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Immunohistochemical study of the corpora cavernosa of the
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ABSTRACT

The microarchitecture of the corpora cavernosa of the human clitoris was investigated by
immunohistochemistry. The distribution pattern of the nerve network was demonstrated by S-100 and
neuron specific enolase immunoreactivity. Vascular and nonvascular muscle cells were identified by desmin
and/or vimentin expression, and fibroblasts and endothelial cells by vimentin immunoreactivity. The findings
show that tissue organisation in the corpora cavernosa of the clitoris is essentially similar to that of the
penis except for the absence of a subalbugineal layer interposed between the tunica albuginea and erectile
tissue. This has functional implications, suggesting that the clitoral erection cycle differs from that of the
penis.
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INTRODUCTION

Although it is accepted that the human clitoris plays
a functional role during sexual arousal (Gillan &
Brindley, 1979; Levin, 1980; Ottesen, 1983; Ottesen
et al. 1987), its structure is still not completely known
(Williams-Ashman, 1990; Williams-Ashman & Reddi,
1991). A detailed histological description of corpora
cavernosa of the human clitoris has not been
performed, probably due to its close structural
resemblance to the penis (Blandau, 1983; Sevely,
1988; Williams-Ashman & Reddi, 1991) or to the fact
that it has been considered a rudimentary organ
without apparent function (Stefani et al. 1988). As the
erectile tissue of the clitoris becomes engorged with
blood and tumescent during sexual excitement (Levin,
1980; Williams-Ashman & Reddi, 1991), we studied
the tissue architecture and cell types that are re-
sponsible. The expression of desmin, a marker for
myogenic cells (Lazarides, 1982; Steinert & Roop,
1988), vimentin, a marker for cells of mesenchymal
origin (Lazarides, 1982; Steinert & Roop, 1988),
neuron specific enolase (NSE), a marker for neurons
(Marangos et al. 1982) and S-100 protein, a marker
for glial cells and certain nonneural cell types

(Cocchia, 1981; Cocchia & Michetti, 1982; Donato,
1991), has been investigated by immunohistoche-
mistry at the light microscope level.

MATERIALS AND METHODS

Specimens of the human clitoris were obtained during
surgery from 2 women, aged 50 and 55 y, operated for
squamous cell carcinoma of the glans clitoris. Tissue
specimens were also taken at autopsy from 3 women
aged between 40 and 55 y.

Tissue samples were fixed, immediately after re-
moval, in 4% paraformaldehyde in 0.1 M phosphate
buffer, pH 7.4, for 12 h. After rinsing in phosphate-
buffered saline (PBS), the samples were dehydrated in
ethanol and embedded in paraffin wax via xylene. The
light microscope study was carried out on 5 gm
transverse sections taken at different levels from the
proximal to distal ends of the corpora cavernosa.
Serial sections from each specimen were stained with
haematoxylin and eosin or processed for immunohisto-
chemistry using the biotin-streptavidin method
(Amersham, UK). Endogenous peroxidase activity
was quenched with 0.5% H202 in absolute methanol
for 30 min. Nonspecific binding was blocked with 1 %

Correspondence to Professor Domenico Cocchia, Dipartimento di Sanita Pubblica e Biologia Cellulare, Universiti di Roma 'Tor Vergata',
via Orazio Raimondo, 00173, Roma, Italy.

513



514 A. Toesca, V. M. Stolfi and D. Cocchia

bovine serum albumin (BSA) (Sigma) in PBS for
30 min at room temperature. Polyclonal antibodies
against NSE and S-100 protein and monoclonal
antibodies against desmin and vimentin were obtained
commercially from Dakopatts a/s, Denmark. Sections
were then incubated overnight at 4 °C with primary
antibodies diluted in PBS containing 1% BSA as
follows: S-100 antiserum 1:5000, NSE antiserum
1:2000, antidesmin 1:200 and antivimentin 1:100.
Rabbit and mouse immunoglobulins at the same
dilutions as the primary antibodies were used as
controls. After washing with PBS, biotinylated sec-
ondary antibodies diluted 1: 100 were applied to slides
for 1 h at room temperature. The slides were washed
again with PBS then incubated with biotin-
streptavidin-peroxidase-complex diluted 1: 400 for 1 h
at room temperature and, after rinsing with PBS,
developed with 3,3'diaminobenzidine tetrahydro-
chloride (Sigma) for 5 min at room temperature. The
specificity of the antibodies was tested and confirmed
by immunoreactivity on other kinds of tissues.
Sections were examined under a light microscope
(Zeiss, Axiophot).

RESULTS

Sections from each specimen stained with haema-
toxylin and eosin revealed no pathological changes

and exhibited a similar tissue architecture. Each
clitoris consisted of 2 corpora cavernosa composed
of erectile tissue separated by a connective tissue
septum and surrounded by a fibrous tunica albuginea
(Fig. 1). The erectile tissue was composed of fibro-
muscular trabeculae pervaded by irregular communi-
cating sinusoids. Bundles of nerve fibres were evident
superficial to the tunica albuginea. Vessels of differing
calibre were present deep and superficial to the tunica
albuginea, in the septum and in the erectile tissue. The
subalbugineal connective tissue layer, with a rich
venous plexus, the presence of which between the
tunica albuginea and the erectile tissue has been
described in the penis (Fournier et al. 1987), was not
observed in the clitoris (Fig. 2).
Muscle cells in the trabeculae were identified by

their desmin expression. These muscle cells showed
two orders of orientation with respect to the long axis
of the clitoris. Muscle cells located within the
trabeculae were tightly packed and oriented in a
transverse plane, while those surrounding the sinu-
soids were disposed longitudinally and appeared to be
more numerous than the transverse ones (Fig. 3). No
desmin-positive muscle cells were observed in the
septum or tunica albuginea.
Muscle cells around blood vessels were charac-

terised by the presence of desmin and/or vimentin
immunoreactivity. In the tunica media of all arteries,
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Fig. 1. Transverse section of clitoris. TA, tunica albuginea; ET, erectile tissue; S, septum. Haematoxylin and eosin, ( x 30).
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Fig. 2. Corpus cavernosum of clitoris. Note absence of the subalbugineal loose connective layer (asterisk) between the erectile tissue (ET)
and the tunica albuginea (TA). Haematoxylin and eosin, (x 230).
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Fig. 3. Trabecular muscle cells showing desmin immunoreactivity are oriented both transversely (arrows) and longitudinally (arrowheads).
( x 140).

almost all muscle cells appeared to display vimentin
immunolabelling (Fig. 4), and the number of desmin-
positive muscle cells appeared clearly related to vessel

diameter. The amount of cells labelled by desmin
immunoreactivity was high in large arteries and
decreased gradually until disappearing in the smallest
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Fig. 4. Muscle cells of a large artery showing vimentin immunoreactivity. Cell types of mesenchymal origin located around the artery are
also vimentin positive. ( x 460).
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Fig. 5. Muscle cells of arteries of differing calibre showing desmin immunoreactivity. ( x 100).

ones (Fig. 5). All muscle cells of veins exhibited
desmin (Fig. 6) but not vimentin immunoreactivity,
regardless of vessel diameter. Fibroblasts and en-

dothelial cells lining vessels and sinusoids were
labelled exclusively by vimentin immunostaining.
The topographic distribution of the nerve network
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Fig. 6. Muscle cells of a large vein, arranged in transverse and longitudinal layers, expressing desmin immunoreactivity. ( x 230).
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Fig. 7. Bundles of S-100 immunoreactive nerve fibres are scattered throughout the erectile tissue. ( x 140).

supplying the clitoris corpora cavernosa was detected was present in Schwann cells, whereas NSE was found
both by S-100 and NSE immunoreactivity (Figs 7, 8). in axons. Many thick nerve bundles were observed
The labelling was confined to nerve structures: S-100 superficial to the tunica albuginea, whereas deep to
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Fig. 8. Erectile tissue of clitoris. NSE immunoreactive nerve fibres are present in the tunica adventitia of an artery and throughout the erectile
tissue. ( x 300).

the tunica albuginea and the septum few and thin
nerve fibres were present. Several thin nerve fibres,
singly and in small bundles, were found throughout
the erectile tissue and appeared in close relation to
muscle cells of the trabeculae. A rich nerve network
was also present in and around the tunica adventitia
of vessels, especially in those of larger diameter. Nerve
fibres related to arteries seemed to outnumber those
associated with veins.
The immunohistochemical analysis carried out with

our panel of antibodies showed that the erectile tissue
was closely adjacent to the tunica albuginea, con-

firming the absence of the subalbugineal venous

plexus, as shown by sections stained with haema-
toxylin and eosin. No immunoreactivity was de-
tectable in control sections treated with normal rabbit
and mouse immunoglobulins instead of specific
antibodies.

DISCUSSION

This study provides the first morphological descrip-
tion of the corpora cavernosa of the human clitoris
based on immunohistochemistry. Our findings, be-
sides confirming previous histological observations
(Blandau, 1983), add new information about the
characterisation and distribution of tissues and dif-
ferent cell types.

The longitudinal and transverse orientation of
muscle cells of erectile tissue, better displayed by
desmin immunoreactivity than by staining with
haematoxylin and eosin, may be significant in me-

diating the blood flow into sinusoids during
tumescence and detumescence. Our hypothesis is
supported by the previously demonstrated role of
trabecular muscle cells in modulating intracavernous
blood flow during the erection cycle in the human
penis (Goldstein & Padma-Nathan, 1990; Bosch et al.
1991; Saenz de Tejada et al. 1991).
The presence of desmin and vimentin immuno-

reactivity in arterial muscle cells in the clitoris is in
agreement with that previously reported for arteries of
other human tissues (Frank & Warren, 1981;
Gabbiani et al. 1981; Osborn et al. 1981, 1987),
whereas the finding that only desmin is expressed in
muscle cells of veins is in contrast to previous
observations on other tissues which indicated that
veins display both desmin and vimentin immuno-
reactivity (Gabbiani et al. 1981; Osborn et al. 1981).
In addition, we demonstrated that in the arteries the
number of desmin-positive muscle cells gradually
decreases and finally disappears as vessel diameter is
reduced. This suggests that desmin could play different
roles in muscle contractility during blood flow
regulation at different levels along vessels.
The present study has shown the presence of a rich
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network of nerve bundles and terminal branches as
detected by immunoreactivity for NSE and S-100 in
relation to the corpora cavernosa of the clitoris.
Previous studies, based on VIP (Lundberg et al. 1980;
Ottesen, 1983) and NPY (Cocchia et al. 1990)
immunostaining, revealed a restricted distribution of
nerve fibres in the clitoris, compared with that
observed in our present investigation. This discrep-
ancy raises the possibility that a number of clitoral
nerve fibres are non-VIP and non-NPY immuno-
reactive.
The tissue architecture of the corpora cavernosa of

the clitoris has classically been conceived as being
similar to that of the penis (Sevely, 1988; Williams-
Ashman & Reddi, 1991). Our findings, although
generally confirming this view, reveal that an im-
portant difference consists in the absence in the clitoris
of the subalbugineal layer between the erectile tissue
and the tunica albuginea, the presence of which has
been described in the penis and which posseses a rich
venous plexus (Benoit et al. 1987; Fournier et al.
1987; Aboseif & Lue, 1988). In the male corpora
cavernosa the systemic blood pressure expands the
dilated sinusoids against the tunica albuginea; this
compresses the subalbugineal plexus and reduces
venous outflow, making the penis rigid (Benoit et al.
1987; Fournier et al. 1987; Aboseif & Lue, 1988).
Thus, taking in mind the 4 haemodynamic events
during the penile erection cycle (flaccidity, tume-
scence, rigidity, detumescence) (Tudoriu & Bourmer,
1983; Wespes & Schulman, 1986; Aboseif & Lue,
1988) and that the rigidity is due to the compression
of the venous plexus, as described above, the absence
of the venous plexus in the clitoris suggests that this
organ achieves tumescence but not rigidity during
sexual arousal. However, this aspect needs further
investigation to establish whether the clitoris displays
an erection cycle similar to that of the penis.
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