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(De)ironing out sickle cell
disease
Nupur K. Das and Yatrik M. Shah | University of Michigan

In this issue of Blood, Li et al1 demonstrate that dietary iron restriction
protects mice from major vascular complications and organ failure in
mouse models of sickle cell disease (SCD).
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Iron restriction attenuates SCD pathologies in a mouse model. Iron plays a critical role in the pathogenesis of
mouse SCD. Dietary iron restriction ameliorates neutrophil aging, gut epithelial disruption, and microbiota
alteration, all of which impact SCD morbidities.
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SCD is a major inherited hemolytic dis-
order affecting >100 000 people in the
United States and millions worldwide.2

SCD results from a single amino acid
substitution of valine for glutamic acid
in the gene encoding β-globin chain
producing hemoglobin S (HbS).
Deoxygenation of HbS results in
polymerization of hemoglobin, leading
to sickle deformity of red blood cells
(RBCs) and premature breakdown or
hemolysis, ultimately resulting in
anemia. Chronic hemolysis in mouse
SCD increases systemic iron demand
for erythropoiesis, prompting intestines
to increase iron absorption. Ultimately,
over time, hyperabsorption of iron
leads to secondary iron overload in
mice. The sickling of RBCs leads to
vaso-occlusive episodes (VOEs), which
contribute to tissue injury and organ
failure.3 Although the molecular
underpinnings of anemia and iron
overload in SCD are well characterized,
the mechanisms that drive VOEs in
SCD have not been completely
elucidated. In mice, tissue iron accumu-
lation, inflammation, and obstruction of
capillaries by sickle RBCs are known to
be critically involved in the multicellular
cascade that initiates VOEs. Repeated
VOEs eventually cause ischemic end
organ damages due to obstruction in
the microcirculation.

Previous studies have shown that
restriction of intestinal iron absorption
ameliorates anemia and iron overload in
mouse SCD.4 These strategies have also
been shown to be efficacious in other
mouse models of hemoglobinopathies.5,6

Moreover, clinical evidence has
suggested iron restriction can improve
several clinical parameters of SCD.7

More recently, dietary iron restriction
was shown to reduce RBC sickling and
disease severity in SCD mouse
models.8 To explore the connections
between dietary iron and SCD
pathogenesis, Li and colleagues placed
SCD mice on iron-restricted diet for 3
to 4 months and found a significant
reduction in serum iron, tissue iron, and
white blood cell iron levels without
worsening anemia in SCD mice.
Reduced mean corpuscular hemoglobin
concentration and mean corpuscular
hemoglobin suggested that dietary iron
restriction improves cellular HbS levels
and RBC sickling in mice, whereas lower
serum bilirubin levels indicated the
improvement in hemolysis. Further
analysis revealed that iron restriction
improved SCD pathology by attenuating
several key features of VOEs (specifically,
vascular adhesion molecule levels,
neutrophil aging, leukocyte adhesion,
RBC velocity, and microvascular
12
flow rate). The investigators further
confirmed this in a mouse model of
cytokine-induced vaso-occlusion where
SCD mice on iron-restricted diet
showed a robust improvement in survival
following tumor necrosis factor-α injec-
tion compared with the SCD mice on
normal iron diet.

Li et al further demonstrated that
SCDmice on iron-restricted diet exhibited
significantly reduced hep-
atosplenomegaly and tissue leukocyte
infiltration and improved liver function.
The gut is home to a large number of
microbial species that impact mammalian
physiology. The epithelial barrier is
essential to regulate interactions of
luminal antigens and microbes with the
underlying immune cells. Compromised
barrier integrity is an essential mechanism
that drives many local intestinal diseases
and impacts other diseases. SCD mice
have increased intestinal permeability and
inflammation. An iron-restricted diet
reduced intestinal inflammation and
restored gut permeability in SCD mice.
This suggests a dysregulation of the
intestine/iron/microbiota cross talk in
SCD. Indeed, an iron-restricted diet
resulted in substantial reduction in fecal
bacterial load in SCD mice. SCD mice
were dysbiotic, and iron restriction
increased the firmicutes/bacteroidetes
ratio and reduced toll-like receptor 2
activity. This demonstrates that dietary
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iron restriction helps to restore gut
epithelial integrity, improve microbiome
composition, and prevent the systemic
translocation of deleterious microbial
metabolites and antigens, and it may
contribute to the reduction of disease
severity. However, more work is needed
to definitively demonstrate the impact of
the intestine and microbiota in SCD. Gut
microbial communities have been shown
to be significantly affected by dietary iron.

Probiotics, such as Lactobacillus species,
are highly enriched following low-iron
treatment.9 Indeed, Lactobacillus
species have been shown to enhance
barrier integrity.10 Further work in
characterizing gut microbial commu-
nities, microbial metabolites, and germ-
free or antibiotic experiments is needed
to better define the impact of dietary
iron on alterations on intestinal function
and microbial changes in SCD.

Beneficial effects of iron restriction in
anemia seem paradoxical, but it is well
established that iron restriction strate-
gies alleviate major SCD morbidities.
This study provides new evidence that
VOEs, tissue injury, and organ damage
improve following dietary iron restric-
tion (see figure). Moreover, a novel
connection was identified, implicating
the beneficial outcomes to changes in
the host/microbiota interactions. This
study shows that SCD affects gut
microbial dysregulation, and it is
linked with systemic iron levels, which
can be successfully restored by dietary
iron restriction (see figure). This study
opens the possibilities of identifying
novel microbial compounds with
therapeutic potential for SCD
management.

There are still many open questions that
need to be addressed: How does iron
restriction improve anemia in SCD? Is
this dependent on decreasing the levels
of HbS or does iron-induced oxidative
stress in RBCs play a role? Are intestinal
changes in SCD the mediator of local and
systemic inflammatory and immune
changes? What are the factors in the
intestine, both host and microbial, that
determine the extent of local and systemic
tissue damage? Can we design studies in
humansusing information inmousemodels
to understand the efficacy of iron-restricted
diets in patients with SCD?
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In this issue of Blood, Davis et al1 report their experience with tixagevimab–
cilgavimab preexposure prophylaxis in a cohort of 251 patients with chronic
lymphocytic leukemia (CLL), B-cell lymphomas, multiple myeloma, or B-cell
acute lymphoblastic leukemia.
With a case-fatality rate up to 34% in hos-
pitalized patients in the prevaccine era2

and a significantly reduced response to
vaccination, COVID-19 represents a major
issue for patients with tumors of the
hematopoietic and lymphoid tissues.
Searching for additional strategies to bet-
ter protect patients with hematological
malignancies, the use of preexposure pro-
phylaxis seemed a smart and feasible
approach. In patients whose immune sys-
tem function is compromised, passive
immunization relying on effective neutral-
izing antibodies administered once to
achieve protective antibody levels regard-
less of the B-cell function should mean
long-term protection and reduced risk.
Indeed, the PROVENT study showed a
symptomatic infection rateof only 0.2% ina
study population chosen because of a low
probability of responding to vaccination or
higher risk of exposure in those treated
with tixagevimab–cilgavimab. There was a
77% reduction in the risk of symptomatic
COVID-19 compared with placebo.3 That
said, only 383 of 5197 (7.4%) subjects in
the study were considered at high risk of
infection because of a cancer diagnosis
and only 24 (0.5%) because of an
immunosuppressive disease.

The report of Davis et al provides rele-
vant information on the complex area of
SARS-CoV-2 infection prevention and
management in the most difficult to
protect category of patients with hema-
tological malignancies, that is, those with
B-cell lymphoproliferative disorders.
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