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SUMMARY

This study reports the immunohistochemical
localization of alpha-smooth muscle actin,
cytokeratin, desmin and vimentin cytoskele-
tal proteins in the abdominal and contralater-
al scrotal testes of mature and immature
spontaneously unilateral cryptorchid West
African Dwarf Goats (WADGs). Smooth
muscle actin and desmin were co-expressed in
the capsule, peritubule and the interstitium
of the mature (scrotal) and immature (scrotal
and abdominal) testes. Only smooth muscle
actin, however, was variably immunoex-
pressed in the mature abdominal testes.
Mature (scrotal) and immature (scrotal and
abdominal) were variably immunopositive for
cytokeratin. The mature abdominal testis was
immunonegative for both cytokeratin and
desmin. Vimentin was very weakly to moder-
ately immunolocalized in the capsule and the
interstitium of the immature abdominal
testes, while the contralateral immature scro-
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tal testis showed moderate to very strong
immunoreactivity in the peritubule and
interstitium. The interstitium of the mature
scrotal testes was weakly to moderately
immunopositive for vimentin. The intersti-
tium of mature abdominal testis was, howev-
er, either negatively or weakly immunos-
tained for vimentin. The perinuclear zone of
each Sertoli cell showed vimentin immunore-
activity that was generally more intense in
immature testes. The results of the study
show that the cytoskeletal proteins in the
Sertoli cells of WADGs are immunohisto-
chemically similar to those reported in bovine
and ovine species. The results also show that
the testicular capsule of WADGs is
immunopositive for vimentin, contrary to
what has been reported in bulls and rams.
The study demonstrates that spontaneous
cryptorchidism in WADGs affects the co-
expression of cytoskeletal proteins in a some-
what different way from the situation
observed in humans, bulls and rams.
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INTRODUCTION

Cryptorchidism, hidden testis, is the failure
of the testes to descend into the scrotum (Dyce
et al., 2002; Devcota et al., 2006a). Testicular
descent is completely accomplished during
the intra-uterine life span of the pig, horse,
cattle, goats and sheep, in contrast to the
process in the dog (Baumann et al., 1981).
Maldescent of the testis may be unilateral or
bilateral, and may reveal the testis held within
the abdomen or trapped within the inguinal
canal (Dyce et al., 2002). Unilateral cryp-
torchidism is a common condition amongst
the West African Dwarf goats (WADGs) of
South-eastern Nigeria, the right testis being
retained constantly with an abdominal loca-
tion (Ezeasor, 1985).

The morphology of the scrotal and abdom-
inal testes of naturally occurring or sponta-
neous unilateral cryptorchid goats (Ezeasor,
1985; Ozyigit, 2007; Igbokwe et al., 2009),
horses, cats, rabbits (Fell, 1923), boars (Fell,
1923; van Straaten and Wensing, 1977;
Pinart et al., 1999; 2000; 2001), rams
(Hochereau-De Reviers et al., 1979) and
camels (Vyas et al., 1996) have been described
previously. The results from earlier immuno-
histochemical studies indicated that experi-
mentally induced cryptorchidism causes a
marked disruption of the cytoskeletons of
Sertoli cells and peritubular tissues in the rat
(Maekawa et al., 1995, Wang et al., 2002) and
rhesus monkey (Zhang et al., 2004).
Spontaneous cryptorchidism (Rogatsch et al.,
1996; Loose et al., 2002), postnatal develop-
ment (Steger and Wrobel, 1994; Zhu et al.,
1997; Devkota et al., 2006b), pathologic con-
ditions (Aumiiller et al., 1988; Rogatsch et
al., 1996) and ageing processes (de Miguel et
al., 1997) have also been reported as factors
that could alter the distribution pattern of the
various cytoskeletal proteins in the seminifer-
ous tubules of humans and, bovine, ovine,
porcine and rat species. Most previous works
have focused on the pattern of distribution of
the intermediate filaments and/or microfila-
ments of the seminiferous tubules and their
peritubular tissue in both health and in dis-
ease. Also, Arenas et al. (1997) have reported

an age-related variation in the immunoreac-
tions of the cytoskeletal proteins of normal
tunica albuginea of the testis in young and
ageing men. However, there few or no reports
addressing the comparative immunocharacter-
ization of the capsular, peritubular and inter-
tubular tissues of either the scrotal or the con-
tralateral abdominal testes of spontaneously
unilateral cryptorchid small ruminants, espe-
cially WADGs. According to Gall (1996), the
West African Dwarf Goat constitutes about
thirty eight percent of about thirty eight mil-
lion goats in fifteen countries of the West
African humid zone.

The testicular capsule and the peritubular
tissue, with their smooth muscle cells, are
important components of the contractile
mechanism of the testis (Hargrove et al.,
1977; Middendorff et al., 2002; Maretta and
Marettova, 2004; Banks et al., 2006; Aire and
Ozegbe, 2007; Ozegbe et al., 2008). These
smooth muscle cells have been shown to be
immunopositive for a-smooth muscle actin,
desmin, vimentin and smooth muscle myosin
(Arenas et al., 1997; Rodriguez et al., 1999;
Middendorft et al., 2002; Aire and Ozegbe,
2007; Ozegbe et al., 2008; Sasaki et al.,
2010). There are, however, no reports on the
distribution patterns of these cytoskeletal pro-
teins in either type of testis (normal or cryp-
torchid) in mature and immature naturally
unilateral cryptorchid West African dwarf
goats.

The present study thus aims at determin-
ing the presence or absence, as well as the dis-
tribution patterns, of &-smooth muscle actin
microfilament (MF), and cytokeratin, desmin
and vimentin intermediate filaments (IFs) in
the testicular capsule and the parenchyma of
both the scrotal and the contralateral abdomi-
nal testes of spontaneously unilateral cryp-
torchid, mature as well as immature, West
African dwarf goats by means of immunohis-
tochemical methods. The observations should
provide baseline data on aspects of the repro-
ductive biology of this socio-economically
important domesticated small ruminant.

MATERIALS AND METHODS

Pieces of testicular tissues (containing both
the capsule and the parenchyma) from sexual-
ly mature (n=5) and immature (n=5) naturally
unilateral cryptorchid West African Dwarf
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goats (WADGs) were used in the present
study. The samples, obtained from each of the
abdominal testes and the contralateral scrotal
testis, were collected 15-20 minutes after
slaughter at the Nsukka abattoir, Enugu
State, Nigeria, employing a standard slaugh-
ter protocol.

The tissue samples were immersion-fixed
in 10% bulffered formalin for 120 hours. After
fixation, tissues were processed routinely for
histology, embedded in paraffin wax, and sec-
tioned (5 pm). Immunohistochemical staining
was carried out as earlier described (Aire and
Ozegbe, 2007), using a LSAB-plus kit
(Dakocytomation, Denmark). Briefly, tissue
sections were mounted on slides precoated
with polylysine, deparaffinized, and rehydrat-
ed. Thereafter, the slides were immersed in
citrate buffer (pH 6) and microwaved at 750
W for three cycles of 7 minutes each. After
being allowed to cool for 20 minutes the sec-
tions were rinsed copiously with distilled
water. Endogenous peroxidase activity was
blocked using a 3% hydrogen peroxide solu-
tion in distilled water (v/v) for 5 minutes in a
humidified chamber. The slides were then
rinsed in a 0.01M phosphate buffered saline
solution containing bovine serum albumin
(PBS + BSA, pH 7.6) for 5 minutes.
Subsequently, the sections were incubated
with a-smooth muscle actin (M085101;
diluted 1:50), cytokeratin (M082101; 1:100),
desmin (A0611; 1:300) and vimentin
(M072501; 1:100) antibodies for 30 minutes,
following the protocol of the LSAB+® kit
(DakoCytomation, Denmark). All antibodies
were purchased from Dakocytomation,
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Denmark. After rinsing in PBS, each slide was
incubated for 15 minutes in a link antibody
(Biotinylated secondary antibody) and then in
peroxidase-labelled streptavidin. Antigen
localization was visualised after the addition
of either a 3,3’-diaminobenzidine tetrachlo-
ride solution (DAB) from the LSAB+® kit
(actin, cytokeratin and desmin) or VECTOR®
NovaRED™ (vimentin) solutions. Finally,
the sections were counterstained with haema-
toxylin.

On the basis of visual examination, the rel-
ative intensities of actin, cytokeratin, desmin
and vimentin immunoexpressions were desig-
nated as absent (-), weak (+), moderate (2+)
and strong (3+).

RESULTS

The relative intensities of a-smooth muscle
actin (x-SMA) MF, cytokeratin, desmin and
vimentin IFs in the capsule and the parenchy-
ma of both the mature and the immature
abdominal and scrotal testes of WADGs are
shown in Table 1. Generally, the cytoplasm of
Sertoli cells was immunonegative for a-SMA
MF, cytokeratin and desmin IFs.

Actin microfilament (x-SMA MF)

Immunoreaction to &®-SMA MF was very
weak to strong throughout the testicular cap-
sule of the mature and immature testes, irre-
spective of the location of the testis (Table 1,
Figs. 1 and 2). The a-SMA MF was moderate-
ly immunoexpressed in the tunica serosa and
the outer layer of tunica albuginea of the
mature scrotal testis (Fig. 1). The localization
of a-SMA MF in the tunica serosa and tunica

Table 1. Summary of the relative intensities of the immunoexpression of cytoskeletal proteins in the testicular capsule and parenchyma of the

West African Dwarf Goat.

Mature scrotal

Mature abdominal

a(2+); c(-/+);
d@2+/3+); v(-)

Outer layer of
t. albuginea

Inner layer of a(3+);c(2+);
t. alb. /t. vascul. d(2+/3+); v(-)
Capsular a(3+)*; c(-);

blood vessels d(-); v(-)
Peritubular muscle cell |a(3+); c(-);

layer d(3+); v(-)
Interstitial tissue a(+/2+);
c(2+/3+);
d(+/2+)%; v(+/2+)
a(-); c(-);
Perinuclear d(-); v(+/3+)
(Sertoli cell)

a(-/+); c(-);
d(-); v(-)
a(-/+); c(-);
d@-); v(-)
a(3+)%; c(-);
d-); v(-)
a2+/3+); c(-);
d-); v(-)

a(-);

c(-);

d@-);

v(- /+)

a(-); c(-);
d(-); v(2+)**

Immature scrotal Immature abdominal
a(+/2+); c(2+); a(+/2+); c(2+);
d(3+); v(-) d@+); v(-/+)T
a(+/2+); c(2+); a(+/3+);c(2+/3+);
dB+); v(-) dB+); v(-/+)T
a(3+); c(-); a(3+); c(-);
d(-/+); v(-/+) d(-); v(-/+)
a(3+); c(2+) a(3+); c(2+/3+)
d(3+); v(3+) d3+); v(-)
a(-/+)%; a(-/2+);
c(2+/3+); c(-/2+);
d(+/2+)%; v(+/2+) d2+/3+);

a(-); c(-); d() v(-/+)
v(3+) a-); ¢(-); d(-)
V(3 )tk
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albuginea in the immature scrotal testis varied
from weak to moderate (Fig. 2). The tunica
vasculosa as well the inner layer of the tunica
albuginea of the mature and immature scrotal
testes showed strong and variably moderate ot-
SMA MF immunoreactions, respectively
(Figs. 1 and 2). However, the mural elements
of the capsular blood vessels in both the
mature and immature scrotal testes were uni-
formly and strongly immunopositive.

The tunica serosa as well as the outer layer
of the tunica albuginea of both the mature and
immature abdominal testes showed varying
intensities of ®-SMA MF (Table 1, Figs. 1 and
2). Negative to very weak immunoreactions
were observed in the tunica serosa and the
outer layer of the tunica albuginea in the
mature abdominal testes while the same tunica
in immature abdominal testis showed weak to
moderate immunoreactivities (Table 1, Figs. 1
and 2). The a-SMA MF was very distinctly

Fig. 1. The testis of mature West African Dwarf Goats immunos-
tained for a-smooth muscle actin. (a) Scrotal testis showing sem-
iniferous peritubular tissue (PT) and inner zone (I) of the testicular
capsule with strong actin immunoreaction. The outer zone of the
testicular capsule (O) exhibits weak-to-moderate immunopositiv-
ity. (b) Abdominal testis, showing PT with moderate immunos-
taining and a testicular capsule (TC) devoid of immunoreaction.
x100.

and highly uniformly immunolocalized in the
mural elements of the capsular blood vessels of
the immature abdominal testis. The mural ele-
ments in the capsular blood vessels of the
mature abdominal testes, however, showed
strands of fibres that were very strongly
immunopositive for a-SMA MF.

The immunolocalization of a-SMA MF in
the testicular parenchyma of the mature and
immature abdominal and scrotal testes is
shown in Table 1 and Figures 1 and 2. Smooth
muscle actin was very strongly/distinctly
immunolocalized in the seminiferous per-
itubular boundary tissues of both the mature
and immature scrotal and abdominal testes
(Table 1, Figs. 1 and 2), the intensity of
immunostaining being higher in the imma-
ture abdominal testis than that of the mature
abdominal testis. In addition, smooth muscle
actin was weakly to moderately immunolocal-
ized in the interstitial tissue of the mature
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Fig. 2. Inner (I) and outer (O) zones of the testicular capsule (TC)
and seminiferous peritubular tissue (PT) of immature West
African Dwarf Goats immunostained for a-smooth muscle actin.
(a) Scrotal testis showing strongly immunostained PT and moder-
ately stained TC. (b) Abdominal testis showing strongly
immunostained PT and variably immunopositive I and O. x100.
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scrotal testes. However, negatively and/or
weakly immunostained strands of ®-SMA MF
were observed in the interstitial tissue of the
immature scrotal testes, unlike the immature
abdominal testes with uniformly negative to
moderate immunopositivities for x-SMA MF.
There was, however, no observable immunore-
active ®-SMA MF in the interstitial tissue of
the mature abdominal, as shown in Figure 1.

Cytokeratin intermediate filaments (IF)

Remarkable variations in the intensity of
the immunoexpression of cytokeratin IF were
observed in the capsule of the four groups of
testes under study (Fig. 3 and Table 1).
However, the mural elements of the capsular
blood vessels in all testes were uniformly
immunonegative for cytokeratin IF.

The tunica serosa and the outer layer of the
tunica albuginea of the mature scrotal testes

Fig. 3.- Testicular capsule (TC) and seminiferous peritubular tis-
sue (PT) of immature (a) and mature (b) testes immunostained for
cytokeratin. (a) The PT of immature scrotal (Inset) and abdominal
testes showing moderate immunopositivity. The tunica vasculosa
of the TC (abdominal testis) showing strong immunopositive reac-
tion. (b) Mature scrotal testis showing variably immunostained PT
(Inset) and TC. x100.

showed a negative to weak immunoreaction
for cytokeratin IF. Both layers were, however,
uniformly and moderately immunopostive for
cytokeratin IF in the immature scrotal.
Although the tunica vasculosa and the inner
layer of the tunica albuginea of the mature and
immature scrotal testes were immunopositive
for cytokeratin IF, the mature scrotal testes
exhibited a more intense reactivity than that
observed in the immature scrotal testes (Table

1 and Fig. 3).

The tunica serosa, tunica albuginea and
tunica vasculosa were immunonegative for
cytokeratin IF in the mature abdominal testes.
The immature abdominal testes, however,
showed a moderate to strong immunolocaliza-
tion of cytokeratin IF, the tunica vasculosa
and the inner zone of the tunica albuginea
being more intensely immunopositive than

Fig. 4.- Testicular capsule (TC) and seminiferous peritubular tis-
sue (arrow) of the West African Dwarf Goats immunostained for
desmin. The TC and/or seminiferous peritubular tissue (arrow) of
(a; b) immature abdominal, (c) immature scrotal and (d) mature
scrotal testes showing immunopositive reactions for desmin.
x100.
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the tunica serosa and the outer zone of the
tunica albuginea (Fig. 3 and Table 1).

The seminiferous peritubular boundary tis-
sues of the mature (scrotal) as well as imma-
ture (scrotal and abdominal) were
immunopositive  for  cytokeratin  IF.
Cytokeratin IF was, however, very strongly
immunolocalized in the seminiferous per-
itubular boundary tissue of the immature
abdominal testes (Fig. 3 and Table 1).

Cytokeratin IF was moderately immunolo-
calized in the interstitial tissues of both
mature and immature scrotal testes. There was
no observable immunoexpression of cytoker-
atin in the interstitial tissue of mature abdom-
inal testes. The interstitial tissue of immature
abdominal testes was, however, negatively to
moderately immunopositive for cytokeratin
(Fig. 3 and Table 1).

Desmin intermediate filaments (IF)

Desmin IF was strongly immunolocalized
in the capsules as well as in the seminiferous
peritubular boundary tissues of both imma-

Fig. 5.- Mature scrotal (a) and mature abdominal (b) testes of
West African Dwarf Goats immunostained for vimentin showing
immunopositive Sertoli cells (arrows) and an immunonegative tes-

ticular capsule (TC). (a) x400; (b) x100.

ture and mature scrotal testes (Fig. 4, Table
1). Immunoreaction to desmin was absent in
the mural elements of the capsular blood ves-
sels of mature scrotal testes. However, the
mural elements of the capsular blood vessels of
immature scrotal testes were negatively to
moderately immunostained for desmin.

There was no observable immunoreaction
to desmin in the mature abdominal testes.
The mural elements of the capsular blood ves-
sels in the immature abdominal testes were
also immunonegative for desmin. The desmin
immunoreaction was, however, moderate
and/or very strong throughout the tunics, the
seminiferous peritubular boundary tissue and
the interstitial tissue of immature abdominal
testes (Fig. 4 and Table 1). Weak and/or mod-
erately immunopositive strands of desmin
were observed in the interstitial tissues of both
mature and immature scrotal testes.

Vimentin intermediate filaments (IF)

Vimentin immunoreaction was absent in
all the tunics (tunica serosa, tunica albuginea

Fig. 6.- Immature scrotal (a) and abdominal (b) testes of West
African Dwarf Goats immunostained for vimentin showing
immunopositive Sertoli cells (arrows). Inset: Immature scrotal
testis (x200). TC = testicular capsule. (a) and (b) x100.
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and tunica vasculosa), the mural elements of
the capsular blood vessels and the seminifer-
ous peritubular boundary tissue of the mature
scrotal testes (Fig. 5). Neither was vimentin
observed in the capsule of the immature scro-
tal testes, except for some weakly stained
strands along the capsular blood vessels (Table
1). The seminiferous peritubular boundary tis-
sue as well as the interstices of the immature
scrotal testes were moderately to strongly
immunopositive for vimentin (Fig. 6 and

Table 1).

There was no observable Vimentin IF in
the capsule or the seminiferous peritubular
boundary tissue of the mature abdominal
testes. However, negatively and/or weakly
immunopositive vimentin IF was observed in
the interstitium of the mature abdominal
testes (Fig. 5). The capsule and the parenchy-
ma of the immature abdominal testes showed
negative and/or weak to moderate vimentin
immunoexpression (Fig. 6, Table 1).

Vimentin IF was variably immunoex-
pressed in the cytoplasm of the Sertoli cells of
both the mature and immature testes, as
shown in Table 1 and Figures 5 and 6. A weak
and/or strong vimentin immunoexpression
was observed in the cytoplasm of the Sertoli
cells of both the mature and immature scrotal
testes. The Sertoli cells of the immature scro-
tal testes, however, showed more immunopos-
itive vimentin IF at their basolateral borders
than that observed in the basolateral borders
of the mature scrotal testes (Figs. Sa and 0a,
and Table 1). Vimentin immunoexpression
was also very strong at the basolateral borders
of the Sertoli cells in the immature abdominal
testis, unlike the faint and moderate
immunostaining observed in the mature
abdominal testes.

Discussion

Smooth muscle cells of the capsule and the
peritubule of WADGs exhibited variable
degrees of actin immunoreactivity. The cap-
sules of mature scrotal and immature abdom-
inal testes were more intensely immunos-
tained than those of immature abdominal
testes, which in turn were more immunoposi-
tive than those of mature abdominal testes.
Smooth muscle actin is abundant in the testic-
ular capsule of the rat (Maekawa et al., 1991;
1995), monkey (Schlatt et al., 1993) and the

emu and ostrich (Ozegbe et al., 2008). The
observation that SMA was more intensely
immunolocalized in the tunica vasculosa and
the inner layer of the tunica albuginea of
mature scrotal and immature abdominal testes
of WADGs confirms an earlier report by
Ozegbe et al. (2008) in the ratite birds.

The Sertoli cells of all the WADGs used in
this study immunoexpressed variable intensi-
ties and localizations of vimentin intermediate
filament, depending on the age of the animal
and the location of the testis. Similar observa-
tions have been reported in the cryptorchid
porcine (Loose et al., 2002) and in the postna-
tally developing bovine (Devkota et al.,
2006a). The Sertoli cells were immunonega-
tive for a-smooth muscle actin microfila-
ments, cytokeratins and desmin intermediate
filaments. This confirms the earlier report of
Steger and Wrobel (1994) and Devkota et al.
(200064, b) in the ovine and bovine, respective-
ly. Rogatsch et al. (1996) and Zhang et al.
(2004), however, reported that the Sertoli cells
of both spontaneous and the experimentally-
induced cryptorchid testes of humans and rhe-
sus monkeys, respectively, co-expressed
vimentin, desmin and cytokeratins.

The tunica albuginea of men (Arenas et al.,
1997) and birds (Aire and Ozegbe, 2007;
Ozegbe et al., 2008; 2012) present myoid and
fibroblast-like cells. Lazarides (1980) reported
that many mesenchyme-derived cells, includ-
ing fibroblasts, muscle cells, endothelial cells,
microglial cells, and chondroblasts contain
vimentin intermediate filaments. The
observed vimentin immunonegative reaction
in the smooth muscle cell layers of the capsule
(mature abdominal and scrotal, and immature
scrotal) and the peritubule (mature abdominal
and scrotal, and immature abdominal) of the
testes of WADGs is similar to that reported in
the ostrich and masked weaver bird (Ozegbe
et al., 2008; 2012) but contrary to the obser-
vations made in the adult ram and bull (Steger
et al., 1994), humans (Arenas et al., 1997),
quail and the emu (Aire and Ozegbe 2007;
Ozegbe et al., 2008).

The moderate to strong immunoexpression
of desmin in the peritubular tissue (mature
and immature scrotal testes) and/or co-expres-
sion of cytokeratin and desmin by the testicu-
lar capsule (mature and immature scrotal, and
immature abdominal testes), peritubular tis-
sue (immature abdominal testes) and the
interstitium (mature and immature scrotal,
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and immature abdominal testes) of WADGs
is contrary to the observation of Steger and
Wrobel (1994) that desmin vanishes com-
pletely in the ovine testis as soon as animals
reach puberty. Thus, the immunoexpressions
of desmin in the caprine scrotal testes may be
peculiar and not age-related.
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