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Microvillar Size and Espin Expression in Principal Cells of the
Adult Rat Epididymis Are Regulated by Androgens
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ABSTRACT: Principal cells of the epididymis are the most
prominent cell type and are noted for an apical cell surface studded
with microvilli. The latter contain channel proteins that condition the
microenvironment of epididymal lumen and promote sperm matura-
tion; however, the regulation of the structure and integrity of microvilli
is not well known. Espins are a family of proteins implicated in
microvillar growth. The objectives of this study were to assess the
regulation of espin in epididymal principal cells both in vitro and in
vivo. Treatment of immortalized rat caput epididymal (RCE) cells with
increasing doses of a homogenized testicular extract revealed
a dose-dependent increase in the size of microvilli. Reverse
transcriptase—polymerase chain reaction (RT-PCR) of adult rat
epididymal RNA using espin-specific primers indicated the presence
of a band at about 290 base pairs (bp) in all regions. Western blot
analysis using affinity-purified espin antibody confirmed the presence

of an approximately 110-kDa band in the epididymis, corresponding
to espin isoform 1. In adult rats, immunocytochemistry revealed
espin expression over principal cells. In orchidectomized rats, espin
expression was significantly reduced, whereas ligation of the efferent
ducts resulted in a decrease of espin expression but not to the extent
of orchidectomy. The fact that espin expression was restored to
control levels in orchidectomized rats supplemented with high levels
of testosterone indicated that its expression was dependent on
androgens and not on other lumicrine factors derived from the testis.
Taken together, these data indicate that espin is expressed in the
epididymis and is regulated by androgens.
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S spermatozoa transit through the male reproduc-

tive tract, they undergo various modifications to
their plasma membrane, and the most important of
these occur in the epididymis (Robaire and Hermo,
1988; Cornwall et al, 2002; Robaire et al, 2006). The
mammalian epididymis is a highly coiled duct that links
the efferent ducts to the vas deferens and serves as the
site where spermatozoa become motile and fertile
(Orgebin-Crist, 1967, 1969). The epididymis is made
up of several distinct segments (Reid and Cleland, 1957;
Hamilton, 1975; Hermo et al, 1994) and is composed of
distinct epithelial cell types, with each one differing both
structurally and functionally in the different segments
giving rise to a complex pattern of gene expression and
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regulation along the length of the epididymis (Cornwall
et al, 2002; Dacheux and Dacheux, 2002; Hermo and
Robaire, 2002; Robaire et al, 2006).

Principal cells, the most abundant epithelial cell type,
have been implicated in diverse functions including the
absorption and secretion of water, ions, solutes, proteins,
and lipids (Hermo and Robaire, 2002; Turner, 2002;
Breton, 2003). These activities allow for the formation of
a specific luminal microenvironment that changes dra-
matically along the length of the epididymis, and it is in
this highly specialized milieu that sperm undergo their
maturational modifications (Hermo and Robaire, 2002;
Turner, 2002; Breton, 2003). This microenvironment is
maintained by the presence of a blood-epididymal barrier
that is formed apically between adjacent epithelial cells
and serves to maintain the necessary ionic composition
and pH of the lumen (Cyr et al, 2002). In addition, tall
microvilli extend from the apical plasma membranes of
principal cells and form a uniform brush border with
occasional branching. These microvilli, termed stereocilia,
provide the cell surface with a large surface area
potentially available to interact with molecules present
in the lumen. Of particular note is the fact that microvilli
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contain a variety of membrane pumps, channels, and
transporter systems and in this way maintain the proper
volume as well as appropriate pH of both the principal cell
and epididymal lumen (Wong et al, 2002; Turner, 2002;
Hermo et al, 2002, 2005; Breton, 2003). While past studies
have demonstrated that microvilli on principal cells are
reduced in size after orchidectomy (Wabhlqvist et al, 1996),
the specific testicular factor(s) involved in their mainte-
nance and the protein(s) involved has yet to be identified.

Microvilli are built around a common cytoskeletal
element—the parallel actin bundle (Bartles, 2000). This
bundle consists of tightly packed collections of actin
filaments crosslinked by actin-bundling proteins, which
serve to maintain many of the characteristics of
microvilli. Three major classes of actin-bundling pro-
teins have been detected in microvilli of vertebrate cells:
villin, fimbrins/plastins, and espins (Bartles, 2000).
Espins are actin-bundling proteins that come in multiple
isoforms from a single gene and that differ markedly in
size and their complement of ligand-binding sites
(Sekerkova et al, 2004, 2006a). The different espin
isoforms or combinations of isoforms are expressed in
different cell types and in complex spatiotemporal
patterns during development (Sekerkova et al, 2006a).
In epithelial cells, they serve to elongate parallel actin
bundles and thereby determine the steady-state length
regulation and integrity of microvilli and stereocilia
(Sekerkova et al, 2006a).

The prototype espin was first identified as an
approximately 110-kDa protein localized in the junction-
al plaque of the Sertoli cell ectoplasmic specialization of
the testis, from which it derives its name: espin 5
ectoplasmic specialization in (Bartles et al, 1996; Chen
et al, 1999). To date there are 4 major espin isoform size
classes ranging from about 110 to about 25 kDa and
designated as espin 1-4 in order of decreasing size; splice
variants are further specified alphabetically (Sekerkova et
al, 2004). Present in multiple actin-rich structures, espins
are especially prominent in stereocilia of cochlear and
vestibular hair cells and the microvilli of other sensory
cells (Zheng et al, 2000; Sekerkova et al, 2004, 2005). The
stereocilia of principal cells of the human epididymis have
been shown to contain an internal core of actin filament
bundles crosslinked by fimbrin and associated with the
membrane linker ezrin. Unlike brush border microvilli in
the intestine and kidney, the microvilli of epididymal
epithelial cells lack the bundling protein villin, but they
also contain a different class of actin crosslinking protein,
alpha actinin, in the stem portion of their long microvilli
(Hofer and Drenckhahn, 1996).

In this study, we sought to explore how testicular
factors regulate the growth and molecular composition
of epididymal cell microvilli. These analyses were
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performed in vivo and using an immortalized rat caput
epididymal (RCE) cell line, which has recently been
developed by Dufresne et al (2005). We identify a specific
espin isoform in the microvilli of epididymal principal
cells and discover that its expression and microvillar
dimensions are regulated by testicular factors.

Materials and Methods

Animals

All experimentation on animals was carried out according to
guidelines defined by the McGill University Animal Care
Committee and the Northwestern University Animal Care and
Use Committee. Adult Sprague-Dawley rats (300-400 g) were
purchased from Charles River Canada, Ltd (St Constant,
Canada) and maintained on a 12-hour light-dark regime. All
rats were fed Purina rat chow and given water ad libitum.

Experimental Protocols

In Vitro Regulation—Immortalized RCE cells were grown on
6-well plates coated with collagen IV in DMEM/HAM F12
medium (Sigma-Aldrich, Mississauga, Canada). Cells were
incubated at 32uC with 5% CO,. The cultured cells adhere to
the collagen and polarize with microvilli extending from 1
surface. The cells were removed from the wells by trypsin
digestion (0.05%). Procedures for culturing these cells are
described by Dufresne et al (2005). Preparation of testicular
extract was as follows: adult rat testes were homogenized in
culture medium (2 vol/wt). Homogenates were centrifuged at
maximum speed for 10 minutes at 4uC. The supernatant was
collected and stored at 286uC. The supernatant was filtered
using a 0.22- m filter prior to use. Separate wells containing
the RCE cells were cultured in the presence of 0% (control),
0.05%, 0.5%, and 5% testicular extract (TE) for 48 hours. At
the end of the incubation period, the cells from 4 separate wells
for each experimental group were centrifuged at 1000 6 g at
room temperature and the pellets fixed with 2.5% glutaralde-
hyde in 0.1 M sodium cacodylate buffer (pH 7.4) for 24 hours
at 4uC. Cells were washed overnight in 0.1 M sodium
cacodylate buffer, dehydrated in acetone, and embedded in
Epon. Ultrathin sections were cut with a diamond knife and
mounted on copper grids. Sections were stained with lead
citrate and uranyl acetate prior to examination by electron
microscopy (JEOL-USA Inc, Peabody, Mass).

Electron micrographs of microvillar areas at 1 pole of the
RCE cells exposed to different concentrations of testicular
extract were taken at a raw magnification of 43006 from which
prints were made at a final enlargement of 10 5006. The total
boundary area occupied by microvilli projecting from the apical
side of the cells was measured using a MOP-3 image analyzer
(Carl Zeiss Canada Ltd, Toronto, Canada). The area occupied
by microvilli projecting into this space was then outlined and
summed, and the dead space between microvilli was computed as
the difference between the total boundary area and the summed
microvillar areas in the microscopic field. Microvillar areas from
70-85 different cells were measured in this fashion for each
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Figure 1. (a) Electron micrograph of an untreated rat caput epididymal (RCE) principal cell with superimposed lines demarcating the boundary
area, microvillar area, and dead space area that were measured to calculate the size of microvilli in cells exposed to increasing concentrations
of testicular extract. n indicates nucleus. Original magnification 5 65006. (b) Electron micrograph of an RCE principal cell treated with 5%
testicular extract. Note the extensive microvillar development along 1 pole of the cell. mv indicates microvilli; E, endosomes. Original

magnification 5 65006.

Results

Effects of Testicular Extract on Microvillar Growth in the
RCE Cell Line

In the electron microscope, control RCE cells and those
incubated with 0.05% testicular extract had prominent
nuclei, a well-developed Golgi apparatus, abundant
cisternae of endoplasmic reticulum, and occasional

endosomes and lysosomes in addition to cytoskeletal
elements (Figure 1la), all features characteristic of
principal cells in vivo (Hamilton, 1975; Robaire and
Hermo, 1988). A few scattered microvilli were evident
along their apical surface (Figure 1a). In contrast,
whereas RCE cells exposed to 0.05%, 0.5%, and 5%
concentrations of testicular extract showed secretory
and endocytic organelles comparable in size and
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Figure 4. Reverse transcriptase—polymerase chain reaction of rat
espin in the epididymis of adult rats. In the epididymis, RNA was
isolated from 4 epididymal segments (initial segment [IS], caput [CT],
corpus [CS], and cauda [CA]). There is an intense 290-base pair
(bp) band in all segments (arrow).

Identification of Espin in the Adult Rat Epididymis In Vivo

Reverse transcriptase (RT)-PCR done on adult epidi-
dymal tissue using espin-specific primers revealed the
presence of a distinct band of about 290 base pairs (bp)
in all epididymal regions (Figure 4). Western blot
analysis confirmed that espin was expressed at the
protein level in the adult rat epididymis (Figure 5).

Regulation of Epididymal Espin on In Vivo Adult
Rat Epididymis

Immunostaining with an anti-espin antibody demon-
strated the presence of an intense reaction over the
microvilli of principal cells of the epididymal epithelium
of control adult rats (Figure 6a through c). The reaction
was homogeneous over the entire length of each
microvillus and was similar for these cells in each
epididymal segment (Figure 6a through c). There was
no reaction over epithelial clear cells anywhere in the
epididymis (Figure 6¢). In the testis, as a positive
control, a prominent reaction was present at the
ectoplasmic specializations found between Sertoli cells
and the heads of elongating spermatids and between
neighboring Sertoli cells (not shown). No reaction was
present over the epithelium or intertubular spaces of the
testis or epididymis when sections were incubated with
preimmune serum (Figure 6d).

Espin expression at 14 and 21 days after orchidect-
omy revealed the complete absence of a reaction over
the microvilli of principal cells in all epididymal
segments (Figure 7a). In orchidectomized rats that
received implants of testosterone (at high levels compa-
rable to that occurring in the epididymal lumen), espin
immunostaining was restored to an intensity compara-
ble to that seen in control rats (Figure 7b and c).
Ligation of the efferent ducts resulted in a decrease of
espin staining but not to the extent of that seen in
orchidectomized rats (Figure 7d).
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Figure 5. Western blot of espin in the testis (T) and epididymis (E).
No bands were detected in the immunoblots incubated with
preimmune serum (left panel). In the right panel, espin is detected
in protein extracts of the testis and epididymis at about 100 kDa.

Discussion

In the present study, espin was distributed over
microvilli of principal cells in all epididymal segments
of the adult rat epididymis in vivo. The presence of espin
in the adult rat epididymis was also confirmed by RT-
PCR and Western blot analysis. Espin was also
expressed over microvilli located at 1 pole of the RCE
cell line. Using electron microscopy, we demonstrated
using the RCE cells that the size of microvilli on
principal cells is regulated by an extract made from the
testis. This analysis revealed a significant increase in
microvillar surface area, with extensive branching in an









Primiani et al + Espin Expression and Regulation in Adult Rat Epididymis 667

Figure 7. Immunostaining with antiespin antibody in the caput epididymidis of orchidectomized rats (a), corpus (b), and cauda (c) regions of
orchidectomized rats supplemented with high doses of testosterone and efferent duct ligated rats (d), all at the 14-day interval. In panel a, no
reaction is apparent over the epithelium (E), whereas in panels b and c, the reaction is intense over microvilli of principal cells (arrows)
comparable to control rats. No reaction is seen over clear cells (C). In panel d, a spotty reaction is present over epithelial (E) principal cells
much weaker than in control rats. No reaction is ever detected over the intertubular spaces (IT) or luminal contents (Lu). In all panels, original
magnification 5 1006



668

that is necessary for sperm maturation. Past studies have
shown that many epididymal proteins are activated or
down-regulated after orchidectomy (Orgebin-Crist et al,
1975; Holland et al, 1992; Robaire and Viger, 1995; Ezer
and Robaire, 2002, 2003; Robaire et al, 2006). The
present data suggest that androgens regulate espin
expression in the adult epididymis.

In the male reproductive tract, many proteins have
been shown to be regulated by estrogens in the efferent
ducts and epididymis (Hess et al, 2002). To this end, we
examined whether or not espin is regulated by estrogen.
To access this parameter, we utilized wild-type and
aERKO mice in conjunction with LM immunocyto-
chemistry on a number of epididymal slides from such
mouse models that we have used in previous studies
(Ruz et al, 2006). Espin expression was intensely
expressed on the microvilli of principal cells of wild-
type mice and remained so in aERKO mice, suggesting
that estrogen did not regulate espin expression in the
epididymis (unpublished data).

Previous studies have shown that androgens regulate
the expression of proteins implicated in forming adherens
and tight junctions that are necessary for the formation of
an intact blood-epididymal barrier (Cyr et al, 2002).
Likewise, several pumps, transporters, and channels
present on microvilli have also been shown to be
androgen dependent (Badran and Hermo, 2002; Pastor-
Soler et al, 2002; Ruz et al, 2004). Thus, one of the critical
roles of androgens is to regulate epididymal functions
that control the composition of epididymal lumen and
hence sperm maturation, and this may in part be due to
structurally and functionally active microvilli.

In summary, in the present study microvillar size in
the RCE cell line is dependent on testicular factors, and
espin is expressed on 1 pole of these cells. In the adult rat
epididymis, espin is localized to the microvilli of
principal cells, where it is regulated by high levels of
testosterone. It is suggested that microvillar size and
integrity are dependent on espin and its regulation by
androgens.
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