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The expression of XIF3 in undifferentiated anterior
neuroectoderm, but not in primary neurons, is induced

by the neuralizing agent noggin

KIM GOLDSTONE and COLIN R. SHARPE'

Department of Zoology, University of Cambridge, Cambridge, United Kingdom

ABSTRACT The gene XIF3encodes a neural-specific type-III intermediate filament protein whose
expression in the embryo precedes that of the neurofilaments by several hours. We now show. by
in situ hybridization, that it is expressed at the neurula stage in primary neurons and, to a lesser
extent, in undifferentiated anterior neuroectoderm. At the swimming tadpole stage, strong
expression is restricted to the midbrain-hindbrain boundary, even-numbered rhombomeres of the
hindbrain and the Vth and Vllth cranial ganglia. XIF3gene expression can be induced in ectodermal
cells (animal caps) derived from blastula when grown to the neurula stage in the presence of the
neuralizing agent noggin. In agreement with the proposed ability of noggin to neuralize, but not to
promote neuronal differentiation, we find that the pattern of noggin-inducible XIF3 expression in
animal caps is consistent with expression in undifferentiated anterior neuroectoderm but not in
primary neurons.
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Introduction

The dynamic organization of the cell is maintained by a cytoskel~
eton consisting of microtubules, actin filaments and intermediate
filaments (I Fs). All the IF proteins share a conserved central alpha-
helical rod domain that is important for protein dimerization and
aggregation into higher order structures culminating in 8-10 nm
filaments. The intermediate filaments have been subdivided into a
number of classes according to sequence similarity (Steinert and
Roop. 1988). Included in the type IIllFs are vimentin, glial fibrillary
acidic protein (GFAP) and desmin. Vimentin is expressed in neural
cells at an early stage of development and widely within cells of
mesenchymal origin where it has been attributed a range of
functions (Evans, 1998). In contrast, the expression of GFAP in
glial cells and desmin in muscle is normally restricted to asingle cell
type. The expression of the three type IV IFs is also restricted, in
this case to neurons and consequently the type IV IFs are known
collectively as the neurofilaments though it is clear that neurons
often express other classes of IF proteins in addition to the
neurofilaments.

The gene XIF3 encodes a type III intermediate filament protein
found predominantly in neural tissue (Sharpe et a/., 1989). It is
closely related in sequence to mouse peripherin, a gene which is
expressed widely in the peripheral nervous system and induced in

PC12 cells in response to nerve growth factor (NGF) promoted
neuronal differentiation (reviewed in Greene, 1989). In Xenopus,
XIF3 mRNA is first found at a low level in animal cap cells and then
accumulates rapidly in the neurectoderm. XIF3 therefore repre-
sents a gene encoding a type III intermediate filament protein
whose expression becomes neural specific. XIF3gene expression
in the neurula embryo precedes that of the type IV neurofilaments
which in Xenopus are expressed first at the early tail bud stage
(Sharpe. 1988).

During Xenopus development, the dorsal part of the animal cap
becomes the neuroectoderm which will form the neural tube.
Probably as an adaptation to a free swimming larval lifestyle, a
small number of neurons rapidly differentiate to control the earliest
movements of the newly hatched larva (Roberts and Clarke, 1982).
These are the primary neurons, defined by their large size, preco-
cious commitment to a neuronal fate and early axonal extension
(Lamborghini, 1980; Hartenstein, 1989; Hartenstein, 1993). Within
the neuroectoderm the primary neurons arise in restricted do-
mains, marked at an early stage by the expression of neurogenin,
a homolog of the fly proneural genes (Ma et aI., 1996). Within these
regions, some cells are selected to become primary neurons by
lateral inhibition, a process mediated by Delta-Notch signaling
(Chitnis et al., 1995). Selected cells then begin to differentiate and
by the mid-neurula stage express a neuron-specific type-II ~-
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Fig. 1. The pattern of expression of the XIF3 gene during the neurula

stages. (AJ At stage 15, XIF3 transcripts are found in a line either side of

the midline and probably correspond to the future primary motor neurons
Bilateral patches adjacent to the anterior neural plate represent expression
in the placodal component of the trigeminal ganglia (arrowheads). (B) By
stage 15+, XIF3 expression is also detectable in a stripe either side afrhe
midline corresponding to the primary interneurons (arrowhead). (C) By

stage 16, punctate XIF3 staining is apparent in the primary sensory neuron
(Rohan-Beard cell) strrpe (arrowhead). In addition there is diffuse XIF3
staining in neuroectoderm between the motor neuron and interneuron
stripes and to the same anterior limit as these stripes. (D) At stage 17there
IS additional diffuse bilateral staining in the prospective midbrain (arrow),
though this expression is transient. IE) By stage 18, punctate staining is
seen in two patches adjacent to the anterior boundary of the neuroecto-
derm corresponding to neurons in the nasal placodes (arrowedJ. (F) At
stage 20, the neural tube is almost completely folded and the pnmary
neurons are strongly stained. Expression in the trigeminal ganglia extends
around the eye.

tubulin (NST) (Chitnis et al., 1995). The first axons sprout at the
early tailbud stage, little more than one day after fertilization
(Jacobson and Huang, 1985).

Under experimental conditions the whole of the animal cap can
be made to form neural tissue (Grunz and Tacke, 1989), but this
ability is repressed in the embryo by the extracellular protein BMp.
4 (Wilson and Hemmati-Brivanlou, 1995). Consequently neural
tissue forms when BMP-4 activity is itself compromised in dorsal
ectoderm through the activity of proteins such as noggin and
chordin that bind BMP-4 (Holley et al., 1996; Piccolo et al., 1996).

It has been observed that isolated animal cap ectoderm cultured in
the presence of noggin develops into neuroectoderm and ex-
presses high levels of XIF3, however, these cells do not express
NST and fail to differentiate into neurons (Lamb et al., 1993).
Consequently, the observation that XI F3 is expressed predomi-
nantly in primary neurons, yet is noggin inducible, at first seems
incongruent.

In this paper we show that XIF3 transcripts are found in two
separate cell types at the neurula stage. The first are the rapidly
differentiating primary neurons of the caudal neurectoderm, the
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trigeminal ganglion and the olfactory placode whilst the second cell
type consists of a region of undifferentiated anterior neurectoderm.
The pattern of XIF3 expression in noggin treated animal caps
reflects elevated transcript levels in undifferentiated anterior neu-

roectoderm and therefore is consistent with the ability of noggin to

neuralize but not to promote neuronal differentiation (Lamb at al.,

1993).

Results

The distribution of XIF3 transcripts
RNAse protection assays have previously shown that XIF3

transcripts are predominantly in the anterior third of the embryo at
the tailbud stage (Sharpe et al., 1989). We now describe the paUern
of XIF3 expression during development using whole-mount in situ
hybridization with an antisense XIF3 RNA probe.

Quantitative RNase protection assays detect a low level (ap-
proximately 105 transcripts) of XIF3 in the egg and throughout the
early stages of development (Sharpe et a/., 1989). Transcription of
XIF3 in the embryo begins around the start of gastrulation and
transcripts accumulate to a plateau of approximately 106 per
embryo at the late neurula stage (Sharpe et al., 1989). We were
unable to detect the low maternal level by in situ hybridization and
first detected XtF3 by this method in the mid-neurula embryo. At
this stage expression is confined to two longitudinal stripes in the
neuroectoderm adjacent to the midline and bilateral patches within
the epidermis atthe boundary of the neuroectoderm (Fig. 1A). The

Fig. 2. The pattern of XIF3 expression in the later embryo. (AJ In the late
tailbud (stage 28) expression in the Vllth cranial nerve ISnow apparent and
within the anterior neural tube expression of XIF3 resolves into patches of
high and low expression along the A-P axis. (B) Lateral view showing

expression in the Vth and (arrowed) Vllth cranial ganglia and in the eye. IC)
By stage 36137 expression in the caudal primary neurons has almost

completely disappeared, though staining in the cranial ganglia remains
strong. Within the CNS, XIF3 is now clearly expressed in distinct domains.
There is a domain in the forebrain that lies beneath the nasal pits (arrow-
head) and another at the midbrain-hindbrain boundary (arrow). Within the

hindbrain expression is mainly confrned to rhombomeres 2,4 and 6. (D) A

transverse section through a stage 36/37 embryo shows that XIF3 expres-
sion within the even rhombomeres is confined to a ventro-Iateral domain.


