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Summary

Several in vitro studies indicate that the extracellular matrix (ECM) glycoprotein laminin can promote neurite outgrowth
from CNS (central nervous system) neurons. Laminin has been detected immunohistochemically in astrocytes in the
embryonic but not the uninjured adult mammalian CNS. In the injured adult CNS, it is found in some reactive astrocytes
located near the site of CNS lesions. In the present study, we have attempted to examine the relationship between these
laminin™ astrocytes and the axonal sprouting that occurs after CNS injuries. This was studied in the intracranially
transected adult rat optic nerve which consists of a cranial segment devoid of all retinal ganglion cell axons, and a retinal
segment attached to the retina which contains some viable axons that undergo sprouting. Laminin™ reactive astrocytes were
found in the cranial segment, but not in the retinal segment. In addition, the cut ends of the retinal and cranial segments
were capped by an intensely laminin™, glial fibrillary acidic protein negative (GFAP) region. Axonal sprouts from the
transected retinal ganglion cell axons, identified by anterogradely transported rhodamine isothiocynate (RITC), were
confined to laminin~, GFAP™* regions of the retinal segment. These results suggest that injury-induced axonal sprouting in
the adult mammalian CNS in vivo may be promoted by molecules other than laminin, that may be associated with
astrocytes.

The presence of heparan sulphate proteoglycan HSP G was also examined in the transected optic nerve because the
neurite outgrowth promoting factors found in conditioned media derived from several cell types in vitro have been shown to
consist of a complex of laminin and heparan sulphate proteoglycan. No significant changes in heparan sulphate
proteoglycan-like immunoreactivity was observed after transection. The presence of laminin and HSPG were also examined
in the lesioned adult rat cerebral cortex.

Introduction

Studies of peripheral nerve regeneration (Ranson,
1912; Ramon y Cajal, 1928; Thomas, 1974), and CNS
regeneration in which segments of peripheral nerve
were introduced into ‘the CNS (Richardson et al.,
1980; David & Aguayo, 1981; Aguayo, 1985) clearly
demonstrate that the peripheral nerve non-neuronal
environment is capable of promoting long distance
axonal regrowth from peripheral and central neurons
in vivo. In denervated peripheral nerve segments,
Schwann cells align themselves into cords that are
surrounded by a basal lamina (reviewed by Thomas
1974). Even though the regenerating axons which
grow along these cords of Schwann cells are in
contact with both the basal lamina and the Schwann
cell membrane (Nathaniel & Pease, 1963; Schwab &
Thoenen, 1985; Hall, 1986), there is some evidence
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that axonal growth can occur in the absence of viable
Schwann cells, provided the basal lamina is present
(Ide et al., 1983). Studies such as these have helped to
focus attention on various extracellular matrix mole-
cules present in basal lamina, and on their role in
promoting axon growth (reviewed by Carbonetto,
1984). One of these molecules, the non-collagenous
glycoprotein laminin can promote neurite outgrowth
in vitro from a variety of central and peripheral
neurons (Baron von Evercooren et al., 1982; Man-
thorpe et al., 1983; Rogers et al., 1983; Liesi et al.,
1984a; Smalheiser et al., 1984). In addition, laminin
has been detected immunohistochemically in the
embryonic but not the adult mammalian CNS (Liesi,
1985a,b; Carbonetto ef al., 1987). However, it is found
in the adult CNS of lower vertebrates capable of CNS
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regeneration (Liesi, 1985b). In the adult rat CNS, it
has been found in reactive astrocytes after kainic acid
lesions of the striatum (Liesi et al., 1984b), but not
observed in the optic nerve after enucleation (Liesi,
1985b; Ford-Holevinski ef al., 1986; McLoon, 1986).
This difference in the response of astrocytes in the
adult mammalian CNS might be due either to
differences in the types of CNS injuries or to
differences in the ability of astrocytes in different
CNS regions to respond to injury. We have,
therefore, re-examined the presence of laminin in the
adult rat optic nerve and cerebral cortex after
mechanical lesions.

Another consequence of CNS injuries is the
occurrence of regenerative sprouting from injured
axons (Ramon y Cajal, 1928). In the present study, we
have investigated the relationship between injury-
induced axonal sprouting and the presence of
laminin in the intracranially transected adult rat optic
nerve. Such a lesion results in a cranial segment in
which all the ganglion cell axons degenerate and a
retinal segment which retains some viable axons that
undergo axonal sprouting (Grafstein & Ingoglia,
1982; Richardson ef al., 1982).

Some recent in vitro studies suggest that the neurite
outgrowth promoting factor found in conditioned
media from a variety of cell types consists of a
complex of laminin and heparan sulphate proteogly-
can (HSPG), another ECM molecule (Lander et al.,
1983; 1985; Mathew & Patterson, 1983; Chiu et al.,
1986). Therefore, the presence of HSPG in the
lesioned optic nerve and cerebral cortex was also
examined.

We have found laminin™ astrocytes in the cranial
optic nerve segment and in the lesioned cerebral
cortex, but not in the retinal segment. The signifi-
cance of these findings to axonal sprouting and
vascularization are discussed.

Materials and methods

Optic nerve transections

In 26 adult female Sprague-Dawley and Black-hooded rats,
the intracranial portion of the right optic nerve was exposed
under chloral hydrate (420mgkg™ b.w.) or sodium
pentobarbital (52 mgkg ™ b.w.) anaesthesia. This region of
the optic nerve was exposed by removing a portion of the
right frontal lobe by suction and the optic nerve was
transected with a pair of microscissors. The integrity of the
retinal blood supply was monitored post-operatively. Only
animals retaining a good retinal blood supply were used in
these experiments. Intracranial optic nerve transections
were done in order to yield an optic nerve segment
attached to the retina in which some ganglion cell axons
survive transection, and a cranial segment continuous with
the optic chiasm, in which all the ganglion cell axons
degenerate (Fig. 1; Grafstein & Ingoglia, 1982; Richardson et
al., 1982).
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Immunohistochemistry

At 5, 10, 14 and 21 days after optic nerve transection, the
animals were deeply anaesthetized and killed by transcar-
diac perfusion with 0.4% p-benzoquinone (Anachemia) in
0.1 phosphate buffer pH 7.4 (Liesi, 1985b). The lesioned
frontal lobe, the entire retinal and cranial stumps of the
transected right optic nerve and the intact left optic nerve
were removed immediately, immersed in the same fixative
for 1h and rinsed in 0.1m phosphate buffer overnight at
4°C. Cryostat sections (10 um) of the lesioned frontal lobe
and longitudinal sections of the various optic nerve
segments were picked up on gelatin coated glass slides.
Non-specific binding was blocked by incubating the tissue
sections with 3% ovalbumin (Sigma) overnight at 4° C. This
was followed by an overnight incubation at 4° C with either
polyclonal rabbit anti-laminin antisera which were raised
against laminin derived from mouse EHS sarcoma (BRL
diluted 1:100; or obtained from Dr S. Carbonetio), or a
polyclonal rabbit anti-HSPG antiserum (diluted 1:125,
obtained from Dr J. Hassell). The binding of these
antibodies to tissue sections was detected by a 1h
incubation at room temperature (RT) with a goat anti-rabbit
immunoglobulin {Ig) conjugated to fluorescein (Hyclone,
diluted 1:200). The sections were then double labelled with
a monoclonal anti-GFAP antibody (Lab Systems, diluted
1:100) overnight at 4°C. The binding of this antibody was
visualized by a 1 h incubation at RT with a goat anti-mouse
Ig conjugated to rhodamine (Hyclone, diluted 1:100). Cell
nuclei in the tissue sections were labelled by dipping the
slides for 60s in a 0.001% solution of the fluorescent dye
Nuclear Yellow (Hoechst S769121). Between each of these
steps, the sections were rinsed with several changes of
0.1M phosphate buffer for at least 1 h. Slides were mounted
in sodium carbonate buffered glycerol (pH 9.0) and viewed
with a Leitz fluorescence microscope equipped with N2
(rhodamine) and L2 (fluorescein) filters. The latter does not
permit any breakthrough of rhodamine fluorescence.

Controls

Control sections were incubated with mouse myeloma
ascites fluid or normal rabbit serum instead of the
monoclonal antibody or the polyclonal primary antibodies
respectively. In another set of controls, the specificity of the
labelling with the anti-laminin antiserum was determined
by pre-absorbing the antiserum with purified laminin. To
do this, laminin purified from the EHS sarcoma (Kleinman,
1982) was further purified by HPLC using a Mono-Q
column (Pharmacia). The pre-absorption was done after
immobilizing the purified laminin to Affigel-10 (Bio Rad).

Intraocular rhodamine injections

The distribution of growth cones at the distal tip of the
retinal optic nerve stump was visualized by labelling the
axons with an intraocular injection of RITC. As described
previously, 6 ul of a 2.5% solution of RITC was injected into
the right vitreal cavity (Thanos et al., 1987) 3 days prior to
killing at 5, 10 and 19 days after transection. The animals
were perfused with 0.4% p-benzoquinone and 10 um thick
longitudinal cryostat sections of the retinal optic nerve
segment were obtained. After photographing the rhoda-
mine labelled axons and growth cones, the sections were
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Fig. 1. Schematic representation of the intracranial optic nerve transection which results in a retinal segment attached to the
eye and a cranial segment that is continuous with the chiasm. A few days after transection, the cut ends of the retinal and
cranial segments become tapered. The hatched areas represent areas of central necrosis. The areas within the boxes labelled
2, 3 and 4 represent regions illustrated in Figs 2, 3 and 4 respectively. :

labelled with anti-laminin, anti-HSPG or anti-GFAP anti-
bodies, as described above.

Analysis of vascular profiles

Intracranial optic nerve transections were carried out as
described above. Five days after nerve transection, animals
were deeply anaesthetized with chloral hydrate and killed
by transcardiac perfusion with 1.5% glutaraldehyde and
0.5% paraformaldehyde in 0.1 M phosphate buffer, pH 7.4.
The normal optic nerve, and the retinal and cranial
segments of the transected optic nerve were dissected and
placed in the same fixative for 2h, post-fixed in 1% osmium
tetroxide for 1h, dehydrated and embedded in Epon.
Cross-sections of 0.5um were stained with Toluidine Blue
for light microscopy. Sections of the transected optic nerve
segments were obtained from the region beyond the area of
central necrosis, and from similar regions of the normal
nerve. Camera lucida drawings of the vascular profiles
were made using a Leitz Ortholux II light microscope.
Measurements of the total circumferential length of the
blood vessels within cross-sections of the optic nerve were
made from the camera lucida drawings using a Zeiss image
analysis system (IBAS I).

Results

IMMUNOHISTOCHEMISTRY

An indirect immunofluorescence assay was used to
detect changes in laminin and HSPG-like im-
munoreactivity in the retinal and cranial stumps of
intracranially transected adult rat optic nerves. These
changes were examined at 5, 10, 14 and 21 days after

transection. Longitudinal sections were double label-
led with anti-laminin/anti-GFAP or anti-HSPG/anti-
GFAP antibodies. In addition, a similar analysis was
carried out on the lesioned frontal cortex. Suction
lesions of the frontal cortex were made in order to
expose the intracranial portion of the optic nerve for
transection. Changes in these three regions are
described separately. No distinction will be made
between Sprague-Dawley and Black-hooded rats,
since no differences were observed between these
two strains.

Retinal optic nerve segment

At 5, 10 and 14 days after transection, the tip of the

retinal optic nerve segment was capped by an
intensely laminin*, HSPG™ region (Fig. 2B,E). This
region, which was GFAP™ (Fig. 2A,D), decreased in
size at later survival times. Nuclear yellow labelling
indicated that this laminin*, HSPG™*, GFAP ™ area
was cellular (Fig. 2C,F), and appeared continuous
with the meninges surrounding the remainder of the
optic nerve,

Five days after transection, there were small focal
patches of degeneration within the distal portion of
the retinal segment. At later survival times, the size
of these patches enlarged to form an area of central
necrosis that extended up to the cut end of the nerve
segment. The region of central degeneration was
laminin™ and HSPG™ (Fig. 3B,E). This area was also
cellular, but devoid of axons and astrocytic cell
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Fig. 2. Double indirect immunofluorescence labelling of the cut end of the retinal optic nerve segment 5 days (A,B,C) and
10 days (D,E,F) after transection. The tip of this segment is capped by a GFAP~ (A and D), laminin* (B), HSPG™ (E) region
which is cellular, as indicated by Nuclear Yellow labelling (C and F). The GFAP™ areas near the tip at 5 days after transection

(A, arrows) are laminin™ (B, arrows). X 156.

bodies, but contained GFAP™ processes around
blood vessels, as evidenced by the absence of
rhodamine labelled axons (see below), lack of GFAP*
cell bodies (Fig. 3A,D) and numerous NY labelled
nuclei (Fig. 3C,F).

The GFAP™ regions surrounding the area of central
necrosis (Fig. 3A) including regions near the tip (Fig.

2A) were laminin~ (Figs 2B and 3B). Laminin™ or
HSPG™ astrocytic cell bodies were not found in the
retinal segment at any of the survival times.

GFAP™ astrocytic processes surrounded blood
vessels. In addition, the blood vessels were also
laminin* and HSPG™. This was particularly evident
in the area of central degeneration (Fig. 3B,E).
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Fig. 3. Double indirect immunofluorescence labelling of the area of central degeneration in the distal portion of the retinal
optic nerve segment 10 days (A,B,C) and 5 days (D,E,F) after intracranial nerve transection. The area of degeneration lacks
GFAP" labelling, except for the blood vessels (A and D). Anti-laminin (B) and anti-HSPG (E) also label only the blood
vessels. The Nuclear Yellow labelling (C and F) clearly shows that the area of central degeneration is highly cellular. x 156.

Despite the apparent coincidence of the two labels,
the laminin™ and HSPG™ labelling is most likely to be
confined to the basal lamina surrounding blood
vessels, since the laminin® and HSPG™ outline of the
blood vessels is much smaller than the anti-GFAP
labelling (Fig. 3A,B,D,E).

Cranial optic nerve segment

As in the retinal segment, the cranial segment also
showed: (i) An intensely laminin*, HSPG™, GFAP~
area which capped the tip of the segment. (ii) A
cellular area of central degeneration which was
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devoid of astrocytic cell bodies but contained GFAP™*
processes which surrounded blood vessels. These
vascular profiles were laminin™, HSPG™, and were
more numerous than that present in the retinal
segment. (iii) The presence of intensely GFAP*
astrocytes.

The most important difference between the retinal
and cranial segments was the presence of laminin*
astrocytes in the latter (Fig. 4A-F). These laminin™/
GFAP™ double labelled cells were found maximally at
5 days after transection and were virtually absent by
14 days. The laminin® astrocytes were located
approximately 500 um from the apex of the area of
central necrosis, and the end of the cranial segment,
which was a distance of about 2mm. These laminin™
reactive astrocytes were located within the central
region of the nerve and were often seen adjacent to
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blood vessels. The astrocytes that form the glia
limitans at the periphery of the nerve were laminin™
HSPG™ astrocytic cell bodies were not seen at any
survival times.

Brain

The lesion-cavity was lined by an intensely laminin™,
HSPG™, GFAP~, cellular zone (Fig. 5A-F) which was
between 300 um and 600 um in thickness. Laminin™
astrocytes were found near the lesion at all survival
times, but were most numerous 5 days after
transection. The majority of these laminin*/GFAP™
double labelled astrocytes were found between 450
and 1800 pm from the boundary between the GFAP*
and GFAP™ regions at the lesion site (Fig. 6). These
double labelled astrocytes were frequently located
adjacent to blood vessels or extended GFAPT,

Fig. 4. Astrocytes in the cranial optic nerve segment 5 days after transection were double labelled with anti-GEAP (A and D)
and anti-laminin antibodies (B and E). Note the presence of Nuclear Yellow labelled cell nuclei which corresponds to the
double labelled astrocytes. The cell illustrated in D, E and F is located adjacent to a capillary. Control sections (G & H)
incubated with anti-GFAP (G) and pre-absorbed anti-laminin antiserum (H). A,B,C x 296; D,E,F x 473; G,H x 244.
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Fig. 5. Double indirect immunofluorescence labelling of the wall of the cortical lesion, labelled with anti-GFAP (A) and
anti-laminin (B); anti-GFAP (D) and anti-HSPG (E). Note the laminin*, HSPG", GFAP™ region which lines the lesion cavity
which is towards the bottom of the micrographs. This region is cellular as indicated by Nuclear Yellow labelling (C, F).
X 156. A GFAP™ (G), laminin* (H) astrocyte in the cortex close to the site of lesion. This laminin™ astrocyte extends a
process to a blood vessel. Nuclear Yellow labelling (I). x 200.
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Fig. 6. Histogram showing the distribution of laminin®
reactive astrocytes in the lesioned adult rat cerebral cortex
as a function of distance from the lesion cavity. Counts
were made from an area 290pum X 2700um. The GFAP™,
laminin™, HSPG™ region lining the lesion cavity was not
included in the measurements. The values represent Means
+ s5.0. of ten counts from randomly chosen sections from 2
animals.

laminin™ processes which abut vascular profiles (Fig.
5G,H,I). Not all astrocytes in this region were
laminin®. Astrocytes were never found to be HSPG™.

Controls

No labelling was obtained in optic nerve sections
incubated with preabsorbed anti-laminin antiserum
(Fig. 4G, H). Since the pre-absorption was done using
purified laminin, it is felt that the labelling observed
in the experimental groups is specific for laminin. In
addition, no labelling was observed in control
sections incubated with myeloma ascites fluid and
normal rabbit serum instead of the monoclonal and
polyclonal primary antibodies, respectively.

ANTEROGRADE AXONAL LABELLING

Axons in the retinal segment were anterogradely
labelled with rhodamine, which was injected in-
traocularly 3 days prior to killing at 5, 10 and 19 days
post-transection. In rats injected with rhodamine on
the second day after the lesion and killed 3 days later
i.e. 5 days after transection, the region of central
degeneration was generally devoid of rhodamine
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labelling. Intact and degenerating axons were found
in the remainder of the nerve, including the narrow
strip of GFAP™ tissue located around the area of
central degeneration. At 10 days post lesion, many
rhodamine labelled axons were also present (Fig. 7A).
The distal tip of some of these axons had structures
that resembled growth cones (Fig. 7B-D). The front of
these RITC labelled putative growth cones advanced
between 10 and 19 days after transection. These
putative axonal sprouts, were always confined to
GFAP™* regions of the nerve including the narrow
strip of GFAP" tissue surrounding the area of central
necrosis. Growth cone-like structures were never
found within the highly cellular GFAP™ region of
central degeneration (Fig. 7A,D). Nor did they extend
into the intensely laminin®™, HSPG™, GFAP™ region
that capped the tip of the retinal segment. Occa-
sionally, a labelled axon followed an aberrant course
at right angles to its normal trajectory and terminated
in a growth cone-like structure at the border of the
area of central degeneration (Fig. 7D).

Changes in vascular profiles

There was a significant increase in the number of
blood vessels in cross-sections of the retinal (58%)
and cranial (112%) optic nerve segments obtained
after nerve transections, as compared to the normal
optic nerve. However, there were even greater
changes in the size of the blood vessels after nerve
transection. As can be seen in Table 1, the total
circumferential length of the vascular profiles in
cross-sections of the retinal segment is 4.5 fold
greater than that in the normal optic nerve, whereas
that in the cranial segment is 6.5 fold above normal.
Since blood vessels in the CNS are surrounded by a
basal lamina (Peters ef al., 1976), changes in the
circumferential length of the vascular profiles in the
retinal and cranial segments provides an estimate of
the changes in the relative amounts of basal lamina

Table 1. Table showing the total circumferential length of
all blood vessels in Epon-embedded cross-sections of the
normal optic nerve and the retinal and cranial segments of
the transected optic nerve. The values represent Mean =+
s.0. of measurements made from four cross-sections
obtained from two animals.

Cranial
segment

Retinal
segment

Normal
nerve

Total circumferential
length of blood vessels
in cross-sections of the
nerve

621 £ 40 2805 £ 89 4105 £ 210
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Fig. 7. Anterograde labelling of axons in the retinal optic nerve segment by RITC 10 days after intracranial nerve
transection. Camera lucida drawing of RITC labelled axonal profiles in a longitudinal section of the nerve (A). The shaded
area represents the region of central degeneration. The dark area at the tip represents the laminin*, GFAP™ region which
caps the cut end of the nerve. Labelled axons are located only in the GFAP™ (clear region) of the nerve. Axon indicated by
the arrow is illustrated in B. Note the different terminal morphologies of the axons (B and C). A labelled axon running at
right angles to its normal course within the nerve is illustrated in D. This axon terminates in a growth cone-like structure at
the border of the region of central degeneration (*). Calibration bar in A = 250 um; B,C x 400; D x 340.

after nerve transection, assuming that basal lamina of
‘stable” and ‘reacting’ blood vessels are quantitatively
and qualitatively similar.

Discussion

We have used an indirect immunofluorescence assay
to detect laminin and HSPG, two ECM molecules, in
the lesioned adult rat CNS. Two regions of the CNS
were studied, (i) the optic nerve, after intracranial
nerve transection, and (ii) the cerebral cortex, after
suction lesions. We have also examined the rela-
tionship between laminin and injury-induced axonal
sprouting in the transected adult rat optic nerve. The
two main findings in this study are: (i) laminin*
astrocytes are present in the cranial optic nerve
segment and in the lesioned cerebral cortex, but not
in the retinal optic nerve segment, and (ii) axonal
sprouts that appear in the retinal segment are
confined to laminin~, GFAP™ regions of the nerve.

In the lesioned optic nerve and cerebral cortex,
HSPG-like immunoreactivity was localized to blood
vessels and to a GFAP™ cellular zone at the site of
lesion. The latter is also laminin®, and is believed to
be comprised of leptomeningeal cells (Kruger et al.,
1986). Thus the distribution of HSPG labelling in the
lesioned CNS is similar to that in the normal adult
CNS (Laurie et al., 1983; Carbonetto et al., 1987).

Laminin™ astrocytes in the lesioned CNS

Axons in the cranial segment of the transected optic
nerve undergo Wallerian degeneration because they
are severed from their cell bodies which are located in
the retina. Astrocytes in this segment show intense
GFAP-like immunoreactivity. Some of these reactive
astrocytes in the cranial segment express laminin,
being most numerous 5 days after nerve transection.
The timing of the appearance of laminin-like im-
munoreactivity in reactive astrocytes in the optic
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nerve is consistent with the appearance of laminin™
reactive astrocytes in the lesioned cerebral cortex.
Liesi ef al., (1984b) have also described a similar
timing in the appearance of laminin™ astrocytes in
the corpus striatum after kainic acid lesions. Thus,
the type of lesion, chemical or traumatic, does not
appear to influence the overall response of astrocytes
located near the lesion, to express laminin. The
laminin*/GFAP* double labelled astrocytes in the
cranial optic nerve segment were located between
about 500 um from the apex of the region of central
degeneration and the cranial end of the nerve (up to
the chiasm), which is a distance of approximately
2mm. It is not known if laminin* astrocytes are
present beyond this 2mm distance. In the lesioned
cerebral cortex, laminin™ astrocytes were located for a
distance of up to 2.25 mm from the wall of the lesion.

These findings in the intracranially transected adult
rat optic nerve differ from those of other investigators
who have failed to observe laminin™ reactive astro-
cytes in the degenerating adult rat optic nerve after
enucleation (Liesi, 1985b; Ford-Holevinski et al., 1986;
McLoon, 1986). There are several possible explana-
tions for these differences, such as differences in
fixatives, antibodies, or sites of lesion. In order to
resolve this, we re-examined the anti-laminin labell-
ing after enucleation using our antibodies and
fixation protocol. The results we obtained (data not
shown) were consistent with the previously reported
findings (Liesi, 1985b; Ford-Holevinski et al., 1986;
McLoon, 1986) that laminin™® astrocytes were not
present in the degenerating rat optic nerve after
enucleation. One issue that should be considered
further in assessing the reliability of the laminin™
labelling observed after intracranial optic nerve
transections is the specificity of the anti-laminin
antisera. We have used two different antisera (BRL;
and that obtained from S. Carbonetto) which were
generated against laminin purified from mouse EHS
sarcoma using the protocol described by Kleinman et
al., (1982). It is possible that both these antisera are
directed against laminin as well as some other
components of the ECM which co-purify with
laminin, or that the antisera cross-react with some
other antigens found in reactive astrocytes. However,
these antisera were found to be highly specific for
laminin and do not bind to fibronectin or collagen.
Furthermore, labelling was abolished by pre-
absorbing the anti-laminin antiserum with HPLC
purified laminin. In addition, we can also exclude the
possibility that this is a technical artifact since these
antisera do not label astrocytes in the retinal segment
which were processed along with the cranial seg-
ments in an identical fashion.

For these reasons we feel that the presence of
laminin™ astrocytes in the intracranially transected
optic nerve and their absence in enucleated animals,
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might be due to differences in the site of the lesion
along the optic nerve. Although we do not know why
intraorbital and intracranial lesions should produce
such differing results, differences along the length of
the optic nerve, such as differences in the glial
content (Skoff et al., 1986) may contribute to such
results. It is known, for example, that the cross-
sectional area occupied by astrocytes is 34% in the
orbit and 8% near the chiasm (Skoff et al., 1986).

The presence of laminin™ astrocytes in the cranial
but not the retinal optic nerve segment was an
unexpected finding. One possible explanation for
these results could be that it might reflect an increase
in the number or size of the blood vessels i.e. an
increase in the amount of basal lamina in the cranial
segment as compared to the retinal segment.
Astrocytes in vitro are capable of producing certain
components of the basal lamina (Liesi et al., 1983;
Liesi, 1986; Ard & Bunge, 1986). If astrocytes in vivo
contribute to the formation of the basal lamina
surrounding blood vessels (Lawrence et al., 1984),
then an increase in the number and/or size of blood
vessels might result in an increased demand on the
astrocytes to produce basal lamina components, such
as laminin. The frequent association of laminin*
astrocytes with blood vessels, supports such a role.
We have also found that compared to the normal
optic nerve, there is a 6.5 fold increase in the total
circumferential length of the blood vessels in the
cranial optic nerve segment, but only a 4.5 fold
increase in the retinal segment. It is possible that the
4.5 fold increase in the retinal segment is not
sufficient to induce an immunohistochemically de-
tectable increase in laminin, whereas the 6.5 fold
increase in the cranial segment may do so. Therefore,
differences in the extent of revascularization,
together with other differences along the nerve, such
as the content of glial cells (Skoff, 1986) may
contribute to the appearance of laminin™ astrocytes
in the cranial optic nerve segment.

The laminin™ astrocytes in the cranial optic nerve
segment are located within the central region of the
nerve, not at the periphery. Two biochemically
different types of astrocytes called type 1 and type 2
have been described in the rat optic nerve (Raff et al.,
1983a,b; Miller & Raff, 1984). Type 1 astrocytes are
located along the periphery of the nerve where they
form the glia limitans, while type 2 astrocytes occupy
the central region of the nerve (Miller & Raff, 1984).
In the present study, the location of laminin™
astrocytes in the central portion of the cranial optic
nerve. segment suggests that they might be type 2
astrocytes. Therefore, type 2 astrocytes appear to
express laminin soon after lesioning (5 days). At
longer survival times, these type 2 astrocytes will die
(Miller et al., 1986; David et al., 1984), possibly for the
lack of some axonal influence. :
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Laminin and axonal sprouting in vivo

In rodents, at least one third of the retinal ganglion
cells and their axons are present two weeks after
intracranial optic nerve lesions (Richardson et al.,
1982; Grafstein & Ingoglia, 1982). Axonal sprouting in
the injured optic nerve has been observed previously
by silver staining (Ramon y Cajal, 1928; Cankovic,
1968; Muchnick & Hibbard, 1980; Grafstein &
Ingoglia, 1982) and by electron microscopy (Richard-
son et al., 1982). The retinal origin of these axonal
sprouts has been demonstrated by EM-
autoradiography using anterogradely transported
*H-amino acids (Richardson et al., 1982). In the
present study, we have labelled retinal axons
anterogradely with intraocular injections of RITC
which would be expected to label sprouting as well as
degenerating axons. Many of these rhodamine
labelled axons have terminal structures that resemble
the RITC labelled growth cones of the developing
chick retinal ganglion cell axons (Thanos & Bonhoef-
fer, 1983, 1984). Therefore, on the basis of their
morphology we have identified some of these
labelled structures as being putative axon sprouts.
Further evidence that these are likely to be axonal
sprouts with growth cones rather than retraction
bulbs at the end of degenerating axons, is the finding
that (i) some of these axons with growth cone-like
structures deviate sharply from their normal trajec-
tory within the optic nerve, and (ii) that the front of
RITC labelled putative growth cones advanced
between 10 and 19 days after lesion. An interesting
observation in the present study was that all the RITC
labelled axons, including the putative axonal sprouts
were located within the GFAP™, laminin~ regions of
the nerve. Some of these axons could be seen to
terminate at the border between GFAP* and GFAP™
regions. The latter include the highly cellular GFAP™
area of central degeneration and the intensely
laminin™/GFAP™ region which caps the tip of the
retinal optic nerve segment. These results indicate
that axonal sprouts arising from injured CNS axons
are confined to regions of the nerve containing
astrocytes, even though these regions are laminin™.
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