S. DEVELOPMENT OF BLOOD
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Human Zebrafish

Blood cells

Mesonephric
tubules
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B primitive hematopoiesis



A : vl — scl, gata1/2, Imo2 - transcriptional factors that specify early
hematopoietic tissue (gata2 expressed also in ectoderm)
‘ " RBI - rostral blood islands
plrt 7 ICM —inner cell mass

gata1 promoter-driven GFP = early erythroid lineage

$ %% Hematopoietic
' 8 stem cells

dorsal aorta

5-somite stage embryo — hematopoiesis starts
officially



MYELOPOIESIS STARTS IN RBI @ 10-SOMITE STAGE
spil — marker of myeloid lineage
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scl — early hematovascular cell fate
fli1 — early vascular fate
nkx2.5 — heart fate
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8.5 dpc - yolk sac encloses entire embryo
blood islands merge to form vascular channels

bl - blood islands

ec - ectoplacental cone

ac - amniotic cavity

te - trophectoderm

al - allantois

eem - extraembryonic mesoderm (blue)
ve - visceral endoderm

e - embryonic ectoderm

LacZ driven by p-globin promoter
(X-gal staining — primitive erythroblasts)



AORTA-GONAD MESONEPHROS (AGM)

Development of intra-embryonic hemogenic site RUNXI1 riboprobe

lateral plate mesoderm

hemogenic site
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Rohon-Beard neurons
A- aorta
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AV- axial vein
e - endothelial cell



RUNXI1 (CBFA2, AMLI1) is necessary for ‘definitive’
hematopoiesis to start at AGM

Primitive Haemangioblast

erythropolesis
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E11.5: dark- hematopoietic cells

only a few primitive erythrocytes left —
likely a carry-over from the ‘primitive’
hematopoiesis



EXTRAEMBRYONAL vs EMBRYONAL PRIMITIVE vs. DEFINITIVE
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BONE MARROW NICHE IS CRITICAL FOR HEMATOPOIESIS
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COLLAGEN TYPE-X DELETION

Resting chondrocytes
Markers: type Il collagen
Moderate mitotic index

thymus

f spleen

Columnar chondrocytes
Markers: type Il collagen
High mitotic index

- Prehypertrophic chondrocytes
Markers: type Il collagen, Ihh
Post-mitotic

Hypertrophic chondrocytes

Markers: alkaline phosphatase,
pe X collagen, VEGF
ost-mitotic

Primary spongiosum (bone) L .
Markers: osteocalcin, alkaline normal hematopoiesis aplasia
phosphatase, osteopontin

High mitotic index




THE HUNT FOR HEMANGIOBLAST AND ITS HEM-
ANGIO-DIFFERENTIATION
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HEMANGIOBLAST
scattered among endothelial and HSC in heart field of the gastrula

\/

Fig. 5. The heart field. Diagrammatic representation of the heart field
in the early blastula. The miensity of grey represents the propensity
to form heart.

ventral marginal cells of the heart field, n- notochord
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HEMANGIOBLAST or HAEMOGENIC EPITHELIA, or BOTH?



ES/EB as a Model of Yolk Sac Haematopoiesis In vitro dif ferentiation of ES cells

) Eg
Embryonic Stem Cell ' ditferentiation

ﬁ_l iy
./— ' bt —— on feeders + LIF

epiblast .
Differentiation
o msien (@ -LIF/feeders

haemangicblast .
i i (< 0occ00es |
(E8s) .o ®@ @

e Formation of g
rsors bryoid Bodies (EBs
i . - . prec Embryoi ies (EBs)
endathelil e . 3
cell  primitive & Harvest at various time points and
o ki m‘ . assay for biological potentials
\. - " blast colony-forming cell

Hemangioblast FLK-1* (BL-CFC) Assay

Hematopoietic and

Embryoid Bodies Endothelial Cells

(day 2.5 to 4)

|

Dissociation and replating
in hemangioblast mix
(VEGF)

4 days later, 1

count colonies

.

EB 2nd

I 4 days later

Pick and replate
individual blast




The haemangioblast generates haematopoietic cells
through a haemogenic endothelium stage  naturg|val 45712 February 2009

Christophe Lancrin', Patrycja Sroczynska', Catherine Stephenson’, Terry Allen®, Valerie Kouskoff”
& Georges Lacaud'
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Tie2hic-KIT*CD41 can generate hematopoietic precursors

endothelia in matrigel
endothelial markers
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TRANSCRIPTIONAL FACTORS IN BLOOD DEVELOPMENT
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gatail

exZ
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band3

sptb

alas2

GATA-1 - binds DNA via a zinc finger motif

wit meSsT

Dracula fish — loss-of-function mutation in
GATAL1 - impaired erythroid differentiation



Spadetail/TBX16
DNA binding domain derived from the prototype gene called transcription factor T
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cell differentiation



WHEN SOMETHING GOES WRONG WITH BLOOD
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ACUTE LYMPHOID LEUKEMIA
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CHRONIC MYELOID LEUKEMIA
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Growth factor

mitochondrion

Actin
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Increased motility
Decreased adhesion



Year Total Dead

== |matinib 230 7
— 1990-2000 960 334
- 1982-1989 365 265
1975-1981 132 127
1965-1974 123 122
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