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Platelet count is tightly regulated in order to maintain an appro-
priate hemostatic response; too high and the risk of a thrombotic
event increase; too low and bleeding occur due to an inadequate
repair of the vascular injury site. Aside from hemostasis, a steady
platelet count is also necessary for an appropriate immune
response, due to their inflammatory role, both through secretion
of cytokines and interactions with immune cells[1].

A key challenge in this ‘balancing act’ is the relatively short
platelet lifespan of 7-10 days in humans (3-5 days in mice), and
the need for a reactionary approach to quickly replace platelets at
the end of their lifecycle. With a normal platelet count in healthy
individuals of 150-400x10%/L of blood, this amounts to approxi-
mately 10'" platelets being produced and destroyed per day.

To optimize this process, the major platelet production pathway,
involving thrombopoietin (TPO) regulated bone marrow megakar-
yocyte proliferation and differentiation [2], is coupled to platelet
clearance. The major pathway for clearance is regulated via binding
of platelet surface glycoproteins to the Ashwell-Morell receptor
(AMR), expressed primarily on hepatocytes [3], but it can also be
achieved through binding to the myeloid-specific integrin aMf2
(also known as MAC-1) on neutrophils and monocytes [4], or via
pooling in the spleen. As platelets age, sialic acid is removed from
glycans on the major surface glycoproteins, exposing galactose
residues. Binding of AMR to these residues leads to clearance (via
internalization and destruction of platelets), whilst simultaneously
driving JAK2/STATS3 signaling, stimulating hepatic TPO production
and therefore replenishing the platelet count[5].

GPIba glycan desialylation is thought to be the major regulator
of AMR-mediated clearance, given that it is one of the most
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highly expressed platelet surface glycoproteins and has a high
level of glycosylation [6-8]. In support of this, previous work
shows that its removal stunts the rate of clearance following
conditions that lead to desialylation such as cold storage [9],
ST3GallV sialyltransferase knockout, or bacterial infections that
release neuraminidase (sialidase) enzymes into circulation[3].
Whilst GPIba N-linked glycans have previously been thought to
be the major target in AMR-mediated clearance due to their tri- or
tetra antennary arrangement being preferentially targeted by the
AMR [10,11], Wang et al., 2020 [12] uses the neuraminidase-
induced mechanism of platelet desialylation to suggest that, during
bacterial infections of this type at least, it is GPIba mono-antennary
O-glycans which are the key desialylation targets, that pave the way
for enhanced clearance via subsequent desialylation of N-glycans.
This recent study involves the injection of neuraminidase derived
from Arthrobacter ureafaciens into wildtype mice, which induces
a sharp drop in platelet count from 24 hours that slowly recovers over
4-5 days whilst leaving red cell count unaffected, and is consistent
with bacterial infections of this type[13]. They observe this same
enhanced rate of clearance in both VWEF global knockout, a ligand for
GPIba, and a megakaryocyte lineage-specific ADAM17 knockout,
a sheddase targeting several membrane proteins, including GPIba,
suggesting they are not involved in this process. However, as there is
substrate redundancy within the ADAM metalloprotease family,
knocking out only ADAMI17 is strong, but not conclusive evidence
that there is no role for GPIba shedding in platelet clearance, whereas
removal of GPIba ectodomain (IL4 R-IbaTg: a chimeric construct
where the GPIba ectodomain is replaced with the o subunit of the
Interleukin 4 receptor) stunts the increased clearance, maintaining
anormal platelet count. Given the absence of this enhanced clearance
in IL4 R-IbaTg mice, this supports previous literature which suggests
that GPIba is the major target of this mechanism due to its abun-
dance, high level of glycosylation and therefore sialylation.
Furthermore, lectin binding assays indicate that both N- and
O-linked glycans are desialylated following neuraminidase injec-
tion, both in vitro and in vivo. However, it is an O-linked glycan
exposure specifically which correlates with the sharp drop in
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Figure 1. Sialic acid molecules (green) are present at the end of glycans that decorate GPIba, a highly abundant platelet surface glycoprotein.
Exogenous neuraminidase (e.g. o2,3 or o2,3,6,8-neuraminidase (open orange circles)) from invading bacteria removes sialic acid from O-glycans of the
GPIba mechanosensory domain (MSD, red), leading to its unfolding. This propagates signaling through GPIb-IX, leading to Src family kinase
signaling and potentially subsequent immunoreceptor tyrosine-based activation motif (ITAM) signaling, which is similar to what occurs when VWEF-
Al binds to GPIba[17]. MSD unfolding also induces expression and surface presentation of endogenous Neuraminidase 1 (Neul; filled orange circles)
found in platelet granules. This increases the desialylation of N-glycans on other platelet glycoproteins, which then preferentially bind the hepatic
Ashwell-Morell receptor (AMR), allowing the platelet to be taken up and cleared.

platelet count observed in mice, followed by a 4-5-day recovery.
Crucially, specific N-glycan desialylation does resemble the drop-
in platelet count at 24 h after treatment, indicating that there is
some role for these in the enhanced clearance mechanism, and
supports this paper’s conclusion that the O-glycan desialylation
event is key to the induction of this clearance. Crucially, the fact
that mouse GPIba has no N-glycosylation sites yet demonstrates
a drastic drop in platelet count, indicates that if GPIba is indeed
the major desialylation target, it is O-glycans that are the initial
major target, as depicted in Figure 1.

There is however a decrease in platelet clearance in mice whose
megakaryocytes and platelets are deficient in the sialyltransferase
ST3Gall (St3gallMK'/ 7), versus wildtype, despite the fact that this
would likely cause a lower level of O-glycan sialylation and therefore
should logically increase clearance. This could be a result of earlier
GPIba cleavage, and therefore would contribute to the proposed
‘enhanced’ clearance mechanism whereby O-glycan desialylation
is an event that feeds back into N-glycan desialylation by GPIbo
signaling and increased neuraminidase expression. Monitoring
St3ga11MK'/' platelet counts without neuraminidase treatment
would have been beneficial to see if the baseline count is affected
versus untreated wildtype mice and confirm this hypothesis.

The rationale behind this proposed mechanism of enhanced
clearance centers on the effect that the removal of sialic acid has
on the heavily O-glycosylated, juxtamembrane mechanosensory
domain (MSD) of GPIba, the unfolding of which was established
by Zhang et al., 2015. A follow-up paper by Zhang et al. in 2019
established that the force required to unfold an unglycosylated MSD
was significantly weaker than the physiological forces normally
needed. This current study demonstrates that retention of glycans
but the removal of sialic acid has a similar force-reducing effect, and
in 76% of measurements no unfolding event was observed. Though
this might point to a low level of unfolding it is consistent with prior
models of an MSD which is natively unfolded and, perhaps surpris-
ingly, occurs at the same frequency as in overstretching of unglyco-
sylated MSD [14], suggesting a need for these modifications, in part
or in entirety, for MSD stability.

In summary, this study by Wang et al helps to develop the
emerging theory of MSD unfolding, following binding of GPIba
to its ligands such as VWF-A1 under physiological shear, and
how this induces activatory signals through the GPIb-IX complex

into the platelet, including the involvement of a signaling
‘Trigger’ sequence. GPIba shedding is thought to be induced
following signaling, supported in this study by the increased
availability of the ADAMI17 shedding site (housed within the
MSD) following desialylation. This is worth clarifying in mouse
platelets, as only those expressing human GPIba were used.

A further implication of this exogenously induced desialyla-
tion and the resultant increase in GPIb-IX signaling would be the
subsequent surface expression of endogenous neuraminidases,
such as Neul, as the platelet acts to mark senescent platelets for
clearance following their activation. This would further increase
desialylation, via the N-glycans on other platelet glycoproteins,
thereby ‘enhancing’ clearance rate via the AMR.

Increased accessibility of the ADAM17 sheddase, plus ‘Trigger’
sequence exposure in IL4 R-IbaTg platelets would explain the mild
thrombocytopenia in these mice and the apparent lack of ‘enhanced’
clearance upon neuraminidase treatment, as these platelets would be
natively cleared very early on due to constitutive/elevated GPIb-IX
signaling. The same could be said in St3gall™*” mice, explaining
the relative decrease in clearance versus the wildtype. Going for-
ward, it would be of use to repeat parts of this investigation using
platelets obtained from patients with variants that may cause a lower
native level of platelet glycoprotein sialylation, such as sialyltrans-
ferase mutants and that of reported patients with severe thrombocy-
topenia and mutations in the GNE gene, which is involved in sialic
acid biosynthesis [15,16].

In conclusion, this work does not serve to replace the existing
theory of N-glycan desialylation as the major AMR-mediated
clearance target, even suggesting that N-glycans are involved
within the first 24 h, when the majority of clearance occurs. In
fact, this study proposes that this O-glycan targeting, ‘GPIb-
facilitated clearance’ mechanism is a prerequisite to the enhanced
platelet clearance observed in response to exogenous neuramini-
dase, introduced into circulation by invading bacteria.
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