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Resolving
thromboinflammation
Stephen P. McAdoo1,2 and Neeraj Dhaun3,4 | 1Imperial College London;
2Hammersmith Hospital; 3University of Edinburgh; 4Royal Infirmary of Edinburgh

In this issue of Blood, Ansari et al elegantly demonstrate that the proresolving
protein annexin A1 (AnxA1) effectively dampens a proinflammatory neu-
trophil phenotype and, as a result, its important contribution to cerebral
thromboinflammation in sickle cell disease (SCD).1

The last decade has seen an increasing
recognition of resolution biology, the
concept that inflammation resolution is an
active and regulated process, which when
ineffective can lead to bystander tissue
injury during acute inflammation or allow
progression to chronic inflammation and
organ damage. There is now an appreci-
ation of a broad repertoire of resolving
programs, including cytokines (eg, trans-
forming growth factor-b and interleukin-
10), specialized proresolving lipid media-
tors (eg, lipoxins, maresins, protectins, and
resolvins), some microRNAs, and AnxA1.

AnxA1 is a 37-kDa phospholipid-binding
protein that is widely expressed in
leukocytes and epithelial and endothelial
cells. It is present both intracellularly and
at the cell membrane, although its main
described biological function is as a se-
creted protein that mediates some of the
anti-inflammatory effects of endogenous
and synthetic steroids.2 AnxA1 signals
via theGprotein–coupled formyl peptide
receptor 2 (FPR2/ALX), which also serves
as a receptor for lipoxin A4, another
proresolving mediator. This receptor is
predominantly expressed on leukocytes,
where the proresolving effects of AnxA1
(and peptides derived from its N-terminal
domain) include inhibiting the release of

proinflammatory lipid mediators, modu-
lating pro- and anti-inflammatory cytokine
production, reducing neutrophilmigration
and accumulation, and promoting neu-
trophil clearance via apoptosis (through
caspase 3) and efferocytosis.2 Altered
circulating and tissue concentrations of
AnxA1 have been described in a broad
range of inflammatory diseases, including
atherosclerosis, diabetes mellitus, inflam-
matory bowel disease, preeclampsia, and
reperfusion injury, and AnxA1 has emerged
as a target for therapeutic manipulation
(see figure).

In the current work, Ansari et al investi-
gate the role of the AnxA1/FPR2/ALX
axis in thrombosis in SCD, using both a
murine model and patient-derived sam-
ples. They show that provoked cerebral
thrombosis in sickle transgenic mice
(STM) is dependent upon circulating
neutrophils and that administration of
an N-terminal–derived AnxA1 mimetic
peptide (Ac2-26) can attenuate throm-
bosis. Treatment with Ac2-26 resulted in
a fall in circulating markers of NETosis in
STM, and DNase treatment, which de-
grades NETs, had a similar therapeutic
effect. In vitro, Ac2-26 treatment reduced
markers of NET formation in murine SCD
neutrophils. This effect was not seen in

control neutrophils, suggesting a specific
role of AnxA1 in resolving the proin-
flammatory phenotype acquired by
neutrophils in the context of SCD. In
translational studies, the authors found
that patients with SCD had decreased
circulating concentrations of endoge-
nous AnxA1 and that, similar to murine
SCD neutrophils, patient-derived neu-
trophils demonstrated enhancedmarkers
of NETosis. This could be rescued in vitro
by Ac2-26, without significant effects on
healthy donor neutrophil responses. The
authors go on to show that signaling from
the FPR2/ALX receptor is dependent
upon the ERK and Akt kinases, recognized
as important mediators of NET release,
and that Ac2-26 treatment upregulates
cleaved caspase 3, suggesting a switch
from a NETotic to an apoptotic response.
Overall, these data support therapeutic
targeting of the AnxA1/FPR2/ALX axis
for prevention and treatment of throm-
boinflammation in SCD.

SCD provides a disease paradigm wherein
neutrophils acquire a state of extreme acti-
vation. The current findings build on existing
data suggesting these proinflammatory
neutrophils, potentially via NETotic re-
sponse to free heme,3 play a role in the
recurrent episodes of microcirculatory
vasoocclusion and ischemia reperfusion
injury that contribute to organ damage in
SCD.4 These data, therefore, may have
broad implications, because the ability to
reprogram neutrophils might have ther-
apeutic potential in a range of diseases in
which NETs are pathogenic. These in-
clude ischemic stroke and the thrombotic
complications of many inflammatory dis-
eases, in which NETs provide a stimulus
and scaffold for clot formation, and auto-
immune conditions, such as systemic lupus
erythematosus (SLE)5 and antineutrophil
cytoplasm antibody-associated vasculitis,6

where the aberrant extracellular expression
of nuclear and cytoplasmic components
contained inNETs are a source of potential
autoantigen and immunostimulatory pro-
teins. Broader still, NETs are implicated in
the progression of both atherosclerosis, in
which they polarize macrophages to a
proinflammatory phenotype within
lipid-rich plaque,7 and cancer, in which
they are implicated in angiogenesis and
metastasis.8

However, not all NETs are equal. They
were first identified as part of the innate
host defense response to infection. The
mechanisms for NET release, and their
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constituents, differ between health and
disease. In SLE, for example, NETs are
spontaneously released and enriched for
oxidized mitochondrial DNA, which may
account for their greater immunogenic-
ity.9 Notably, in the current study, Ac2-26
did not affect measures of healthy neu-
trophil NETosis, consistent with its pro-
resolution rather than anti-inflammatory
action. Alongside its other proresolving
functions, AnxA1 makes for an appealing
therapy that can modulate inflammation
(and thrombosis) without undesirable
immunosuppressive effects. Recent ad-
vances in the delivery of peptide thera-
pies through the use of nanomedicines,10

which allow controlled spatiotemporal
release in a site-specific manner, may
enhance our ability to target therapy
and avoid systemic effects even further.
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Role of AnxA1 in the resolution of neutrophil-dependent thromboinflammation in SCD and beyond. (A) Proresolving factors comprise lipid mediators, nucleic acids, and
proteins, including cytokines and AnxA1. (B) AnxA1 is a glucocorticoid (GC)-regulated protein that mediates some of the anti-inflammatory effects of endogenous and synthetic
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Less (Fe) is more (Hb) in SCA
Carlo Brugnara | Boston Children’s Hospital

In this issue of Blood, Parrow et al describe their findings in a murine model of
sickle cell anemia (SCA) in which mice were exposed to an iron (Fe)-restricted
diet.1 This intervention resulted in improved hematocrit, with an increased
number of red blood cells (RBCs) and a decreased mean corpuscular hemo-
globin concentration (MCHC) and serum bilirubin. The tendency of the cells
to sickle in vitro was reduced, and an improvement was also detected in the
serum concentration of VCAM-1, a biomarker of endothelial activation.

Although these effects were mild and did
not significantly affect total hemoglobin
(Hb) and reticulocyte count, this study in
a well-established mouse model of the
disease provides further support to the
notion that, within certain limits, iron
restriction may be beneficial for patients
with sickle cell disease (SCD). The “iron
hypothesis” was first put forward by
Lincoln et al in 19732 and finds its path-
ophysiological basis on the kinetics of Hb
polymerization and its unique dependence
on Hb concentration. Hypochromic cells
have a reduced Hb concentration, and
thus in SCD, their Hb polymerization is
delayed and they are less likely to sickle.
It has also been known for a long time
that coinheritance of diseases that ulti-
mately reduce both Hb content (MCH)

and concentration (MCHC) is a powerful
modifier of SCD (see figure): Hb S/b
thalassemia is recognized as a generally
less-severe (but not complication-free)
form of sickle cell anemia, whereas ho-
mozygous sickle cell anemia with associ-
ated a thalassemia. Hb S/b thalassemia has
been known to exhibit less hemolysis, and
possibly because of the higher Hb values,
more frequent vaso-occlusive complications
such as bone disease and painful crises.

The iron-restriction hypothesis was champ-
ioned for many years by Oswaldo Castro at
Howard University and has found many
followers in France, especially for the treat-
ment of patients heterozygous for both Hb
S and Hb C (Hb SC disease). Hb SC dis-
ease is characterized by a milder clinical

phenotype, but it still has significant com-
plications related to higher cellular Hb
concentration, higher Hb values (.10 g/dL
in most patients) resulting in increased
blood viscosity, and symptoms related to
vaso-occlusion (painful crises, retinopathy,
sensorineural otological disease, avascular
necrosis, and nephropathy).3

In several case reports of patients af-
fected by SCA, Castro et al showed that
iron deficiency decreased hemolysis (lower
serum bilirubin and lactate dehydrogenase
and lower reticulocyte counts), reduced
the fraction of dense cells, and improved
RBC survival.4-6 Clinical improvement
was also described with iron deficiency
and worsening of symptoms with iron
replacement therapy. Rombos et al7

showed similar hematologic and clinical
improvements in 13 Greek patients, most
of them affected by Hb S/b thalassemia.
In a large retrospective study in patients
with Hb SC disease, Lionnet et al8

showed measurable, but uncontrolled,
clinical improvements in 71% of patients
treated with regular phlebotomies. More
recent studies have also highlighted a
connection between nocturnal hypoxia
and higher iron availability (estimated from
transferrin saturation), again suggesting the
deleterious effect of iron on SCD, although
the investigators of this study did not in-
voke the mechanisms described above.9

The iron hypothesis has been in existence
for at least 4 decades, but no controlled,
properly designed studies have been
carrier out to test it. Patients affected by
SCD have an iron metabolism poised
toward increased absorption, which ulti-
mately leads to iron overload. Thus, an
iron-deficient state can be induced only
with repeated phlebotomies; until re-
cently, no other pharmacologic therapy
could have been considered to modify
the ironbalance in SCA.With theexpanding
repertoire of novel therapies that target
iron regulatory molecules, new potential
therapeutic modalities that do not rely on
repeated phlebotomies may finally be
tested. Although it is based on a different
pathophysiology, a similar therapeutic
approach is also being considered for
b thalassemia.

Because iron replacement therapy is
not totally risk free (see potential increase
for malaria infection associated with oral
iron supplements), so is the induction
of an iron-deficient state. This approach is
contra-indicated for young children and
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