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Under hypoxia (experimentally induced by controlled bleeding), the kidney increases production of EPO, a growth
factor that stimulates proliferation of erythroid precursors and their differentiation into mature RBCs, whereas the
liver upregulates the serine protease TMPRSS6 to decrease the BMP-SMAD pathway and hepcidin expression. In
erythroid precursors, activation of the EPO-dependent signaling pathway, mediated by JAK2-STATS, increases the
production of ERFE, a secreted protein that inhibits the BMP-SMAD pathway and hepcidin by sequestering the
BMP ligand BMPé. ERFE reaches its maximum concentration within 24 hours (lower panel) after bleeding. The liver
plays a crucial role in the hypoxia-mediated inhibition of the BMP-SMAD pathway and hepcidin through the
upregulation of the newly identified “erythroid regulator” FGL1. Like ERFE, FGL1 acts upstream of the BMP-
SMAD signaling by sequestering BMP6. However, the timing of FGL1 expression is delayed compared with
ERFE and reaches its maximum level 1 to 3 days after bleeding. Reduced production of hepcidin promotes iron
recycling and uptake of dietary iron by stabilizing the sole iron exporter ferroportin at the cell membrane of
macrophages and enterocytes, respectively, thereby increasing iron entry into the bloodstream. The coordinated
activity of ERFE and FGL1, which ensures efficient hepcidin downregulation (lower panel), provides all the iron
required by erythroid cells for hemoglobin synthesis and RBC production. HIF, hypoxia-inducible factor.

selective degradation of target RNAs by
binding to the asialoglycoprotein receptor
highly expressed on hepatocytes.

dysregulated cross talk between erythro-
poiesis and iron metabolism.
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Future studies and novel tools are required
to prove the relevance of FGL1 in human
physiology and disease. However, the
evidence that FGL1 shares 82% identity
between human and mouse suggests that
its function is also conserved.

Comment on Shi et al, page 1293

'.) Check for updates

REFERENCES

1. Sardo U, Perrier P, Cormier K, et al. The
hepatokine FGL1 regulates hepcidin and iron
metabolism during anemia in mice by
antagonizing BMP signaling. Blood. 2024;
143(13):1282-1292.

2. Nemeth E, Tuttle MS, Powelson J, et al.
Hepcidin regulates cellulariron efflux by binding
to ferroportin and inducing its internalization.
Science. 2004;306(5704):2090-2093.

3. Silvestri L, Nai A, Dulja A, Pagani A. Hepcidin
and the BMP-SMAD pathway: an unexpected
liaison. Vitam Horm. 2019;110:71-99.

4. Nai A, Rubio A, Campanella A, et al. Regular
article limiting hepatic Bmp-Smad signaling
by matriptase-2 is required for erythropoietin-
mediated hepcidin suppression in mice.
Blood. 2017;127(19):2327-2337.

5. Kautz L, Jung G, Valore E V, Rivella S,
Nemeth E, Ganz T. Identification of
erythroferrone as an erythroid regulator of iron
metabolism. Nat Genet. 2014;46(7):678-684.

6. Wang CY, Xu Y, Traeger L, et al.
Erythroferrone lowers hepcidin by
sequestering BMP2/6 heterodimer from
binding to the BMP type i receptor ALK3.
Blood. 2020;135(6):453-456.

7. Coffey R, Sardo U, Kautz L, Gabayan V,
Nemeth E, Ganz T. Erythroferrone is not required
for the glucoregulatory and hematologic effects
of chronic erythropoietin treatment in mice.
Physiol Rep. 2018;6(19):e13890.

8. Kautz L, Jung G, Du X, et al. Erythroferrone
contributes to hepcidin suppression and iron
overload in a mouse model of f-thalassemia.
Blood. 2015;126(17):2031-2037.

9. Demchev V, Malana G, Vangala D, et al.
Targeted deletion of fibrinogen like protein 1
reveals a novel role in energy substrate
utilization. PLoS One. 2013;8(3):e58084.

10. Lakhal S, Schodel J, Townsend ARM,
Pugh CW, Ratcliffe PJ, Mole DR. Regulation
of type Il transmembrane serine proteinase
TMPRSS6 by hypoxia-inducible factors. J Biol
Chem. 2011;286(6):4090-4097.

https://doi.org/10.1182/blood.2023023645

© 2024 American Society of Hematology. Published by
Elsevier Inc. All rights are reserved, including those for
text and data mining, Al training, and similar
technologies.
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With the identification of FGL1, Sardo and
colleagues add another piece to the
complex regulation of hepcidin; suggest a
further link between hypoxia, iron regula-
tion, and metabolism; and offer another
potential target to be explored in the
treatment of diseases characterized by a

Sickle cell anemia: hepatic
macrophages to the rescue

Rinku Majumder and Mohammad A Mohammad | LSU Health Science Center

In this issue of Blood, Shi et al' demonstrate the importance of hepatic
macrophages in the clearance of a disintegrin and metalloproteinase with
thrombospondin type 1 motif, member 13 (ADAMTS13)-cleaved von
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Willebrand factor (VWF) in mice with sickle cell anemia (SCA). The authors
discovered that the resulting short VWF fragments adhere to erythro-
cytes, and insufficient phagocytosis of these fragments fuels the aggres-
siveness of vaso-occlusive episodes associated with SCA.

Sickle cell disease is an inherited disorder
due to a single mutation in the p-globin
gene.2 Yet, as the authors remind us, SCA
"is a systemic disease with complex,
incompletely elucidated pathologies.” For
example, macrophage clearance of SCA
erythrocytes is essential to prevent hemo-
lysis and limit tissue damage and inflam-
matory processes caused by released
heme.? Macrophages are a diverse popu-
lation, and Shi et al sought to identify the
particular macrophage type(s) involved in
the complex pathologic process(es) of
SCA. Using single-cell RNA sequencing
and fluorescence in situ transcriptome
techniques, the authors identified a signif-
icant presence of hepatic macrophages
within the vessel wall, particularly in SCA
mouse liver compared with normal mouse
liver. Several macrophage populations,
including Kupffer-cell receptor marker
(C-type lectin receptor, Clec4f) and a few
macrophage scavenger receptors (Macro)
were shown to have enhanced eryth-
rophagocytosis and macrophage phago-
cytosis activity, thus reducing tissue
damage in the SCA mouse liver.

VWF  promotes vaso-occlusive events
(VOEs) and thromboinflammation in
SCA.*> VWF is elevated in individuals with
SCA, and its clearance by macrophages is
obviously important.® The authors found
that the Clef4fMacro macrophage subset
was most active in VWF clearance.
Removal of VWF by these macrophages is
preceded by ADAMTS13 proteolytic
cleavage of VWF; the importance of this

process is highlighted by the fact that
administering recombinant ADAMTS13
alleviates VOEs,” and dysregulation of the
VWF-ADAMTS13  axis promotes SCA
pathogenesis.® Further, cleavage requires
desialylation of VWF in the liver, thereby
supporting the role of sialyation by
hepatic macrophages in this process.

Cleaved VWF assembles into higher- and
lower-molecular-weight multimers.”  In
their study, Shi et al identified a new
pathologic activity of the lower-molecular-
weight VWF. The lower-molecular-weight
fragments bind to sickle erythrocytes and
exacerbate VOEs if these fragments are
not cleared from the circulation. Ac2-26, a
peptide derived from Annexin A1, stimu-
lates the phagocytosis activity of bone
marrow macrophages. Shi et al showed
that Ac2-26 increased colocalization of
VWF  with macrophages and reduced
vaso-occlusion, a finding that suggests a
“new therapeutic option for the treatment
of VOE.”

In conclusion, targeting macrophages as
innovative therapeutic approaches for
SCA may pave the way to further our
knowledge of the complexity of this
disease.
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