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Abstract
The importance of non-genomic signaling as a complementary route for cell regulation has recently
become evident. This rapid mechanism is utilized not just by peptide hormones, but also by steroids
and other lipid-related substances, resulting in amplification and fine-tuning of the signals. The
Sertoli cell is the principal target for hormone action in the seminiferous tubules. The involvement
of FSH, testosterone and tri-iodothyronine (T3) in the spermatogenetic process is widely known.
This paper discusses some rapid responses to FSH, retinol, testosterone and T3 in the control of Sertoli
cell function. Studies employing various methodologies and techniques are described and several
hypotheses are considered in an attempt to explain the interactions of hormones with plasma
membrane receptors. Recent knowledge about these new signaling mechanisms and cross-talk
between them opens new fields of research on the communication and integration of the multiple
hormonal signaling systems.
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Introduction
Non-genomic signaling, which employs specific membrane receptors, second messengers and is typically
exerted by peptide hormones and cytokines, has often
been contrasted with genomic signaling, which
requires alterations of gene transcription for generation
of biologically meaningful signals. The classical genomic pathway lacks two properties when compared
with fast, non-genomic responses: (a) speed (it takes
at least 15 min to change the transcription level of a
gene, translate the required protein and introduce
post-translatory modifications) and (b) amplification
and fine tuning of the signal (1).
A variety of evidence has accumulated related to the
rapid responses to steroid substances such as estradiol,
aldosterone, progesterone, testosterone, 1,25-dihyroxyvitamin D3 and also to retinol and tri-iodothyronine
(T3) (2). Recently, many authors have contributed to
the understanding of the molecular processes underlying the rapid responses to these hormones in the
control of spermatogenesis by Sertoli cells. In this
review, we will emphasize the rapid non-genomic
response, which may be viewed as a useful complementary pathway to genomic mechanisms, further
increasing the diversity and improving the regulation
of the effects of this family of hormones in Sertoli cells.
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The testes have unique functions in the male
body: the generation of gametes, as well as the production and controlled release of sex steroids. The
structural compartmentalization into seminiferous
tubules and interstitium determines the topographical division of their dual functions: spermatogenesis
and steroidogenesis (3, 4).
The Sertoli cell comprises the main structural
component of the seminiferous epithelium and has a
cytoplasmic arrangement surrounding germinal cells,
thus providing a controlled microenvironment and
creating an immunologically protected space (4). In
the mammalian testis, the Sertoli cell plays a key role
in the initiation and maintenance of spermatogenesis
(5). The structure of Sertoli cells and the specialized
junctions between them and the neighboring germ
cells create a sophisticated microenvironment providing all the nutrients and growth factors required
for the full development of spermatogenetic cells (5).
In the rat, Sertoli cells proliferate during the fetal and
early neonatal periods before assuming a terminally
differentiated state (6, 7). Both the rate and the duration of the proliferative phase determine the ultimate
number of Sertoli cells in the adult testis. It has been
demonstrated that each Sertoli cell is capable of supporting a limited number of germ cells through to
maturity; hence, Sertoli cell number determines the
maximum spermatogenic potential of the testis (8, 9).
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The Sertoli cell has been shown to be a target site
for the action of several hormones, such as folliclestimulating hormone (FSH) and testosterone, both
with important roles in controlling spermatogenesis,
although the participation of other hormones
such as T3, retinol and 1a,25-dihyroxyvitamin
D3 (1a,25(OH)2D3) in the spermatogenetic process is
of relevant significance. These hormones also regulate
aspects of metabolic control, testicular size and
weight, as well as changes in testicular morphology
through their classical nuclear mechanism of action
(10– 13).

Testosterone
Androgens are the principal steroids synthesized by the
Leydig cells of the testis and testosterone is by far the
most important androgen because of its potency. A
major and undisputed function of androgens is the
regulation of gene expression in many different target
cells. The testis also secretes estrogens, which are
synthesized by both Leydig cells and Sertoli cells (5).
Spermatogenesis depends on the concomitant action
of the gonadotropin FSH and testosterone in the Sertoli
cells (10). After being synthesized by Leydig cells,
testosterone is delivered to Sertoli cells where it binds
to androgen-binding protein (ABP), thus keeping a
high concentration of testosterone in the lumen of
the tubules. This is necessary for the normal maturation of developing spermatozoa (14) and also promotes its nuclear effect through a sequence of events
similar to those initiated by other steroid hormones.
The study of membrane-initiated actions of steroid
compounds in different cell systems has become an
expanding field of research in recent years (15).
A steroid-modulated import of substances such as
ions, sugars or amino acids across the cell membrane,
mediated by signal cascades in the cytoplasm, involving
the activation of protein kinases, opening of ion
channels or stimulated release of second messengers,
has been postulated as a preparative step to support
subsequent protein synthesis controlled by steroid
hormones that bind to nuclear receptors (16, 17).
Evidence points to intracellular second messengers
as mediators of steroid-induced transcription by
intracellular cross-talk (15).
Rapid effects of androgens have been described in
various tissues such as brain, blood, heart, bone,
ovary, prostate and testis (15). Some of the nongenomic actions of steroids involve rapid ion movements across the cell membrane (15). Many studies
have revealed the modulation by steroids of calcium
channel activity in the membrane of several different
cell systems (18 – 20). Also, it has been shown that
steroid hormones modulate other ion channels such
as K+, Na+ and Cl2 channels (18, 21 –23).
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Three main research groups have studied the
non-genomic actions of testosterone on Sertoli cells.
Rommerts, in 1992 (24), reported that the levels of
testosterone required to maintain spermatogenesis are
much higher than the saturation level of the highaffinity androgen nuclear receptor, and it is difficult
to imagine how an oversaturated receptor (99%)
can respond to increased levels of steroids. To
explain these observations, an alternative sensing
system, different from the classical receptor, was
postulated (24).
In order to investigate this alternative sensing
system, this group took into consideration the finding
relating to a specific class of steroids (neurosteroids)
that do not possess exclusively genomic activity and
can rapidly influence functional properties of neurons
in the brain, thereby affecting sleep patterns, the
reaction to stress, memory function and so on (25).
The existence of an alternative cell surface receptor
system for androgens in immature (prepubertal) rat
Sertoli cells has been postulated from calcium flux
measurements. Lyng et al. (26) showed that Sertoli
cells from cultured tubular fragments from 20-day-old
rats responded to exogenous testosterone, testosterone
bound to albumin, dihydrotestosterone and R1881, a
synthetic androgen, with a transient fast (20– 30 s)
increase in intracellular calcium levels. This rapid
increase in calcium was inhibited by a voltagedependent calcium channel (VDCC) blocker, verapamil.
The same research group also showed that the
non-genomic effects of testosterone improved the
efficiency of gap junctions between Sertoli cells. These
data indicate that androgens can exert rapid nongenomic effects on calcium transients at physiological
concentrations but also far above the saturation level
of the nuclear receptor and with a steroid specificity
that differs from that of the nuclear receptor.
Gorczynska & Handelsman (27), on the other hand,
showed that Sertoli cell aggregates isolated from
immature rats responded to higher concentrations
(0.3 – 3 mM) of testosterone, dihydrotestosterone and
testosterone covalently bound to albumin with an
increase in calcium levels within 20 to 40 s. Estradiol
had a minor effect and progesterone had no effect.
Furthermore, these researchers found that the effect
could be inhibited in the following ways: (a) preincubating the cells with hydroxyflutamide (nonsteroidal antiandrogen) or finasteride (5a-reductase
inhibitor), (b) removing extracellular calcium or (c)
pharmacological blockade of membrane calcium
channels. This study suggests that the testosteroneinduced rise in Sertoli cell cytosolic calcium involves
5a-reduction, an androgen-binding element similar to
that for classical androgen receptors, and activation
of extracellular calcium currents into the cell pointing
to an acute, non-genomic effect of testosterone in
Sertoli cell regulation, in addition to the classical,
slower, genomic response.
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In order to investigate a possible synergistic action
between rapid responses to FSH and testosterone, the
action of testosterone on the membrane potential of
Sertoli cells was studied. Leite et al. (28) demonstrated
that testosterone promotes an immediate (, 1 s) and
transitory dose-dependent membrane depolarization
in Sertoli cell-enriched seminiferous tubules from prepubertal and pubertal rats. Testosterone also had (in
30 s) a stimulatory action on 45Ca2+ uptake in isolated
Sertoli cells from testes at various stages of maturation
(20 – 60 days of age). The hormone did not have
any action on amino acid transport at any of the
maturation stages tested.
Testosterone’s depolarizing effect points to a nonrandom response and to a high specificity of the
hormone for its putative plasma membrane receptor
on Sertoli cells, suggesting a rapid, non-genomic
effect. This effect probably involves the closing of
ATP-dependent K+ channels (K+-ATP), since the
K+-ATP channel agonist diazoxide nullified testosterone’s action. These results were observed with concentrations of testosterone between 0.20 and 0.30 mM,
close to that which is normally found in rat testicular
fluid (29), suggesting that the depolarizing effect
caused by testosterone inhibition of the K+-ATP channel induces calcium uptake through voltage-dependent
calcium channels of the L-type (E I C F von Ledebur, J P
Almeida, E S Loss & G F Wassermann, unpublished
observations), as depicted in Fig. 1. A similar effect
was postulated for the action of glibenclamide in Sertoli
cells and b-cells of the pancreatic islet (30, 31).

Figure 1 Schematic representation of the possible mechanisms of
action of testosterone on the Sertoli cell membrane. Testosterone
interaction with the Sertoli cell membrane (1) closes the K+-ATP
channel (2) depolarizing the cell (3) allowing the opening of the
VDCC (4) and an increase in Ca2+ uptake. The local Ca2+
transient may produce some of the effects commonly associated
with this ion, for example, speeding the cytoplasmic trafficking of
non-polar substances (T), modulating transcription, etc.
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Follicle-stimulating hormone
FSH is a glycoprotein produced by the anterior pituitary
gland that acts on the testis by regulating gametogenesis and steroidogenesis. FSH promotes spermatogenic output by increasing the number of Sertoli cells
(32, 33). There is well-established evidence that FSH
regulates Sertoli cell function from early embryogenic
development onwards (7) and exerts pleiotropic effects
through a variety of signaling pathways (34– 36).
The Sertoli cell is the major FSH-responsive cell
within the testis. There seem to be at least two different,
possibly unrelated, pathways through which the binding of FSH to its receptors can initiate signal transduction: (a) binding to high-affinity receptors
activating adenyl cyclase, followed by an increase in
intracellular cAMP, and activation of cAMP-dependent
protein kinase, resulting in stimulation of the phosphorylation of several proteins (37, 38) and (b)
through the opening or closing of ion channels in the
plasma membrane. In this latter case, FSH would act
by altering the membrane potential in the Sertoli cell,
thereby stimulating an increase in intracellular calcium
levels and activating many cellular functions (39 –43).
The effects of FSH on Sertoli cells have been widely
studied, but whether both pathways are activated by
a single G protein-coupled receptor with the seventransmembrane structure has remained unclear. Participation of G proteins in the regulation of voltagedependent Ca2+ channels, ATP-dependent K+ channels,
ligand-gated K+ channels and muscarinic acetylcholine
receptors has been demonstrated (44).
Much evidence points to a rapid response to FSH
involving the second mechanism (b), mentioned
above, of signal transduction. Joffre & Roche (45),
using Sertoli cells from immature rats in monolayer
culture, observed a hyperpolarization of the cell
membrane induced by FSH and this effect was related
to the activation of a K+ current blocked by quinidine.
Furthermore, this hyperpolarizing action was modified
by treatments that either increased intracellular
calcium or decreased extracellular calcium (45, 46).
Subsequently, these investigators have also studied
the role of calcium in FSH stimulation. In a series of
more recent experiments, using the whole-cell configuration of the patch-clamp technique, the presence
of voltage-dependent T-type calcium channels was
demonstrated in the membrane of immature Sertoli
cells in primary culture (47).
Later, using the single-cell microfluorometry technique with the calcium probe indo-1, this same group
studied the intracellular calcium concentration in
individual cultured Sertoli cells when these cells were
exposed to ATP, cAMP and FSH. Lalevée & Joffre (48)
concluded that the role of FSH in Ca2+ movements in
immature Sertoli cells is dependent on previous
intracellular Ca2+ levels. For instance, when the calcium level is high, FSH induces a progressive decrease
www.eje.org
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in intracellular calcium concentrations by redistribution of calcium from the cytosol in a bound nonexchangeable pool. Furthermore, Ca2+ movements
induced by FSH may be modulated by myoid cells and
by germ cells (48).
Another research group has demonstrated FSHstimulated uptake of 45Ca2+ in two different systems:
(a) proteoliposomes containing incorporated FSH
receptor solubilized from bovine calf testicular
membranes and (b) cultured Sertoli cells from
immature rats (39). In both models, calcium entry
into Sertoli cells appears to be a receptor-mediated
process involving voltage-independent and voltageactivated calcium channels.
The introduction of the non-metabolizable amino
acid transport model by Christensen et al. (49) enabled
studies on the mechanism of action of hormones and
vitamins, thereby distinguishing protein synthesis
from alternative amino acid uptake pathways. Using
this approach, it has been demonstrated that FSH can
modulate Sertoli cell function in several ways (50,
51). In vivo, FSH treatment stimulated [a-14C]aminoisobutyric acid transport into testes. This effect was
age-related (between 5 and 22 days) and specific to
FSH (50, 52).
It is well known that FSH stimulates adenyl cyclase,
cAMP and cyclic adenosine monophosphate-dependent
protein kinase A (PKA) (37). However, the hormone
also stimulates Na+-amino acid co-transport through
system ‘A’ (52, 53). Additionally, it was reported that
cholera toxin, dibutyryl cAMP or cAMP are unable to
reproduce the effect of FSH on the amino acid transport
(52, 54). Likewise, FSH stimulates 45Ca2+ uptake
through a mechanism that does not require activation
of cholera toxin- or pertussis toxin-sensitive guanine
nucleotide-binding protein or adenyl cyclase (55).
The stimulatory action of FSH on amino acid transport is completely nullified by nickel, Co2+ and the
blocker of L-type VDCC verapamil (36), indicating the
critical role of Ca2+ in this FSH effect. Electrophysiological studies showed that FSH binds to its receptor
and produces a dose-dependent biphasic effect characterized by an immediate hyperpolarization followed by
a depolarization. The depolarizing effect of FSH was
prolonged and potentiated in the presence of a-methylaminoisobutyric acid (MeAIB) and nullified by the
blocker of L-type VDCC, verapamil (36, 41).
Davare et al. (56) reported that the b2-adrenergic
receptor was found to be directly associated with one
of its ultimate effectors, the class C L-type calcium
channel Cav 1.2. This complex also contained a G
protein, adenyl cyclase, cAMP, PKA and protein phosphatase. Electrophysiological recordings from hippocampal neurons demonstrated highly localized signal
transduction from the receptor to the channel.
Similarly, FSH, as described above for adrenergic
agents, can open the L-type VDCC through a direct
interaction between the receptor and the channel.
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This action would stimulate 45Ca2+ uptake, cellular
depolarization and amino acid co-transport (see Fig. 2).
Recently, analysis of the kinetics of [1-14C]MeAIB
uptake in Sertoli cells revealed that the stimulatory
action of FSH on [1-14C]MeAIB transport was caused
by a rise in Vmax, indicating an increase in the activity
of functional transporters. The fact that the FSH effect
was evident after 120 s, and was almost maximal after
around 15 min suggests that FSH can induce the
activation of pre-existing silent transporters already
incorporated into the cell membrane (51). The Vmax
increase in amino acid transport caused by FSH

Figure 2 Schematic representation of the possible mechanisms of
action of FSH on the Sertoli cell membrane. Top: Electrophysiological effects of FSH on the Sertoli cell membrane. Bottom: The
G protein-coupled FSH receptor (GPCR) (1) may form part of a
multiprotein signaling complex in a membrane microdomain that
contains a heterotrimeric G protein (2), an adenylate cyclase
(AC), PKA (3) and an L-type VDCC closely associated with the
receptor (4). The calcium channel activation leads to the opening
of a sodium channel coupled to the amino acid (aa) co-transport
system (5). The interaction of FSH with its GPCR produces
stimulation of adenylate cyclase, activates PKA, catalyses the
phosphorylation of proteins and the modulation of transcription
through cAMP response protein. Concomitantly, a specific signal
transduced from the receptor to the L-type VDCC increases the
channel activity. The rise in local Ca2+ concentration produces a
depolarization (prevented by verapamil) that triggers Na+-amino
acid co-transport through the activation of pre-existing carriers (5)
increasing the membrane depolarization.
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reinforces the involvement of pre-existing transporter
proteins as a consequence of the rapid biphasic effect
of FSH on the membrane potential of Sertoli cells.

Retinol
Retinol (vitamin A alcohol) is the precursor of biologically active retinoids such as retinaldehyde and
retinoic acid. The retinoid nuclear receptors are functionally and structurally related to the steroid/thyroid
hormone receptors and, overall, the physiological
actions of vitamin A could also be considered in the
context of a retinoid hormonal system (57).
Vitamin A, in the form of retinol, is essential for
maintenance of spermatogenesis and testicular function (12). Cellular retinoid-binding proteins have been
localized in Sertoli cells and germinal cells (58, 59).
Retinol can act on Sertoli cell metabolism, stimulating
the synthesis and secretion of several proteins and
glycoproteins (60, 61) as well as modulating ornithine
decarboxylase activity and iron metabolism (62, 63).
The physiological effect of retinoids depends on
numerous factors: metabolic pathways, nuclear
receptors, cytosolic retinoid-binding proteins, nonprotein-bound retinoids, regulation of gene transcription and the activity of other signal transduction
pathways involving protein kinases and changes in
membrane structure/micro-viscosity (57, 60).
Evidence of a rapid response to retinol in Sertoli cells
was demonstrated by Wassermann’s group in 1993
(64). It was shown, in whole gonads and in Sertoli
cell-enriched cultures from immature rat testes, that
retinol stimulates [1-14C]MeAIB uptake. This effect of
retinol occurred by the ‘A’ transport system and
was inhibited by cobalt and nickel, suggesting the
involvement of VDCC (64).
A rapid effect of retinol on the plasma membrane
was also demonstrated through studies involving
45
Ca2+ uptake in isolated Sertoli cells from immature
rat testes. An acute (20 s), stimulatory action of retinol
on calcium uptake was detected involving, at least in
part, verapamil-sensitive VDCC (65). Later, the action
of retinol at the cell surface was reinforced by experiments that demonstrated that this rapid stimulatory
effect of retinol on amino acid uptake is independent
of protein synthesis, being processed through a peripheral mechanism, probably located in or near the
plasma membrane (66).
Electrophysiological studies showed that retinol
caused an immediate (, 1 s) oscillatory response in
the membrane potential and induced a reduction in
membrane resistance in Sertoli cells (67). Therefore,
these results indicated that, besides the classical
nuclear effects, retinol stimulates a peripheral mechanism directly involving the plasma membrane. These
changes in Sertoli cell membrane function produced
by retinol are probably associated with the stimulatory
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action of this hormone on amino acid accumulation
and on calcium uptake (65, 67).
Retinol and FSH act on the testis stimulating nuclear
events (ABP, plasminogen activator and transferrin
synthesis) as well as non-genomic events (amino acid
transport, calcium influx and changes in Sertoli cell
membrane potential). Ultimately, they share common
elements of a plasma membrane rapid stimulatory
effect mediated by amino acid transport mechanisms.
Both substances act on the ‘A’ transport system through
VDCC, are independent of de novo protein synthesis and
their effects are non-additive (36, 64, 66).
Due to the low solubility of retinoids, retinol-binding
proteins facilitate the uptake of retinol by Sertoli cells
(60). But whether retinol, retinoic acid and/or retinol
ester are transported by germinal cells remains to be
investigated. A possible explanation for retinol’s effect
is related to its lipophylic nature. Retinol can dissolve
in and move through the lipid bilayer of membranes,
interacting with the plasma membrane and triggering
signal transduction mechanisms by modulating protein
kinase C, kinase A or by altering the membrane
permeability to water, ions, glucose and amino acids
(60, 64, 67 –70). However, further studies need to be
performed since the mechanism underling the rapid
response to retinol in Sertoli cells is still unclear.

Tri-iodo-L -thyronine
Thyroid hormones influence steroidogenesis as well as
spermatogenesis. T3 acts directly on the initiation of
spermatogenesis independent of testosterone, and
possibly with no dependence on FSH availability
(71, 72).
The biochemical effects of T3 in vivo as well as in vitro
demonstrated that the Sertoli cell is the main testicular
target for the thyroid hormone, and there is a remarkable temporal frame for its action coincident with the
prepubertal period (11, 73, 74). There is increasing
evidence that T3 and thyroxine influence the duration
of proliferation of Sertoli cells and accelerate tubular
lumen formation in the rat testis (11, 75).
Nuclear thyroid hormone receptors (TR) are encoded
by two closely related proto-oncogenes, c-erbAa and
c-erbAb. The splicing of gene primary transcripts can
lead to at least four distinct mRNA species generating
separate TR isoforms: TRa1, TRa2, TRb1 and TRb2
(76).
The relative expression and distribution of the TR
genes vary from tissue to tissue and during different
stages of development (77). Sertoli cell function has
received much attention since the finding of functional
T3 receptor expression in prepubertal testes. An
ontogenetic pattern of TRa1 and TRa2 expression and
of b mRNA receptor has been demonstrated in Sertoli
cells (78, 79). This allows the use of the testis as a
naturally occurring model for studying the role of TR
www.eje.org
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in the modulation of gene expression and cellular
function in vivo (73, 79).
Thyroid hormones stimulate glucose transport,
increase the production of g-glutamyl transpeptidase,
ABP and insulin-like growth factor-I, inhibit aromatase
activity and affect testosterone metabolism in Sertoli
cells (73). Concerning the thyroid hormone mechanism
of action, the following hypotheses have emerged:
(a) nuclear effect as the sole primary site of action
which has, as a consequence, the modulation of gene
expression and protein synthesis (80, 81) and (b)
several primary action sites within the target cell,
including the nucleus, mitochondria and the plasma
membrane (74, 80, 82, 83). A wealth of evidence for
the action of thyroid hormones at the level of the
nucleus and mitochondrion is very well described elsewhere (82 –85) and will not be discussed here. In this
review, we confine ourselves to plasma membrane
effects of the hormones and raise some hypotheses for
the mechanism of action thereupon in Sertoli cells.
A wide body of data shows that thyroid hormone
effects are prompt in onset, independent of protein
synthesis and/or alter ionic fluxes in various tissues
(86– 88). As was shown for FSH, testosterone and
retinol, electrophysiological and amino acid accumulation models have also contributed to the clarification
of the rapid response mechanism of action of T3 on the
plasma membrane of Sertoli cells. T3 significantly
stimulated amino acid accumulation in testes from
immature rats confirming the age-dependent action
of the hormone. Also, electrophysiological studies
demonstrated that T3 produced an immediate hyperpolarization of the Sertoli cell membrane. These two
effects could be related to one another.
Wassermann et al. (43) and Lalevée et al. (47) have
suggested the presence of voltage-dependent T-type
calcium channels in the membrane of immature Sertoli
cells. Furthermore, using the patch-clamp technique,
in the whole-cell configuration, Ca2+-dependent Cl2
currents have been characterized in cultured Sertoli
cells from immature rat testis (48). Both findings
suggest that calcium is involved in the hyperpolarizing
effect of T3.
Silva et al. (74) have proposed a modulatory mechanism involving Ca2+-dependent Cl2 currents or Ca2+dependent K+ currents, suggesting that calcium influx
can be influenced by both ions, triggering signaling
pathways that modulate amino acid accumulation.

Other steroid hormones
1a,25-dihydroxyvitamin D3
1a,25(OH)2D3, the major hormonally active product of
the vitamin D endocrine system, exhibits rapid and
genomic responses (89). The genomic effects are
dependent upon the interaction of 1a,25(OH)2D3
with a cytosolic/nuclear receptor protein followed by
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the action of the steroid receptor complex in the
nucleus, activating or suppressing gene expression
(90, 91). The rapid responses triggered by
1a,25(OH)2D3 have been postulated as a consequence
of interaction of the ligand with a putative cell
membrane receptor for 1a,25(OH)2D3. This binding
could then activate a variety of signal transduction
systems such as G proteins, resulting in the activation
of protein kinase C, phospholipase C, adenyl cyclase,
intracellular Ca2+ redistribution, opening of Ca2+ or
Cl2 channels and the activation of both Raf and
Mitogen-activated protein kinase pathways (92, 93).
Vitamin D has an important role in reproductive
function, since a reduction in fertility was observed in
vitamin D-deficient male rats (13). However, it is interesting to note that although 1a,25(OH)2D3 nuclear
receptors were detectable in Sertoli cells from different
species, the direct effect of 1a,25(OH)2D3 on the Sertoli
cell is not clear (94 – 96).
Thus, Sertoli cells seem to be a potential target for
the following 1,25(OH)2D3 studies: (a) 1,25(OH)2D3
receptor ontogeny, (b) subcellular distribution of
1,25(OH)2D3 receptors, (c) direct plasma membrane
effects of 1,25(OH)2D3 and (d) specificity of action
and physiological relevance of 1,25(OH)2D3 in intracellular calcium homeostasis and its possible regulation
of ionic metabolism.
Specific non-genomic responses to estradiol, aldosterone, progesterone and corticosteroids have been
intensively studied in a variety of tissues (15). In the
testis, they have an influence on spermatogenesis
and/or steroidogenesis (15, 97, 98). However, according to the literature, there are as yet no studies addressing rapid response mechanisms in Sertoli cells to
these hormones.

Conclusion
In order to clarify the events related to steroidogenesis
and spermatogenesis, studies have been performed
on the mechanisms that mediate genomic and nongenomic effects of hormones on Sertoli cells. These
steroid actions may occur by two mechanisms: (a)
interaction of steroids with specific receptors (classical
nuclear receptor and non-classical steroid receptor)
and (b) interaction of steroids with non-specific proteins
and/or membrane lipids (no receptor involved) (15).
Although the classical molecular mechanisms of the
action of FSH, testosterone, T3 and retinol on Sertoli
cells are widely known, rapid responses to these
hormones also seem to contribute to the initiation
and maintenance of normal spermatogenesis.
Although FSH and testosterone may share some
biochemical pathways having calcium as a common
intracellular effector, each hormone seems to display
its own molecular mechanism.
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FSH as well as testosterone stimulates Ca2+ uptake in
the Sertoli cells. However, these Ca2+ increments have
different consequences: the increase in Ca2+ produced
by FSH is closely related to the stimulation of amino
acid transport, whereas the increment produced by
testosterone is not. This discrepancy is not surprising,
since the different spatial distribution of Ca2+ transients
can provide a way to achieve specificity or, alternatively,
cross-talk among second messengers can induce
different and specific responses.
Studies on rapid responses to steroids and related
substances could aid in the development of new drugs
to treat infertility problems and could contribute to
the advancement of male contraceptive research.
According to recent data, spermatogonial transplantation (syngeneic and xenogeneic) has been a
technological breakthrough in the study of Sertoli –
germ cell interaction (99). Clearly, this achievement
would have applications in the basic sciences, human
medicine, and in domestic and wild animal
reproduction.

9
10

11

12
13
14
15
16

Acknowledgements
This work was supported by grants from FunpesquisaUniversidade Federal de Santa Catarina-UFSC,
Conselho Nacional de Desenvolvimento Cientı́fico e
Tecnológico-CNPq, Fundação de Amparo à Pesquisa
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