signal recognition particle (SRP) itself is a
ribonucleoprotein complex of 6 proteins:
SRP9, SRP14, SRP19, SRP54, SRP68, and
SRP72 (see figure). SRP72 has been as-
sociated with familial aplastic and mye-
lodysplastic syndromes.”

Bellanné-Chantelot and colleagues
showed that SRP54 mutants lead to ER
stress and autophagy. Activation of the
unfolded protein response pathways has
also been described in patients who have
SCN with ELANE mutations. They also
observed a high reduction of pro-
liferation of granulocytic cells and apo-
ptosis dependent on the P53 pathway,
characteristics also observed in patients
with SDS and Diamond Blackfan ane-
mia. Unlike SCN or SDS, none of the
patients with SRP54 mutations (23 cases)
transformed to leukemia, despite high
doses of filgrastim, after a median follow-
up of 15 years. Unlike in SCN or SDS,
none of the 17 patients analyzed by
deep sequencing harbored mutations in
CSF3R, RUNXT1, or TP53, which may be
associated with risk of leukemogenesis.®
How defects in these different pathways
and cellular stress responses cause neu-
tropenia that frequently transforms to
AML or MDS is still not well understood.
Might the risk of leukemic transformation
and the identities of cooperating mutants
exist in mutant SRP54-associated neu-
tropenia? Must they await their emergence
with a longer follow-up?

The title of Bellanné-Chantelot's article
suggests ambivalence regarding which
class of inherited neutropenia SRP54
mutations fit in: SCN, SDS, or both. In this
series, the median ANC was 220 cells
per pL, and the use of filgrastim was
high (87%) but not universal, unlike with
SCN. In this series, only 2 individuals had
exocrine pancreatic insufficiency, unlike
with SDS. Six (of 23) had clinically sig-
nificant neurologic abnormalities. Mor-
phologically, there was a promyelocytic
arrest, like with SCN and unlike with
SDS. Dysplastic features were common,
perhaps more like SDS.?

Classification of human diseases has ad-
vanced considerably since the ancient
Greeks divided them mechanistically into
the four humors. Next-generation se-
quencing has offered both precision
and complexity to hematologic diseases.
Should one lump or split syndromes? Even
in monogenically defined blood diseases
(eg, sickle cell anemia, hemophilia A, or

SBDS-mutated SDS), how does one ac-
count for phenotypic diversity? Could a
subatomic genetic classification be loom-
ing? Apropos, does an SRP54 mutation
associated with neutropenia belong
to SCN or SDS? Can there be a useful
classification scheme for the inherited
neutropenias, the list of which grows
seasonally?
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PLATELETS AND THROMBOPOIESIS

Comment on Kho et al, page 1332

Platelets in malaria

pathogenesis

Jamie M. O’Sullivan and James S. O'Donnell | Royal College of Surgeons

in Ireland

In this issue of Blood, Kho et al provide further evidence that platelets play
a major role in the pathogenesis of malaria infection.” In particular, they
demonstrate that platelets can kill circulating parasites of all major Plasmo-
dium species in human malaria. Elucidating the molecular mechanisms un-
derpinning this platelet-directed killing mechanism may offer the opportunity
to develop novel adjunctive antimalarial therapies.

Human malaria continues to be a leading
cause of mortality, with an estimated
500 000 deaths per year. Unfortunately,
the majority of these deaths occur in
sub-Saharan children under 5 years of
age. In addition, it is important to rec-
ognize that malaria is also associated with
significant global morbidity. For example,
many children who survive cerebral malaria
(CM) suffer secondary long-term neuro-
logic sequelae. Despite this clinical burden,
perhaps surprisingly, the biological mech-
anisms involved in the pathophysiology of
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severe malaria remain relatively poorly
defined. Interestingly, thrombocytopenia
is a common finding in humans and mice
with malaria infection and is most marked
in patients with severe Plasmodium falci-
parum infection.? Moreover, previous
studies have reported that extent of
thrombocytopenia correlates with para-
site density, severity of malaria infection,
and clinical outcomes. Together, these
data support the hypothesis that plate-
lets are important in malaria pathogen-
esis. Critically, however, accumulating
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evidence suggests that the role of plate-
lets in malaria is complex, and in particular,
that platelets can impact upon malaria
pathogenesis through a number of dif-
ferent mechanisms.

Previous postmortem studies on children
with CM have demonstrated significant
platelet accumulation in the cerebral
microvasculature.® This finding is con-
sistent with other data demonstrating
that platelets play a critical role in en-
abling cytoadhesion of malaria-infected
erythrocytes (IEs) to endothelial cells
(ECs). Interestingly, recent studies have
defined a role for ultralarge von Wille-
brand factor (VWWF) multimers in promoting
this platelet-mediated |E cytoadhesion and
proposed that this mechanism may be
particularly important during the early
stages of malaria infection.* Platelets have
also been reported to be important in
enhancing |E clumping, which further
contributes to microvasculature occlusion
in malaria.® In addition to these effects in
promoting vasculature occlusion, plate-
lets also play an important role in driv-
ing development of inflammation and
EC activation, both of which are critical
in malaria pathogenesis.? Cumulatively,
these data therefore suggest that the
role of platelets in malaria pathogenesis is
predominantly deleterious in nature, and
that platelets promote malaria progres-
sion through a number of different routes
(see figure).

In contrast, however, a number of studies
have reported that platelets may actu-
ally have beneficial effects in protecting
against malaria infection.? In particular, a
specific role for platelets in killing malaria
parasites has been proposed. McMorran
and colleagues previously showed that
platelets could bind to human and mu-
rine |Es and significantly inhibit P falci-
parum growth in vitro.® In addition, a
direct role for platelet-mediated killing
of intraerythrocytic malaria parasites was
observed. Subsequent studies demon-
strated that intraerythrocytic malaria
killing by platelets required platelet-IE
contact.®” Furthermore, platelet CD36,
erythrocyte Duffy-antigen expression,
and platelet factor-4 (PF4) were all
identified as being important compo-
nents in regulating the platelet killing
phenomenon.”

Given the multifactorial mechanisms
through which platelets can impact
malaria pathogenesis, it is perhaps not
surprising that previous studies have
produced conflicting results about the
importance of platelet-mediated effects.?®
This variation is likely to be attributable in
large part to differences in the experimental
models and methodologies employed.
Moreover, previous studies have also
highlighted that there are significant dif-
ferences in pathogenesis between human
CM and experimental CM in murine
models.? In this context, the novel data

presented by Kho et al are of particular
relevance in that they report evidence of
in vivo platelet-induced malaria killing in
a large number of human patients natu-
rally infected with malaria collected across
2 different geographical sites. Interestingly,
although this platelet-killing effect was
most marked in Plasmodium vivax patients,
the effect was also observed across a
number of other human Plasmodium spe-
cies, including P falciparum, Plasmodium
malariae, and Plasmodium knowlesi. Based
upon their findings, the authors estimated
that overall, platelets may kill up to 20% of
circulating blood-stage Plasmodium in
clinical malaria. In cases of P vivax infection,
this platelet-killing phenomenon may ac-
tually account for as many as 60% of the
total intraerythrocytic parasites.

These exciting novel human data on
platelet-induced killing in human malaria
raise a number of important clinical
questions. Further studies will be re-
quired to define the biological mech-
anisms through which platelets recognize
erythrocytes infected with different types
of human malarial parasites. In addition,
given the difference in clinical severity
between different types of human malaria,
it will be interesting to investigate the
relative importance of platelet-mediated
parasite killing for these different Plasmo-
dium species. In view of the multiple roles
played by platelets in modulating malaria
pathogenesis, different aspects of platelet
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function may be more or less important
in specific types of Plasmodium infection.
Furthermore, it seems likely that the role
played by platelets in malaria pathogenesis
may vary at different times in the disease
progression following infection. For ex-
ample, it seems plausible that platelet-
mediated malaria killing may be of
particular importance in the early stages
following malaria infection. Notwithstand-
ing these questions, there is clearly an
unmet clinical need to develop novel ad-
junctive therapeutic strategies to address
the staggering global morbidity and mor-
tality associated with human malaria.
Consequently, elucidating the precise
molecular mechanisms involved in regu-
lating platelet-mediated killing of human
malaria offers an exciting potential to un-
cover entirely new therapeutic avenues.
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