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Abstract We studied neuronal and gllal elements in thRtroduction

superficial layers of the human superior colliculus by

means of Nissl stains, Golgi impregnations, hlstocherfrlhe SC is a mesencephalic structure involved in the con-
cal demonstration of NADPH-d activity and immunohigrol of eye movements. Eye movements have a high diag-
tochemistry for glial fibrillary acidic protein (GFAP) innostic value since they serve as important visible indica-
astrocytes. The glia-neuron interface was visualized witirs of individual cognitive processes (Wurtz 1996). The
Wisteria floribundaagglutinin (WFA), which is a markerdiagnoses of eye movements are therefore important in
for perineuronal nets. The laminar pattern and the man array of psychophysiological tests, yet the morpholo-
phology of the major cell types closely resembled thgy and the mode of function of the human SC is still
found in other species although the thickness of the stsaorly understood (Laemle 1981, 1983). Most compara-
tum zonale varied and the diversity of interneurons wige studies have been done in other species. Functional-
greater than in other mammals. Furthermore, the stratiynthe SC represents the mesencephalic relay station
griseum superficiale showed a characteristic clusteriognnecting cortex and brain stem. In rats, the SC re-
of cells, the surfaces of which were intensely labeled bgives most of its input directly from the cortex and area-

WFA. The clusters disappeared when GFAP expressgpecific visuo-cortical projections end in distinct regions

increased.

Key words Glia-neuron interface - Golgi cell types -
Lectin - GFAP - NADPH-d

Abbreviations CG Central griseaCGLdcorpus
geniculatum laterale pars dorsall3TN dorsal terminal
nucleus GFAPglial fibrillary acidic protein -

(Harvey and Worthington 1990). In humans the deeper
layers of the SC receive projections from the frontal and
supplementary eye fields as well as the parietal cortex
(Wurtz 1996). The upper layers receive cortical afferents
from occipital areas. The upper layers are therefore
thought to be directly involved in visually-guided eye
movements. Furthermore, it has been suggested that the
SC serves to integrate planed eye movements into the vi-

NADPH-dnicotinamide adenine dinucleotide phosphat&ual process (Robinson and McClurkin 1989).

diaphorase NHSnormal horse serumNOT nucleus
of the optic tract SCsuperior colliculus SGSstratum
griseum superficialeSOstratum opticum SZstratum
zonale TBSTRIS-buffered saline WFA Wisteria
floribundaagglutinir
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In the upper layers of the rat SC it has been found that
the proportion of projection neurons is about 70% (Hil-
big 1996). In the CGLd about 93% are projection neu-
rons (Werner and Kriiger 1973) and the primary visual
cortex contains 70-80% projection neurons (Werner et
al. 1982). Thus the SC represents the region within the
visual system with the proportionately largest number of
interneurons in this species. Several histochemical stud-
ies have shown that the laminar organization of the SC
can be functionally related to horizontally orientated sen-
sory maps derived from physiological experiments.

Histochemical studies have in addition demonstrated
that the SC has vertically oriented clusters of cells (Wal-
lace 19864a,b; llling 1988, 1989; llling et al. 1990; Mize
1992). Cortical input to the upper layers of the SC seems
to be diffusely distributed in mice and rats (Harvey and
Worthington 1990; Hilbig 1991). By contrast, in visually
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oriented species cortical terminals are segregated wit#i phosphate-buffered formalin (0.1 M PB, pH 7.4) for up to one
the SC (cat: Harting et al. 1992). In what way this pafa". Five SC were removed, dehydrated and embedded in paraf-

) : ' ) : : . Serial 10-um sections were stained according to Nissl (Romeis
tern of segregation may contribute to making wsu%?

. . 9). Three SC were removed, dehydrated and embedded in cel-
functions more complex, remains to be explored. TRgin after having been treated en bloc with dichromate and silver

ability to move the eye differs between rats and cats: @itrate according to Golgi-Bubenaite (Romeis 1989). These speci-
ly cats show eye movements. The functional and histeens were stored in 70% ethanol and sectioned at 150 pm.

: ; ; ; even SC were used for GFAP and/or WFA labeling. The tis-
logical differences between the SC in other species glrjgswas removed from the brains and fixed by immersion in Zam-

less obvious (Braun 1990; [_)avies_ 1991). _ boni solution for several days. After cryoprotection by immersion
In the present study we investigated the cytoarchit@ePB containing 15% sucrose for one day, followed by 30% su-

ture of the superficial layers of the human SC. We comfose in PB for two days, 10-um-thick cryosections were prepared
pared the general cytoarchitectonic patterns in man@f§l mounted on glass slides.

those that have been described in animal models. We

also examined the Golgi cell types within the superficiRADPH-d histochemistry

layers. These layers are considered to be a relay station ) ) ) )

in the retino-tecto_pu|Vino-cortica| pathway that probd—hree SC were studied using the histochemical procedure for de-

: : ction of NADPH-d activity after the protocol of Ellison et al.
bly represents a parallel path to the retlno—genlculo—co@gm)_ Free-floating sections were incubated in a solution con-

cal one (Sugita et al. 1983; Huerta and Harting 1984). taining 1 mM reduce@®-NADPH and 0.8 mM nitroblue tetrazoli-
The morphology of the cells in the upper layers has in 0.1 mM TRIS buffer (pH 8.0) at 37°C for 40—-60 min. The

been described in detail for rats and mice (Tokunaig@gents were obtained from Sigma. After incubation, the sections

1970; Valverde 1973; Langer and Lund 1974; Tokunaggre rinsed in PB, air-dried and mounted with Entellan (Merck).

and Otani 1976; Labriola and Laemle 1977). Most au-

thors adhere to the system of Langer and Lund (1974jA

for classifying cell types in the SC and this system has

ineti ; sections were washed in 0.1 M TBS (pH 7.4) and endogenous
been used to compare data on projection neurons in rggr§ xidase was blocked with 3%®}, for 30 min. They were then

hamsters, cats and tupaias (Graham and, Casagr fn rinsed in TBS and incubated in 3 Mg biotinylated WFA (b-

1980; Reese 1984; Mooney et al. 1985; Sahibzada etn#A, Sigma L-1766) per 1 ml TBS overnight at 4°C. After four

1987). rinses in TBS, they were incubated in AB complex (Vectastain) for
Neurons positive for calcium binding proteins ha\%h and again, rr'lngidB'“ TB (50 mM, pH 7.6). The sections were

been characterized within the human SC (Leuba ang" reatedwi :

Saini 1996), but basic data on the packing density and

layer-specific distribution of neurons and glial cells wasFAP

up to now not available. The study of cell packing denSiﬁe sections were washed in TBS (0.1 M) and endogenous peroxi

Fy is sometimes difficult n human bralns'smce older su&ése was blocked with 3%,8, for 30 min. After several rinses in

jects often show a varying degree of gliosis beneath , they were incubated in 10% NHS in TBS for 30 min fol-

pia. We therefore also studied the distribution of astiowed by 2% NHS in TBS containing antibodies to GFAP 1:40

glia by GFAP immunohistochemistry and of perineurdBoehringer, monoclonal G-A-5, mouse IgG1 ) and 0.1% Triton

; o iX-100 for 48 h at 4°C. After four rinses in TBS the sections were
nal nets (Celio and Blimcke 1994) that mark the ghé ubated in TBS containing 2% NHS and the second biotinylated

. . n
neuron interface or extracellular matrix. Components thi-mouse antibody (Vectastain) at a final antibody dilution of
this extracellular matrix such as proteoglycane seemit@00 for 24 h at 4°C. Sections were then processed as for WFA.
belong to region-specific properties. Proteoglycan com-
ponents were detected using the N-acetylgalactosami
binding WFA. Additionally, WFA binding seems to deWFA and GFAP fluorescence

pend on the function of the surrounded neuron (Kosak®er having incubated with biotinylated WFA as above, the bind-
and Heizmann 1989; Naegele and Katz 1990). Anothey sites were exposed with the fluorescent dye Cy2-conjugated

marker for special types of neurons that was used in #fgptavidin (Amersham) diluted 1:50 in TBS and applied for 4 h

; B i e ; : -at room temperature. Following three rinses with TBS, sections for
study is neuronal NADPH-d, which is identical with Mouble labeling were placed in TBS with 1% BSA and a monoclo-

tric oxide synthase (Garthwaite 1995). NADPH-d actig antibody against GFAP labeled with Cy3 (Sigma, red fluores-
neurons are most likely to be interneurons, but large diénce) at a dilution of 1:400 (4°C, 12 h). They were then rinsed
ferences have been observed even in closely related gpee times with TBS, and coverslipped in Vectashield.

i i Control sections were treated with non-specific mouse antibod-
cies such as rat and hamster (Davies 1991). ies (IgG1; DAKO) diluted and applied similarly to the specific an-
tibodies.

Materials and methods

All procedures were approved by the ethical committee of the

University of Leipzig. Fig. 1A—C Nissl staining A median part at intercollicular sulcus;
For this study we used human autopsy brains of both sege®wsindicate differences in thickness of S Mid part of one

ranging in age from 56 to 81 (8—48 h post mortem). Either priordolliculus; arrowheadsindicate borders of laminae and sublami-

or after fixation, the tissue was dissected from the whole braimese of SGSAsterisksndicate cell-free part< Lateral partsmall

such that each pair of colliculi remained together and were thmmowheadsmark end of SZyertical arrowheadmarks border of

sectioned transversely. Eight brains were fixed by immersion $i€.Bars 100 prr:
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Fig. 2A—-C WFA binding.A, B Median part at intercollicular sul- that in other layers binding is rather patcBsrs 100 um.D Sche-
cus; asteriskindicates the intercollicular sulcu€ Lateral part, matic drawings of the superior colliculus and its borers
comparable to Fig. 1C. Note that SZ is very densely labeled but
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Double-labeled sections were examined with a photomicr
scope and in the LSM 410 confocal laser-scanning microscc
(zeiss, Germany) with excitation wavelengths at 488 and 568 nr

Results

As in other mammals, the human SC can be divided ii
superficial and deep layers. Nissl-stained sections sho §
layering of the upper parts of the SC into the most sup
ficial zone — the SZ, the ventrally adjacent SGS and 1
SO (Fig. 1). The SO continues into the deep layers wi 5"
out any sharp transition. The Nissl-stained sectio
showed that both neuronal and glial components wi
organized in strata-specific distribution patterns. Most %
the SZ contained only few cells, especially in parts ir |
mediately beneath the pial surface. Regional differenc |
were noted within the SZ: the fewest cells were seen
the medial and lateral borders of each colliculus. Sm §£
arrows in Fig. 1A indicate the nearly cell free medii =
part of the SZ, small arrows in Fig. 1C indicate the late 7,
al part. The large arrow indicates the border of the ¢ |
and the NOT/DTN. Cells located close to the pial surfa .
were found mainly between the extremes (Fig. 1B). T *
SZ gradually became thinner toward its lateral borde &
(arrows in Fig. 1C).

The SGS was easily delineated because both the ni
ber and variety of cell types were greater than in the ¢ &
The SGS could be divided into an upper, a middle an¢
lower sublamina on the basis of differences in cell pac |
ing density (Fig. 1B). The SGS within each colliculu
also had a central region containing more cells than §
median or lateral aspects (Fig. 1B). Most cells we
small and had only narrow margins of cytoplasm. Tl ¢
sublaminae were separated by a thinner intermediate |
er with fewer cells. This intermediate layer has cell-ric
parts that alternate with spot-like cell-free parts (stars
Fig. 1B). The border of the SGS toward the SO is mu
less distinct than its border to the SZ. The SO posses |
only a slightly lower cell packing density than the SG: |
Similar to the other laminae, the SO becomes narrov
laterally and is no longer detectable at the borders to
DTN and NOT.

In contrast to the Nissl-stained sections, those wﬁig_- ﬁéﬁcr?yvk;/iﬁﬁintgniﬂms?ég ng%?ggnﬁ%fé rfibmrgggiﬁlggggggofin
WFA binding did not reveal any distinct lamination of~ :
the SC with the exception of the densely labeled E? borders of patcheBarsA 100 um, forB 50 rr
Binding was most intense in subpial levels and gradually
faded toward deeper levels without showing any majwibution of binding seen in WFA sections, however, was
regional differences, although it was somewhat enhaneed found in sections treated for GFAP. Figure 4 com-
at the medial and lateral borders of the SC (Fig. 2A-@pares the amount of lipofuscin (white spots) and the la-
Particularly intense binding was found in the depths béling of GFAP positive structures during aging. Small
the intercollicular sulcus (Fig. 2A) and the deeper layggkosis on the pial surface or near the surface correspond-
of the SC showed less binding laterally. Although theeel with small amounts of lipofuscin and the expression of
was no impressive Nissl-like lamination within the SGGFAP in the astrocytes. But there were no strongly age-
WFA binding was inhomogeneous within the SG$ependent alterations. Increased GFAP expression
Patches of intense staining alternated with weakly orresponded with decreased WFA binding. The patchy
beled ones (Fig. 3). The strongly stained patches cpaitterns were lost. Fig. 5 shows sections double-labeled
tained WFA-positive fibers and cells (Fig. 3B). for GFAP and WFA. Lipofuscin has white autofluores-

GFAP immunohistochemistry yielded patterns of la&ence in UV light. It seemed that GFAP-positive gliosis
beling similar to those of WFA binding. The patchy dignasks or suppresses WFA binding sites at the glia-neuron
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Fig. 4A-D GFAP expression and lipofuscin increase during ageanning microscopy (Fig. 5C—E). Figure 5C shows the
ing. A Small gxpress_ion of GFARarow) corresponds with small double-labeled blood vessel in a human SC at the age of
%“a?ggSSffy'e'g?;‘éS;g?&t? at age 61 yearss 63 yearsC 73 56 years. No lipofuscin was visible in the SC, gliosis was
restricted to the pial surface and to the blood vessels. In
the focus of Fig. 5C is a blood vessel with walls strongly
interface (Fig. 5A, B). Whereas the GFAP-labeled (reff)oeled in green. Fig. 5D demonstrates GFAP-positive
structures were clearly seen, structures with WFA bindisgguctures of the walls of the blood vessel and Fig. 5E
seemed shadow-like. Only the walls of a large blood vesiows it for WFA.
sel contain clearly visible WFA-positive structures. In summary, older human SC often contain lipofuscin
(Fig. 5A). Here, the lipofuscin was widespread but diand in that case WFA binding does not result in distinct
tributed in small amounts. Figure 5B shows an overvigwtterns. The amount of WFA-positive material seems to
of the SC with a higher content of lipofuscin and GFABe reduced; GFAP labeling is increased and was spread
below the pia. WFA-labeling is nearly invisible (triangléhroughout the superficial layers of the SC.
in Fig. 5B). The complementary patterns of GFAP- and The morphology of neurons showed no major differ-
WFA-positive structures were demonstrated by the lasences to that of comparable neurons in other mammals.
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Fig. 5A-E Double treatment for GFARed) and WFA greenish fields: in SZ and in SO most of the neurons were hori-
demonstrates the complementary patterns of GFAP and WFA. zéntally oriented. In the SGS, the orientation of the cells
pofuscin autofluorescencer{ght yellow). A Clear GFAP positive was vertical (Figs. 6, 7).

structures, especially at the surface of the §dliq triangle and The S7 ined h d I
lipofuscin spots gquard, shadow-like WFA structuregen tri- e SZ contained neurons whose processes and sma

angley. Bar 100 um.B Many GFAP-positive fibers but only very perikarya were oriented more or less parallel to the pial
oot Teser Sanimny miotaraane S toin bogd wessohmt o e pan Pars whert the suface dpe Irto
- rap! intercollicular sulcus (neurons 1-4 in Fig. 6). These
x2240.D documents GFAP onlf indicates W/ cells have therefore been called horizontal cells. Some
horizontal cells had dendrites that penetrated toward the
Only in rare cases did the dendrites bear spines. O\@GS (1, 2, Fig. 6) and they have been classified by Lan-
views of Golgi-impregnated sections showed laminatiger and Lund (1974) as marginal cells.
patterns comparable to those of Nissl sections. The lami-The neurons in the three sublaminae of the SGS dif-
nation was indicated by the orientation of the dendritiered somewhat from one another, but many of them had



med lat

middle

SGS

lower

Fig. 6 Golgi morphology of neurons. For numbering see Resultsg. 7A-E Golgi-impregnated and NADPH-d positive neuroms.

Bar 20 pn A, B Vertically oriented neurons in the upper sublamina of SGS
corresponding to neuron 5 of Fig.® Horizontally oriented soma
of a wide-field neuron in S NADPH-d-positive marginal cells
(neurons 1 and 2 of Fig. 6 NADPH-d-positive cells of the mid
SGS corresponding to neuronal type of neuron 6 (Fig. 6). The cell
indicated by arasteriskrepresents a cell type not described until
now for humansBar 50 pn
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processes and perikarya which were oriented perpeneicted medium-sized neurons in the upper sublamina of
ularly to the pial surface (Figs. 6, 7A,B). This orientatiotihe SGS resemble small-field cells. They represent pro-
is readily evident in neurons 5-9 (Fig. 6). They hgdction neurons to the CGLd (tupaia: Graham and Casa-
large- to medium-sized somata and poorly branched, giande 1980; Grantyn 1988). The wide-field cells in the
most spineless dendrites. The morphology of these nkwver sublamina project to the lateral posterior nucleus
rons can be described as bi-tufted, since only few dei-the thalamus (rat: Sugita et al. 1983). The cells we
drites branched from the lateral parts of their somataund at the border to the SO and within the SO may
Some of those neurons were NADPH-d active (Fig. 7Eprrespond to descending projection neurons seen in oth-
Scattered throughout the entire SGS one could find veryspecies. The same holds true for neurons in the inter-
small neurons of diverse shapes and orientations (10—+h2diate layer; similar ones are located in the rostro-me-
Fig. 6). Only the upper sublamina had comparativedijal part of the superficial layers of the SC in some ani-
large neurons with fusiform somata and radially branctmals (rat: Yamasaki et al. 1984; Hilbig and Schierwagen
ing, spineless dendrites (13, Fig. 6). A few small neuroh894; cat: Mize et al. 1991). The morphology and termi-
resembling horizontal cells were seen in the intermediatgtion fields of projection neurons appear to be stereo-
layer (14, 15, Fig. 6). Such cells were located at the edgpical and well-conserved among the various orders of
es or within relatively cell-free areas. Small, almost stehammals so far studied. However, small-field cells differ
late neurons with spiny dendrites were located along tensiderably with respect to the number of spines (Lab-
border between the intermediate and upper sublamiitda and Laemle 1977). It is noteworthy that most hu-
(16, Fig. 6). Neuron 17 in Fig. 6, which can be charactenan Golgi neurons have only a few spines. This condi-
ized as a piriform cell, was found in the middle of the ition may be due to post-mortal autolysis. Only Laemle
termediate layer. This type of neuron possesses ofil981) described spines on certain types of dendrites
poorly branched dendrites oriented toward the pia. In théhin the human SC and these were generally located in
lower sublamina most neurons also had dendrites, oriesuperficial regions, suggesting that spines are lost in
ed toward the surface. However, their somata and ddeeper regions, close to the perikarya, perhaps because
dritic fields were small and highly variable (18—-2Zhe fixative does not penetrate rapidly enough. Many
Fig. 6). These neurons cannot always be clearly distireurons within the human SC were interneurons and
guished from the so-called wide-field neurons (LangRIADPH-d active. In rats comparable interneurons within
and Lund 1974). Neuron 22 exhibits the horizontally otihke deep layers of the SC surrounded one or two much
ented, medium-to large-sized soma and long, proximallyger neurons (Gonzales-Hernandez et al. 1992; Hilbig
spineless dendrites that are characteristic of wide-fieldd Winkelmann 1993). Such surroundings were not
cells. The dendritic fields may reach the upper sublarfound in the human SC but there were the same pat-
na. Wide-field neurons were present not only in the lowhings as in the rat. WFA-patches of the upper SGS of
est regions of the SGS; they were also seen in the ugper superficial layers of the SC correspond with the
SO (23, 24, Figs. 6, 7C). NADPH-d active patches of neuropil in the intermediate

The SO contained horizontally oriented neurons lafyers of the SC (Busecke et al. 1996). The vertical col-
ovoid shape with long dendrites that did not leave the &@ns are disrupted in the middle and lower SGS and in
(25, Fig. 6). The neurons 1 and 2 revealed by Golfie SO. A continuously vertically oriented column could
staining showed an identical morphology with theever be seen, either in rat or in man. It appears that the
NADPH-d active interneurons in Fig. 7D. Most of théaminar arrangement of neurons within the superficial
neurons of the middle SGS were NADPH-d active tdayers of the human SC is quite similar to that described
(Fig. 7E). The very small vertically oriented neuron indfor other mammals. Interestingly enough, cells similar to
cated by a star represented a cell type not described, uhélhorizontal cells (neurons 14 and 15, Fig. 6) located in
now, for humans. the middle layer of the human SGS have not been de-

Summarizing, we found in the human SC neurorsdribed in other mammals, but have been seen in birds
structures resembling those of other vertebrates. The ldwanegas 1984). The horizontal cells with their relatively
ination pattern was not very impressive but was visibléy somata and small dendritic fields are probably local
The Golgi staining revealed all of the known cell types. interneurons. Their shapes are completely different from

Glial structures of the human SC seemed to depehdse of projecting neurons. Neurons of such small size
on gliosis that corresponded to the amount of lipofus@ne usually described as inhibitory neurons in humans
and/or aging or other possible factors. During aging, tfieeuba and Saini 1996).
glial network of the SC changed from wide-spread
WFA-positive structures to an increasing GFAP-network.

Glia and the glia-neuron interface

Discussion Neuron-glia interactions are mediated by diverse cellular
and molecular mechanisms, not only during morphogen-
Aspects of neuronal morphology esis but also during the modification of neural connectiv-

ity in the adult. Glial recognition molecules at the cell
Most classifications of SC neurons follow the system igurface and in the extracellular matrix form boundaries
troduced by Langer and Lund (1974). The vertically olepending on the functional state and nature of the neu-
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ron (Pappas and Ransom 1994; Robello et al. 1994). Gtrectures. GFAP labeling was intense throughout the su-
morphological equivalent to the normal physiologicglerficial layers of the SC. The middle layer of the SGS,
state in the human SC seems to be material positivedtso showed an inhomogeneous distribution of cells in
WFA- binding, whereas large quantities of GFAP mahe Nissl-stained sections. In animal models the upper
indicate a pathological alteration (gliosis). sublamina corresponds to the region with the greatest in-

Components of perineuronal nets (Celio and Blimcket from the retina (Graham and Casagrande 1980;
1994) such as GalNac 1-3, to which WFA lectin binddrantyn 1988). The lower sublamina receives mostly
specifically, showed distribution patterns that in part reertical inputs (Hunt and Kiinzle 1976; Harvey and Wor-
sembled the patterns of lamination and cell packing déhington 1990). The patchy WFA-positive structures in
sity found in Nissl-stained sections. WFA binding matye intermediate layer may participate in processes coor-
therefore be a useful tool for revealing functional, intrainating information from different sources. A patch-like
laminar subdivisions. However, in our tissue samples ttiistribution of axon terminals and enzyme activities has
pattern seen for WFA changed depending on gliosiso been noted in the mid and lower SGS in animals
(GFAP-labeling). It may be that only a subpopulation ¢Graybiel et al. 1984; Illing and Graybiel 1993). Jeon
astrocytes with specialized functions expressed bindiagd Mize (1993) described patches of acetylcholinester-
sites for WFA. Brlckner et al. (1994, 1996) and Seegese activity and NADPH-diaphorase in the SO and deep-
et al. (1994, 1996) were able to show that astrocytes argegions of the cat SC. GFAP-positive astrocytes have
involved in maintaining the extracellular milieu of inhibbeen described in mammalian and submammalian verte-
itory cortical neurons via the WFA-labeled interface. Imbrates, which suggests that there are species-specific dif-
hibitory neurons have been identified as essential elerences between the distribution patterns of GFAP-posi-
ments in the processing of sensory information (Leutiee astroglia (Bignami and Dahl 1976; Lindsay 1986;
and Saini 1996) and astrocytes contribute with glutam&eg et al. 1987; Hajos and Kalman 1989; Zilles et al.
uptake mechanisms, effective especially at synapti®91; Eddleston and Mucke 1993; Schmidt-Kastner et
clefts (Pellerin and Magistretti 1994). In the mouse cer@- 1993; Eng and Ghirnikar 1994). On the other hand,
bral cortex WFA binding appears late during developging is an individual process with wide variations. Es-
ment and is then intensely expressed in primary senspegially in humans, it can depend on many factors. Re-
areas as they become fully functional (Oermann 1996gntly, it was revealed ( in rats) that decreasing levels of
Binding remains intense in these areas in adutiisculating steroid hormons may be responsible for the
(Brtickner et al. 1994, Bidmon et al. 1997). WFA bindxge-dependent gliosis in various brain regions and that
ing decreases rapidlx24 h) in areas in which synapticthe alterations can be partly corrected by the administra-
integrity is lost, for example in the penumbra of ischemiion of pregnenolone (Legrand and Alonso 1998).
lesions of the somatosensory cortex. It is noteworthy that
massive astrocytosis and glial scar formation occur with-
in a penumbra and around a lesion core, but WFA bir@enclusions
ing is not enhanced (Bidmon et al. 1998). This finding
suggests that WFA expression is associated with fulNeuronal structures of the human SC are arranged both
tional integrity and signal transduction (Bertolotto et as laminated and patched. Lamination was revealed by
1991; Bruckner et al. 1994; Celio and Blumcke 199Nissl-staining and by distribution of Golgi-cell types.
On the other hand WFA is only one component of tiRatches were demonstrated by NADPH-d activity of the
extracellular matrix and may be expressed by a subsehetfiropil and by WFA-labeling of the glia-neuron inter-
neurons (Lander et al. 1998). The regions immediatéhce. WFA does not seem to be related to the reactive
beneath the pia, which in most of our samples were @tate of glia, but may reflect certain functional glia-neu-
tensely positive for both WFA and GFAP, may represemin interactions.
regions in which age-related pathological astrocytosis ,
had occurred. They may also be indicative of pre-mg 6';20;‘;]'Sdg;g?segtg‘rrnh;n?‘%?%itgﬁg'go?tr_' K. Rascher for discus-
tem or early post-mortem ischemic conditions that too
place early enough to permit GFAP upregulation. It is
well known that human brain tissue exhibits highly Valkeferences
able degrees of gliosis in association with the pia mater.
If this general observation reflects the in vivo situatioBertolotto A, Rocca G, Canavese G, Migheli A, Schiffer D (1991)
or if it is a consequence of pre-mortem or early post- Chrondroitin sulfate proteoglycan surrounds a subset of hu-
mortem conditions, remains to be clarified. The transfor- man and rat CNS neurons. J Neurosci Res 29:225-234
mation of radial glia into astrocytes is a well-known ph&idmon HJ, Wu J, Godecke A, Schleicher A, Mayer B, Zilles K

. f (1997) Nitric oxide synthase-expressing neurons are area-spe-

nomenon in both rodents (Publido-Caballero et al. 1994) cifically distributed within the cerebral cortex of the rat. Neu-
and mammals (Levitt and Rakic 1980) and some of the roscience 81:321-330
astrocytes seen in human tissue may be derived frBigmon HJ, Jancsik V, Schleicher A, Hagemann G, Witte OW,
similar precursors. The major difference between the dis- Woeodhams P, Zilles K (1998) Structural alterations and chang-

P _ _ o es in cytoskeletal proteins and proteoglycans after focal corti-
tribution patterns of WFA- and GFAP-positive elements i -hemia. Neuroscience 82:397—420

was seen in the SGS. WFA-positive material appearedBignami A, Dahl D (1976) The astroglial response to stabbing.
patches whereas this did not hold true for GFAP-labeled Immunofluorescence studies with antibodies to astrocyte-spe-
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cific protein (GFAP) in mammalian and submammalian vertétunt SP Kiunzle H (1976) Observations on the projections — an
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