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Mice Homozygous for a Truncated Form of CREB-Binding Protein Exhibit
Defects in Hematopoiesis and Vasculo-angiogenesis

By Yuichi Oike, Nobuyuki Takakura, Akira Hata, Tadashi Kaname, Miwa Akizuki, Yuji Yamaguchi,
Hirofumi Yasue, Kimi Araki, Ken-ichi Yamamura, and Toshio Suda

CREB-binding protein (CBP) and the closely related adenovi-
rus E1A-associated 300-kD protein (p300) function as coacti-
vators of transcription factors such as CREB, c-Fos, c-Jun,
c-Myb, and several nuclear receptors. To study the roles of
CBP in embryonic development, we generated CBP homozy-
gous mutant mouse embryos that expressed a truncated
form of CBP protein (1-1084 out of 2441 residues). The
embryos died between embryonic days 9.5 (E9.5) and E10.5
and exhibited a defect in neural tube closure. They appeared
pale and showed decreases in erythroid cells and colony-
forming cells (CFCs) in the yolk sac, suggesting defects in

primitive hematopoiesis. Immunohistochemistry with an
anti-PECAM antibody showed a lack of vascular network
formation. Organ culture of para-aortic splanchnopleural
mesoderm (P-Sp) with stromal cells (OP9) showed an autono-
mous abnormality of putative endothelial precursors, which
may induce the microenvironmental defect in hematopoi-
esis. In addition, these defects were partially rescued by the
addition of VEGF to this culture. Our analyses demonstrate
that CBP plays an essential role in hematopoiesis and
vasculo-angiogenesis.

© 1999 by The American Society of Hematology.

REB-BINDING PROTEIN (CBP) and the closely related MATERIALS AND METHODS
_ adenovir.us ElA"f"SSOCiated 300""? protein (P300) func-  analysis of DNA and RNA.For preparation of genomic DNA,
tion as versatile coactivators of transcription factors such asmbryonic stem (ES) cells were lysed with sodium dodecy! sulfate
CREB, c-Fos, c-Jun, c-Myb, and several nuclear receptbrs. (SDS) proteinase K and with phenol/chloroform, 1:1 (vol/vol) twice.
Both CBP and p300 also play roles in chromatin remodeling,The genomic DNA was precipitated with ethanol and dissolved in 10
signaling pathways, and basic cellular functions such as DNATMOV/L Tris-HCI, pH 7.5/1 mmol/L EDTA. Six micrograms of genomic

. . . . DNA was digested with appropriate restriction enzymes, electropho-
repair, cell growth, differentiation, embryonic development, and 9 pprop y P
resed on a 0.9% agarose gel, and blotted onto a nylon membrane

tumor SqureSSiOﬁgThe_ muta'tions in CB_P gehe Were_ reported (Boehringer Mannheim, Mannheim, Germany). Hybridization was
to be associated especially with the Rubinstein-Taybi syndrom@erformed using a DIG DNA Labeling and Detection Kit (Boehringer
in human&® and micetl12 The role of CBP in embryonal Mannheim).

development is not, however, well understood. For genotyping of the embryos, we used reverse transcriptase-
CBP heterozygous mutant mice are viable and fertile and)olymerase chain reaction (RT-PCR) to detect fragments of the

- . o . wild-type CBP and recombinant CBRfeo fusion transcript. Total
show clinical features of Rubinstein-Taybi syndrof&, but tissue RNA from E9.5 embryos or yolk sacs was extracted with

the CBP homozygous mutantation is embryonic lethal. Re-g 7oL (GIBCO-BRL, Gaithersburg, MD). cDNA from total RNA
cently, Yao et & reported that p300-deficient mice Show as synthesized with Superscript Il Preamplification System (GIBCO-
embryonic lethality due to poor cardiac development in theBRL). In brief, 3 ug of total RNA was digested with RNase free-DNase,
presence of normal levels of CBP. These data indicate thalteated at 70°C for inactivation of the enzyme, and denatured and
physiological and biochemical functions of CBP and p300 dohybridized with oligo dT primers. F@rst-strand cDNA was synthesized
not fully overlap, at least during embryonic development. by RT, and the RNA was digested with RNase H. The first-strand cDNA
. . . L was used as the template for PCR with forward-dftgagatgatg-
During mouse embryogenesis, hematopoiesis begins in the
yolk sac at E7.5 and it shifts to the fetal liver and then to the
spleen and bone marrdfwHematopoiesis before formation of

From the Department of Developmental Genetics, the Department of
Cell Differentiation, Institute of Molecular Embryology and Genetics

the fetal liver is known as primitive hematopoiesis and is i . o
disti ished f the adult-t definitive h t iesis b and the Department of Cardiovascular Medicine, Kumamoto University
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specific expression of an embryonic-type of globin in nucleatedasahikawa Medical College, Asahikawa, Japan.

erythrocytes. In the mouse embryo, a pre-liver intraembryonic  Submitted October 20, 1998; accepted February 1, 1999.

site of definitive hematopoietic activity has been identified. ~ Y.O.and N.T. made an equal contribution to this paper.
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harbor adult-type multipotent hematopoietic stem célf§The Address reprint requests to Toshio Suda, MD, Department of Cell

development of hematopoiesis is closely linked to that ofDifferentiation, Institute of Molecular Embryology and Genetics,

vasculo-angiogenesis. Endothelial and hematopoietic cells itumamoto University School of Medicine, Honjo 2-2-1, Kumamoto

blood islands are proposed to originate from a common860-0811, Japan; e-mail: sudato@gpo.kumamoto-u.ac.jp.

precursor, termed the hemangioblast, based on their simulta- The publication costs of this article were defrayed in part by page

neous emergence. To clarify the function of CBP in embryonalc.harge pfl.ymem' This am.de must therefore. be hereby maMr-_
T tisement”in accordance with 18 U.S.C. section 1734 solely to indicate

development, we performed a close examination of the CBR}s fact.

mutant embryos with special attention to defects in the hemato- © 1999 by The American Society of Hematology.
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gaagagg-3 and reverse (5gacctccacagtcttgtctg-8 primers in a gel electrophoresis (PAGE) as described by Laem#firoteins were
reaction consisting of 28 cycles of denaturation at 94°C for 60 secondsthen transferred to a nitrocellulose filter (Millipore, Bedford, MA) and
annealing at 58°C for 90 seconds, and extension at 72°C for 90 seconddetected using anti-CBP (CBP-A22 or CBP-C20; Santa Cruz, Santa
Amplification of the wild-type transcript with these primers generates aCruz, CA) antibodie® and the ECL Detection System (Amersham,
1,060-bp CBP fragment. To detect the CBRjeo fusion transcript, the  Arlington Heights, IL).
same CBP forward primer and a splicing acceptor (SA) reverse primer In vitro culture of P-Sp. P-Sp explants derived from E9.5 CBP
(5'-tgctctgtcaggtacctgttgg-B were used for PCR under conditions heterozygous and homozygous mutant embryos were cultured at 37°C
described above. Amplification with this set of primers generates ain humidified 5% CQ air on a layer of OP9 stromal cells. OP9 cells
328-bp CBPB-geo fusion cDNA fragment. were maintained ire-modified minimum essential media-MEM,;
Western blotting. Homogenates fron€BP*/+ and CBP*/Mut adult GIBCO-BRL) supplemented with 20% fetal calf serum (FCS; JRH
mouse brain andCBPMU/Mut embryos were prepared as previously Biosciences, Renexa, KS). Explants of E9.5 P-Sp containing a part of
described!1® Thirty micrograms of brain or 5 pg of whole embryo the omphalomesenteric artery (OA) were cultured on OP9 stromal cells
homogenate proteins were subjected to 0.1% SDS/7.5% polyacrylamidie 10% FCS and 1% mol/L 2-mercaptoethanol (2ME; Sigma, St Louis,
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g Z.5kb c . shown. The trapping vector,
pU-San, contains two /loxP se-
Mutant allele quences, a splice acceptor re-
gion (SA) of the mouse En-2
S§S H FSB HH HE
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gene, an internal ribosomal en-
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LI T

try site (IRES), a B-galactosidase/
neomycin phosphotransferase
fusion gene, the SV40 polyade-
nylation sequence (B-geo-pA),
and the pUC19 vector as indi-
L cated. The gray boxes represent
exons. Restriction enzyme sites
(B, BamHl; E, EcoRl; H,HindlIll; S,
Sphl), the location of probes
(bars) used to confirm single inte-
gration of trapping vector, and
the expected fragment sizes are
indicated. Probe A is an Spel-
Bglll fragment in the SA of the
trapping vector; probe B is an
Scal-Xbal fragment in pUC se-
quences of the trapping vector;
probe C is the Hindlll-Xhol frag-
ment immediately upstream of
the vector integrated region. The
open and closed arrowheads in-
dicate the location of primers
used in RT-PCR for genotyping.
(B) Southern blot analysis of an
Ayu-Sanl112 ES clone and a nor-
mal TT2 ES cell. (Left) A blot
using Hindlll (H) or Sphl-digested
(S) DNA hybridized with probe
A. (Middle) A blot BamHI- (B) or
EcoRlI-digested (E) DNA with
probe B. (Right) A blot of using
EcoRl-restricted DNA hybridized
with probe C. Molecular-weight
makers are shown on the right.
The bars indicate the positions

of size marker: 23130, 9416, 6557,
Probe A Probe B Probe C 4361, and 2322 bp from the top.
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Fig2. Characterization of CBP .
homozygous mutant embryos.

(A) RT-PCR analysis of RNAs iso-

lated from yolk sacs of wild-type - ‘_ 121kDa .. . - ‘ 1 ‘_ 121kDa
embryos, heterozygous embryos,

and homozygous embryos. A CBP

5’-end forward primer and a 3'- Adult brain Embryo

end reverse primer, indicated in

Fig 1A, are used to detect wild- c 1084aa

type CBP transcripts. The same

CBP 5’ forward primer and a truncated CBP

reverse primer in the splice ac- e
ceptor region are used to detect CREB binding 2441aa

CBP/B-geo fusion transcripts. (B) | ///

Western blotting of extracts (30 CBP
CREB binding Bromo HAT C/H3

rg protein) from the brains of
ng protein) from E9.5 embryos 93% I—BG%—I 2441aa

adult mice (right) and extracts (5
(left) with N-terminal specific

ant-cop antbodies (CBP-A22) P300 v

265-kD wild-type CBP protein. CREB binding Bromo HAT C/H3
An arrow indicates the truncated
form of CBP at 121 kD. (C) The
schematic structure of putative
truncated and wild-type CBP and
p300. Percentages refer to amino
acid (aa) identify between pro-
teins. (D) Phenotypes of wild-
type and CBP homozygous mu-
tant embryos at E9.5. A mutant
is smaller and much paler than a
wild-type littermate. The mor-
phology of the cranial region (ar-
row) of mutants is distinct from
that of wild-type littermates. (E)
A CBP homozygous mutant dis-

plays an open neural tube (arrow- .
head) in the cranial region. Mutant

\

DN

E

Mutant

MO) with or without full-length VEGF (Pepro Tech EC Ltd, London, Industries Inc, Kamakura, Japan), stem cell factor (SCF) (50 ng/mL) (a
UK). After 14 days in culture, an anti—-PECAM-1 antibody (MEC13.3, gift from Chemo-Sero-Therapeutic Research Institute, Kumamoto,
rat anti-mouse monoclonal; Pharmingen, San Diego, CA) was used tdapan), and erythropoietin (Epo) (2 U/mL) (a gift from Snow-Brand
stain vascular cell& Milk Product Co, Tochigi, Japan) at 37°C in a humidified 5% CGO.

To examine definitive hematopoiesis, explants of P-Sp were culturedrhe in vitro colony assay was performed in methylcellulose-containing
on OP9 cells in RPMI1640 (GIBCO-BRL) supplemented with interleu- medium as described previoudh?? Briefly, cells disaggregated from
kin-6 (IL-6) (20 ng/mL), IL-7 (20 ng/mL) (gifts from Dr T. Sudo, Toray the culture of P-Sp explants were obtained after 10 days, then plated in 1
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Fig5. (Athrough D) Histologi-
cal analysis of E9.5 wild-type (A
and C) and CBP homozygous (B
and D) mutant embryos stained
with anti-PECAM antibody and
counter-stained with hematoxy-
lin. Open neural tube (arrow in
B), disoriented posterior branch
of primary head vein (arrow-
heads in B), and decreased num-
bers of blood cells in dorsal aorta
(da; stars in A and B) were ob-
served in the head region of CBP
homozygous mutant embryos.
In the trunk, lack of sprouting
vessels from the dorsal aorta or
umbilical vein (uv) in parietal me-
soderm (arrowheads in C) and a
decrease in PECAM-1+ endothe-
lial cells in the omphalomesen-
teric artery (oa) and dorsal aorta
(arrows in D) were observed in
CBP homozygous mutant em-
bryos. Note ectopic blood cells
in hindgut diverticulum (hd) and
coelomic cavity (cc) in CBP homo-
zygous mutant embryos (stars in
D). Scale bar indicates 50 pm.
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Fig 3. Phenotypes of CBP homozygous mutant
embryos. (A) The E9.5 yolk sac from wild-type (left)
and CBP (right) homozygous mutant embryos. (B)
Section of the yolk sac from a wild-type (top) and a
CBP homozygous mutant (bottom) at E9.5. Note the
small number of erythrocytes in the yolk sac derived
from CBP homozygous mutants. Scale bar indicates
100 pm. (C) Numbers of nucleated erythroid cells
present in yolk sac cells from embryos at E9.5. (D)
Staining of blood cells from a wild-type (left) and CBP
homozygous mutant (right) yolk sac with antibodies
to el-globin (top) and B-globin (bottom). Scale bar
indicates 30 pm.
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mL of culture medium containing--MEM, 1.2% methylcellulose  was not detected in three kinds of genotypes (data not shown).
(Aldrich Chemical Co, Milwaukee, WI), 30% FCS, 1% deionized The heterozygotes showed various phenotypes of human Rubin-
bovine serum albumin (BSA, Sigma), 50 mmol/L 2ME, 200 U/mL IL-3, stein-Taybi syndrome and were fertifebut no homozygotes

2 U/mL Epo, and 50 ng/mL SCF. On the seventh day of culturing, yere found among 98 newborn animals from heterozygous

aggregates consisting of 40 or more cells were counted as a SingISI’OSSGS, indicating that the homozygous mutation induces
colony. embryonic lethality. To determine the stage at which the CBP

Whole-mount immunohistochemistry=or whole-mount immunohis- . .
tochemistry embryos were fixed in 4% paraformaldehyde at 4ecutation was lethal, embryos from F3 or F4 intercrosses were

overnight. The fixed embryos were then rinsed in phosphate-buffere@Xamined. As shown in Fig 2D and E, E9.5 CBP homozygous
saline (PBS), dehydrated in a methanol series, and stored in 100991utants were smaller than their wild-type littermates and
methanol at-80°C. The dehydrated embryos were bleached in methnolexhibited an open neural tube, both of which are seen in
plus 5% vol/vol hydrogen peroxide for 4 to 5 hours at 4°C. The bleachedp300-deficient mice. Viable CBP homozygous mutants were not
embryos were rehydrated and blocked in PBSMT (2% instant skimppserved at E10.5.

milk, 0.1% Triton X-100, PBS) for 1 hour twice. The embryos werethen  Thea yolk sac of E9.5 CBP homozygous mutant embryos was
incubated with 1:SOQ diluted anti-PECAM-1 antibody (MEC13.3) iq obviously pale compared with that of wild-type litermates and
PBSMT at 4°C overnight. The next day, the embryos were washed Wltrlhe vessels appeared scarce (Fig 3A). The mutants themselves

PBSMT at 4°C five times (1 hour each) and incubated overnight at 4°C

with 1 pg/mL horseradish peroxidase—conjugated goat anti-rat 1IgG inVere pale and showed arrested growth at E8.75-9.0, allowing

PBSMT. The next day, the embryos were washed with PBSMT at gecunequivocal identification of homozygous mutants (Fig 2D).
five times (1 hour each) and in PBST (0.1% Triton X-100, PBS) for 6 Histological examination of the yolk sac showed that erythroid
minutes three times at room temperature. Peroxidase staining wagells were remarkably reduced in mutants (Fig 3B). Although
performed by incubating embryos in 0.3 mg/mL DAB (Sigma), 0.8 the total number of blood cells from the yolk sac was reduced to
mg/mL NiCl, in PBST for 20 minutes, followed by addition of 20% of control in CBP homozygous mutants (Fig 3€andp
hydrogen peroxide to a final concentration of 0.05%. The besthemoglobin staining showed that the blood cells in the yolk sac
signal-to-background ratio was typically achieved by a 5- to 10-minuteconained a mature stage of primitive erythroid cells (Fig 3D).
incubation. The staining reaction was stopped by rinsing in PBSTpegpite normal maturation of red blood cells, CBP homozygous
followed by postfixing in 0.1% glutaraldehyde in PBS at 4°C overnight. mutant embryos showed marked anemia and failed to survive
beyond the stage of primitive hematopoiesis. To determine how
RESULTS development of primitive hematopoiesis is disturbed, we exam-

To identify functionally unique genes in embryogenesis, weined a colony-forming capacity of E9.5 homozygous yolk sac
took advantage of a random mutagenesis system using gells?® They showed 22% and 69%, respectlvely,.of erythrolld
gene-trapping strated$? First, we introduced the trapping @nd granulocyte-macrophage (GM) colony-forming capacity
vector, pU-San (Fig 1A), into TT2 ES cell through electropora- compared with both heterozygous and wild-type counterparts
tion and established several ES clones containing insertiondiTable 1).
mutations. Using these clones, we generated chimeric mice and The pattern of the vascular system of CBP homozygous
subsequent heterozygous mutants. Of the latter, the Ayu-Sani1Putants was studied by staining E9.5 embryos in whole mount
line, which showed apparent growth retardation after birth, was°r tissue sections with the anti-PECAM monoclonal antibody,
chosen for further analysié. Southern blot analysis with a which detects differentiated endothelial céllde found that
vector fragment and an En-2 fragment as probes indicated that@l! homozygous mutant embryos failed to form an organized
single copy of the vector was integrated (Fig 1B). Analysis of Vascular network at E9.5 (Fig 4A and B). Gross defects of
the mutated genomic region andRACE showed that the vascular branching were observed especially in the head and
trapping vector was inserted into an intron of the CBP genelfUnk including the P-Sp region (Fig 4C through F). Because
located between exons containing nucleotides 3064-3253 anambr_yos have already finished “turning” at this stage, abnormali-
3254-3373 (Fig 1A). Restriction mapping and Southern bloti€s in the vascular system cannot be caused by growth
analyses showed that gross deletion or rearrangement had ngttardation of homozygous mutants. Immunohistochemical
occurred at the inserted region (Fig 1B). The production of aanalysis showed scarce and disoriented vessels and a decrease
truncated protein (residues 1-1084) was predicted from thd? PECAM-1* endothelial cells in the brain and P-Sp regions
integration pattern of the trapping vector into the CBP gene (Fig(Fig SA through D [see page 2774]).
1A). This truncated protein contains the CREB binding domain

(residues 462-661), but not the histone acetyl transferase (HAT) _2>e 1. Yolk Sac Hematopoietic Progenitors in £9.5 Embryos

domain (Fig 2C). We confirmed the expression of a fusion Colonies per Yolk Sac
message of CBP and the reporter gene of pU-San in'®BP Wild type Heterozygote Homozygote
and CBPWMitmouse embryos by RT-PCR analysis (Fig 2A).  Eerythroid GM Erythroid GM Erythroid GM

Furthermore, Western blot analysis using a specific antibody 555 + 39 143+ 35 221 +39 146 +34 50+ 17 100 + 52
(CBP-A22) against the N-terminal region of CBP detected a —
121-kD protein, which corresponds to the predicted size of the Hematopoietic colony assays. from tot.al yolk sac cells of CBP homozy-
truncated protein in CBP™t brain and CBF’U‘/mUtembryo, but gous mutant embryos and wild-type littermates at E9.5. Numbers of

It . dmut . hematopoietic colonies were scored after 7 days of culture of yolk sac cells.
not CBP* embryos (Fig 2C). In CBP embryos, wild- Total numbers of colonies (>40 cells) per one yolk sac were obtained from

type CBP prote_in was not Observe_dr indicating th_at Onl)_’ theinree independent experiments and expressed as the mean * SEM
truncated protein was produced (Fig 2C). In addition, with a(n = 3). Methylcellulose culture was performed in the presence of IL-3 (200
C-terminal specific antibody (CBP-C20), the smaller fragmentu/mL), SCF (50 ng/mL), and Epo (2 U/mL).
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To determine how vascular networks are defective in CBPnot shown). Addition of 100 ng/mL VEGF to this culture
homozygous mutant embryos, organ culture of P-Sp from E9.%lightly rescued vascular bed and network formation in mutants
embryos was undertaken on OP9 stromal céf828 No (Fig 6). However, this recovery was less than that seen in
vascular bed or network formation was detected in P-Sp fromwild-type littermate explants cultured with or without VEGF.
CBP homozygous mutant embryos, while cultures from wild- To examine definitive hematopoiesis of the mutant embryos,
type embryos developed normally (Fig 6). Because P-Sp fromwe performed coculture of E9.5 P-Sp on OP9 cells. After 7 days
E8.5 wild-type embryos develops vasculature (data not shown)of culture, the colony-forming cells (CFCs) of nonadherent cells
we concluded that vascular formation by CBP homozygouswas examined in a methylcellulose medium. As shown in Table
mutant embryos is impaired rather than delayed. Transcripts fo2, the total number of CFCs in cultured P-Sp cells from
VEGF;gs and VEGF receptors, Flk-1 and Flt-1, remained homozygous mutants was markedly reduced compared with
unchanged in embryos homozygous for the CBP mutation (datéhose from wild-type P-Sp. Addition of 100 ng/mL VEGF to

Wild type Mutant
A I B

Fig 4. Vascular network for-
mation in CBP homozygous mu-
tant embryos. (A and B) E9.5
whole embryos stained with
anti-PECAM-1 antibody to visual-
ize all vessel endothelial cells.
Note lack of vascular network
formation in CBP homozygous
mutant embryos. (C and D)
Higher magnification of the head
region of E9.5 embryo. Note lack
of large vessels and smaller vas-
cular branches in the homozy-
gous embryo. (E and F) Higher
magnification of the P-Sp region
of E9.5 embryos. Note poor vas-
cular network formation of P-Sp
region in CBP homozygous mu-
tant embryos.

20z dunf g0 uo 3sanb Aq ypd'1 £/ 2/9.0€591/1 LL2/6/€6/Pd-Bl01E/POOIqABU"SUOHEDIIGNYSE//:d}Y WOy papeojumog



ROLE OF CBP FOR HEMATOPOIESIS AND ANGIOGENESIS 2777

Wild type Mutant

Fig 6. Vasculo-angiogenesis in P-Sp culture. P-Sp explants derived from E9.5 CBP homozygous mutant embryos and CBP wild-type
littermates were cultured on OP9 stromal cells. Note that vascular bed and vascular network formation were defective in mutant embryo
explants compared with that of wild-type littermates. VEGF (100 ng/mL) was added to the culture system as noted above. Vascular bed (vb) and
vascular network (vn) formation were partially rescued in CBP homozygous mutants by addition of VEGF. However, note that vascular bed and
network formation of P-Sp explants from CBP homozygous mutant embryos was poorer than that of wild-type littermates. Scale bar indicates
50 pm.

this culture partially rescued erythroid colony formation in esis. Because the development of hematopoiesis is associated
mutants (Table 2), as the vascular formation was recoveredwith that of vasculo-angiogenesis, the phenotypes of CBP
However, the number of CFCs did not reach the level of wild mutants are noteworthy.
type. Hematopoiesis consists of primitive hematopoiesis in the
yolk sac and definitive hematopoiesis which develops in the
DISCUSSION P-Sp regiort>18 Here, we show a reduction in hematopoietic
In this report, we show that the transcription cofactor, CBP, isprogenitor cells in the yolk sac and P-Sp of CBP homozygous
essential for embryogenic hematopoiesis and vasculo-angiogemutant mice. Therefore, anemia seen in mutant mice is due not
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Table 2. Hematopoietic Progenitors in Cultured P-Sp Explants

Colonies per P-Sp Explant

Wild Type Heterozygote Homozygote Homozygote (+VEGF)
Erythroid GM Erythroid GM Erythroid GM Erythroid GM
72 * 46 705 + 127 70 £ 27 703 + 33 0x0 147 = 81 18 £5 193 + 20

P-Sp of E9.5 CBP homozygous mutant embryos and wild-type littermates were cultured on OP9 cells for 10 days. Nonadherent cells were then
assayed for hematopoietic colonies in a methylcellulose medium. The number of hematopoietic colonies was scored after 7 days of culture. In
vitro hematopoietic activity of P-Sp culture of homozygous embryos was partially rescued by 100 ng/mL VEGF (+VEGF). Total numbers of colonies
(>40 cells) per one explant were obtained from three independent experiments and expressed as the mean = SEM (n = 3).

to a loss of blood but to an intrinsic defect in proliferation of and display neural tube defects, similar to our CBP disrupted
progenitor cells in both primitive and definitive hematopoietic mutants!?
system. In CBP mutant mice, the erythroid lineage was more In summary, mice homozygous for a truncated form of CBP
susceptible than the GM lineage (Tables 1 and 2). It has beemutants die between E9.5 and E10.5 and exhibit impaired
shown that the E1A binding region of CBP binds to the zinc hematopoiesis and vasculo-angiogenesis. The P-Sp culture
finger region of GATA-1 and that CBP markedly stimulates shows an autonomous abnormality of putative endothelial
GATA-1's transcriptional activity? It is also likely that a defect  precursors, which may induce the microenvironmental defect in
in vascular endothelial cells may cause the defect in hematopoikematopoiesis. Our analyses show that CBP plays an essential
esis, because these cells play a critical role in the hematopoietiole in hematopoiesis and vasculo-angiogenesis in mammalian
microenvironment. In vitro definitive hematopoiesis of homozy- cells.
gous embryos was partially rescued by addition of VEGF (Table
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