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SUMMARY: Recent studies have shown that homeobox proteins play an important role in the formation and development of
tissues and organs in the embryonic period. In our study, the distribution of DIx-5 and TLX proteins, which are memibersebdtiax
family, in the testis, epididymis and ductus deferens ducts of some cat breeds were investigated. For this purposs, ib8hesstisd
younger than six months (immature) and older than one year (mature) were examined under a light microscope using an
immunohistochemical method (indirect streptavidin-biotin complex). While it was determined that DIx-5 and TLX1 proteins were
expressed at varying levels in cells in immature and mature cat testicles, epithelial cells of ductus epididymis andedect)adef
smooth muscle cells of ductus deferens, no differences were observed between cat breeds. DIx-5 immunoreactivity wasenore intens
the testes, epididymis and deferens ducts of immature and mature compared to TLX1. These results suggested that btdly proteins p
important roles in the development of male feline genital organs and in the secretion and differentiation of cells, ehdraddséuvation
of DIx-5 expression suggested that this protein may be more effective than TLX1 in testicular development and physiateg&es.pro
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INTRODUCTION

Testicular development and spermatogenesis are bambryo during early embryonic development. In the later
highly complicated processes, which are regulated by sevestdges of development, it has been reported to occur in the
hormones, cytokines and growth factors (Zbaal, 2011). branchial arches, ear, diencephalon and restricted regions of
The testes have two main functions: the production of the male telencephalon (Kimut al, 2004). Furthermore, DIx-5
sex hormone testosterone and sperm cells. These functimsdicated to be involved in regulating the biosynthesis and
are critical to male reproduction and the preservation of specasivation of certain steroid hormones that control the
(Martins-Lareet al, 2018). The epididymis is a dynamic organgdevelopment and maintenance of male sex characteristics and
which hosts the maturation of spermatozoa. Spermatozoa rasure the attainment of male reproductive health. This protein
only mature by way of the absorptive and secretory functioaso positively affects androgen production in the differentiated
of the epididymal epithelium, but also gain motility duringfetal (Nackleyet al, 2002; Nishidat al,, 2008).
their transit through the epididymis (Axnér, 2006). The transit
of mature and motile spermatozoa to the ejaculatory ducts Having been initially described as a chromosomal
occurs through the ductus deferens, which is an essential geatslocation in humans, TLX1 is a potential transcription fac-
of the male reproductive system. tor of the homeobox family that may take part in the

development of the cranial sensory pathways. TLX1/TIx1 (T-

The DIx proteins are the vertebrate homologues of ttell leukemia translocation, aka Hox11) is expressed by the
Drosophila distal-less gene, and act a critical role in regulatimgntral and peripheral nervous system and is reported to act a
the formation of the distal appendage (Nistetlal, 2008). crucial role in both embryonic growth and normal spleen
The DIx-5 protein first encodes a DNA-binding homeoboxievelopment (Logaret al, 1998). Described as being
protein, which is expressed in the anterior area of the mousecessary for splenic development in mice, TLX1 is also
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reported to be involved in steroid synthesis by affecting ttke tissues were immersed in a mixture of 270 ml methanol +
transcription factor, steroidogenic factor-1 (SF-1), whicBO ml hydrogen peroxide for 20 min, and washed in distilled
plays a part in steroid synthesis, reproduction and sexwedter. For antigen retrieval, the sections were seethed in citrate
differentiation (Zangeet al, 2014). buffer (0.01 M, pH 6) at 95 0C for 20 min, and left to cool.
The cooled sections were washed in 0.01 M phosphate buffer
This study was aimed at investigating the DIx-5 andaline (PBS) to be subsequently reacted in a protein blocking
TLX proteins, which are subunits of the homeobox proteindJltra V Blok, Thermo Fisher Scientific, Lab Vision
that regulate the formation site and development of embryor@orporation) for 15 min at room heat. At the end of the
tissues and organs, to determine the distribution in the testigzubation period, while the normal sections were reacted with
epididymis and deferens ducts in several domestic cat bredds00 diluted antibodies (Table 1), the negative control sections
under preservation (Ankara, Van and Iran), ii; to show whethermere incubated with PBS at +4 oC for 12 h to affirm the
the determined distribution differs between immature ancbrrectness of the staining method. Following incubation, the
mature cats, and to reveal the possible physiological rolessgfctions were washed in PBS three times, every time for 5
these proteins in the male cat reproductive system. min. Next, they were first placed in a biotinylated secondary
antibody (Histostain Plus Bulk Kit, Zymed) and then in a
streptavidin-peroxidase (Histostain Plus Bulk Kit, Zymed) for
MATERIAL AND METHOD 20 min at room heat. This was followed by other three washings
in 0.01 M PBS, each time for 5 min. Next, with an aim to
visualize the antigen-antibody reaction, the preparations were
Animals and samplesThe research material consisted oSuspended in 3'3-diaminobenzidine hydrochloride (DAB) for
18 testicular tissue specimens collected from Angora, Perst#15 min, and depending on the development of
and Van cats. The tissue specimens were obtained from sdmmunoreactions, the sections were transferred into distilled
special veterinary clinics located in the Diyarbakir provincevater to end the reaction. After washing all of the sections,
and from the Polyclinic of Dicle University, Faculty of background staining was performed with Mayer’s hematoxylin
Veterinary Medicine. The tissue specimens were assigniad 2-3 min. Next, the sections were washed under flowing
to two groups, one including 9 immature testes belonging tountain water for 5-7 min. This was followed by passing the
juvenile animals younger than 6 months of age, and the ottsexctions through a graded alcohol series of 96 %, 100 % and
including 9 mature testes belonging to adult animals old&00 %, running each stage for 3 min, and then through xylol |
than 1 year of age. All tissue specimens were trimmed afat 5 min and xylol 1l for 30 min. Lastly, the tissues were
immersed in 10 % formaldehyde for 24 h for fixation. Oncenounted in Entellan. Immunoreactions were observed under
fixed, the specimens were bathed below flowing fountaia Nikon Eclipse E400 (Nikon, Tokyo, Japan) research
water for 12 h. After, they were passed through a ranketcroscope accoutred with a digital camera (Nikon Coolpix
alcohol series (70 %-100 %), and then to harden the tissu¢500).
through three methyl benzoate series, each lasting 12 h.
Subsequently, the specimens were placed twice, for 45 mBemi-quantitative evaluation.Tissue immunoreactions for
periods, in benzole for polishing. After being suspended iIx-5 and TLX1 were evaluad with a semi-quantitative
a paraffin-benzene mixture for 15 min, the specimens weseoring method (Saruha al, 2020), as either negative (-),
immersed in fluid paraffin for 3 h. Once the tissues wengeak (+), moderate (++) or strong (+++). This evaluation was
embedded in paraffin, im-thick serial sections were part made independently by two senior histologists (UT and MEA),
from the paraffin blocks on a microtome (Leica RM-2125hased on average values. For this purpose, the presence of
Germany), and were moved onto adhesive slides. immunoreactions was investigated in the testis, epididymis
and ductus deferens by microscopic examination at x40, x100,
Immunohistochemistry. For the detection of the DIx-5 and x200, and x400 magnification. The findings obtained were
TLX1 proteins, the serial sections were stained with the indireseparately evaluated for the testis ((spermatogonia,
streptavidin-biotin complex procedure. For this aim, thepermatocytes, spermatids, sustentocytes (Sertoli cells),
sections were first placed in xylol for 5 min, then passeihterstitial endocrine cells (Leydig cellsg¢pididymis
through a ranked series of alcohol (100 %, 100 %, 96 %, 8&pithelium and stroma), amtlictus deferens (epithelial and
%, and 70 %; 3 min each), and washed in distilled water. Nestmooth muscle cells)) (Table II).

Table I. Primary antibodies used for immunohistochemistry.

Antibodies Clonality/Isotype Host Reactivity Dilution Catalog number
DIx-5 Polyclonal/IgG Rabbit Human, Mouse, Rat 1/100 St John’s Laboratory, model no: STJ92725
TLX1 Polyclonal/IgG Rabbit Human, Mouse, Rat 1/100 Invitrogen, catno: PA5-34553
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Table II. Intensity of immunoreactivity for DIx-5 and TLX1 in the testis, epididymis and
ductus deferens.

Animals Organs Cells Immunohistochemical
semi-quantitative scoring
DIx-5 TLX1
MATURE Testis Sperrnatogonia 4+ ++
Spermatocytes +/++ ++
Spermatids +H++ +/++
Sertoli cells - +/++
Leydig cells +H++ -+
Epididymis Epithelial cells ++++ +++
Stromal cells +/++ +/++
D. Deferens Epithelial cells A/ +++
Smooth muscle cells +++ ++/++H
Testis Germ cells ++++ ++
Sertoli cells -+ ++
IMMATURE Epididymis Epithelial cells o -
Stromal cells +/++ +/++
D. Deferens Epithelial cells +++ ++
Smooth muscle cells +/++ +/++

RESULTS

Positive immunoreactivity for DIx-5 was observedand moderate in the mature specimens (Fig. 3A-B-C). In
in both the immature and mature testes. In the immatutee immature ductus deferens, immunoreactions for TLX1
testis, immunoreactions were strong and localized to theere very weak in the epihal and smooth muscle cells.
germ and sustentocytes. Similarly, in the mature testis, stropg the other hand, in the mature ductus deferens, TLX1
immunoreactions were defined in the sustentocytegnmunoreactivity was of moderate intensity and localized to
spermatogonia and spermatids within the seminiferotise apical cytoplasm of the epithelial cells, and ranged from
tubules as well as in the interstitial endocrine cells, distributegeak to moderate in the smooth muscle cells (Fig. 3C-D).
in between the seminiferous tubules. On the other hand, the
spermatocytes displayed a weak immunoreactivity for DIx- In order to prove the correctness of the
5 (Fig. 1A-B). Positive immunoreactivity for TLX1 wasimmunohistochemistry procedure, no positive
observed in some specific germ cells in the immature felim@munoreaction was observed in negative controls that were
testis (Fig. 1C). On the other hand, in the mature feline testisacted with PBS in place of antibodies (Fig. 4).
immunoreactions were strong in the Leydig cells, but weak
in the cells within the seminiferous tubules. Moreover, some
vascular endothelial cells also displayed positiv®ISCUSSION
immunoreactivity (Fig. 1D).

Immunoreactivity for DIx-5 was strong and localized The male reproductive system is comprised of the
to the nuclei of the epithelial cells lining the adult and juvenilgstes, which are the main reproductive organs, and the ducts
epididymis (Fig. 2A-B). While TLX1 immunoreactivity was that enable the maturation and transit of the spermatozoa
scarce in the epithelial cells of the juvenile epididymis, jroduced in the testes. The testis is a significant organ, owing
was of moderate intensity and localized to the cytoplasmtathe hormones secreted from the interstitial endocrine cells
the mature epididymis (Fig. 2C-D). and sustentocytes as well as the spermatozoa produced within

(Ar & Kamiloglu, 2015). Several cellular and hormonal

DIx-5 immunoreactions, which were of moderaténteractions as well as certain proteins are required for the
intensity and localized to the epithelial cells of the immatunghysiological functions of the testes. In view of the very
ductus deferens, ranged from moderate to strong and wingited number of studieavailable on the expression of
localized to both the nucleus and cytoplasm in the epitheliwte DIx-5 and TLX1 proteins in the male reproductive
of the mature ductus deferens. Immunoreactions seen in #ygtem, the present study was aimed at the investigation of
smooth muscle cells were weak in the immature specimetg expression of the DIx-5 and TLX1 proteins in the cells
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Fig. 1. DIx-5 and TLX1 immunoreactivity in the immature and mature feline testes. ST: Seminiferous tubule, BV: Blood n&ssel, Pi
arrowhead: Germ cell, Black arrow: Sertoli cell, Black arrowhead: Leydig cell, Yellow arrow: Spermatogonia, Red arrowhead:
Spermatocyte, Yellow arrowhead: Spermatid. Bapu25(C, a, b, d), 5¢um (A, B, D).

found within the testes, as well as in the epididymis andas also reported the absence of DIx-5 expression in the
deferens ducts. Leydig cells of mature testes, it has demonstrated that DIx-

5is expressed in mature ovaries, but not in immature ovaries.

DIx-5 has been reported to be expressed in the Leydidjis suggests that, DIx-5 contributes to steroidogenesis rather

cells of the testes in fetal mice. Thereby, it has been indicatéan cell differentiation. Furthermore, reduced testosterone
that, in the differentiated fetal testis, DIx-5 contributes téevels and abnormal male characteristics having been
the secretion and regulation of the steroid hormones trgtermined in DIx5/6 mutant mice suggests that these
define the male sex characteristics. While the same stugipteins may serve multiple functions in the developing tes-

622



TOPALOGLU, U. & AKBALIK, M. E.  Expression of the homeobox proteins DIx-5 and TLX1 during the development of catrieslisMorphol., 40(3519-626, 2022.

Immature Epididymis

..

Mature Epididymis

Fig. 2. DIx-5 and TLX1 immunoreactivity in the immature and mature feline epididymis. EE: Epididymal epithelium, S: Stro@. Bar
um (a, B, D), 5qum (A, C).

tes (Nishidaet al, 2008). To our knowledge, there is no2000). In the present study, similar to the case in the testes
further study on DIx-5 in the male reproductive system. laf mouse fetuses, DIx-5 was found to be expressed in the
general, the presence of DIx-5 has been reported to beydig cells of the mature feline testes. Furthermore, DIx-5
associated with craniofacial development, the genital budpmunoreactivity having been detected to be strong in the
osteogenesis, the morphogenesis of the sensory organs eglts of both the immature and mature testes suggests that
placental development. Furthermore, the deficiency of thikis protein may be involved in the development and
protein has been reported to be associated witlifferentiation of cells in the feline testes, as well as in the
malformations of the limbs (hands and feet) (Me&t@l, secretion of several hormones and development of
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Immature D. Deferens

Mature D. Deferens

_‘ RN A ) i
Fig. 3. DIx-5 and TLX1 immunoreactivity in the immature and mature feline ductus deferens. DE: Deferens epithelium, SM: Smooth
muscle layer, Green arrowhead: Smooth muscle cell. Bam2@A, b, C, d), 5Qum (B, D).

spermatozoa. Moreover, DIx-5 having been determined to hecleus and cytoplasm of some cells and in part of the
strongly expressed in the nuclei of the epithelial cells liningurrounding smooth muscle cells of the mature ductus deferens
the immature and mature epididymis, indicates that this protendicates potential critical roles of this protein in the transport
may be involved in the division and proliferation of epitheliabf spermatozoa.

cells, and thereby, in the maturation and storage of

spermatozoa. In addition, DIx-5 having been detected in the TLX1, a member of the homeobox gene family, which
nuclei of the epithelial cells lining the juvenile ductus defereris described as being required for splenogenesis and the nor-
suggests that this protein could be involved in the proliferational development of some sensory neurons, has also been
and division of these cells, whilst the detection of DIx-5 in theeported to induce the proliferation and differentiation of these
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NEGATIVE CONTROLS
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Fig. 4. Negative control immunoreactions for the DIx-5 and TLX1 proteins in the ductus epididymis and ductus deferendtairide ad
juvenile feline testes.

cells (Rizet al, 2007). Moreover, it is indicated that TLX1 istes. Positive immunoreactivity was also observed in several
localized to the placenta in humans (Novakatial, 2017)  of vascular endothelial cells. Based on these results, TLX1 is
and may contribute to the proliferation, differentiation andonsidered not to have much effect on the proliferation and
apoptosis of trophoblasts. In the present study, while TLXdifferentiation of testicular cells, but the strong positive
produced positive immunoreactions in some specific gerffmunoreactivity determined in titgterstitial endocrine cells
cells of the immature feline testes, immunoreactivity for thisf the mature cat testes suggests the possible involvement of
protein was strong in the Leydig cells and weak in the celifis protein in the production of testosterone, and thereby, its
found within the seminiferous tubules in the mature feline tegontribution to the male sexudgvelopment process. Scarcely
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