%) patients,
while no AAb were detectable in the sera of 49/100 (49 %)
patients (Table 1 and Online Supplementary Table S1).

Prevalence and clinical relevance of desialylating
autoantibodies

According to the calculated cutoffs (fold increases of 1.75
and 1.42, for B-galactose and N-acetylglucosamine, respec-
tively) sera from 35/100 ITP patients of the study cohort
induced desialylation. In particular, sera from 28/100 (28%)
patients caused the exposure of f-galactose, sera from
21/100 (21%) caused the exposure of N-acetylglu-
cosamine, and sera from 14/100 (14%) led to the exposure
of both residues (Figure 1A, B). A comparable frequency of
desialylating AAb was observed between pediatric and
adult patients (39% vs. 34%, respectively; P=0.8037).
Furthermore, more sera from patients with secondary ITP
induced desialylation in comparison to sera from patients
with primary ITP (60% vs. 31%, respectively; P=0.0395).

Lower platelet counts were documented in patients
with AAD inducing desialylation compared to those with
no desialylating ability (median [IQR], 13x10%/L [5-
42x10°/L] vs. 46x10°/L [11-81x10°/L], respectively;
P=0.0286) (Table 1). Most importantly, bleeding events
were more frequently reported by patients with desialy-
lating AAb (72% vs. 28%; P=0.0008) (Table 1). In particu-
lar, a greater tendency to develop petechiae (46% vs.
19%; P=0.0044) and hematomas (49% vs. 17%;
P=0.0009) was observed in ITP patients with desialylating
AAb compared to that in patients who tested negative in
the lectin-binding assay.

Antibody-mediated desialylation -
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Figure 1. Platelet desialylation ability of autoantibodies from patients with immune thrombocytopenia and the impact of glycoprotein specificity. (A, B) Sera from
thrombocytopenic patients without immune thrombocytopenia (ITP, empty diamonds) and patients with ITP (black diamonds) were incubated with washed platelets
from healthy donors. Cleavage of sialic acid and exposure of -galactose (A) and N-acetylglucosamine (B) on test platelets was detected by flow cytometry and deter-
mined as fold increase of the cleavage compared to that when the platelets were incubated with control sera. (C, D) Distribution of desialylating autoantibodies
according to the glycoprotein specificity as determined in a monoclonal antibody-specific immobilization of platelet antigens (MAIPA) assay. Data are presented as
the mean of the fold increase for each sample when tested with platelet suspensions from three healthy donors and compared to control sera. The number of ITP
sera tested is reported in the graphs. The values presented are the mean and range. Fl: fold increase; PLT: platelet; AAB: autoantibody; GP: glycoprotein.

The impact of glycoprotein specificity on the ability to
cleave sialic acid

Among the 51 patients with a positive test result in the
MAIPA assay for at least one glycoprotein, desialylation
was observed in 26 (51%). Not only did sera and IgG con-
taining AAb against GPIb/IX cause platelet desialylation,
but those containing anti-GPIIb/Illa AAb were also able
to induce cleavage of sialic acid and expose p-galactose or
N-acetylglucosamine (60% vs. 48% and 20% vs. 48%,
respectively) (Figure 1C, D). Of note, cleavage of sialic
acid was also observed for sera without detectable AAb
in the MAIPA assay, leading to increased expression of f-
galactose and N-acetylglucosamine in 7/49 (14%) and
5/49 (10%) cases, respectively (Figure 1C, D). This may
indicate the presence of low-avidity AAb in these sera, as
has been reported previously for anti-HPA-la alloanti-
bodies”” and complement-fixing AAb.*

Autoantibodies against GPlIb/llla induce desialylation
via crosslinking Fcy RIIA
It is well established that AAb against GPIb/IX cause

platelet desialylation via Fc-independent release of siali-
dase from o granules of platelets.” To verify the mecha-
nism of platelet desialylation by sera containing anti-
GPIIb/llla AAb, the expression of f-galactose and N-
acytelglucosamine was analyzed after incubation of
washed platelet with IgG fractions from these sera. No
significant difference in the ability to induce cleavage of
sialic acid from the platelet surface was observed
between patients’ sera and their corresponding IgG frac-
tions (fold-increase, [mean =+ standard error of mean,
SEM]: 5.96+1.31 vs. 5.69+0.99; P=0.8714 and 3.69+0.76
vs. 5.20+0.21, P=0.1028, for B-galactose and N-acetylglu-
cosamine, respectively) (Figure 2A, B). These results indi-
cate that IgG AAb initiate the cleavage of the sialic acid.
Next, washed platelets were preincubated with sialidase
inhibitor. A significant reduction of the IgG-mediated
cleavage of sialic acid was observed (% desialylation
[mean = SEM]: 100+0% vs. 63+2%; P=0.0001 and
100£0% vs. 57+6%; P=0.0002, for p-galactose and N-
acetylglucosamine, respectively) (Figure 2C, D). Since the
experiments were performed with IgG fractions and



Table 1. Demographic characteristics and clinical manifestations of the study cohort.

All ITP patients included
in the study (n=100)

Patients with
desialylating
autoantibodies

Patients with
non-desialylating
autoantihodies

Demographics

Gender, n (%) F=40 (40%)

(n=35) )

F=15 (43%) F=25 (38%)

M=60 (60%) M=20 (57%) M=40 (62%) 08308
Age in years, median (IQR) 54 (0-86) 49 (15-65) 55 (23-68) 0.1893
Laboratory findings
Platelet count x10%L at testing, median (IQR) 32 (7-74) 13 (5-42) 46 (11-81) 0.0286
f: Anti-GP [Ib/1lla 23/100 (23%) 15/35 (42%) 8/65 (12%) 0.0010
£ 5| Anti-GPIb/IX 5/100 (5%) 3/35 (9%) 2/65 (3%) 0.3400
s E| Anti-GP IIb/lla + Anti-GP Ib/IX 23/100 (23%) 8/35 (23%) 15/65 (23%) 0.9999
2| No detectable AAb 49/100 (49%) 9/35 (26%) 40/65 (62%) 0.0008
Bleeding symptoms, n (%)
Any bleeding 48/100 (48%) 25/35 (72%) 23/65 (28%) 0.0008
Petechiae 28/100 (28%) 16/35 (46%) 12/65 (19%) 0.0044
Hematoma 28/100 (28%) 17/35 (49%) 11/65 (17%) 0.0009
Mucosal 15/100 (15%) /35 (20%) 8/65 (12%) 0.3763
Epistaxis 12/100 (12%) 8/35 (23%) 4/65 (6%) 0.0208
Gastrointestinal 2/100 (2%) 135 (3%) 1765 (2%) 0.9999
Central nervous system 17100 (1%) 1735 (3%) 0765 (0%) 0.3434
Transfusion 10/100 (10%) 8/35 (23%) 2/65 (3%) 0.0033

*Results of antibody testing are reported as positive when either the direct or indirect monoclonal antibody-specific immobilization of platelet antigens (MAIPA) assay
revealed a positive reaction, indicating the presence of platelet-bound and free autoantibodies, respectively. F: female; M: male; IQR: interquartile range; GP: glycoprotein;

AAb: autoantibodies.

washed platelets, these data suggest that intracellular and
not plasma sialidase is responsible for the AAb-mediated
desialylation of platelets. Next, we blocked the Fcy RIIA
signaling using the monoclonal antibody IV.3. Significant
decreases in the expression of B-galactose and N-acetyl-
glucosamine were observed (% desialylation [mean =+
SEM]: 100+0% vs. 52+11%; P=0.0110 and 100+0% vs.
60+9%; P=0.0190, for p-galactose and N-acetylglu-
cosamine, respectively) (Figure 2E, F). Taken together,
these results indicate that IgG AAb against GPIIb/IIla are
able to crosslink Fcy RIIA leading to the release of siali-
dase from the intracellular compartments of platelets.

Desialylation contributes to antibody-mediated
destruction of human platelets

Patients with desialylating AAb had significantly lower
platelet counts compared to patients with sera that failed
to induce cleavage of sialic acid (median platelet count
[range], 13x10%/L [0-106x10°/L] vs. 46x10°/L [1-234x10°/L];
P=0.0121) (Figure 3A). A NSG mouse model was used to
analyze the impact of AAb inducing desialylation on
human platelet survival. In this model, 80-100x10°%uL
human platelets (~8-10% of the total circulating platelets)
are usually detectable 30 minutes (min) after injection
into the murine circulation, and more than 70% of these
platelets circulate for up to 5 h in the absence of platelet-
reactive antibodies (data not shown). Upon injection of IgG
fractions containing desialylating AAb from ITP patients,
a rapid reduction of platelet survival was observed com-
pared to that following injection of control IgG (%
human platelet survival after 5 h [mean + SEM]: 28+5%
vs. 79+5%, respectively; P=0.0005) (Figure 3B). AAb-
mediated platelet clearance was partially dependent on
desialylation. In fact, in the presence of a sialidase
inhibitor a remarkable rescue of platelet survival was
observed (% human platelet survival after 5 h [mean +

haematologica | 2021; 106(1)

SEM]: 28+5% vs. 45+3%; P=0.0191) (Figure 3B). These
results indicate that the ability to induce cleavage of sialic
acid contributes to AAb-mediated platelet destruction in
vivo.

Antibody-mediated desialylation is not associated with
platelet apoptosis

To verify a potential correlation between platelet desia-
lylation and apoptosis, mitochondrial inner transmem-
brane potential depolarization was investigated after
incubation with desialylating and non-desialylating AAb.
No correlation was observed between the ability of AAb
to induce desialylation and apoptosis (r*: -0.333, P=0.3510
vs. r’-0.344, P=0.3310, for p-galactose and N-acetylglu-
cosamine, respectively) (Figure 3C, D).

Desialylation contributes to autoantibody-mediated
platelet dysfunction

By testing IgG fractions from ITP patients, it was seen
that inhibition of platelet adhesion was greater with
desialylating AAb than with non-desialylating ones (%
adherent cells/field [mean + SEM]: 74+8% vs. 34+7%;
P=0.0021 and 67+5% vs. 26+2%; P=0.0027, for fibrino-
gen and VWE, respectively) (Figure 4A, B). When platelets
were pretreated with a pharmaceutically available siali-
dase inhibitor, significant improvements of platelet adhe-
sion were observed (% adherent cells/field [mean =+
SEM]: 836+5% vs. 86+6%; P=0.0001 and 26+2% vs.
67+11%; P=0.0203, for fibrinogen and VWFE, respectively)
(Figure 4C, D).

Desialylating autoantibodies impair in vitro
thrombopoiesis

To determine the ability of AAb to induce desialylation
of glycoproteins on the surface of megakaryocytes, IgG
fractions from ten ITP sera that induced a change in the

Antibody-mediated desialylation -
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sialylation pattern on platelets were incubated with
megakaryocytes derived from peripheral blood CD34" cells.
As shown in Figure 5A, IgG fractions from eight of the ten
sera were able to induce cleavage of sialic acid and lead to
exposure of f-galactose and N-acetylglucosamine. More
interestingly, the ability to initiate desialylation was not
restricted to AAb against GPIb/IX. In fact, anti-GPIIb/Illa
AADb were also able to induce megakaryocyte desialylation
(Figure 5B, C).

Next, we investigated the impact of AAb-mediated desia-
lylation on proplatelet formation. Megakaryocytes that
were cultured in the presence of IgG fractions from desialy-
lating AAb showed significantly less ability to form pro-
platelet extensions compared to those cultured in the pres-
ence of control IgG (% proplatelet-forming megakary-
ocytes, [mean = SEM]: 100£0% vs. 42+12%;, P=0.0037)

Non-desialylating

Desialylating
AAB AAB

healthy donors were incubated
with sera or immunoglobulin G
(1gG) fractions from patients
with immune thrombocytopenia
(ITP) with non-desialylating
(black columns) and desialylat-
ing (gray columns) autoantibod-
ies (AAB). Cleavage of sialic
acid and exposure of p-galac-
tose (A) and N-acetylglu-
cosamine (B) on test platelets
was detected by flow cytometer.
Note that there was no differ-
ence in the desialylation ability
between sera and correspon-
ding 1gG fractions. (C-F) To veri-
fy the mechanism of platelet
desialylation induced by anti-
GPlIb/Illa AAB, platelets were

z + preincubated with buffer or a

sialidase inhibitor (C,D), or the
monoclonal antibody IV.3 (E, F)
prior to the addition of IgG frac-
tions from sera containing
desialylating AAB  against
GPllb/llla complexes. I1gG from
three different ITP patients
were tested in four independ-
ent experiments using washed
platelets from healthy donors.
Data are presented as the
mean + standard error of mean
of the measured fold increase
compared to the data obtained
for 1gG from three healthy
donors used as controls. ns,
not significant, *P<0.05,
**P<0.01, ***P<0.001 and
#%%%P<0.0001. Fl:  fold
increase; PLT: platelet; GP: gly-
coprotein; mAB: monoclonal

Desialylating AAB

- +

Desialylating AAB antibody.

(Figure 6A). More interestingly, the ability to form pro-
platelets was largely rescued when sialidase was inhibited
(% proplatelet-forming megakaryocytes [mean + SEM]:
42+12% vs. 90+9%; P=0.0326) (Figure 6A-C).

Autoantibody-mediated desialylation interferes with the
interaction between megakaryocytes and
extracellular matrix proteins

Interaction between megakaryocytes and extracellular
matrix proteins was reported to be essential for the differ-
entiation of these cells and their ability to form pro-
platelet extensions.” When megakaryocytes were incu-
bated with desialylating AAb, it was found that there was
a significant reduction of cells that adhered to fibrinogen
and VWE but not collagen, compared to when the
megakaryocytes were incubated with non-desialylating
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AAb (% adherent cells/field [mean + SEM]: 88+8% vs.
58+8%, P=0.0479; 79+8% vs. 47+4%, P=0.0232 and
90+5% vs. 88+4%, P=0.8080, for fibrinogen, VWF and
collagen, respectively) (Figure 7A-C). This effect was
dependent on the ability of the AAb to induce desialyla-
tion. In fact, in the presence of a sialidase inhibitor there
were significant improvements of the ability of
megakaryocytes to adhere to both proteins (% adherent
cells/field [mean + SEM]: 50+6% vs. 88+5%, P=0.0022
and 47+4% vs. 82+7%, P=0.0020, for fibrinogen and
VWE, respectively) (Figure 7D, E). In contrast, no differ-
ence was observed for cell adhesion to collagen (% adher-
ent cells/field [mean + SEM]: 90+4% vs. 88+6%;
P=0.7083) (Figure 7F).

To confirm that sialylation plays an important role in
megakaryocyte differentiation, exogenous sialidase was

added to the culture medium at the beginning of the differ-
entiation stage. As shown in Online Supplementary Figure S3,
the numbers of total megakaryocytes as well as mature
megakaryocytes were lower in the presence of sialidase
than in the presence of buffer (CD41" megakaryocytes/pL
[mean + SEM]: 69+11 cells/uL vs. 27+4 cells/ul, P=0.0233;
CDA41*/CD42a* megakaryocytes/ul [mean + SEM]: 63+11
cells/ul vs. 25+4 cells/ul, P=0.0312, respectively) (Online
Supplementary Figure S3A, B). Interestingly, the ratio of
mature cells was similar (ratio of mature/total megakary-
ocytes, [mean + SEM]: 0.91+0.03 vs. 0.91+0.05; P=0.9540)
(Online Supplementary Figure S3C). Importantly, fewer
platelets were released into the supernatant after megakary-
ocyte desialylation (platelets/ul [mean + SEM]: 11+2
cells/ul vs. 41 cells/ul; P=0.0384) (Online Supplementary
Figure S3D). These results suggest that sialylation might be
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important for the differentiation of CD34" cells into mature  increased platelet destruction and impaired throm-
megakaryocytes. bopoiesis.*”** In this report, we describe novel effector
functions in which desialylating AAb from ITP patients
interfere with platelet lifespan and function. First, we con-
Discussion firm that desialylation contributes to AAb-mediated
destruction of human platelets and uncover a new mecha-
Thrombocytopenia in ITP patients is thought to be due  nism, in which IgG anti-GPIIb/Illa AAb induce crosslink-
to multiple alterations of the immune system leading to ing of Fcy RIIA leading to the release of sialidase from
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Figure 4. The impact of desialylating autoantibodies on platelet function. Washed platelets were preincubated with immunoglobulin G (IgG) fractions from healthy
donors (white columns), patients with immune thrombocytopenia (ITP) with non-desialylating (black columns) and ITP patients with desialylating (gray columns)
autoantibodies (AAB). Cells were then seeded on slides coated with fibrinogen (A) or von Willebrand factor (VWF, B). (C, D) To verify the role of desialylation in AAB-
induced impairment of platelet function, cells were preincubated with buffer (filled gray columns) or sialidase inhibitors (gray-white columns) prior to platelet adhesion
to slides coated with fibrinogen (C) or VWF (D). Photographs of randomly chosen fields were captured to calculate the percentage of adherent cells compared to
those in the control condition (considered as 100%). The number of adherent platelets in the sample that was incubated with IgG from healthy donor in each indi-
vidual experiment was considered 100%. Data are shown as the mean of the percentage of adherent platelets + standard error of mean in the presence of AAB from
three different ITP patients tested in three independent experiments with platelets from three different donors; ns, not significant, *P<0.05, **P<0.01, ***P<0.001
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right panels), respectively, are shown (scale bar: 10 um). PLT: platelet.
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human platelets. Second, our data demonstrate that desia-
lylation induced by AAb causes significant impairment of
platelet function. This finding seems to have considerable
relevance, since bleeding was observed more frequently in
ITP patients with desialylating AAb in our clinical study.
Most importantly, and to the best of our knowledge, we
provide for the first time evidence that AAb-mediated
desialylation inhibits megakaryocyte adhesion to bone
marrow extracellular matrix proteins, leading to limited
cell differentiation and reduced ability to form proplatelets.

The central role of AAb produced by B cells in ITP has
been clearly established.”® In contrast, the exact mecha-
nisms by which AAb interfere with platelet lifespan are
still a matter of research. According to the current under-

standing of ITP, AAb-mediated platelet destruction can be
caused in one or more ways, such as phagocytosis, apop-
tosis, or complement activation.”®** While these mecha-
nisms are related to the Fc-mediated effector functions of
the AAD, recent studies proposed desialylation as an Fc-
independent pathway of platelet elimination.”***
Although AADb against GPIb/IX are generally considered to
be the major mediators of platelet desialylation,* system-
atic clinical studies to analyze the impact of glycoprotein
specificity are rare.”® In contrast to previous studies, in
our study desialylation was frequently observed in associ-
ation with AAb against GPIIb/Illa. Our data show that
anti-GPIIb/Illa-induced desialylation is mediated by Fcy
RIIA crosslinking. F(ab’). fragments lacking the Fc-domain
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showed no desialylation ability (data not shown). Of note,
monoclonal antibodies against GPIIb/Illa failed to cause
desialylation of murine platelets. One possible explana-
tion for this discrepancy is that murine platelets, in con-
trast to human platelets, do not express the Fcy RIIA on
their surface. In order to investigate the biological rele-
vance of human platelet desialylation, we first used the
NSG animal model of passive immune thrombocytopenia.
In this model, all tested desialylating AAb were efficient in
removing human platelets from mouse circulation, regard-
less of their glycoprotein specificity. Importantly, when
sialidase was inhibited, platelet survival was significantly
enhanced. Considering that ITP AAb have been shown to
be capable of inducing platelet apoptosis and a subgroup
of them concomitantly desialylation,”*" we decided to
analyze the impact of desialylating AAb on platelet apop-
tosis. In our study, we observed that 40% of desialylating
ITP AAb induced apoptosis signals in test platelets.
However, our data showed no statistically significant cor-
relation between the ability of desialylation and apopto-
sis, suggesting that ITP AAb-mediated desialylation may
contribute to the impaired lifespan of platelets in an apop-
tosis-independent way.

In addition to accelerated platelet clearance, accumulat-

ns

ing evidence suggests that AAb are responsible for abnor-
mal platelet production from megakaryocytes in ITP
patients.” Recent studies have shown that ITP patients
have significantly fewer proplatelet-forming megakary-
ocytes compared to healthy controls,” and that AAb have
the ability to inhibit proplatelet formation by megakary-
ocytes.” Moreover, animal studies indicate that anti-
platelet AAb impair migration and adhesion of megakary-
ocytes without affecting these cells’ viability and prolifer-
ation,” or their number in the bone marrow.* In our study,
desialylating AAb from ITP patients were able to induce
cleavage of sialic acid from the surface of megakaryocytes
leading to a significant reduction in their ability to adhere
to extracellular matrix proteins, fibrinogen and VWE, in a
sialylation-dependent manner. Abnormal interactions
between these glycoprotein receptors of the megakary-
ocytic lineage and their corresponding extracellular matrix
ligands are thought to be responsible for impaired
megakaryocyte development and reduced platelet produc-
tion as, for example, shown in patients carrying functional
mutations in GPIIb/IIla* and GPIb/IX.** In addition, data
from ex vivo models of thrombopoiesis demonstrated that
the binding of fibrinogen and VWF to GPIIb/Illa and
GPIb/IX, respectively, enhances proplatelet production.”
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Figure 6. The impact of desialylating
autoantibodies on proplatelet for-
mation. (A) After 14 days of differen-
tiation, megakaryocytes were cul-
tured for 24 hours in the presence of
immunoglobulin  fractions from
healthy donors (white column) or
desialylating autoantibodies (AAB,
gray column). To test the impact of
desialylation on proplatelet forma-
tion, cells were treated with a siali-
dase inhibitor prior to their incuba-
tion with desialylating AAB (gray-
white column). The percentage of
proplatelet-forming megakaryocytes
was determined as the number of
megakaryocytes presenting at least
one cytoplasmic projection with
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malized to control immunoglobulin G
(IgG) as 100%. IgG samples from
three different patients with immune
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field (B) and immune fluorescence
microscopic images (C) of megakary-
ocyte-forming proplatelet extensions
- J " 3 in the presence of IgG fractions from
healthy donors (left panel), desialy-
lating AAB (middle) or in the pres-
ence of a sialidase inhibitor (right
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amin; blue staining, nuclei. Scale
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not significant, *P<0.05 and
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A recently published report described that AAb from ITP
patients interfere with the interactions of megakaryocytes
with different components of the bone marrow extracel-
lular microenvironment, leading to reduced proplatelet
formation.” Our study confirms this observation and
uncovers a new mechanism for the impaired throm-
bopoiesis in ITP. Desialylating AAb caused a significant
reduction of proplatelets by inducing the cleavage of sialic
acid from the megakaryocyte surface. We also found that
sialylation is important for the differentiation of
megakaryocytes. Along the same line, lower platelet
counts were found in ITP patients with desialylating AADb,
suggesting that not only may platelet elimination be
increased in this group of patients, but thrombopoiesis
might also be more severely affected. Of note, data from
a recent clinical study showed that oseltamivir, a sialidase
inhibitor, improved the response to thrombopoietin ago-
nists in more than half of ITP patients with AAb against
GPIb/IX.** The concept of preventing desialylation in
order to improve thrombopoiesis in ITP should be verified
in the future.

Of note, reduced sialylation of serum IgG has been
observed in autoimmune diseases such as rheumatoid
arthritis and systemic lupus erythematosus.* In our study;,
the exposure of -galactose and N-acetylglucosamine was
reduced when platelets were preincubated with a sialidase
inhibitor, indicating that the cleavage of sialic acid through

Antibody-mediated desialylation -

endogenous sialidase is responsible for the increased lectin
binding in our test system. This finding makes it very
unlikely that our observation was modulated by the sialy-
lation status of the AAD.

Although thrombocytopenia is considered to be a gen-
eral feature in ITP, the clinical manifestations of the dis-
ease are very heterogeneous, with no biomarker available
to predict the risk of bleeding. The presence of AAb might
influence the clinical picture in ITP patients not only by
causing a lower platelet count but also by reducing platelet
responsiveness. In fact, functional platelet defects were
observed in ITP patients with a bleeding tendency.*” In
our study, desialylating AAb caused impairment of
platelet adhesion to fibrinogen as well as VWEF suggesting
a possible impact on the hemostatic function of platelets.
It is worth noting that a greater bleeding tendency was
observed in ITP patients with desialylating AAb than in
those with AAD that failed to induce cleavage of sialic acid
from the surface of platelets. Although prospective studies
are still needed to verify a potential correlation, this find-
ing may indicate a clinical relevance of our laboratory
observations, suggesting that the treatment defined for
each patient must take into consideration all of these
aspects. Furthermore, our data as well as those from other
recent studies®™* suggest that a combination of therapies
targeting the different pathological mechanisms, including
platelet desialylation, by using, for example, a sialidase
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Figure 7. Interference of desialylating autoantibodies with the interaction between megakaryocytes and bone marrow extracellular matrix proteins. (A-C)
Megakaryocytes were seeded on fibrinogen (A), von Willebrand factor (VWF, B) or collagen (C) -coated coverslips in the presence of immunoglobulin G fractions from
healthy donors (white columns), non-desialylating (black columns) or desialylating (gray columns) autoantibodies (AAB). Photographs of randomly chosen fields were
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inhibitor, might be a more efficient clinical approach pro-

ducing better, prolonged outcomes.

Since our study was retrospective and no follow-up data

immune tolerance toward platelet and megakaryocyte

antigens and impaired platelet lifespan, leading to throm-

were available, we cannot draw definitive conclusions on

the impact of desialylating AAb on response to therapy
and disease progression or on the explicit effect of

Disclosures

megakaryocyte desialylation on thrombopoiesis in ITP.

The final proof of our concept regarding the contribution
of AAb-mediated desialyation to the clinical picture in
patients with ITP can only be provided by larger prospec-

tive clinical studies.

In conclusion, our results indicate that desialylation
plays an important role in platelet destruction and
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bocytopenia with increased bleeding tendency.
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impaired thrombopoiesis in ITP; and demonstrate that

receptor sialyation status is of considerable functional rel-
evance, since its changes not only affect platelet survival
but also interfere with megakaryocyte differentiation and
platelet generation. These novel findings highlight the
multiple effects of AAb in ITP and add to the existing evi-
dence that ITP is a group of disorders rather than one dis-
ease sharing common characteristics, namely loss of
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