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Abstract

The thyroid hormone has few serious effects on the testes except during the neonatal stage. There is little knowledge concerning
the prolonged effect of thyroid hormone deficiency throughout the rat’s life span and its effect on spermatogenesis. Proliferating
cell nuclear antigen (PCNA) is a nuclear matrix protein, which is essential for multiple cell cycle pathways. Here we used PCNA
immunohistochemistry as a marker to differentiate between the testes of control and hypothyroid rats. About 20 rats were
equally divided into 2 groups; the first group was the control group, while the second group was the experimental group in
which rats were fed 0.05% 6-n-propyl thiouracil (PTU) in drinking water for 6 weeks. Immunohistochemistry, using an antibody
against PCNA, showed at least 3 differences in the pattern of PCNA immunoreactivity (PCNA-ir). First, PCNA-ir was not
detected in Sertoli and Leydig cells in the testes of control rats and detected in some of the hypothyroid rats. Second, in the con-
trol group more than 96% of spermatogonia were PCNA-positive cells; however, hypothyroidism caused the reduction to
approximately 25% PCNA staining in spermatogonia. The third difference was in the abnormal distribution of spermatogonia seen
in the hypothyroid rat testis, not in the control one. These results suggest that prepubertal hypothyroidism affects the prolifera-
tion of spermatogenic cells leading to impaired spermatogenesis and that PCNA index is a useful marker for assessing germ cell
kinetics and spermatogenesis in prepubertal hypothyroidism.
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Although the basic mechanisms involved in the regulatory
actions of thyroid hormone in testicular cells are still unde-
fined, the presence of thyroid hormone receptors (TRs) in
human and rat testes throughout development and in adulthood
implies that T3 may act directly via the classical genomic path-
way in this organ.>%!3

Altered thyroid status, experimentally induced or occurring

Introduction

Appropriate level of thyroid hormone is essential for normal
development and metabolism in most vertebrate tissues, and
altered thyroid status adversely affects them.'? For many
years, the testis was regarded a thyroid hormone unresponsive
organ, but consistent evidence accumulated in the past 2

decades has definitively changed this classical view.

The testes are mainly regulated by the gonadotrophin
follicle-stimulating hormone (FSH) and Iuteinizing hormone
(LH), the latter acting through the intermediate testosterone
secreted by the Leydig cells.>* It is well accepted that these
systemic hormones and local testicular paracrine—autocrine
factors work together to initiate and maintain testicular func-
tion and sperm production.’ Apart from gonadotrophins, thyr-
oid hormone has also been shown to play an important role
in testicular physiology.>®” It is now established that tri-
iodothyronine (T3) regulates the maturation and growth of tes-
tis, in rats and other mammal species, by inhibiting immature
Sertoli cell proliferation and stimulating their functional differ-
entiation.®'® Similarly, thyroid hormone has also been shown
to play a critical role in the onset of Leydig cell differentiation
and stimulation of steroidogenesis in postnatal rat testis.' "'

in adult life, is frequently associated with some kind of sexual
dysfunction and/or morphological testicular degeneration.'*”
Because most experimental studies to date have focused on
thyroid hormone effects on the developing testes, only limited
data are available on its role in spermatogenesis.

" Department of Zoology, Tanta University, Egypt

2 Biochemistry Section, Department of Chemistry, Faculty of Science, Tanta
University, Egypt

3 Department of Medical Biochemistry, Faculty of Medicine, Tanta University,
Egypt

Corresponding Author:
Ehab Tousson, Department of Zoology, Tanta University, Egypt
Email: toussonehab@yahoo.com


http://crossmark.crossref.org/dialog/?doi=10.1177%2F1933719110395401&domain=pdf&date_stamp=2011-01-27

680

Reproductive Sciences 18(7)

Proliferating cell nuclear antigen (PCNA) is a well-known
36-kDa nuclear matrix protein, which is essential for multiple
cell cycle pathways, including DNA replication, DNA elonga-
tion (leading strand synthesis), and DNA excision repair.'®'" It
is also utilized in cell cycle control through direct interaction
with cyclin/cdk complexes, allowing progression through the
G1/S boundary of the cell cycle.?® Proliferating cell nuclear
antigen is an essential component of the DNA replication
machinery, acting as the processing factor for polymerases.*!
In addition to its role in replication, PCNA is also required for
nucleotide excision repair and plays a role in 1 pathway of base
excision repair.>? Analysis of proteins that interact with PCNA
has shown that it not only interacts with enzymes involved in
the mechanics of DNA repair and replication but also binds
to cell cycle regulatory proteins such as p21 and Gadd45.%*~*
Proliferating cell nuclear antigen is useful for the diagnosis
of germinal arrest because there are significantly reduced
PCNA levels in germinal arrest, which is an indication of DNA
synthesis deterioration.”® In this study, a detailed histopatholo-
gical examination was performed, including PCNA immuno-
histochemistry of rat testicular tissue to analyze the
proliferation rate of the germ cells and to examine the effects
of 6-n-propyl thiouracil (PTU)-induced hypothyroidism on the
proliferative aspects of spermatogenesis.

Materials and Methods

The experiments were performed on 20 male albino rats (Rat-
tus norvigicus) weighing 120 g (+ 10 g) and of 6 to 7 weeks’
age. They were obtained from Helwan laboratory farms of the
Egyptian Organization for Vaccine and Biologic Preparations.
The rats were kept in the laboratory for 1 week before the
experimental work and maintained on a standard diet and water
available ad libitum. The temperature in the animal room was
maintained at 23 4 2°C with a relative humidity of 55% +5%.
Light was on a 12:12-hour light—dark cycle. The experimental
protocol was approved by local ethics committee and animals
research. The rats were equally divided into 2 groups: the first
group was the control group in which rats never received any
treatment; while the second group was the experimental group
in which rats received 0.05% PTU in drinking water for
6 weeks.?

At the end of the experimental period, 5 rats from each
group were euthanized with intravenous injection with sodium
pentobarbital and subjected to a complete necropsy. Blood
samples were individually collected from each rat in nonhepar-
inized glass tubes. Serum was separated by centrifugation at
3000 rpm for 15 minutes. The collected serum was stored at
—18°C until analysis. Serum was analyzed to determine the
T3 and thyroid-stimulating hormone (TSH) levels.

Determination of Serum T3 and TSH Concentrations

Serum T3 was assayed using commercial test supplied by the
Diagnostic systems Laboratories (DSL), Texas. Serum TSH

was assayed using commercial kit supplied by Coat-A-Count
TSH IRMA, Los Angeles, California.

Proliferating Cell Nuclear Antigen
Immunohistochemistry

The other 5 rats from each group were anesthetized with thio-
pental. Through surgical incision on the sternum, the thorax
was opened and the perfusion was done from left ventricle and
right atrium. A rinsing solution was perfused before the fixa-
tion solution (Bouin fluid). Due to the narrow testicular artery
branches from the abdominal aorta near the renal artery, it is
probably constricted and occluded during the perfusion pro-
cess. Perfusion with rinsing solution helped overcome this
problem. To make rinsing solution, 9.0 g NaCl, 25 g polyvinyl-
pyrrolidone, 0.25 g heparin, and 5.0g procaine-HCL were dis-
solved in 1 L of water by thorough stirring. The pH was
adjusted to 7.35 with 1 N NaOH and twice filtered through
Millipore filters of 3.0 um or less pore size. The perfusion of
both solutions was performed using a scalp vein attached to a
50 cc syringe. Testes were immediately removed, taking care
to handle specimens gently to minimize trauma to the delicate
seminiferous tubules prior to the placement of each testis into
fixative solution. The tunica albuginea was shallowly pierced
at each pole 5 times with a 21-gauge needle to aid in the pene-
tration of the fixative solution. Fixation time was limited to
24 hours and tissues were transferred to 70% ethyl alcohol.
Alcohol was changed 3 times daily for 2 days before transfer-
ring the specimens to a saturated solution of 70% ethyl alcohol
and lithium carbonate to neutralize the picric acid in Bouin
fluid. The ethyl alcohol-lithium carbonate solution was chan-
ged 3 or more times until the yellow color of Bouin fluid was
almost completely depleted from the tissue. Testes were stored
in 70% ethyl alcohol until they were processed.”” The fixed
testes were dehydrated through a graded series of ethanol and
embedded in paraffin, according to standard procedures.
Paraffin sections (5 pm thick) were mounted on gelatin
chromalum-coated glass slides and stored at room temperature
until further processing. The 5 um thick paraffin sections were
used for PCNA immunohistochemical staining method.*®
Testicular distribution of PCNA receptor subunits were
examined in deparaffinized sections (5 pm) of Bouin fixed
testes of rats using an avidin—biotin—peroxidase (ABC) immu-
nohistochemical method (Elite-ABC, Vector Laboratories,
California) against PCNA (dilution 1:100, DAKO Japan Co,
Ltd, Tokyo, Japan). Briefly, sections were deparaffinized,
rehydrated, washed in phosphate buffered saline ([PBS] 3 x
5 minutes) and peroxidase activity was quenched using 0.3%
H,0, in methanol for 30 minutes. Subsequently, samples were
washed in PBS and incubated with blocking solution at room
temperature for 10 minutes. After rinsing with PBS, sections
were incubated with biotinylated mouse PCNA primary anti-
body in moist chamber for 30 to 60 minutes and then rinsed
with PBS. Samples were incubated with streptavidin peroxi-
dase at room temperature for 10 minutes and washed with PBS.
The antibody—peroxidase complex was developed using the
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diaminobenzidine (DAB) chromogen at 18-24°C for 2-5min.
Finally, the sections were washed with PBS, counterstained
with hematoxylin for 1 minute, washed with tap water then
PBS for 30 seconds, dehydrated through ascending grades of
alcohol, delipidated in xylene, and coverslipped with Mount-
Quick (Daido Sangyo, Tokyo). All stained slides were viewed
using Olympus microscope and images were captured by a
digital camera (Canon PowerShot A620). Brightness, contrast,
and analysis of the images were adjusted using Adobe Photo-
shop software (version 4.0.1; Adobe Systems, Mountain View,
California).

PCNA-Labeling Index

We determined the PCNA labeling index (PCNA-LI) in the
PCNA immunoreactive slides by slide examination under
the light microscope with a magnification of X200 and with
the help of PAX-it image analysis software. Selected sections
were evaluated for PCNA immunostaining. Microscopic fields
were chosen at random and 5 fields per slide were evaluated.
Only the basal germ cells of the seminiferous tubules were
counted, as they are the cells where active DNA synthesis took
place.” The PCNA-LI for each seminiferous tubule was
estimated as a percentage of immunolabeled cells (cells with
brown nuclear staining PCNA) to all basal cells.*® The aver-
age PCNA index in each case was obtained by dividing the sum
of all PCNA indices by the number of seminiferous tubules in
which the calculation was carried out. For each specimen the
mean + SD was calculated.

Statistical Analysis. Data were expressed as mean values + SD
and statistical analysis was performed using 1-way analysis
of variance (ANOVA) to assess significant differences among
treatment groups. The criterion for statistical significance was
set at P < .05. All statistical analyses were performed using
SPSS statistical version 16 software package (SPSS Inc., IBM
Company; Somers, NY 10589 USA).

Results

Serum T3 levels were significantly lower in hypothyroid rats
compared with the control. On the other hand, serum TSH lev-
els in rats were significantly higher than those found in the con-
trol rats (Table 1).

The light microscopy examination of the testis of the control
rats showed a normal structure completely enveloped by a thick
capsule, tunica albuginea, which is composed mainly of dense
collagenous fibrous connective tissue. The structural compo-
nents of the testis are the seminiferous tubules and interstitial
tissues (Figure 1A). The interstitial cells (Leydig cells) of con-
trol rats are found in the connective tissue between the semini-
ferous tubules and showed a negative reaction for PCNA-ir
(Figure 1B). The seminiferous tubules are of 2 types of cells,
the Sertoli cells, resting on the thin basal lamina (basement
membrane) and the spermatogenic cells. Figure 1F shows a
negative reaction for PCNA-ir in Sertoli cells of control rats,

Table I. Serum T3 and TSH Levels and PCNA Index in Testes Tissues
of Control and Hypothyroid Rats

Parameters
Groups
Total T3 (ng/dL)  TSH (mIU/mL) PCNA-LI

G, (control), 155.8 + 30.335 0.014 + 0.006 96.33 + 5.59

mean + SD x 1073
G, (PTU-induced 56 + 11.023* 4.1 4+ 0.7x1073 19.45 + 3.55

hypothyroidism),

Mean + SD

Abbreviations: T3, tri-iodothyronine; TSH, thyroid-stimulating hormone;
PCNA, proliferating cell nuclear antigen; LI, labeling index; PTU, 6-n-propyl
thiouracil; SD, standard deviation.

* P <.001 vs control rats.

which can be identified by their oval- or pear-shaped vesicular
nuclei lying perpendicular on the basement membrane of semi-
niferous tubules (data not shown). The spermatogenic cells are
arranged in many layers, namely, the spermatogonia; primary
and secondary spermatocytes; spermatoids; and finally mature
spermatozoa. Only the spermatogonia in control animals
showed a positive strong reaction for PCNA-ir (Figure 1),
while the other spermatogenic cell types showed negative reac-
tion (Figure 1C and D). The lumen of the seminiferous tubules
in the control group was fully packed with sperms that showed
a negative reaction for PCNA-ir (Figure 1A-C).

The testes of hypothyroid rats showed many immunohis-
tochemical changes in testicular tissues (Figure 2). Table 1
presents the index PCNA value and the number of PCNA-ir-
positive germ cells per tubule cross-section significantly
decreased following PTU treatment (19.45+3.55) in com-
parison to the control group (96.33 + 5.59). The number
of spermatozoa is less in hypothyroid rats, where the lumen
of some seminiferous tubules was clear and the spermatozoa
were not seen (Figure 2A and B). Some of the Sertoli cells
in the seminiferous tubules of hypothyroid rats showed pos-
itive reaction for PCNA in contrast to the control group
(Figure 2C). Figure 2D shows positive reaction for PCNA
in some Leydig interstitial cells lying between seminiferous
tubules of hypothyroid rats in contrast to the control group.
The distribution of spermatogonia in seminiferous tubules of
hypothyroid rats is not homogenous as in control animals
(Figure 2E and F). Some of the spermatogonia in the testes
of hypothyroid rats were observed in the lumen of the semi-
niferous tubules and between the spermatocytes (Figure 2E
and F).

Discussion

The thyroid hormone is essential for the development and
maintenance of the testes. In previous studies, the thyroid hor-
mone has few serious effects on the testes except during the
neonatal stage when the thyroid hormone receptor is mainly
present. However, there is little knowledge concerning the pro-
longed effect of thyroid hormone deficiency throughout the
rat’s life span. We designed our study to investigate the role
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Figure |. Photomicrographs of PCNA-ir (immunoperoxidase labelling) through in the testis cross-sections in control rats. A, Different stages of
spermatogenic cells in the seminiferous tubules (arrows) showing the distribution of PCNA-ir positive cells in spermatogonia. B, The lumen of
the somniferous tubules is fully packed with sperms (arrows) and the negative reaction for PCNA-ir in Leydig cells (triangle). C-E, Positive reac-
tion of PCNA-ir in spermatogonia (arrows). F, Negative reaction for PCNA-ir in Sertoli cells (arrows). PCNA indicates proliferating cell nuclear

antigen.
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Figure 2. Photomicrographs of PCNA-ir (immunoperoxidase labelling) in the testes cross-sections in hypothyroid rats. A, Different stages of
spermatogenic cells in the seminiferous tubules. Only a few numbers of spermatogonia have positive reaction for PCNA-ir. Note that the lumen
of the tubules was clear and the spermatozoa were not seen. B, A few numbers of the spermatogonia in the seminiferous tubules have positive
reaction for PCNA (arrows). C, A few numbers of the Sertoli cells (arrows) have a positive reaction for PCNA. D, A few numbers of the Leydig
cells (arrows) have a positive reaction for PCNA. E and F, Abnormal distribution of spermatogonia (arrows) in seminiferous tubules of hypothyroid

rats. PCNA indicates proliferating cell nuclear antigen.
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of thyroid hormone on the testicular function at the prepubertal
stage of rats. In order to achieve this target, we made a deficient
state of thyroid hormones by a reversible goitrogen. 6-n-propyl
thiouracil is known to decrease the conversion of peripheral T4
to T3 and thereby reduces serum T3 concentration. 6-n-propyl
thiouracil has been linked with several side effects, such as
transient leucopenia, jaundice, hepatomegaly, and vasculitis.*!
It was administered to the rats in the drinking water within a
period of 6 weeks to investigate the changes through a com-
plete spermatogenic cycle.*?

In order to ensure the hypothyroid state, we regularly
determined the serum T3 and TSH through the dose period,
where serum T3 concentration is depressed and serum TSH
concentration is significantly elevated. During normal sper-
matogenesis, controlled cell proliferation is of fundamental
importance, assuming highly coordinated mechanisms
between the mitotically inactive Sertoli cells and the germ
cells undergoing mitosis and meiosis. Efficiency of sperma-
togenesis depends on the proliferative activity of spermato-
gonia and the loss of germ cells during meiosis and
spermiogenesis.” Mitosis counts, tritiated thymidine ([3H]
Thy) or 5-bromodeoxyuridine (BrdU) labeling have tradi-
tionally been used for the assessment of cell proliferation.
However, these methods are less suitable for use under cer-
tain experimental conditions. For instance, [3H]Thy labeling
requires use of radioisotopes, visualization by autoradiogra-
phy, and in vivo administration, thus not enabling the use of
this method in postmortem tissue.>* With the development
of monoclonal antibodies to DNA-incorporated BrdU,** the
use of radioisotopes and autoradiographic visualization was
eliminated. However, variability in BrdU concentration dur-
ing the incubation period can affect the quality of labeling
and thus influence the labeling index value.*> Moreover,
these methods require long fixation and development peri-
ods. Recently, the use of immunocytochemical assays, based
on antibodies to cell proliferation-related antigens, has been
shown to be effective in the assessment of cell prolifera-
tion.*® One such cell proliferation-related protein®® is PCNA
that has been identified as an auxiliary protein of DNA
polymerase 8,>® is found in the nuclei of proliferating cells.
This antigen, which is differentially expressed during the
cell cycle, reaches its maximum level of expression during
late G1/S phase and begins to decrease during late G2/M
to G1 phase.>’” Comparisons of PCNA- and BrdU-labeling
indices have shown that not only does PCNA-labeling pro-
duce similar results to that of BrdU labeling, but it is a
faster and easier method to use for the detection of cell pro-
liferation.®® In addition, because the PCNA method is based
on an antigen—antibody reaction, it can be performed in situ,
on routinely processed tissue sections. Quantitation of
PCNA expression is becoming routinely used as a diagnos-
tic tool in clinical pathology, for the assessment of tumor
cell proliferation. However, we believe that because PCNA
expression and synthesis is linked to cell proliferation,> and
its presence subsequent to immunohistochemical processing
can be observed microscopically, this technique may be

used for the purpose of providing direct visual evidence
of cell proliferation under various experimental conditions.

The seminiferous epithelium contains 2 distinct cell
populations, namely somatic Sertoli cells and spermatogenic
cells. Spermatogonia undergo successive rounds of mitotic
divisions and later the resulting daughter cells enter meiotic
division to provide sperm. In the current study, we used
immunohistochemistry to map the distribution of PCNA
immunoreactivity in the testes of the control and hypothyr-
oid rats. Proliferating cell nuclear antigen has been used
extensively in the identification of proliferating spermatogo-
nia and spermatocytes, which we observed as brownish
black stained cells in our samples.

Our results indicate that hypothyroidism adversely affects
spermatogenesis, suggesting that thyroid hormone might play
an important role not only in controlling normal testicular
development, but also in maintaining normal testicular function
and spermatogenesis. These results indicate at least 4 differ-
ences in the pattern of PCNA immunoreactivity in the testes
of hypothyroid rats in comparison to control ones. First,
PCNA-ir were not detected in Sertoli cells in the testes of con-
trol rats and detected in hypothyroid rats. This finding con-
firmed thye findings of Van Haaster et al,'” Tarulli et al,’
and Jansen et al® regarding the role of thyroid hormone in reg-
ulating the maturation and growth of testis, in rats and other
mammal species, by inhibiting immature Sertoli cell prolifera-
tion and stimulating their functional differentiation. Second,
PCNA-ir were not detected in Leydig cells in the testes of con-
trol rats and were detected in hypothyroid rats confirming what
mentioned by Mendis-Handagama and Ariyaratne'' and Lin
et al'? regarding the critical role of thyroid hormones in the
onset of Leydig cell differentiation and stimulation of steroido-
genesis in postnatal rat testis. The third difference was in the
number of spermatogonia that have a positive reaction for
PCNA-ir in control and hypothyroid rats, all spermatogonia
in control animals showed a positive reaction for PCNA-ir,
while the number was smaller in hypothyroid rats as counted
by PCNA-LI indicating a germinal arrest in the hypothyroid
status (defected spermatogenesis). The fourth difference was
in the abnormal distribution of spermatogonia seen in the
hypothyroid rat testis in contrast to the control one, indicating
a role of thyroid hormone in maintaining the normal distribu-
tion of the spermatogenic cells in the seminiferous tubules.
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