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Summary: Wc have isolated a new member of the Wnt gene family, Wnr-11, from
chick embryo ¢cDNA library and cxamined the cxpression pattern during cmbryogenesis
by in situ hybridization. The Whnt-11 genc cncodes Cys-rich sccretory protein distantly
related to Wnt-1 through Wnt-8 from thec mouse and Xenopus. Expression of the
Wnt-11 gene became cvident at stage 14 in the dorsolateral region of somites and
gradually restricted to the dermatome at stage 19 and later. In contrast to the other Wnr
genes, Wnt-11 was not expressed in the neurocpithelium throughout stages 14-26. At
stage 24 and later, Wnt-11 was cxpressed in the subectodermal mesenchyme of the limb
and feather buds. The unique expression pattern of Wat-11 in the paraxial mesoderm and
dermatome suggests that Wne- 11 may play an important role in dermal development.
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Wat- [ was initially identificd as a gene activated by proviral inscrtion of the mouse
mammary tumor virus, and later recognized as a vertebrate counterpart of a Drosophila
segment polarity gene wingless (1,2). The War gene encodes Cys-rich secretory protein
and is expresscd in a variety of adult and embryonic tissucs, implicating an important role
as a signaling factor in the cell-cell interaction during embryogenesis. Targeted
disruption of the Wat-1 gene leads to severc deformities in the developing midbrain
(3-5), and cctopic cxpression of the Wnt-1 and Wne-8 genes leads to formation of the
complete secondary axis in Xenopus embryos (6-8).

To study the role of Wat genes during chick embryogenesis, we isolated scveral
members of the Wnt gene family by polymerasc chain reaction (PCR) using degencrate

primers. We identified a novel member from chick embryos, designated Wat-11, which
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is distantly related to other members of the Wat family. The cxpression pattern was
cxamined by whole-mount in sifu hybridization of chick embryos, and intense expression
was observed in the dorsolateral region of the somite, which later becomes connective
tissuc of the dorsal skin. The unique cxpression pattern of the Wne-11 gene in the
dermatomc suggests a distinct role of War-11 as an inductive signal for dermal

devclopment.

MATERIALS AND METHODS

Reverse transcription of the total RNA from 4-day chick embryos was carricd out
using MMLYV reverse transcriptase (BRL). PCR amplification of the cDNA using Wnt
specific primers was described previously (9). The PCR products were cloned into
pBluescript SK(+), and identificd by nuclecotide scquencing.

Onc of thc PCR clones cncoding chicken Wat-/1 was used as a probe for
hybridization screening of chick embryo ¢cDNA library to obtain full-length cDNA. Filter
hybridization was carried out as described previously (10). ¢cDNAs from the recombinant
phages were subcloned into pGEM7Zf(+) and MI13mpl8/mpl9 after restriction
digestion, and scquenced in both oricntations by didecoxy chain-termination method.

Wholc-mount in situ hybridization was performed as described previously (11).
Digoxigenin-labeled cRNA probe was preparcd according to manufacturer's protocol
(Bochringer). Sense strand probe was used for negative control, and no hybridization
signal was detectable with the scnsc probe.  After hybridization, the embryo was
incubated with the antibody coupled to alkaline phosphatase, and then with BCIP/NBT
for detection. Hybridized embryos were sectioned and examined for the presence of
cxpression signals as described (11). Photographs were taken by using an Olympus
model BH-2 microscope. Chick cmbryos were staged according to Hamburger and
Hamilton (12).

RESULTS

Cloning of Wnt-11 c¢cDNA: By screening cDNA library using the chicken
Whnt-11 probe, we obtained 1.83 kb c¢cDNA cncoding full-length Wnt-11 protein.
Sequence comparison of the deduced protein reveals that the chicken Wae-11 genc is
distantly related to Wne-1 through Wnt-8, and closely related to Wae-11 identified in the
mouse and Xenopus (Fig. 1). Chicken Wnt-11 protein exhibits 84% identity to mouse
Whnt-11 and 67% identity to Xenopus Wnt-11 (13), thus identifying as a chicken cognate
of the Wnt-11 gene.

Developmental expression of the Wnt-11 gene: We  performed
whole-mount in situ hybridization to find out the expression pattern during chick
cmbryogenesis. Wnt-11 signals were first detectable in the lateral plate mesoderm at
stage 14, and bccame evident at stage 17 and later (Fig. 2A). The mesodermal
expression was delimited to the dorsal region of somites. This region later becomes
dermatome, a primordium of mesenchymal connective tissue of the dorsal skin.

Expression in the somite was most cvident at stages 17 to 21 (Figs. 2B, 2C), and
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Fig. 1. Alignment of chicken Wnt-11 with other Wnt-11 members. Gg, chicken; Mm,
mousc; X, Xenopus leavis.  Amino acid sequences of mouse Wnt-1 (17), mousc
Wnt-11 (18) and Xenopus Wnt-11 (13) are aligned, showing conserved residues with
chicken Wnt-11 by dots.  Gaps arc introduced to improve alignment and indicated by
dashes.  Potential signal peptide sequence is double-underlined.  Potential sites for
N-glyveosylation are indicated by asterisks, and well-conserved Cys residucs arc shown
by opcen circles above the chicken Wnt-11 scquence.

correlated to the formation of dermatome. Intermittent cxpression in the somite along the
body plan was clearly visible at these stages, and slightly intensified in the antcrior
rcgion. At stage 24 and later, Wnt-11 expression was dispersed laterally within the
dermatome (Fig. 2D). The hybridized embryo was sectioned to confirm precisely the
region of Wat-11 expression. Transverse scctions of the embryo at stage 20 showed that
Wnt-11 was expressed in the dorsal region of the dermatome (Fig. 2E). Mesenchymal
cxpression was obscrved bencath the epithelium on parasagittal scctions at stage 24 (Fig.
2F).  Wnt-11 cxpression was dispersed in the dermal mesenchyme surrounding
sclerotome, a primordium of vertebral cartilage. No expression signal was detected in the
spinal cord and diencephalon throughout stages 14 to 24, in contrast to the other Wnr

genes, such as chicken Wat-4 and Wnt-2 (11).
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Fig. 2. Wnr-11 cxpression in the chick embryo detected by whole-mount in situ
hybridization. (A) Dorsal view of the stage 14 embryo.  Wae-11 transcripts arc
detectable in the paraxial mesoderm along the body plan (arrowhead). (B) Lateral view
of the stage 19 cmbryo. Strong signals are detectable in the dermatome (arrowhead),
primordium of axial dermis. Staining in the head and tail bud region is an artifact. (C)
Dorsal view of the stage 21 embryo. Intermittent War-11 signals in the dermatome arc
intensifying anteriorly. (D) Dorsal view of the stage 26 embryo.  Expression in the
dermatome is dispersed laterally, and wing (wg) and leg (lg) buds showed intensc
expression in the dorsal region. (E) Transverse section of the whole-mount hybridized
embryo at stage 20, The War-11 cxpression is detected in the dorsal region of the
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At stages 24 to 28, intensc signals were clearly detectable in the wing and leg buds
(Figs. 2D, 3A, 3B). Although expression in the limb bud did not overlap dermatomal
cxpression, Wne-11 signals were dorsally restricted within the limb bud. Signals werc
only detectable in the limb mesenchyme, but not in the limb cctoderm, as obscrved in the
transverse sections of the hybridized embryo (Fig. 3C). Wnt-11 was also expressed in
the feather bud. At stages 35-36, signals were detectable in the mesenchyme adjacent to
the feather ectoderm (Fig. 3D). The Wne-11 gene may play a role in the formation of

dermal structure both limb and feather buds.

DISCUSSION

We have identificd a new member of the Wnt gene family, Wne-11, from chick
embryo ¢cDNA library and characterized the temporal and spatial cxpression pattern
during embryogenesis. The Wat-11 genc shows the cntirely different expression pattern
from other Wnt members. For example, Wnt-1, Wnt-2, Wat-3, Wnt-4, What-5a, and
Whnt-7b were cxpressed in the dorsal or ventral neuroepithelium of the diencephalon and
spinal cord in the mouse and chicken embryos (11,14-16). As demonstrated here, War-
11 expression was not observed in thesc cctoderm-derived cells throughout carly
cmbryogencesis. Wnt-11 was not expressed in the spinal cord either, thus constituting
distinct characteristics for a Wnt genc.

In the Xenopus embryos, Xwnt-1/ was cxpressed in the somites at carly tail bud
and tadpole stages (13). Chicken Wnt-11 was also cxpressed in the dermatome structure
of the somite, which is derived from paraxial mesoderm and associated with axial dermis
formation. None of the other War family members is expressed in the paraxial
mesoderm, suggesting a unique role of War-11 in dermal development. However, no
significant expression in the sclerotome and myotome implicates involvement of Wat-11]
in determination of developmental cell fate stemmed from the somite. The temporal
cxpression pattern of Wat-11 in the paraxial mesoderm correlates with the formation of
dermatome structure.

The expression pattern of Wae-1/ in the limb bud also differs from Wnt-5a,
What-7a, Wat-3, and Wht-6, which are expresscd in the mouse limb bud (15,16). These

dermatome (arrowhcad).  dt, dermatome; ne, notochord; nt, ncural tubc; st, sclerotome.
(F) Parasaggital scction of the whole-mount hybridized embryo at stage 24. What-11
cxpression is dispersed in the dorsal mesenchyme beneath the epithelium.

Fig. 3. Whnt-11 cxpression in the limb and feather buds. (A) Wing bud at stage 26.
(B) Lcg bud at stage 26. (C) Transverse section of the whole-mount hybridized wing
bud at stage 28. Wat-11 expression is observed in the dorsal mesenchyme adjacent to the
limb cctoderm (arrowhcad). (D) Fecather bud (fb) at stage 35. Wat-11 signals arc
detectable in the feather mesenchyme (arrowhead).
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Wnt genes are cxpressed in the dorsal and/or ventral ectoderm of the limb bud. In
contrast, Wnt-11 was not expressed in the limb cctoderm, but cxpressed in the Limb
mesenchyme. Thus, the expression domain of War-11 is mutually exclusive to the other

Whnt genes. Wat-11 may be involved in cell fate determination of the limb mesenchyme.
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