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Human fetal	hematopoiesis



Hematopoietic	development	in humans

From Orkin & Zon From Tavian et	al.
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Thymus colonization



2
m
on

th
s

36
ye
ar
s

60
ye
ar
s

prothym
ocyte

CLP

H
SC



Blood	2000, 96:3748

A.	Galy, M.	 Travis, D.	 Cen, B.	 Chen, Human	 T, B, natural	 killer, and	 dendritic cells	 arise from a	 common	bone marrow	
progenitor cell subset.	Immunity 3, 459-473 (1995).

Q.	L.	Hao et al., Identification of a novel, human multilymphoid progenitor in cord blood.	Blood	97, 3683-3690 (2001).



CD45RA+CD7+ HPCs	display thymus-colonizing activity and T potential
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Dynamics of Thymus-Colonizing Cells
dur ing Human Development
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Summary

Here, weidentify fetal bone marrow (BM)-derived
C034"'1C045RAti1C07' hematopoietic progenitors as
thymu s oloniz ng cells. Th s population, virtually ab
sent from theletalliver(FL),emerges ln the BM by de
velopment weeks 8-9, wherelt accumulates through·
out the second trlmester, to f lnally deellne around
blrth. Basedon phenotyplc, molocular, and funcUonat
cr'iteria. we demonstrate that CD34" 'C045RAh1C07'
eells represent the direct precursorsof themost n'Wna,. 
ture C034"'1C01a- fetal thymocytes that foUow a s.imi·
lar dynamics pattern during fetal and early postnatal
development Histok>glcal analysis ofletal thymuses
further reveals that earlyimmigrants predominantly
locallze ln the perlva.seu ar are.as of the cortex, Where
they form a lymphostromal complex wlth thymie epi·
thellal ceUs (TECs) drfv lng thelr rapld speclficatlon
toward theT llneage. Flnally, uslng an ex v vo xenoge·
nelc thymug...colonliat on u say, we show that BM·
derivêd C03411o1C.D4SRAt11co1•progenîtors are se ec·
tively recruited into the thymus p.arenchyma in the
absence of exogenous cytokines. where they adopt
a definitive T cell fate.
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Dynamics of Thymus-Colonizing Cells
during Human Development
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In vivo	modelization of	human hematopoiesis:
Building the NSG-UCB model



Science - 2 april 2004 J Immunol - februrary	2005

From Shultz	et al. Nat Rev Imun 2007
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• NSG-UCB week-3
• Femur
• hu CD45



Phenotypic roadmapping

The 2-family model • > 80 surface markers

• 14-16 antibody	panels

• 27 populations

• 28 parameters

• Minimum spanning tree

maturation
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Functional	characterization of	ELPs
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Functional characterization of	hu-NKIPs
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Characterization of	hu EBPs & proB	cells
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Identification of human EBPs
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Phenotype of	human proB cells
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Functional	characterization of	hu proB cells
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In vivo validation
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Impact of	Notch1 signaling on ELP emergence & specification
Analysis of	precursor – successor relationships
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Impact of Notch1 signaling on ELP emergence & specification	
Analysis of	precursor – successor	relationships



Genome-wide transcriptional profiling
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Bubble	GUM	analysis

multiple pairwise cross-comparisons	
NSG-UCB	vs FBM

BubbleMap representation	
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NSG-UCB	populations:	
Extraction of	CD127- and	

CD127+ ELP
relative gene signatures	
using LMDPs as reference

FBM populations:	
Extraction of	CD127- and	

CD127+ ELP
relative gene signatures	
using LMDPs as reference
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Mouse	FL populations:	
Relative gene signatures	

HSAlo >	MLPs
HSAhi	>	MLPs
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HSAlo CLPs in human ELPs HSAhi CLPs in human ELPs
215	genes 59	genes

CD127- ELPs in mouse	CLPs CD127+ ELPs in mouse	CLPs
58	genes 24	genes
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Single-cell	analyses
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CH	Waddington. Principles of	embryology (1956)

HSC differentiated effector

An integrated approach of	cell	differentiation :
• Phenotypic	level :	OK

• Transcriptional :	single-cell	transcriptomic

• Epigenetic :	ATAC-seq - ChIP-seq - Methy-seq

• Nuclear architecture : HiC - FISH
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sacrifice
• FACS analysis
• Blood, BM, THY, SPLEEN

CD34+ HPCs
• EF1a-Myc-Bcl2
• SFFV-Myc-Bcl2
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Humanized models	of	leukemogenic transformation :
Myc – Bcl2

Dupont et al., in preparation	
Collaboration with AXENIS



not	too bad...	
pour une	fois...

we’re	the best	!	
surtout	moi...
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