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SCL Expression in the Mouse Embryo Detected With a Targeted
lacZ Reporter Gene Demonstrates Its Localization
to Hematopoietic, Vascular, and Neural Tissues

By Andrew G. Elefanty, C. Glenn Begley, Lynne Hartley, Bette Papaevangeliou, and Lorraine Robb

The helix-loop-helix transcription factor SCL (TALZI) is indis-
pensable for blood cell formation in the mouse embryo. We
have explored the localization and developmental potential
of cells fated to express SCL during murine development
using SCL-lacZ mutant mice in which the Escherichia coli
lacZ reporter gene was ‘knocked in’ to the SCL locus. In
addition to the hematopoietic defect associated with SCL
deficiency, the yolk sac blood vessels in SCL'2¢Z/1acZ empryos
formed an abnormal primary vascular plexus, which failed to
undergo subsequent remodeling and formation of large
branching vessels. Intraembryonic vasculogenesis in precir-
culation SCL'aZ/lacZ empryos appeared normal but, in em-

bryos older than embryonic day (E) 8.5 to E9, absolute
anemia leading to severe hypoxia precluded an accurate
assessment of further vascular development. In heterozy-
gous SCL'aZWw embryos, lacZ was expressed in the central
nervous system, vascular endothelia, and primitive and
definitive hematopoietic cells in the blood, aortic wall, and
fetal liver. Culture of fetal liver cells sorted for high and low
levels of B galactosidase activity from SCL'2¢Z/W heterozy-
gous embryos indicated that there was a correlation be-
tween the level of SCL expression and the frequency of
hematopoietic progenitor cells.
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HE HELIX-LOOP-HELIX transcription factoSCL(TAL1) as a ‘master regulator of hematopoiesiand lies at the apex of

was initially cloned as a partner in the t(1;14) transloca-a pyramid of transcription factors controlling hematopoietic
tion, which characterized certain human T-cell leukertits.  lineage commitmenr Of course, this view of the role SCL
was subsequently shown to be indispensable for blood celinay be oversimplified, as the complete molecular program of
formation in the mouse becauSCl-deficient embryos dis- hematopoietic commitment is likely to require a complex,
played an absolute anemia, which resulted in retarded growtihterdependent network of regulatory genes. Indeed, it has been
by 9 days of gestation (E9) and death by E9.5 to 28.5CL  shown that SCL can form a multiprotein complex in hematopoi-
was also critically required for the development of hematopoi-etic cells, which includes the transcription factors E2A and
esis in the adult mouééand for the induction of hematopoietic GATA-1, linked by the transcription factor binding proteins
genes during embryonic stem cell differentiatfon. LMO2 and Ldb-129 It is instructive that the extreme phenotype

Complementary studies examining the expression pattern O&isplayed bySCLknockout embryos is recapitulated iMO2

SCLin hematopoietic populations in mice and humans demonynockout mice2®2Lbut not in animals targeted at the other loci.
strated selective expression in primitive CD3dells and in s implies thatSCL is critical for the expression of genes
erythroid, megakaryocytic, and mast cell lineag€s.SCL  aoded to initiate hematopoiesis, that a multiprotein complex is
expression decreased as CD3eells differentiated into my- required (hence the need for the bridging proteMO2), but

eloid cells and analyses SfCLexprgsspn n erthrmd colome§ that the other known components of this complex are at least
showed more abundant expression in colonies at early time-

) ) . . . partly redundant at this stage.
points during their developmeft!-14 Consistent with these . . .
. . . . Although th n lation an n r n
observations, retroviral transfer 8CLinto human hematopoi- though the gene ablation and gene expression studies

. - : rovided strong circumstantial evidence for the rol&6fLas a
etic precursors preferentially enhanced erythroid and megakaryq- L ) .
: e 16 ematopoietic stem cell regulator, a functional correlation
cytic colony formation'>

These data have spawned a model in wi8€H.is portrayed _bet\{veen endogenom&icl__expressmn and _progenntqr cell activ-
ity in adult hematopoietic cells was first provided by the
analysis of mice in which th&scherichia coli lacZreporter
From The Walter and Eliza Hall Institute of Medical Research, the gene had been “knocked in” to th&CL locus SCL-lacZz
Cooperative Research Centre for Cellular Growth Factors and the mice)22This analysis indicated th&CLwas expressed in all of
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SCllaczZw heterozygous embryos indicated that there was a RESULTS

correlation between the level 8iCLexpression and progenitor  Apnormal intraembryonic and yolk sac vessel formation in

cell activity in the embryo, as well as in the adult mouse. SClLlacZlacZ embryos. In SCL-lacZ embryos, expression of

lacZ was detected at embryonic day (E)7.5 in the extraembry-

MATERIALS AND METHODS onic mesoderm (Fig 1A and B) in a speckled pattern reminiscent
of FLK-1 expressioff and consistent with the previously
demonstrated expression 8CLin the mesodermal precursors
of yolk sac blood island¥2° At this stage of development,
controlled bySCLregulatory elements. homozygou§CL'a°Z"a°Z_embryos, which were (_jesti_ned to die

Histochemical staining foB galactosidase activity. Embryos were due to absolute anemia by E9.5, were indistinguishable from

fixed in 0.2% glutaraldehyde (E7.5 to E1L5) or 0.2% glutaralde-developmentally norma&CL" heterozygotes.
hyde/1% formaldehydeXE12.5) in wash buffer (phosphate-buffered [N early somite stage~E8) homozygousSCLacziacZ gm-
saline [PBS])/2 mmol/L MgG¥/5 mmol/L EGTA/ 0.02% NP-40/0.01% bryos,B galactosidase was expressed in the primitive heart and
sodium deoxycholate) for 60 minutes on ice. The yolk sac and amniorthe cells lining the dorsal aorta and the cerebral and allantoic
were opened and the roof of the fourth ventricle and the abdomen wergascular plexuses (Fig 1C through E). Microscopic examination
pierced in older embryos to improve access of solutions. Embryos wergf sections of stained embryos confirmed that lacZ expression
washed 3 times for 30 minutes at room temperature in wash buffer an¢yas confined to the endocardium and endothelia (Fig 2A and
incubated overnight at 37°C in staining solution (100 mmol/L NgPO B). Consistent with previous observaticiisthese data con-
pH 7.3/5 mmol/L K, Fe(CN) .3H,0/5 mmol/L Kz Fe(CN)/2 mmol/L - : : :
MgCly/5 mmol/L EGTA/0.029 NP-40/0.01% sodium deoxycholate/0.6 ¢ ¢ thaiSCLwas dispensable for embryonic vasculogenesis,
the specification of angioblasts from ventral mesoderm, their

mg/mL 5-bromo-4-chloro-3-indolyp-D-galactopyranoside [X-gal]). . . ; ithin th b d ali f
Stained embryos were washed twice for 5 minutes in PBS/3% dimethyl"’lpproprlate migration within the embryo, and alignment to form

sulfoxide (DMSO) and postfixed in 4% paraformaldehyde in PBS M&Jor vascular structurgs. Develc_)pment n th_e majorlty of
overnight at 4°C. Fetal livers and brains were dissected from embryo§C|—|a°Z/Ialcz embryos continued until E9, by which time the
for whole organ staining, fixed in 0.2% glutaraldehyde in wash bufferembryos had a beating heart and had turned. As shown in Fig
for 40 minutes on ice, washed, and stained as above. HistologicalF, lacZ expression now also marked the somitic arteries
sections of paraffin-embedded lacZ stained embryos and tissues wesprouting from the dorsal aorta, indicating that there was no
counterstained with nuclear fast red. In some cases, embryos were fixédtrinsic failure of angiogenesis. These vessels are shown
in 0.2% glutaraldehyde/PBS for 30 minutes, infiltrated with 30% histologically in Fig 2C. Marked regions of neuronal cell death
sucrose/PBS, embedded in Tissue-Tek O.C.T. compound (Sakuryere already evident by this time, presumably secondary to
Finetek, Torrance, CA) and frozen. Frozen sections were washed anﬂypoxia.

stained for "'."CZ as ab.ove' . Although lacZ expression was readily detectable in homozy-
Immunohistochemistry. Whole-mount staining of embryos and yolk \aczil . . .
|laczflacz embryos, staining for lacZ expression in

sacs with anti—-PECAM-1 (platelet endothelial cell adhesion mol- gouij/m(ll .
ecule-1) monoclonal antibody (MEC13.3; Pharmingen, San Diego, CA)SCL heterozygous embryos during early development was

was performed as describ&Stained embryos were embedded in weak, probably because €L promoter directed a low level

paraffin, sectioned, and counterstained with nuclear fast red. of transcription and only 1 copy of tHacZ gene was present.
Fluorescence-activated cell sorting (FACS)-Gal analysiShe Therefore, the appearance of the developing embryonic vascula-

FACS-Gal assay was performed essentially as desctibieetal livers  ture in wild-type SCL¥™ and SCL2?") and SCLacZ/acZ em-

from E11.5 to E18.5CLZ" mice or their wild-type littermates were  bryos was directly compared using an antibody to the highly

dissociated by triturating into 300 pL of PBS supplemented with 5% expressed endothelial surface marker PECAM-1 (CB331).

fetal _calf serum (FCS). The cells were washed once with the Sam%arly somite embryos, the pattern of PECAM-1 staining of the
solution and resuspended in 20 to 300 pL of PBS/5%FCS and warmegl,scant intraembryonic vasculature was very similar in wild-

to 37°C. Hypotonic loading was accomplished by diluting the cells 1:1type and homozygouSCLa1aZ embryos (Fig 3A). This was

ith warmed 2 mmol/L fluorescein @-D-galactopyranoside (FDG) . . .
\(Igign\:\; Chemical Co StuLouis IMoc’); an?:l incub%ing ;t' 37‘(’0 foz , identical to the pattern of lacZ expression observesflacz/lacz

minutes. Loading was stopped by adding 10 vol ice-cold PBS/5%FCS‘3_rnbryos of a similar developmental stage (cpmpare Fig 3Awith

and intracellular hydrolysis of FDG to fluorescein pygalactosidase 19 1E). In contrast, vascular development in the yolk sac was

was allowed to proceed on ice for 3 hours. Propidium iodide was addednarkedly abnormal ir8CLla¢2"acz embryos by E8, earlier than

to a final concentration of 1 ug/mL before analysis. Cells were analyzechad been reported previousl§* While wild-type embryo yolk

and sorted on a FACStar Plus (Becton Dickinson, San Jose, CA). sacs harbored a well-developed, clearly demarcated primary
Clonogenic assays for hematopoietic progenitorBractionated and  vascular plexu§cl_'602/'aczyo|k sacs contained only a disorga-

unfractionated E12.5 fetal liver cells frolBCLaZW mice or their nized network of fine vascular channels (Compare F|g 3C with

wild-type SCLY¥ littermates were cultured in 0. 9% methylcellulose for 3B). By the 10 somite stage, PECAM-1 expression was reduced
myeloid and erythroid colony formation as descriBe@he number of in the dorsal aorta and the cerebral vascular plex.BQifcziacz

cells cultured for each fraction was titrated to produce approximately - . . .
. . embryos (Fig 3D). In wild-type embryos, cardiac looping had
100 colonies per 1 mL culture at day 7. Day 7 myeloid and day 7 yos (Fig 3D) yp y ping

blast-forming unit-erythroid (BFU-E) colonies were stimulated by the com_menced, but iSCLaczlacz empryos, the heart _Was still a .
combination of 1,000 U/mL interleukin-3 (IL-3) and 4 U/mL human Straight tube and there was considerable pericardial edema (Fig
erythropoietin (Epo) and day 2 colony-forming unit-erythroid (CFU-E) 3D and E). Consistent with the lacZ staining shown in Fig 1F,
colonies by 4 U/mL human Epo. CFU-E were scored using an inverted®ECAM-1 expression was evident in the forming somitic
microscope and day 7 colonies were scored using a dissection micraarteries at E9 inSCL2¢#'acZz embryos (Fig 3F). Even though
scope?® intraembryonic cell death was already widespread histologi-

SCL-lacZ mice. The generation oSCL-lacZmice has been de-
scribed previously? As a consequence of this “knock-in” strategy, all
SCLcoding sequences were deleted and expression ddtZegene is
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Fig 1. LacZ staining of whole mount E7.5 to 8.5 days postcoitum (dpc) SCL'2Z/'az embryos. (A) E7.5 embryo showing speckled staining (arrow) in the
yolk sac. (B) Sagittal section of E7.5 embryo indicating that lacZ staining is confined to the extraembryonic mesoderm (m); endoderm (e); amnion (am). (C)
Lateral and (D) anterior views of early somite (E8) embryos demonstrating specific lacZ staining of vascular structures in SCL'*%/12Z embryos (left). No
staining is seen in SCLW/ fetuses (right); cvp, cerebral vascular plexus; avp, allantoic vascular plexus; en, endocardium; da, dorsal aorta. (E) Ventral view of
early somite (E8.0) SCL'aZ/'aZ embryo, demonstrating migration and alignment of angioblasts to form the dorsal aorta (da), allantoic vascular plexus (avp),
and the vitelline vein (vv), which receives blood from the yolk sac. (F) E8.5 embryo showing the somitic arteries (sa) sprouting from the dorsal aorta.
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cally by E9 (Fig 2C), marked growth retardation and vascular
degeneration irSCL2ZacZ embryos did not become grossly
apparent until E9.5 (Fig 3G). The yolk sac vessels in these
embryos had failed to develop significantly from their disorga-
nized state at E8, while large PECAM-1—positive vascular
trunks were prominent in wild-type yolk sacs (compare Fig 3B
and C with Fig 3H and I). In histological sections of these
embryos, PECAM-1 staining in the yolk sac was apparent in the
endothelium and a subset of the hematopoietic cells in the blood
islands in wild-type E8.5410 somite stage) embry&s(Fig

4A), while expression was limited to the endothelium in the
bloodless channels of tHeClacZlacZ yolk sacs (Fig 4C). The
complex cardiac looping and clearly defined vasculature of the
normal embryo contrasted with the linear heart and dilated
dorsal aorta, cardinal, and perineural veins displayed by the
SCllacZllaczembryos (Fig 4B and D).

B Galactosidase expression 8CL2ZW embryos shows the
hematopoietic, vascular, and neural expression patterns of SCL.
The major sites of lacZ expression in mid- and later-gestation
SCllacZw embryos were the hematopoietic compartment and the
developing nervous system, consistent with the siteSOE
MRNA and protein expression detected in previous stud-
ies?2833|n the central nervous system, wefkgalactosidase
expression was first observed at E10.5 ventrally in the presump-
tive spinal cord (Fig 5A and B), in a similar distribution to that
described forSCLin the frog* and the zebrafisf. At E12.5,
expression in the midbrain was evident laterally in the tegmen-
tum and in the fiber tracts of the posterior commissure and
proceeded to encompass most of the tectum and the tegmentum
by E13.5 (Fig 5C through F). Later in embryogenesis, expres-

Fig 2. Histological sections of lacZ-stained SCL'acZ/laz embryos. (A)
Section through headfold and trunk of E8 embryo showing lacZ
staining in the angioblasts forming the cerebral vascular plexus (cvp)
and the dorsal aorta (da). Staining in (B) endocardium (en) and (C)
somitic arteries (sa) in an E8.5 embryo. Note the large number of
apoptotic cells (ap) in the neural tube in (C). Original magnification:
(A), X200; (B and C), x400.
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Fig 3. Anti-PECAM-1 monoclonal antibody staining of wholemount E8 to 9.5 dpc wild-type (wt) and SCL'aZ/lacz (—/—) embryos and yolk sacs.
(A) through (C) E8 embryos showing a similar pattern of anti-PECAM-1 staining in wt and —/— embryos (A), but a poorly formed primary vascular
plexus in the —/— yolk sac (C) compared with the wt yolk sac (B). (D) and (E) At E8.5, somitic arteries are beginning to develop from the dorsal
aorta. A dilated pericardial sac (arrowed), delayed cardiac looping, and diminished cerebral vasculature are evident in the —/— embryo. The
pericardial sac was dissected away in (E) to display anti-PECAM-1 staining in the endocardium. (F) E9 embryos showing incomplete somitic
vessels in the —/— embryo, which is undergoing apoptosis. (G) Preterminal, severely growth-retarded E9.5 mutant embryo (—/-) displaying loss
of vascular architecture. (H) Large branching vitelline vessels in wt yolk sac at E9.5 contrast with the —/— yolk sac (I), which retains a poorly
formed capillary plexus.
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Fig 4. Histological sections of anti-PECAM-1
monoclonal antibody-stained E8.5 dpc wt and
SCl'acz/lacz (—/—) embryos and yolk sacs. Anti-

PECAM-1 stains both the endothelium and a subset
of the hematopoietic cells in a wt yolk sac (A), but is
restricted to the endothelium in the —/— yolk sac (C).
(B) Section through the trunk of a wt embryo show-
ing anti-PECAM-1 staining of the endocardium and
endothelia. (D) In the —/— embryo, the anti-PE-
CAM-1 antibody recognizes the endocardium of a
more linear heart tube and dilated intraembryonic
vessels. Original magnification: (A and C), x400; (B
and D), x200.

Fig 5. LacZ staining in the central nervous system of heterozy-
gous (SCL'2zwy embryos. (A and B) At E11.5, lacZ staining is apparent
in the presumptive motor neurons in the ventral neural tube (arrows).
(C) Lateral and (D) dorsal views at E12.5 and (E) lateral and (F) dorsal
views at E13.5, showing expression of lacZ in the developing mid-
brain. At E18.5 (G) and (H) and in the adult mouse (I and J), lacZ
expression is strongest in the superior colliculi, but lower levels
persist in the inferior colliculi. Weak lacZ expression is evident in
tracts on the ventral surface of the hindbrain (H) and (J).
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Fig 6. Histological sections of lacZ-stained hematopoietic and
vascular tissues in SCL'2¢Zw embryos. (A) Sagittal section through the
dorsal aorta of an E9.5 embryo demonstrating lacZ staining of
variable intensity in circulating hematopoietic cells. (B) Cytocentri-
fuge preparation of E13.5 embryonic blood showing lacZ staining in a
definitive erythrocyte. (C) Endothelial lacZ expression in a cerebral
artery of an E13.5 embryo. (D) The dorsal aorta of an E11.5 embryo
demonstrating lacZ staining in the endothelium and in a ventral
aortic wall cluster of hematopoietic cells (arrow). All the cells in the
cluster were positive, but this cannot be appreciated in a single focal
plane. (E) and (F) LacZ staining in E11.5 fetal liver of a wt (E) and
heterozygous SCL'>Z’w embryo (F) showing specific staining in large
megakaryocytes and smaller erythroblasts. Original magnification:
(A, C through F), x400; (B), x1,000.
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sion of B galactosidase was strongest in the superior tectum, iccurate quantification of lacZ expression in circulating blood
the region that would ultimately become the superior colliculi cells through FACS-Gal analysis. As shown in Fig 7A, yolk
and weaker expression persisted in the inferior tectum, the siteac—derived blood cells from E10HCL2Zw embryos showed
of the definitive inferior colliculi (compare E18.5 and adult elevated3 galactosidase activity compared wBICLY" embry-
panels in Fig 5G and I). LacZ expression was also apparent imnic blood. As the circulating primitive erythroid populations
fiber tracts on the ventral surface of the brainstem in embryonidecame morphologically more mature, the leveBafalactosi-
and adult brains and in cortical radiations and descending tractdase activity fell (compare the profiles from E12.5 with E10.5 to
from the tectum in adult brains (Fig 5H and J and data notE11.5 in Fig 7A). The subpopulations of lacZ-positive cells
shown). seen in E12.5 and E13.5 blood were shown by histochemical
Most primitive, yolk sac—derived erythoid cells in E9.5 staining to be enucleated erythrocytes (eg, Fig 6B).
SCllaezwembryos expresseiigalactosidase, although the level  The level of 3 galactosidase activity iBCL2cZw fetal liver
of expression varied from cell to cell (Fig 6A). However, by cells from E11.5 to E18.5 was determined using the FACS-Gal
E12.5, lacZ expression was no longer apparent in the nucleatetdechnique. At E11.5, subsets of fetal liver hematopoietic cells
primitive erythrocytes, although some of the earliest circulatingexpressing high and low levels o8 galactosidase were
definitive erythocytes transiently retainpdjalactosidase activ- discernible (Fig 7B). Over time, there was a progressive
ity (Fig 6B). decrease in the percentage of lacZ-positive cells. This was most
Between E10.5 and E11.5, there is a switch from primitive readily appreciated as a decrease in the percentage dfdfacZ
hematopoiesis in the yolk sac to definitive hematopoiesis in thecells, from approximately 55% of the fetal liver at E11.5 to
fetal liver. This transition is associated with a brief period of approximately 10% at E18.5.
definitive hematopoietic activity in the aorta-gonad-mesoneph- We have previously demonstrated tisELwas expressed in
ros region of the embryo, a derivative of the paraaortichematopoietic progenitor cells in the adult moé&&herefore,
splanchnopleurg It is hypothesized that these hematopoietic we determined whether the level 8CLexpression in the fetal
progenitor cells form intravascular clusters comprising 4 to 15liver, inferred by the measurement pfgalactosidase activity,
cells attached to the wall of the aorta and some of its branthes. could also be used as a criterion to enrich for hematopoietic
As anticipated, endothelial expressionpigalactosidase was progenitor cells. The distribution of erythroid and myeloid
seen inSCllacZw embryos, although expression was quite weak CFCs in the lac%9" and lac?¥ fractions from E12.55Cllaczw
(Fig 6C). In addition, however, there were small aggregates ofetal livers was determined. This stage of development repre-
lacZ-positive cells along the ventrolateral aortic wall of E10.5 sented the earliest time point at which sufficient numbers of
to E11.5 embryos (Fig 6D). Isolation of theS€L-expressing fetal liver cells could be harvested for analysis from individual
cells will be required to determine whether they represent theembryos. As seen in Fig 84:45% of SCL'2ZW and~0.5% of
definitive hematopoietic precursors in the aorta-gonad-mesoSCL" in E12.5 fetal liver cells were la¢®". Culture of
nephros region. Stron@ galactosidase activity iSClaczw  |aczhigh and lacZv fetal liver cells demonstrated significant
embryos was apparent in the fetal liver, the dominant hematopoienrichment for erythroid and myeloid CFCs in the 188Z
etic organ from E11.5 until birth. On histological section, there compared with the lac® fraction (Fig 8B). The enrichment for
was intense lacZ staining of megakaryocytes and weakeerythroid CFCs (10-fold for CFU-E and 20-fold for BFU-E)
expression in erythoid cells (Fig 6E and F). was greater than for myeloid CFCs (5-fold) suggesting higher
From E10.5, embryos were large enough to allow a morelevels of SCL expression in erythroid rather than myeloid
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Fig 7. Representative FACS profiles showing B galactosidase activity in (A) E10.5 to E13.5 embryonic blood cells and (B) E11.5 to E18.5 fetal
liver cells from SCL'2Zw (solid line) and SCL"/W (dashed line) embryos. (A) B galactosidase activity in SCL'2Zw yolk sac-derived erythroid cells
decreased after E11.5. The major peaks represent fluorescence derived from primitive erythroid cells and the minor peaks of high B galactosidase
activity seen in the E12.5 and E13.5 samples were in the initial wave of definitive, enucleated erythrocytes (see Fig 6). Results are representative
of analyses performed on 2 litters of embryos for each time point. (B) In the SCL'2?/w fetal livers, the percentage (mean = standard deviation [SD])
of cells expressing high levels of B galactosidase activity at each developmental time point are shown. Results are representative of analyses
performed on 1 to 3 litters of embryos for each time point.
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Fig 8. Enrichment for myeloid and erythroid CFCs in the laczhio" fraction of fetal livers from SCL'2Zw mice. (A) Representative FACS profiles of
forward scatter plotted against B galactosidase activity (measured as fluorescence) for FACS-Gal-labeled E12.5 fetal liver cells from SCL'aZ/w and
SCLww embryos. Sort windows and the percentage of cells in each window are shown for lacZ'*v and laczhie" fractions for each genotype. (B)
Frequency of d2 CFU-E and d7 BFU-E and myeloid (GM) CFC in cultures of unsorted and sorted fetal liver fractions from SCL'2?/w mice cultured in
Epo (for d2 CFU-E) or IL-3/Epo (for d7 BFU-E and GM-CFC). Values represent the mean = SD from replicate cultures of 10 fetal livers from 3 litters
of embryos. The percentage of fetal liver cells, which were sorted into each fraction, is indicated.

progenitors. Most CFCs were in the |d¢# fetal liver fraction,

abnormalities seen i8CL-null embryos>3* A comparison of

consistent with our previous findings in the adult bone marrowlacZ staining inSCL2Zw mice with theSCLexpression patterns

(Table 1).

DISCUSSION
In this study, we have used tiCL-lacZ‘knock-in" mice to

determined in prior studies validat@dyalactosidase expression
as a facsimile fofSCL expression and extended the previous
findings?2829.33.38The expression analysis 8CLhomologues

in Xenopus laevisand Danio rerio has shown thaSCL is

accurately delineat8Cl-expressing regions in the brain, hema- expressed in the mesodermal precursors of blood and endothe-
topoietic tissues, and vasculature throughout embryogenesisial cells in these species aldb3>3%4suggestive of a conserved
Linking B galactosidase expression to transcription from therole for SCLin blood formation throughout vertebrate evolu-
SCL promoter allowed us to use lacZ staining to map thetion.

distribution of cells fated to expre&CLin both heterozygous
(SClaczwy and SCLnull (SCLacZ1ac) embryos. This has en-

LacZ expression in embryonic blood and fetal liver provided
additional insights into the pattern dBCL expression in

abled us to explore in detail the previously identified vasculardeveloping hematopoietic cells. BecauBEL expression de-

Table 1. Distribution of Clonogenic Cells in Sorted SCL/2czZwE12.5
Fetal Liver Fractions

Progenitor Yieldt Colony Distribution (%)%

Stimulus* Colony Type  Unsorted Sorted lacz'ow laczhigh
Epo d2 CFU-E 547 = 310 519 + 234 9+5 91+5
Epo/IL 3 d7BFU-E 11 *7 28 =10 9+7 91 =7

d7 myeloid 23 *9 46 = 17 20+ 6 80 =6

*Sorted and unsorted fetal liver cells from 10 SCLlazZw E12.5
embryos from 3 litters were cultured in duplicate in methylcellulose in
the presence of growth factors for 2 or 7 days and the colonies
counted. Epo was used at 4 U/mL and IL-3 at 1,000 U/mL.

tThe number of CFCs in cultures of 1 X 10* unsorted fetal liver cells
compared with the calculated yield of CFCs from the sorted fractions.
The progenitor cell yield was estimated by summing the number of
progenitor cells recovered in the lacZ"dh and lacZ'ow fractions for each
colony type. The number of progenitor cells was derived by multiply-
ing the progenitor frequency by the % cells in each fraction. Mean
values for progenitor cell frequency and the percentage of cells in
each fraction are shown in Fig 8B. Values given represent the mean =
SD of 10 fetal livers.

FThe distribution of CFCs between the sorted fetal liver fractions
given as a percentage.

creases as erythroblasts matt&14the synchronous fall if§
galactosidase activity iBCL2°ZW circulating primitive erythro-
blasts after E11.5 was consistent with the hypothesis that
primitive erythropoiesis occurs as a single “wavg:*? Simi-
larly, the progressive decline {8 galactosidase activity in the
developing fetal liver may have reflected its increasing comple-
ment of more mature hematopoietic cells in addition to its
decreasing progenitor contefitConsistent with this, there was

a strong correlation between progenitor cell frequency and lacZ
expression in the fetal liver, as previously reported for experi-
ments using adult bone marrow celfs.

A number of studies have documented the presence of
definitive hematopoietic progenitors in the paraaortic splanchno-
pleura or its derivative, the aorta-gonad-mesonephros, in the
embryo before the development of fetal liver hematopoi&dts.
is likely that the hematopoietic precursor activity resides in
clusters of cells associated with the ventral wall of the aorta and
the umbilical artery. Cells forming these clusters, which have
been observed in the mou%e&? human?44¢ and chick?’
express a coterie of genes associated with hematopoietic
progenitors?®43:46.48-50Qyr data indicates that murine aortic
clusters expresSCL This result complements a recent in situ
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hybridization study in human embryos in which these aorta-bryos lackingFLK-1 (VEGF-R3 or its major ligand,VEGF,
associated cells were shown to expr8&y.46 specification of endothelial precursors occurred, but organized
The pattern offf galactosidase expression in the ventral blood vessels were absent and hematopoiesis was markedly
spinal cord and the developing midbrain 8CL2Zw mice  impaired?®:50.60-62Abnormalities in yolk sac vascular matura-
mirrored the results of earlier studies in mouse emi$%%¥  tion or remodeling were also prominent in embryos deficient in
and bore great similarity to the pattern and kineticsS@L  the heterodimeric bHLH-PAS transcription factor, hypoxia
expression in the central nervous system of amphibians anthducible factor (HIF)-183-¢5the endotheliallIE2 recepto®-67
teleost fish343540\We extended these studies to late embryonicand its ligand,Ang-1,%8 the ETS-family transcription factor,
and postnatal life, demonstrating that the lacZ-positive sites infEL,%° and the major VEGF receptor expressed on lymphatics,
the mouse embryonic midbrain developed into the superior an EGF-R37° Similarly, embryos deficient irphrinB2or in both
inferior colliculi, laminated cortical structures concerned with EphB2andEphB3receptors displayed lethal defects in remodel-
reflex movements of the eyes and head in response to visual andg of yolk sac and cerebral primary vascular plexusés.
auditory stimulis152 It is interesting that members of several Reverse transcriptase-polymerase chain reaction (RT-PCR)
protein classes known to interact wifCL, notably the GATA ~ analysis onSCL-null embryos showed intact expression of
proteins$356 have overlapping patterns of expression in the €phrinB2 and its ligandEphB4(data not shown).
central nervous system. However, delineation of the precise role Astriking feature of thesCL2#'aZembryos (and many of the
played bySCLin neural development awaits the generation of other knock-out mice described above) was the greater severity
mutant animals in whiclBCL is specifically deleted in these Of the vascular defect in the yolk sac than in the embryo. This
cells. suggests that endothelial precursors in different sites in the
At a gross morphological leve§CL-null embryos developed mouse embryo may differ in their requirements for certain
normally until the early somite stagé, when circulation growth factors or transcription factors, includiB@L This may
between the yolk sac and the embryo is established. However, iRe analogous to the situation in the chick, in which two
the absence of hematopoietic ceBCL-null embryos died at  Populations of angioblasts, one with and one without hematopoi-
~E9.523 Therefore, there existed only a narrow window in €tic potential, have been describ@éd?4 However, the precise
which theSCL'2cZ/a:Z embryos could be evaluated for develop- Molecular pathways, which regulate vascular and hematopoietic
mental defects free from any confounding effects of hypoxicSPecification and the way in whicBCL participates in this
cell death. The pattern of lacZ staining at E7.5 indicated thafProcess, remains to be elucidated.
SCLwas not required for the migration of mesoderm into the
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