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1  | INTRODUC TION

The testis as an immune-privileged organ has some mechanisms 
that guard neoantigens on meiotic and post-meiotic germ cells 
against host immune responses (Meinhardt & Hedger, 2011). 
During mammalian spermatogenesis, a large number of novel an-
tigens are generated by developing spermatogenic cells after im-
munocompetence is established (Yule, Montoya, Russell, Williams, 
& Tung, 1988). In spite of testicular immune privilege, these auto-
antigens do not trigger harmful immune response within the testes 
under physiological conditions (Schuppe et al., 2008). The epidid-
ymis has also immunoprivileged status but immunosuppression in 

the epididymis is not as complete as in the testis (Hedger, 2011b). 
The adult rat epididymis is divided into four regions including the 
initial segment, caput, corpus, and cauda, which exhibit region-spe-
cific characteristics (Robaire, Hinton, & Orgebin-Crist, 2006). The 
epididymis has a pseudo-stratified epithelium consisting of apical, 
principal, narrow, basal, clear, and halo cells. Region- and cell-spe-
cific gene expression significantly affects composition of the 
luminal fluid, which enables the sperm to become matured and con-
served throughout the epididymal duct (Cornwall, 2009; Dacheux, 
Gatti, & Dacheux, 2003).

Inflammatory conditions and microbial infections in the male 
genital tract account for almost 15.0% of male infertility reasons in 
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Abstract
Toll-like receptors (TLRs) belonging to pattern recognition receptors are involved in 
maintaining testicular and epididymal immune homeostasis. The purpose of the cur-
rent study was to investigate TLR4 expression in rat testis and epididymis throughout 
postnatal development. Weak staining was detected in peritubular myoid cells and 
immature Sertoli cells while no staining was observed in gonocytes during prepuber-
tal period. However, TLR4 expression began to appear in spermatocytes in pubertal 
period and gradually increased in spermatids. An intense staining was observed in 
steps 5–19 spermatids in post pubertal and mature periods. Similarly, TLR4 expres-
sion in the testes steadily increased from pubertal period to mature period. Puberty 
also caused a significant increase in TLR4 expression in epididymis. TLR4 expression 
in cauda epididymis was lower as compared to those of other epididymal segments. 
The majority of epididymal epithelial cells exhibited apical TLR4 expression, whereas 
basal cells showed intense intracytoplasmic immunoreaction. We detected an intense 
staining in epididymal smooth muscle cells. The expression levels of TLR4 showed 
dynamic changes in both spermatogenic cells, and entire testicular and epididymal 
tissues during postnatal development. These results suggest that TLR4 expression 
contributes not only to inflammation but also to the development of spermatogenic 
cells.
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developed countries (Fijak et al., 2018), and this ratio can be much 
higher in undeveloped countries (Ekwere, 1995). Orchitis and 
epididymitis are more likely to contribute to male infertility than 
inflammatory conditions in seminal vesicle glands and prostate 
(Schuppe et al., 2008). Bacterial infections are the most frequent 
etiological factors of male genital tract. Researchers showed that 
lipopolysaccharides (LPS), major components of the outer mem-
brane of Gram-negative bacteria, induced epididymitis (Michel, 
Pilatz, Hedger, & Meinhardt, 2015; Silva et al., 2018). However, au-
toimmune orchitis can occur under certain pathological conditions, 
such as physical trauma, and exposure to chemical toxins or high 
temperature that may damage germ cells (Schuppe et al., 2008). 
Research on the importance of the Toll-like receptors (TLRs), in-
flammatory cytokines and their signaling pathways in testicular 
function have shed new lights on this enigmatic connection be-
tween testicular dysfunction and inflammation/infection (Hedger, 
2011a). To date, 10 functional TLRs (TLR1–10) have been detected 
in humans, and additional three mammalian TLRs (TLR11–13) have 
been identified in rodents (Roach et al., 2005). Of the TLR family, 
TLR4 is the most studied member (Takeuchi & Akira, 2010). TLR4 
detects endogenous danger-associated molecular patterns such as 
high mobility group box 1 and heat shock proteins. In addition, 
TLR4 recognizes exogenous pathogen associated molecular pat-
terns including lipopolysaccharide (LPS), as well as microbiome/
microbe associated molecular patterns (Akira & Takeda, 2004). 
TLRs exert functions through binding their ligands which results 
in a conformational change in TLRs followed by the recruitment of 
Toll/IL-1 receptor-domain-containing adaptors, including Toll/IL-1 
receptor-domain-containing adaptor protein-inducing interferon 
(TRIF) and the myloid differentiation protein 88 (MyD88). While 
TLR4 activates MyD88 and TRIF-dependent pathways, stimula-
tion of TLR3 agonist induces the TRIF-dependent pathway. These 
two pathways activate IFN regulatory factor 3 to induce the ex-
pression of nuclear factor-B (NF-B) and type 1 IFN to trigger the 
generation of various proinflammatory cytokines including IL-1, 
IL-6, and TNF-? (Kawai & Akira, 2006).

In mammals, the blood-testis barrier is established by spe-
cialised cell junctions between adjacent Sertoli cells. This barrier 
starts to assemble by postnatal day 15 (PND15) to PND16 in rat 
testis and it is completed by PND18 to PND21 (Toyama, Ohkawa, 
Oku, Maekawa, & Yuasa, 2001). This coincides with the time that 
immature Sertoli cells become mature and they stop dividing in rat 
testis (Orth, 1982). The epididymis is fully functional after under-
going morphological changes that take place during its postnatal 
development, especially before puberty (Sun & Flickinger, 1979). 
There is a lack of knowledge in TLR4 expression in the testis and 
epididymis during postnatal development. Better understanding 
dynamics of TLR4 expression in healthy rat testis and epididy-
mis during postnatal development is vitally important for both 
fundamental science and clinical pathogenesis of orchitis and 
epididymitis induced by LPS and endogenous danger-associated 
molecular patterns. For this purpose, we here sought to examine 
TLR4 expression in rat testis and epididymis throughout postnatal 

development by using western blotting and immunohistochemis-
try methods.

2  | MATERIAL S AND METHODS

2.1 | Experimental design

The maintenance of all animal experimentation in the current 
study was approved by Department of the Experimental Animals 
Ethics Committee, at Ankara University. The epididymal and tes-
ticular tissues from Wistar albino rats were used in the current 
study. Twenty-four male rats were obtained from Experimental 
Research and Application Center of Ankara University. To deter-
mine the localization and expression characteristics of TLR4 in the 
testis and epididymis during the postnatal development, the rats 
were allocated into four age groups as follows: prepubertal rats 
(PND5, n = 6), pubertal rats (PND20, n = 6), post pubertal (PND50, 
n  =  6), and mature rats (PND70, n  =  6), with mean weights of 
1,084, 4,255, 12,962 and 28,523 g, respectively. The animals were 
housed in a temperature-controlled room (20–24°C) with an artifi-
cial 12-hr light/dark circle and fed a standard diet and given water 
ad libitum. Rats were decapitated 10–15  min following an intra-
peritoneal injection of 100 mg/kg ketamine (88.9 mg of ketamine/
ml) with 10 mg/kg xylazine hydrochloride (11.1 mg of xylazine/
ml). The samples were harvested for western blotting and immu-
nostaining. For western blotting, each epididymis was gently sepa-
rated from the testis. Whole epididymis was used for both western 
blotting in prepubertal and pubertal rats while caput, corpus and 
cauda regions of epididymis dissected under stereomicroscope 
were used in post pubertal and mature rats. In addition, whole 
testes were used for western blotting in all experimental groups. 
For immunohistochemistry, we did not separate the epididymis 
from the testis in all experimental groups. While the samples were 
kept at −80°C until used for western blotting, they were fixed in 
Bouin's solution for immunohistochemistry. Following the fixation, 
the samples were kept in 70% alcohol for 12–15  hr and passed 
through ascending series of alcohol. Following dehydration, the 
tissues were incubated in methyl benzoate and benzene solutions 
and embedded in paraplast.

2.2 | Immunohistochemistry

To detect TLR4 location in testicular and epididymal tissues, we 
applied immunostaining as described previously (Özbek et al., 
2019). Briefly, 5-μm thick sections were placed on slides. The sam-
ples were dewaxed and kept in a graded alcohol. The slides were 
then rinsed in PBS and transferred into 3% H2O2 for 20 min. Then, 
the sections were transferred to citrate buffer (10  mM, pH 6.0) 
for antigen retrieval, and boiled for 20 min. Then, the slides were 
encircled using hydrophobic pap pen and treated with 10% goat 
serum blocking solution for 10 min. Following that, the sections 
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were incubated with primary antibodies (#NB100-56566, Novus 
Biologicals) at +4°C overnight. Then, the sections were treated 
with secondary antibody for 30  min. After rinsing in PBS, the 
sections were treated with horseradish peroxidase-conjugated 
streptavidin for 30 min. The 3-amino-9-ethylcarbazole was used 
as chromogen to visualize the stained and counterstained sections 
with Gill's hematoxylin II.

To validate primary antibody specificities, nonimmune rabbit 
serum and PBS were applied instead of the primary antibody for iso-
type and negative control, respectively. The other immunostaining 
steps were performed using the same procedures. The negative con-
trol slides did not show any nonspecific staining (Figure 1a). In addi-
tion, rat colon tissue was used as positive control. Consistent with 
previous study (Price et al., 2018), intestinal epithelium and some 
interstitial cell show positive immunoreaction (Figure 1b).

2.3 | Semi quantitative analysis of TLR4 
immunostaining

The sections were analyzed using a research microscope (BX51, 
Olympus), and the slides were imaged with a digital camera (DP74, 
Olympus). The degree of immunostaining was determined as either 
negative (−), weak (+), moderate (++) or intense (+++) by two independ-
ent observers (MÖ, EE), as previously described (Özbek et al., 2018). 
Semi-quantitative analysis of TLR4 immunostaining in rat testis and 
epididymis during postnatal development is presented in Table 1.

2.4 | Western blot analysis

2.4.1 | Protein extraction

Protein extraction was carried out as previously described (Özbek 
et al., 2018). Briefly, snap-frozen epididymal and testicular tissue 
samples harvested from each animal were homogenized in cell lysis 
solutions (# 17081, PRO-PREPTM) containing protease inhibitor 
cocktail (#Cell Signaling Technology) by using an ultrasonic homog-
enizer. Following sonication and homogenization, the lysates were 
centrifuged at 13,000 ×  g for 25 min at 4°C, and the supernatant 
was placed into new tubes for final collection after centrifugation at 
10,000 × g for 15 min. By using Quick StartBradford Protein Assay 
(Bio-Rad Laboratories), we detected the total protein concentrations.

2.4.2 | Western blotting

The proteins (25  µg) from each group were separated in 10% SDS-
PAGE-polyacrylamide gel and then transferred to a polyvinylidene di-
fluoride membrane (PVDF, #1620177, Biorad). Following the transfer, 
the PVDF membrane (#1620177, Biorad) was blocked in % 5 skimmed 
milk and treated with primary antibody (#NB100-56566, Novus 
Biologicals) overnight at 4ºC followed by washing. After this step, the 

PVDF membrane (#1620177, Biorad) was incubated with goat anti rab-
bit- (#sc-2004, polyclonal, Santa Cruz Biotechnology) horseradish per-
oxidase conjugated secondary antibody for two hours, and rinsed in 
0.1% Tween-20, 10 mM Tris-HCl pH 7.4, 150 mM NaCl. The TLR4 pro-
tein was imaged using chemiluminescence by Clarity™ Western ECL 
Substrate. For the internal control, we applied GADPH and the TLR4 
signal intensities were measured using Image Studio™ Lite (LICOR).

2.5 | Statistical analysis

GraphPad Prism 5 was employed for the data analysis. All of the data 
were given as mean  ±  SEM. Two-tailed Student's t-test was used to 
compare two groups (testis and epididymis). Comparison of groups 
(comparison between 5th, 20th, 50th and 70th, and between testis 
and epididymal regions [caput (CT), corpus (CS), cauda (CA)] were per-
formed using One-Way Factorial Analysis of Variance (ANOVA), with 
Tukey's multiple comparison test. p < .05 was deemed significant.

3  | RESULTS

3.1 | Immunohistochemistry

3.1.1 | TLR4 immunostaining in testis and 
epididymis of prepubertal rats

A weak staining in peritubular myoid cells and immature Sertoli cells 
was detected while no staining was observed in gonocytes in the 
lumens of the seminiferous tubule. In interstitial spaces, we found an 
intense labelling in some blood cells and vessel walls but moderate 
staining in some interstitial cells (Figure 1c). Moreover, epithelium 
and smooth muscle cell of the epididymis showed a strong staining 
(Figure 1d).

3.1.2 | TLR4 immunostaining in testis and 
epididymis of pubertal rats

We found a weak labelling in primer spermatocytes (leptoten/zy-
gote, pakiten), and mature Sertoli cells but a moderate staining in 
peritubular myoid cells and some interstitial cells. However, an in-
tense staining was observed in some blood cells and vessel walls 
(Figure 1e). While majority of the cells in epididymal epithelium 
showed apical staining, an intense intracytoplasmic staining was de-
tected in basal cells (Figure 1f).

3.1.3 | TLR4 immunostaining in testis and 
epididymis of post pubertal rats

We could distinguish 14 stages of the seminiferous epithelial cycle 
in this period. Interestingly, we did not observe immunostaining 
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in spermatogonia and basal part of the Sertoli cells. While a 
weak staining was detected in peritubular myoid cells, primary 
and secondary spermatocytes, and round spermatids in steps 
1–4, an intense staining was observed in steps 5–19 spermatids. 
Furthermore, we found a moderate labelling in some interstitial 
cells but an intense staining in vessel walls and some blood cells 
(Figure 2a–d). In all the epididymal segments, we also observed 
weak to moderate staining in the apical part of the epithelial cells. 
Interestingly, basal cells of epididymal epithelium showed an in-
tense intracytoplasmic labelling in all of the epididymal segments. 
Epididymal smooth muscle cells were also strongly positive for 
TLR4 in all the epididymal segments. In addition, we detected an 
intense staining in vessel walls and some blood cells in all epididy-
mal interstitia (Figure 3a–d).

3.1.4 | TLR4 immunostaining in testis and 
epididymis of mature rats

As in the postpubertal period, we did not detect a staining in sper-
matogonia and basal part of Sertoli cells. However, we observed 
weak to moderate staining in peritubular myoid cells, primary and 

secondary spermatocytes, and round spermatids in steps 1–4. 
Staining intensity in steps 5–19 spermatids increased compared to 
those of the post pubertal period. As in the post pubertal period, 
we found a moderate labelling in some interstitial cells but an in-
tense staining in vessel walls and some blood cells (Figure 4a–i). In 
all of the epididymal segments, we also detected weak to moderate 
staining in apical part of the epithelial cells. As in the post puber-
tal period, the basal cells of epididymal epithelium showed an in-
tense intracytoplasmic labelling in all the epididymal segments. In 
addition, we found an intense labelling epididymal smooth muscle 
cells, vessel walls and some blood cells in all epididymal interstitium 
(Figure 5a–d).

3.2 | Western blotting

In the prepubertal period, there was no difference in TLR4 ex-
pression in testis and epididymis. However, TLR4 expression in 
epididymis was higher than that in the testis in pubertal period 
(p > .05) (Figure 6a). The TLR4 expression in the testis increased 
from the prepubertal period to the mature period (Figure 6b). In 
the post pubertal period, we did not observe any differences in 

F I G U R E  1   Representative images 
showing negative control (a), positive 
control (b) and TLR4 expression in testis 
and epididymis on PND5 (c, d) and PND20 
(e, f). TLR4 immunostaining in intestinal 
epithelium (black arrowheads) and some 
interstitial cells (red arrowheads) of rat 
colon. In the PND5, a weak staining in 
peritubular myoid cells (black arrows) 
and immature Sertoli cells. No staining 
in gonocytes in seminiferous tubule 
lumen. An intense labelling in some 
blood cells and vessel walls (red arrows). 
An intense staining in epithelium (black 
curved arrows) and smooth muscle cells 
(red curved arrows) of the epididymis. 
In the PND20, a weak labeling in primer 
spermatocytes (L/Z; leptotene/zygotene, 
P; pachytene), and mature Sertoli cells but 
a moderate staining in peritubular myoid 
cells (black arrows), and some interstitial 
cells (blue arrows). An intense apical 
staining in epididymal epithelium (black 
curved arrows) and smooth muscle cells 
(red curved arrows) of the epididymis. An 
intense intracytoplasmic staining in basal 
cells (blue curved arrows). Bars: 50 µm (a, 
c) and 20 um (b, d, e, and f)

(a) (b)

(c) (d)

(e) (f)
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the TLR4 expression between testis and epididymis (Figure 6c). 
However, expression levels in the testis and epididymis differed 
in terms of TLR4 expression in mature period. In mature period, 
level of TLR4 expression in testis was higher than that in the 
cauda epididymis (p  >  .05). In addition, the TLR4 expression in 
the epididymis decreased from the caput to cauda epididymis 
(Figure 6d).

4  | DISCUSSION

Here, we report a detailed analysis of TLR4 expression in rat testis 
and epididymis during postnatal development. We found that TLR4 
was expressed in different types of cells in the testis and epididymis. 
We also captured dynamic changes in TLR4 expression levels of tes-
tis and epididymis as postnatal development proceeds.

TA B L E  1  Semi quantitative analysis of TLR4 immunostaining in rat testis and epididymis during postnatal development

Tissue Cell type PND5 PND20 PND50 PND70

Testis Gonocyte − 0 0 0

  Spermatogonium − − − −

  Spermatocyte 0 + + +

  Spermatid 0 0 Step 1–4 + Step 1–4 +/++

        Step 5–19 +++ Step 5–19 +++

  Spermatozoon 0 0 +++ +++

  Sertoli cells + + + +

  Interstitial cells ++ ++ ++ ++

  Peritubular myoid cells + ++ + +/++

  Vessel wall muscles +++ +++ +++ +++

Epididymis The majority of epididymal epithelial cells Apical staining Apical staining Apical staining Apical staining

    +++ +++ +/++ +/++

  Basal cells 0 Intracytoplasmic Intracytoplasmic Intracytoplasmic

      +++ +++ +++

  Vessel wall muscles +++ +++ +++ +++

  Muscle layer in the ductal wall +++ +++ +++ +++

Notes: The degree of immunostaining was determined as either negative (−), weak (+), weak to moderate (+/++), moderate (++), moderate to intense 
(++/+++) or intense (+++) by two independent observers (MÖ, EE), as previously described (Özbek et al., 2018). 0: no cell.
Abbreviation: PND, postnatal day.

F I G U R E  2   Representative 
images showing TLR4 expression in 
different stages of the seminiferous 
epithelium cycle in testis on PND50. No 
immunostaining in spermatogonia and 
basal part of Sertoli cells. While a weak 
staining was detected in peritubular 
myoid cells (black arrows), primary and 
secondary spermatocytes (P; pachytene, 
D; Diakinesis, M: Meiosis) and round 
spermatids in steps 1–4, an intense 
staining was observed in steps 5–19 
spermatids. A moderate labelling in some 
interstitial cell (blue arrows) but an intense 
staining in vessel walls (red arrows) and 
some blood cells. Bars: 50 µm

(a) (b)

(c) (d)
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Gene expression during spermatogenesis is organized and mod-
ulated through transcriptional and posttranscriptional mechanisms. 
To complete the highly complex development of male germ cells, 
several specific transcriptional regulators are required (Meikar, Ros, 
& Kotaja, 2012). In late elongating spermatids, transcription is mostly 
silenced as a result of chromatin condensation by histone-protamine 
transition (Tanaka & Baba, 2005). In mice, the transcripts of 1,652 
genes significantly increase during or after meiosis (Schultz, Hamra, 
& Garbers, 2003). Large amounts of active RNA polymerase II are 
found in round spermatids up to step 3 in humans and up to steps 
8–9 in mice (Dottermusch-Heidel et al., 2014). Little is known about 
TLR4 expression in spermatogenic cells during postnatal develop-
ment. In the present study, we did not observe immunoreaction in 
gonocytes and spermatogonia while TLR4 expression appeared in 
primary spermatocytes. We detected weak to moderate staining in 
peritubular secondary spermatocytes, and round spermatids in steps 
1–4. However, staining intensities were increased in steps 5–19 
spermatids. As stated in the previous study (Schultz et al., 2003), the 
transcripts of TLR4 genes may be activated in spermatogenic cells 
during meiosis and this may result in increased TLR4 expression in 
steps 5–19 spermatids. In addition, we also found that puberty had 
an effect on TLR4 expression in the testis. TLR4 expression in the 
testis gradually increased from the pubertal period to the mature 
period.

Previous studies showed the immunological functions of Sertoli 
cells in activation of testicular immune responses and testicular pro-
tection (Riccioli et al., 2006; Starace et al., 2008; Sun et al., 2010). 
Recent studies have also indicated that Sertoli cells express TLRs 
(Starace et al., 2008; Winnall, Muir, & Hedger, 2011), and play a sig-
nificant role in the activation of inflammatory response. Moreover, 
Sertoli cells are involved in phagocytosis of the spermatid residual 
bodies (Gérard, Syed, & Jégou, 1992). Hedger (2011a) speculated 

that the contents of the released sperm cytoplasm may most likely 
provoke the response by utilizing pattern recognition receptors, 
such as the TLRs, found in the Sertoli cells. In the current study, we 
revealed TLR4 expression in immature and mature Sertoli cells in ac-
cordance with previous studies. TLR4 expression of immature and 
mature Sertoli cells suggest that TLR4 expression contributes not 
only to inflammation but also to the development of spermatogenic 
cells.

Testicular interstitial tissue is involved in the first line of de-
fense system against blood-borne pathogens. The immune cells 
of interstitial tissue, especially macrophages, play crucial roles in 
the defense against pathogens (Li, Wang, & Han, 2012). Testicular 
interstitium also contains Leydig cells both fetal and postnatal 
period. In neonatal period (birth to PND7), fetal Leydig cells are 
regressed, these cells turn into progenitor cells. In the late infan-
tile period (PND15-PND21), testicular interstitium has progenitor 
Leydig cells with a smaller population of immature Leydig cells. 
After PND45, mature Leydig cells are found within  interstitial 
tissue (Picut et al., 2015). Shang et al. (2011) showed that mouse 
Leydig cells trigger testicular innate immune responses through 
inducing of TLR3 and TLR4. They also reported that the activa-
tion of TLR3 or TLR4 Leydig cells inhibits testosterone synthesis 
in mice. Considering findings reported in the literature and stained 
cell morphology, we reason that the majority of the stained cells 
in the interstitial space were Leydig cells. Interestingly, progenitor, 
immature and mature Leydig cells are positive for TLR4 immuno-
reaction. Considering immunosuppression effect of testosterone 
(Foo, Nakagawa, Rhodes, & Simmons, 2017), we suggest that TLR4 
is effective in regulation of steroidogenesis at all stages of the 
postnatal period.

The appearance and number of individual cell types vary be-
tween epididymal segments. The epididymal epithelium at birth is 

F I G U R E  3   Representative images 
showing TLR4 expression in epididymis 
on PND50. In all the epididymal 
segments, a weak to moderate staining 
in the apical part of epithelial cells 
(black curved arrows). Basal cells of 
epididymal epithelium showed an intense 
intracytoplasmic labelling (blue curved 
arrows) in all the epididymal segments. 
Epididymal smooth muscle cells (red 
curved arrows) were also strongly 
positive for TLR4 in all the epididymal 
segments. An intense staining in vessel 
walls (red arrows) and some blood cells 
in all epididymal interstitium. An intense 
staining in luminal spermatozoa (blue 
asterisk). Bars: 20 µm

(a) (b)

(c) (d)
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determined by undifferentiated columnar cells in the rat (Dufresne, 
Finnson, Gregory, & Cyr, 2003; Sun & Flickinger, 1982). This epithe-
lium starts to differentiate around PND16. The basal cell first ap-
pears in the cauda epididymis at PND21 and are found throughout 
the epididymal segments at PND28. They comprise approximately 
20% of the total epididymal epithelial cell population (Hermo, Papp, 
& Robaire, 1994; Sun & Flickinger, 1979) in the adult rat epididymis. 
Moreover, they may reach the lumen through slender and long cy-
toplasmic projections (Shum et al., 2008). Studies indicate that basal 
cells are found in higher number in the corpus epididymis and less 
numerous towards the cauda epididymis (Arrighi, 2014). Although 
TLR4 expression in epididymis was investigated before, no infor-
mation was available on dynamic changes TLR4 expression in rat 
epididymis during postnatal development. Moreover, reports on 
TLR4 expression in the rat epididymis are contradictory. Palladino, 
Savarese, Chapman, Dughi, and Plaska (2008) reported intense TLR4 
immunolabeling in epithelial cells from the initial segment to the 
cauda epididymis in the rats. In mouse epididymis, TLR4 expression 

was mainly observed in the basal cells, principal cells, and some in-
terstitial cells (Zhu et al., 2015). In domestic cats, however, TLR4 
expression was detected in the apical surface of the epithelial cells 
with stereocilia. They observed intense TLR4 immunostaining in the 
apical cytoplasm of the principal cells in regions I and II. They also 
detected nuclear and cytoplasmic immunolabeling in the narrow 
cells of the epithelium in region III (Liman, Alan, & Apaydın, 2019). 
In the current study, we demonstrated an intense staining in apical 
epithelium and smooth muscle cell of the epididymis in the prepu-
bertal and pubertal periods. In the post pubertal and mature periods, 
however, we detected weak to moderate staining in the apical part 
of epithelial cells in all the epididymal segments. Unlike the previous 
studies, we observed an intense intracytoplasmic labelling in basal 
cells of all the epididymal segments. We think that this difference 
is due to methodological errors or to lot-to-lot difference of anti-
bodies. In addition, TLR4 expression significantly increased in the 
epididymis during pubertal period. We attributed this increase to the 
appearance of basal cells in the epididymal epithelium. Furthermore, 

F I G U R E  4  Representative images showing TLR4 expression in different stages of the seminiferous epithelium cycle in testis on PND70. 
No staining in spermatogonia and basal part of Sertoli cells. A weak to moderate staining in peritubular myoid cells (black arrows), primary 
and secondary spermatocytes (P; pachytene, D; Diakinesis, M: Meiosis) and round spermatids in steps 1–4, an intense staining was observed 
in steps 5–19 spermatids. A moderate labelling in some interstitial cell (blue arrows) but an intense staining in vessel walls (red arrows) and 
some blood cells. Bars: 20 µm

(a) (b) (c)

(d) (e) (f)

(g) (h) (i)
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F I G U R E  5   Representative images 
showing TLR4 expression in epididymis 
on PND70. In all the epididymal 
segments, a weak to moderate staining 
in the apical part of epithelial cells 
(black curved arrows). Basal cells of 
epididymal epithelium showed an intense 
intracytoplasmic labelling (blue curved 
arrows) in all the epididymal segments. 
Epididymal smooth muscle cells (red 
curved arrows) were also strongly 
positive for TLR4 in all the epididymal 
segments. An intense staining in vessel 
walls (red arrows) and some blood cells 
in all epididymal interstitium. An intense 
staining in luminal spermatozoa (blue 
asterisk). Bars: 20 µm

(a) (b)

(c) (d)

F I G U R E  6   Western blot analyses of 
expression levels of TLR4 in rat testis 
and epididymis. Tissue samples were 
harvested from rats on postnatal days 5 
(5th), 20 (20th), 50 (50th) and 70 (70th). 
Lysates from testis (T) and epididymis 
(E) including caput (CT), corpus (CS) and 
cauda (CA). Each lane in graph indicates 
1 rat and 2 rats per group. Relative band 
intensity of TLR4 was quantified by 
densitometry and normalized to GADPH 
expression. Data were normalized 
by dividing arbitrary units of TLR4-
GADPH. The results were presented as 
means ± SEM in arbitrary densitometric 
units (n = 6, 3 replicates). *p < .05; 
**p < .01; ***p < .001
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with the onset of spermatogenesis, this increase in TLR4 expression 
may be the mechanism by which spermatozoa protect against both 
pathogenic and autoimmune reactions in the epididymal duct. In the 
postpubertal and mature periods, TLR4 expression in cauda epididy-
mis was less compared to other epididymal segment. This difference 
may be due to the fact that basal cells are less numerous towards the 
cauda epididymis. In addition, we observed that basal cells reached 
the lumen through their long projections. Therefore, we suggest that 
basal cells are involved in the recognition of luminal antigens.

In conclusion, TLR4 showed dynamic changes in both spermato-
genic cells and entire testicular and epididymal tissues during post-
natal development. The TLR4 expression was not detectable in the 
gonocytes and spermatogonia. However, TLR4 expression began 
to appear in spermatocytes and gradually increased in spermatids. 
Similarly, the entire TLR4 expression in the testes steadily increased 
from pubertal period to mature period. The findings reported in this 
study are important because TLR4 expression may contribute not 
only to inflammation but also to the development of spermatogenic 
cells. Puberty also had a significant effect on the TLR4 expression in 
epididymis and caused a significant increase in TLR4 expression in 
epididymis. TLR4 expression in cauda epididymis was less compared 
to other epididymal segment. The majority of epididymal epithelial 
cells showed apical TLR4 expression, whereas basal cells showed in-
tense intracytoplasmic immunoreaction. Basal cells may be involved 
in the immunoregulation of epididymis. The new data and knowl-
edge reported in this study help advance both basic and applied de-
velopmental biology and assisted reproductive technologies.
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