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Description of the Project (max 3,000 characters including spaces)

Background/gap of knowledge

Disrupted ribosomal biogenesis is a hallmark of both congenital and acquired bone marrow
failure (BMF) (1). In particular, mutations in ribosomal protein genes (RPGs) underlie a class of
diseases, termed ribosomopathies, that at their onset affect specific hematopoietic lineages (1).
Of these, Diamond-Blackfan Anemia (DBA) is especially intriguing since it holds the rare
distinction of being an intrinsic genetic disorder of erythroid progenitor cells. The mechanism by
which impaired ribosome biogenesis specifically affects adult erythropoiesis remains poorly
understood. Red blood cells (RBCs), are produced in three distinct waves (2, 3); one “primitive”
wave (herein defined as PrimE) followed by a “transient” (Transk) and a subsequent “definitive”
(DefE) (4, 5). DefE is sustained by hematopoietic stem cells (HSCs) capable of long-term
reconstitution, starts in the fetal liver (FL) and post-natal bone marrow (BM) and generates RBCs
needed throughout postnatal life. However, in the embryo, RBC progenitors are first produced in
the yolk sac (YS), beginning with PrimE that sustains RBC production until placentation and is
then succeeded by Transk fetal erythropoiesis that originates from YS-derived precursor that
mature in the FL. Interestingly, although RBCs are needed throughout the entire life, including
during embryonic development, where mutations affecting RBCs numbers are lethal, RPGs
mutations leading to DBA strongly affect RBCs only postnatally, specifically the HSC-derived DefE
wave. In fact, DBA onset is usually observed concomitantly with the switch to definitive
erythropoiesis (1, 6, 7). Why only some developmental progenitors display sensitivity to DBA

mutations is currently unknown.
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Rationale and hypothesis

We therefore hypothesize there are fundamental biological differences associated with
ribosome biogenesis between the waves of erythropoiesis that explain why only definitive
erythropoiesis is impaired by ribosomal protein (RP) deficiency. Our aim is to use DBA as a
“natural” model to understand how translation is controlled between pre- and post-natal
hematopoietic cells, in particular in RBCs, and how defects in ribosome biogenesis, a universal
and essential process for all cells, can lead to divergent outcomes during development.

Objectives and specific aims

1) To build a developmental model of RBC development using wt and DBA human iPSCs

2) To dissect gene expression dynamics of developing RBCs throughout human development
with wt and DBA human iPSCs

3) To identify specific developmental vulnerabilities and validate DBA therapeutic targets in vitro
and in vivo

Expected outcomes

The successful completion of this project will establish a robust and reproducible human model
of developmental erythropoiesis. This will enable the mechanistic interrogation of gene
expression control during hematopoietic development as well as the modeling genetic forms of
anemia, leading to the identification of new therapeutic targets of these diseases.

Skills that the student should acquire (max. 600 characters including spaces):

Analysis of stemness, pluripotency and developmental stages; analysis of signaling pathways;
cell and tissue cultures with human pluripotent stem cells; hematopoietic assays; erythroid cell
characterization; flow cytometry and cell sorting; molecular biology; data analysis; system

biology literacy; scientific communication.
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