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Physical Blocking Neural Tube Closure Affects Radial Intercalation
and Neural Crest Midline-directed Migration
in Xenopus Dorsal Explants
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Abstract: Neural tube defects (NTDs) are severe congenital malformation diseases, which occur in 1 out of 1000
births in human. In Xenopus, several tissue movements are involved in the neural tube closure process. Immediately after
the neural tube fusion, the neural crest cells get monopolar protrusion toward dorsal midline and migrate to form the roof
of the neural tube. At the same time, radial intercalation takes place from the ventral neural tube and forces it to be
single-layered. Here, we physically block the neural tube closure to test the cell movements and the following patterning
in Xenopus laevis explants. The results show that the single-layered neural tube fails to form and the neural crest cells
remain at the lateral regions in the explants with NTDs. However, the patterning of the neural tube is not affected as
indicated by the normal expression of the preneural genes. These results indicate a requirement of the neural tube fusion
for the radial intercalation and the dorsal midline directed neural crest migration, but not for the dorsal-ventral patterning
of the neural tube.
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Neural tube defects (NTDs) are the most common fetal and infant morbidity and mortality. Approximately
malformations of the central nervous system causing 1 out of every 1000 births occur with NTDs (Detrait et al,
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2005). However, the genetic and cellular basis of NTD
remains poorly understood. Vertebrate neurulation
involves several tissue movements and cell shaping. In
Xenopus laevis, the neural tissue, which is induced by
Spemann organizer (Spemann and Mangold, 1924),
consists of two layers of cells (Schroeder, 1970). The
neural tissue thickens to form neural plate due to the
elongation of the superficial cells. Then, the neural plate
bends as cells constrict apically and become
wedge-shaped. The medial migration of epidermis forces
the bending further and pushes the neural folds into
apposition. The apposed neural folds finally fuse to form
a neural tube at the condition of the elongation of
underlying notochord (Baker and Schroeder, 1967;
Burnside, 1971; Schoenwolf and Smith, 1990; Schroeder,
1970; Schroeder, 1971).

After the neural tube closure, two major types of
cell movements are involved in the neural tube shaping
(Davidson and Keller, 1999). The neural crest cells
migrate towards the dorsal midline through medially
directed monopolar protrusions, which results in a single
medial population of neural crest cells that form the roof
of the neural tube. The radial intercalation of neural tube
by protrusions both medially and laterally brings deep
and superficial cells to form a single-cell-layered neural
tube from ventral to the dorsal. In “giant sandwich”
explants, cell elongation and wedging are induced
without vertical interactions with underlying mesoderm.
However, the neural tube fusion and radial intercalation
fail in these explants, which can be induced by vertical
interaction with mesoderm beyond the late gastrula stage
(Poznanski et al, 1997). It is not clear whether the radial
intercalation is initiated by the signals from the
underlying mesoderm or the neural tube fusion.

In this study, we block the neural tube closure
physically in the presence of underlying mesoderm to
generate neural tube closure defect models in Xenopus
explants and analyze the two types of cell movements.
We show that the neural cells radial intercalation and the
neural crest medially directed migration both fail in the
explants with NTDs, indicating a requirement of fusion
signals for these cell movements. We also find that the
dorsoventral patterning of the open neural tube is not
affected, indicating a non-necessity of neural tube fusion
for the origination dorsal patterning signals.

1 Materials and Methods

1.1 The generation of neural tube closure defects
explants

In vitro fertilization, embryo culture was carried out
as described (Gawantka et al, 1995). The embryos at
stage 13 were dissected horizontally into dorsal and
ventral explants (Fig. 1A—C). The dorsal explants,
including neural plate, lateral epidermis and underlying
mesoderm, were cultured in the agar cavities full of
Low-calcium Magnesium Ringer’s (LCMR) (Stewart &
Gerhart, 1990). Then, coverslips were erected just up the
neural plate midlines to block the neural tube closure
(Fig.1D, E).

1.2 DAPI and immunostaining analysis

The explants and control embryos were fixed at
stage 25 by formaldehyde, embedded in paraffin,
sectioned at 10um. The sections were immunostained
using anti-fB-catenin (SANTA CRUZ) at a concentration
of 1:200. The nuclei were stained with DAPI (sigma) at a
concentration of 1 pg/ml. The stained sections were
photographed by Leica DM IRB fluorescent microscope.
1.3 Whole-mount in situ hybridization and sections

Whole mount in situ hybridization (WMISH) of
Xenopus embryos and explants was carried out as
described (Gawantka et al, 1995). Stained embryos and
explants were embedded in paraffin, sectioned at 30 & m,
and the sections were counter-stained with eosin.

2 Results

2.1 Blocking neural tube closure affects radial
intercalation

To generate the neural tube closure defect model,
the embryos of early neurula were cut into dorsal and
ventral explants (Fig.1A—C). The dorsal explant includes
neural tube, lateral epidermis as well as underlying
mesoderm. The closure of the neural tube was blocked
by a coverslip (Fig.1D, E).

We detected the radial intercalation at stage 25 by
staining the nuclei using DAPI and the cell membranes
using anti-B-catenin, which is membrane associated. In
the wild type stage 25 embryos, the radial intercalation
took place to form single-layered neural tubes at the
ventral and medium levels (Fig.2A—D). The neural tubes
of dorsal explants fused normally without coverslip
blocking, suggesting that the removed ventral explants
were not required for the neural tube closure. In these
explants, the single-layered neural tubes formed just as in
the wild types (Fig.2E—H). However, when the closure of
the neural tube was blocked by the coverslip, the
formation of single layer failed (Fig.2I-L) and the neural
tube remained in two layers of cells in the ventral part
(Fig.2]J). These results indicate a requirement of neural
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tube closure for the radial intercalation in the neural tube.
2.2 Blocking neural tube closure affects the location

of neural crest cells at dorsal midline

In Xenopus wild type embryo, the neural crest cells
arise at the lateral of neural plate. After neural tube
fusion, the neural crest cells get monopolar protrusions
directed toward the midline and migrate medially to form
the roof of the neural tube (Fig.3A) (Davidson & Keller,
1999). We traced the neural crest cells by in situ
hybridization using the probe of Slug, a neural crest
marker (Mayor et al, 1995). We found that the neural
crest cells arose normally throughout the anterior-
posterior axis (Fig.3B), but these cells remained the
lateral location in the neural tube closure blocked
explants. In the control explants with normal neural tube
fusion, the neural crest cells arrived at the dorsal midline
successfully (Fig.3C, E). These results suggest that the
fusion of neural tube is required for the migration of
neural crest cells toward dorsal midline. Once the neural
crest cells approach the midline, they lose their
protrusions and stay until they start to emigrate from the
tube (Davidson & Keller, 1999). We then tested if the
emigration of the neural crest cells was affected in the
explants with NTDs which failed their dorsal midline
location of neural crest cells. We found that the neural
crest cells emigrated normally along the lateral of the
neural folds (Fig.3E) like in the control (Fig.3E),
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ventral explant

coverslip
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Fig. 1 Illustrations of the generation of explants of NTDs
(A) The embryo (dorsal view) at stage 13 is dissected horizontally into
dorsal and ventral explants. The dorsal explant (B) includes neural plate,
lateral epidermis and underlying mesoderm, while the ventral one (C)
consists of ventral endoderm and epidermis. (D) The neural tube
closure is blocked by a vertically set coverslip with the bottom adjacent
to the neural plate midline. (E) The delineation of the neural tube
closure blocked explant. Modified from Poznanski et al (1997). A:

anterior; P: posterior.

beta-catenin merged

Fig. 2 The single-layered neural tubes fail to form in the explants with NTDs

A, E, 1, dorsal views of a stage 25 embryo (A, anterior to the right), a normal dorsal explant (E) and an explant in which the neural tube

closure was physically blocked using a coverslip. B, F, J, DAPI staining of nuclei on traverse sections of a control embryo (B), a normal

explant (F) and a blocked explant (J), showing the single layered structure of the neural tube fails to form in the blocked explant (J). C, G, K,

anti- B -catenin staining showing the cell shapes. D, H, L, merged pictures of B and C, F and G, J and K respectively. The neural tubes or

neural folds are outlined by red broken oval lines in B, C, F, G, J, K and white one in L. The arrowheads in J show the superficial (blue) and

deep layer cells (yellow) of the neural folds in the explant with NTD.
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Fig. 3 The neural crest cells fail to locate at the dorsal midline in the explants with NTDs

(A) The location of neural crest cells in wild type embryos at stage 25 showed by Slug. The expression of Slug remains at the lateral in the

dorsal explants with NTDs (B) and the section of the explants (D). In the control explant, the neural tube closure is normal (C) and Slug is

expressed in the midline (E). Arrowheads in D and E show the neural crest cells that have emigrated away from the midline.

indicating that different signals are involved in the
medially directed migration and the emigration of the
neural crest cells.
2.3 The dorsoventral patterning is not affected in
the neural tube closure blocked explants
During neurulation of vertebrate embryo, a complex
program of gene regulation defines different classes of
neurons within the neural tube. The different neurons are
defined by transcription factors under the control of the
ventral and dorsal signaling centers (Caspary &
Anderson, 2003; Helms & Johnson, 2003; Novitch et al,
2003). The dorsal center is the roof plate whose ablation
leads to dorsal pattern disturbing (Lee et al, 2000). In the
explants whose neural tube fusion is blocked, the roof of
the neural tube can not form. We tested the neural
patterning by markers located at different dorsal-ventral
levels. These marker genes include dorsally expressed
Pax3 (Bang et al, 1999; Bang et al, 1997), medially and
ventrally expressed Nkx6.2 (Zhao et al, 2007) and the
ventrally expressed Shh (Ekker et al, 1995). The
expression patterns of all three markers were not affected
in the neural tube closure blocked explants (Fig.4),
indicating a non-necessary of neural tube fusion for the
dorsal patterning signals.

3 Discussion

Several types of cell movements are involved in the
neural tube shaping after its fusion. Whether these
movements require the signals from the fusion is poorly
understood. We block the neural tube closure physically
in the dorsal explants with underlying mesoderm to
investigate the relationship between neural tube fusion
and the subsequent cell movements.

During neurulation, the neural tube fusion is of
great importance for the following neural patterning and
differentiation. NTDs are the most common malformat-

ions of the central nervous system causing fetal and
infant morbidity and mortality. We use Xenopus laevis
embryos to generate NTDs model by physically blocking
the neural tube closure (Fig.1). In the explants with
NTDs, the single-layered neural tubes failed to form as
the radial intercalations were not initiated (Fig.2). The
similar results were reported by Poznanski and
colleagues in the giant explants without underlying
mesoderm (Poznanski et al, 1997). These results indicate
a requirement of the fusion signals for the radial
intercalation and the single-layered neural tube formation.
The neural tube fusion involves several cell
morphogenesis processes (Davidson & Keller, 1999).
The fusing lips of the neural folds are superficial layer of
the epidermis, and the deep layer cells are restored later.
At this time, the dorsal cells of the neural tube are still
far lateral. Thus, the initial signals by the fusion might
come from the overlying epidermis. However, the radial
intercalation initiates from the ventral neural tube,
indicating that the ventral cells get the signals first. The
the ventral

intercalation and its requirement of the dorsal fusion

contradiction between initiated radial
signals remains to be studied.

The dorsal midline location of neural crest cells,
another cell morphogenesis initiating after neural tube
fusion, was prevented by the blockage of the neural tube
closure, too (Fig.3D). In wild type embryo, the neural
crest cells get their monopolar protrusions toward the
dorsal midline immediately after the neural tube fusion
and migrate to form the roof of the neural plate, stay still
until emigrate along the neural tube (Davidson & Keller,
1999). Our results showed that the emigration of the
neural crest cells took place normally in the neural tube
fusion blocked explants (Fig.3D). However, the
migration pathways were disrupted in the experimental
group (Fig.3B), which were supposed to migrate to the
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Pax3

Shh

Fig. 4 The dorsoventral patterning of the neural tube is not affected by the NTDs
The expression of Pax3 (A, B), Nkx6.2 (C, D), and Shh (E, F ) shows no significant difference along D-V axis between the wild types (A, C,

E) and the explants with NTDs (B, D, F).

third, fourth and sixth pharyngeal arches at the head level
in normal embryos (Snider et al, 2007). This disruption
may be due to the derangement of the structure in the
explants with NTDs.

The roof plate of vertebrate neural tube, expressing
secreted factors such as Wnt and BMP, acts as a dorsal
signaling center for the neural tube dorsal patterning and
neural cell differentiation (Lee et al, 2000; Liem Jr et al,
1997; Liem Jr et al, 1995; Millonig et al, 2000). The
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