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Are maternal antiplatelet antibodies a prothrombotic condition
leading to miscarriage?
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Fetal and neonatal alloimmune thrombocytopenia (FNAIT) is a condition characterized by thrombocytopenia in the
newborn. If severe, the thrombocytopenia can lead to intracranial hemorrhage. FNAIT arises when maternal antibodies
specific for platelet antigens, most commonly B3 integrin, cross the placenta and destroy fetal platelets. Surprisingly, few
cases of FNAIT are associated with antibodies specific for the platelet antigen GPIba, which is a common target in
patients with immune thrombocytopenia. In this issue of the JCI, Li et al. have identified a potential reason for this — they
find that in the majority of pregnant mice, anti-GPlba antibodies enhance platelet activation and accelerate thrombus
formation in the placenta and that this leads to miscarriage.
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Are maternal antiplatelet antibodies
a prothrombotic condition leading to miscarriage?

Alvin H. Schmaier
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Fetal and neonatal alloimmune thrombocytopenia (FNAIT) is a condition
characterized by thrombocytopenia in the newborn. If severe, the thrombo-
cytopenia can lead to intracranial hemorrhage. FNAIT arises when maternal
antibodies specific for platelet antigens, most commonly 33 integrin, cross
the placenta and destroy fetal platelets. Surprisingly, few cases of FNAIT are
associated with antibodies specific for the platelet antigen GPIba, which is
a common target in patients with immune thrombocytopenia. In this issue
of'the JCI, Li et al. have identified a potential reason for this — they find that
in the majority of pregnant mice, anti-GPIbo antibodies enhance platelet
activation and accelerate thrombus formation in the placenta and that this

leads to miscarriage.

Our parents remind us that we should not
forget our roots. Hematologists should
not forget that the discipline over the last
100 years partly arose to prevent the large
number of hemorrhagic deaths associated
with labor and delivery (they occurred in
0.25% of deliveries in 1900 and 0.004% of
deliveries in 2005) (1). Some success has
been achieved, for example, in the devel-
opment of approaches to detect and treat
rhesus D hemolytic disease of the newborn:
the indirect Coombs test (indirect anti-
globulin test), which is used to determine
whether a mother has been sensitized by
red cell antigens (e.g., the rhesus D antigen
[RhD]) from a previous pregnancy (2); and
the first immunoglobulin therapy, involv-
ing the administration of RhD-specific
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antibody to RhD-negative mothers who
have been exposed to fetal RhD blood anti-
gens. However, many hematological condi-
tions continue to pose serious problems
for individuals who are pregnant, includ-
ing preeclampsia with hypertension and
thrombocytopenia and fetal and neonatal
alloimmune thrombocytopenia (FNAIT;
also known as neonatal alloimmune throm-
bocytopenia [NAIT], fetal alloimmune
thrombocytopenia [FAIT], or fetal neonatal
immune thrombocytopenia [FNIT]).

Maternal antiplatelet antibodies

in pregnancy

FNAIT is a relatively rare condition, aris-
ing in individuals of European descent in
0.06%-0.1% of live births (3). It is charac-
terized by thrombocytopenia shortly after
birth. Twenty percent of women with known
prior immune thrombocytopenia will deliv-
er a fetus with a platelet count of less than
50,000/ul (4). Although the thrombocyto-
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penia is often mild and the affected neo-
nate remains largely asymptomatic, cases of
severe thrombocytopenia carry a high risk
of intracranial hemorrhage (5). In fetuses
with a platelet count of less than 20,000/ul,
the incidence of intracerebral hemorrhage
is 10%-20%, which may lead to neurological
impairment or death (5).

FNAIT arises when maternal antibodies
specific for platelet antigens cross the pla-
centa and destroy fetal platelets. The mater-
nal antibodies may arise during pregnancy,
if fetal platelet antigens are recognized
by the maternal immune system as non-
self (allogeneic), or be already present in a
mother with immune thrombocytopenia.
In mothers with immune thrombocytope-
nia, it is also possible that the situation is
not passive, since these individuals may be
more sensitive to developing antibodies spe-
cific for allogeneic fetal platelet antigens.

Most commonly (in 79%-85% of cases
of FNAIT), the pathogenic antibodies are
specific for the HPA-1a epitope of B3 inte-
grin, a component of one of the major
glycoproteins on the surface of platelets
(3, 6, 7). Other targets of the pathogenic
maternal alloantibodies include the HPA-
Sb epitope of GPIa (also known as integrin
a2) (in 7%-10% of cases) and both HPA-1a
and HPA-5b (in 2%-7% of cases) (3, 6, 7). It
is of interest that few cases of FNAIT are
associated with antibodies specific for epit-
opes of GPIba (HPA-2a/b), a component of
another major glycoprotein on the surface
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Figure 1

The effects of maternal alloimmune anti-B3 antibodies and anti-GPIba antibodies in pregnancy.
Maternal alloimmune antiplatelet antibodies are most commonly directed to the HPA-1a epitope
of B3 integrin and can cause FNAIT. This entity is most commonly associated with thrombocy-
topenia and, in severe cases, neonatal intracerebral hemorrhage. FNAIT associated with anti-
GPIlbo antibodies has been rarely recognized. In this issue of the JCI, Li et al. report that in mice
with anti-GPlba antibodies, a high percentage of pregnancies results in placental thrombosis
due to increased thrombin formation and that this leads to miscarriage (12). In contrast, mouse
anti-p3 antibodies were more commonly observed to produce thrombocytopenia and less com-
monly associated with placental thrombosis and miscarriage. This report suggests that FNAIT
may be a cause of thrombosis in addition to hemorrhage and that some antiplatelet antibodies

may induce miscarriage.

of platelets, since antibodies specific for
GPIbo. are present in 20%-40% of patients
with immune thrombocytopenia (8, 9).
Rare cares of FNAIT associated with GPIba
are antibodies to a C—T polymorphism at
nucleotide position 434, which results in
a substitution of threonine (HPA-2a) to
methionine (HPA-2b) at amino acid posi-
tion 145 (10, 11). In this issue of the JCI,
Li et al. examine why few cases of FNAIT
mediated by antibodies specific for GPIba.
are seen (12).

Effect of maternal anti-GPlbo
antibodies on pregnancy outcome

Li et al. generated mice with high levels of
antibodies specific for platelet antigens rel-
evant to FNAIT and immune thrombocy-
topenia (12). Specifically, they immunized
mice lacking integrin (33 (Itgh3”/~ mice) and
mice lacking GPIba (Gplba”~ mice) on a
BALB/c background with wild-type mouse
platelets. Good antibody responses to the
missing antigen were mounted in both
knockouts. When immunized Itgh3~~ and
Gplba~/~ female mice were bred to wild-type
males, it was extremely difficult to obtain
thrombocytopenic Gplba”~ pups. Striking-
ly, miscarriage occurred in 25 of 30 (83.3%)
pregnancies resulting from breeding
immunized Gplba~/~ female mice with wild-
type males versus 10 of 26 (37%) pregnan-
cies involving immunized Itgh3~/~ female
mice (12). Further, the miscarriages were
observed late in pregnancy (E16.5-E18.5).
In the few live births, there was only a 27%
reduction in platelet countin GpIba*/~ pups
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(licter size, 0.4 £ 0.2) versus a 56% reduc-
tion in platelet count in Itgh3”~ pups (litter
size, 3.3 £ 0.8). These data indicate that the
anti-GPIba antibodies were more likely to
cause miscarriage and fetal wastage than
neonatal alloimmune thrombocytopenia
(Figure 1). The placentas that formed in
immunized Gplba /- females versus those
in the immunized Itgh3~~ females showed
microthrombus formation, increased
fibrin deposition, more apoptosis/necrosis
on TUNEL assays, and reduced placental
circulation at 14.5 days post coitum and
before miscarriage. Li et al. further found
that anti-GPIba antisera, unlike anti-$3
antisera, enhanced ADP-induced platelet
aggregation, JON/A epitope expression (a
platelet activation marker showing a com-
plex between allbB3 integrins), fibrinogen
binding, P-selectin expression, and mark-
edly accelerated thrombus formation on
intravital microscopy (12). These data
indicate that the anti-GPIba antibodies
induced thrombosis in the placenta (12).

Human antiplatelet antibodies

in pregnancy

The findings of Li et al. that anti-GPIba
antibodies induce placental thrombosis
leading to miscarriage in pregnant mice
are surprising (12). Do they really represent
what occurs in humans, or does this report
describe a disorder specific to a mouse
model? In a human observational study
of 385 female subjects lacking the HPA-1a
epitope of the 3 integrin, 12% (46 of 385)
developed antibodies specific for HPA-
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1a (13). Only one fetus among 46 died in
utero; 26 HPA-1la-positive babies had per-
sistent antenatal anti-HPA-1a antibodies; 9
had severe thrombocytopenia (platelets less
then 10,000/ul); 10 were mildly thrombocy-
topenic; but 7 had normal platelet counts
(13). The outcome observed in this study
of human pregnancies, in which antibod-
ies specific for HPA-1a were detected (13),
is much better than the 37% fetal death rate
for mouse fetuses exposed to anti-B3 anti-
bodies reported by Li et al. (12). Since the
incidence of anti-GPIbo-mediated FNAIT
is rare in humans, miscarriage has not been
associated with it. However, one patient
with habitual abortion has been reported
to have antibodies specific for the GPIba-
containing complex (14). Additionally, in
a study of 30 pregnancies in 18 women
with Bernard-Soulier syndrome (a rare
autosomal recessive bleeding disorder that
causes a deficiency of the GPIba-contain-
ing complex at the platelet surface), there
were 6 cases of FNAIT, with one intrauter-
ine death and one neonatal death 6 hours
after birth due to an intracranial hemor-
rhage (15). The question of whether anti-
GPIba antibodies really induce miscar-
riage in humans can be answered only by
prospective observational studies in female
patients with immune thrombocytopenia
and, independently, miscarriages.

Thrombosis risk and miscarriage

Pregnancy loss is common, with up to 50%
of human conceptions being unsuccessful
(16). Hematologists assist obstetricians
in investigating the cause of recurrent
abortion by performing prothrombotic
evaluations. Women with antiphospho-
lipid antibodies have a strong link between
thrombophilia and pregnancy loss. Anti-
cardiolipin and anti-f2-glycoprotein I
antibodies and lupus anticoagulants also
are strong risk factors for miscarriage, since
these antibodies are prothrombotic them-
selves (16-18). The inherited thrombo-
philias (factor V Leiden and prothrombin
20210) and the diseases caused by deficien-
cy of several anticoagulants (antithrombin,
protein C, or protein S) are associated with
early and late recurrent pregnancy loss (16).
The work of Li et al. (12) may be a game
changer on how we approach women with
miscarriages. If it is shown in humans that
FNAIT is associated with pregnancy loss,
maternal antibodies in immune throm-
bocytopenia or elicited by exposure to
allogeneic fetal platelet antigens will also
need to be considered in the evaluation
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of any woman with recurrent abortion.
It is surprising that Li et al. observed that
embryos in the immunized Itgh37/~ female
mice, which developed anti-B3 antibodies,
had a 37% intrauterine death rate. As noted
above, human anti-HPA-1a antibodies
are associated only with a 2% intrauterine
death rate (12, 13).

How exactly do the antibodies specific
for GPIba induce thrombosis? Li et al. indi-
cate that the mouse antibodies specific for
GPIba may reduce thrombin binding to
its high-affinity receptor, allowing more
“free” thrombin to proteolyze fibrinogen
and make fibrin (12). One wonders if that is
possible, considering the presence of plasma
antithrombin and heparin cofactor II and
cell membrane protease nexin 1. How anti-
GPIba antibodies potentiated ADP-induced
platelet aggregation was not elucidated
in the report. It is possible that excess free
thrombin binds PAR4 and primes the P2Y12
ADP receptor to be more responsive to ADP
(19). Regardless of the mechanism(s), the
antibodies specific for GPIboa themselves
induced accelerated thrombus formation
on intravital microscopy (12), indicating
that they have a direct role in leading to ves-
sel thrombosis. However, more investiga-
tions are needed to further characterize the
precise mechanismy(s) by which they lead to
placental vessel thrombosis.

Management of maternal anti-GPlbo
antibodies

Until such time as we know whether anti-
bodies specific for GPIba are prothrom-
botic in humans and can cause miscarriage,
how are we going to treat women who have
alloimmune antiplatelet antibodies and
miscarry pregnancies? The report by Li
et al. (12) suggests at least two approach-
es. First, the authors demonstrated that
low-dose warfarin therapy ameliorated
the miscarriage rate in the immunized
GPIba~/~ female mice (12). However, the
utility of antithrombotics as a measure to
prevent miscarriage in patients with inher-
ited thrombophilia is not proven, although
their use in patients with antiphospholipid
antibodies may be beneficial (16). Further,
warfarin itself in the first trimester is con-
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traindicated in pregnant women because of
a possible birth defect risk. An alternative
approach is to manage these patients with
immunoglobulin therapy with or without
corticosteroids, a standard approach for
both alloimmune hemolysis and throm-
bocytopenia during pregnancy. At present,
the clinical data are unclear as to whether
the addition of corticosteroids to immuno-
globulin therapy is better in mothers who
have alloimmune antiplatelet antibodies
and are at risk of having FNAIT during
pregnancy (3). In support of this approach,
Li et al. demonstrate that intravenous
immunoglobulin (IVIG) and anti-FcRn
infusions prevented miscarriage in their
mouse model of anti-GPIba-mediated
FNAIT (12). Further, the platelet counts
were preserved in the neonates, and the
number of pups per litter increased. In
sum, Li et al. report in this issue of the JCI
important work that suggests that mater-
nal alloimmunization by GPIba platelet
antigens uncommonly produces fetal
thrombocytopenia with risk for intracra-
nial hemorrhage, but more likely creates a
placental prothrombotic state leading to
fetal wastage (12) (Figure 1). This notion
is a step forward in our understanding of
the breadth of hematologic complications
associated with FNAIT.
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