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Fig 6. TLR8 immunostaining in the rat
testis and epididymis at PND5, 20, 50
and 70. (a-c) No staining in gonocytes
(red arrowheads), Sertoli cells (black
arrowheads), primary spermatocytes
(asterisks), peritubular myoid cells (red
arrows) and interstitial cells (black
arrows). (b-d) In the epididymis, no
staining in epithelial cells (red curved
arrows), ductal smooth muscle cells
(black curved arrows) and interstitial
cells (blue arrowheads). (e-g) In testis,
positive staining in interstitial cells
(black arrows), Sertoli cells (black arrow-
head) and spermatids at different steps
(black arrows). (f-h) In epididymis,
positive staining in epithelial cells (red
curved arrows), ductal smooth muscle
cells (black curved arrows), interstitial
cells (blue arrowhead), vessel wall (blue
arrow) and spermatozoa (red asterisk).
Strept-ABC, AEC, Gill's Il Hematoxylin.
Scale Bars: 50 pm

spermatids and interstitial cells but weak to moderate
immunolabelling in Sertoli cells. In epididymis, there was
weak immunoreaction in epithelial cells, ductal smooth
muscle cells and vessel wall (Fig. 6-g,h).

DISCUSSION

We here investigated the expression pattern of TLR2, 7 and
8 proteins in rat testis and epididymis during postnatal
development. The testicular and epididymal expression of
TLRs, notably TLR2 and TLR7, significantly differed according
to the developmental periods.

Many molecules such as androgens are required for
postnatal differentiation and maintenance of testicular
and epididymal structure 2% In addition, TLRs involving
in innate immunity may play key roles during postnatal
differentiation. A study has performed a comprehensive

analysis of TLR expression and distribution in the rat testis
and epididymis ?". They reported that TLR2 was abundantly
expressed in testis and epididymis, TLR7 was mainly
present in the testis despite of being weakly expressed
in the epididymis, and TLR8 exhibited weak expression
in testis and epididymis, which are consistent with our
results. In addition, it has been showed that TLR2 mRNA
is more produced by human testis than TLR7 mRNA and
TLR8 mRNA, with more expression of TLR7 mRNA than that
of TLR8 mRNA 22, which are also largely in concordance
with the expression of TLR2, TLR7 and TLR8 proteins in our
study. Unlike previous researches, it has been reported that
testicular expression of TLR2 decreased towards further
developmental periods ', This difference may arise from
a higher rate of TLR2 mRNA destabilization or degradation
than those of its protein, presumably through mechanisms
that are dictated by miRNAs or from posttranscriptional
and/or posttranslational modifications 2324,
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Previous studies reported that the existence of other
innate molecules inc luding MYD88 2" and CD14 ! in the
male tract along with the TLRs '® gives an indication that
an invasion of microbial or pathogenic agents could lead
to the activation of immune effector pathways that have
the capacity to induce the production and secretion of
antimicrobial peptides and cytokines. In the present study,
the increased expression of TLR2, TLR7, and TLR8 in the
transition from the prepubertal period to mature period
might show that the male reproductive tract is ready to
respond to any infection that could be developed.

It has been found that, in human testis, TLR2 was expressed
in peritubular cells, Sertoli cells and interstitial cells 29 in
accordance with our data. In addition, a recent study has
shown variable immunostaining for TLR2 in the epididymal
epithelial cells, interstitial cells, ductal smooth muscle cells
and sperm cells of adult tom cats, with marked staining on
theapical surfaces of epithelial cells"”. They did not observe
any difference between epididymal regions. Their findings
are consistent with our results of testis and epididymis.
However, we observed different from their study that
epididymal expression of TLR2 tended to increase towards
mature period. Yet another study reported that mouse
Sertoli cells express TRL2 at high levels and TLR7 at lower
levels, but they do not express TLR8 7). Their results are in
line with our findings of TRL2 and TRL7 at PND5 and 20
in terms of animal ages since they used Sertoli cells from
3-week old mice. However, we observed TLR8 expression
in Sertoli cells at PND70. We speculated that increased TLR
expression in Sertoli cells may serve a protective purpose
during further developmental periods, suggesting that
Sertoli cells provide the defense machinery for developing
germ cells against auto- and alloantigens.

There is limited research on the expression of TLR2, 7 and
8 in male germ cells. We observed that expression of TLR2,
7 and 8 showed a tendency to increase after the transition
from gonocytes and spermatogonia to spermatocytes
and spermatids and their expression was stronger in
spermatids than other spermatogenic cell types. This
may mean that their expression initiated in response to
the formation of functional spermatogenic cells. Their
enhanced expression towards the mature period could also
provide a protective mechanism for spermatozoa capable of
fertilizing ovum against pathogenic microbial agents, and
protect the female genital tract against these agents.

In conclusion, our results show that expression of TLR2, 7
and 8 changed dynamically during postnatal development
and increased towards the mature period. We consider that
TLR2, 7 and 8 might be associated with the regulation of
spermatogenesis and the maintenance of innate immunity
of testis and epididymis during postnatal development.
However, further studies are required to better understand
their roles during the postnatal development of testis
and epididymis.

ACKNOWLEDGMENTS

We would like to thank Nuh YILDIRIM and Ozge OZGENC
for their kind help.

CONFLICT OF INTEREST STATEMENT

The authors declare that there is no conflict of interest.

REFERENCES

1. Bayraktar R, Bertilaccio MTS, Calin GA: The interaction between two
worlds: MicroRNAs and toll-like receptors. Front Immunol, 10:1053, 2019.
DOI: 10.3389/fimmu.2019.01053

2. McClure R, Massari P: TLR-dependent human mucosal epithelial cell
responses to microbial pathogens. Front Immunol, 5:386, 2014. DOI:
10.3389/fimmu.2014.00386

3.Roach JC, Glusman G, Rowen L, Kaur A, Purcell MK, Smith KD, Hood
LE, Aderem A: The evolution of vertebrate Toll-like receptors. Proc Nat!
Acad Sci USA, 102 (27): 9577-9582, 2005. DOI: 10.1073/pnas.0502272102

4. Diebold SS, Kaisho T, Hemmi H, Akira S, Reis e Sousa C: Innate
antiviral responses by means of TLR7-mediated recognition of single-
stranded RNA. Science, 303 (5663): 1529-1531, 2004. DOI: 10.1126/science.
1093616

5. Heil F, Hemmi H, Hochrein H, Ampenberger F, Kirschning C, Akira
S, Lipford G, Wagner H, Bauer S: Species-specific recognition of single-
stranded RNA via toll-like receptor 7 and 8. Science, 303 (5663): 1526-
1529, 2004. DOI: 10.1126/science.1093620

6. Lund JM, Alexopoulou L, Sato A, Karow M, Adams NC, Gale NW,
Iwasaki A, Flavell RA: Recognition of single-stranded RNA viruses by
toll-like receptor 7. Proc Natl Acad Sci US A, 101 (15): 5598-5603, 2004. DOI:
10.1073/pnas.0400937101

7. O’'Neill LAJ, Dinarello CA: The IL-1 receptor/toll-like receptor super-
family: Crucial receptors for inflammation and host defense. Immunol
Today, 21 (5): 206-209, 2000. DOI: 10.1016/50167-5699(00)01611-X

8. Randhawa AK, Hawn TR: Toll-like receptors: Their roles in bacterial
recognition and respiratory infections. Expert Rev Anti Infect Ther, 6 (4):
479-495, 2008. DOI: 10.1586/14787210.6.4.479

9. Pandey S, Agrawal DK: Immunology of toll-like receptors: Emerging
trends. Immunol Cell Biol, 84 (4): 333-341, 2006. DOI: 10.1111/j.1440-
1711.2006.01444.x

10. Takeda K, Akira S: Toll-like receptors. Curr Protoc Immunol, 109 (1):
14.12.1-14.12.10, 2015. DOI: 10.1002/0471142735.im1412s109

11. Redgrove KA, McLaughlin EA: The role of the immune response in
chlamydia trachomatis infection of the male genital tract: A double-edged
sword. Front Immunol, 5:534, 2014. DOI: 10.3389/fimmu.2014.00534

12. Haidl G, Allam JP, Schuppe HC: Chronic epididymitis: Impact on
semen parameters and therapeutic options. Andrologia, 40 (2): 92-96,
2008.DOI: 10.1111/j.1439-0272.2007.00819.x

13.Schuppe HC, Meinhardt A, Allam JP, Bergmann M, Weidner W, Haidl
G. Chronic orchitis: A neglected cause of male infertility? Andrologia, 40
(2):84-91,2008. DOI: 10.1111/j.1439-0272.2008.00837.x

14. Biswas B, Narmadha G, Choudhary M, French FS, Hall SH, Yenugu
S: Identification of Toll-like receptors in the rat (Rattus norvegicus):
Messenger RNA expression in the male reproductive tract under conditions
of androgen variation. Am J Reprod Immunol, 62 (4): 243-252, 2009. DOI:
10.1111/j.1600-0897.2009.00732.x

15.Zhao YT, Guo JH, Wu ZL, Xiong Y, Zhou WL: Innate immune responses
of epididymal epithelial cells to Staphylococcus aureus infection. Immunol
Lett, 119 (1-2): 84-90, 2008. DOI: 10.1016/j.imlet.2008.05.002

16. Palladino MA, Savarese MA, Chapman JL, Dughi MK, Plaska
D: Localization of Toll-like receptors on epididymal epithelial cells
and spermatozoa. Am J Reprod Immunol, 60 (6): 541-555, 2008. DOI:
10.1111/j.1600-0897.2008.00654.x



411

OZTOP, OZBEK, ERGUN
ERGUN, BEYAZ, ERHAN, KANDIL

17. Liman N, Alan E, Apaydin N: The expression and localization of
Toll-like receptors 2, 4, 5 and 9 in the epididymis and vas deferens of
an adult tom cats. Theriogenology, 128, 62-73, 2019. DOI: 10.1016/j.
theriogenology.2019.02.001

18. Ozbek M, Hitit M, Yildirim N, Ozgeng 0, Ergiin E, Ergiin L, Beyaz F,
Kurtdede N, Altunay H: Expression pattern of galectin-1 and galectin-3
in rat testes and epididymis during postnatal development. Acta
Histochem, 120 (8): 814-827,2018. DOI: 10.1016/j.acthis.2018.09.006

19. Ozbek M, Hitit M, O6ztop M, Beyaz F, Ergiin E, Ergiin L:
Spatiotemporal expression patterns of natriuretic peptides in rat testis
and epididymis during postnatal development. Andrologia, 51 (10):
e13387,2019.DOI: 10.1111/and.13387

20. Boukenaoui-Ferrouk N, Moudilou E, Amirat Z, Exbrayat JM,
Khammar F: Morphometric study and immunolocalization of androgen
receptors in epididymis during postnatal development in D’'Man Lamb
reared under arid environment in Algeria. Kafkas Univ Vet Fak Derg, 23 (5):
683-689, 2017. DOI: 10.9775/kvfd.2016.17255

21.Palladino MA, JohnsonTA, Gupta R, Chapman JL, Ojha P: Members
of the Toll-like receptor family of innate immunity pattern-recognition
receptors are abundant in the male rat reproductive tract. Biol Reprod, 76
(6): 958-964, 2007. DOI: 10.1095/biolreprod.106.059410

22. Nishimura M, Naito S: Tissue-specific mMRNA expression profiles of
human Toll-like receptors and related genes. Biol Pharm Bull, 28 (5): 886-
892, 2005. DOI: 10.1248/bpb.28.886

23. Hack CJ: Integrated transcriptome and proteome data: The challenges
ahead. Brief Funct Genomic Proteomic, 3 (3): 212-219, 2004. DOI: 10.1093/
bfgp/3.3.212

24. Cox B, Kislinger T, Emili A: Integrating gene and protein expression
data: Pattern analysis and profile mining. Methods, 35 (3): 303-314, 2005.
DOI: 10.1016/j.ymeth.2004.08.021

25. Harris CL, Vigar MA, Rey Nores JE, Horejsi V, Labeta MO, Morgan
BP: The lipopolysaccharide co-receptor CD14 is present and functional
in seminal plasma and expressed on spermatozoa. Immunology, 104 (3):
317-323,2001.DOI: 10.1046/j.1365-2567.2001.01312.x

26. Mayer C, Adam M, Glashauser L, Dietrich K, Schwarzer JU,
Kohn FM, Strauss L, Welter H, Poutanen M, Mayerhofer A: Sterile
inflammation as a factor in human male infertility: Involvement of Toll
like receptor 2, biglycan and peritubular cells. Sci Rep, 6:37128, 2016. DOI:
10.1038/srep37128

27.Wu H, Wang H, Xiong W, Chen S, Tang H, Han D: Expression patterns

and functions of toll-like receptors in mouse sertoli cells. Endocrinology,
149 (9): 4402-4412,2008. DOI: 10.1210/en.2007-1776





