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The main functions of the testis are sex hormone and sperm cell production. Steroidogenesis occurs in the Leydig interstitial cells
and spermatogenesis in the seminiferous tubules. Male gonad morphogenesis is a finely orchestrated process, mainly coordinated by
hormones, whose actions can significantly affect post-pubertal testicular function. Calcium is a key intracellular messenger, which
regulates many signal transduction pathways, and is also implicated in steroidogenesis. Calcium homeostasis and signaling rely on
many calcium-binding proteins including calretinin, of the “EF-hand” protein family. Calretinin is a highly conserved protein mainly
expressed in the nervous system but also detected in rat and human adult and fetal testis as well as in pathological conditions.
Calretinin expression in the fetal testis, however, has not been thoroughly analyzed probably owing to limited availability and
paucity of tissues. Here, we examined by immunocytochemistry the expression of calretinin in human fetal testis specimens,
obtained from natural and therapeutic abortions, at various developmental ages. We found that calretinin-immunoreactive Leydig
cells were visible throughout the timeframe studied (14th–27th week). Immunoreactivity was also observed in Sertoli cells and in
the germ cells of the immature seminiferous tubules. Overall our data indicate that calretinin expression parallels the decline in
Leydig cell number, suggesting that its presence is indeed correlated to their steroidogenic activity. They also suggest that the
intratubular positivity of calretinin could be linked to the ability of Sertoli cells to produce locally acting hormones contributing to
the histodifferentiation of the male genital tract.
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Calretinin is a calcium-binding protein, belonging to the
“EF-hand” protein family which includes S100, calmodulin,
calbindin, parvalbumin, and troponin. The structure of the
EF-hand “helix-loop-helix” motif was first identified using the
crystalline form of parvalbumin, which contains two alpha
helices, “E” and “F”, separated by a “loop” harboring the
calcium-binding hydrophilic residues. This structural motif,
resembling a right hand with thumb and forefinger extended,
was so named by Robert Kretsinger, who proposed that the
two sites of parvalbumin that bind calcium derived from the
duplication of a primordial gene encoding a calcium binder loop
(Kretsinger and Nockolds, 1973).

Later, Collins (1974) correlated the amino acid sequence of
parvalbumin with that of troponin C and suggested that the
latter also contained EF-hand motifs. The EF- hand protein
family now contains over a hundred members, including
calmodulin which has been among the most extensively studied
(Carafoli, 2003).

Calcium plays crucial roles within eukaryotic cells: it
represents the intracellular messenger in many signal
transduction pathways and, in particular, in the excitable cells
of the nervous system the increase in free calcium
concentration initiates fundamental processes such as the
release of neurotransmitters, electrical activity, the fast axonal
flow and memory storage.

Owing to its key function in many signal transduction
pathways, calcium concentration within cells must be
tightly regulated. Calcium concentration must be kept low,
below the millimolar range, because the phosphate esters
are very abundant (phosphate is the main energy source)
and the calcium phosphates, which would form in presence
of high calcium concentrations, are poorly soluble. Usually
the free calcium concentration in the cytosol is around
10�7 M, very low compared with that of other intracellular

cations, such as magnesium (whose concentration is about
10�3 M and relatively constant). So, the calcium binding
sites must therefore be characterized by a selectivity
towards calcium at least 1000 times higher than that of
magnesium. Another calcium property, making it an
excellent intracellular messenger, is its ability to bind
tightly to protein molecules, introducing large
conformational changes in them. For example, when
calmodulin binds calcium, it undergoes conformational
changes that transform it from an inactive form to an active
form, which modulates downstream targets (Klee, 1991).
Proteins involved in calcium regulation can be divided into
two main broad classes including calcium-buffering and
transporting proteins, which regulate its levels, and
calcium sensors, which trigger its signal (Carafoli, 2003),
although the boundaries between classes are often
blurred. EF-hand proteins belong to both classes, although
many still have uncharacterized functions (Kretsinger and
Nockolds, 1973). Not all EF-hand proteins have the same
behavior nor the same number of EF-hand domains.
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Calretinin, in particular, has six EF-hand domains, and has
been included in the hexa-EF-hand protein sub-family,
which includes calbindin D28K and secretagogin
(Schwaller, 2014). Calretinin is a highly conserved protein,
which was first identified in the retina and, consistently, is
mainly expressed in specific neurons of both the central
and peripheral nervous system in the form of a cytosolic
29 KDa protein. However, it is also expressed in
pathological conditions such as colon cancer and
mesothelioma cells (Camp and Wijesinghe, 2009) and also
physiologically in the adrenal gland (Afework and
Burnstock, 1995), rat pituitary (Cimini et al., 1997), rat
testis (Strauss et al., 1994), rat ovary interstitial cells (Pohl
et al., 1992), and human testis (Buonomo et al., 2001a,b).

Calretinin shows a high sequence homology with calbindin
D28K, but has a different distribution in the nervous system.
Calbindin plays a protective role in neurons, perhaps by acting
as “Ca-buffer.” Similarly calretinin, which behaves differently
according to whether or not it is bound to calcium, regulates
calcium concentration inside the cell through its buffering and
transport action. Calretinin plays a role in neuronal excitability,
and, although highly debated, a role in neuroprotection has
been hypothesized suggesting that changes in calcium
homeostasis, related to these proteins, might underlie
neurodegenerative diseases, such as Parkinson’s or
Alzheimer’s diseases (Brion and R�esibois, 1994; Fonseca and
Soriano, 1995; Kim et al., 2000; Rodríguez et al., 2001; Altobelli
et al., 2015; Verdaguer et al., 2015).

Differentiation of the male gonad occurs around the 7th
week, when the primitive cell cords proliferate and turn
into secondary cords. The mesenchyme proliferates
forming septa between the secondary cords. The secondary
epithelial cords give rise to the seminiferous tubules,
consisting of supporting cells or Sertoli cells, which
surround the spermatogonia. At the level of the gonad itself,
the sex cords end and anastomose to form the rete testis. At
the beginning of the 8th week, some of the medulla cells
differentiate into interstitial cells through the action of the
testicular determining factor (TDF), in combination with the
antimullerian factor (AMH). The differentiated Leydig cells
mature during weeks 14–18 of gestation, reaching their
highest number of about 24 million per testis during weeks
13–18 of fetal development (Codesal et al., 1990). Fetal
Leydig cells probably develop from the adreno-gonadal
primordium (O’Shaughnessy et al., 2006) but also from early
microvessels, neural crest, mesonephros, and coelomic
epithelium (Yao and Barsoum, 2007; Wen et al., 2011).
Leydig cells develop rapidly in the fetal testis producing
testosterone which influences the subsequent development
of the testis itself. They then regress, having served their
purpose, and redifferentiate more slowly at puberty. In mice
they remain differentiated for a certain period of time in the
postnatal testis (Shima et al., 2015) but in humans they
undergo regressive changes without apoptosis 2/3 months
following birth (Svechnikov et al., 2010). After
differentiation of the gonad in the testis and through the
influence of male hormones, each Wolffian duct gives rise to
the male genital tract, including the epididymis, vas deferens,
seminal vesicles and ejaculatory duct, while the AMH factor
induces regression of the Mullerian duct. Adult Leydig cells
are located in the connective tissue which lies between the
tubule loops together with fibroblasts, macrophages, blood
vessels, lymphatic vessels, and nerves; however, fetal Leydig
cells persist, making up about 20% of their total population
(Weng et al., 2016).

Although calcium signaling in the steroidogenic process
has been described, and an increase in intracellular calcium
has been reported in mice Leydig cells upon stimulation with
the luteinizing hormone (LH) (Costa et al., 2011), a

thorough assessment of the expression and functions of
calcium binding proteins in this context has not been
performed. We are the first to show calretinin expression
in the human fetal testis, where it is present at a stage in
which testicular development occurs with its profound
impact on adult testis function. However, human fetal testis
specimens are not readily available and when they are, the
tissue available for molecular analyses is very limited. The
aim of this study was to examine by immunocytochemistry
the expression of calretinin in the human fetal testis,
particularly in the Leydig cells, at various developmental
ages.

Materials And Methods

Fetal testis specimens were obtained from natural and
therapeutic abortions, while the childhood specimen came
from a diagnostic biopsy (Table 1).

Light microscopy studies: immunocytochemistry

Human fetal testes were formalin-fixed and paraffin-
embedded. Fetal specimens were taken from the 14th to 27th
week of development and from a testicular biopsy (see
Table 1). About 4mm-thick sections were incubated
overnight with antibodies against calretinin produced in
rabbit (1:1,000 dilution) (Swant, CH), or mouse (monoclonal)
(1:200 dilution) (Novocastra, UK), and with a mouse
monoclonal antibody against estrogen receptor a (ER a)
(1:100 dilution) (Dako, NL). Staining protocols were followed
according to directions of the companies. Where required,
sections were microwaved in citrate buffer, pH 6.0, for
antigen retrieval before incubation with the primary antibody.
The site of immunoreaction was revealed with a biotinylated
second antibody (1:40,000 dilution) (Calbiochem, goat anti-
rabbit Ig) or (Vectastain, horse anti-mouse Ig) (Vector
Laboratories, Burlingame, CA) followed by alkaline
phosphatase-labelled streptavidin (SAV/AP Dako Kit,
Carpinteria, CA). The alkaline phosphatase was visualized
with naphthol phosphate and Fast Red. Nuclei were
counterstained with Mayer’s hematoxylin.

Controls

Specificity tests for the calretinin immunostain were
performed by pre-absorption of the antibody solution with the
specific antigen (Swant, CH) at dilution 0.1–10 nmol/ml of
diluted antibody.

TABLE 1. Developmental age of fetal testis and condition of fetuses

Age Number Condition

14 weeks 1 Hemophilia A (Hem. A)
16 weeks 1 Voluntary interruption of pregnancy, anenchephaly

(VIP/AE)
18–19
weeks

1 Syrenoid (Syr)

20 weeks 1 Spontaneous abort, placenta previa (SA/PP)
21 weeks 4 Voluntary interruption of pregnancy, Down, cardiac

malformation (VIP/Down/CM)
22 weeks 2 Spontaneous abort (SA)
23 weeks 2 Lung hypoplasia, cystis of IV ventriculum (LH/CV)
24 weeks 1 Voluntary interruption of pregnancy, Fallot-Down

(VIP/F-Down)
25 weeks 1 Voluntary interruption of pregnancy, malformation

(VIP/M)
27 weeks 1 Spontaneous abort, placenta previa, lung hypoplasia

(SA/PP/LH)
Childhood 1 Diagnostic biopsy

JOURNAL OF CELLULAR PHYSIOLOGY

C A L R E T I N I N I N T H E F E T A L T E S T I S 1873



Negative controls consisted of omission of the primary
antibody or its substitution with normal rabbit or mouse
serum.

Sections of cerebellum were used as positive controls for
calretinin and mammary glands sections for the ERa
antibody.

Morphometric quantitation

For morphometric analysis a Leica DMLS microscope
(Wetzlar, Germany) provided with a Leica DC200 digital
camera was used. Images were processed by Image J
software in order to count the number of CR-
immunoreactive fetal Leydig cells/examined area. From
three to five tissue sections of each condition were
examined. The number of calretinin-immunoreactive cells/
10 fields was counted on each section by two independent
operators (blind to condition). Final values were expressed
as mean CR-immunoreactive fetal Leydig cells/unit area
(1000mm2). Mean values of each conditions were plotted to

evaluate the general trend of calretinin-immunoreactivity at
different gestational ages.

Results

Calretinin-immunoreactive fetal Leydig cells, are visible from
14 to 27 week of fetal development. They are very well
increased in number at the 14th week. The cells are mostly
rounded and homogeneously positive to calretinin antibody
(Figs. 1 and 2). Calretinin is also localized in the interstitial cells,

Fig. 1. Calretinin expression in human fetal testis at 14 weeks.
Leydig cells (arrows) form broad cellular sheets between spermatic
cords. They show strong cytoplasmic positivity. Calretinin
immunoreactivity is also shown within tubular cells (arrowhead).
Counterstaining with hematoxylin; magnification 25x.

Fig. 2. Calretinin expression in human fetal Leydig cells. Flow chart
showing the trend of calretinin expression at different stages of
human development and in different conditions (abbreviations
according to Table 1).

Fig. 3. Calretinin expression in fetal epididymal body at 20 weeks.
Testis deep surface showing calretinin immunoreactivity which is
particularly visible in the apical cytoplasm of the epididymis cells.
Hematoxylin counterstain; magnification 25x.

Fig. 4. Calretinin expression in fetal testis at 20 weeks. Testis deep
surface showing cytoplasmic immunoreactivity of convoluted
seminiferous tubules (arrowhead) and Leydig cells. Some of them
also show nuclear labeling (arrows). Insert: magnification of tubular
cells that shows immunocytochemical labeling (arrowhead) weaker
than fetal Leydig cells (arrow). Hematoxylin counterstain;
magnification 25x.
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the convoluted seminiferous tubules and epididymis cells (Figs.
2 and 3) we have additionally shown immunoreactivity in the
Sertoli cells and in the germ cells of the immature seminiferous
tubules (Fig. 4).

In the later stages of fetal development, Leydig cells are
consistently positive, although the staining intensity and the
number of immunoreactive cells tend to gradually decrease
towards week 27th, though remaining constant in the epithelial
component of the epididymis. In particular, there is no
substantial difference between the staining intensity of the cells
at 14–20 week, where a few cells appear to be more intensely

stained (Fig. 4). The average cell size is increased, and
calretinin immunoreactivity appears in the nuclei as well
as the cytoplasm (Fig. 4). At 22 weeks of development,
Leydig cells are intensely immunoreactive to calretinin,
while the seminiferous tubules (Fig. 5) show strong
immunoreactivity for a reduced number of particularly large
Leydig cells, and the epididymal epithelial cells maintain their
positivity (not shown). The immunoreactivity of the fetal Leydig
cells at 25 weeks is appreciably lower than at earlier stages (Fig.
6), while the epithelial cells of the epididymal body still appear
positive (Fig. 7). In week 27 of development, only a few weakly
stained, calretinin-immunoreactive Leydig cells can be seen
(Fig. 8). The positivity of the epididymal epithelial cells is still
well visible.

Thus, the number of calretinin-immunoreactive fetal
Leydig cells decreases in parallel with the established
decrease of Leydig cells in the course of fetal development.
These cells are known to regress following the production
of hormones essential for the differentiation of the gonad. In
order to confirm the disappearance of calretinin-
immunoreactivity during development, we immunostained a
testis section of a pre-pubescent patient for calretinin; the
result was completely negative, thus demonstrating the
absence of this calcium binding protein in a stage of
development lacking testosterone production. The pre-
pubescent testicle shows mature seminiferous tubules with
no positivity in the interstitial tissue or in the seminiferous
tubules (Fig. 9).

For certain identification of Leydig cells, an anti-
estrogen receptor a (ERa) antibody was used. Serial
sections stained with anti-calretinin and anti-ERa
antibodies were compared. The interstitial cells of the fetal
testis were positive for estrogen receptor almost entirely
overlapping with calretinin immunoreactivity. It should
however be noted that, while the estrogen receptor
antigen is normally intranuclear, the testicular interstitial
cells in the fetal period sometimes show cytoplasmic
positivity (Fig. 10).

The negative controls using normal rabbit or mouse serum
consistently gave negative staining for both calretinin and
estrogen receptor a.

Fig. 5. Calretinin expression in fetal testis at 22 weeks. Most of the
Leydig cells become rounded and strongly immunoreactive,
although unlabelled cells are visible (arrow). There is weaker
immunoreactivity in the convoluted seminiferous tubules.
Hematoxylin counterstain; magnification 25x.

Fig. 6. Calretinin expression in fetal testis at 25 weeks. Testis deep
surface: calretinin-immunoreactive cells appear to be less
numerous, probably because the interstitial tissue/convoluted
seminiferous tubules ratio has changed. Many Leydig cells are
slightly flattened because of the reduced space within the interstitial
tissue. Hematoxylin counterstain; magnification 25x.

Fig. 7. Calretinin expression in the fetal epididymis body at
25 weeks. High magnification of deep surface: the epididymis
tubular cells in the fetal membrane show strong calretinin-
immunoreactivity. Hematoxylin counterstain; magnification 40x.
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Discussion

Calretinin has previously been demonstrated in fetal and
adult Leydig cells of human testis (Buonomo et al., 2001a,b).
We show here for the first time the presence of calretinin
throughout the development of the human fetal testis and in
particular its localization to interstitial cells. In addition, the
cells of the seminiferous epithelium and epididymis are
positive for calretinin.

Many reports demonstrate the presence of calcium-binding
proteins in mammalian testis, for example, parvalbumin (K€agi
et al., 1987), which has been shown to be an important protein
in the calcium-dependent production of testosterone in the

Leydig cells. The calcium-binding protein S-100 is present in rat
Leydig cells (Ridinger et al., 2000), in lymphatic endothelial cells
(Michetti et al., 1985), and in the Sertoli and peritubular cells of
cat testis (Amselgruber et al., 1994). In addition, calbindin,
which has a very high homology with the sequence of calretinin,
has been shown in chicken fetal Leydig cells and spermatocytes
(Inpanbutr and Taylor, 1992), suggesting its involvement in
steroidogenesis and spermatogenesis. This hypothesis also
applies to calmodulin, which would be able to influence the
synthesis of steroids in Leydig cells (Hall et al., 1981);
furthermore, according to some authors (Strauss et al., 1994),
the presence of calretinin in the rat testis might be related to
testosterone stimulated by lutheinizing hormone (LH) which is
secreted by the anterior pituitary.

In the human fetal testis, calretinin may be involved in
the synthesis of steroid hormones, which definitely
requires an adequate concentration of calcium within the
cells. However, the precise role played by calretinin is
unclear, as is that of the other calcium-binding proteins
which all behave differently in the presence of this ion, to
the point that they are classified as “Ca-buffer” or “Ca-
sensor” proteins according to the possible exposure of
their hydrophobic residues after binding with calcium
(Baimbridge et al., 1992). A comparative study of these
proteins in rat testis has shown that they are not all
expressed in the same period of development and do not
have a common location. Certainly they all interact with
calcium ions by adjusting the transmission and reception of
signals (K€agi et al., 1988). It therefore seems important to
point out that fetal interstitial cells do not constitute a
stable population since they regress after having served
their purpose and are not synchronized functionally.

In all stages of human fetal testis development that we have
examined, calretinin immunoreactivity is present in the Leydig
cells with varying intensity according to the gestational age, a
sign of the possible change of their steroid-synthetic activity. It
has been shown that the signal for testosterone production
comes from the pituitary since after hypophysectomy in the
adult, in addition to the blocking of spermatogenesis, there is
also a reduction of the testes and an involution of the Leydig
cells with a decrease in testosterone production and
regression of all glands depending on this hormone (Rabinovici

Fig. 8. Calretinin expression in fetal testis at 27 weeks. High
magnification of deep surface: the Leydig cells have regressed. Some
immature cells show weak calretinin immunoreactivity.
Hematoxylin counterstain; magnification 40x.

Fig. 10. ERa expression in fetal testis at 22 weeks. ER labeling is
mainly localized in the cytoplasm, although nuclear staining is also
visible (arrow). Hematoxylin counterstain; magnification 100x.

Fig. 9. Calretinin expression in prepubertal testis. Leidyg cells and
regressed Leydig cells are negative for calretinin. Hematoxylin
counterstain; magnification 25x.
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and Jaffe, 1990). Therefore, as LH targets the Leydig cells, it is
conceivable that the expression of calretinin is influenced by
the production of LH. Further evidence for this might result
from an experimental study on the variation of calretinin
expression in the testis of hypophysectomized rats or rats
treated with excess LH.

During fetal life, the endocrine activity of the testes reaches a
maximum in the 4th month of development and then
decreases. During this period, chorionic gonadotropin
stimulates the Leydig cells to produce androstenedione. In our
study, it was shown that the calretinin immunoreactivity is
visible far beyond the 20th week of development; at 27 weeks,
the last period of development we examined, there was still a
positive although less intense signal in the Leydig cells. This
suggests that calretinin in the fetal interstitial cells could have a
function in addition to its participation in the calcium-
dependent synthesis of steroids. In fact, the positivity that was
found at the level of the seminiferous tubules and epididy
mis suggests that calretinin is involved not only in
steroidogenesis, but also in the functional differentiation of the
gonad and its annexes. It is likely that the differentiation of the
gonad is regulated by the presence of Ca2þ in the gonad itself
and thus the presence of calretinin would fall within the
functional differentiation narrative. Actually, the strong
positivity at the 14th week may be related to the fact that, at
this stage of development, the seminiferous tubules are still in
cavitations and, as they become more mature, calretinin
immunoreactivity decreases, even if it is still weakly visible. It is
likely that lower amount of calretinin is directly related to the
concentration of calcium, which decreases as differentiation
continues and comes to an end. However, it must be
underlined that, although calretinin expression in the human
fetal testis parallels the decline in the number of Leydig cells
(Prince, 2001) and therefore has a negative general trend
(Fig. 2), our findings are based on a broad variety of non-
homogeneous conditions.

The calretinin immunoreactivity observed in the
epididymis may be correlated with the histodifferentiation of
the male genital tract. The intratubular positivity for
calretinin may be linked to the steroid-synthesizing ability of
Sertoli cells.

It is well known that the Sertoli cells in the testicles of
pre-pubescent animals or during sexual maturation can
convert testosterone into dihydrotestosterone. In some
Vertebrates (Selachians, some amphibians, some reptiles,
and even some mammals with seasonal reproduction such
as the squirrel) this capacity is even greater than that of the
Leydig cells. According to this evidence, the Sertoli cells
produce androgens that are not put into circulation, but act
locally as para-hormones, while the androgens produced by
the Leydig cells do circulate (Callard et al., 1976). The
presence of substances such as calretinin, a marker of
neuronal and neuroendocrine cells, in the cytoplasm of the
Leydig cells, upholds the hypothesis that at least some of
them belong to the diffuse neuroendocrine system. Indeed,
they also contain enzymes involved in the synthesis of
catecholamines, dopamine, and norepinephrine (Davidoff
et al., 1993). It must be remembered that the cells of Leydig
in ovarian ontogenesis are also immunoreactive to calretinin
(Pohl et al., 1992), even if it has not been shown jet that they
own the same neural markers as testis Leydig cells. Such a
demonstration might give further input to the theory that
both male and female Leydig cells, or at least only that ones
originating from neural crests, belong to the diffuse
neuroendocrine system.

The cytoplasmic labeling of ER is a well-known
phenomenon in some tumors reported in the company’s
antibody data sheet and also in the literature. Probably the
antibody recognizes certain cytoplasmic components of the

receptor before its translocation into the nucleus. Why only
some cells show nuclear staining is not clear, but a possible
explanation could be the multiple origin of Leydig cells.

In conclusion, this study demonstrates the presence,
distribution and time-course of calretinin immunoreactivity
in human fetal testis Leydig cells, seminiferous epithelium,
and epididymal epithelial cells. This leads to the assumption
that the role of this calcium-binding protein is not only to
intervene in the mechanisms of synthesis and/or release of
hormones, but also in all those differentiation processes
that occur during development in the gonads and which
require the presence of calcium for their development.
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