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SUMMARY

L1 antigen promotes neurite outgrowth from
dopaminergic neurons in tissue culture. In the
present study, we examined the effects of
dopaminergic deafferentation of the striatum on
L1 expression. In the medial-periventricular
part of the striatum, both complete and partial
substantia nigra (SN) lesions decreased L1
expression. Complete lesions increased L1
expression in the dorso-medial and ventro-
lateral parts of the striatum on the lesioned side
when compared with that on the non-lesioned
side. The decrease in the ventro-lateral area was
maintained in animals examined three months
after the lesioning. Animals with partial SN
lesions showed a different pattern of altered L1
expression. After frontal cortex lesions, changes
in L1 expression also occur preferentially in the
dorso-medial and periventricular striatum.
Therefore, the results indicate a complex
regulation of L1 expression after damage of
striatal circuitry, manifested by a preferential
occurrence of changes in periventricular regions.
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INTRODUCTION

The L1 antigen belongs to the family of cell-
recognition molecules (CRMs) that play important
roles in development, plasticity, and regeneration of
the nervous system /13,14/. The L1 antigen is
involved in neuronal-process outgrowth /5,12,17/
and in neural migration on glial-cell fibers. During
formation ofthe mesencephalic-striatal pathway, L1
antigen expression is enhanced on growing axons,
and the antigen is thought to be involved in axonal
elongation from substantia nigra (SN) dopaminergic
neurons /16/. L1 antigen also promotes neurite
outgrowth from cultured dopaminergic neurons
/9,10/. Indeed, expression ofL1 antigen in the brain
can be regulated not only by intrinsic signals but
also, to some extent, by extrinsic signals. In rodents,
for example, removal of cortico-striatal afferents
induces an increase in L1 antigen expression within
the medial-periventricular region but not in other
treas of the striatum /11/. The anatomical
distribution of changes does not correlate well with
the regions of striatal deafferentation after cortex
ablation/11/. The data suggest that a lesion in one
brain area can induce disturbances in L1 antigen
synthesis in other areas. In addition to glutamatergic
afferentation, the striatum also receives a major
input from dopaminergic neurons in the SN. The
present study was undertaken to investigate
whether changes in L1-antigen expression occur
after dopaminergic deafferentation ofthe striatum.
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METHODS

Sprague-Dawley rats (n=34) weighing 200-230
g each, were maintained according to the NIH
Guide for the Care and Use of Laboratory
Animals. The rats received SN lesions as previously
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described /1/. Briefly, rats anesthetized with
ketamine (70 mg/kg) and Rornpun (6 mg/kg), given
intramuscularly (i.m.), were mounted in a
stereotaxic instrument. 6-Hydroxydopamine hydro-
bromide (8 rng free base in 4 ml saline containing
0.05% ascorbic acid) (Sigma Chemical Co.) was
infused unilaterally into the fight SN. Seven days
later, the rats were tested for rotational behavior
alter receiving a subcutaneous (s.c.) injection of
apomorphine hydrochloride (0.1 rng/kg). Complete
360 rotations in tlat-bottomed, cylindrical jars were
measured using automated rotometer devices. Rats
(n=22) showing more than 100 turns/h contralateral
to the lesions after apomorphine treatment
(rotators) were considered to have complete SN
lesions. The rotators were divided into two groups:
The rats in Group 1 were sacrificed 10 days later
(short-term, n=7); rats in Group 2 were sacrificed 3
months later (long-term, n=15). Rats considered to
have incomplete SN lesions (non-rotators, n=12),
were sacrificed 10 days later (short-term non-
rotators).

Brains of decapitated rats were quickly removed,
frozen, and sectioned. The location of SN lesions
was verified by examining cresyl-violet-stained
sections (data not shown). Irnmunostaining was
performed essentially according to Schachner/13/.
Different groups of matching frontal sections of
anterior striatum from all animals were
simultaneously labeled in one batch using a
polyclonal antiserum against L1 antigen /12/.
Affinity-purified swine anti-rabbit IgG (DAKO)
conjugated with rhodamine (1:75 dilution) was used
as the second antibody.

RESULTS AND DISCUSSION

As observed in a previous study /11/, L1
immunoreactivity in the striatum was demonstrated
by a uniform staining of the striatal neuropil (not
shown). To quantify any possible change in L1
expression, we measured the mean staining intensity
on both the lesioned and non-lesioned sides, as
described in /11/, using the Macintosh IIx-based
image analysis program (Image 1.43, developed by
W. Rasband, NIMH, Bethesda, MD). For the
purpose of our study, we arbitrarily divided the
striatum into five parts" the medial-periventricu!ar

(M) part and the dorsomedial (DM), dorsolateral
(DL), ventrolateral (VL), and ventromedial (VM)
quadrants /11/. The medial-periventricular (M)
region was defined as the area immediately adjacent
to the ventricle containing no myelinated fiber
bundles. For each location, staining intensity on the
lesioned side was compared with that on the non-
lesioned side (see Fig. 1).
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Quantitative analysis of the intensity of L 1 antigen
immunofluorescence in the striatum of three
groups, the second antibody was affinity-purified
swine anti-rabbit IgG (DAKO) conjugated with
rhodamine (1:75 dil).
* statistically significant
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Figure 1 shows that after 10 days (short-term),
the side with partial SN lesions (non-rotators)
showed decreased L1 antigen expression in the
medial-periventricular and dorso-medial regions,
with an increase in the ventro-medial striatum, when
compared with the non-lesioned side. Complete SN
lesions produced decreased L1 antigen expression
in the medial-periventricular part of the striatum but
increased L1 antigen expression in the dorso-medial
and ventro-lateral parts of the striatum. After 3
months (long-term), complete SN lesions decreased
L1 antigen expression in the medial-periventricular
part of the striatum while increasing L1 antigen
expression in the ventro-lateral parts of the
striatum.

For the short-term rotators, a two-way ANOVA
showed a statistically significant side x-region
interaction [F(4,24)=4.2, p<0.01]. Means contrasts
demonstrated significantly decreased L1 immuno-
staining in the M region (p<0.05) and enhanced
staining in the DM (p<0.02) and VL (p<0.03)
regions.

For the long-term rotators, a statistically
significant side x-region interaction was seen
[F(4,44)=6.8, p<0.0002]. Means contrasts
demonstrated significantly decreased L1 immuno-
staining in the M region (p<0.0001) and enhanced
staining in the VL region (p<0.02).

The dopaminergic neurons of the SN project to
the striatum in a regular pattern, so that the ventral
tegmental areas project to the ventral striatum and
the lateral parts of the SN send afferents to the
lateral striatal regions/8,18/. The SN as a whole,
however, innervates the entire striatum, so that
when all or most of the SN dopaminergic neurons
are destroyed, the entire striatum is deafferentated.
Therefore, it is interesting that deafferentation of
the entire striatum altered L1 antigen expression
only in specific striatal regions.

In all groups, dopaminergic deafferentation
decreased the expression of L1 antigen in the
medial-periventricular (M) part of the striatum. In
other regions, the changes were smaller and
different patterns were seen in each group. For the
short-term animals with complete lesions, L1
antigen expression was increased in the dorsomedial
and ventrolateral parts of the striatum on the
lesioned side as compared with the non-lesioned
side. Some disturbances, particularly the increased
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L1 expression within the ventrolateral areas of the
striatum, persisted in the long-term animals.

The partial overlap between the areas of
dopaminergic deafferentation and areas of altered
L1 antigen expression in the striatum suggests that
L1 antigen expression in the striatum is influenced
not only by direct deafferentation but also by other
factors. This notion is supported by our previous
data indicating that cortical lesions, while
deafferentating dorsal and dorso-lateral parts of
striatum, induce changes only in the dorso medial
region /11/. Whether the activation of other
circuitry or secretion of unidentified trophic factors
is responsible for such changes is unclear, however.

Our results suggest that, in response to complete
SN destruction, the deafferentated striatum
transiently increases the synthesis of L1 antigen,
primarily in the dorsal and ventrolateral areas. As
the L1 antigen has a positive influence on neurite
outgrowth, changes in L1 expression suggest the
possibility of a molecular basis for plasticity in
catecholamine-containing systems and may be
related to plastic changes that might occur after
injury. It is also possible that a similar increase in L 1
antigen synthesis might be present in MPTP-
induced or idiopathic Parkinsonism in humans and
may encourage regeneration of dopaminergic
terminals within the striatum alter neuronal or
adrenal tissue transplantation/2,3,4/.

Recent data suggested that SN lesions in
neonatal mice do not induce the expression of L1
antigen in the striatum /7/. In that model, the
completeness of the SN lesions did not seem to be
confirmed by either behavioral tests or histologic
examination. By contrast, our results indicate that
complete and partial lesions of the SN show
different patterns of L1 immunostaining. Moreover,
the present study revealed that the region in which a
consistent effect occurred in all groups
corresponded to only a relatively small area that is
located adjacent to the lateral ventricle. This
difference demonstrates that the interaction between
L1 antigen synthesis and striatal afferentation is
complex and may explain, to some extent, the
apparent inconsistency between the results of the
two studies

Thus, it seems that the medial-periventricular
part of the striatum is especially sensitive to
alternations in L1 antigen synthesis because in all
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three groups of animals, lesions of the SN produced
a decrease in L1 expression in this area. In addition,
frontal cortex lesions have been shown to induce an
increase in L 1 antigen expression within the medial-
periventrieular region of the striatum/11/. Previous
data and the results of the present study suggest a
differential response of the medial-periventricular
area of the striatum, depending upon which striatal
afferents are removed or activated or both.
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