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sions. 

Perivascular infiltrates of lymphocytes 
and plasma cells are a prominent histo- 
logical feature of the discrete lesions 
(plaques) that develop periodically in dif- 
ferent parts of the brain and spinal cord 
in typical cases of multiple sclerosis 
(MS) (1, 2). This, together with the dem- 
onstration that some of the immunoglob- 
ulin G in the spinal fluid in this disease is 
synthesized within the central nervous 
system (CNS) (3, 4), suggests that a local 
immune response directed against an 
(unidentified) antigen is involved in its 
pathogenesis. In the absence of definite 
evidence of a systemic immune re- 
sponse, the reasons just given for sup- 
posing that such an antigen exists further 
suggest that the highest concentration of 
expressed antigen visible to the immune 
system occurs in plaques. Because 
plasma cells may be present in large 
numbers in perivascular spaces within 
plaques (2, 5), it has been suggested that 
these spaces may represent the major 
site for antigen processing and antibody 
production within the CNS of patients 
with MS (4-7). In the present study, peri- 
vascular spaces in old plaques were 
found to contain organized lymphoid tis- 
sue, suggesting the occurrence of per- 
sistent antigen expression in such le- 
sions. 

Epoxy-embedded CNS tissue, suit- 
ably fixed for electron microscopy, was 
available for study from three patients 
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with MS, a patient with motor neuron 
disease, and a patient with adrenoleuko- 
dystrophy (8). In each of these cases, 
light and electron microscopy revealed 
that the perivascular spaces in unaf- 
fected CNS tissue commonly contained 
lymphocytes and macrophages. Plasma 
cells were also present in two MS cases. 
These three cell types were not ran- 
domly distributed within the perivascu- 
lar spaces; the lymphocytes and macro- 
phages tended to be confined within 
thin-walled channels (Fig. 1, A and B), 
whereas any plasma cells that were pres- 
ent were invariably located outside these 
channels (Fig. 2). The walls of the chan- 
nels consisted of a single layer of flat- 
tened cells that were joined at their edges 
by desmosomes (Fig. 1C) or separated 
by gaps of varying width. Each cell had 
an oval nucleus that was surrounded by 
scanty cytoplasm containing a few pro- 
files of granular endoplasmic reticulum, 
several small dense bodies, and modest 
numbers of microtubules and micro- 
filaments. The thin cytoplasmic process- 
es that formed the channel walls were of- 
ten less than 0.1 utm thick; they con- 
tained numerous smooth and coated 
pinocytic vesicles; and on their ablumin- 
al surface there were numerous hemi- 
desmosomes associated with bundles of 
fine collagenous fibrils and microfibrils 
(Figs. 1C and 2B). Cells of the same type 
were also observed lining the glial and 
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vascular walls of some perivascular 
spaces, or occurring as isolated cells in 
the absence of distinct channels. 

All of the MS plaques studied were 
typical old plaques with few fat granule 
cells present in the demyelinated zone 
and with only minor perivascular inflam- 
matory cell cuffing apparent in routine 
histological sections. In these plaques 
the perivascular spaces surrounding the 
larger blood vessels in demyelinated tis- 
sue revealed similar thin-walled channels 
containing lymphocytes and macro- 
phages. However, compared to the 
channels in normal white matter, the 
channels in this location were more nu- 
merous and more irregular in shape, and 
they were separated by collagenous 
trabeculae which contained isolated 
plasma cells or groups of plasma cells 
clustered around cells of the same type 
as those that formed the walls of the 
channels (Fig. 2). Where these two cell 
types touched, the cell membrane of the 
plasma cell exhibited a lentiform elec- 
tron-dense undercoat (Fig. 2B). Intimate 
contact was also observed between lym- 
phocytes and macrophages inside the 
thin-walled channels; this specialized 
contact involved the formation of a num- 
ber of deep, cylindrical indentations in 
the macrophage plasma membrane, each 
indentation enclosing a slender cyto- 
plasmic process extending from the body 
of the lymphocyte, as reported pre- 
viously in lymph node sinuses (9). Active 
phagocytosis was also observed occa- 
sionally inside the channels (Fig. 2A). 

The type of tissue organization just de- 
scribed-with clusters of plasma cells to- 
gether with free-lying collagen and retic- 
ular cells surrounding collagen-free 
channels containing lymphocytes and 
macrophages-is similar to the immuno- 
globulin-secreting medullary region of a 
lymph node (10-12). This was confirmed 
in one MS patient in whom lymph node 
tissue was available for study. In this pa- 
tient, a comparison of the fine structure 
of plaque perivascular spaces and lymph 
node medulla revealed the same general 
arrangement of various cell types; the 
chief differences in the two tissues were 
the larger number of cells present in the 
medullary cords, which also contained a 
specialized vascular endothelium, and 
the fact that the reticular cells in the 
lymph node medulla exhibited certain 
structural differences depending on 
whether they protruded into the medul- 
lary sinuses, formed the walls of the si- 
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Fig. 1 (top). Perivascular spaces in unaffected 
white matter from patients with motor neuron 
disease and MS. (A) Macrophage (arrow) can 
be seen inside a thin-walled channel in the 
perivascular space related to an artery in the 
spinal cord of a patient with motor neuron 
disease. The gray material on the abluminal 
surface of the channel is composed of colla- 
gen and reticular fibers (toluidine blue; scale 
bar, 5 /,m). (B) A channel similar to that 
shown in (A) contains a number of lympho- 
cytes and macrophages (from patient with 
motor neuron disease; toluidine blue; scale 
bar, 5 Arm). (C) Electron micrograph of the 
wall of a perivascular channel (lumen of the 
channel located on the right and also at upper 
left) illustrating desmosomes between adjacent 
cells (arrow points), and hemidesmosomes 
(arrow) on the abluminal surface (from patient 
with MS; scale bar, 0.5 Am). Fig. 2 (left). 
Perivascular spaces in MS plaques, illustrat- 
ing the structure of the microenvironment 
likely to be responsible for immunoglobulin 
production and possibly antigen processing 
in this disease. (A) The perivascular space 
around a large vein (v) in an old MS plaque 
(see inset) contains a number of thin-walled 
channels. A lymphocyte can be seen inside 
the channel on the right, and a macrophage 
phagocytosing a degenerate cell is present 
inside the channel on the left. Four plasma 
cells (arrows) can be seen outside the chan- 
nels (toluidine blue; scale bar, 5 ,um. (B) 
The lumen of a perivascular channel in an 
MS plaque contains a macrophage in contact 
with a lymphocyte. Plasma cells can be seen 
clustered around a reticular cell outside the 
channel. The inset illustrates junctions of 
the type commonly observed between plasma 
cells (P) and reticular cells (R) (scale bar, 1 
t,m; inset scale bar, 0.1 t,m). 
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this type in some old MS plaques is fur- 
ther evidence that the putative antigen 
may be continuously expressed in such 
lesions (5). Also, depending on the effi- 
ciency of antigen trapping by this tissue, 
it is possible that little or no antigen es- 
capes from this region to induce system- 
ic immunity. The present findings further 
suggest that the antigen may be pro- 
cessed and exhibited to passing lympho- 
cytes by perivascular macrophages in a 
manner similar to that proposed for 
lymph nodes where B lymphocytes are 
thought to be arrested at this point in 
their circulation by contact with macro- 
phage-processed, membrane-associated 
antigen to develop locally into antibody- 
forming plasma cells (13). 

The thin-walled channels observed in 
perivascular spaces in unaffected CNS 
tissue in each of the five patients studied 
were indistinguishable from lymphatic 
capillaries in other tissues in terms of 
both their structure and contents (10, 14, 
15). The presence of such channels is not 
easily reconciled with the traditional 
view that the CNS lacks lymphatic ves- 
sels (10, 16-19) and that the perivascular 
spaces represent cul de sacs or backwa- 
ters of the subarachnoid space whose 
chief function is to act as a protective 
cushion between the expansile blood 
vessels and the parenchyma (20-22). The 
present findings are more in keeping with 
the view of Harriman and other neuro- 
pathologists that these spaces serve the 
same function in the CNS as lymphatic 
vessels serve in other tissues (23, 24). 
While this is not to say that the CNS has 
a lymphatic drainage which is equivalent 
to that in other tissues (25), it is not un- 
reasonable to view the presence of lym- 
phocyte-containing channels in the peri- 
vascular spaces in the CNS as evidence 
that lymphocytes normally circulate 
through these channels, possibly in the 
same manner and in the same numbers 
as lymphocytes circulate in other tis- 
sues, and that this may constitute the 
basis of immunological surveillance in 
the CNS. 

JOHN W. PRINEAS 
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East Orange, New Jersey 07019, 
and Department of Neurosciences, 
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Red-Absorbing Visual Pigment of Butterflies 

Abstract. Noninvasive photochemical and physiological experiments with intact 
butterflies of 17 species showed that nine species have a rhodopsin absorbing maxi- 
mally at 610 nanometers, contained in retinular cells that are maximally sensitive at 
610 nanometers. This is the longest-wavelength visual pigment known for an in- 
vertebrate. Eight species of butterflies lack the 610-nanometers rhodopsin. All species 
possess a rhodopsin absorbing maximally in the green region of the spectrum. 
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Compared with humans, most inverte- long wavelengths is still unknown be- 
brates have very low sensitivity and poor cause the methods (2-4) that have been 
color discrimination in the red and or- applied to the problem have serious 
ange regions of the spectrum. However, weaknesses. For example, the electrical 
judging from behavioral studies (1) some mass response of an eye, the elec- 
butterfly species are an exception. The troretinogram (ERG), can not in general 
physiological basis for this sensitivity to be used to infer the spectral sensitivity of 
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