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SUMMARY

In the mouse, the definitive endoderm is derived from
the epiblast during gastrulation, and, at the early
organogenesis stage, forms the primitive gut tube, which
gives rise to the digestive tract, liver, pancreas and
associated visceral organs. The transcription factors, Sox17
(a Sry-related HMG box factor) and its upstream factors,
Mixer (homeobox factor) and Casanova (a novel Sox
factor), have been shown to function as endoderm
determinants in Xenopus and zebrafish, respectively.
However, whether the mammalian orthologues of these
genes are also involved with endoderm formation is not
known. We show that Sox17/~ mutant embryos are
deficient of gut endoderm. The earliest recognisable defect
is the reduced occupancy by the definitive endoderm in the
posterior and lateral region of the prospective mid- and

Thereafter, elevated levels of apoptosis lead to a reduction
in the population of the definitive endoderm in the foregut.
In addition, the mid- and hindgut tissues fail to expand.
These are accompanied by the replacement of the definitive
endoderm in the lateral region of the entire length of
the embryonic gut by cells that resemble the visceral
endoderm. In the chimeras, although Sox17null ES
cells can contribute unrestrictedly to ectodermal and
mesodermal tissues, few of them could colonise the foregut
endoderm and they are completely excluded from the mid-
and hindgut endoderm. Our findings indicate an important
role of Sox17in endoderm development in the mouse,
highlighting the idea that the molecular mechanism for
endoderm formation is likely to be conserved among
vertebrates.

hindgut of the headfold-stage embryo. The prospective

foregut develops properly until the late neural plate stage. Key words: Sox17, Definitive endoderm, Visceral endoderm, Mouse

INTRODUCTION Narita et al., 1997). The loss #inf33 (Foxa2 — Mouse
Genome Informatics) activity has resulted in the loss of not
In the mouse, the definitive endoderm is recruited from thenly the endoderm of the fore- and midgut as well as other
epiblast during gastrulation; following ingression through theembryonic structures such as the notochord (Ang et al., 1993;
primitive streak displaces the visceral endoderm to the extr&asaki and Hogan, 1993; Dufort et al., 1998). Mutations of the
embryonic yolk sac (Lawson and Pedersen, 1987; Tam ambdal signalling factors such &mad2(Madh2 — Mouse
Beddington, 1992). By early organogenesis, the definitivé&senome Informatics) (Tremblay et al., 2000) &adtl (acts
endoderm forms the epithelium of the primitive gut tube fronupstream ofinf38) (Hoodless et al., 2001) lead to a deficiency
which the digestive tract, liver, pancreas and associated viscel definitive endoderm. However, like other mutants, the loss
organs develop (Wells and Melton, 1999). In contrast to thef definitive endoderm is accompanied by severe disruption of
wealth of information on the developmental fate and movemerthe differentiation of other embryonic tissues, which hampers
of the endodermal progenitors and the morphogenesis of théire interpretation of the exact functional requirement for the
derivatives, little is known of the genetic determinants thaendodermal lineages.

regulate the specification and differentiation of the definitive The Sry-related HMG box gene&ox17 belongs to th&ox
endoderm. Mutations that cause the loss of function of genasibgroup F witfsox7(Taniguchi et al., 1999) ar&bx18Dunn

such ad=gf8 andFgfrl results in defects in the migration and et al., 1995). Sox17 was originally identified as a stage-specific
formation of not only the endoderm but also the mesoderrranscription activator during mouse spermatogenesis (Kanai et
(Deng et al., 1994; Yamaguchi et al., 1994; Sun et al., 19993l., 1996). A detailed analysis of the expression of this gene
Gatadwhich encodes a zinc-finger transcription factor in theduring embryogenesis reveals an earlier phase of activity in the
visceral endoderm and foregut endoderm is found to beisceral and definitive endoderm of the post-implantation
required for gut closure and heart morphogenesis through tleenbryo (this study). To date, about 30 Sox genes are identified
activity of other downstream genes (Molkentin et al., 1997in various vertebrate species (Pevny and Lovell-Badge, 1997;
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Wegner, 1999; Bowles et al., 2000). Members of this gen&eneration of chimaeras and X-gal staining
family encode transcription factors that regulate thewe isolated th&ox17~ES clone from the 2-7 line by selection with
specification of cell types and tissue differentiation, such as thie mg/ml G-418 in ES cell media (right panel in Fig. 2B), and
differentiation of the Sertoli cells and the formation of the testigenerated chimaeric embryos by blastocyst injection into ROSA26
[Sry(Koopman et al., 199180x9(Foster et al., 1994; Wagner (Sox17"*) mice (Jackson Labs). Embryos were fixed with 1%
et al., 1994; Bishop et al., 2000; Vidal et al., 2001)], lend’FA/0.2% qutaraIde_hyde/0.0Z% NP40-PBS and subjected to whole-
formation {Sox1 (Kamachi et al., 1998; Nishiguchi et al., thoo%g:greigggé jaaz;lglrngtlheAc];tig;egtqiﬁg Wrrfw]izlr%_srzco)ggt t?:r?;?/frie\/\;fcggen
1998)], pro-B-lymphocyte proliferatiorpx4(Schilham et al., . ; : P
1996)], the differentiation of the neural crest cells that are?ecmnS were prepared for histological analysis.
progenitors of the enteric neurone€sok10(Pingault et al., Genomic Southern blot analysis and PCR assay
1998; Southard-Smith et al., 1998)] and the differentiation o&enomic DNA of ES cells and the tail tip of mice was isolated using
the chondrocytes that form the cartila®@X5andSox6(Smits  a Wizard genomic DNA purification kit (Promega, WI). For embryo
et al., 2001)Sox9(Foster et al., 1994; Wagner et al., 1994; BiDNA, part of the yolk sac or allantois was dissected from each
et al., 1999)]. embryq, and genomic DNA was prepared using the same kit. To
Consistent with the general role of Sox genes in lineag@etermine the genotype by Southern blot analysis, DNAs were
differentiation, Sox17 orthologues in Xenopus (Xsox17, digested withBanHlI, electrophoresed and transferred to a nylon
Xsox1P) (Hudson et al., 1997: Clements and Woodland, 2000membrane. The blots were hybridised with #fe-labeled probe of

. . e 1.5 kbClal-BanHI fragment corresponding to the first exon (its
and zebrafishZsox1 (Alexander and Stainier, 1999) are sition is indicated by a green bold bar in Fig. 2A). To analyse the

expressed specifically in the endoderm during gastrulation angnatype of the yolk sac or allantois by PCR, the wild-t$p&l7
play a key role in endoderm formation. The expression of BNA (235 bp) and the mutated allele DNA (275 bp) were amplified
dominant negativeXsox17construct, containing the repressor using the following primersSox17forward, 3-CTC TGC CCT GCC
domain of Drosophila engrailed suppresses endoderm GGG ATG GCA CGG AAT CC-3 Sox17reverse, 5AAT GTC GGG
differentiation of vegetal blastomeres, while over-expressingTA GTT GCA ATA GTA GAC CGC TGA-3 the target allele
Xsox17 in conjunction with the upstream homeobmixer  forward (pgk promoter reverse)-6CA GGG GCC CTC GAT ATC
gene, activates the expression of endoderm-specific genesAAG CTT GGC TG-3 (their positions are indicated by red
animal cap tissues (Hudson et al., 1997; Henry and Melto@rowheads in Fig. 2A).

1998). In the zebrafistzasanova a novel member of Sox yptake of horseradish peroxidase

subgroup F that acts upstream Zdox17and mediated by gmpryos from a heterozygous cross were dissected at 8.0 and 8.5 days

nodal signalling activity, can induce endodermal fate in a cellpost coitum (dpc) and incubated in Dulbecco’s modified Eagle

autonomous manner, thus indicating a similar role for theénedium containing 10% BSA and horseradish peroxidase (HRP;

Sox17orthologue (Dickmeis et al., 2001; Kikuchi et al., 2001;Sigma type IV, 2 mg/ml) for 30 minutes. After separation of the

Sakaguchi et al., 2001; Aoki et al., 2002). allantois or a part of the visceral endoderm for genome typing, the
To elucidate the function of the mouS®ex17gene, the embryos were fixed and developed by DAB reaction.

phgnotype of theSox1#null mutant embryo was examined Whole-mount and section in situ hybridisation analyses

during post-implantation development. Mutant embryos ar?/\/hole-mount and section in situ hybridisation were performed

found to be deficient of the definitive endoderm lining theessentially as described previously (Gad et al., 1997, Kanai-Azuma

embryonic gutSox17#null ES cells are unable to compete with ./ 1999). RNA probes faBox17 (Kanai et al., 1996)Sox7

the wild-type cells in colonising the gut endoderm of thgTaniguchi et al., 1999)Shh Ihh (Echelard et al., 1993)Ptch
chimeras. Sox17 therefore plays a crucial role in the (Motoyama et al., 1998)Gatas (Molkentin et al., 1997)Hnf3a
differentiation of the definitive endoderm in the mouse, whichiFoxal - Mouse Genome Informatics) (Sasaki and Hogan, 1993),
is consistent with the concept of evolutionary conservation afinf33(Ang and Rossant, 1994)ex (Keng et al., 2000%inf4 (Chen
Sox17function in endodermal development in vertebrates. et al., 1994),Afp (Constam and Robertson, 2000) (Accession
Number, AA1172792)Cerl (Shawlot et al., 1998)Cdx2 (Beck et
al., 1995) (Accession Number, Al327188) aRdx1 (Guz et al.,
1995) were used in this study. Embryos were photographed using a

MATERIALS AND METHODS dissecting microscope and thepm transverse frozen sections were
) ) ) prepared. To assess the population of definitive endoderm in the
Sox17 targeting and generation of mutant mice embryonic gut, cell counts were performed on histological sections.

We used the mous&ox17 genomic DNA clones which were 8.5 dpc embryos, prepared for whole mount in situ hybridisation for
previously isolated from a 129/SvJ genomic library (Kanai et al.Hnf3a mRNA, were cryosectioned serially atpm. Four samples
1996). The 1.4 kiEcaRI fragment corresponding to the fourth exon, each of normal and mutant embryos were processed. The number of
including C-terminal 53 amino acids andUBTR region ofSox17 Hnf3a-expressing cells per transverse section was scored on 7-10
was inserted into th&cadRl site between neo and TK cassettes inrandomly selected sections of the anterior and posterior gut endoderm.
pKSIoxPNT targeting vector. A 5.4 KbcaRI-Clal fragment, which  The data for each sample were expressed as mean and standard
includes the first exon of th8ox175-UTR region was inserted deviation.

downstream of a neo cassette. The targeting vector lineariseal by o ) ) )

was electroporated into a 129/Sv W9.5 ES cell line as describeBUNEL staining and immunohistochemistry

previously (Tajima et al., 1998). After selection with 3&ml G- Normal and mutant embryos at 7.75-8.5 dpc were fixed in 4% PFA-
418 in ES cell media, 120x17/- ES clones were recovered from 182 PBS for 2 hours, and washed in PBS. The PFA-fixed embryos were
G418-resistant colonies analysed, and germline chimeras weteeated with TdT enzyme reaction, and then detected with anti-
generated from two correctly targeted ES lines (line numbers 2-7, 3EHTC-HRP conjugates by using an in situ apoptosis detection kit
4). As mutant embryos of both lines exhibited the same phenotypéTakara Biomedicals, Japan). After the whole-mount samples were
the findings of the 2-7 line and 32-4 line are pooled. photographed using a dissecting microscope, frozen sections were
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prepared. TUNEL-positive cells per transverse section were countdRESULTS
on randomly chosen sections to determine the level of cell apoptosis

in the anterior or posterior definitive endoderm. Dynamic pattern of expression of ~ Sox17 in the

Immunoblot analysis endpderm ) )

Embryos were isolated from a cross between heterozygous parents24ng post-implantation mouse developmeBox17mRNA

7.5 dpc and a portion of the extra-embryonic region was removed fé¢ detected first in the visceral endoderm nearest to the
genome typing. Each embryo was then dissolved in sample buffer ag@gtoplacental cone of the pre-streak stage embryo (Fig. 1A,B)
each protein sample (one embryo/lane) was used for SDS-PAGE aatid expression progressively spreads to the entire extra-
immunoblotting analysis using ar8iex17C17 antibody against embryonic visceral endoderm by the early-streak stage (Fig.
synthetic peptides corresponding to amino acids 403 to 419 of theC D). Sox17 is not detected in the embryonic visceral
SOX17 protein (Kanai et al., 1996). endoderm. At the mid-streak stag®x17is also expressed de
novo in the endoderm subjacent to the anterior end of the
Isolated embryos were fixed in 2.5% glutaraldehyde/0.1 Mor_lmltlve Streak (the broken arrow In Fig. 1E), which coincides
phosphate buffer (PB) for 4 hours at 4°C. After washing in ppsWith the recruitment of the defmmye endoderm (Lawson a}nd
they were postfixed in 1% Og@n 0.1 M PB for 2 hours at 4°C. Pedersen, 1987; Tam and Beddington, 1992). Concomitant
The embryos were then dehydrated and embedded in EPON 8ith the displacement of definitive endoderm to the anterior
Serial semi-thin sections (im) were cut and stained with 1% region of the gastrula, th®ox17expression domain expands
Toluidine Blue. to encompass the endoderm underlying the neural plate of the

Histology

Fig. 1. Expression oSox17andSox7during
gastrulation and early organogenesis. (A-C) Pre-
streak (A,B; 6 and 6.25 dpc, respectively) and ear
streak (C; 6.5 dpc) embryos showing the progress
expansion oSox17expression (arrow) to the whole
extra-embryonic region of the visceral endoderm.
(D) Transverse section of the extra-embryonic reg
of an early-streak embryo showing expression of
Sox17n the visceral endoderm (arrows). (E) Mid-
streak (7.0 dpc) stage embryo showing strong
expression 0§0x17in the extra-embryonic visceral
endoderm (unbroken arrow) and the endoderm at
anterior end of the primitive streak (broken arrow)
(F,G) Lateral (F) and anterior (G) views of early-ht
stage (7.5 dpc) embryo revealiB8gx17expression in
the extra-embryonic visceral endoderm and the
anterior-most endoderm (broken arrows).

(H,H") Early- to late-bud stage (7.5 dpc) embryos
demonstrate the increasing numbesok17
expressing cells in the anterior definitive endoderr
(H; broken arrow), but no expressionQx7in the
definitive endoderm (Bl (I-L) Embryos at early-bud
stage (7.5 dpc): whole embryo (1) and histological
section (J) showing stror§px17expression in the
visceral endoderm (arrows). Section in situ
hybridisation by radioactive riboprobes display str:
expression 080x17(K) andSox7(K') in the parietal
(arrowheads) and extra-embryonic visceral endod
(arrows). Strongox17expression in the definitive
endoderm (L; broken arrows). Planes of sections .
indicated by arrowheads in the embryo (1) of a sin
developmental stage. (M,MEarly neural plate stag
(7.75 dpc) embryo showing the expansiorsok17
expressing cells (M; broken arrow) and the absen
Sox7expressing cells in the prospective foregut ar U ' Y} Y T w o
midgut endoderm (M. (N-Q) Early headfold stage N \ R

(8.0 dpc) embryo (arrowheads indicating the plane fg &7 o A £ 5 “, hg £
the histological sections) showing the descending ; . .mg y i L ,\.”h :
gradient ofSox17expression from the ectoplacenta -V e ]T“H‘ - f Nq ;
cone (O) to the allantoic region of the visceral & s y

endoderm (P), and enhanced expression in the

definitive endoderm of the prospective midgut and hindgut (Q). (R,S) Section in situ hybridisation by a DIG-labelled rihopfiobettse
regionalisedsox17expression (broken arrows) in the posterior definitive endoderm of the 8.25 dpc embryo (four to five somite stage). The
broken rectangle in R demarcates the region magnified in S. @eW)7expression in the posterior endoderm of the mid- and hindgut (V,W),
but not in the foregut (U) of seven- to eight-somite stage (8.5 dpc) embryo (arrowheads indicating the plane of the hssictiogish al,
allantois; epc, ectoplacental cone; dc, decidua; fg, foregut; hg, hindgut; mg, midgut. Scale hars: 100
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A B
Chromosome B B -— C E }f l}

Fig. 2. Targeting a null mutation to the murine . B exon! >~ 2 3 4% % [
Sox17gene. (A-C) TheSox17targeting strategy. o ;

Restriction sites: B3anHI; E, EcoRl; C, Clal. Targeting vector  ° | — 1 I 1 1kb
The green bold bar indicates the position of the B B pok-NEO pok-TK ~ —
probe for genomic Southern blot hybridisation 1 ; s 1 -
using theBarrHI-digested samples (mutated Targeted chromosome B B B

allele, 9.0 kb; wild-type allele, 5.0 kb)
(genotyping results of ES cells and adult mice B

are shown in B), while the red arrowheads show ]
the primer positions for genome typing by PCR 2% @
(results of 8.5 dpc embryos are shown in C). 5 &3
(D) Lack of Sox17 synthesis in mutant 7.5 dpc EEEEEEER2S E8TEFF
mouse embryos revealed by immunoblot 90
-

analysis using anti-Sox17 C17-antibody (Kanai 5 o7
et al., 1996).

early-bud-stage embryo (broken arrows in Fig. 1F-H,l,L).growth (Fig. 3D-F). Development of anterior structures such
Sox17s therefore an early marker that is specifically expresseds neural tube, optic evagination, otic vesicle, branchial arches
in the definitive endoderm of the gastrula, in contrast t@nd heart tube was generally normal until 9.5 dpc (Fig. 3E, and
genes such ablex Hnf33 and Cerl, which are expressed

simultaneously in the anterior visceral endoderm and the -
definitive endoderm in the embryonic compartment of thé(:,al\gl':?l_ g‘taeffa‘flt'\‘/’i‘z\l%gto‘:%ﬁ;ﬁ%@g{gﬁ;’;ﬂ;gmg%c’fj ) and mutant

%asé;lg?etg]sge&nc;rl:sfhgmgr?é%dgrt:eo?emg'%‘%%;g%gregg/—) embryos at 7.5 (late-bud stage; A), 8.0 (headfold stage; B), 8.25

. .~ I.(flve- to six-somite stage; C), 8.5 (10- to 12-somite stage; D), 9.5 (E)
(Fig.1M). However, by the early headfold stage, expression iR, 4195 (F) dpc. The homozygdBsx17embryos show no axis

the foregut endoderm (Fig. 1P) and in the visceral endoderf)ming and poor posterior development from 8.5 dpc onwards.

near the embryonic region (Fig.1N-P) is reduced. By contrasirows indicate the plane of histological sections (G-S); unbroken
endodermal cells in the prospective mid- and hindgut showirrow for transverse section and broken arrow for sagittal section.
strongSox17expression (Fig. 1Q). At the three to five somite(G) Sagittal and (H,l) parasagittal sections of 8.0 dpc embryos. In the
stage Sox17s expressed in the posterior endoderm (Fig. 1R,Shutant embryo, the visceral endoderm extends further into the

but by the seven to eight somite sta§ex17is expressed Prospective gut on the lateral aspects (H,l) than the medial aspects
mainly in the endoderm of the midgut and the hindgu(G) in the posterior region. Arrowheads and arrows mark the frontier
invagination of the embryo (Fig. 1T,V,WSox17expressing of tEe visceral endoder_melll cells at the ant_e[:or almd pkc:sterlor aspects
cells are no longer found in the prospective foregut endoderf}] "€ EMPryo, respectively. (H,1) Insets (right) also show a

- S agnified view of the posterior region. (J,K) Transverse sections at
at these stages (Fig. 1R,U). After 9.0 dpox17expression is the midgut level of 8.25 dpc embryos. In the mutant (—/—) embryo,

also absent from the posterior gut endoderm. The expressigqy gefinitive endoderm in the lateral region of the prospective gut is
of the closely relatedSox7 gene (Taniguchi et al., 1999), replaced by the cuboidal and vacuolated cells that resemble the
overlaps with that o6ox17in the extra-embryonic endoderm visceral endoderm. (L-O) Transverse sections at the fore- and

in the gastrula and neurulation stages (Fig.',KEM’). hindgut (L,M) and midgut (N,O) levels of 8.5 dpc embryos. The
However, Sox7is not expressed in the definitive endodermsections of the heterozygous (+/-) embryo at a similar developmental
(Fig. 1H,M") or the embryonic gut (data not showBpx17  stage (before axis turning) are shown. In the foregut and hindgut

and Sox7function may therefore be redundant in the visceraporta! of the 8.5 dpc mutant embryos, cells that resemble the visceral
endoderm. but not in the definitive endoderm. endoderm are found in the lateral and ventral regions of the gut tube

(L,M). In the lateral region of the open midgut, the endoderm cells

Gut development is defective in ~ Sox1 71~ embryos are juxtaposed to the mesothelium of the splanchnopleure. By
contrast, the mutant (—/—) embryo lacks the layer of splanchnic

A null mutation ofSox17was generated by replacing exons 2-mesenchyme (red arrows; O) that separates the endoderm from the
4 of the gene with a neomycin-resistant cassette, whichesothelium. (P,Q) Sagittal sections of the 9.5 dpc mutant (~/-)
resulted in the complete loss of SOX17 proteins (Fig. 2A-D)embryo, showing normal development of (P) the head, the heart and
Sox17- mice were normal and fertile. During embryonic (Q) the thyroid bud. (R) Transverse sections at the caudal foregut
development (until 10.5 dpc$0x17/— mutant embryos were level of 9.5 dpc mutant (-/~) embryos reveals a small foregut, but
found in the expected Mendelian ratio: 23.3% (29/124roper liver bud formation. (S) Transverse sections of the hindgut of

embryos) at 9.5 dpc and 17.8% (19/107) at 10.5 dpc. N©-5 dpc embryos. In the mutant (-/-) embryo, the hindgut has

gressed to a cord-like structure containing significantly fewer
homozygous mutant embryos were found after 10.5 dpc ar{andodermal cells. The broken rectangle (J,L,N,P) marks the area

no live homozygous offspring were recovered among 20§hown in the magnified view of the histological section. Arrowheads

newborn. . L - (J,K,N,0) indicate the border between the definitive endoderm and
Gross anatomical examination of ti@ox17~ embryos e presumptive visceral endoderm. ce, coelomic epithelium; da,

revealed no discernible defects prior to the early-somite stag@rsal aorta; fg, foregut; hg, hindgut; ht, heart; Ib, liver bud: mes,
(Fig. 3A-C). From 8.5 dpc onwardSpx17/~embryos can be mesothelium; sm, splanchnic mesenchyme; thy, thyroid bud. Scale
distinguished by the lack of axis rotation and deterioratingars: 10Qum.
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data not shown). However, growth and morphogenesis of ttapc revealed that the first morphological defect was found in
posterior trunk was severely affected and progressively becartiee definitive endoderm at 8.0 dpc (headfold stage; Fig. 3G-
disorganised, especially after 9.5 dpc (Fig. 3E,F). I). No histologically abnormality was detected at the median

Histological analysis o80x17/~-mutant embryos at 7.0-9.5 plane of the mutant embryos (Fig. 3G). However, at the
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paramedian level, the cuboidal and vacuolated viscerdhat displays markers of definitive endoderm is significantly
endoderm-like cells were found to extend into the embryoniceduced in the embryonic gut of the mutant embryo.
region in the posterior endoderm, but not in the anterior Hexis expressed in the liver and thyroid primordia from 9.0
endoderm, of the mutant embryos (Fig. 3H,l). This suggestsdpc onwards, and is essential for the development of the liver
reduced definitive endoderm region at the posterior and laterahd thyroid (Keng et al., 2000; Martinez Barbera et al., 2000).
regions of the mutant embryos. At 8.25 dpc, the cells in thin Sox17~ mutant embryosHex was expressed on time in
medial region of the definitive gut endoderm (underneath thboth thyroid and liver primordia (Fig. 4l), which provides
notochord and somites) displayed the squamous epitheliablditional evidence that the initial development of these
morphology typical of the definitive endoderm. However, theforegut derivatives is not affected (Fig. 3Q,Ryx1, which is
cells in the lateral region (beneath the intermediate and lateraécessary for the pancreatic outgrowth and the differentiation
plate mesoderm) acquired the cuboidal and vacuolateof the rostral duodenum (Jonsson et al., 1994; Offield et al.,
epithelial appearance reminiscent of that of the viscerdl996), is expressed in the dorsal and ventral pancreatic regions
endoderm (Fig. 3J,K,N,0). Furthermore, this endodermadf the gut endoderm after 8.5 dpc (Guz et al., 1995). In the
layer was juxtaposed directly with the mesothelium of theSox17/~mutant embryosPdxlexpression was not detected in
splanchnopleure and not, as in the wild-type embryothe gut tissues at the sites of the primordia of either the dorsal
separated from the mesothelium by a layer of splanchnior the ventral pancreatic buds (Fig. 4J). Therefore, in contrast
mesenchyme (red arrows in Fig. 30). In the foregut antb the independence of liver and thyroid on norr8ak17
hindgut portals, visceral endoderm-like cells were found in théunction to initiate early differentiatiolgox17activity may be
lateral and ventral epithelium of the gut (Fig. 3L,M). No essential for the formation of the pancreas.
obvious histological defects were found in other embryonic During gut development, Sonic hedgeh&plj and Indian
structures such as the notochord, somites, neural tube ahddgehoglbh) are expressed in the endoderm and play crucial
heart. At 9.5 dpc,Sox17~ mutant embryos display the roles in the regionalisation of the primitive gut tube (Apelqvist
apparently normal development of the craniofacial structuregt al., 1997; Hebrok et al., 1998; Ramalho-Santos et al., 2000;
the heart (Fig. 3P) and the primordia of the liver and th&ukegawa et al., 2000). In the 8.5-9.5 @ox17mutants,Shh
thyroid gland (Fig. 3Q,R). However, the foregut is reduced irwas expressed at a low level in the anterior endoderm (open
size and deficient of endoderm cells (Fig. 3R), and the midarrows in Fig. 4L,N,0), but was absent from the posterior
and hindgut degenerate into a cord-like structure (Fig. 3S). endoderm (Fig. 4K,M) and the mid- and hindgut epithelia (Fig.
o ] 4N,P). Similarly,Ihh expression was absent in the endoderm
Def_|n|t|ve endoderm is depleted from the lateral of the mutant embryonic gut (8.5 dpc; Fig. 4Q) and the mid-
region of the embryonic gut of ~ Sox17-~ embryos and hindgut epithelia (9.5 dpc; Fig. 4R). Howevéth
The histological changes in the epithelium of the embryoniexpression in the visceral endoderm was not altered.
gut point to the deficiency of definitive endoderm during gut Besides the deficiency of the definitive endoderm and
development in th&ox17/~ embryo. To characterise the cell abnormal morphogenesis of the mid- and hindgut, no other
types present in the gut of the mutant embryo, the expressiobvious abnormality was found in other germ-layer derivatives
of definitive endoderm markers was examined by in sittand organs of theéSox17 mutant embryos, except for the
hybridisation studies. absence of the mesenchymal tissue that normally intercalates
Hnf3a andHnf3p are expressed in the definitive endodermbetween the splanchnic mesothelium and the endoderm in the
(Ang et al., 1993; Monaghan et al., 1993; Sasaki and Hogalateral region of the embryonic gu®tch, which encodes a
1993), and the activity of both genes is critical for thereceptor that modulates Hedgehog (Hh) signalling (Goodrich
formation of the definitive endoderm and its derivatives (Ancet al., 1996; Motoyama et al., 1998), was not expressed in the
and Rossant, 1994; Dufort et al., 1998; Duncan et al., 1998planchnic mesothelium (Fig. 4S,T); however, it was expressed
Kaestner et al., 1999). Box17/-mutant embryosinf3awas  appropriately in the floor plate and the ventral part of the
expressed in the definitive endoderm at 8.5 and 9.5 dpc (Figaraxial mesoderm. These findings suggest that the disruption
4A-D). However, in contrast to the normal (+/+ and +/-)of Hh signalling activity revealed by the loss Stfihand lhh
embryos,Hnf3a-expressing cells were confined to a muchexpression in the endoderm of the embryonic gut Riuth
narrower domain in the medial and paraxial region of thexpression in the neighbouring mesothelium may cause the
embryonic gut along the entire anteroposterior axis of théoss of the splanchnic mesenchym&ox17/-mutant embryo
mutant embryo (Fig. 4A-D). The number Ehf3a-positive  (Fig. 30).
cells (per transverse section of the gut of 8.5 dpc embnyd), Correct tissue- and region-specific expression of several
was significantly reducedP€0.01) in the endoderm in both the genes was observed in the cranial neural t@ieZ(Simeone
anterior (normal, 40.0£2.1; mutant, 18.0+£1.5) and the posteriat al., 1992); data not shown], somitéepx1(Candia et al.,
parts of the embryo (normal, 38.5£3.0; mutant, 20.3%4.2)1992); data not shown], the cardiogenic mesodeBatd4
Hnf38 expression was weak in the cells in the degeneratingig. 6F,G), the notochord ( data not shownShh Fig. 4K-P)
segments but was maintained in the floor plate of the neurahd the tail bud mesenchymg Wnt3a andWnt53 data not
tube of the 9.5 dpc mutant embryo (Fig. 4E)Ix2expressing shown; Cdx2 Fig. 4F) of the mutant embryos before any
population (Beck et al., 1995) was also reduced in the hindgdisruption of the trunk and tail morphology became evident.
of the mutant embryo (Fig. 4F,GMex which is normally ) )
expressed in the definitve endoderm (Keng et al., 2000;0ss of Sox17 function elevates apoptosis but does
Martinez Barbera et al., 2000), was expressed in a mofot affect the formation of anterior definitive
restricted domain in the endoderm of the foregut portal (8.8ndoderm
dpc; Fig. 4H). These findings suggest that the cell populatiolmhe histological and in situ hybridisation analyses
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Fig. 4. Depletion of the definitive gut endodermSnx17/~embryos. (A-D)Hnf3a expression in the definitive gut endoderm of the 8.5 (A,C)

and 9.5 (B,D) dpc normal and mutant embryos [A includes both anterior (left) and posterior (right) views of the same eimtSyos].
expressing cells are confined to a much narrower medial and paraxial domain in the embryonic gut of the mutant embrycer& Transv
sections of 9.5 dpc embryos demonstrate nokinéBS expression pattern in the reduced hindgut endoderm and the floor plate of the
heterozygous (+/—) and null mutant (—/—) embryos. (F,G) 9.5 dpc mutant (—/—) embryos showingCde@eapression in the endoderm of the
gut posterior to the level marked by the red arrow (F, lateral view; G, transverse section at the plane indicated by fihe brdReiiH,|)Hex
expression in the foregut endoderm of 8.5 dpc embryos (H; anterior view) and in the thyroid (small arrows) and liveo{a)deuds of 9.5

dpc embryos (I; lateral view). (Pdx1expression in dorsal (small arrow) and ventral (large arrow) pancreatic regions of the gut endoderm in
9.5 dpc heterozygous embryos (left-most in the figirexlexpression is completely absent (broken arrows) in the prospective pancreatic
tissues of the homozygous (—/—) mutant embryos (two on the right hand side)SikeXpression in the definitive gut endoderm (open arrows
for foregut, solid arrows for mid to hindgut) and notochord of 8.5 (K, posterior view; L,M, transverse sections) and Stz (&inlateral

view; O,P, transverse sections). In plate P, the broken arrow sho@khhegative posterior gut in the mutant (—/—) embryo. (¢hR)

expression in the visceral and definitive endoderm of 8.5 (Q; ventral view) and 9.5 (R; lateral view) dpc embryos. Theanrdwskiedicate
thelhh-positive endoderm in the heterozygous embryo and the broken arrows indicate the ahséregodssion in the equivalent

endodermal tissues in the homozygous mutant embryo. P&fExpression in the ventral structures of the 8.5 dpc mutant embryos (S, ventral
view; T, transverse section). The unbroken arrows indicatetttepositive splanchnic mesothelium in the heterozygous embryo and the
broken arrows indicate the absenc®thexpression in the equivalent tissues in the homozygous mutant embryo. Broken lines on the whole-
mount figures show the plane of histological sections. Arrowheads in C,H,M,T indicate the border between the presumptisedasesna

and the definitive endoderm. fg, foregut; fp, floor plate; hg, hindgut; nc, notochord; mes, mesothelium; ve, visceral estierigkm; a
nonspecific signals that are due to antibody trapping in lumen. Scale bapsn100

demonstrated that the loss &ox17 activity causes the embryos prior to the neural plate stage (Fig. 5A). There was,
depletion of the definitive endoderm in the embryonic gut. Théowever, a significant increase of the number of TUNEL-

occurrence of apoptosis of the endoderm of w17/~  positive cells in the prospective foregut endoderm underneath
mutant was examined by TUNEL analysis. Mutant embryoshe anterior and lateral margin of the neural plate by the late
did not show any more TUNEL-positive cells than the normaheural plate to early headfold stages (Fig. 5B,D-F), but no



2374 M. Kanai-Azuma and others

appreciable increase of apoptotic cell death
found in the posterior definitive endoderm (I
5C,D). Apoptotic cells were found mc
frequently in the endoderm in the medial rec
of the prospective foregut of the mut
embryo (Fig. 5G-I; normal, 0.33+0.17; mute
1.13+0.23; n=4). Interestingly, in the muta
embryo, normalCerl expression was found
the prospective foregut endoderm at the e
bud to headfold stages (Shawlot et al., 1998)
5J,K). This suggests that the initial formatior
the anterior definitive endoderm is therefore
affected by the loss ofSox17 activity, but
increased cell death may underpin the defici
of endoderm in the foregut. By contrast, tt
was no significant increase in the numbe
TUNEL-positive cells in the prospective hind
of the mutant embryo (Fig. 5H; norm
0.13+0.11; mutant, 0.14+0.12;n=4). The
depletion of the definitive endoderm in
posterior segment of the embryonic gut ma'
caused by factors other than apoptosis.

Visceral endoderm replaces definitive
endoderm in the lateral region of the
embryonic gut

The visceral endoderm of the yolk
characteristically displays active endocytc
revealed by the uptake of horseradish peroxi
(HRP) for transporting macromolecules aci
the foetal membrane (Bielinska et al., 1999).
visceral endoderm in the yolk sac of the mu
embryos showed normal HRP-uptake acti
(Fig. 6A-C). However, endodermal cells t
actively incorporate HRP are also found in
prospective gut region of the embryo at
headfold to early somite stage, resulting i
significant reduction in the area of non-HI
labelled definitive endoderm that is confines
the paraxial and medial region of the embry:
gut. Several genes that are expressed ir
visceral endodermHnf4 (Chen et al., 1994
Gata4 (Molkentin et al., 1997; Narita et ¢
1997); Ihh (Maye et al., 2000)] also show
increase in their expression domain into
lateral region of the gut of the mutant emk
(Hnf4, Fig. 6D,E; Gata4 Fig. 6F,G;lhh, Fig.
4Q). a-Fetoprotein Afp), which is expresse

J i+ J4- |K +- 4

A b NGNS

Fig. 5.Loss ofSox17function elevates apoptosis but does not affect the initial
formation of anterior definitive endoderm. (A-I) Whole-mount TUNEL staining
(brown) of the mutant embryos at early neural plate (A, anterior view), late neural-
plate to early head-fold [anterolateral (B), posterior (C), sagittal section (D) and
transverse sections (E,F)] and early somite stages [anterior (G), posteroventral (H)
and transverse section (I)]. Mutant embryos do not show any more TUNEL-positive
cells than do the normal (+/+ and +/-) embryos prior to the neural plate stage (A).
However, at the late neural plate to early somite stages, more TUNEL-positive cells
are found in the prospective foregut endoderm (B,E-G; arrows in D,l). By contrast,
no increase in apoptosis is found in the posterior endoderm (C,D,H). In H, the
broken red lines indicate the border between anterior and posterior gut segments.
The broken arrows in B,G show the plane of sectioning (D,E,l); the broken rectangle
(E) marks the area shown in the magnified view (F). (C&)Lexpression in the
anterior definitive endoderm of the normal and mutant embryos at early- to late-bud
stage (J, lateral view) and at late neural-plate stage (K, lateral view). Proper
expression o€erlwas found in the prospective foregut endoderm of the normal
(+/+ and +/-) and null mutant embryos. Scale bargrh0

specifically in the extra-embryonic part of the visceralloss of the expression of markers for definitive endoderm all
endoderm (Dziadek and Adamson, 1978), restricts itsuggest that the reduced population of definitive endoderm
expression to the visceral endoderm up to the early neural plateuld not effectively displace the visceral endoderm to the
stage (Fig. 6H) but extends into the posterior and lateral regioestra-embryonic sites and results in the occupation of the
of the embryonic gut of the headfold stage mutant embryo (Figubstantial region of the gut by an inappropriate type of cells.
61,J). By contrast, no significant expansionAdp expression
domain was found in the anterior region of the embryonic gubox17 acts cell autonomously to bestow
at this stage of development (Fig. 61). endodermal potency

Our results show that deficiency in the definitive endodernio assess the impact of the losSokT on tissue potency, the
in different region of the embryonic gut may be brought aboudifferentiation of Sox17 mutant cells was examined in
differently by apoptosis and inadequate population expansiorhimaeric mouse embryos comprisedSoix17/~ES cells and
during the neural-plate to headfold stages. The expansion bfastocyst derived from ROSA26S¢x17/*) mice which
the visceral endoderm-like cells into the embryonic gut and theonstitutively expresB-galactosidase (Tremblay et al., 2000).
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Fig. 6. Visceral endoderm replaces the definitive endoderm
in the lateral region of the embryonic gut. (A-C) The 8.0 dp
[late headfold stage; anterior (A) and posterior (B) views off
the same embryos] and 8.5 dpc (C, ventral view) mutant
embryos showing the endocytotic activity of visceral
endoderm revealed by the uptake of horseradish peroxidag
(HRP; 2 mg/ml, brown staining reaction) for 30 minutes.
The visceral endoderm in the yolk sac of the mutant
embryos demonstrate normal HRP-uptake activity, but the
endodermal cells displaying similar uptake activity are also|
found in the prospective gut region of the embryo (A,B,
broken arrows; C, arrowheads). (D,E) ExpressioArd# in
the visceral endoderm of the 8.5 dpc mutant embryos (D,
lateral view; E, transverse section), reveals the expansion {
the Hnf4 expression domain into the lateral region of both
anterior and posterior gut in the mutant embryo
(arrowheads). (F,G) Expression®&ta4in the cardiogenic
mesoderm (ht) and visceral endoderm (F, anterior view; G,
transverse section) of the 8.5 dpc mutant embGasad
expression, which is normally restricted to the visceral
endoderm, extends into the lateral regions of the posterior
gut in the mutant embryos (G, arrowheads). (FAf{)
expression in the visceral endoderm of the normal and
mutant embryos at early neural plate (H, lateral view) and
headfold stages [anterolateral () and posterior (J) views of
the same embryos]. In the mutant embrydp,expression is
associated with the yolk sac endoderm until the early neurg
plate stage (H), but by the headfold stage, expression
extends into the posterior and lateral regions of the :
embryonic gut (1,J, broken arrows). In A,B,H-J, the anterio
lateral and posterior border between visceral and definitivefy "1t
endoderm is indicated by arrowheads, broken arrows and
arrows, respectively. In C-E,G, arrowheads mark the bord¢]
between the visceral endoderm and the definitive endoderin.
The broken lines in D and F mark the plane of sectioning. f
foregut; hg, hindgut; ht, heart. Scale bar: LO®

Twelve of the 31 chimaeric embryos harvested at

and 9.5 dpc showed more than 80% tissue contrik

by Sox17/-ES cells. Five chimeras (one at 8.25

and four at 9.5 dpc) with high mutant ES

contribution displayed a reduction in embryonic

size and failed to undergo axis rotation (Fig.

D,E,F), which recapitulates the phenotype of

Sox17null mutant embryos. The remaining se

chimaeric (seven at 9.5 dpc) embryos, containing moderate amdoderm formation in the null mutant embryos. In the

high mutant ES cell contribution, were slightly retarded (Figchimeras, only the wild-type host cells contributed to the extra-

7E; one showed delayed axis rotation) but were otherwisembryonic visceral endoderm. That the restoratios@m{l7

morphologically normal. activity in the visceral endoderm has neither enhanced nor
Histological analysis of the chimaeric embryos showed thatescued the morphological abnormality and the depletion of

the Sox17~ ES cells can contribute extensively to thedefinitive endoderm displayed by the chimeras with the

ectodermal and mesodermal tissues (such as skin, neural tubgpngest mutant ES cell contribution indicates t8ak17

notochord, somites, lateral plate mesoderm and yolk sdanction in the extra-embryonic tissues is not crucial for

mesoderm; Fig. 7B-D,F-K). Of significant interest, however, iembryogenesis. The phenotype of the null mutant embryo is

the marked reduction in the contribution by mutant ES cells ttherefore primarily caused by the defective differentiation of

the foregut endoderm (Fig. 7B,C,H,I) and the almost completthe derivatives of th&ox17edeficient epiblast.

exclusion of the mutant cells from the mid- and hindgut

endoderm (Fig. 7D,F,J,K). This finding clearly points to the

cell-autonomous activity dox17in regulating differentiation DISCUSSION

of the definitive endoderm particularly in the mid- and hindgut

of the embryo. The differential impact of the lossSafx17 A critical role of Sox17 in the differentiation of the

function on the endodermal potency of cells colonising thél€finitive endoderm in the mouse

foregut versus those colonising the mid- and hindgut underpinkhe findings of the phenotypic analysis of t8ex17null

the different defects between the anterior and posterianutant embryo show th&ox17plays a crucial role in the




2376 M. Kanai-Azuma and others

Fig. 7. The lack of contribution o8ox17/~ES cells in the gut
endoderm in the chimera. ROSA26-derived cells are positive for X-
gal staining (blue staining), while the ES cloBex17")-derived

cells are negative. (A,E) Whole mount view of chimaeric embryos
with the high contribution c8ox17/~ES cells and non-chimaeric
littermates (right) at 8.25 (A) and 9.5 (E) dpc. (E) Three chimeras
with various degrees of mutant ES cell contribution: one chimera
with high mutant ES cell contribution displays no axis rotation
(upper left), while two other chimeras containing moderately high
mutant ES cell contribution are slightly retarded in posterior trunk
development [one shows delayed axis rotation (lower left)]. The
broken arrows show the plane of the sectioning image in the
designated plate. In E, red arrowheads show the posterior gut
endoderm, which was composed mostly of the ROS&S2617/)
host-derived cells. (B-D,F-K) Transverse sections of chimaeric
embryos at 8.25 (B-D) and 9.5 (F-K) dgox17-ES cells were
excluded from the posterior or mid- and hindgut endoderm, which is
mainly composed of ROSA26 host-derived cells (B-D,F,G,J,K).
Sox17/-mutant cells can contribute to the anterior or foregut
endoderm (open arrows in B,C,H,l). The chimeras with the high
mutant ES cell contribution display a reduction in cell population of
the posterior definitive endoderm (B,C) or embryonic gut (F).
Arrowheads show the border between visceral endoderm and
definitive endoderm. The broken rectangle encompasses the area
magnified in the designated plate. fg, foregut; hg, hindgut; mg,
midgut; ve, visceral endoderm. Scale bars: [Li®0

8.25d

members, Sox7, Soxl7and Sox18 of mammalian Sox
subgroup FSox18has been shown to be expressed in yolk-sac
blood islands, the developing endothelial cells and presumptive
endocardial cells, but not in the endoderm cell lineage during
early embryogenesis (Pennisi et al., 2000). Analyses of
expression revealed th&ox7 and Sox17 genes are co-
expressed in the extra-embryonic visceral endoderm,
suggesting that there may be functional compensati@oky

_ which could account for the lack of discernible defects on the
5 - e visceral endoderm in tHgox17null mutant embryo. However,

1| PSS e SO K ; only Sox17is expressed in the definitive gut endoderm,
Gl ot ' suggesting redundancy among the subgroup F members is
~ g, _ unlikely in the definitive endoderm lineage. The severity of the
T MESELT ; posterior gut phenotype of ttf8ox17mutant further implicate
25 Sleen ¢t hg . that althougtSox2is expressed throughout the gut endoderm,
4 b el and Sox3transcripts are also detected in the posterior region

= . of the foregut in mouse early-somite stage embryos (Wood and
' Episkopou, 1999), the activity of these two Sox genes are not
sufficient to compensate for the loss 8bx17 function.
maintenance and differentiation of the definitive endoderm oRecently, thecasanovamutation, which causes defective
the embryonic gutSox17unction may not be essential for the endoderm formation in the zebrafish, has been found to involve
formation of the progenitor cells of the definitive endoderma novelSoxgene of the subgroup F (Dickmeis et al., 2001;
during gastrulation but is required for sustaining the viabilityKikuchi et al., 2001; Sakaguchi et al., 2001). Whether any
of the foregut endoderm and the elaboration of the mid- ancasanovaorthologue is present in the higher vertebrates is
hindgut endoderm. The loss 8bx17function results in the unclear.
apoptosis of the endoderm in the foregut and the failure of . .
the expansion of the endoderm of the mid- and hindgut. Th& possible morphogenetic role of the ~ Sox17-
diminished contribution oSox17~ mutant cells to the gut expressing definitive endoderm
endoderm of the chimera further shows tBax17is essential During early embryogenesis, morphogenetic activity of the
for the embryonic cells to acquire an endodermal potency. extra-embryonic visceral endoderm has been shown to be
The lack of defects in the development of the extraimportant in the establishment of the body plan of the embryo
embryonic endoderm and the initial phase of the formation gfBeddington and Robertson, 1998; Beddington and Robertson,
anterior definitive endoderm irBox17 mutant raise the 1999; Brennan et al., 2001; Episkopou et al., 2001; Hoodless
possibility of potential redundancy of other gene activity.et al., 2001; Kalantry et al., 2001; Lu et al., 2001; Yamamoto
Members of the Sox gene family share similar DNA-bindinget al., 2001). Despite the expressionSux17in the extra-
specificity, especially within the same subgroup. Among thembryonic visceral endoderm of the embryo during
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gastrulation and early organogenesis, no early developmenfakegut and a differentiation regulator in the rest of the
defects are found in ti&ox17mutant embryo. The overlapping embryonic gut.
expression of the structurally homologo8ex7 may have The different impact of the loss &ox17function on the
provided the redundancy that functionally compensates for th@otency of the cells to contribute to different parts of the gut
loss of Sox17activity. The defective differentiation of the of the chimera points to a variable requirement $ox17
definitive endoderm in the mutant embryo suggests that similactivity in the allocation of different populations of definitive
functional overlap of the activity of other Sox genes of theendoderm. Like th&ox17mutant cellsSmad2deficient cells
same subgroup or any other endoderm-specific genes aee able to contribute at a moderate level to the anterior
absent. However, the disorganised development of the posteridefinitive endoderm, but are absent from the hindgut (Tremblay
trunk and the interruption of axis morphogenesis may point tet al., 2000). Whil&ox17deficient cells are unable to colonise
some secondary impact of either the losSax17function in  the mid- and hindgut of the chimetdnf33-deficient cells can
the definitive endoderm or the abnormal formation of thdorm the hindgut, but are not in the foregut and midgut, of
embryonic gut that is deficient of the proper type ofchimeras generated from the null ES cells and the tetraploid
endodermal cells. embryo (Dufort et al., 1998). These findings strongly suggest
Several studies have suggested that the definitive endodeardifferential requirement ddox17 Smad2andHnf33 in the
may exert morphogenetic influence on the development of threndoderm of different parts of the embryonic gut. The
mesoderm and ectodermal tissues. The anterior definitiv@milarity in behaviour of th&ox17? andSmad?2deficient cells
endoderm and Hex activity specifically expressed in this tissua the chimera is consistent with the recent demonstration that
are required in tissues for normal forebrain formationXsox17activity may be required for the maintenance of Nodal
(Martinez Barbera et al., 2000; Withington et al., 2001). In thesignalling activity in the cells that are primed for endodermal
Sox17/-mutant embryo, proper though spatially restricted, thalifferentiation in theXenopus(Engleka et al., 2001; Aoki et
expression of several genes suchda$3a, Hnf35 Hex Cerl  al., 2002).
andCdx2is still present in the endoderm of the embryonic gut. . ) .
This may suggest that whatever morphogenetic activity exertdgvolutionary conservation of molecular pathways in
by the definitive endoderm is still provided to other germ-layeendoderm formation among vertebrates
derivatives before extensive loss of anterior definitiveln the Xenopus Xsoxl#@ and Xsox1p direct the
endoderm by apoptosis occurs. This may account for thdifferentiation of embryonic cells towards the endodermal fate
apparently normal development of the cranial and upper trunk a cell-autonomous fashion (Hudson et al., 1997; Clements
structures. Development of the more posterior trunk structurend Woodland, 2000). Furthermore, the activatiorXedx17
is becoming more severely affected with more extensivly VegT enables the delineation of the endodermal progenitor
depletion of the definitive endoderm in the posterior segmenfsom other germ-layer tissues and initiates endoderm
of the embryonic gut. In this regard, the lossSbhandlhh  differentiation (Engleka et al., 2001). Recently, the isolation
activity in the endoderm and the concurrent downregulation cdnd characterisation of other genes involved with endoderm
Ptch expression in the lateral plate mesoderm may bé&rmation in Xenopus and zebrafish has enabled the
significant. Whether the specific loss of Hh signalling in theconstruction of a molecular pathway involving nodal-related
gut endoderm but not in other structures such as the notochainalling and the induction of Mix-type homeobox or Gata-
and the floor plate is associated with the retarded developmempe zinc-finger genes, which in turn activate the endoderm
and growth of posterior trunk structures of tBex17~  determining genesSox17andHnf33 (Alexander and Stainier,
embryos is still unclear. However, a more widespread999; Reiter et al., 2001). In mouse early embryogenesis,
deficiency in Hh signalling in the&hhlhh-double mutant Hnf38(Dufort et al., 1998)Gata4(Narita et al., 1997)5mad2
embryo has also resulted in a similar developmental arre§tremblay et al., 2000) anBastl (Hoodless et al., 2001),
phenotype with the lack of axis rotation at the early somitevhich are involved in Activin/Nodal-related signalling, play an
stage (Zhang et al., 2001). Consistent with this notion, Himportant role in the formation of the definitive endoderm. The
signalling has been shown to play a crucial role in thghenotypic consequences of the losSok17function in the
regionalisation of the primitive gut tube by acting through thenouse are consistent with the concept axl7activity is
adjacent mesoderm (Apelqvist et al., 1997; Hebrok et al., 1998gquired by the progenitor cells to acquire endodermal potency

Ramalho-Santos et al., 2000; Sukegawa et al., 2000). and to differentiate properly into definitive endoderm. Our
findings highlight the conservation ddox17 function in

Different impact of the loss of ~ Sox17 activity on the endoderm formation during vertebrate embryogenesis.

anterior and posterior definitive endoderm
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