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Abstract

Immune thrombocytopenia (ITP) is an autoimmune disease characterized by immune-mediated destruction of one’s
own platelets. The progression of thrombocytopenia involves an imbalance of platelet production and clearance. B
cells can induce autoantibodies, and T cells contribute to the pathological progression as well. Some patients with [TP
have a poor response to common first-line therapies. Recent studies have shown that a novel Fc-independent platelet
clearance pathway is associated with poor prognosis in these patients. By this pathway, desialylated platelets can be
cleared by Ashwell-Morell receptor (AMR) on hepatocytes. Research has demonstrated that patients with refractory
[TP usually have a high level of desialylation, indicating the important role of sialylation on platelet membrane glyco-
protein (GP) in patients with primary immune thrombocytopenia, and neuraminidase 1(NEU1) translocation might

be involved in this process. Patients with ITP who are positive for anti-GPIba antibodies have a poor prognosis, which
indicates that anti-GPlba antibodies are associated with this Fc-independent platelet clearance pathway. Experiments
have proven that these antibodies could lead to the desialylation of GPs on platelets. The T follicular helper (TFH) cell
level is related to the expression of the anti-GPIba antibody, which indicates its role in the progression of desialylation.
This review will discuss platelet clearance and production, especially the role of the anti-GPlba antibody and desialyla-

tion in the pathophysiology of ITP and therapy for this disease.
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Background

Immune thrombocytopenia (ITP) is a common clini-
cal bleeding disorder characterized by increased platelet
clearance and decreased platelet production. A recent
study also described a novel type of thrombocytopenia
classified by the appearance of giant platelets and vari-
able neutropenia [1]. This disease may cause acute and
chronic bleeding. Interestingly, Gialluisi et al. identified
platelet distribution width (PDW) as a new potential
biomarker of depression and psychopathology [2], for
the first time describing the relationship between throm-
bocytopenia and emotions. ITP is generally regarded as
a primary autoimmune condition [3], yet in some cases,
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it is observed after other diseases, such as infections [4,
5], chronic lymphocytic leukemia and many other auto-
immune conditions [5]. Studies have found that platelet
glycoprotein (GP)IIb/Illa and GPIb/IX are the two most
frequently targeted autoantigens and are associated with
Fc-FcyR interactions and Fc-independent platelet acti-
vation. Hereditary macrothrombocytopenia is mainly
caused by mutations in the genes coding for GPIb/IX and
non-muscle myosin heavy chain [6, 7], and a defect in gly-
cosylation can also lead to macrothrombocytopenia [8].
T cells, especially T follicular helper cells (TFHs), play an
important role in the pathophysiology as well. However,
the detailed progression remains poorly understood, and
there are no confirmed diagnostic or prognostic biomark-
ers. Recently, several studies have found a relationship
between anti-GPIb/IX-promoted platelet desialylation
and the Fc-independent pathway, identifying platelet
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desialylation as a critical reporter of disease progression
or healing. Common first-line therapies for ITP include
immunosuppressive and immunomodulatory agents,
such as corticosteroids, intravenous immunoglobulin
G (IVIG) and anti-RhD treatment [3, 9]. Recombinant
human thrombopoietin (TPO) and vindesine are feasible
therapies as well [10]. Splenectomy has been considered
the last resort for patients who have no response to ther-
apy [11]. However, approximately 15-20% of patients are
refractory to first-line therapy, and approximately 10%
are refractory to splenectomy [12, 13]. In recent years,
some reports have demonstrated that antibody specific-
ity may play an important role in the response to therapy
[14]. The discovery of the desialylation-induced novel Fc-
independent pathway indicates the potential therapeutic
effect of inhibitors of sialidases; however, the exact cura-
tive effect requires further research. This review will pro-
vide an overview of the pathophysiological mechanisms
involved in the progression and treatment of this disease.

Pathophysiology of ITP

Platelets are essential for hemostasis, and a steady plate-
let supply is necessary to avoid spontaneous bleeding.
In other words, platelet clearance and production are
closely related to the occurrence of bleeding disorders.

Platelet clearance

Autoantibodies

Several mechanisms mediate platelet clearance, and B
cell-induced autoantibodies targeting platelet GPs were
suggested to be the main cause of platelet clearance [15].
Autoantibodies can be detected in approximately 50%
of patients with ITP [16]. Among them, approximately
70-80% of patients have antibodies against GPIIb/IIIa,
approximately 20—40% have antibodies against the GPIb
complex, and some patients have antibodies against both
or other GPs [9].

Current theories suggest that autoantibodies against
platelet GPIIb/IIla-mediated platelet destruction in the
spleen via macrophages through Fc-FcyR interactions [9]
and are responsive to the reticuloendothelial system [17],
primarily in the spleen. These antibodies may also target
the precursors to platelets and megakaryocytes (MKs)
[18]. Anti-GPIIb/IIla antibodies may suppress the agglu-
tination and adhesiveness of platelets [19], which results
in platelet clearance.

The GPIb complex, however, has a completely different
structure and function than GPIIb/IIIa; it is a completely
distinct platelet receptor. This complex results in the
most heavily glycosylated platelet surface with approxi-
mately 60% carbohydrate by weight [20]. Binding of
GPIba to von Willebrand factor (VWF) can induce sub-
stantial platelet activity by initiating outside-in signaling.
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Recently, it was shown that anti-GPIba is closely related
to platelet activation and apoptosis [21, 22]. In addition,
infusion of monoclonal antibodies (MAbs) targeting the
N-terminal ligand binding domain (LBD) of GPIb may
lead to a decrease in platelets [18]. A case report has
shown that the GPIba association with FcyRIla in lipid
rafts may induce platelet destruction [21]. Moreover,
it has been found that deglycosylation of the complex
results in hepatic clearance of platelets [9], which indi-
cates the important role of glycan modification of GPIba
in inducing platelet clearance. Furthermore, some stud-
ies have shown that anti-GPIba-mediated desialylation
and platelet activation can lead to FcyR-independent
clearance via AMR in hepatocytes [9], and the process
involves a positive feedback loop that will enhance the
effect [19]. The detailed mechanisms will be discussed
below.

Tcells

As a main component in immunity, T cells play an
important role in self-defense, and changing the num-
ber and function of these cells is associated with the
progression of ITP. Several studies have already shown
an increased number of Thl, Th17 and Th22 cells and a
decrease in CD44 CD25+ FoxP3 +regulatory T cells
(Tregs) in patients with ITP [23—-25]. Some findings have
suggested that the autologous stimulation of Thl cells
via IL-2 production leads to an increase in auto-Abs
[26]. A Th1l dominant imbalance in Th1/Th2 subsets has
also been observed in patients with ITP, with increased
IL-2 and IFN-y and reduced IL-4 [27]. The number of
functional Tregs was also observed to be significantly
decreased in the circulation, spleen and bone marrow
[28]. An elevated number of CD3+T cells has been
reported in the bone marrow (BM) of patients [29]. Addi-
tionally, recent data have shown that CD8 + cytotoxic T
lymphocytes (CTLs) may be involved in the progression
of platelet destruction in patients with ITP [30]. It has
been proven that cell-mediated cytotoxic lysis can induce
an increase in platelet destruction in ITP [31]. Although
antibodies are often central to the pathogenesis of ITD,
some patients lack detectable platelet autoantibodies
and instead have CTLs that induce platelet clearance via
apoptosis and perforin/granzyme-mediated cytotoxicity
[32, 33]. Moreover, some data have proven that antibody
and T-cell attacks can occur at the level of MKs [34].
Interestingly, it was recently shown that MKs can present
antigens on their surface in association with MHC class I
molecules and lead to the activation of specific CD8+T
cells [35]. BM CD8+ T cells are platelet-specific and acti-
vated, which could impair the differentiation of MKs and
lead to a decrease in platelet production [36]. CD8+ T
cells were also shown to be associated with platelet
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desialylation and to induce platelet clearance in the liver
[37].

TFHs are T cell subsets that play a critical role in B cell
differentiation and proliferation [38]. Studies have dem-
onstrated the bidirectional crosstalk between TFHs and B
cells and the requirement of B cells for TFH survival. This
crosstalk involved the ICOS-L/ICOS and CD40/CD154
signaling pathways [39], and germinal center B cells are
essential in the maintenance of TFHs [40]. Some stud-
ies have observed the expansion of TFHs during ITP and
have proven that B cell depletion can induce a decrease
in TFHs and in CXCL13 and IL-21. Additionally, a dra-
matic decrease was observed after RTX treatment [41].
In addition, a study by Yao et al. has shown a higher
percentage of TFHs in patients with ITP [42]. These
researchers found that TFHs can cooperate with B cells
to produce Abs, and the expression of TFHs is increased
in newly diagnosed patients, indicating that TFHs may
contribute to the immunopathogenesis of ITP. Further-
more, Xie et al. showed that the frequencies of circulating
CD4+ CXCR5+ TFHs with high ICOS and high PD-1
expression and associated molecules such as IL-21 and
Bcl-6 were significantly increased in patients with ITP
[43]. Moreover, studies have observed a strongly positive
correlation between TFHs and platelet GPIba antibodies,
implying that TFHs may be involved in platelet destruc-
tion via platelet antibodies [43], and the relationship indi-
cated the role of TFHs in platelet desialylation.

Apoptotic factors

Similar to other nucleated cells, platelet apoptosis is
another important cause of platelet clearance. Antiapop-
totic Bcl-2 family proteins and proapoptotic Bak and Bax
are all involved in this process. Caspase-mediated apop-
tosis is also a critical mechanism [44]. The redistribu-
tion of phosphatidylserine is an essential molecular cue
for platelet clearance by phagocytes [45]. In addition,
mitochondrial outer membrane permeabilization plays
a critical role in platelet apoptosis [18]. Moreover, recent
findings have implied that antibody-dependent cytotox-
icity can induce platelet apoptosis in the progression of
ITP [46].

Platelet production

TPO is a hematopoietic growth factor that is essential
for platelet production and is the primary regulator of
thrombopoiesis. TPO production is constitutive, and its
level is maintained by the metabolism of platelets and
MKs [47]. TPO balances the level of platelets via the sur-
face c-Mpl receptor [48]. A mouse model has demon-
strated that TPO signaling in MKs is negligible in platelet
production, and the key role of TPO is the generation and
stimulation of bipotential MK precursors. Mpl expression
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in MKs and platelets can control platelets by restricting
TPO [49, 50]. A study found that GPIba deficiency can
lead to a low level of TPO by decreasing hepatic TPO
mRNA transcription and production [48]. This phenom-
enon may be caused by disruption of Ashwell-Morell
receptor (AMR)-desialylated platelet signaling by the
JAK1/2 inhibitor [10]. In vivo and in vitro experiments
have demonstrated that sialylated GPIba will not rescue
impaired TPO production, which suggests that GPIba is
a prerequisite for TPO generation independent of desia-
lylation [48]. It has been assumed that antibodies tar-
geting GPIba may block TPO generation and therefore
decrease platelet production [19]. In addition, research
has proven that IL-6 stimulates TPO mRNA expression,
and both IL-6 and desialylated platelets result in STAT3-
mediated hepatic TPO mRNA expression downstream of
the AMR-JAK2 and IL6 receptor (IL-6R)-JAK1 signaling
cascades, respectively [10]. Moreover, thrombocytopenia
is a common side effect in myeloproliferative neoplasm
patients with JAK1/2 inhibitor therapy, which target in
hematopoietic stem and precursor cell mutant JAK2-
V617F as well as wile-type JAK2. These findings indicate
that JAK2-associated pathway may be involved in the
pathophysiology of thrombocytopenia [10].

Desialylation of platelets

Young platelet surfaces have high levels of sialic acid.
Platelet glycocalicins in the membranes, like GPIIb/IIIa
and GPIb/IX, are full of carbohydrate. Among them,
GPIba contains the most sugar chains and the terminal of
the sugar chains contain a lager quantity of sialic acid. As
they circulate, these sialic acid residue in the surface of
GPs are gradually removed by sialidases such as neurami-
nidase 1 and neuraminidase 3, which result in platelet
desialylation [51]. As mentioned above, desialylation of
platelets is closely related to thrombocytopenia. Recently,
several studies have focused on the relationship between
platelet desialylation and thrombocytopenia (Table 1). A
multicenter observational study has shown an increased
platelet desialylation level in septic patients with throm-
bocytopenia, and the decrease in platelet counts was
modified by the desialylation inhibitor oseltamivir [52].
The level of sialic acid residues in platelets was signifi-
cantly reduced with old age, diabetes, and lymphoma,
which indicates the essential role of platelet desialyla-
tion in these conditions [53]. A previous study reported
that circulating platelets that have been remodeled by
pathogen neuraminidase activity can be decreased by the
AMR as a host protective mechanism in pneumococcal
sepsis [54]. Moreover, Zhang et al. found that prolonged
isolated thrombocytopenia patients have lower levels
of sialic acids and increased B-galactose exposure, and
the researchers concluded that neuraminidase 1(NEU1)
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Table 1 Effect of platelet desialylation in thrombocytopenia

Page 4 of 10

Reference Finding Methodology

Grodzielski [46]  Desialylationin the presence of GPIb-positive TP CD34 + cells were incubated with TP or control plasma

Dupont [63] Type 2B VWD and mice carrying the p.V1316M mutation elevated = Samples from patients and mice with type 2B VWD were collected
desialylation

Jansen [70] Refrigerationt—desialylationt, DANA inhibited desialylation, Platelets stored in DANA or PBS, fresh or refrigerated at 4 °C, were
Desialylationt—GPIb, GPV sheddingt injected into mice

Kullaya [74] Desialylationt— ADP signaling 1+— NanA exposuret—platelet ~ Whole blood or PRP was incubated with 200 mU purified neu-
hyperactivity raminidase and supernatants with and without NanA

Qiu [37] CD8+T cells +— phagocytosist CD8+T cells and platelets were cocultured, and DANA was added

DANA inhibits phagocytosis
Grozovsky [73]
Hinek [83]

Ma [79]
karyocyte maturation|, platelets clearance in liverf

Platelets desialylationt— AMR— JAK2/STAT34—TPO mRNA4
NEU1— PDGF/IGF receptors— PDGF and IGF | —arterial SMCs|,

SLC35A1 mutations— sialylation |, —megakaryocyte |, mega-

WT or Asgrs/st3gal4- mice were treated with sialydase and RAMPs

AoSMCs were treated with ddNANA, anti-neuraminidase and
preimmune IgG

Mouse line with the Slc35a1 gene was established

translocation, platelet apoptosis, and phagocytosis by
macrophages may be associated with this process [55]. It
has also been proven that desialylation on cold-storage
platelets can induce platelet desialylation and apopto-
sis via the GPIba and 14-3-3 proteins [56]. The degree
of desialylation is related to the storage duration [57].
Desialylation is detected after arterial events as well and
is related to low antithrombin activity [58]. In addition,
Stivala et al. reported that platelets treated with amoto-
salen and ultraviolet A light had significantly increased
desialylation, which indicated the relationship between
platelet desialylation and platelet function [59]. Moreo-
ver, mice deficient in a2,3-sialyltransferase IV showed
strong thrombocytopenia [60], indicating that glycosyla-
tion defect is restricted to a2,3-sialylation, which leads
to a decrease in the expression of sialyl-Lewis X and
ligands for selections, myelin-associated glycoprotein
and Maackia amurensis lectin II [1].

Therefore, how does platelet desialylation participate in
the progression of ITP? Patients with ITP exhibited sig-
nificantly increased platelet desialylation [61], and plate-
lets from patients with NR-ITP had lower levels of sialic
acid in their surface glycans [62]. Dupont et al. observed
abnormally high levels of desialylation in patients with
thrombocytopenia and identified GPIb as a desialyla-
tion target [63]. Previous studies have demonstrated that
when incubated with ITP plasma, control platelet desia-
lylation levels are increased, especially in plasma with
anti-GPIb autoantibodies [46]. A case report identified
severe platelet desialylation in a patient with GPIb/IX
antibody-mediated ITP, which indicates the role of GPIb/
IX antibody in platelet desialylation [64]. Novel research
has demonstrated in murine models of ITP that anti-
GPIb/IX antibodies lead to platelet activation and neu-
raminidase translocation to the cell membrane, which

can induce platelet desialylation and Fc-independent
hepatic platelet clearance [65].

It has been assumed that patients with ITP with anti-
GPIb autoantibodies have a higher level of desialylation,
and desialylated platelets can be recognized and cleared
by hepatic AMR (Fig. 1). The Ashwell receptor is the
major lectin of hepatocytes for asialoglycoproteins [66]
and is regarded as an endocytic receptor responsible
for the removal of circulating plasma glycoproteins or
glycolipids lacking silica acid [67]. This receptor is com-
posed of type 2 transmembrane glycoproteins termed
asialoglycoprotein receptor-1 and asialoglycoprotein
receptor-2. The ST3Gal family is an enzyme that adds
silica acid in a2,3 linkage to galactose residues at the
termini of N- and O-glycan chains to mask endogenous
asialoglycoprotein receptor (ASGPR) ligands. Studies
have concluded that ST3Gal-IV deficiency can cause
the exposure of glycans on platelets, leading to recogni-
tion by the Ashwell receptor and promotion of platelet
clearance by hepatocytes [66]. Li et al’s study demon-
strated that mice lack of O-glycan exhibits a high risk of
thrombocytopenia, and hepatic AMR promotes phago-
cytosis of platelets by Kupffer cells through its C-type
lectin receptor CLEC4F [68]. Besides, the other study
has proved that Kupffer cells could directly recognize and
participate in the phagocytosis of desialylated platelets
via intergrin aMp2 as well [55]. A recent study identified
that macrophage galactose lectin (MGL) of Kupffer cells
facilitate the clearance of desialylated platelets through
the collaboration of AMR [69] (Fig. 1).

Additionally, some studies have shown that desialyla-
tion of platelets binding to VWF receptor triggers platelet
clearance in patients with ITP [70]. It has already been
proposed that platelet action and clearance may be medi-
ated by active VWF [71]. Recently, a report demonstrated
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Fig. 1 The clearance of desialylated platelets mediated by AMR and MGL. Varied mechanisms contribute to the platelet clearance. The desialylated
glycoproteins (GPs) on the platelet surface can be recognized and captured by the Ashwell-Morrell receptor (AMR) of hepatocyte. Desialylated
platelets from the circulation may also directly adhere to Kupffer cells. Macrophage galactose lectin (MGL) of Kupffer cells facilitates the
phagocytosis and clearance of desialylated platelets through the collaboration of AMR
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that the binding of VWF to platelets in dengue patient
can lead to neuraminidase-mediated platelet desialyla-
tion and platelet clearance [72, 73]. Recent study results
have shown that pneumococcal neuraminidase A can
remove sialic acid (desialylation) from the platelet sur-
face, leading to platelet hyperactivity and clearance, and
the progression may be associated with the ADP pathway
[74]. A study has demonstrated that NEU1 and NEU2
in platelets are highly dependent on VWF-GPIba, and
specific clustering of GPIba by VWF can trigger platelet
clearance via NEU1 and NEU2 [75].

Furthermore, a recent article reported the first case of
a patient who had acquired Glanzmann thrombasthenia
(GT) due to ITP with FcyRIla-mediated platelet desia-
lylation independent of platelet activation, which strongly
indicated the relationship between platelet desialylation
and FcyRIla [76]. As mentioned above, CD8+T cells
may also induce platelet desialylation [37]. Studies have
shown that patients with positive cytotoxicity of CD8+T
cells have a higher desialylation level, suggesting that
CD8+T cells may induce platelet clearance via desialyla-
tion [37]. In addition, the relationship between TFHs and
GPIba antibodies deserves more attention, and the role
of TFHs in platelet desialylation requires more research.
Moreover, the loss of sialic acid residues on the platelet
surface is associated with a reduction in the lympho-
cyte Treg subset, and it has been reported that sialylated
antigens can inhibit the generation and function of T
cells by regulating dendritic cells [77], which suggests a
potential correlation between platelet desialylation and

the immune response [78]. It has also been shown that
Slc35al mutations are closely related to the progression
of ITP via platelet desialylation [79].

The defect in a2,3-sialylation may also have an effect on
platelet generation [1]. In some ways, desialylation may
induce thrombocytopoiesis. It has been demonstrated
that aging and refrigeration of platelets can induce the
expression of hepatic TPO mRNA and protein via desi-
alylation, and recent studies have found that desialyla-
tion can increase the production of TPO in patients with
ITP [80]. Desialylation of platelets binding with AMR
can stimulate the production of TPO [81]. The AMR-
desialylated platelet interaction can lead to activation of
the JAK2/STAT3 signaling pathway, stimulating hepatic
synthesis and secretion of TPO. This mechanism could
induce hepatic TPO expression, providing a feedback
mechanism. As more platelets are removed, more TPO
is produced [73, 82]. Some studies have shown that desia-
lylation may inhibit platelet production. Some studies
have provided direct evidence that neuraminidase will
induce the desialylation of platelet-derived growth fac-
tor (PDGF) receptors via the mitogenic ligand PDGF-BB
and thus diminish intracellular signals [83]. Moreover,
studies have proven that Slc35al mutations significantly
reduced sialylation in megakaryocytes, thus affecting the
number and maturation of megakaryocytes from BM
[79]. A recent study has also proven that autoantibod-
ies can induce the cleavage of silica acid from not only
platelets but also megakaryocytes, and desialylation can
lead to impaired platelet adhesion and megakaryocyte
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differentiation. The results strongly demonstrated that
the cleavage of silica acid will affect the production, sur-
vival and function of human platelets [84]. However, how
sialylation can influence the generation of platelets in BM
remains unknown.

Recently, clinical research has identified the relation-
ship between the types of antibodies and the site of
platelet clearance via platelet survival studies. The result
contradicts the hypothesis that anti-GPIba destroys
platelets in the liver and that therapy inhibits the effect
of desialylation in the progression of thrombocytopenia
[85]. Additionally, analysis of ITP plasma samples and
platelets from healthy controls indicates that there is no
correlation between apoptosis and loss of sialic acid [46].
Generally, sialylation strongly affects the number and
function of circulating platelets, and desialylation leads to
their clearance from the circulation. Desialylation leading
to anti-GPIba-VWF binding triggers platelet clearance
through the AMR-JAK2 signaling cascade in the liver,
but the detailed mechanism still needs to be established.
In addition, CD8+T cells and TFHs may be associated
with the progression of platelet desialylation, which may
be a novel mechanism of ITP. In addition, desialylation
can impair the function of platelets via FcyRIIa. Moreo-
ver, platelet desialylation is linked to platelet activation
and apoptosis. Platelet desialylation may also affect the
production of platelets, but the details require further
elucidation.

Treatment of ITP

Primary ITP tends to be a chronic disease, and the aim
of therapy is to achieve a hemostatic platelet count of
approximately 20-30 x 10°/L [86] and restore durable
platelet function.

First-line therapy

The first-line therapies of ITP include corticoster-
oids, immunoglobulin G (IVIG) and anti-Rh D because
they can protect against anti-GPIIb/IIla autoantibody-
mediated thrombocytopenia. Corticosteroids such as
dexamethasone and prednisone have been proven to
modulate B-cell and dendritic cell activation [3], and up
to 80% of patients respond to therapy [87]. Corticoster-
oids and anti-Rh D, targeting Fc and FcyR-dependent
mechanisms, may also be effective methods to restore
platelet numbers [9]. IVIG can be used when patients
are steroid-resistant and can rapidly increase the platelet
count [88]. A study of 19 patients showed a response rate
of 75% with IVIG and a rapid increase in platelet count
within 1 h in 53% of the patients [89]. Apparently, the
effect of first-line treatment is to decrease platelet clear-
ance via Fcy receptors. These molecules target the neo-
natal FcR and FcR pathways by acting as a functional
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blockade of platelet clearance and decreasing the autoan-
tibody half-life [19]. Some patients with ITP responded
to first-line therapy, but some relapsed afterward, requir-
ing further treatment.

Second-line therapy

Up to 70-90% of patients fail to receive the initial ther-
apy and do not achieve complete remission [90]. In
these cases, splenectomy would be an efficient treatment
because the spleen is the primary site for platelet-related
T cell and B cell activation and platelet destruction [91].
Several studies have shown a 65-70% complete response
with a 60—-70% long-term response [92, 93], and this strat-
egy is a safe option even in patients with very low platelet
counts [94]. Rituximab (RTX) is a monoclonal antibody
against the CD20 antigen (anti-CD20). This anti-CD20
agent is an effective immunosuppressant [3]. Thus, B cell
depletion induced by RTX is also an optional treatment
method. A study showed that 50% of patients had an ini-
tial response to RTX [3]. In addition, studies showed that
combining RTX with dexamethasone resulted in a higher
remission rate, with the combination at 63 versus 35%
with monotherapy after 6 months and 53 versus 33% at
1 year. The study also demonstrated the efficacy of RTX
alone with an initial response rate of 40-60% and a sus-
tained response rate of 20% at 5 years [95].

TPO-receptor agonists (TPO-RAs), such as eltrom-
bopag and romiplostim, may be an option when first-line
treatments fail. Increased platelet counts can be observed
in 60—80% of patients with chronic ITP who are refrac-
tory to traditional therapy [96, 97]. Such agonists could
activate TPO receptors on MKs and induce platelet pro-
duction by the JAK2 and STAT5 pathways [3]. TPO-RAs
may also affect immunomodulation via restoration of
the monocyte Fcy receptor balance and Treg function
[98-100]. In addition, some articles demonstrated that
CD8+Tregs may be a potential cellular treatment in
autoimmune diseases due to their immunosuppressive
function [19] and response to steroid therapy. Moreo-
ver, treatments such as dexamethasone and prednisone
can contribute to an effective decrease in the frequency
of TFHs, indicating that TFHs might be a new therapeu-
tic target for ITP [43]. Recent studies have indicated the
efficacy of azathioprine, cyclophosphamide, cyclosporin
A, danazol, dapsone, mycophenolate mofetil, vinblastine
and vincristine [101], and these studies are still ongoing.
Some articles have demonstrated that a high level of IL-8
is associated with an abnormal Th1/Th2 cytokine profile
in active ITP, and IL-18 binding protein (IL-18BP) has
shown the ability to restore the Th1/Th2 balance, which
suggests the therapeutic potential of IL-18BP [102]. In
addition, IncRNA GAS5 can relieve ITP by inhibiting
Th17 differentiation [103]. Despite the limited efficacy
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and the risks associated with their use, platelet transfu-
sions remain a possible treatment for patients [104].

Desialylation and ITP treatment

A multicenter cohort study indicated that the pres-
ence of anti-GPIb/IX antibodies is a predictive fac-
tor for poor response to first-line treatment [17]. Thus,
anti-GPIb-mediated ITP is often refractory to therapies
targeting the FcyR pathway or splenectomy. Data have
already shown that antisera against GPIba can induce
platelet activation [9], indicating the important role of
GPIba in ITP therapy. Since anti-GPIb/IX antibodies
can trigger platelet desialylation, platelet desialylation
may be a potential biomarker in assessing refractoriness
[19]. Some research data claimed that platelets refriger-
ated in the presence of inhibitors of sialidases showed
improved recovery and circulation [70]. Moreover, some
experiments have proven that desialylation-induced Fc-
independent platelet clearance can be effectively res-
cued by 2-deoxy-2,3-didehydro-N-acetylneuraminic acid
(DANA). DANA is a synthetic inhibitor of sialylation that
can significantly inhibit platelet desialylation induced by
anti-GPIb/IX antibodies [105]. These results identified
sialylation inhibitors as a potential therapy for patients
with ITP [18, 19]. Sialylation inhibitors are believed to
delay platelet clearance via the inhibition of desialylation.
In addition, a case of acquired GT due to ITP showed
that treatment with neuraminidase inhibitors prevents
platelet clearance via anti-a  antibodies [76]. A recent
report demonstrated that oseltamivir phosphate, a kind
of sialidase inhibitor agent, could reduce the desialylation
level in patients with anti-GPIb/IX ITP, thus substantially
alleviating thrombocytopenia and suggesting sialylation
inhibitors as a novel approach for the treatment of ITP
[106]. In addition, a previous study suggested that the
increase in platelet count is independent of influenza,
and the curative effect is associated with the duration
of treatment [107]. This treatment has also shown cura-
tive effects in patients with ITP and human immunodefi-
ciency virus infection [108, 109]. The ASGPR competitor
asialofetuin may also improve platelet survival by attenu-
ating platelet clearance in the liver [37].

Notwithstanding, there are still some unsolved ques-
tions that require further study. Previous reports have
shown that Fc sialylation is a critical therapeutic target
for immune system diseases such as inflammatory arthri-
tis [110]. However, a recent report by Leonty D and col-
leagues showed that higher sialylated IVIG had no effect
in their mouse model of ITP [111], which implied that
the therapeutic effect is independent of sialylation. A
recent study suggested that a novel neuraminidase inhib-
itor, peramivir, could not effectively increase the patients’
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platelet count [112], which also argues against the cura-
tive effect of neuraminidase inhibition.

Conclusions

As many studies have been conducted in recent years, our
understanding of ITP has significantly improved. It has
become increasingly clear that ITP is a highly complex
autoimmune syndrome associated with autoantibod-
ies, especially anti-GPIIb/IIla and anti-GPIb complexes.
Fc-FcyR interactions and the Fc-independent pathway
are closely related to the progression of this condition,
and recent studies have identified platelet desialylation as
an essential part of the pathology of this disease. Desia-
lylated platelets could be recognized by AMR and there-
fore destroyed in the liver. T cells, especially CD8+T
cells, are closely related to progression as well. Neverthe-
less, further research will be required to assess this novel
concept. Recent studies have suggested the critical role of
TFHs in the platelet desialylation of ITP. Treatments for
ITP include traditional immunosuppressive and immu-
nomodulatory therapies. In addition, splenectomy, RTX
and TPO-receptor agonists can be effective. Desialylation
may be a critical factor in refractory ITP, and sialylation
inhibitors may be a potential treatment. ASGPR com-
petitors may also be effective, yet further investigations
of these unique therapeutic strategies are needed.
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