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Key Points

• Recombinant HPA-1a
antibody B2G1Dnab protects
platelets from destruction by
anti–HPA-1a in the circulation
of HPA-1a1b human
volunteers.

• B2G1Dnab is a potential
therapeutic agent for
antenatal treatment of
fetomaternal alloimmune
thrombocytopenia due to
HPA-1a antibodies.

Fetomaternal alloimmune thrombocytopenia, caused by the maternal generation of

antibodies against fetal human platelet antigen-1a (HPA-1a), can result in in-

tracranial hemorrhage and intrauterine death. We have developed a therapeutic

human recombinant high-affinity HPA-1a antibody (B2G1Dnab) that competes for

binding to the HPA-1a epitope but carries a modified constant region that does not

bind to Fcg receptors. In vitro studies with a range of clinical anti–HPA-1a sera have

shown that B2G1Dnab blocks monocyte chemiluminescence by >75%. In this first-

in-man study, we demonstrate that HPA-1a1b autologous platelets (matching fetal

phenotype) sensitized with B2G1Dnab have the same intravascular survival as

unsensitized platelets (190 hours), while platelets sensitized with a destructive

immunoglobulin G1 version of the antibody (B2G1) are cleared from the circulation

in 2 hours. Mimicking the situation in fetuses receiving B2G1Dnab as therapy, we

show that platelets sensitized with a combination of B2G1 (representing destructive

HPA-1a antibody) and B2G1Dnab survive 3 times as long in circulation compared

with platelets sensitized with B2G1 alone. This confirms the therapeutic potential

of B2G1Dnab. The efficient clearance of platelets sensitized with B2G1 also opens

up the opportunity to carry out studies of prophylaxis to prevent alloimmunization in HPA-1a–negative mothers. (Blood.

2013;122(3):313-320)

Introduction

Fetomaternal alloimmune thrombocytopenia (FMAIT), caused by
alloimmunization of pregnant women against human platelet antigens
(HPAs), is the commonest cause of severe neonatal thrombocytope-
nia, with a reported incidence of 1 in 1000 live births.1-4 The antigen
HPA-1a is implicated in 75% of cases.5-8 Severe fetal thrombocyto-
penia occurs in a quarter of HPA-1a alloimmunized pregnancies and
the most severe complication, fetal intracranial hemorrhage (ICH),
occurs in 10% to 20% of these latter cases.9-11 Treatment in the
neonatal period is based on early recognition of the condition, and
transfusion of antigen-negative platelets.12,13 Antenatal treatment
is somewhat controversial.14 Many authors recommend the use of
immunomodulatory therapy to the mother with IV immunoglobulin
(IVIg) possibly in combination with steroids.8,15,16 These treatments
are expensive, limited by access to IVIg, and not without side effects,
and therefore some authors recommend the use of a stratified treatment
approach based on the severity of previously affected pregnancies (the
only clear predictor of disease severity).16-18 Although the rate of fetal
ICH in pregnancies undergoing immunomodulatory treatment appears

low, it is clear that this is not accompanied by a consistent rise in
platelet count in the fetus.19,20 It may be that IVIg somehow lessens
the risk of bleeding even in the absence of a rise in platelet count but it
is also possible that the reduction of ICH comes with the increased
care provided to the pregnant woman. This hypothesis is supported by
screening studies showing reduction in fetal/neonatal morbidity
through prior identification of HPA-1a alloimmunization and in-
creased antenatal/neonatal care.4 The use of intrauterine transfusion of
antigen-negative platelets for antenatal treatment of fetal thrombocy-
topenia is limited by the significant risk of fetal loss associatedwith the
procedure15,21-23 and is now seen as a second-choice rescue therapy
option by many clinicians.

It has been shown that the binding site for polyclonal HPA-1a
antibodies is limited to a finite number of epitopes on the b3
integrin, with leucine-33 being a critical residue.24 We hypothesized
that it would therefore be possible to generate an HPA-1a–specific
therapeutic IgG antibody of sufficient affinity to block maternal
antibodies to the HPA-1a epitope. Modifications would be made to
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the constant region to render the antibody nondestructive but
preserve its half-life and transport across the placenta via the FcRn
receptor, thereby removing the need for risky intrauterine proce-
dures. In essence, women who are alloimmunized and at high risk of
FMAIT could be treated by regular IV injections of a recombinant
antibody that would cross the placenta and compete with maternal
HPA-1a antibodies in binding to the fetal platelets. Sufficient
protection of the platelets would raise the fetal platelet count to a level
that would prevent serious in utero and perinatal bleeding events.

A human single-chain variable domain antibody fragment of
nanomolar affinity (Kd 5 6 3 1028 M) for HPA-1a was generated
from the maternal B cells of an FMAIT case by phage display.25

The recombinant human immunoglobulin G1 (IgG1) antibody
(B2G1) derived from this fragment was shown to be sufficiently
specific for HPA-1a to permit its use as a routine phenotyping
reagent.26 Crucially, in in vitro studies, we showed that B2G1 was
of sufficient affinity to block binding of maternal polyclonal HPA-1a
antibodies from 18 cases of FMAIT to fetal HPA-1a1b platelets
by 70% to 95%.27 Importantly, we also demonstrated that binding
of B2G1 to HPA-1a1b platelets did not affect their functionality
in a range of in vitro assays.28

To generate the nondestructive constant region while preserving
the half-life and transplacental transport capabilities of a human IgG1
antibody, residues from human IgG2 and IgG4 were substituted into
regions of the IgG1 Constant region of the Immunoglobulin Heavy
Chain domain 2 (CH2) involved in binding to human FcgRI-III.29 In
vitro studies have shown that the monocyte chemiluminescence
(MCL) response to HPA-1a1b platelets sensitized with this antibody,
B2G1Dnab, is only 15% of that observed with B2G1. Crucially, in
competition assays, B2G1Dnab reduced MCL response to platelets
sensitized with 18 different maternal sera containing HPA-1a
antibodies by .75%.

In a final step of prehuman studies, we used a chimeric mouse
model expressing the human HPA-1a epitope on their platelets to
confirm that platelet destruction of HPA-1a–positive platelets by
human polyclonal anti–HPA-1a could be prevented by the use of
this recombinant antibody.27

The study reported here describes first-in-man human studies
with B2G1Dnab to answer 2 critical questions ahead of potential
clinical studies. First, does the reduced in vitro MCL response
observed with B2G1Dnab-sensitized platelets translate into in-
creased in vivo platelet survival in the circulation of healthy
volunteers, confirming the potential protective effect of B2G1Dnab
on platelets in patients? Second, does the reduced MCL response
observed in vitro in competition studies with B2G1Dnab and
clinical anti–HPA-1as translate into a potentially beneficial gain in
platelet survival in vivo? As patient-derived polyclonal anti–HPA-1a
sera cannot be used for platelet survival studies in human volunteers,
we measured intravascular survival of platelets sensitized with
different ratios of B2G1 (as an exemplar of destructive anti–HPA-1a)
and B2G1Dnab.

Materials and methods

Study design

Radiolabeling platelet survival studies were performed in HPA-1a1b
healthy blood donors, each with 2 aliquots of autologous platelets. The first
phase investigated whether binding of B2G1Dnab to platelets affected
platelet survival in vivo. Here, 1 platelet aliquot was sensitized ex vivo with
either B2G1 or B2G1Dnab and the other was left unsensitized. This was
followed by radiolabeling of each aliquot with either 111In or 51Cr in

a crossover design prior to re-injection into the volunteer. Regular sampling
post–re-injection and g counting of each sample allowed calculation of
intravascular survival of each platelet population separately.

The second phase of the study was designed to ascertain whether
platelets sensitized with a combination of destructive IgG1 anti–HPA-1a (in
this case, B2G1) and B2G1Dnab show a gain of survival when compared
with platelets sensitized with B2G1 alone. The mixtures of antibodies used
were 75% B2G1Dnab/25% B2G1 and 90% B2G1Dnab/10% B2G1, which
have been shown to lead to a 65% and 80% reduction in in vitro MCL
response, respectively.27 For reference, B2G1Dnab reduced MCL by over
75% when competing with 18 different clinical polyclonal anti–HPA-1a
sera.27

Recruitment of HPA-1a1b volunteers

Eighteen healthy HPA-1a1b subjects were recruited from the genotyped
donor panel at the NHSBlood and Transplant Cambridge Centre, with written
informed consent and permission from the Local Research Ethics Committee,
the Administration of Radioactive Substances Advisory Committee, and the
Medicines and Healthcare Devices Regulatory Agency. Volunteers who had
had a splenectomy or used medications which affect platelet function were
excluded. A follow-up medical check and repeat blood sampling were
performed 4 to 6 weeks after the study.

Production of clinical-grade HPA-1a antibodies

The structure and generation of B2G125,26 and B2G1Dnab29 have been
described.

Clinical-grade antibodies were produced under European Union good
manufacturing practice conditions30 in the NHSBT’s Clinical Biotechnol-
ogy Centre (Bristol, United Kingdom) and tested in accordance with the
European Union guidelines for the production and quality control of
monoclonal antibodies31 (see supplemental Materials for details, available
on the Blood website).

Platelet sensitization, radiolabeling, and blood sampling

Platelet sensitization and radiolabeling was carried out, adapting the
procedure of the Biomedical Excellence for Safer Transfusion (BEST)
collaborative.32 In short, on the day of study, 100 mL of blood was collected
into 2 sterile plastic syringes each containing 9 mL of sterile acid citrate
dextrose solution A (ACDA; Ipswich Hospital Pharmacy) alongside a 7-mL
blood sample into an EDTA tube for determination of elution. The 2 aliquots
were centrifuged at 200g for 15 minutes to produce platelet-rich plasma to
which 15% v/v ACD was added before centrifuging 15 minutes at 2000g.
Platelet-poor plasma (PPP) was removed, centrifuged at 2000g for 15
minutes, and stored for later use. The 2 harvested platelet pellets were each
resuspended into 2 mL of ACDA-saline (1 part ACDA, 7 parts 0.9% saline;
Ipswich Hospital Pharmacy). Each was sensitized for 20 minutes at room
temperature by addition of 4 mL of antibody or left unsensitized (4 mL of
sterile phosphate-buffered saline [PBS]). Antibody samples were 0.2 mg/mL
B2G1, B2G1Dnab, a mixture of 90% B2G1Dnab/10% B2G1, or a mixture of
75% B2G1Dnab/25% B2G1. Each platelet aliquot was spun at 2000g for 15
minutes and the platelets were resuspended into 2 mL of ACDA-saline.
Platelet radiolabeling with 111In oxine and Na2

51Cr2O4 was carried out as
published,32 each pellet resuspended in 8 mL of the reserved PPP, and
samples taken for standard preparation.32 Each platelet aliquot was re-infused
into the volunteer under clinical supervision with vital signs recorded at
regular intervals for the next 5 hours. Blood samples (9 mL) were taken in
EDTA pre-infusion and at the following time points post-infusion: 5, 10, 15,
20, 30, 60 minutes, then 1.5, 2, 2.5, 3, 4, and 5 hours then on day 1, 2, 3, 6, 7,
and 10 thereafter. Each sample, including the elution control, was aliquoted
and centrifuged into whole blood, cellular, and plasma fractions and read on
the automatic scintillation counter (Compugamma 1282; LKB/Wallac).32

Measurement of platelet recovery and survival

Measured counts were fully adjusted for background, cross-talk, radio-
nucleide decay, volume, elution, and non–platelet-bound residual activity at

314 GHEVAERT et al BLOOD, 18 JULY 2013 x VOLUME 122, NUMBER 3

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/122/3/313/1371793/313.pdf by guest on 18 M

ay 2024



day 10; expected time (0) count was determined using the calculated blood
volume for each volunteer and standard as described.32 The platelet
recovery for each time point was calculated by the following equation:
recovery (time t) 5 fully adjusted count (time t)/expected time (0) count.
The recommended way to assess platelet survival relies on the multiple hit
calculation model, which fits a theoretical survival curve to the measure-
ments of platelet recovery at the various time points. The COST program32

was used to infer platelet survival and recovery at time 0 from the fitted
curve and assess whether the data “fits” the theoretical curve, that is,
whether recovery and survival can be reliably calculated from the data
provided.

The recommendation is that the first time point used for curve fitting
should be taken after equilibrium is reached and in particular after the effect
of splenic trapping has reached a plateau (usually .20 hours after re-
injection).33,34 For samples with slow platelet destruction, which showed
a plateau during the first 24 hours, time point 24 hours was used as the first
point for the curve fit. For samples where rapid destruction was observed
without a plateau phase, time point 5 minutes was used.

Flow cytometric analysis

Flow cytometry was used to confirm that donor platelets were HPA-
1a–positive and equally sensitized with either form of recombinant anti–HPA-
1a. Briefly, aliquots of platelets were washed with phosphate-buffered saline
containing 10mmol/L EDTA and 0.25% bovine serum albumin (PBS/EDTA/
BSA). After incubation with fluorescein isothiocyanate (FITC)–labeled
anti–HPA-1a (Bristol Institute For Transfusion Sciences) for HPA-1a typing
or FITC anti-human IgG (DAKO), the platelets were washed with PBS/BSA/
EDTA and analyzed by flow cytometry (EPICSXL-MCL; BeckmanCoulter).
In addition, to ascertain that ex vivo manipulation was not introducing
a platelet activation bias in the final re-injectate, P-selectin surface expression
levels on the platelets at baseline in whole blood and at the time of re-injection
were measured following incubation with either FITC anti-CD62P (Beckman
Coulter) or IgG1 isotype control (Beckman Coulter). Data from 5000 platelets
were acquired using logarithmic settings for forward and side scatter, and the
median fluorescence for the FITC signal recorded. Finally, tracking of the
sensitized platelets in the volunteers’ circulation was carried out with FITC
anti-human IgG as described at the beginning of this paragraph at various time
points after re-injection. Data from 3 3 106 platelets were acquired and
antibody sensitized platelets were identified from a plot of logarithmic
forward scatter against logarithmic FITC signal.

Results

Volunteer details

Thirteen male and 5 female HPA-1a1b heterozygous volunteers
were recruited and given a unique participant number (UPN). The
volunteers’ baseline platelet count, HPA-1a surface expression
levels, antibodies, and radiolabel combinations are described in
Table 1. In 9 volunteers, paired platelet survival data compared either
B2G1Dnab- (n 5 7) or B2G1-sensitized (n 5 2) platelets with
unsensitized platelets. In a further group of 9 volunteers, paired
platelet survival data compared platelets sensitized with a combina-
tion of 75% B2G1Dnab/25% B2G1 (n5 3) or 90%B2G1Dnab/10%
B2G1 (n 5 6) with either unsensitized (n 5 3) or with B2G1-
sensitized platelets (n 5 6), respectively. Although all volunteers
were confirmed as HPA-1a1b by genotyping, volunteer 18 had much
higher HPA-1a surface antigen expression levels. Results acquired
with this volunteer were treated separately for analysis purposes (see
section “Intravascular survival of B2G1dnab-sensitised platelets is
the same as that of unsensitized platelets”). Levels of platelet-bound
human antibodies after sensitization were similar (except for
volunteer 18), attesting to comparable levels of sensitization between

volunteers and between antibodies. Of note, P-selectin surface
expression levels on the platelets within the re-injectate measured in
8 of the 18 volunteers (5 B2G1-, 3 B2G1Dnab-, and 3 90%
B2G1Dnab/10% B2G1-sensitized and 5 unsensitized samples)
showed no statistically significant difference between volunteers or
any of the antibody combinations/unsensitized platelets. No adverse
events were recorded during the study.

Platelet recovery at 5 minutes is comparable regardless of the

sensitizing antibody and radiolabel used

Initial analysis of the data showed variable levels of platelet recovery
at 5 minutes for each volunteer compared with the calculated dose
injected, but this initial percentage of recovery was comparable
within the same volunteer regardless of the antibody combination
and the radiolabel used (P . .2, paired t test) (see Table 1). Five-
minute recoveries were 62% 6 14%, 67% 6 23%, 74% 6 9%,
69% 6 17%, and 66% 6 15% (mean 6 SD) for unsensitized,
B2G1Dnab-, 90% B2G1Dnab/10% B2G1-, 75% B2G1Dnab/25%
B2G1- and B2G1-sensitized platelets, respectively.

Intravascular survival of B2G1Dnab-sensitized platelets is the

same as that of unsensitized platelets

Figure 1 shows the percentage of platelets remaining in circulation
comparing unsensitized platelets (n 5 12) with platelets sensitized
with either B2G1Dnab (n 5 7), B2G1 (n 5 8), or a combination of
75% B2G1Dnab/25% B2G1 (n5 3) or 90% B2G1Dnab/10% B2G1
(n 5 5). The data acquired from all volunteers were normalized so
that platelet recovery at 5 minutes was taken as 100% and data were
pooled for each of the antibody combinations. Two patterns emerged:
on the one hand, rapid exponential destruction for platelets sensitized
with B2G1, 90% B2G1Dnab/10% B2G1, and 75% B2G1Dnab/25%
B2G1. On the other hand, unsensitized and B2G1Dnab-sensitized
platelets showed parallel kinetics with a first phase of rapid clearance
down to 68% 6 13% and 67% 6 10% (mean 6 SD), respectively,
in the first 30 minutes, followed by a rebound to reach a plateau
at 2 hours (79% 6 11% and 76% 6 11%, respectively) that was
maintained up to the 24-hour point before a steady disappearance
over the next 10 days. For unsensitized and B2G1Dnab-sensitized
platelets, survival and recovery at time 0were therefore inferred using
the multiple hits method with the 24-hour time point as the first time
point of the decay kinetic curve (see “Materials and methods”). The
calculated recovery at time point 0 was 55%6 12% (mean6 SD) for
the unsensitized platelets and 56% 6 17% for the B2G1Dnab-
sensitized platelets. Platelet survival was 1896 45 hours and 1966
50 hours, respectively. These differences did not reach statistical
significance (P. .25, t test, Table 2). When data were considered for
the volunteers in whom a direct comparison between unsensitized
and B2G1Dnab-sensitized platelets was performed (n5 7, volunteers
1-7), recoveries were 49%6 11% and 56%6 17% (P. .1, paired t
test) and platelet survivals were 1886 55 hours and 1966 50 hours
(P . .2, paired t test), respectively.

The rate of disappearance of platelets from the circulation is

dependent on the number of IgG1 molecules on the surface of

the platelets

In contrast to the unsensitized and B2G1Dnab-sensitized platelets,
platelets coated with B2G1 were rapidly cleared from circulation,
with no sensitized platelets detected 2 hours after re-injection
(Figure 1). Although platelets coated with 75% B2G1Dnab/25%
B2G1 and 90%B2G1Dnab/10%B2G1 also showed a sharp decrease
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in the first hour, the clearance rate was slower than that for platelets
coated with B2G1 alone. Notably, clearance was also incomplete,
with 5%6 1% and 8%6 2% (mean6 SD) of platelets remaining in
circulation after 24 hours with these 2 antibody combinations,
respectively. Given the rapid platelet destruction, the time point 5
minutes was used to fit the kinetic curve in the multiple hits model.
Calculated recoveries at time point 0 were not significantly different
for the 3 types of platelet (Table 2). Calculated platelet survival was
186 5 minutes, 446 4 minutes, and 586 12 minutes (mean6 SD)
for the 3 antibody combinations, respectively. The difference in
survival between B2G1-sensitized and either 75% B2G1Dnab/25%
B2G1- or 90% B2G1Dnab/10% B2G1-sensitized platelets reached
significance (P , .01, t test) in both cases. The difference between
the survival of 75% B2G1Dnab/25% B2G1- and 90% B2G1Dnab/
10% B2G1-sensitized platelets did not reach statistical significance
(P 5 .06, t test). For the 5 volunteers who had received the
combination of B2G1- and 90% B2G1Dnab/10% B2G1-sensitized
platelets (volunteers 13-17, excluding 18, see next paragraph), the
direct comparison showed recoveries of 52% 6 19% and 54% 6
20%, respectively (not significant), and survival of 196 5 minutes
and 58 6 12 minutes, respectively (P , .005, paired t test).

Volunteer 18, who had amuch higher level of HPA-1a expression
than the others (Table 1), received platelets coated with B2G1 and
90%B2G1Dnab/10% B2G1. Clearance of B2G1-sensitized platelets
was similar to that seen in other volunteers (recovery 81%, survival

19 minutes), but platelets sensitized with 90% B2G1Dnab/10%
B2G1 showed a much higher rate of clearance (recovery 96%,
survival 25 minutes) than in volunteers 13 to 17 who received
platelets sensitized with the same antibody combination (Table 1 and
supplemental Figure 1).

Flow cytometry shows that data accumulated in the first 24

hours post–re-injection are the most relevant to assess the

effect of the antibodies on platelet survival

No free antibodies were administered to the volunteers in this study,
only antibodies bound to platelets. This raised the question of whether
the antibody stayed bound to the radiolabeled platelets after re-
injection. We therefore sought to identify the sensitized platelets in
blood samples of the volunteer post-injection by flow cytometry using
a FITC-labeled anti-human IgG secondary antibody. The data are
presented in Figure 2A for volunteer 7 who received a combination of
unsensitized and B2G1Dnab-sensitized platelets, and for volunteer 12
who received a combination of unsensitized and 75% B2G1Dnab/
25% B2G1-sensitized platelets.

The data show that a population of B2G1Dnab-sensitized
platelets can be detected in the circulation up to 24 hours, although
by that point the antibody has clearly eluted from the sensitized
platelets and redistributed to the whole population of platelets, as
indicated by the right shift and increased mean fluorescence intensity

Table 1. Volunteer details, radiolabeling, and sensitization combinations and individual platelet recovery and survival data using the COST
program

UPN
Platelet
count

HPA-1a expression
levels, MFI

Radiolabel and antibody
combination Five-minute recovery, %

COST data

Unsensitized B2G1Dnab Unsensitized B2G1Dnab

Unsensitized B2G1Dnab

Recovery, % Survival, h Recovery, % Survival, h

1 172 16.3 Cr51 111In 66 94 48 83 73 98

2 270 15.8 111In Cr51 72 94 59 191 71 177

3 412 15.6 Cr51 111In 47 36 36 151 30 283

4 260 18.2 Cr51 111In 54 68 54 214 65 238

5 270 No data 111In Cr51 51 42 51 254 33 215

6 299 17.1 Cr51 111In 38 61 32 212 57 216

7 324 16.9 111In Cr51 69 77 61 212 65 243

Unsensitized B2G1

Unsensitized B2G1 Unsensitized B2G1 Recovery, % Survival, h Recovery, % Survival, min

8 249 19.2 111In Cr51 93 53 62 198 38 14

9 311 14.3 Cr51 111In 57 63 42 223 39 18

Unsensitized B2G1Dnab75*

Unsensitized B2G1Dnab75 Unsensitized B2G1Dnab75 Recovery, % Survival, h Recovery, % Survival, min

10 190 No data Cr51 111In 70 82 58 152 56 48

11 257 17.7 111In Cr51 70 75 60 219 43 40

12 230 18.2 111In Cr51 60 50 54 162 59 45

B2G1 B2G1Dnab90*

B2G1 B2G1Dnab90 B2G1 B2G1Dnab90 Recovery, % Survival, min Recovery, % Survival, min

13 234 14.7 111In Cr51 95 83 70 28 50 45

14 238 15.2 Cr51 111In 51 77 27 14 30 50

15 175 14.0 111In Cr51 65 60 63 15 44 77

16 239 18.0 111In Cr51 60 79 65 18 86 62

17 198 16.6 111In Cr51 78 79 36 17 61 56

18 276 26.3† Cr51 111In 57 69 81 19 96 25

The COST program is a mathematical tool that fits a theoretical survival curve to the measurements of platelet recovery at the various time points32 and infers platelet

survival and recovery at time 0 from the fitted curve using the multiple hit calculation model. The first time point used for the curve fitting should be taken after equilibrium.33,34

For unsensitized and B2G1Dnab-sensitized platelets which showed a plateau phase during the first 24 hours (see Figure 1), the 24-hour time point was used as the first point

for the curve fit. For B2G1-sensitized platelets and platelets sensitized with a combination of 75% B2G1Dnab/25% B2G1 and 90% B2G1Dnab/10% B2G1B2G1Dnab 90%/

B2G1 10% (*B2G1Dnab75 and -90, respectively) where rapid destruction was observed without a plateau phase (see Figure 1), the 5-minute time point was used (see

“Results”).

†UPN 18 had a much higher HPA-1a expression level (MFI 26.3 vs mean 6 SD MFI of 16.5 6 1.6 for the rest of the volunteers), and platelet survival data were very

different from other volunteers (see supplemental Figure 1). Data from this volunteer were therefore excluded from subsequent analysis.
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(MFI) of the whole platelet population. A full blood count for this
volunteer at 24 hours showed no difference in platelet count from the
baseline sample.

The data from 75% B2G1Dnab/25% B2G1 platelets show, in
contrast, a rapid disappearance of the sensitized platelets from
circulation in the first hour, in keeping with the radiolabeling data.
Figure 2B shows the similarity of data between flow cytometry and
radiolabeling measurements in the first hour for volunteers 7 and
12 as well as volunteers 10 and 11 who received the combination
of unsensitized and 75% B2G1Dnab/25% B2G1 platelets and for
whom flow cytometry data were available. These data show that, in
the first 24 hours, the platelet radiolabeling survival data truly
reflects the survival of the population of platelets sensitized with
the various antibody combinations.

Discussion

This first phase of this study examined whether the introduction of
modifications to the constant region of a recombinant high-affinity
human IgG1 HPA-1a antibody (B2G1) to render it nondestructive
translated into increased survival of sensitized platelets in the cir-
culation of human volunteers when compared with platelets sensitized
with the native IgG1 antibody. This was the natural progression from

in vitro studies that showed that platelet sensitized with this modified
antibody (B2G1Dnab) only elicited 15% of the MCL response seen
with B2G1.27 Platelets sensitized with B2G1 were cleared rapidly
from the volunteer’s circulation, with no intravascular platelets
detectable 2 hours post–re-injection. In contrast, B2G1Dnab-sensitized
platelets had a survival in the circulation similar to unsensitized platelets.

To use “micro-doses” of antibody in the volunteers, platelets had
to be sensitized ex vivo, and re-injected. Therefore, and as expected,
flow cytometry studies showed that after 24 hours B2G1Dnab had
redistributed to the whole platelet population. Therefore, only the
first 24 hours of the study data truly reflect the survival of platelets
that are sensitized. During that time period, both the percentages of
platelets remaining in circulation and the kinetics were identical for
unsensitized and B2G1Dnab-sensitized samples. This is in keeping
with the in vitro data showing that this antibody does not cause FcR-
mediated effector cell activation.29,35 In a previous study to assess
survival of red cells sensitized with an anti-D (Fog-1) carrying the
same G1Dnab constant region,36 Fog-1G1Dnab–sensitized red cells
pooled in the spleen before reappearing in the circulation after 3 to 4
hours. We did not have the opportunity to use a g camera to confirm
where the platelets went following re-injection but the curve
obtained in the first few hours post-injection suggests this may
happen for platelets too, with a trough reached at 20 minutes and
subsequent rise reaching a plateau at 2 hours.Notably, this phenomenon
was observed for both unsensitized and B2G1Dnab-sensitized platelets
whereas, previously, no data were available for unsensitized red cells.
Because the COST analysis to assess platelet recovery and survival of
unsensitized and B2G1Dnab-sensitized platelets was run using the 24-
hour time point as thefirst point of the kinetic curve, the similarity of the
platelet survivals derived from this latter analysis only reflects the fact
that prior sensitization with B2G1Dnab does not affect subsequent
platelet survival after elution of the antibody.

In the second phase of this study, we examined the effect on
platelet survival of sensitization with different ratios of B2G1/
B2G1Dnab, consistent with what could theoretically be achieved in
an affected fetus, using B2G1Dnab as a therapeutic blocking antibody
in the presence of maternal anti-HPA-1a. Even with only 10% B2G1/
90% B2G1Dnab, we observed that sensitized platelets were cleared
from the circulation along an exponential curve similar to that
observed for B2G1 alone. Crucially, however, there was a slower rate
of clearance. COST analysis of the data (this time using the 5-minute
time point as the first point of the curve given the absence of an
“equilibrium” plateau phase) indicated that platelet survival when
sensitized with a combination of B2G1Dnab and B2G1 was 2 to 3
times longer than that of platelets sensitized with B2G1 only. It is as
yet unclear whether this would have a relevant clinical effect in the
treated fetus.However, themost severe complication of FMAIT, ICH,

Table 2. Platelet recovery and survival data for each antibody combination using COST software

Antibody combination

Unsensitized B2G1Dnab B2G1Dnab90* B2G1Dnab75* B2G1

N 12 7 3 5 8

COST data, mean 6 SD

Recovery 55% 6 12% 56% 6 17% 54% 6 20% 53% 6 8% 52% 6 16%

Survival 189 6 45 h 196 6 50 h 58 6 12 min 44 6 4 min 18 6 5 min

P . .25 P 5 .06

P , .01

P , .01

*B2G1Dnab90 and -75 denote platelet sensitized with a combination of 90% B2G1Dnab/10% B2G1 and 75% B2G1Dnab/25% B2G1, respectively. For unsensitized and

B2G1Dnab-sensitized platelets which showed identical kinetics with a plateau phase during the first 24 hours (see Figure 1), the 24-hour time point was used as the first point

for the curve fitting in the COST program. For B2G1-sensitized platelets and platelets sensitized with a combination of 75% B2G1Dnab/25% B2G1 and 90% B2G1Dnab/10%

B2G1, where rapid destruction was observed without a plateau phase (see Figure 1), the 5-minute time point was used (see “Results”).

Figure 1. Platelet recovery (%) after re-injection. The graph shows the percentage

of platelets remaining in circulation post-reinjection after normalizing at 100% for the

first sample (5 minutes, see “Results”) for each condition: unsensitized platelets (n5

12) and platelets sensitized with either B2G1Dnab (n 5 7), B2G1 (n 5 8), or a

combination of 75% B2G1Dnab/25% B2G1 (n 5 3) or 90% B2G1Dnab/10% B2G1

(n 5 5). Error bars represent the SD.
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Figure 2. In vivo platelet tracking using flow cytometry. (A) Flow cytometric data showing sensitized platelets in peripheral blood. Sensitized platelets can be detected with

an FITC-labeled anti-human IgG antibody in the peripheral blood after re-injection. Platelet sensitized with B2G1Dnab (top panel) are detected up to 1 hour post-reinjection but

after 24 hours the antibody has redistributed to the whole platelet population as evidenced by the shoulder on the histogram and increased MFI for the whole platelet

population. In contrast, when platelets are sensitized with a combination of 75% B2G1Dnab/25% B2G1, the majority of platelets are rapidly cleared from circulation after 60

minutes. (B) Correlation between flow cytometry and radiolabeling studies data in 4 volunteers. The percentage of platelets (normalized at 100% at the 5-minute time point)

remaining in circulation in the first hour, measured either by flow cytometry or radiolabeling, is consistent between the 2 methods. Over 75% of platelets sensitized with

B2G1Dnab only remain in circulation (n 5 1) while platelets sensitized with 75% B2G1Dnab/25% B2G1 show a sharp decrease in the first hour down to below 25%.
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virtually always occurs when the platelet count is below 203 109/L,8

so that even a small increase in platelet count to .20-30 3 109/L
could have a profound effect on the risk of ICH. Assuming that
platelet production is already maximal in the marrow of an affected
fetus, a 2 to 3 times prolongation of platelet survival could achieve the
desired clinical effect.

In conclusion, the data acquired with B2G1Dnab, and in particular
with the combination of B2G1/B2G1Dnab, indicates real therapeutic
potential of B2G1Dnab as a blocking antibody. Obviously, the
work described here would have to be followed by pharmacody-
namic studies and clinical studies covering safety, efficacy, and
dosage. These were discussed extensively in a previous publi-
cation on B2G1Dnab.27

Just as FcRn-mediated transport is essential for the transfer of
maternal HPA-1a antibodies to the fetus and the development of
FMAIT, as has been shown in an animal model,37 this mechanism
of transport is also crucial in the case of the therapeutic mechanism
of B2G1Dnab. Although studies to assess the binding of B2G1Dnab
to FcRn and efficiency of transport across the placenta are on-
going, data are available from a study in rats showing appropriate
transplacental transport of mutated IgG2 antibodies that carry
both the Db residues (corresponding to the natural IgG2 residues)
and Da modified residues (corresponding to IgG4) found in
B2G1Dnab.38

FMAIT differs from hemolytic disease of the newborn (HDN;
caused by maternal alloantibodies against fetal red cell antigens) in
several crucial aspects. First of all, red cell alloimmunization usually
results from a sensitizing event, in most cases at the time of birth.
HDN usually becomes a clinical issue in subsequent pregnancies,
while FMAIT can affect primigravidae.3 Second, clinical severity of
HDN can also be predicted from the quantification of alloantibodies
in the maternal serum. Some studies have shown the levels of ma-
ternal HPA-1a antibodies to be predictive of outcome,39,40 while
others have not,8 further complicating the identification of the patients
that would most benefit from therapy. From the large prospective
screening studies in Norway, data have emerged showing that a
significant proportion of HPA-1a negative mothers develop HPA-1a
alloimmunity postdelivery rather than in the first pregnancy itself.40,41

It is therefore possible that fetomaternal alloimmunization against
HPA-1a is more akin to the pattern of red cell immunization than was
suggested from previous retrospective data. This observation has
raised the question of the feasibility and potential clinical benefit
of prophylactic measures to prevent HPA-1a immunization. The
use of anti-D prophylaxis for prevention of hemolytic disease of
the newborn is one of immunotherapy’s most successful stories.
Although the mechanisms behind this process remain largely
unknown, a mouse model of fetomaternal platelet alloimmunization
demonstrated that administration of platelet anti-b3 antibodies
prevented alloimmunization.42 Here, we have shown that B2G1
very quickly clears HPA-1a–positive platelets from the circulation
and would therefore constitute an ideal candidate to progress on to

clinical studies for prophylaxis after delivery in HPA-1a–negative
women. If this proved to be effective, one could consider follow-on
studies to assess effectiveness of this prophylactic approach during
pregnancy, in particular including primigravidae where alloimmu-
nization can lead to significant fetal thrombocytopenia. This is made
possible by the knowledge that among HPA-1a–negative women,
80% of those who develop an antibody carry the HLA-type
DRB3*0101 and therefore we could target the group of womenmost
at risk of immunization including primigravidae.
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