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Immunolocalization of Estrogen Receptor beta, Androgen
Receptor and Ki-67 Protein in Testicular Tissues of Unilateral

Cryptorchidism Boar
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Abstract

This study was performed to investigate histological structure, expressions of estrogen receptor beta (ERP),
androgen receptor (AR) and proliferation marker (Ki-67 protein) in scrotal and abdominal testicular tissues of
unilateral cryptorchidism prepubertal boars. Testicular tissues were obtained from 8 unilateral cryptorchidism boars.
Immunohistochemical staining for ERB, AR and Ki-67 protein was performed by avidin-biotin-peroxidase complex
(ABC) method. The similar histological structure of both scrotal and abdominal testicular tissues was observed.
Immunolocalization of Ki-67 was found in the nuclei of germ cells, interstitial cells and Sertoli cells of both scrotal and
abdominal testicular tissues. For ERB and AR, the immunolocalization was found in germ cells and interstitial cells of
both scrotal and abdominal testicular tissues. Based on the statistical analysis, the ERP expression in the interstitial
area of scrotal testis was significantly higher than in the abdominal testis. A tendency of more expressions of Ki-67
protein (p=0.40) in the seminiferous tubule of the scrotal testicular tissues than in the abdominal testicular tissues was
found. The expressions of AR in scrotal and abdominal testicular tissues were not significantly different. In
conclusion, the histological structures of scrotal and abdominal testis of unilateral cryptorchidism boars are not
different. However, there are differences in their immunolocalization patterns between the scrotal and abdominal
testis as well as seminiferous tubules and interstitial areas.
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Introduction Androgen plays an important role in male

characteristics and accessory male sex organs
development. Moreover, it plays role in the initiation
of spermatogenesis (Wang et al., 2009). A previous
study demonstrated that the presence of androgen
receptor in boar testicular tissue was related to the
expression of estrogen receptors (Ramesh et al., 2007).

Cryptorchidism is a common reproductive
defect, which is a failure of one testis (unilateral
cryptorchidism) or  both  testes  (bilateral
cryptorchidism) to descend to the scrotum (Pinart et

al., 1999b). The impairment of the contralateral scrotal ) :
testis may be caused by the malfunction of the The presence of androgen receptor (AR) in Sertoli

cryptorchid testis (Pinart et al., 19993, Pinart et al., cells and Leydig cells are associated with various
2002) processes of spermatogenesis (Wang et al., 2009).

Proliferation of several cell types in
seminiferous tubules is involved in spermatogenesis.
There are many cell types in testicular tissue that can
be proliferated such as germ cells, Sertoli cells and
Leydig cells. (Sriraman et al., 2000; Angelopoulou et
al., 2008). Ki-67 is a well-established proliferation
marker (Gerdes et al., 1991). A detailed in cell cycle
analysis showed that the Ki-67 nuclear antigen was
expressed in G1, S, G2, and mitosis, but not in resting
cell in GO phase (Gerdes et al., 1984).

It is well documented that estrogen is an
important hormone for male reproductive function, in
which it influence spermatogenesis and Sertoli-germ
cells interaction. The physiological role of estrogen in
males involve several steps of sperm production and
maturation. Estrogen receptors are needed to exert
estrogen action. The expression of estrogen receptor
beta (ERP) is found in immature boar testicular tissue,
whereas the expression of estrogen receptor alpha
(ERa) is observed in testes of mature boar (Rago et al.,
2004).
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Until the present, the expressions of ERP and
AR in relation to proliferation activity in testicular
tissues of cryptorchidism boars have not been fully
investigated. In order to understand the role of steroid
receptors; ERP and AR presented in various cell types
cryptorchidism testis and normal testis in connection
with the initiation of spermatogenesis, the expressions
of ERB, AR and Ki-67 protein in scrotal and
abdominal testicular tissues of the same boar are
investigated.

Materials and Methods

The experimental plan was approved by the
Ethical Committee for Experimentation with Animals
at Faculty of Veterinary Science, Mahidol University.

Amnimals: Eight unilateral cryptorchidism boars aged 2
months old were investigated. The animals were kept
in an open house, fed with commercial diet and given
water ad libitum.

Collection of samples: Both testes were collected from
each boar by surgical excision under general
anesthesia. Approximately 1x1 cm. of testicular tissue
samples were fixed in 4% (w/v) paraformaldehyde
for 48 hours. Thereafter they were dehydrated,
embedded in paraffin and 4 pm thick sections were
cut from each block and mounted on 3-aminopropyl
triethoxysilane (Sigma-Aldrich, St Louis, MO) coated
slides. The sections were kept until the
immunohistochemical procedure was performed.

Immunohistochemistry: ~ The  specimens  were
deparaffinized in xylene and rehydrated in graded
ethanol. After washing with distilled water, they were
subjected to high-temperature antigen retrieval by
incubation with 0.01M citrate buffer, pH 6.0 in a
microwave at high power (800W) for 5 min followed
by long heating at 240W for 3 min and at 400W for 20
min (Manee-in and Srisuwatanasagul, 2011), at 800W
for 30 min (5 min x 6) for ERp and AR. The slides
were rinsed with 10mM, pH 7.4 phosphate-buffered
saline (PBS). The following procedures were
performed at room temperature. Endogenous
peroxidase activity was blocked with 3% hydrogen
peroxide in methanol for 10 min, then the tissues were
rinsed with PBS. Non-specific staining was eliminated
by incubating the sections with normal horse serum
for 30 min. The sections were incubated with specific
primary mouse monoclonal antibody to Ki-67 (clone
MIB-1, dilution 1:100, Dako, Denmark) for 2 hours at
room temperature, primary rabbit polyclonal
antibody to ERp (clone H-150, dilution 1:100, Santa
Cruz Biotech, CA) for 3 hours at room temperature,
and rabbit polyclonal antibody to AR (clone N-20,
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dilution 1:100, Santa Cruz Biotech, CA) for all slides
were placed in a humidified chamber. After primary
antibody binding, the sections were washed in PBS
and incubated with the secondary antibody in a
dilution of 1:200 for 30 min. After the slides were
washed in PBS the sections were incubated for 30 min
with horseradish peroxidase avidin biotin complex
(Vectastain® ABC kit, Vector Laboratories, Inc., USA).
After the final wash with PBS, the color was
developed with a freshly prepared solution of 3, 3'-
diaminobenzidine (DAB kit, Vector Laboratories, Inc.,
USA). All sections were counterstained with Mayer’s
hematoxylin, dehydrated, and mounted with
glycerine gelatin for investigation under a light
microscope. Sections treated with non-immune
serum, instead of the specific antibody, were used as
negative controls. Sections from normal pig ovary,
which is known to express ERP, normal pig intestine,
which is known to express Ki-67 protein, and normal
testicular tissue from pubertal boar were served as
positive controls.

Evaluation of immunolabelling intensity: Each tissue
section was acquired with a Nikon ECLIPSE TE2000-
U.The average labeling intensity percentage evaluated
by image analysis (Image-Pro® PLUS 5.0
Programming software, Media Cybernetics, Inc). The
percentages of positive nuclear staining (brown
nuclei) were counted on 10 randomly selected fields
in each compartment (seminiferous tubules and
interstitial area) (Manee-in and Srisuwatanasagul,
2011). The results were presented as mean ratio of
positive percentage nuclear staining.

Statistical analysis: Data were handled and
statistically analyzed wusing the GraphPad Prism
(version 4, San Diego, USA). Normal distribution of
residuals from the statistical models was tested using
Kolmogorov-Smirnov test. Differences in mean
number of positive percentage of ERp, AR and Ki-67
were tested using Paired-T test. Correlation between
positive percentage of ERP, AR and Ki-67 were
evaluated using Pearson correlation coefficients. A p-
value < 0.05 was considered statistically significant.

Results

Microscopic evaluation: The similar histological
structures of both scrotal and abdominal testicular
tissues were observed. Both of testicular tissues were
presented by small seminiferous tubules, which
composed of spermatogonia and Sertoli cells. In
addition, the clusters of Leydig cell were found in the
interstitial area (Fig. 1). Pathological findings of both
scrotal and abdominal testes were not observed.

Table 1 The percentage of Ki-67, ER and AR positive area (mean+SD) in the scrotal and abdominal testis of boar (n=8)

Ki-67 ERpB AR
Tissues Seminiferous Interstitial Seminiferous Interstitial area Seminiferous Interstitial
tubules area tubules area
Scrotal testis 11.946.92 8.18+2.93 3.16+1.96 7.46+1.363 4.96+1.96 3.09+2.16
Abdominal testis 9.83+2.01 7.56%1.83 3.71+3.12 2.97+1.890 6.77+1.36 4.26+1.93
Overall significance p=0.40 NS p<0.05 NS NS

Mean (+ SD) within the same column followed by the different superscript letters are significantly different (p<0.05)
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Table 2 The percentage of Ki-67, ERP and AR positive area (mean+SD) in the seminiferous tubules and interstitial space (n=8)

Ki-67 ERpB AR
Area Scrotal Abdominal Scrotal testis Abdominal Scrotal testis Abdominal
testis testis testis testis
Seminiferous tubules 11.9+6.92 9.83+2.012 3.16+1.96 3.71£3.12 4.9611.96 6.77+1.362
Interstitial area 8.18+2.93 7.56%1.83 " 7.4611.36 2.97+1.89 3.09+2.16 4.26+1.93b
Overall significance NS p<0.05 NS NS NS p<0.01

Mean (+SD) within the same column followed by the different superscript letters are significantly different (p<0.05)

Immunohistochemistry: Immunolocalization of Ki-67
was observed in the nuclei of germ cells, interstitial
cells, Sertoli cells and peritubular myoid cells of both
scrotal and abdominal testicular tissues. For ERp and
AR, the immunolocalization was observed in the
nuclei of germ cells and interstitial cells of both scrotal
and abdominal testicular tissues (Fig. 2). The
percentages of ERPB, AR and Ki-67 positive cells in
scrotal and abdominal testes and the different
compartments of testicular tissues are shown in table
1 and 2, respectively.

In the interstitial area, a significantly higher
positive percentage of ERP was observed in the
scrotal testis compared with the abdominal testis
(p<0.05). In the scrotal testis, the percentage of ERP
positive in the interstitial cells appeared to be higher
than in the seminiferous tubules (p=0.07).

In the abdominal testis, a significantly higher
number of AR positive cells were observed in the
seminiferous tubules compared with the interstitial
cells. In the scrotal testis, the percentage of AR
positive cells of seminiferous tubules appeared to be
higher than in the interstitial area (p=0.06).

The percentage of Ki-67 positive cells in the
seminiferous tubules was significantly higher than in
the interstitial cells of abdominal testes (p=0.04). In the
scrotal testis, the Ki-67 positive cells in the
seminiferous tubules appeared to be higher than in
the interstitial cells (p<0.1). A significant difference
between percentage of Ki-67 positive cells in the
scrotal and abdominal testes was not found.
Therefore, there was no significant correlation
between the positive area of ERf, AR and Ki-67.

Discussion

In the present study, similar histological
findings were observed in both abdominal and scrotal
testicular tissues. Both seminiferous tubules of the
abdominal and scrotal testes were composed of
immature Sertoli cells, a few spermatogonia and
gonocyte. The Leydig cells (interstitial cells) were
found in the interstitial area of the testicular tissues.
These data suggested that the scrotal testicular tissues
structure of prepubertal boar had not yet been fully
developed (Ramesh et al., 2007).

The expression of ERp was observed in the
nuclei of germ cells and interstitial cells. This finding
is similar to the previous study of the testicular tissues
of immature boar (Rago et al., 2004). In this study, the
ERP expression in the interstitial area of scrotal testis
was significantly higher than in the abdominal testis.
This finding indicated that scrotal testis might have a
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Figure 1 The morphology of the abdominal and scrotal
testicular tissue of prepubertal boar testis (A and

B, respectively). Sertoli cells (arrow head),
spermatogonia (black arrow) and Leydig cells
(white arrow). Hematoxylin-eosin staining,
Bar=100 pm

Figure 2 The expression of ERB, AR and Ki-67 protein in
prepubertal boar testicular tissues. Positive
immunostaining of ERB, AR and Ki-67 in the
seminiferous tubules (arrow head) and interstitial
cells (black arrow) (A, C and E, respectively).
Positive control sections for ERP, AR and Ki-67
protein (black arrow) (B, D and F, respectively),
Bar=100 pm

good opportunity to develop, since estrogens could
modulate spermatogenesis and testicular
development (Rago et al., 2004). The expression of
ERP was also observed in the germ cells, which can
explain the role of estrogens in germ cells
development (Carani et al., 1997).

The expressions of AR in both abdominal
and scrotal testes were not significantly different. This
may be the result of the immaturity of the boars, in
which the level of testosterone, which influence on the
expression of AR, may be low (Ramesh et al., 2007).
The expression of AR was pronounced in the
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seminiferous tubules than another area. Similar result
was found in rat testicular tissue which indicated the
role of androgen in spermatogenesis (Hansson et al.,
1975).

Ki-67 positive cells could be found in the
seminiferous tubules and interstitial area of both the
abdominal and scrotal testicular tissue. This is in
accordance with previous study in cryptorchidism
boar (Bernal-Manas et al., 2005). The Ki-67 positive
cells were higher in the seminiferous tubules of the
scrotal testis than in the abdominal testis, but there
was not any significantly statistical difference. This
finding may be explained by the similar histological
structure of abdominal and scrotal testes found in the
present study. However, when compared with an
earlier study in cryptorchidism boar, the present
study’s result is different. The earlier study showed a
lower proliferation in abdominal testicular tissues
(Bernal-Manas et al., 2005). The difference may be
explained by the different structures between the
abdominal and scrotal testis of postpubertal boars, in
which scrotal testes are fully developed. Regarding
testicular tissue compartments, the Ki-67 positive cells
in the seminiferous tubules were higher than in the
interstitial area. This finding suggested the role of
germ cell proliferation that had a higher degree than
the interstitial cells.

In conclusion, this is the first report the
steroid receptors protein expression in cryptorchidism
testicular tissues of prepubertal boar. The expression
of ERp in the interstitial area was predominant in the
scrotal testicular tissues than in the abdominal
testicular tissue. A tendency of more expressions of
Ki-67 receptors in the seminiferous tubule of the
scrotal testicular tissues than in the abdominal
testicular tissues was observed. However, the
expression of AR protein in the scrotal and abdominal
testicular tissues was not significant different.
Therefore, a further study of steroid hormone
receptors, especially AR, in cryptorchidism boar
should be conducted in older boars which have fully-
developed scrotal testicular structures for a better
understanding of the pathogenesis and physiological
status of cryptorchidism boar.
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