A Light and Electron Microscopic Study of
Human Arachnoid Villi
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Fig.1. Schematic drawing of a human arachnoid villus based on the present data.

Fig.2. The four basic portions of a human arachnoid villus. The arachnoid cel'l iayer (A)
encompassing the central core (CC) is usually covered by the fibrous capsule (F). This layer is
thickened in places forming cap cell cluster (C). elastica Van Gieson stain. X320.
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Fig.3. Ultrastructure of the fibrous capsule. The fibrous capsule is composed of three layers; the
endothelial layer (E), tiers of fibrocytes (F) intermingled with collagen bundles and the electron-
dense cell layer:(asterisk). Electron Microscopy. .X6,000.
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Fig. 4. Immunohistochemical staining for Factor Vll-related antigen. Although the fibrous capsule
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has an endothelial investment (arrow) as the venous wall (arrowhead), the apical portion of an
arachnoid villus (asterisk) has no Factor Vil-positive endothelial linings. Peroxidase-antiperox-

idase counterstained with hematoxylin. X200.
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Fig.5. Magnified feature of the electron-dense cell layer. The electron-dense cells (upper) contain
numerous cytoplasmic filaments and rough endoplasmic reticulum. These cells are connected
each other and to the outermost tier of arachnoid cell layer (lower) by a small number of

desmosomes. Electron Microscopy. X24,000.
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Fig.6. Arachnoid cell layer at the apical portion.
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The arachnoid cell layer consists of electron-

lucent outer zone (O) and electron-dense inner zone (1). Electron Microscopy. X9,600.
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Fig.7. The apical portion of a human arachnoid villus. At the apical portion of the arachnoid
villus (arrow), the arachnoid cell layer directly faces the lumen of lateral lacuna. elastica Van

Gieson stain. X 160.

A

Fig. 12. Immunohistochemical staining for vimentin. The outer zone of the arachnoid cell layer is
slightly positive for vimentin, whereas the inner zone and core arachnoid cells are strongly positive.
Avidin-biotin peroxidase counterstained with hematoxylin. X320.
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Fig.8. The red blood celis in the e%tracellular cisterns of the arachndid ceil layer. ‘In the case of
subarachnoid hemorrhage, the extracellular cisterns of the arachnoid cell layer are filled with red
blood cells from the cranial subarachnoid space. Electron Microscopy. >4,000.

Fig.9. Arachnoid cells in the cap cell cluster. They are characterized by occasional inter-
digitations, desmosomes, intermediate filaments and subplasmalemmal linear densities (arrow).
Electron Microscopy. X20,000.
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Fig.10. Collagen fibrils and matrix granules in the extracellular space of the cap cell cluster. The
matrix granules (arrow) are membrane-free, irregularly oval structures with electron-lucent halo,
measuring 0.05-0.70 gm in diameter. Electron Microscopy. X8,000.

i £ N

Fig. 11. Arachnoid cells in the central core. The central core contains scattered arachnoid cells
with many elongated processes interdigitating each other. Electron Microscopy. X5,000.
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Fig.13. Immuno-electron microscopic localization of vimentin. Gold particles are localized at the
intermediate filaments and desmosomal plaques in arachnoid cells. Post-embedding protein-A

gold method (5 nm particles). X60,000.
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Abstract

The structure of human arachnoid villi was investigated by light and electron microscopy with
the aid of the immunohistochemical technique. Human arachnoid villi basically consisted of four
portions : fibrous capsule, arachnoid cell layer, cap cell cluster, and central core. The arachnoid
cell layer encompassing the central core in continuity with the cranial subarachnoid space, was
usually covered by the fibrous capsule with an investment of endothelial cells. The latter
contained numerous micropinocytotic vesicles and abundant pinocytotic vacuoles. There were
tiers of spindle or slender cells with many cytoplasmic processes intermingled with bundles of
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collagen fibrils and elastins, which were quite similar to dural border cells in the dura-arachnoid
interface. However, the fibrous capsule was not seen at the apical portion and the Factor Vill-
related antigen stain failed to confirm endothelial linings. Instead, the arachnoid cell layer
directly faced the lumen of lateral lacunae or sinus. This layer was characterized by numerous
extracellular cisterns measuring up to 10 ym in diameter, which appeared to form tortuous
channels of communication from the subarachnoid space to the venous lumen. In the villi
affected by subarachnoid hemorrhage, the extracellular cisterns contained some erythrocytes and
serum protein-like substance, which conceivably extended from the cranial subarachnoid space.
The arachnoid cell layer consisting of both electron-lucent outer zone and electron-dense inner
zone thickened in places to form cap cell cluster. The outer zone was slightly positive for the
vimentin, stain, whereas the inner zone and core arachnoid cells were strongly positive.
Arachnoid cells contained a larger number of intermediate filaments in the inner zone than the
outer zone. Ultrastructural immunolocalization showed that vimentin proteins were attached to
intermediate filaments and desmosomal plaques in arachnoid cells. Arachnoid cells showed a
marked variability in the shape and the number of intermediate filaments according to their
location. In the given portion of human arachnoid villi, ultrastructural features of three basic
types of meningiomas were found. The cap cell cluster showed a marked similarity with the
meningotheliomatous type, the fibrous capsule with the fibroblastic type and the arachnoid cell
layer with the transitional type, respectively. Cerebrospinal fluid may be absorbed from the
central core into the lateral lacunae or sinus lumen by means of both the active transport via
micropinocytotic vesicles and pinocytotic vacuoles of endothelial cells and the passive transport
via extracellular cisterns of the arachnoid cell layer.



