
arm was associated with a lower rate of
grade 3 and more treatment-related
adverse events compared with the FCR
arm (73.0% vs 83.5%).

The results of the E1912 trial have to
been seen in context with those of the
FLAIR study, which was presented at the
ASH 2021 meeting.9 This phase 3 trial by
the UK CLL study group also compared
FCR to IR, but the average age of the
patients was older (median age, 63 vs 58
years in the E1912 study). Interestingly,
no difference in OS was observed for
the FLAIR study, despite a significant
difference in PFS with an HR of 0.44
(95% CI, 0.32-0.60) after a median obser-
vation time of 52.7 months.9 As Shanafelt
and colleagues report, an increasing inci-
dence of cardiac toxicity in a more
elderly patient population in the FLAIR
study, with 9 lethal cardiac events vs only
1 in the E1912 study, may be one of sev-
eral reasons responsible for the lack of
difference in OS.

Altogether, the update of the E1912
study confirmed that the safe and very
efficacious administration of IR in youn-
ger patients with CLL is superior to
FCR, independent of IGHV status. How
continuous therapy compares to time-
limited targeted therapies such as vene-
toclax plus obinutuzumab or venetoclax
plus BTK inhibitor will be shown by cur-
rently ongoing phase 3 trials.

B.E. received honoraria from Janssen for
oral presentations and research grants and
served on advisory boards for Janssen and
Pharmacyclics. n
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PLATELETS AND THROMBOPOIESIS

Comment on Kaiser et al, page 121

GPIIb/IIIa-GPVI–commanded
platelet patrol
Madhumita Chatterjee | University Hospital T€ubingen

In this issue of Blood, Kaiser et al1 reveal how the reparative process is
initiated by ceaselessly vigilant patrolling platelets that turn procoagulant
and instigate hemostatic plug formation to seal endothelial gaps in the wake
of transmigrating leukocytes.

Platelets as keepers of vascular integrity
can prevent hemorrhage in the dense
microvascular beds of lungs, gastrointes-
tinal tract, and skin during nonsterile
inflammation.2 Whether the molecular
mediators of primary hemostasis overlap
with or are distinct from those mounting
inflammatory hemostasis is an absorbing
yet unresolved enigma. Kaiser et al have
capitalized on their previous findings,
which describe immune-competent
migratory platelets3 that sense vascular
breaches (see figure).4 An extensive and
elegantly performed series of in vitro
and in vivo experiments after lipopoly-
saccharide (LPS)-induced inflammation
that affected the mesenteric and pulmo-
nary vasculature shows that migrating
platelets on the watch are arrested on
collagen to drive inflammatory hemosta-
sis, involving costimulatory cues from
glycoprotein IIb/IIIa (GPIIb/IIIa)–mediated
outside-in-signaling and GPVI. While
providing a translational perspective the
investigators have further verified that
simultaneous pharmacologic targeting
of GPIIb/IIIa and GPVI, also anticoagu-
lants in clinical practice (argatroban,
enoxaparin, rivaroxaban) may aggravate

alveolar hemorrhage. This is indeed a
matter of concern, especially in immuno-
thrombotic diseases such as SARS-CoV-2
(COVID-19), in which lungs are the acute
inflammatory hotspots. The procoagu-
lant platelets5 in the circulation of
COVID-19 patients provoke a hyper-
coagulatory and prothrombotic disposi-
tion which worsens prognosis and thus
requires therapeutic or prophylactic
administration of anticoagulants.

It is well known that platelets seal endo-
thelial breaks that result from leukocyte
extravasation to prevent inflammatory
hemorrhage because thrombocytopenia
aggravates dermal and alveolar bleeding;
however, b3-integrin2/2 and FcgR2/2

mice2 are spared. The study by Kaiser
et al revisits the old chapters on this sub-
ject to fill in the gaps in our understand-
ing regarding the mechanistic drivers of
inflammatory hemostasis. Their investiga-
tion delineates the sequence of events
whereby costimulatory mechanosignals
from GPIIb/IIIa-GPVI6,7 arrest migratory
platelets on exposed subendothelial col-
lagen and eventually transform them into
a procoagulant ballooning phenotype8
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to form a fibrous hemostatic plug, which
restores vascular integrity. Upon encoun-
tering collagen matrix, but not collagen
fibers in solution, migratory platelets
become stationary and phosphatidylser-
ine (PS) positive, and they release micro-
vesicles. GPIIb/IIIa is crucial for platelet
migration on fibrinogen3,4 to arrive at the
exposed collagen hotspots, and it is also
crucial for the subsequent procoagulant
activity that is abolished upon inhibiting
Ga13-mediated outside-in signaling
(mP6) without affecting fibrinogen liga-
tion and retaining migratory capacity.
Although migrating platelets that circum-
vent collagen barely adopt a pro-
coagulant phenotype, GPVI-mediated
fibrinogen sensing is dispensable for
migration on the specified hybrid matrix
in vitro. a2b1-Integrin is involved neither
in migration nor in PS exposure. How-
ever, Syk inhibition downstream of GPVI
significantly affects the procoagulant

alteration of migratory platelets. The
authors have further validated the mecha-
nosensing mode of action6,7 and have
demonstrated that procoagulant transfor-
mation of migratory platelets occurs
independent of biochemical stimuli from
soluble agonists. Terutroban (thromboxane
receptor), cangrelor (P2Y12), vorapaxar
(PAR1) and BMS-986120 (PAR4) do not
interfere with platelet migration or procoa-
gulant activity on the hybrid matrix in vitro,
suggesting a differential impact on patho-
logical thrombosis without compromising
inflammatory hemostasis.

Costimulation of GPIIb/IIIa-transduced
outside-in signaling and GPVI triggers
supramaximal calcium mobilization on
collagen-arrested platelets and causes
cyclophilin D (CypD)–dependent mito-
chondrial depolarization (DCm), which
culminates in membrane translocase
TMEM16F-mediated PS exposure.

PS-assisted assembly of coagulation fac-
tors (CFs) and thrombin generation
results in the formation of fibrin-enriched
microthrombi, which reinstates vascular
integrity. Consequently, although migra-
tion, degranulation, and GPIIb/IIIa activa-
tion remain unaffected, genetic ablation
or pharmacologic inhibition of CypD or
TMEM16F compromises procoagulant
activity. This exaggerates inflammation-
induced alveolar hemorrhage without the
compensatory restoration offered by pro-
coagulant platelets at transendothelial
extravasation sites, because neutrophil
infiltration remains unchanged. Tirofiban,
which prevents GPIIb/IIIa fibrinogen bind-
ing, reduces PS exposure on migratory
platelets, an effect that is further rein-
forced by GPVI blocking or depletion
(JAQ1). Therefore, concurrent GPIIb/IIIa-
GPVI antagonism aggravates alveolar
hemorrhage and reduces the proportion
of procoagulant platelets in circulation,
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Schematic diagram depicting neutrophils and platelets reaching the inflamed endothelium, where migrating platelets become arrested on the exposed subendothelial collagen
at neutrophil extravasation sites, which generates endothelial breaches. Collagen-arrested platelets turn procoagulant upon receiving costimulatory mechanosensing signals from
GPIIb/IIIa-Ga13 and GPVI. Syk is activated downstream of GPVI, and supramaximal calcium bursts and CypD-dependent mitochondrial permeability transition pore (mPTP)
opening causes mitochondrial depolarization (DCm). This culminates in membrane translocase TMEM16F-mediated PS exposure. PS-assisted assembly of coagulation factors
(CFs) on procoagulant platelets drives thrombin generation that results in the formation of fibrin-enriched microthrombi, which restores vascular integrity. However, a potential
role of von Willebrand factor (VWF)—GPIb-mediated mechanosensing on the sequential transition of GPIIb/IIIa affinity from a closed to an intermediate extended-closed state
essential to mediate mechanotransduction, and eventually to an extended-open state—remains to be deciphered. Illustration was created with the help of Servier Medical art:
https://smart.servier.com.
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which causes mesenteric microbleeding
after LPS challenge. How mechanotrans-
duction through GPIIb/IIIa-GPVI is influ-
enced by biomechanical determinants
that drive variations in blood hemodynam-
ics across diverse vasculatures in vivo
remains a matter of speculation. Differ-
ences in endothelial phenotypes and their
response to specific infectious or inflam-
matory cues across varied vascular beds
may further add to the complexity of
crosstalk between endothelium, platelets,
and the immune, coagulation, and fibrino-
lytic systems. Nevertheless, Kaiser et al
convincingly demonstrate the mechanistic
mediation of GPIIb/IIIa-GPVI in LPS-
induced inflammatory hemostasis in the
lungs and postcapillary mesenteric ven-
ules. However, the impact of von
Willebrand factor and GPIb-mediated
mechanosensitivity on the sequential tran-
sition of GPIIb/IIIa affinity from a “closed”
to an intermediate “extended-closed”
state (required to receive mechanosignals
and undergo mechanical affinity matura-
tion) to an “extended-open” state6

remains to be elucidated. Moreover,
platelet mechanosensing on collagen
matrices increases with substrate stiffness,
prompting PS exposure.7 How and
whether this mirrors the optimal trigger
for restorative or deleterious inflammatory
hemostasis in a hypercoagulatory vascular
microenvironment remains undefined.
Although the thromboinflammatory
CLEC-2–podoplanin axis9 is suggested
to have a minor role in primary hemosta-
sis, it deserves attention, particularly
considering the prevalence of podopla-
nin at sites of vascular breaches, its pro-
tective role in attenuating acute lung
injury,9 and the involvement of Syk,
shared by GPVI and CLEC-2 signaling9

in the procoagulant transformation of
migratory platelets.

Curiously, platelets help leukocytes accu-
mulate at inflammatory loci, whereas a
platelet-assisted hemostatic plug seals
endothelial gaps left by transmigrating leu-
kocytes. Inflammatory hemostasis may be
substantiated but not entirely reliant on cir-
culatory platelet-leukocyte interactions,
unlike the influence thromboinflammatory
platelet-leukocyte aggregates have in
atheroprogression, in venous thrombosis,
or in influencing thrombotic propensity
after ischemia reperfusion.10 Therefore,
simultaneous GPIIb/IIIa-GPVI blockade
does not reduce platelet-neutrophil agg-
regates or pulmonary recruitment of neu-
trophils after LPS challenge, but it does

exacerbate alveolar microbleeds that neg-
atively correlate with procoagulant platelet
counts. Accordingly, anticoagulants aggra-
vate pulmonary hemorrhage without
affecting circulatory platelet-neutrophil
aggregates or pulmonary neutrophil infil-
tration. Nonetheless, neutrophil deple-
tion in LPS-challenged mice affects
intravascular fibrin(ogen) deposition in
mesenteric vessels, suggesting that neu-
trophils and platelets may cooperate to
reach the inflamed endothelium, but the
crucial procoagulant transformation of
platelets requires their arrest on collagen
and the mechanosensing services of
GPIIb/IIIa-GPVI. The therapeutic goal is
to sustain hemostatic plugging of the
inflamed vessel and prevent pathologi-
cal thrombosis at the same time. This
requires further insights into the intri-
cate details of classical and inflamma-
tory hemostasis. Potential drug targets
may emerge from subtle differences
between PS-exposing apoptotic vs pro-
coagulant platelets, PAC-1–binding vs
PS1 platelets, and the mechanosensing
vs signaling and adhesive involvement
of GPIIb/IIIa and GPVI. Therefore, we
can expect truly translational findings
from continued investigation on the
intriguing platelet patrol.
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Comment on de la Morena-Barrio et al, page 140

Antithrombin deficiency:
no sugar, no diagnosis!
Elsa P. Bianchini | Universit�e Paris-Saclay

In this issue of Blood, de la Morena-Barrio et al1 describe 2 novel variants of
antithrombin (AT) with altered glycosylation profiles. This study found that
although these mutations are undoubtedly associated with thrombophilia,
carriers are not identified using routine testing for AT deficiency.

Several studies have reported that, among
genetic risk factors for thrombophilia,
inherited AT deficiency is underdiagnosed,
emphasizing the need for the develop-
ment of new genetic and functional
assays.2 In their study, de la Morena-Barrio

et al add further evidence of this need
by identifying 2 novel mutations in the
SERPINC1 gene (encoding for AT) in 4
unrelated thrombophilic families whose
proband had normal (or near-normal) AT
activity in functional assays routinely used
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