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SUMMARY: The objective of this work was identify the presence of interstitial cells of Cajal, muscle cells, nerves and androgen
receptor positive cells in adult human testicle, using immunohistochemical detection for c-kit/CD-117, actin smooth muscle specific
(ASMS), neurofilament (N) and androgen receptor (AR), respectively. The samples were obtained from patients (n= 10) with diagnosis
of prostate cancer, with surgery of orchiectomy.  Subsequently were processed by histology and for immunohistochemistry using specific
antibodies. It showed the presence of cells c-kit/CD-117, with diverse degrees of positivity, distributed mainly in the interstitial peritubular
area of the human testicle. The peritubular myoides cells were positive to the presence of the actin smooth muscle and androgen receptor.
The neurofilaments elements (+) only were observed in the vascular tunic. The specific immunohistochemistry describe the presence of
the interstitial cells of Cajal in human testicular interstitium, opening a new perspective for the functional interpretation of the testicular
cellularity and tubular motility. Possibly associated functionally to peribubulars cells of smooth muscle to regulate the mobility of the
seminiferous tubules, whose integration and function would be androgen dependent. The cells that express the c-kit receptor, were found
exclusively in the interstitial compartment. This cellular type in addition of the muscular cells of peritubules and the absence of nervous
fibers to the interior of the testicle, could be responsible for the regulation of tubular mobility, as it happens in the gastrointestinal
apparatus.
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INTRODUCTION

During the embryonic and fetal development of the
testicle, a series of changes occurs in both cellular distribution
and histological organization that lasts until it reaches sexual
maturity.  This developmental process ensures the optimal
organization to produce masculine gametes and male
hormones (Rodríguez et al., 2004).

Somatic cells of the testicle are Leydig cells,
peritubular myoids cells and Sertoli cells. In these cells the
presence of androgen receptors (AR) has been demonstrated,
with variable immunohistochemical positivity according to
the age and state of the cycle of the spermatogenesis.

The androgens mediate a wide range of physiological

responses and are especially important in male sexual
maturation, the maintenance of spermatogenesis, and male
gonadotropin regulation (Carreau et al., 2007).

The effects of androgens are mediated through the
androgen receptor (AR), a 110-kDa ligand-inducible nuclear
receptor that regulates the expression of target genes through
binding to an androgen response element. Mutations of the
AR may result in male infertility or complete or partial
androgen insensitivity (Brockschmidt et al., 2007).

In the human testis, AR immunoexpression was
observed in Sertoli cells, peritubular myoid cells, Leydig
cells, and periarteriolar cells, but not in germinal cells. There
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is no correlation with the intensity of AR immunoexpression
in either Sertoli cells or peritubular myoid cells in regard to
spermatogenic cells. Perhaps an inappropriate expression of
the AR is a cause or a consequence of idiopathic infertility
in the human patients (Zhang et al., 2006; Loukil et al., 2005).

The membrane receptor c-kit, a tyrosine quinase
protein type III, directly regulates the proliferation and
apoptosis of stem cells and it is involved in cell migration.
In the embryofetal and immature testicle, the receptor would
be expressed by the somatic cells (Sertoli and Leydig) and
germinal cells (spermatogonia types A, Intermediate and B).
Some authors even describe an incomplete c-kit protein in
some meiotics stages (Ullrich  & Schlessinger, 1990).
Nevertheless, in the adult man there would take place a
reduction in the number and type of cells that express the
protein c-kit (of unknown function), which probably is an
important factor in the regulation of the endocrine and
gametogenic functions of the adult testicle. Therefore, the
expression of the c-kit receptors may perhaps constitute one
of the regulating factors of the spermatogenesis, by means
of modulating proliferation and apoptosis in the seminiferous
epithelium, as well as regulation of tubular motility
(Rothschild et al., 2003).

In the peritubular compartment, the myoid cells are
androgen dependent, surround the seminiferous tubules and
secrete basal lamina components (Jeanes et al., 2005). These
myoid peritubular cells with contractile properties could be
regulating the motility of the seminiferous tubules.

Therefore the contractility of the seminiferous tubules
and the displacement of the intratubular fluid could be
regulated through testosterone specific receptor, and by the
activity of the positive c-kit cells.

In the present work, in the interstitium of the adult
human testicle we describe positive c-kit cells associated to
the peritubular contractile cells, probably interrelated and
regulated by  testosterone.

MATERIAL AND METHOD

Testicular tissue was obtained from prostate cancer
patients (n= 10,  between 60 to 65 years old), under procedures
of uni or bilateral testicular surgery (orchiectomy)
corresponding to an androgen ablation therapy. The patients
were asked to authorize the use of the tissues, after explaining
the aims of the work. The Bioethical Committee, for handling
human tissues, according to the Clinical Hospital José Joa-
quín Aguirre, of the University of Chile, authorized this study.

The samples of testicular tissue were fixed in 40 g/L
buffered formaldehyde pH 7.4 in PBS (phosphate buffer
saline).  All staining procedures for light microscopy were
performed on 4 mm paraffin-embedded sections and stained
with hematoxylin-eosin (or Papanicolaou stain).

For detection of c-kit a rabbit antihuman antibody and
horseradish peroxidase enzyme-labeled polymer conjugated
to polyclonal rabbit secondary antibodies (LSAB-2; DAKO
Corp.) was utilized. Similar protocols were performed with
antibodies against Actin smooth muscle specific and
neurofilaments (NeoMakers ref RB 9010-R7) and the androgen
receptor (LabVision CO. Ref RB 9030 - PO), revealed with
UltraVision Plus Detection System, Anti polivalente, HRP. All
slides were incubated with the primary antibody for 10 minutes
at RT (room temperature), then incubated with the secondary
antibody, a biotinylated goat anti-rabbit for another 10 minutes
at RT, and finally with Peroxidase-Streptavidin conjugated and
with AEC (Aminoethylcarbazole) or DAB (Diaminobenzydine)
as chromogen (DAB) to develop the color reaction.
Endogenous peroxidase was inactivated by 3 % H

2
O

2
 for 5

minutes (30 % perhydrol p.a., Merck).  Negative controls were
performed by either blocking with appropriate non-immune
serum or by omitting the primary antibody from the protocol.

The results were registered in digitalized images
(digital camera Nikon® Coolpix 4500, 4 Megapixeles of
resolution), and the quantification was made in a Nikon
Microscope Eclipse. For the c-kit cells, AR, and smooth
muscle specific actin, the number of immunopositives cells
by seminiferous tubule was registered, considering a total
of 1200 tubules.

RESULTS

Testicular histology usually considers an organization
in compartments: tubular, peritubular and intertubular or
interstitial. The cellularity in each one of them is different,
and the functions are also different, with an intratesticular
paracrine regulation, which assures the functional
interdependence between the compartments.

In Tables I and Figs. 1 and 2, the quantitative results
of the technique of immunohistochemistry of the testicular
cells that express the protein c-kit, the androgen receptor
and specific actin of smooth muscular are shown. In Table I,
the quantification of the c-kit positive cells is observed, in
the adult human testicle, assumed to be  pacemarker cells,
though scarce in number. They are found in association to
structures that present contractile properties such as arterioles
and, in greater amount, around the seminiferous tubules.
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In Fig. 1, in the different compartments of the adult
human testicle there are different cellular populations that
express the androgen receptor protein. Also the contractile
peritubular cells express in a high percentage the androgen
receptor. In Fig. 2, in the peritubule the cells express actin,
specific protein of the smooth muscle, which allows to
confirm that these cells are of muscular character and that
they could be participating in the regulation of the motility
of the seminiferous tubules in association with the c-kit
positive cells.

Figs. 3 to the 7 show the cellularity of the different
compartments of the testicle, and the identification of specific
cellular types according to the primary antibodies used in
the immunohistochemical techniques.

In Fig. 3, the testicular histology with Papanicolau
stain is observed. The staining of the nuclei of the cells of
Sertoli and the line of the spermatogenesis of the tubular
compartment is outstanding. The peritubular cells are
observed of blue color with extended and basophilic nuclei.

Table I. Quantification and distribution c-kit + cells in the testis,
immunocytochemistry reaction by area (40x), with registration the
position near seminiferous tubules or vascular area.

Fig. 1. Quantification and distribution of the cells of the
compartments of the adult human testicle that express the androgen
receptor (a,b: p≤  0.05).

Fig. 2. Cells of human adult testicle that express specific actin of
smooth muscle. Seminiferous tubules and vascular system.

Fig. 3. Histological organization of the adult human testicle with
stain of Papanicolau. Peritubular compartment with blue dyeing
and the nuclei of the different cellular populations from the tubular
compartment, germinal cells and Sertoli strongly basofiles. 1)
Interstitial compartment, 2) Peritubular compartment, 3) cells of
Sertoli, 4) cells of the germinal line (100x).

Fig. 4 shows the cells of the peritubular compartment
using the technique of immunohistochemestry with specific
antibodies for actin smooth muscular specific. The samples
revealed with AEC allows to observe the positive cells with
intense red colour.

Fig. 4. Transversal section of adult human testicle with
immunopositives cells for actin smooth muscular specific. The
arrows indicate the positive cells of the peritubular compartment
(40x).
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Cells Distribution (%)

Cell/ 0.25mm2 Peritubular Perivascular

c-kit (+) cells   0.4 ± 0.002        82 18
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Fig. 5. shows positive nervous fibers for specific
neurofilaments of the nervous system, which are observed
of red color (revealed with AEC) and located towards the
vascular tunic of the testicle.

Fig. 7 shows the specific immunohistochemical
reaction to identify c-kit cells in cross sections of
seminiferous tubules. Interstitial cells of Cajal (ICC), located
in the interstitium, exhibit a strong immune reaction to the
c-kit in their cytoplasm and distributed in the peri-nuclear
area.  The nucleus of ICC is clear and is surrounded by a
clear reddish halo. The ICC are distributed close to the
periphery of the seminiferous tubules, in contact with the
peritubular cells and separated from the groups of Leydig
cells. It must be stated that the tubular and peritubular areas
are negative to the c-kit reaction.

Fig. 7. Sections of human adult testis with immuno-histochemical
reaction for the interstitial Cajal cells. The arrow indicate positive
reaction for the c-kit receptor in the interstitial Cajal cells, (1) tubular
compartment, (2) peritubular compartment, and (3) interstitial
compartment (40x).

Fig. 6. shows the cellular populations of the testicle
that express the androgen receptor. Cells of Sertoli are
observed positive presence of androgen receptor, whereas
the germinal line is negative. In the peritubular compartment
the positive cells are arranged circularly and in several layers.
In the interstitial compartment the positive cells are
distributed at random.

Fig. 5. Transversal section of adult human testicle with
immunopositives cells for neurofilaments. The arrows indicate
positive nervous fibers, those that are arranged exclusively from
the vascular tunic outwards of the testicle (20x). ST: seminiferous
tubules; VT: vascular tunic, AT: albuginean tunic, BV: blood vessel.
Arrows show nervous fibers (positive neurofilaments).

Fig. 6. Transversal section of adult human testicle with
immunopositives cells for the androgen receptor (AR). The arrows
indicate the nucleus of the immunopositives cells (40x). 1) Tubular
compartment; 2) peritubular compartment; 3) interstitial
compartment.

DISCUSSION

The seminiferous tubules in human are constituted
by the seminiferous epithelium, a complex stratified
epithelial tissue formed by Sertoli cells and spermatogenic
cells. The spermatogenesis includes all the changes that
experience the germinal cells: mitosis, meiosis, and cellular
differentiation (Tourtellotte et al., 1999).

In the seminiferous tubules different cellular
associations are identified and represent different stages from
differentiation of the germinal cells (Fig. 1). Therefore, in
the cross sections of the testicle the adjacent seminiferous
tubules display different cellular aspects. This complex cells
associations may well be regulated by c-kit cells, as it has
been found in the intestinal tract.

In the majority of mammals, the Leydig cells are
distributed in the intertubular spaces and are similar in both
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ultrastructure and hormonal activity, showing characteristic
patterns of growth and development during the fetal and
puberty phases, and also secrete variable amounts of
testosterone (Bustos-Obregón et al., 2007).  

At this time the new molecular concepts revolutionize
the medical and clinical practice, with key molecular findings
in the pathogenesis and therapeutics of some diseases. A clear
example of it corresponds to the cells that display the c-kit
membrane receptors. The c-kit cells are originated from
mesenchymal  stem cells that give origin to the so called
ICC (Yorke et al., 2003), also known as pacemaker in the
gastrointestinal tract, where they regulate the tubular motility
(Hagger et al., 1997).

In the gastrointestinal tract the ICC are located near
the mesenteric plexus or distributed separately in the
interstice, displaying multiple cytoplasm processes (Park et
al., 2004).  This is in agreement with our findings, where
the c-kit cells are distributed in the interstitial compartment
(Fig. 5), near the peritubule (muscle cells, Fig. 2), of the
adult human testicle. About a 70% of gastrointestinal
mesenchimatic tumors corresponds to mutations in c-kit.
These tumors respond very well to therapy with c-kit
inhibitors drugs (Joensuu et al., 2002). Some of these specific
drugs could be useful for future studies of the function of c-
kit in the testicle.

The development of the normal testicle depends on
the proliferation of primordial germinal cells and their
aggregation with the Sertoli cells precursors. All these events
are associated to the expression of proto-oncogene c-kit that
codifies the protein kinase III (Roskoski, 2005).

Albanesi et al. (1996), describe that type A
spermatogonia expresses the c-kit receptor in the testicle after
birth, and that transcription stops during meiosis, where the
proto-oncogene would be active for a very short period at
the end of spermatogenesis. In contrast, less information has
appeared for c-kit expression in cells of the adult testicle
(Bedell & Mahakali, 2004).  The deregulation of c-kit has
been involved in the genesis of a variety of tumoral
pathologies; its role in the pathogenesis of tumors is still not
clear (Fine et al., 2007). In these circumstances it is possible
that the c-kit cells appear increased in number in the testicular
interstice, similarly to the situation described in the liver in
cases of biliary obstruction and in recent study of pineal gland
(Qin  et al., 2004; Rodríguez et al., 2007).

According to the results observed, motility, secretion
and cell proliferation might be under c-kit regulation. This
would represent the formation of true testicular pacemarkers
for the regulation of the motility of the seminiferous tubules
and presumably in the fertility of the adult man. All these
immunohistochemical aspects here analysed must be
considered in  future studies of male reproductive organs in
human and others models species (Espinoza-Navarro &
Bustos-Obregón, 2005; Holt et al., 2004; Espinoza-Navarro
et al., 2007).
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RESUMEN: El objetivo de este trabajo fue identificar la presencia de células interticiales de Cajal, células musculares lisas,
células nerviosas y células que expresan receptores de andrógeno en el testículo de humano adulto, usando inmunohistoquímica especí-
fica para: c-kit/CD-117, músculo liso actina específico (ASMS), neurofilamentos (N) y para receptores de andrógenos (AR). Las mues-
tras fueron obtenidas de pacientes (n=10) con diagnóstico de cáncer prostático sometidos a cirugía de orquiectomía. Las biopsias se
procesaron para histología e inmunohistoquímica usando anticuerpos específicos. Se muestra la presencia de células c-kit/CD-117, con
diversos grados de positividad y distribuidas en el compartimento interticial del testículo. Las células peritubulares mioides fueron
positivas para la presencia de músculo liso actina específico y para receptor de andrógenos. La marcación de neurofilamentos positivos,
sólo fueron observados en la túnica vascular. Conclusiones:  La inmunohistoquímica específica describe la presencia de células interticiales
de Cajal en los interticios testiculares humanos, abriendo una nueva visión en la interpretación funcional de la celularidad testicular y la
motilidad tubular. Lo anterior asociado a la funcionalidad de las células peritubulares (músculo liso) regularían la motilidad de los
túbulos seminíferos. Este proceso posiblemente es andrógeno dependiente. Las células que expresan receptores c-kit se encuentran
exclusivamente en los compartimentos interticiales, estas células en conjunto con las células musculares peritubulares agregado a la
ausencia de fibras nerviosas al interior del testículo, podrían ser los responsables de la regulación de la motilidad tubular, similar a como
se informa para el tracto gastrointestinal.

PALABRAS CLAVE: Reproducción humana; Testículo; Células interticiales de Cajal; Motilidad tubular; Receptores de
andrógenos.

RODRÍGUEZ, H.; ESPINOZA-NAVARRO, O.; SARABIA, L.; TAMAYO, C.; SEPÚLVEDA, M.; INOSTROZA, J.; ARAYA, J. C. & MORIGUCHI, K. Histological and functional
organization in human testicle: Expression of receptors c-kit and androgens. Int. J. Morphol., 26(3):603-608, 2008.



608

REFERENCES

Albanesi, C.; Geremia, R.; Giorgio, M.; Dolci, S.; Sette, C. & Rossi,
P. A cell- and development stage-specific promoter drives the
expression of a truncated c-kit protein during mouse spermatid
elongation.  Development, 122:1291-302, 1996.

Bedell, M. & Mahakali, A. Genetic analysis of Kit ligand functions
during mouse spermatogenesis. J. Androl., 25(2):188-99, 2004.

Brockschmidt, F.; Nothen, M. & Hillmer, A. The two most common
alleles of the coding GGN repeat in the androgen receptor gene
cause differences in protein function. J. Mol. Endocrinol.,
39(1):1-8, 2007.

Bustos-Obregón, E.; Del Rio; Costa, F. & Sarabia, L. Morphometric
analysis of mice testicular tubules after administration of
malathion and maca. Int. J. Morphol., 25(2):245-8, 2007.

Carreau, S.; Silandre, D.; Bourguiba, S.; Hamden, K.; Said, L.;
Lambard, S.; Galeraud-Denis, I. & Delalande, C. Estrogens and
male reproduction: a new concept. Braz. J. Med. Biol. Res.,
40(6):761-8, 2007.

Espinoza-Navarro, O. & Bustos-Obregón, E. Effect of malathion on
the male reproductive organs of earthworms, Eisenia foetida.
Asian J. Androl., 7(1):97-101, 2005.

Espinoza-Navarro, O.; Vilaxa, A.; Granifo, L.; Rojas, S. & Rodríguez,
H. Histological study on the male reproductive organs of mouse
CF1 Treated with boron. Int. J. Morphol., 25(2):341-6, 2007.

Fine, R. L.; Shah, S. S.; Moulton, T. A.; Yu, I. R.; Fogelman, D. R.;
Richardson, M. et al. Androgens and c-Kit receptor in
desmoplastic small round cell tumors resistant to chemotherapy:
novel targetsfor therapy. Cancer Chemother. Pharmacol.,
59(4):429-37, 2007.

Hagger, R.; Finlayson, C.; Jeffrey, L. & Kumar, D. Role of the
interstitial cells of Cajal in the control of gut motility.  Br. J.
Surg., 84:445-50, 1997.

Holt, W. V.; Waller, J.; Moore, A.; Jepson, P. D.; Deaville, R. &
Bennett, P. M. Smooth muscle actin and vimentine as marker of
testis development in the harbour porpoise (Phocoena phocoena).
J. Anat., 205(3):201-11, 2004.

Jeanes, A.; Wilhelm, D.; Wilson, M.; Bowles, J.; McClive, P.; Sinclair,
A. & Koopman, P. Evaluation of candidate markers for the
peritubular myoid cell lineage in the developing mouse testis.
Reproduction, 130(4):509-16, 2005.

Joensuu, H.; Fletcher, C.; Dimitrijevic, S.; Silberman, S.; Roberts, P.
& Demetri, G. Management of malignant gastrointestinal stromal
tumors. Lancet Oncol., 3:655-64,  2002.

Loukil, L.; Boudawara, T.; Ayadi, I.; Bahloul, A.; Jlidi, R.; Ayadi, H.
& Keskes, L. High androgen receptor immunoexpression in

human "Sertoli cell only" testis. Arch. Inst. Pasteur Tunis., 82(1-
4):47-51, 2005.

Park, S.; Kim, M.; Kim, H.; Song, B. & Chi, J. Ultrastructural studies
of gastrointestinal stromal tumors.  J. Korean. Med. Sci., 19:234-
44, 2004.

Qin, A.; Zhou, X.; Zhang, W.; Yu, H. & Xie, Q. Characterization and
enrichment of hepatic progenitor cells in adult rat liver.  World
J. Gastroenterol., 10:1480-6, 2004.

Rodríguez, H.; Rios, A.; Sarabia, L. & Araya, J. C.
Immunohistochemistry of vimentin and desmin intermediate
filaments and enolase enzyme in seminiferous tubules from senile
individuals.  Rev. Int. Androl., 2:9-14, 2004.

Rodríguez, H.; Tamayo, C.; Vacarisas, P.; Araya, J. C. & Espinoza-
Navarro, O. Glándula pineal humana, factores reguladores de la
producción de melatonina: Morfometría, celularidad y células
c-Kit. Rev. Int. Androl., 5(4):325-31, 2007.

Roskoski, R. Signaling by Kit protein-tyrosine kinase, the stem cell
factor receptor. Biochem. Biophys. Res. Commun., 337(1):1-13,
2005.

Rothschild, G.; Sottas, C. M.; Kissel, H.; Agosti, V.; Manova, K.;
Hardy, M. P. & Besmer, P. A role for c-kit receptor signalling in
Leydig cell steroidogenesis. Biol. Reprod., 69(3):925-32, 2003.

Tourtellotte, W.; Nagarajan, R.; Auyeung, A.; Mueller, C. &
Milbrandt, J.  Infertility associated with incomplete
spermatogenic arrest and oligozoospermia in Egr4-deficient
mice.  Development, 126:5061-71, 1999.

Ullrich, A. & Schlessinger, J.  Signal transduction by receptors with
tyrosine kinase activity.  Cell,; 61:203-12, 1990.

Yorke, R.; Chirala, M. & Younes, M. c-Kit proto-oncogene product
is rarely detected in colorectal adenocarcinoma.  J. Clin. Oncol.,
21:3885-6, 2003.

Zhang, C.; Yeh, S.; Chen, Y.; Wu, C.; Chuang, K.; Lin, H.; Wang, R.;
Chang, Y.; Mendis-Handagama, C.; Hu, L.; Lardy, H. & Chang,
C. Oligozoospermia with normal fertility in male mice lacking
the androgen receptor in testis peritubular myoid cells. Proc. Natl.
Acad. Sci. USA, 103(47):17718-23, 2006.

Correspondence to:
Prof.  Dr.  Omar Espinoza-Navarro. 
Laboratory of Biology of Reproduction and Development. 
Universidad de Tarapacá
Casilla 7/D,
Velásquez 1775,
Arica - CHILE

E-mail: oespinoz@uta.cl
Received: 07-05-2008
Accepted: 13-07-2008

RODRÍGUEZ, H.; ESPINOZA-NAVARRO, O.; SARABIA, L.; TAMAYO, C.; SEPÚLVEDA, M.; INOSTROZA, J.; ARAYA, J. C. & MORIGUCHI, K. Histological and functional
organization in human testicle: Expression of receptors c-kit and androgens. Int. J. Morphol., 26(3):603-608, 2008.


