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State of the art

The laboratory of molecular mechanisms of hematologic disorders and therapeutic implications of
the Imagine Institute covers several aspects of the physiopathology and treatment of malignant and benign
hematologic disorders. The team belongs to INSERM U1163 research units and is associated to the
Necker Hospital clinical hematological department of hematology as well as to national reference centers
for mastocytosis (CEREMAST), immunodeficiencies (CEREDIH) and hemoglobinopathies.

The proposed project aims to better understand 3-thalassemia, the most common congenital anemia,
caused by mutations that reduce or eliminate production of B-globin. Intracellular accumulation of free a-
globin chains and precipitation of a-globin-heme complexes on red blood cell (RBC) membranes inhibits
late-stage erythroid differentiation, and is also thought to cause RBC hemolysis. A novel class of molecule
is in clinical trials for the treatment of thalassemia: activin ligand traps (ALT). ALT are recombinant
fusion molecules linking the extracellular domain of a human activin receptor with a human
immunoglobulin Fc domain. ALT increases the efficiency of erythropoiesis in mice, but the exact
mechanism(s) by which they alleviate or cure anemia are still under exploration. As such, the impact of
ALT on RBC clearance has never been directly explored and recent results from our team suggest that,
similarly to RBC production, RBC elimination is regulated by erythropoietin (EPO) and could be
dysregulated in thalassemic individuals. Indeed, RBC elimination is downregulated during hypoxia and
EPO is sufficient and necessary to mediate this physiological function. The cellular target of EPO remains
to be identified, but a number of evidence suggest that macrophages could mediate this signalization.
Macrophages in the splenic red pulp and hepatic Kupffer cells, recognize, remove and recycle senescent
RBC thereby regulating the biomass of circulating RBC. Macrophages express EPO receptors and its
signaling could modify their activation state. A dysregulation of this mechanism could play a role in the
pathophysiological context of B-thalassemia. In addition, the dysregulation of macrophage activation by
anemic signals may have strong implications in these chronically transfused patients by modifying the
proportion of storage-damaged RBC rapidly removed from the circulation after transfusion. We propose
that a combination of reduced RBC lifespan and reduced transfusion efficacy contribute to the
pathophysiology of R-thalassemia.

Hypothesis
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In thalassemic individuals, a combination of reduced RBC lifespan and reduced transfusion efficacy
contribute to the pathophysiology of 3-thalassemia. ALT would alleviate anemia in these patients by
reversing the pathogenic activation of macrophages.

Objectives and experimental plan

Our general objectives are to identify and characterize signals regulating the macrophage recognition and
phagocytosis of altered RBC (in thalassemia) or storage-damaged RBC (transfusion). Specifically, in vitro
and in vivo mouse models of transfusion (including B-thalassemic mice) will be used to explore the impact
of ALT treatment on RBC lifespan/elimination and transfusion efficacy. Also, we will determine whether
macrophage activation/deactivation (by GDF-11/ALT) impacts the phagocytosis of storage-damaged
human RBC by cultured macrophages in vitro.

Perspectives

The mainstay of current treatment in severe R-thalassemia consists of regular blood transfusions and iron
chelation. This chronic transfusion regime exposes the patients to an important risk of iron overload. ALT
treatment could improve both the RBC lifespan of thalassemic patients and the efficacy of their
transfusions by decreasing pathophysiological RBC elimination. This is important in view of recent results
from clinical trials, showing ALT to be effective, safe, and well tolerated in patients with non-transfusion-
dependent and transfusion-dependent B-thalassemia.
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