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SUMMARY

We have investigated the developmental relationship of the ~ To determine if the hemopoietic clusters are derived
hemopoietic and endothelial lineages in the floor of the from endothelial cells, we tagged the E2 endothelial tree
chicken aorta, a site of hemopoietic progenitor emergence from the inside with low-density lipoproteins (LDL)
in the embryo proper. We show that, prior to the onset of coupled to Dil. 24 hours later, hemopoietic clusters were
hemopoiesis, the aortic endothelium uniformly expresses labelled by LDL. Since no CD45 cells were inserted among
the endothelium-specific membrane receptor VEGF-R2. endothelial cells at the time of vascular labelling,
The onset of hemopoiesis can be determined by detecting hemopoietic clusters must be concluded to derive from
the common leukocyte antigen CD45. VEGF-R2 and CD45 precursors with an endothelial phenotype.

are expressed in complementary fashion, namely the

hemopoietic cluster-bearing floor of the aorta is

CD45"/VEGF-R2~, while the rest of the aortic endothelium  Key words: Avian embryo, Hematopoietic progenitor, Endothelial
is CD45/VEGF-R2". cell, VEGF-R2, CD45, LDL

INTRODUCTION species from shark to human. They display a striking
polarization, being inserted in the floor of the aorta as two
The endothelial network and the hemopoietic system develgparallel longitudinal ridges or as a single central row
in parallel and are strikingly intertwined in the yolk sac blood(Dantschakoff, 1907; Maximow, 1909; Minot, 1910; Emmel,
islands and in the embryo’s aorta. In the present report, wE916; Jordan, 1917, 1918; Dieterlen-Liévre,1975; Smith and
examine the possible filiation between hemopoietic cells (HCBlomsky, 1982; Garcia-Porrero et al., 1995; Tavian et al., 1996;
and endothelial cells (EC). We focus on intraaorticWood et al., 1997). Despite this stereotyped appearance, little
hemopoietic clusters, which produce cells involved in thaes known about the origin of the intraaortic clusters in
colonization of definitive hemopoietic organ rudiments andelationship to the endothelium of the aorta.
give rise to definitive hemopoietic stem cells (HSC). These Based on their close spatial and temporal relationships, HC
clusters have been demonstrated to develop in situ in ‘yolk samd EC have been proposed to originate from a common
chimeras’ (Martin, 1972), i.e. quail embryos grafted onto grecursor, designated as the hemangioblast (Sabin, 1917;
chicken host yolk sac (Dieterlen-Liévre and Martin, 1981). Red/urray, 1932; Wagner, 1980). The two lineages possess
cells of intraembryonic origin appeared in the blood (Beaupaiseveral features that support the idea of a common origin. In
et al., 1979) and the thymic rudiments were colonized by HSGirds, they both express the MB1/QH1 antigen (Labastie et al.,
of intraembryonic origin (Martin et al., 1978). The production1986; Pardanaud et al., 1987), the newly reported
of multipotential progenitors by the aortic region wasthrombomucin MEP 21 (Mc Nagny et al., 1997) and the
demonstrated in clonal cultures, and no progenitors developédnscription factor SCL/tal (Drake et al., 1997). In mammals,
from the rest of the embryonic body (Cormier et al., 1986the two lineages express CD34 (Young et al., 1995; Tavian et
Cormier and Dieterlen-Lievre, 1988; Cormier, 1993). In theal., 1996; Wood et al., 1997), CD31 (Baldwin et al., 1994) and
mouse, the homologous region was demonstrated to produS€L-tal (Hwang et al., 1993; Kallianpur et al., 1994).
progenitors with lymphohemopoietic potential, when separateBurthermore, several gene deletions affect both lineages
from the yolk sac prior to the establishment of circulation. In(Shalaby et al., 1995, 1997; Robb et al., 1995; Shivdasani et
contrast, progenitors from the yolk sac had only myeloidal., 1995; Ferrara et al., 1996).
potential (Cumano et al., 1996; for review see; Dieterlen- In the present study, the emergence of HC in the aortic floor
Lievre, 1997; Dzierzak et al., 1998). was explored by double-staining for an EC (Quek-1/VEGF-
Intraaortic clusters have been reported in a vast range 82) and an HC (CD45) antigen. Quek-1 (Eichmann et al.,
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1993, 1996) is the avian homologue of flk-1/KDR/VEGF-R2the subgerminal cavity. A small opening was made into the body wall
(Matthews et al., 1991; Terman et al., 1991), one of the seven the level of the heart and LDL solution (0.3-@u5 Molecular
endothelial-specific growth factor receptors with tyrosinebrobes, Eugene, USA) was inoculated with a borosilicated glass
kinase (for review see Mustonen and Alitalo, 1995). Targeteﬂeed|e pulled in a micropipette puller into a tip of approximately 30
gene inactivation demonstrated that several of these receptd®: Small enough not to damage the heart muscle wall. The liquid,
are essential for the development of the vascular systeﬁimly flushed into the circulation, distributed to the whole vascular
(Dumont et al., 1994; Fong et al., 1995; Puri et al., 1995; Sato e

et al., 1995); each is probably involved at a particular step nytology

EC (jllfferentlatlona VEGF'RZ .IS_ 'ta major tretg)]ulgt((:)r of 'l%he embryos were processed for LDL histology, CD45 or/and Quek-
vasculogenesis and anglogenesis, It appears 10 be SPECMIGEGF-R2 immunostaining. Embryos were transferred in a solution

(Eichmann et al., 1993; Millauer et al., 1993; Yamaguchi et al oo ntaining phosphate buffer 0.12 M (PB)/saccharose 15% (Merck) for
1993). 24-48 hours, impregnated in PB/15% saccharose/7.5% gelatin for 1
In mouse, chick and quail embryos, VEGF-R2 is present asour at 37°C, then embedded at room temperature. Blocks were
early as the primitive streak stage (Millauer et al., 1993frozen in isopentane (Prolabo)-#85°C for 1 minute and transferred
Eichmann et al., 1993) in a region containing precursors fdp —80°C until cryostat sectioning. 8-10m serial sections were
EC and HC and is the earliest marker identified to date. It waggposited on Superfrost plus slides (Menzel Glaser Germany) which
found on angioblasts and EC at very early developmentifere stored at80°C until use.
stages, and in the allantois, yolk sac and on all the EC of the =
embryo proper at least until 15 dpc for the mouse (Millauer etntibodies . . .
al., 1993; Yamaguchi et al., 1993; Dumont et al., 1995) and E@"él e nlnonocélor;]al a”t'b_o‘i'_y of th”e IgM sut;classtrecogmstugg quta”
for birds (Eichmann et al., 1993; Couly et al., 1995; Wilting eftNdothelial -and nhemopolelc Cells except mature erythrocytes
al., 1997), persisting in subsets of EC afterwards (Wilting ef &rdanaud et al,, 1987). Monoclonal anti-chick CD45 (lgG2a

. J “Subclass; Jeurissen et al.,, 1988) was supplied by ID-DLO (The
al., 1997). Quek-icells sorted out from the chick gastrula give Netherlands). It was found to have no affinity for quail hemopoietic

rise to both hemopoietic and endothelial progenitors, WhicRejis, The anti-Quek-1 (IgG1 subclass) is a monoclonal antibody

develop into HC or EC colonies (Eichmann et al., 1997).  recognizing the avian VEGF-R2 (Eichmann et al., 1997). It has
The pan leukocyte antigen CD45 is a transmembrangffinity for EC in both chick and quail species.

glycoprotein with phosphotyrosine phosphatase activity

expressed exclusively by cells of the hemopoietic lineage (fammunohistochemistry

a review see Thomas, 1989; Trowbridge and Thomas, 199445 and Quek-1 were revealed using the Tyramide Signal

from an early stage of ontogeny (Tavian et al., 1996). In themplification system (TSA, NEN Life Science) according to the

chick, several monoclonal antibodies (mAbs) have beemanufacturer's recommendations. Primary antibodies were applied

obtained that detect the avian homologue of CD45 witlpvernight at 4°C in a humid atmosphere alone or together, followed

intrinsic phosphotyrosine phosphatase activity (Paramithioti8y secondary antibodies (Southern Biotechnology), respectively, a

et al., 1991). sheep antl-mogse IgG2a-HRP-coupled for CD45 or a sheep anti-
The processes triggerng ntaaoric HC formation are siiCUSe 0] Dewny-coupies o Quecc, for coubie horeceent

unknown. To mveSt.Igate th.e developmental I‘(:"latlonsmpwere bIoL:ked for 30 minutes with TNB (Tris-buffered saline-

between EC and intraaortic clusters, we analyzed th

. . gontaining 0.5% NEN Life Science Blocking reagent). The Quek-1-
expression patterns of VEGF-R2 and CD45, and we carried ole ific secondary antibody was then added first 1/100 in TNB for

a dynamic study, by tagging the endothelial tree at a time Whenhour. After 3 rinses in TNT (Tris-HCI 0.1 M pH 7.5, NaCl 0.15
no hemopoietic clusters are present. Cells in the endotheligl, Tween 20 0.05%), streptavidine-HRP 1/500 in TNT was applied
tree were traced with Dil-conjugated acetylated low-densityor 30 minutes followed by biotinylated tyramide 1/50 in
lipoproteins (Ac LDL-Dil) which can be visualized as early asamplification buffer for 10 minutes and Streptavidin Cy3 (red,
2-3 hours after injection. Amersham) 1/1000 in TNT for 30 minutes. Excess HRP was
This approach indicates that intraaortic clusters are seedﬁt]iict“v"i‘te‘j b|3;3?% t‘iZ (Mecr:%?ls'“ PBS for Lllsdmmtﬁtes between
by progenitors derived from the aortic endothelium. At E3-4,1€ W0 ampliication steps. was revealed In the same manner
CyDZS %vas found to replace VEGF-R2 on some of the cell ith a sheep anti-mouse 1gG2A-HRP 1/100 in TNB for 1 hour,

7 . . . \ , ollowed by biotinylated tyramide 1/50 for 10 minutes and then
lining the floor of the aorta so that, in this location, ‘true’ EC treptavidin Cy2 (green, Amersham) 1/1000 in TNT for 30 minutes.

seemed absent. Labelling revealed a developmental linfe sjides were mounted in Glycergel (Dako) and observed in a

betWeen EC and intraaortic ClusteI’S. Furthermore wikon AF microgcope equipped with epiﬂuorescence and

subpopulation of CD45cells was shown to ingress into the appropriate filters.

dorsal mesentery. When chromogenic substrates were used rather than fluorochromes,
the detection technique was modified as follow. The two secondary
antibodies were applied simultaneously for 1 hour. Tyramide-FITC
1/100 in amplification buffer was applied for 30 minutes to detect

MATERIALS AND METHODS CD45. Quek-1 was detected with streptavidine-HRP followed by 2-
] Diamino Benzidine (10 mg tablets, Sigma) in PBS. At the end of the
Inoculations procedure, CD45 was revealed with anti-fluorescein-alkaline

Brown Leghorn (JA 57 strain) chick embryos and Japanese qugihosphatase (Amersham) 1/100 in TNT for 1 hour detected with the
(Coturnix coturnix japonichwere staged according to Hamburger Sigma Fast red-Naphtol ASMX kit (Sigma). Detailed protocols are
and Hamilton (HH) (1951). HH13-14 (19 to 22 somites) chickavailable upon request.

embryos were inoculated in the heart. Briefly, the embryo was QH1 immunohistochemistry on quail embryo semithin sections
visualized by injecting a India ink solution (Pelikan) 1/1 in PBS intowas performed as described in Pardanaud et al. (1996).



Endothelial cells produce hemopoietic cells 4577

Semithin and ultrathin sections, electron microscopy A % 1
The truncal regions of HH19 chick embryos were trimmed and fixer \ No

in 2.5% glutaraldehyde/2% paraformaldehyde in 0.05 M cacodylat
buffer, pH 7.6 at 4°C for 1.5 hour. They were washed and stored | gl
cacodylate buffer/8% sucrose for 15-18 hours at 4°C and post fixe T PR
with 1% OsQ in cacodylate buffer at 4°C for 1.5 hours. Tissues were C\r LA Ao
dehydrated in graded ethanol, embedded in Araldite and cut on \ ;
Reichert ultramicrotome equipped with a glass or diamond knife & ;
Sections were stained with uranyl acetate and lead citrate ar e
observed under a transmission electron microscope JEM 120 ik ¢
Semithin sections (ftm) were also examined with a light microscope ' B AL
after QH1 immunostaining and/or toluidine blue counterstaining. Ea}'

Ao

RESULTS

p.

L -’
>

Although intraaortic clusters are prominent in the chick AL ’
(Dantschakoff, 1907; Sabin, 1917; Dieterlen-Liévre, 1975) an e
in the quail embryo (Dieterlen-Liévre et al., 1977), neither thei -
developmental timing nor their anatomical distribution have ~ 5
been precisely described before. We set out to identify HC ar AP

EC through their antigenic phenotypes. QH1, which has bee .Egj : = S

widely used to study vascular development in quail-chicken.
chimeras as it recognizes both quail HC and EC, was used §§étion at the truncal level, QH1 immunostaining. (A) The clusters

map the extent Qf intraaortic clusters during the switch fromolre symmetric groups of QHFtells that appear to bud from the floor
the flat endothelial morphology to the puffed morphology ofyf the aorta (Ao). No clusters are present in cardinal veins (Cv) or in
hemopoietic cells and the distribution of the clusters within th@ny other vessel. Longitudinally, the clusters build up two long

quail vascular tree. Anti-VEGF-R2/anti-CD45 double stainingyidges. No, notochord. Barzs um. (B) Enlarged inset showing the
which made it possible to distinguish the developmentaprogressive transition between flat endothelial (EC) and round
relationship between the endothelial tree and HC in the chickdremopoietic (HC) cells. Bar, 35m.

species, was used to analyze the two cell types.

@

&

1.Intraaortic clusters in the E3 quail embryo. Semithin cross

Developmental mapping of intraaortic clusters in be able to stain both CD45 and Quek-1/VEGF-R2
birds simultaneously without ambiguity.

In E2 embryos with 19 to 22 pairs of somites (HH 13-14), the At E2 and until the beginning of E3 (HH17), the whole
aortic endothelium consisted entirely of VEGF-R2-positive flaichicken endothelial tree was lined by typical VEGF:-B&Is.
cells. Intraaortic clusters were not detected until the two aortillo CD45" cells were present in the embryo until stage HH14-
anlagen began to fuse. The first HC appeared between HH 16 (Fig. 2A,B). Precisely at this stage, numerous scattered
and 17 (early E3) at the cephalic most levels of the floor of th€ED45" cells first appeared in the yolk sac and in the blood,
dorsal aorta. In HH 18-20 chick and quail embryos, the clustegzarticularly in the cardiac cavity and the ducts of Cuvier (Fig.
extended from branchial arches to the pre-umbilical vessel8). These cells, then appeared to exit from the blood through
They developed as two longitudinal symmetric ridgesghe endothelium and rapidly invaded the whole embryo,
according to a rostrocaudal gradient, larger aggregates beibgginning with the aortic arches. These numerous cells were
detected rostralwards while fewer and smaller ones wergained so intensely by CD45 that they did not need tyramide
present in caudalmost regions. These ridges were located amplification to be detected, in contrast to cells in the
the ventrolateral aspects of the aorta (‘the floor of the aortaintraaortic clusters. In distribution, time and mode of
Fig. 1A). These budding cells were not usually observed on theppearance, these CD45cells correspond exactly to the cells
median line. Cells in the clusters were usually variable in sizelentified by Cuadros et al. (1992) as monocyte-macrophages
and shape and were markedly basophilic with a prominer@nd shown in chicken embryos grafted on a quail yolk sac to
nucleoli. While no flat EC could be seen at the position of theriginate from the yolk sac (Cuadros et al., 1992).

clusters, typical aortic endothelium appeared to merge laterally Another CD45 population appeared 15 hours later at stages
with the cluster-bearing areas (Fig. 1B). In the junction zone<,7-18 HH, after the two aortic anlagen had fused. Two features
cells bulged towards the aortic lumen. The mesoderm appearel@arly distinguished these cells from the CbD#45
denser ventral to the aortic floor while it was less dense dorsalacrophage-monocyte group; firstly, instead of being
to the roof. From stage 21-22, the HC production decreasatistributed all over the embryo, they were inserted in the aortic

and the aortic floor reverted to its EC appearance. floor in small groups; secondly, the CD45 expression that they
) displayed was weaker by several orders of magnitude. Together
Complementary expressions of VEGF-R2 and CD45 with the chimerae (Dieterlen-Liévre and Martin, 1981) and

Standard immmunocytological protocols appeared unable tonal culture data (Cormier et al.,, 1986), the restricted
detect Quek-1/VEGF-R2 and CD45 in situ: the signal wasocalization of these cells and their CD45 weak affinity allow
either very weak or absent. We modified the NEN Tyramidéheir identification as the first intraembryonic hemopoietic
Signal Amplification technique (see Materials and methods) toells. Usually these CD4%ells bulged into the aortic lumen
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Fig. 2. VEGF-R2 expression at truncal level in a 22-somite chick

embryo (E2). Quekl antibody, tyramide amplification,Cy3

fluorescence. Cross sections. Bar, [i#6 (A) 10" somite level. The

aorta (Ao) is entirely VEGF-R2arrow). VEGF-R2 cells are

present in the lateral part of the dermomyotome (Dm) and surround

the Wolffian duct (W). VEGF-R2cells are more abundant in the

splanchnopleural (Sp) than in the somatopleural (So) mesoderm.

Dm, dermomyotome; NT, Neural tube; Sc, Sclerotome. (&) 17

somite level. Angioblasts are present at the basolateral edge of the

somite (S) near the Wolffian duct. At this level the vascular network Fig. 4. VEGF-R2/CD45 double staining. Tyramide amplification.

is densely arranged in the splanchnopleural mesoderm. (A,B) HRP detection of VEGF-R2 (brown), alkaline phosphatase
detection of CD45 (red). (C) Fluorochrome detection of VEGF-R2
(orange) and CDA45 (green). (A) E3 chick embryo (HH19), brachial

in the vicinity of flat VEGF-R2 endothelial-like cells. VEGF- level. CD45/VEGF-R2 clusters occupy the aortic floor (arrows).

R2 was not expressed by cells expressing CD45. Red cells ventral to the clusters in the dorsal mesentery may be either

D45 or CD45**, but cannot be distinguished after tyramide
From stage 19 HH, these HC were found all along the aorfaP4 Or ’ 9 yram

- - . _amplification (arrowheads). Ao, Aorta. Bar, 11#%. (B) E3 chick
from the level of the branchial arches to that of the vitelling bryo (HH19). Stomach level where the clusters are less

; . > ; e
veins. Different steps could be recognized in the emergence B?(;minent. Flat endothelial-shaped VEGF=RED45" cells (arrow)
these clusters. At the upper trunk level, the CDdlisters  3re wedged between typical EC and typical HC. Some cells do not
were large and did not express VEGF-R2, which wagxpress either marker (arrowhead). (C) E4 Chick embryo, mid-trunk
completely missing from the cluster-bearing stretches of aortievel. The whole aortic endothelium, including the floor, expresses
floor. VEGF-R2 staining was found immediately adjacent toVEGF-R2 (orange). A few CD45ntraluminal cells (green,

CDA45" stretches (Fig. 4A). Many single round CD4¢ells arrowhead) overlay the VEGF-R2ndothelial cells. Ao, Aorta; K,
were also present in the dorsal mesentery immediatekidney; No, notochord. Bar, &m

underlying the intraaortic clusters. At the cephalicmost levels
(branchial arches level), few intraaortic cells were present but
large intramesenteric groups of CD4éells were detected
(Fig. 4A). More caudally, the size of the intraaortic clusters
decreased, CD4%mnd VEGF-R2 cells being intermixed in the
aortic floor. At this level, the aortic floor was a mosaic between
EC and HC. In these regions, CD45 staining was low and
adjacent cells expressed VEGF-R2 as dots on the cell surface.
Cells negative for VEGF-R2 and CD45 as well as cells with a
bulging phenotype but positive for VEGF-R2 were sometimes
detected (data not shown). In caudalmost parts where HC were
beginning to appear, single VEGF-R@ells were present in

the endothelium in addition to cells expressing CD45 at low
levels (Fig. 4B). Intramesenteric cells became rarer and rarer

Fig. 3. Appearance of
CD45** cells in the
embryo proper (HH15,
26-somite chick
embryo). No tyramide
amplification. Foregut
level. A few of these
cells are detected in the
duct of Cuvier (CD,
arrows). Two particularly
bright cells have crossed
the vessel wall into the
gut (G) mesenchyme
(arrowheads). NT,
notochord. Bar, 8Qim.
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Fig. 5 Ultrastructure of the aortic
endothelium at the level of the
clusters. HH19 chick embryo.
(A) Semithin cross section at the
mid-trunk level. Toluidine blue
staining. The two symetric
hemopoietic ridges (less
prominent on a semi thin section
than on thin section) occupy the
whole floor of the aorta. The
inset frames the transition
between EC and hemopoietic
cluster. Bar, 65um. Ao, Aorta.

(B) Inset in A at ultrastructural
level. The dotted line indicates
the transition between EC and
cluster cells. In the cluster
proper, cells are large and round.
Close to the cluster, cells are
enlarged but display the filopodia
characteristic for EC (arrows).
Bar, 2pum.

caudalwards and disappeared below the posterior intestinadore flamentous in the case of cluster cells. EC are endowed
portal. At this level, the aortic endothelium was completelywith long filopodia projecting into the aortic lumen, which are
positive for VEGF-R2. particularly numerous in the cells adjoining the clusters (Fig.

In E4 embryos, the aortic endothelium was entirely VEGF5B). In contrast cluster cells emit filopodia that are directed
R2+ again. CD45% HC clusters, occasionally observed in thetowards the mesentery. Finally EC and cluster cells are joined
aortic lumen, now overlaid EC (Fig. 4C). by tight junctions.

Ultrastructure of the ‘hemopoietic aorta’ LDL tracing of EC derivatives

Since endothelium changes so abruptly into clusters, wAcLDL is a specific marker of endothelial cells and
investigated whether the transition was reflected in thenacrophages that relies on the receptor-mediated endocytotic
ultrastructural organization of the cells. Unexpectedly the cellsapacities of these two cell types. HH13 chick embryos were
in the two regions are very much alike, apart from their shap@oculated with AcLDL into the heart, then left to develop for
(Fig. 5A,B). Both are characterized by abundant ribosomes anarious times (six embryos for 3 to 5 hours, four for 15-18 hours
scarce endoplasmic reticulum. In both cell types, the ribosomahd two for 20-24 hours). 4 hours after inoculation, the whole
content varies, so that some cells appear much more electremscular tree was LDL-labelled; the two aortic endothelia as
dense than others (Fig. 5B). This is true for the flat endotheliabell as the segmental artery network were brightly stained (Fig.
cells of the roof of the aorta (not shown) and for the buddin§A). No CD45 cells were detected among LDPkells in the
cells of the floor. Both cell types display active membraneortae at that stage (Fig. 6B). 18 hours after inoculation, the two
blebbing. There appears to be no continuous basemeatrtae had fused and the first signs of intraaortic hemopoiesis
membrane surrounding either the endothelial or the clustevere detected. The whole vascular tree was AcLDL positive.
cells. The nuclei of both cell types possess prominent nucleolfD45" cluster cells budding into the aortic lumen were vividly
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Fig. 6. Tracing of aortic endothelium
derivatives labelled by Ac-LDL-DIL
injection in HH13 chick embryo.

(A,D) LDL; (B,E) CD45 with tyramide
amplification; (C,F) phase contrast.
(A-C) 3 hours after inoculation. Bar, 150
pm. AcLDL-Dil (red) has been
endocytosed by endothelial cells (A). No
CD45 cells in the aorta on day 2 (B).
(D-F) 20 hours after inoculation. AcLDL-
Dil has been taken up by CD45
endothelial cells of the aorta and CD45
budding cells (arrows) as well as CD45
cells in the dorsal mesentery
(arrowheads). Ao, Aorta; E, endoderm;
NT, Neural tube, W, Wolffian duct. Bars,
150pum

labelled by LDL (Fig. 6D,E). A small population of HC or EC because of their round or elongated shape. It was
LDL*/CD45" cells was detected in the dorsal mesententhus difficult to assert whether isolated QHtells are
beneath the intraaortic clusters (Fig. 6D,E). These cellangioblasts that have not linked up with others or whether they
decreased in numbers in a rostrocaudal gradient from the aortice either hemopoietic progenitors or dendritic cells. The latter
arches to the umbilical level, and few if any were detected iare macrophage-like cells, originating from the yolk sac, that
the caudalmost regions. These LIDCD45" cells were located belong to the monocyte-macrophage lineage (Cuadros et al.,
immediately under the endothelial layer and the deeper cell992).
extended cellular processes that contacted the luminal cell layer.The double detection of an endothelial antigen and a
On the contrary, some cells from the CBD#5population were  hemopoietic antigen established the hemopoietic nature of the
also labelled by AcLDL, in the blood as early as HH 14-15 (inntraaortic clusters. This finding agrees with a similar
embryos injected at HH13) and thereafter in tissues all over thdentification in mammals where these clusters express CD45,
embryos, their number remaining small and constant. Becaubkave no affinity for the endothelial-specific lectin Ulex and are
of their high CD45 expression, their time of appearance anpositive for CD34 and CD31, which label both lineages (Tavian
scattered distribution, these cells are easily identified aat al., 1996; Wood et al., 1997; Garcia-Porrero et al., 1998).
belonging to the monocyte-macrophage population; we The developmental relationship between the two lineages
conclude that they are cells from the yolk that became labelleslas traced in our work by labelling the E2 vascular tree, which
while migrating in the blood. It should be noted that only aat that time is entirely lined by typical endothelial cells, with
small fraction of this CD4%5* monocyte-macrophage Ac-LDL which were seen to remain within the blood vessels
population endocytosed AcLDL in our experiments. and have a short half life. Thus only endothelial, and not
subjacent cells, had access to the label. Once Ac-LDL were
injected into the blood flow, cells became labelled within 2-3
DISCUSSION hours, long before the appearance of the first intraembryonic
hemopoietic progenitors. 1 day later, LDLclusters
Until now, the development of the blood system has beematerialized in the floor of the aorta. The whole CD45
mainly analyzed in quail embryos and in quail-chick chimerafiemopoietic clusters as well as single Cbdélls in the dorsal
relying on the detection of QHQyuail cells, distinguished as mesentery were labelled.
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Double CD45/VEGF-R2 staining demonstrated that cells ifloor of the aorta appeared not constituted by EC proper but by
the aorta always displayed either an endothelial (VEGH-R2 a patchwork of EC and HC stretches arranged side by side.
antigenic phenotype or a hemopoietic phenotype (CP45 This anatomical segregation of the two phenotypes, confirmed
never both. This finding agrees strikingly with the results oht the ultrastructural level, matches the impossibility of
Eichmann et al. (1997) obtained from clonal cultures: VEGFebtaining mixed colonies in vitro (Eichmann et al., 1997). In
R2* cells sorted out from the early blastodisc and seeded inthe mouse, flk-1 (EC-specific) and c-kit (expressed by HC and
permissive semisolid medium gave rise to both endothelial ambt by EC) were recently reported to be mutually exclusive at
hemopoietic colonies but never to mixed colonies. By tracinghe level of the intraaortic clusters (Yoshida et al., 1998).
the progeny of cells labelled in situ, our present approachurthermore lymphohemopoietic cells could be obtained from
demonstrates the emergence of hemopoietic cells withidE-cadherii CD45 sorted cells (Nishikawa et al., 1998).
stretches of a previously continuous endothelium. It appeafnally using a clonal approach with embryonic stem cells,
that the commitment to the hemopoietic fate in the embry€hoi et al. (1998) reported the existence of blast colonies able
involves an abrupt commutation and the extinction of @o generate cells displaying either EC or HC characteristics.
previous cell identity, testified by the disappearance of a Cell tracing concurs with immunocytological analysis, by
specific surface antigen and the appearance of another. demonstrating the direct cell filiation between EC and HC.

Itis clear from the yolk sac chimerae data (Dieterlen-LiévrdPerhaps in this particular process of intraaortic hemopoiesis,
and Martin, 1981; see also Introduction) that HSC emerge dle elusive hemangioblast may be the rare cell that is losing
novo in the aortic floor. It is striking that, during this particularVEGF-R2 (Fig. 7). Discriminating information has been
process, cells that become committed to hemopoiesis derivecently acquired with the study of SCL/TAL1, currently
from cells that had several features of bona fide EC. leonsidered as the hemangioblast-specific transcription factor.
particular, VEGF-R2 and CD45 expressions were alwaySCL/TAL17~ mice lack both HC and EC in the yolk sac and
dissociated, and a decrease in VEGF-R2 expressions wdie at E 9.5 (Robb et al., 1995; Shivdasani et al., 1995). HC,
observed in the aortic floor before and during HC emergenceut not EC, were significantly rescued by a construct
The switch from VEGF-R2 to CD45 coincided precisely withcontaining the SCL gene under the control of the hemopoietic-
the initiation of budding by cells of the aortic floor. A few cells specific GATAL promoter (Visvader et al., 1998). In the model
at the frontier between flat and budding cells were devoid giroposed by these authors, hemopoietic differentiation occurs
both markers, which suggests that VEGF-R2 was lost beforehen SCL/TALL1 is expressed while the endothelial pathway is
CD45 became expressed. When the clusters were present, #utivated when VEGF-R2 is expressed.
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HH15 expression in the

(30 somites) w two aortae

VEGF-R2 downgrading
HH16-17 A“Wm the level of fusion
HH17-19 AM——‘-— CD 45 expression

Fig. 7. Schematic Q ®

representation of the
emergence of hemopoietic
cells from the aortic
endothelium. VEGF-R2
expression in brown, CD45

Ingression in the mesentery
in red. Cells with low levels
of CD45 presumably o

HH19-21
(3-3.5days)

e Budding in the lumen

entering the hemopoietic
pathway are shown in pink.
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There is another developmental process that raises timantschakoff, V. (1907). Uber das erste Aufreten der Blut-Elemente in
problem of the hemangioblast: this is the colonization of the HihnerembryoFolia Haematol4, 159-166.

bone marrow. which may be accomplished either by tW(l)')ieterIen—Liévre, F. (1975). On the origin of haemopoietic stem cells in the
_ ! L S avian embryo: an experimental approathEmbryol. Exp. Morpt83, 607-
distinct precursors for the hemopoietic and endothelial lineagesg; g i P PP ol Exp- MorP

or alternately by hemangioblasts, in the embryo (Caprioli et alpieterlen-Liévre F. (1997). Intraembryonic hematopoietic stem celis.
1998) and maybe even in the adult (Asahara et al., 1997). Hematology/Oncology clinics of North Ameri¢ad. L. Zon). Vol11, 1149-
To conclude, we have addressed the hemangioblast enigma?171. W.B. Saunders Company.

. . . . . leterlen-Lievre, F. and Martin, C. (1981). Diffuse intraembryonic
in a situation where the emergence of HC is conspicuous hemopoiesis in normal and chimeric avian developnizex. Biol.88, 180-

polarized. Our findings indicate a switch from an EC 191
phenotype to the HC phenotype. Interestingly other data fromieterlen-Liévre, F., Martin, C. Beaupain, D. (1977). Origin of
our group have suggested the existence of two distinct |ineages§rythropoietic and lymphopoietic stem cells in the avian embryo, studied in

[P ; ; interspecific chimaerasolia. Biol. (Praha).23, 373-375.
a dorsal somitic lineage strictly endothelial and a ventralgrake g. 3., Brandt. S. J., Trusk, T E: and)LittIe, C. D(1997). TALL/SCL

splqnchpopleural Iineage ,Wi_th the dual potential for is expressed in endothelial progenitor cells/angioblasts and defines a dorsal-
angiopoiesis and hemopoiesis (Pardanaud et al., 1996).o0-ventral gradient of vasculogenedev. Biol 192, 17-30.
Another piece of work from our group (L. Pardanaud et al.pumont D. L., Gradwohl, G., Fong, G. H., Puri, M. C., Gertsenstein, M.,

unpublished) describes how these two fates could belfeCierh I W0 I I b oal Tecoptor trosine Kinase, tek
fllpflopped by a short contact of mesodermal subsets, SEIeCteqieveal a critical role in vasculogenesis of the embBgnes Dev8, 1897-

for their distinct potential, with endoderm or ectoderm and 1ggg.
alternatively by treatment with growth factors. Dumont, D. J., Fong, G. H., Puri, M. C., Gradwohl, G., Alitalo, K. and
Breitman, M. L. (1995). Vascularization of the mouse embryo: A study of
We thank C. Batejat for his contribution to the immunocytological gk-l] tek, tieb andeascuzlzge;éigtzhehal growth factor expression during
aspects of this work. We are grateful to C. Corbel for helpful_ developmentDev. Dynam 9z o
Suggestions and constant Supgort throughout this work, M.- zierzak, E., Medvinsky, A. and de Bruijn, M. (1998). Qualitative and

- L o . - ' quantitative aspects of hematopoietic cell development in the mammalian
Hallais for her expertise in semithin and ultrathin sectioning, M.-F. embryo.Immunology Todag9, 228-236.

Meunier for manuscript preparation, F. Viala and F. Baujean foEichmann, A., Corbel, C., Nataf, V., Vaigot, P., Bréant, C. and Le Douarin,
excellent photographic assistance. This work was supported by then. (1997). Ligant-dependant development of the endothelial and
Centre National de la Recherche Scientifique and by AFM grant no. hemopoietic lineages from embryonic mesodermal cells expressing vascular
587132. endothelial growth factor receptor Rroc. Natl. Acad. Sci. US4, 5141-
5146.
Eichmann, A., Marcelle, C., Bréant, C. and Le Douarin, N. M(1993). Two
molecules related to the VEGF receptor are expressed in early endothelial
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