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Induction of the epidermal 

tissue
In the Xenopus embryo, the epidermal inducers are BMP4 and

its close relatives BMP2, BMP7 and ADMP. BMP4 is expressed

initially throughout the ectodermal and mesodermal regions of

the late blastula. However, during gastrulation, bmp4 transcripts

become restricted to the ventrolateral marginal zone. This is

because goosecoid protein (and some other TFs) is expressed by

the Siamois/Twin and Smad2/4 interactions in the dorsal

(organizer) mesoderm starting at the beginning of gastrulation.

In the ectoderm, BMPs repress the genes (such as neurogenin)

involved in forming neural tissue, while activating other genes

involved in epidermal specification. In the mesoderm, it appears

that graded levels of BMP4 activate different sets of

mesodermal genes, thereby specifying the dorsal, intermediate

and lateral mesoderm.



Diffusible proteins of the 

organizer

One of the most critical properties of the organizer is its

ability to secrete a number of soluble (diffusible) factors

that are critical for the organizer’s function. Most of these

factors are BMP inhibitors including noggin, chordin and

follistatin, whose genes are activated by combining action

of the Wnt/β-catenine pathway and the TGF-β/Smad

pathway.



Function of the organizer 

proteins
 Noggin is a secreted protein that is able to accomplish two of
the major functions of the organizer: it induces dorsal
ectoderm to form neural tissue and it dorsalizes mesodermal
cells that would otherwise contribute to the ventral
mesoderm.

 Chordin has similar functions like that of noggin. Of all
organizer genes observed, chordin is most acutely activated by
β-catenine.

 Follistatin is also responsible for the formation of the neural
tissue from ectoderm.

Both noggin and chordin bind to BMP4 and
BMP2 and prevent their binding to the receptors, while follistatin
blocks BMP4, BMP2 and activin. All of the genes that encode the
above mention proteins are first expressed in the dorsal
blastopore lip region and then become localized in the
notochord.



Neural induction under the influence of organizer 

proteins

We said that dorsal mesodermal cells of the organizer induce the

ectoderm to become neural tissue (CNS). But, actually it is the

epidermis of the skin that is induced to form, not the neural tissue. The

ectoderm is induced to become epidermal tissue by binding BMPs,

while neural tissue forms from that region of the ectoderm that is

protected from epidermal induction by BMP-inhibitors. In other words,

the “default fate” of the ectoderm is to become neural tissue and the

“normal fate” of the ectoderm is to become epidermal tissue. Thus,

organizer acts to protect ectoderm and forms neural tissue by releasing

BMP-inhibitors like noggin, chordin and follistatin. We can conclude

that the organizer blocks this epidermalizing induction by inactivating

the BMPs.





Regional speificity of the neural 

structures

One of the most important phenomenon in neural induction

is the regional specificity of the neural structures that are

produced. Forebrain, midbrain, hindbrain and spinal cord of

the neural tube must be properly organized in an A-P

direction. The organizer not only induces the neural tube, it

also specifies the region of the neural tube.





The head inducer: Wnt

inhibitors

The most anterior regions of the head and brain are

underlain not by the notochord but by the pharyngeal

endoderm and prechordal plate (head) mesoderm,

collectively called head endomesoderm. This tissue

constitutes the leading edge of the dorsal blastopore lip.

The cells in this tissue induce the most anterior head

structures by blocking the Wnt and BMP. These

endomesodermal cells secrete a number of signaling

molecules that are involved in the regional specificity of

the neural structures.



Molecules for head 

induction

Cerberus is a secreted protein that promotes the formation
of the most anterior head structures including brain. The
Cerberus gene is expressed in the pharyngeal
endomesoderm cells that arise from the deep cells of the
early dorsal lip. Cerberus protein can block BMPs, Xwnt8
and Nodal-related proteins. When Cerberus synthesis is
blocked, the levels of BMPs, Wnts and Nodal-related
proteins all rise in the anterior of the embryo and the
ability of the endomesoderm to induce a head is severely
diminished.



Frzb (small soluble form of the Frizzled, Wnt receptor) and Dickkopf, are

two other proteins that are also expressed in involuting endomesoderm.

Frzb is synthesized predominantly in the endomesoderm cells beneath

the brain. If excess Frzb is expressed in an embryo, then Wnt signaling

fails to occur throughout the embryo and such embryo lacks ventral

posterior structures and become all head. The Dickkopf also appears to

interact directly with the Wnt receptors, preventing Wnt signaling.

Injection of antibodies against Dickkopf causes resulting embryos to

have small, deformed heads with no forebrain. Thus, to form head, both

Wnt and BMP signalings are essential to be blocked and this is driven by

the molecules from endomesoderm cells.

Another set of proteins called insulin-like growth factors (IGFs)

is also found in endomesoderm cells and is required for the formation of

the anterior neural tube including the brain and sensory placodes. They

appear to work by initiating a RTK signal transduction cascade that

interferes with the signal transduction pathways of both BMPs and

Wnts.



In Xenopus, an endogenous gradient of Wnt/β-catenine is highest
in the posterior and absent in the anterior. Moreover, if Xwnt8 is
added to the developing embryo, spinal cord-like neurons are seen
more anteriorly in the embryo and the most anterior markers of
the forebrain are absent. Conversely, suppressing Wnt signaling
leads to the expression of the anterior most markers in the most
posterior neural cells. Therefore, there are two major gradients in
the amphibian gastrula- a BMP gradient that specifies the D-V axis
and a Wnt gradient that specifies the A-P axis. However, both of
these axes are established by the initial axes of Nodal-like TGF-β
factors and β-catenine across the vegetal cells. Additionally, RA is
also seen to have a gradient highest at the posterior end of the
neural plate and RA can also posteriorize the neural tube in a
concentration-dependent manner. RA signaling appears to be
especially important in the patterning of the hindbrain and appear
to interact with FGF-signals to activate the posterior Hox genes.





Left-Right axis specification

The L-R axis formation in amphibian embryo involves the

expression of the Xnr1 gene in the lateral plate mesoderm on

the left side of the embryo. The restricted localization of the

Xnr1 protein to the left side of the embryo is caused by the

clockwise rotation of cilia found in the organizer region. In

Xenopus, these specific cilia are formed during the later stages

of gastrulation (after the original specification of the

mesoderm) at the dorsal blastopore lip. That is, they are

located in the posterior region of the embryo, at the site where

the archenteron is still forming. The Xnr1 gene activates pitx2

gene only on the left side of the embryo which inturn controls

the respective positioning of the developing heart and kidney.

If Pitx2 is injected into the right side of an embryo, heart

placement and gut coiling are randomized.



Tail inducer: Wnts and RA

The tail is formed by the interaction between the neural
plate and the chordamesoderm (notochord) during the
neurula stage. A gradient of Wnt proteins (specially
Xwnt8) is essential for specifying the posterior region of
the neural plate. The activity of Xwnt8 is highest in the
posterior of the embryo and weakens anteriorly.


