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Fighting anti-CD36–
mediated FNAIT
Maria Therese Ahlen | University Hospital of North Norway

In this issue of Blood, Xu et al1 report development of a preclinical model for
anti-CD36–mediated fetal/neonatal alloimmune thrombocytopenia (FNAIT),
providing novel insights on the pathogenic effect of maternal anti-CD36 anti-
bodies. They also show that prenatal immunotherapy using both polyclonal
and monoclonal murine anti-CD36 antibodies (mAbs) generated in the study
was superior to human intravenous immunoglobulin (IVIg) treatment in pre-
venting FNAIT.

CD36, also known as glycoprotein GPIV,
is abundantly expressed on platelet
membranes. It is also expressed by vari-
ous other cell types, such as monocytes,
erythroblasts, capillary endothelial cells,
mammary cells, and epithelial cells and in
membranes of the placenta. It is known to
function as a receptor for various ligands,
including collagen and thrombospondin-1,
but, importantly, also for long-chain fatty
acids, which mediate their uptake.

CD36 deficiency can manifest as either a
complete deficiency across multiple cell
types (type 1), or a partial deficiency
affecting platelets only (type 2). Individu-
als with type 1 deficiency are at risk of
isoimmunization upon CD36 exposure
by transfusion or pregnancy, and such
anti-CD36 antibodies can mediate plate-
let clearance, causing fetal/neonatal
alloimmune thrombocytopenia (FNAIT),
posttransfusion purpura, and platelet
transfusion refractoriness. Whereas CD36
deficiency is rare in White populations, it
is more frequent in African and Asian
populations2,3 (type 1 reported in ,2%),
rendering isoimmunization to CD36 a sig-
nificant cause of FNAIT in individuals
from these ethnic groups.4

Currently, routine screening for platelet
antigens to identify women at risk for
alloimmunization is not preformed, and
most neonates with FNAIT are identified
at birth, prompting urgent laboratory in-
vestigations. Maternal CD36 deficiency
can readily be identified by phenotyping
platelets and monocytes using anti-CD36
antibody reagents in flow cytometry.
Genotyping is not a straightforward

diagnostic test because of the heteroge-
neous molecular basis of CD36
deficiency.4

In their work, Xu et al show that a
commercially available CD36-knockout
mouse strain develops platelet-reactive
anti-CD36 antibodies after repeated chal-
lenges with wild-type platelets, and that
breeding of such preimmunized females
with wild-type males resulted in severe
clinical disease in the heterozygous pups
(see figure) Findings in this setting in-
clude increased mortality, prenatal bleed-
ing, and thrombocytopenia in the
surviving pups, in line with clinical out-
comes in human pregnancies complicat-
ed by anti-CD36 antibodies.

Their comparative studies on placentas
from immunized or nonimmunized
Cd362/2 mice toward the end of preg-
nancy show that immunized mice with in-
compatible pregnancies had a smaller
placental labyrinth area with reduced vas-
cular density, presumably causing pla-
cental dysfunction. Proper vascularization
of the murine placenta labyrinth is critical
for fetal growth and development. Xu et
al speculate that the observed reduction
in vascular density is a result of placental
angiogenesis that is hampered by patho-
genic antibodies that bind to CD36 and
thus impede fatty acid uptake by the pla-
cental tissue. Whether the reduced vas-
cular density observed is a direct result of
the antibody-blocking CD36, could have
been investigated further by comparing
placentas from mice carrying CD36-
deficient pups, as the placental labyrinth
phenotype depends on fetal genotype.

With a suitable model at hand, Xu et al
tested different immunotherapeutic op-
tions to prevent severe clinical FNAIT
outcome. Intravenous immunoglobulin is
often used (off-label) as an intervention in
human alloimmunized pregnancies. It
was also evaluated in the current study,
with a moderate therapeutic effect on
pup mortality when it was administered
from early pregnancy.

For antigen-specific immunotherapy, anti-
body modifications are often necessary to
yield the intended functionality. For hu-
man platelet antigen-1, which is the most
commonly implicated antigen for FNAIT
in White patients, different preclinical
models show that antibody modifications
(by deglycosylation or mutations) can turn
an otherwise pathogenic antibody into a
harmless effector silent variant suitable
for prenatal immunotherapy.5–7 Xu et al
identified a monoclonal anti-CD36 anti-
body (mAb 32-106), with high capacity for
blocking CD36 binding in polyclonal sera.
When used as prenatal immunotherapy,
both deglycosylated, pooled polyclonal
anti-CD36 sera and the deglycosylated
monoclonal anti-CD36 antibody were
shown to effectively increase pup survival
and reduce FNAIT symptoms. Compared
with IVIg, superior therapeutic effects
were obtained with lower doses and with
delayed intervention regimens.

What adds clinical appeal to this discov-
ery is that mAb 32-106 also binds human
CD36, providing an opportunity for trans-
lational research into the use of this anti-
body as prenatal immunotherapy for
pregnancies complicated by maternal
anti-CD36 antibodies. The most critical
properties necessary to serve as a poten-
tial monoclonal therapeutic candidate for
FNAIT are proper specificity and superior
affinity, which block maternal pathogenic
antibodies specific for the same antigen.
For an isoantigen such as CD36, with
tentatively multiple antigenic determi-
nants, these may not be trivial issues. It is
possible that a set of complementary
mAbs may be needed. In light of this,
the data presented on the ability of mAb
32-106 to efficiently compete for antigen
with polyclonal human anti-CD36 FNAIT
sera certainly is exciting. Although only 2
sera were tested, the result shows prom-
ise worthy of further study: can this lone
monoclonal block the onslaught of a di-
verse polyclonal response? If this is the
case, it may reveal new information
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regarding the immunogenic epitope(s)
on CD36.

The road ahead, moving a murine
monoclonal like mAb 32-106 into the
clinic, is likely to involve a multistep pro-
cess. Humanization will be needed to
render it less immunogenic and to en-
sure appropriate binding to human
FcRn, important for both transplacental
transfer and longer half-life. In addition,
abrogation of its effector function by
targeted backbone mutations and po-
tential affinity maturation before recom-
binant production should probably
warrant consideration.

Different strategies to improve prenatal
therapy for alloimmunized pregnancies

and prevent FNAIT are in the pipeline. In
addition to the off-label use of IVIg and
therapeutic mAbs, FcRn-inhibitors have
been suggested as a future treatment
option for FNAIT, similar to ongoing
clinical trials for red blood cell allo-
immunized individuals.8 Although FcR
inhibitors may offer a highly valuable
1-treatment-fits-all option for a wider
range of implicated antigens, the advan-
tage offered by targeting only the anti-
gen of interest, while not affecting the
half-life and transfer of maternal antibod-
ies for passive immunity during pregnan-
cy, is compelling.
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COVID-19 in patients with
CLL: how can we change
the odds?
Yair Herishanu and Chava Perry | Tel Aviv University; Tel Aviv Sourasky
Medical Center

In this issue of Blood, Roeker et al1 report an updated analysis of an interna-
tional, multicenter study on the outcomes of 374 patients with chronic lym-
phocytic leukemia (CLL) diagnosed with COVID-19. The current analysis
evaluated the case fatality rate in an expanded cohort with a longer follow-
up period and compared outcomes over time. They found that overall case
fatality rate remained high (28%). However, it appeared to have dropped
from 35% in an early cohort, diagnosed before May 2020, to 11% in a later
cohort, diagnosed after May 2020. Interestingly, an overall survival benefit
was observed in patients treated with remdesivir and convalescent plasma.

CLL typically affects elderly patients,
many with numerous comorbidities. It is
commonly accompanied by profound im-
mune dysregulation, related to CLL itself
and/or to anti-CLL therapy. The mecha-
nisms underlying the immunodeficiency
in CLL include quantitative and qualita-
tive defects in cell-mediated immunity,
the complement system, neutrophil and
phagocytic function, and antibody pro-
duction, which are evident at diagnosis
and worsen during disease course.2 In-
fections are the main cause of death in
patients with CLL.2 Hence, it is not sur-
prising that patients with CLL have an in-
creased risk for severe disease as well as
mortality from COVID-19. In a previous
report by the European Research Initiative
on CLL (ERIC) and CLL Campus, mortality
rate in 190 patients with CLL hospitalized
with COVD-19 appeared similarly high,
reaching 32.5%.3 In a meta-analysis of
3377 predominantly hospitalized patients,
with various hematologic malignancies

(including CLL) and COVID-19, the risk of
death was 34%, and age was strongly
associated with mortality.4 Recent sys-
temic anticancer therapy did not in-
crease the risk of death.4 In the ERIC
study3 as well as in the study by Roeker
et al, data were retrospectively collected
on patients diagnosed with symptomatic
COVID-19, confirmed by polymerase
chain reaction (PCR) detection of severe
acute respiratory syndrome coronavirus
2 (SARS-CoV-2). The fatality rate in this
setting may have been overestimated,
as more severe cases were more likely
to be included. Asymptomatic patients
and those with mild symptoms who
were not PCR confirmed may not have
been included.

The prominent reduction in mortality
from 35% in patients diagnosed before
May 2020 (“early cohort”) to 11% in pa-
tients diagnosed afterward (“later
cohort”) is encouraging and intriguing.1

One explanation is that the later cohort
included a larger proportion of patients
with mild symptoms who were diag-
nosed because of increased awareness
of COVID-19 and more extensive screen-
ing to detect SARS-CoV-2 over time.
That is supported by the lower hospitali-
zation rates and lower rates of hospital-
ized patients requiring intensive care unit
(ICU) care in the later cohort. Another
possibility is better patient management
owing to increasing experience, expand-
ing therapeutic options, and improved
capacity of health systems to manage an
influx of patients.

The current therapeutic strategies in the
management of COVID-19 include 3 mo-
dalities: antiviral agents, to prevent viral
replication; immunomodulators, to atten-
uate the dysregulated host immune re-
sponse accompanying severe disease;
and thromboprophylaxis, to mitigate
against the predisposition of a hypercoa-
gulability state in patients with COVID-
19. Among the anti–COVID-19 therapies
given to patients with CLL and analyzed
in this study,1 only remdesivir and conva-
lescent plasma were shown to improve
survival, whereas corticosteroids and hy-
droxychloroquine had been associated
with an increased risk of death. Remdesi-
vir, an antiviral drug, was approved by
the US Food and Drug Administration
(FDA ) for the treatment of COVID-19,
based on clinical results showing that it
shortens time to recovery in adults hospi-
talized with lower-respiratory-tract infec-
tion.5 Clinical trials investigating the
efficacy of convalescent plasma in patients
with COVID-19 yielded equivocal re-
sults,6,7 which has recently led the FDA
to revise the convalescent plasma emer-
gency use authorization, approving its
use only for the treatment of hospitalized
patients with COVID-19 early in the dis-
ease course or hospitalized patients with
impaired humoral immunity. Several
single-agent or combined cocktail SARS-
COV-2–specific monoclonal antibodies
(mAbs) were authorized for use in nonho-
spitalized patients with mild to moderate
COVID-19. It is unclear whether these anti-
bodies were used in the present study
population and whether that may have
contributed to the better outcome in the
late cohort.

Although the authors did not provide
data regarding the specific anti–COVID-
19 agents used in each cohort,1 the find-
ings that the mortality rate has dropped
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