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In the developing
cerebral
cortex of the mouse, binding of
antibodies
directed
against the extracellular
matrix glycoprotein fibronectin
occurs with a distinct temporal and spatial pattern. On the 10th embryonic
day (El 0), when the wall
of the telencephalic
vesicle is made up of only the proliferating cells of the ventricular
zone, antifibronectin
(aFN)
binding is restricted
to the blood vessels and pia-arachnoid.
Fibronectin-like
immunoreactivity
first appears in the neuropil as small points of immunofluorescence
among the earliest postmitotic
neurons that form the preplate (El l-l 2). A
short time later (E12-13),
aFN immunoreactivity
becomes
more diffuse but continues
to be restricted
to the preplate.
As newly arriving neurons form the cortical plate within the
preplate
(E13-14),
aFN binding is present in the marginal
zone above the cortical plate and in the subplate
below it.
Both the marginal
zone and the subplate
contain early afferents and the cells that were previously
part of the preplate. Binding of aFN is transient;
by E18-19
it has diminished to the point where it is no longer detectable
except in
the blood vessels and pia-arachnoid.
The transient
appearance
of fibronectin-like
immunostaining
in the zones that contain early cortical afferents
suggests
that fibronectin
plays a role in forming the migratory pathway for the growth cones of these axons. In this
role it may be acting in concert with other extracellular
matrix
components
such as hyaluronectin,
glycosaminoglycans,
and
laminin, which have been shown to have similar spatial distributions. The decline of fibronectin-like
immunostaining
that
occurs as cortical development
progresses
may be a part
of the change from the immature state, which supports profuse axon elongation
in the CNS, to the mature state in which
neurite outgrowth
is quite limited.

Two major migrations take place during the early stagesof
formation of the mammalian cerebral cortex. Cells destinedto
becomecortical neurons move from the site of their generation,
the proliferative zone adjacent to the cerebral ventricle, to the
particular cortical layer where they will subsequentlyreside.
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Axonal growth cones,somebeginningtheir journey in the cortex
and others arriving from great distances,traverse defined pathways to terminate on specificneuronal targets. Cortical neurons
appearto be guided in their migration by radial glia (Ramon y
Cajal, 1911; Rakic, 1972); very little is known regarding the
terrain over which the growth cones of afferent and efferent
axons make their way.
Several lines of evidence indicate that an extracellular matrix
(ECM) servesas a substratefor the migration of neurons and
the extension of axons of the PNS during development. Fibronectin, a large, dimeric glycoprotein presentin extracellular matrices and basementmembranes(Hynes and Yamada, 1982),
appearsin the migratory pathway of neural crestcellsjust before
migration beginsand declinesasmigration ends(Newgreenand
Thiery, 1980; Mayer et al., 1981). Fibronectin also promotes
the attachment of neural crest cells to collagen substratesin
tissue culture (Greenberg et al., 1981) and enhancestheir migration (Newgreenet al., 1982). Both fibronectin and laminin,
another ECM glycoprotein, are effective in promoting the outgrowth of neuritesfrom a variety of central and peripheral neurons in tissue culture (Hauschka and Ose, 1979; Akers et al.,
1981; Manthorpe et al., 1983; Rogerset al., 1983; Liesi et al.,
1984; Smallheiser, 1984).
Recent evidence indicates that ECM componentsmight also
play a role in the development of the CNS. Fibronectin-like
immunoreactivity is presentin the initial parts of the migratory
pathway of granule cell precursorsover the surfaceof the cerebellum (Hatten et al., 1982), but it has thus far not been demonstrable in the developing forebrain except in association
with the cells of the blood vesselsand pia (Schachner et al.,
1978; Minier et al., 1981). During development of the optic
nerve of the goldfish, axons extend in apposition to a basal
lamina (Easteret al., 1984). Colloidal iron and alcian blue have
beenusedto indicate the presenceof glycosaminoglycansin the
subplate and marginal zones of the developing cerebral cortex
of the mouse (Derer and Nakanishi, 1983; Nakanishi, 1983).
Similar dyeswere usedto demonstratea structured ECM in the
chick’s optic tectum just ahead of arriving optic nerve axons
(Krayanek, 1980). Immunoreactivity to antibodies against hyaluronectin (Bignami and Delpech, 1985) and laminin (Liesi,
1985)hasbeen demonstratedin the developing CNS of the rat.
In view of the evidence that ECM plays an important role in
many aspectsof the development of the PNS, and the recent
evidence that it may also do so in the CNS, we examined the
spatial and temporal distribution of fibronectin-like immunoreactivity during the development of the cerebral cortex of the
mouse. We also stained neuronal processeswith antibodies
againstneurofilamentsto determine whether the distribution of
nearly cortical afferents correspondsto that of fibronectin-like
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Figure 1. Distribution of binding of antifibronectin antibody (aFN) and antineurofilament antibody (aNF) in the dorsolateral wail of the telencephalon at E12. All photographs are of the same section, which has been double-labeled. A, Fluorescence (TRITC) photomicrograph showing
punctate and diffuse aFN binding in the preplate (PP), as well as bright staining of the pia-arachnoid (PA) and the blood vessels; there is little or
no staining in the ventricular zone (VZ). B, Fluorescence (FITC) image showing binding of aNF to nerve fibers within the preplate. C, Phase image;
the preplate is evident as a layer of cells that are more rounded than those of the ventricular zone. D, Superimposed tracings of Figures A and B
to show the overlap in distribution of punctate fibronectin-like immunoreactivity and neurofilament positive neuronal processes. The solid line
indicating the inferior aspect of the preplate was drawn from the phase image and is somewhat arbitrary since this border is difficult to determine
with certainty. The fibers and punctate aFN binding shown below this line probably indicate irregularities in the preplate that are not obvious in
the phase image. bv, blood vessel. Scale bar, 50 wrn:
immunoreactivity.
peared elsewhere

Materials

A preliminary
report of our findings has ap(Pearlman et al., 1984).

and Methods

Timedpregnancies. Matings of C57BW6J mice (Jackson Labs, Bar Harbor, ME) were carried out by placing 1 male and 2 or 3 females together
overnight and then separating them the next morning (EO). Each embryo
was staged based on body and brain morphology (Rugh, 1968; Theiler,
1972) at the time of fixation, as well as on subsequent histological
examination of the brain to adjust for variations in developmental age
within a litter.
Embryos were removed under ether anesthesia. The brains were immersed in phosphate-buffered 4% paraformaldehyde (pH 7.5) for 1 hr,
then in 30% sucrose overnight. Frozen sections (8-20 wrn) were cut on
a cryostat (IEC Minotome), thawed onto gelatin-coated slides, and stored
at -20°C until processed for immunohistology.
Antibodies. The principal antifibronectin (aFN) antibody employed
in this study was an affinity-purified rabbit antibody against human
plasma fibronectin provided by Dr. J. McDonald (Villiger et al., 1981).
A rabbit anti-hamster cellular aFN obtained from Dr. R. Hynes (Mautner and Hynes, 1977; Schwarzbauer et al., 1983) produced an identical
but somewhat less intense staining pattern. The antineurotilament antibody (aNF) was a monoclonal antibody (RT97) obtained from Dr. J.
Wood that cross-reacts with both the 150 and 200 kDa molecular weight
subunits of neurofilaments (Anderton et al., 1982; Wood et al., 1985).

As a control for specificity of staining, aFN was replaced with the
immunoglobulin
fraction from nonimmune rabbit serum (Cappel), diluted to a protein concentration equivalent to aFN. As an additional
control, aFN was preadsorbed with purified FN (supplied by Dr. J.
McDonald) and the antigen-antibody complex removed by several passages over a collagen substrate prior to incubation with sections.
Immunohistochemistry.
All incubations were carried out in a darkened, humidified chamber at room temperature. Sections were washed
in PBS (pH 7.5) for 5 min, incubated with aFN (diluted 1:30 or 1:50;
final protein concentration 0.025 mg/ml) for 1 hr, washed in PBS, incubated with fluorescein (FITC)-conjugated goat anti-rabbit immunoglobulins (1: 100: Canoel) for 30 min. washed in PBS. and COVCrSliDDed
after application of paraphenylamine’diamine
in glycerine (Johnson and
Nogueira-Araugo,
198 1) or 1,4diazobicyclo(2,2,2)octane
(Aldrich) in
Gelvatol (Monsanto). All immunoreagents were diluted to desired concentrations with PBS. Secondary antibodies were incubated for 30 min
with a homogenate of brains from adult mice prior to application. This
procedure substantially reduced nonspecific binding of the secondary
to sections.
In double-labeling experiments with aFN and antineurofilament antibodies, the aFN labeling procedure was carried out as described above
except that rinses and dilutions were in Tris-buffered saline (TBS) and
the secondary antibody was a goat anti-rabbit IgG (H&L, Jackson Immunoresearch), labeled with rhodamine (TRITC) diluted 1:lOO. After
fixation for 5 min with 95% ethanol-5% acetic acid, the sections were
rinsed 3 times with TBS, incubated for 1 hr with the antineurofilament
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Figure 2. Distribution of binding of aFN and aNF in the dorsal wall of the telencephalon on El 3. The photographs are of the transitional zone
in which the cortical plate (0) is forming within the preplate (PP) as maturation proceeds in the lateral (left) to medial (right) direction. All
(TRITC) photomicrograph
showingdiffusefibronectin-like
photographs are of the same section, which has been double-labeled. A, Fluorescence

immunoreactivity

in the preplate on the right and in the subplate (SP) and marginal zone (MZ) on the left. B, Neuronal

processes containing

neurofilaments
areevident in the preplateon the right andin the subplateand marginalzoneson the left (FITC fluorescence).
C, Phaseimage.
Scale bar, 50 pm.
primary (1:500), washed 3 times with TBS, incubated for 30 min with

FITC-conjugatedgoat anti-mouseIgG (H&L, JacksonImmunoresearch),washed,mountedin Gelvatol,andcoverslipped.
Separate
control sections were incubated with TBS substituted for each of the primary
antibodies. Selected sections adjacent to those used for immunofluorescence were stained with diluted Richardson’s stain (methylene blue
and azure II in sodium borate buffer).
Sections were examined with a microscope (Nikon Labophot) equipped
for epifluorescence, phase, and bright-field illumination. Epifluorescence

illuminationwasprovidedby a mercuryarc bulb (100W), with filter
cubesoptimizedfor FITC (Nikon B2) and TRITC (Nikon GlB). Photographsweretakenwith a 35 mm cameraattachment(Nikon HBO)
on high-speed
film (KodakTri-X) that wasdevelopedin Diafine.

Results
Brains of mice ranging in agefrom E10 through birth (E 19) were
fixed, sectioned, and examined for immunoreactivity against
aFN. Sectionsfrom early embryos werealsodouble-labeledwith
an antibody to neurofilaments in order to determine the distri-

bution of neuronal processesin relation to the zonescontaining
fibronectin-like immunostaining.
At El O-l 1, the wall of the telencephalicvesicle consistsof a
pseudostratifiedcolumnar epithelium containing numerousmitotic figures.Immunoreactivity to aFN is restricted to the blood
vesselsand pia. At slightly later stages(El l-12), this layer of
proliferating cells, called the ventricular zone (Boulder Committee, 1970)can be distinguishedfrom a thin, superficial zone,
the preplate,’ in which cell bodies are lessdensely packed. The
’ This zone has also been called the marginal zone (Boulder Committee,
1970),
the primordialplexiform
zone (Marin-Padilla,
1978), and the palhal an/age (Rickman et al., 1977). We have elected to use the termpreplate
(Rickman et al., 1977)
since current evidence indicates that the cortical plate forms within it. Preplate is
similar in meaning to pallial anlage but has the advantage of relative simplicity.
The term primordial
plexiform zone (Marin-Padilla,
1978) takes account of the
neuronal processes that are a prominent
feature of this layer but does not call
attention to the important early nerve cells that are also present. The term marginal
zone will be used to designate the cell-sparse zone that is superficial to the cortical
plate after it has formed within the preplate.
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preplate contains the first population of young neurons to complete their final cell division and migrate out of the proliferative
zone (Raedler and Raedler, 1978; Luskin and Shatz, 1985) and
also contains early-arriving afferent axons (Rickman et al., 1977;
Marin-Padilla, 1978). The source of these early afferents has
not yet been clearly defined (Rickman et al., 1977).
Immunoreactivity to aFN is first encountered in the preplate
very soon after it is formed (El 1-12). Initially, small points of
bright immunofluorescence are evident between cell bodies (Fig.
IA) in a distribution that corresponds very closely to the territory occupied by neurofilament-containing
fibers (Fig. 1, B,
D). By El3 the aFN staining has become more diffuse within
the preplate(Fig. 2A, right side;Fig. 3). Its distribution continues
to coincide with the territory occupied by neurofilament-containing fibers (Fig. 2B).
The cortical plate forms within the preplate as a cell-dense
layer of young neurons on El 3-l 4. Cortical plate formation
starts along the ventrolateral aspectof the telencephalicvesicle
and proceedsdorsomedially, giving the cortical plate a wedgelike appearancein frontal sections(Figs. 2 and 3). As a consequenceof cortical plate formation, the preplate is divided into
the marginal zone above the cortical plate and the subplate
below it; aFN binding is prominent in the subplate,with fainter
staining in the marginalzone beneaththe pia. On E14,the dorsal
(Fig. 3) and medial (not shown) aspectsof the cerebral wall are
the leastdeveloped; they display the pattern of diffuse intercellular aFN staining in the preplate.
By El 5 the cortical plate hasformed throughout the cerebral
mantle, which can be divided into 5 layers basedon the relative
content of cell bodies and neuronal processes(Crandell and
Caviness, 1984; Luskin and Shatz, 1985). From pial to ventricular surface, these layers are (Fig. 4A) as follows: (1) the
marginal zone, a cell-sparse,fiber-rich region; (2) the cell-dense
cortical plate; (3) the cell-sparse,fiber-rich subplate; (4) the intermediate zone, composedof fibersand migrating neurons;and
(5) the subventricular and ventricular zones, which are sitesof
continuing cytogenesis(Boulder Committee, 1970;Kostovic and
Molliver, 1974).
Immunoreactivity to aFN continues to be prominent in the
subplateon El 5 (Fig. 4B); it is particularly evident in tangential
sectionsthat passthrough the subplate (Fig. 4c). In addition,
fine, fiber-like projections of immunoreactivity extend upward
from the subplateinto the cortical plate (Fig. 4B). Lessintense
immunostaining is alsopresentin the marginal zone and in the
upper aspect of the intermediate zone. Fibronectin-like immunoreactivity diminishes from El6 onward, by El 8-19 it is

t
Figure 3. Distribution of fibronectin-like immunoreactivity in the lateral telencephalic wall at E14. Montage of several low-power fluorescence (FITC) photomicrographs of a frontal section; the dorsal aspect
of the hemisphere is at the top and the lateral aspect is to the left. The
diffuse pattern of aFN binding characteristic of the preplate (PP) is
present in the less developed dorsal aspect. In the ventrolateral aspect
the cortical plate (CP) has formed; it is evident as a dark wedge extending
upward from the bottom of the montage along the left side. Fibronectinlike immunoreactivity is prominent in the subplate (2’) and present in
the upper part of the intermediate zone (ZZ) and the internal capsule
at the base of the figure. It is also present above the cortical plate in the
marginal zone (A4Z) but is difficult to demonstrate because of the intense
staining of the pia-arachnoid (PA). Scale bar, 50 pm.
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Figure 4. A, Laminar pattern of cortex at E15. In this Nissl-stained coronal section of the dorsolateral telencephalic wall, 5 layers are evident:
the marginal zone (MZ), the cortical plate (CP), the subplate (SP), the intermediate zone (ZZ), and the ventricular zone (VZ). Scale bar, 100 pm.

B, Fluorescence (l?lTC) micrograph of an adjacent section showing aFN binding in the subplate, with fine fingers of staining extending into the

cortical plate. Less distinct staining is also present in the upper aspect of the intermediate zone. Scalesame as A. C, Tangential section of the lateral
aspect of the telencephalic wall passing through the subplate, which has prominent fibronectin-like immunoreactivity. The cortical plate and piaarachnoid (PA) appear as rings since the section is tangential to the spherical cortical surface. Scalebar, 100 pm.

no longer present except in association with the pia and blood

vessels (Fig. 5).
Controls. In each experiment, several sections were incubated
with nonimmune

IgG rather than aFN (Fig. 6B). In other con-

trols, aFN was preincubated with fibronectin (Fig. 6c). No staining of neuropil, blood vessels, or pia-arachnoid was evident in
either case.

Discussion
Specificity of immunostaining
There seems little doubt that the immunostaining associated
with the blood vessels and pia is the result of binding to fibronectin, since fibronectin immunoreactivity
has been demonstmted in these locations many times (Schachner et al., 1978;
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Figure 5. By El& aFN binding has declined in the neuropil and is
present only in association with blood vessels (B V) and pia-arachnoid
(PA). Fluorescence (FITC) micrograph of medial cortex adjacent to
interhemispheric fissure in a frontal section. Scale bar, 100 pm.

Joneset al., 1982; Liesi, 1985). It is the transient staining in the
preplate, marginal zone, and subplate that is the new finding,
and it is the specificity of this staining that must be considered.
For most of our observations we useda polyclonal antibody
againsthuman plasmafibronectin that wasaffinity-purified with
fibronectin (Villiger et al., 198l), enhancing the likelihood that
the binding of this antibody in our sections is to a molecule
having epitopes in common with fibronectin. This conclusion
is supported by the observations that (1) antibody binding is
blocked by preincubating the antibody with fibronectin and (2)
a secondpolyclonal antibody, produced in a different laboratory
against cellular fibronectin from the hamster (Mautner and
Hynes, 1977; Schwarzbauer et al., 1983), results in the same

pattern of immunofluorescence,although stainingis lessintense.
We therefore conclude that the material presentin the neuropil
that binds aFN antibodies is, at minimum, fibronectin-like in
that it sharesat leastone, and probably more than one, antigenic
determinant with fibronectin.
In the context of this consideration of the specificity of our
immunostaining, it is of note that there are discrepanciesin the
literature regardingthe detection of fibronectin as well as laminin by immunohistological methods in the developing brain.
Severallaboratorieshave reported that aFN binding in the brain
is limited to the blood vesselsand meninges(Schachneret al.,
1978; Joneset al., 1982; Liesi, 1985). However, a recent preliminary report (Chun et al., 1986) describesfibronectin-like
immunoreactivity in the developing cortex of the cat in a distribution quite similar to that reported here and also described
in our earlier abstract (Pearlman et al., 1984). Similarly, immunostainingwith antibodies to laminin was initially observed
only in associationwith the blood vesselsand meninges(Bignami et al., 1984),whereasit hasrecently beendescribedin and
between cells in several brain regions (Liesi, 1985; Madsen et
al., 1986).Although the reasonsfor thesediscrepanciesare not
yet clear, the sensitivity of immunostaining to a wide range of
variables, including affinity of the antibody and method of fixation, leadsusto give greaterweight to a well-controlled positive
result than to a negative one.

ECA4 components in the developing CNS
Although fibronectinlike-immunoreactivity has not previously
been observed in the neuropil of the developing forebrain
(Schachneret al., 1978; Joneset al., 1982), it hasbeen seenin
the developing cerebellum. Hatten et al. (1982) found fibronectin-like immunoreactivity along the initial stagesof the route
of migration taken by the cellsforming the external granule cell
layer in the mouse.They postulateda role for fibronectin in this
neuronal migration, which is of particular interest since the
migration is not associatedwith radial glia. Their postulate has

Figure 6. Controls. A, Fibronectin-like immunoreactivity demonstrable in subplate (SP) of medial cortex adjacent to interhemispheric fissure on
El5 after standard reaction procedure (FITC fluorescence). B, Adjacent section; nonimmune rabbit IgG was substituted for aFN. C, Adjacent
section; aFN was preincubated with fibronectin prior to application to section. Despite several passages
of the mixture over a collagensubstrate
before application, a small amount of the aFN-fibronectin complex has adhered to the gelatin-coated slide to the left of the section, producing
slight fluorescence; aFN binding to the section has been blocked. Scale bar, 50 pm.
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been challenged by Hynes et al. (1986) who did not find evidence for the presence of fibronectin, but instead suggested that
cells migrating into the external granule layer do so along a set
of early-arriving axons. This discrepancy remains to be resolved.
Several other ECM components have been observed transiently during the development of the mammalian CNS. Material that stains with colloidal iron and alcian blue is present
in the preplate, marginal zone, and subplate of the developing
cortex of the mouse, suggesting the presence of glycosaminoglycans (Nakanishi and Derer, 1982; Derer and Nakanishi, 1983;
Nakanishi, 1983). Antibodies to hyaluronectin, an ECM glycoprotein that specifically binds hyaluronate, stain in a very
similar distribution in the rat (Bignami and Delpech, 1985).
Extracellular material is evident with electron microscopy in
the subplate (Derer and Nakanishi, 1983; Nakanishi, 1983;
Hankin and Silver, 1986) and marginal zones (Derer and Nakanishi, 1983; Nakanishi, 1983).
Antilaminin immunoreactivity
is present in the developing
brain of the rat (Liesi, 1985; Madsen et al. 1986). In early stages
(E8-10) it is present within all of the cells of the cerebral wall;
slightly later (E 12- 18) it is also prominent as punctate deposits
along the radial glia of the cerebral hemispheres, diencephalon,
and mesencephalon (Liesi, 1985). Antilaminin immunoreactivity gradually disappears from all of these locations prior to birth,
but is expressed along the Bergmann glia of the cerebellum in
the first few postnatal weeks, as well as within the astrocytes of
the cerebellar white matter, the cells of the external granular
layer, and the Purkinje cells (Liesi, 1985).

Possible role of ECM in cortical development
Our principal evidence regarding the role of fibronectin in the
development of the mammalian cerebral cortex stems from the
transient distribution of fibronectin-like immunoreactivity
in
the cortical preplate and in the marginal zone and subplate after
cortical plate formation. Since this distribution corresponds to
that of early cortical afferents, we suggest that fibronectin is
associated with the ingrowth of these fibers.
Early cortical afferents are confined to the preplate (MarinPadilla, 1978), which is also the zone in which the earliest cortical neurons, the Cajal-Retzius cells and future subplate cells,
are extending processes horizontally (Retzius, 1893; Ramon y
Cajal, 19 11; Astrom, 1967; Sas and Sanides, 1970; Marin-Padilla, 1971, 1972; Bradford et al., 1977; Rickman et al., 1977).
Subsequent to cortical plate formation, cortical afferents, many
from the thalamus, run in a dense fiber plane tangential to the
cortical plate within the deeper portions of the subplate; individual fibers ascend and ramify at the interface between cortical
plate and subplate (Crandall and Caviness, 1984). Monoaminergic afferents, which are among the early cortical arrivals, are
also confined initially to the marginal zone and subplate
(Schlumpf et al., 1980; Caviness and Korde, 1981; Lidov and
Molliver, 1982; Vemey et al., 1982).
At present, the experimental evidence regarding the role of
fibronectin in promoting neurite outgrowth stems primarily from
tissue culture studies and is conflicting. Fibronectin has been
shown to promote neurite outgrowth from retinal neurons of
the chick in vitro (Hauschka and Ose, 1979; Akers et al., 198 1).
However, Rogers et al. (1983) found that, while neurites of both
CNS and PNS neurons from the chick grow well on laminin,
only PNS neurites grow on fibronectin (Rogers et al., 1983).
Manthorpe et al. (1983) found that neurite outgrowth from neurons of the chick’s CNS and PNS was better on laminin than
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fibronectin but that higher concentrations of fibronectin did
promote outgrowth. A dependence on the concentration of fibronectin has also been seen for axons from explants of the
retina of the mouse (Smalheiser et al., 1984). Although it would
appear that laminin is better than fibronectin at promoting neurite outgrowth in culture (Liesi et al., 1984), the relevance of
these observations for a particular system of fibers growing at
a particular time in the CNS is not clear, in part because it is
difficult to compare concentrations in culture with those present
in vivo. In addition, available evidence indicates that fibronectin
is only one of several ECM components present in the pathway
of migrating growth cones. They may all be acting in concert to
support neurite outgrowth (Chiu et al., 1986), whereas they are
usually tested independently in culture.
Given that fibronectin, hyaluronectin (Bignami and Delpech,
1985), and glycosaminoglycans (Nakanishi and Derer, 198 1;
Nakanishi, 1983) are distributed in tangential laminae rather
than along the entire length of the radial glia that are thought
to be guiding neuronal migration, it is difficult to postulate a
role for these ECM components in guiding this migration
throughout its course. However, the presence of ECM components in the preplate, marginal zone, and subplate during much
of the time that neurons are migrating into the cortical plate
might provide a signal to the neurons that they have reached
the end of their journey. Such a signal could aid in the consolidation of the cortical plate within the preplate and in the subsequent addition of new neurons to its upper border. In addition,
the evidence that laminin-like immunoreactivity is present along
radial glia and Bergmann glia may indicate that at least this
ECM component plays a more direct role in neuronal migration
(Liesi, 1985).

Origin of intracorticaljibronectin
Since the preplate is the first zone to show aFN binding, one or
more of the relatively few elements present within it is presumably producing or sequestering the fibronectin-like material. The
cellular elements that are known to be present within the preplate include the terminal portions of the radial glia, the early
cortical afferents, and the population of cells that will become
Cajal-Retzius and subplate neurons (Retzius, 1893; Marin-Padilla, 197 1, 1972; Raedler and Raedler, 1978; Luskin and Shatz,
1985). These same elements are present in the marginal zone
and subplate after cortical plate formation.
The evidence as to which of these elements might be producing fibronectin-like material or other ECM components is
at present circumstantial. Isolated astrocytes in vitro produce
fibronectin (Kavinsky and Garber, 1979; Price and Hynes, 1985;
Liesi et al., 1986). Astrocytes in culture also have been shown
to contain antilaminin immunoreactivity (McLoon et al., 1986)
and appear to be secreting laminin since the immunoreactivity
is concentrated in the region of the Golgi apparatus after monensin treatment (Liesi et al., 1983). Whether the production
of ECM components by astrocytes in culture is relevant to the
fibronectin-like material we demonstrate is uncertain, in part
because the cultured astrocytes were obtained from late embryonic (Liesi et al., 1983) or early postnatal rats (Price and Hynes,
1985; Liesi et al., 1986) at stages when only blood vessels and
meninges demonstrate fibronectin-like immunoreactivity in the
mouse.
The possibility that the Cajal-Retzius and subplate neurons
might be producing ECM is intriguing, since both their location
and transient nature suggest an important role in cortical de-
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velopment (Marin-Padilla, 197 1, 1972, 1978; Raedler and Sievers, 1976; Kostovic and Rakic, 1980; Luskin and Shatz, 1985;
Chun et al., 1987). Electron microscopy with colloidal iron staining has demonstrated a fibrillar matrix in close association with
Cajal-Retzius neurons (Derer and Nakanishi, 1983), and fibronectin-like immunoreactivity
is correlated with the presence of
their counterparts in the subplate (Chun et al., 1986). These
interesting cells also have the cytoplasmic organelles indicative
of active secretion (Raedler and Sievers, 1976; Edmunds and
Pamavelas, 1982; Derer and Nakanishi, 1983). There is at present no evidence to support the prospect that the advancing early
afferents are producing ECM, although this possibility should
be considered since there are strong structural similarities between the growth cones of axons and the leading edge of fibroblasts; fibroblasts produce fibronectin, and their attachment and
migration in vitro are enhanced by it (Hynes and Yamada, 1982).
In summary, fibronectin-like immunoreactivity appears transiently in the laminae of the developing cerebral cortex of the
mouse that contain the early-arriving cortical afferents. We
therefore postulate that fibronectin-along
with hyaluronectin,
glycosaminoglycans, and perhaps laminin-plays
a role in forming the pathway traversed by the growth cones of early afferents.
These ECM components are also located in the proper position
to play a role in the consolidation of the cortical plate and in
the final stages of the migration of the young cortical neurons
that form it.
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