
Role of IGFs and Insulin in the Human Testis During Postnatal
Activation: Differentiation of Steroidogenic Cells
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ABSTRACT: Immunoexpression of IGF-I, IGF-II, type 1 IGF re-
ceptor (IGFR), insulin receptor (IR), and GH receptor (GHR) was
analyzed in human testis, in three age groups (Gr): Gr1 (neonates),
Gr2 (postnatal testicular activation), and Gr3 (early prepuberty). In
interstitial cells, low IGF-I and GHR, but moderate IR immunoex-
pression was observed in all Grs. However, high expression of IGF-II
in Gr1, and moderate expression of IGFR in Gr1 and Gr2 were found.
In Leydig cell (LC), high expression of IGF-II, moderate expression
of IGFR and GHR, and undetectable IGF-I was found. Moreover, IR
was highly expressed in Gr2. The effect of IGF-I on cell proliferation
(PI) and apoptosis (AI), induction of cytochrome P450 side chain
cleavage (cP450scc) immunoexpression, 3�-hydroxysteroid dehy-
drogenase mRNA and testosterone (T) secretion was evaluated in
human testis cell cultures. IGF-I increased P450scc immunoexpres-
sion, 3�-hydroxysteroid dehydrogenase mRNA, T secretion, and PI,
but decreased AI. We propose that IGF-II, mainly through IR, is
involved in functional LC differentiation. In some interstitial cells,
probably in LC precursors, IGF-II/IR could be involved, among other
factors, in the stimulation of PI and/or inhibition of AI, and in LC
differentiation. (Pediatr Res 63: 662–666, 2008)

Three growth phases of Leydig cell (LC) differentiation and
activation have been described in humans (1). Fetal LCs

produce testosterone (T), required for fetal masculinization,
and insulin-like growth factor-3, necessary for testicular de-
scent (2). Fetal LCs regress gradually during the third trimes-
ter of pregnancy. A second wave of infantile LCs has been
described during the postnatal surge of LH/T, in the first
trimester of postnatal life (3). Finally, the last wave of adult
LCs coincides with pubertal development. Prince (4) has
described that fetal LCs show various degrees of involution
until birth. In neonates, the dominant cell types in the inter-
stitium are fibrocytes and mesenchymal fibroblasts, although
occasional LCs can persist. It has been proposed that postnatal
LC development restarts either from the mesenchymal fibro-
blasts or from the previously regressed LCs (1,5). Further-
more, even though the infantile phase of LC development
might be dependent on the reactivation of the hypothalamo-

pituitary-testicular axis, the molecular mechanisms involved
remain unclear.

There are some indirect evidences that the GH-IGF (IGF)
axis might be involved in preserving precursor and immature
LC pools, as well as in the modulation of local steroidogenesis
(6). In an IGF-I KO mice model, Baker et al. (7) found a
reduced number of mature LCs, and Wang et al. (8,9) reported
that IGF-I was a critical factor in the control of adult LC
number and LC maturation. It has also been proposed that LH
was not a direct mitogenic factor to LCs, and the presence of
IGF-I was required. In addition, it has been published that
IGFs increase proliferation and differentiation of rodent LC
precursors, as well as the steroidogenic response to LH, in
fetal and adult LCs in culture (10).

Patients with isolated GH deficiency or insensitivity show
small testes, delayed puberty and low response to human
chorionic gonadotropins (11,12), suggesting that the GH-IGF
system is required for adequate T synthesis, at least, in
immature testes. Along this line, GH administration evokes an
increase in the number of precursor mesenchymal cells in the
testis of immature hypophysectomized male rats (13), as well
as increments in the expression of several steroidogenic en-
zymes in precursor immature LCs. Hence, a role of the
GH-IGF system on precursor LC differentiation has been
proposed (14). Furthermore, even though GH receptor (GHR)
mRNA expression has been detected in human testicular
tissue (15), its immunolocalization in human prepubertal testis
has not been determined. In addition, it has been recently
demonstrated that IGF-II is able to regulate steroidogenesis in
rat LCs (16). Therefore, a role for either IGF-I or IGF-II on
precursor or immature LC differentiation, via IGF receptor
(IGFR), could be proposed. Moreover, even though it has been
described that IGFR is expressed in rat and mouse LCs, little
is known about its immunolocalization in the interstitial cells
(IC) of immature human testes.

The insulin-signaling pathway is essential in many tissues,
not only for glucose uptake but also in the activation of
mitogenic processes (17). As described for other tissues, it
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could be proposed that the insulin-signaling pathway might
also contribute to the molecular mechanisms behind LC pre-
cursor proliferation and/or LC functional differentiation.

Recently, we have proposed that local production of T by
steroidogenic precursor cells or remaining fetal LC of neo-
nates, probably acting through peritubular or IC, might be one
of the factors involved in the induction of infantile LC differ-
entiation (18). In this work, we have analyzed (1) IGF-I,
IGF-II, IGFR, insulin receptor (IR), and GHR immunoex-
pression and localization in human prepubertal testicular
tissue, at different prepubertal phases of LC development,
and (2) the effect of chronic recombinant human IGF-I
(rhIGF-I) administration during culture, on human prepubertal
testicular somatic cell apoptosis and proliferation, as well as
on T secretion, induction of cP450scc immunoexpression, and
3�-hydroxysteroid dehydrogenase (3�HSD) mRNA.

MATERIALS AND METHODS

Clinical material. Human prepubertal testes were collected at necropsy
from patients who died of disorders not related to endocrine or metabolic
diseases. Cadavers were placed at 4°C within 1 h after death. Necropsies were
carried out within the following 12 h. In every case, written consent from the
closest relatives had been obtained. The study was approved by the Institu-
tional Review Board of the Garrahan Pediatric Hospital. Thirty-two testes
from prepubertal subjects, aged 1 d to 3 y were studied. As published before
(18,19), samples were divided in three age groups (Grs): Gr1, newborns (1- to
21-d-old neonates, n � 11); Gr2, postnatal activation stage (1- to 7-mo-old
infants, n � 11); Gr3, early childhood (12- to 60-mo-old boys, n � 10). Death
was secondary to multiple diseases in every group of subjects, but congenital
cardiac malformation was responsible for death in approximately 80% of
cases of Gr1 and in 40% of Gr2. Pneumonia (one sample), sepsis (two
samples), encephalopathy (one sample), and intestinal malformation in Gr3
samples were other diagnoses. Testes collected at necropsy were fixed in 4%
formalin/PBS and embedded in paraffin, or/and processed for cell isolation
and culture.

IGF-I, IGF-II, IGFR, IR, and GHR immunoexpression in testicular
cells. Tissue sections were incubated with the following antibodies (Abs): a
primary rabbit polyclonal Ab raised against rhIGF-I (GroPep code P MAb
AB-Ca, Adelaide, Australia); a rabbit polyclonal Ab raised against rhIGF-II
(aa 78–180) (sc-5622, Santa Cruz Biotechnology Inc., Santa Cruz, CA); an
anti-�IGFR MAb (MAB1120, Chemicon International, Temecula, CA),
showing no cross-reaction with IR; MAb to GHR (G9000-16, US Biologic,
Swampscott, MA); and a rabbit polyclonal Ab to IR (sc-710; Santa Cruz
Biotechnology). As secondary Ab, either biotinylated goat anti-rabbit (IGF-I,
IGF-II, and IR) or biotinylated rabbit anti-mouse (IGFR and GHR) immuno-
globulins were used. All primary antibodies had been used in studies pub-
lished in multiple journals.

As previously described (18), staining was performed using the streptavi-
din-biotin and peroxidase method, using the manufacturer’s protocol (DAKO
Catalyzed Signal Amplification System, HRP, DAKO Cytomation, Carpinte-
ria, CA).

As negative controls, normal rabbit serum (for IGF-I, IGF-II, and IR) or
normal mouse serum (for IGFR and GHR) was used instead of primary Ab.
No specific immunoreactivity was detected in these sections. Immunostudies
were repeated twice, and no difference in the pattern of immunolocalization
was detected between the two samples. Porcine hepatic tissue was used as
positive control.

To evaluate LC immunostaining, and to better recognize cell type, an
additional preparation with hematoxylin/eosin (H&E) staining was used.
Occasionally, combined immuno and H&E staining was performed for a
better identification of LC.

Testicular cells were counted in single sections using a Carl Zeiss Axio-
vision microscope under a 100� objective lens. Approximately, 300 IC and
peritubular cells per each slide, was counted. For quantification, a modifica-
tion of the proportionate score of Allred (20) was used as follows: after the
mean number of positive cells per 100 total cells was calculated per subject,
a Gr mean was calculated (except for LC, as explained) (18). A mean of less
than 1% was considered as negative (�), �1–5 as �, �5–20 as �, �20–35
as ��, and �35–50 as ���.

Primary culture of human prepubertal testicular somatic cells—
stimulation with rhIGF-I. A sample of the testicular testes was dissected and
double digested as previously described (21). Cells were seeded in DMEM/
Ham F12 supplemented with 5 mg/mL vitamin C, 0.2 �g/mL vitamin E, and
10% FCS during the first 48 h. Germ cells are lost during this procedure. Then,
the somatic cell layer is washed and fresh serum-free medium, containing rhIGF-I
(50 ng/mL) or not (basal conditions) was added during two consecutive 48-h
periods (chronic stimulation). Conditioned media of culture d 6 were stored at
�20°C, and T secreted to the medium was measured under basal and stimulated
conditions. Furthermore, P450scc and Ki-67 antigen immunochemistry, as well
as estimation of apoptosis, was carried out on the cell layer.

On d 1 of culture, cells are organized in clusters surrounded by isolated
dispersed cells (21). During the following days, a layer of cells grows out from
cell aggregates to reach an almost confluent layer, spreading among clusters.
Specific staining indicated that the intercluster layer was composed of IC (21).

Detection of apoptosis and cell proliferation in cell cultures. Cell apo-
ptosis and cell proliferation was carried out according to previous report (19).
Briefly, apoptosis was detected using the DeadEnd Colorimetric Apoptosis
Detection System (Promega Corp., Madison, WI). Positive nuclei stain brown
while nonapoptotic nuclei stain blue. To detect proliferating cells, a mouse
MAb anti-Ki-67 (Dako Corporation, Clone Ki-S5, Code No. M 7187) was
used. Positive nuclei from cycling cells were stained brown. A minimum of
400 monolayer cells was counted. The AI and the PI were calculated as the
percentage of positive cells.

Testosterone secretion during cell cultures. T was determined in condi-
tioned medium by a solid-phase RIA, based on testosterone-specific antibody
immobilized on the wall of a polypropylene tube. I125-labeled testosterone
competed for a fixed time with testosterone in the sample for antibody sites
(Coat-a-Count; DPC, Los Angeles, CA). Minimal detectable dose was 0.14
nmol/L. Intraassay imprecision profile was below 10% between 0.14 and 55.5
nmol/L. Values were corrected for harvested trypan blue-negative cells and
for time since last change of medium (usually 48 h), to be expressed in
pmol/106 cells � 24 h. Adequate parallelism with standards was found at
three different dose levels in two samples, in duplicate. T secretion to
conditioned media was assayed at d 6 of culture, after 96 h of only medium
(basal conditions) or chronic rhIGF-I stimulation. The effect of rhIGF-I on T
secretion, calculated as before, was expressed as % of its own basal, and
differences were analyzed using a paired t test.

Detection of cP450scc immunoexpression in cell cultures. To detect
steroidogenic cells, a rabbit polyclonal Ab to P450scc (1:200, AB1244,
Chemicon International, CA) was used. The staining protocol consists in the
incubation with the primary Ab and then the staining itself (DAKO, Catalyzed
Signal Amplification System K 1500). A minimum of 400 monolayer cells was
counted. The percentage of positive brown-cell cytoplasm was calculated and
compared in rhIGF-I stimulated and in basal condition cultures on d 6 (paired t
test).

Real-time RT-PCR of 3�HSD mRNA. Total RNA, isolated from primary
testicular cells cultures using TRIzol reagent, was reversely transcribed using
M-MLV reverse transcriptase (Amersham Biosciences, Buenos Aires, Argen-
tina) and oligo (dT)15 primer (BiodynamIC SRL, Buenos Aires, Argentina)
according to the supplier’s protocol. Real-time PCR was performed using
SYBR Green detection technology in a iCycler IQ5 Thermal Cycler (Bio-Rad
Laboratories, Hercules, CA) for 40 cycles of 30 s at 95°C, followed by 60 s
at 66°C. Primers for 3�HSD and �-actin amplification were previously
published (22). A PCR supermix from Bio-Rad (IQ SYBR Green Supermix,
catalog 170-8882) containing iTaq polymerase, MgCl2 dNTPs SYBR Green
I, and fluorescein was used. Primers were added to the reaction mix at a final
concentration on 240 nM. Each assay included triplicates of cDNA for
3�HSD and for the reference gene, �-actin, no template control, and five
serial dilutions of cDNA pooled from all treatments for 3�HSD and for
�-actin, to calculate the corresponding amplification efficiency (E � 10 �
(1/b) � 1; b is the regression coefficient). Ct for each reaction was automat-
ically determined using the accompanying iCycler IQ5 software. The Ct
values for each set of three reactions were averaged for all subsequent
calculations. As the amplifications efficiencies of 3�HSD and �-actin genes
were comparable, relative expression levels were calculated as 2 � (meanCt
3�HSD � meanCt �-actin) using �-actin as an endogenous control gene. The
standard deviation (SD) of each triplicate sample was calculated from the SD
of the 3�HSD and �-actin values using the following formula:
DSsample � �DS3�HSD

2 � DS�-action
2. Data were analyzed using the paired t test.

RESULTS

IGF-I, IGF-II, IGFR, IR, and GHR immunoexpression in
testicular cells of different age Grs. Table 1 summarizes the
quantitative estimation of the immunoexpression of IGF-I,
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IGF-II, IGFR, IR, and GHR in ICs and LCs of the testis in
each prepubertal Gr, and Figure 1 shows representative mi-
crophotographs of different samples. IGF-I was barely detect-
able in ICs and LCs in all age Grs studied (Fig. 1A1 and A2,
A2-LC). IGF-II was barely detected in ICs of Gr2 and Gr3 but
the intensity was higher in Gr1 (Table 1 and Fig. 1B1, B2).
Remarkably, very strong immunostaining of IGF-II was de-
tected in LCs of Gr1 and Gr2 (Table 1 and Fig. 1B2-LC).
Moderate staining of IGFR was observed in ICs and LCs of
Gr1 but it decreased in LCs of Gr2 and ICs of Gr3 (Table 1
and Fig. 1C1, C2, and C2-LC). Moderate IR immunostaining
was detected in ICs of the three age Grs. In LCs of Gr1,
occasional staining of IR was found, whereas strong staining
was observed in LCs of Gr2 (Table 1 and Fig. 1D1, D2, and
D2-LC). GHR was not detected in ICs and LCs of Gr1. How-
ever, in Gr2, staining was observed barely in ICs (Table 1),
whereas moderate staining was found in LCs (Table 1 and Fig.

1E2-LC). No positive staining in any of the five immunomarkers
was observed in peritubular cells, except for IR in Gr2.

Effect of rhIGF-I on testicular somatic cell cultures. In
primary cell cultures from human prepubertal testis corre-
sponding to Gr1 (n � 7) and to Gr2 (n � 8), AI was studied
in basal conditions and under chronic rhIGF-I stimulation.
Results are expressed as percent change of basal value. Under
rhIGF-I stimulation, mean (�SD) AI decreased to 43.8 �
4.66% of basal (p � 0.0001, n � 15). A microphotography of
apoptotic cells (Fig. 2) showed that, in basal conditions, brown
staining of apoptotic nuclei is more prominent than under
chronic rhIGF-I stimulation.

PI could be analyzed in four primary human testicular
somatic cell cultures corresponding to Gr1 (n � 1) and Gr3
(n � 3). Under rhIGF-I stimulation, mean (�SD) PI increased
to 203 � 11.0% of basal value (p � 0.001, n � 4).

The effect of rhIGF-I on T secretion in primary somatic cell
cultures from human prepubertal testis corresponding to Gr1
(n � 5), Gr 2 (n � 8), and Gr 3 (n � 6) is also shown in Figure
2. Under rhIGF-I stimulation, mean (�SE) T secretion to the
medium increased to 400 � 58.9% of basal (p � 0.0001,
n � 19). Data for individual Grs were 498 � 67.5, 439 � 28.7,
and 267 � 11.5% of basal for Gr1, Gr2, and Gr3, respectively.

Immunoexpression of P450scc was investigated in basal
conditions and under rhIGF-I stimulation (Fig. 2). In four
primary human testicular somatic cell cultures corresponding
to Gr1 (n � 2) and Gr2 (n � 2), mean (�SE) P450scc
immunoexpression under chronic rhIGF-I stimulation in-
creased to 1440 � 405% of basal value (p � 0.05, n � 4).
Relative expression levels of 3�HSD mRNA, determined in
one cell culture of Gr1 and in one of Gr3 showed 4.4- and
3.8-fold increments, under rhIGF-I stimulation.

DISCUSSION

A role for IGF-I in testicular growth and development has
been demonstrated in rodents (23). The present study, carried

Table 1. Immunolocalization and expression of IGF-I, IGF-II,
IGFR, IR, and GHR*

Cell type Marker Gr1 Gr2 Gr3

Interstitial cell IGF-I �/� �/� �/�
IGF-II � �/� �/�
IGFR � � �/�
IR � � �
GHR � �/� �

Leydig cell IGF-I � � No†
IGF-II ��� ��� No†
IGFR � �/� No†
IR �/� �� No†
GHR � � No†

Peritubular cell IGF-I � � �
IGF-II � � �
IGFR � � �
IR � �/� �
GHR � � �

* A mean of �1% was considered as negative (�), �1 to 5 as �/�, �5 to
20 as �, �20 to 35 as ��, and �35 to 50 as ���.

† No LC in Gr3.

Figure 1. A1, IGF-I-negative IC im-
munostaining is shown in a testis of
Gr1. A2, One IGF-I-positive IC is ob-
served in a testis of Gr2. B1, IGF-II
immunostaining in a testis of Gr1. A
few positive cells are observed in the
interstitium, including one LC. B2,
Similar to B1, including two positive
IGF-II LCs, and one negative IC, in a
testis of Gr2. C1, IGFR immunostain-
ing in a testis of Gr1. A positive LC is
shown. C2, Similar to C1, showing one
IGFR-positive IC, in a testis of Gr2.
D1, IR immunostaining in a testis of
Gr1. A positive IC is shown. D2, Sim-
ilar to D1, showing one IR-positive IC,
in a testis of Gr2. Lower row, individ-
ual LC immunostaining in testes of
Gr2. A2-LC, IGF-I. B2-LC, IGF-II. C2-
LC, IGFR. D2-LC, IR. E2-LC, GHR.
Scale bar: 20 �m. Arrows point out to
positively stained cells whereas arrow-
heads to negatively stained cells.

664 BERENSZTEIN ET AL.



out in necropsy material, has the limitations inherent to the
putative influence that the pathologic process previous to
death might have on the maturational events of the testis.
However, because the information available in humans is so
scarce, we felt stimulated to carry out this study. In contrast to
a previous report showing that some human adult LC express
IGF-I (24), and to the findings in rat testes (25), we found that
IGF-II rather than IGF-I was expressed in postnatal ICs and,
particularly LCs, suggesting that IGF-II might represent the
main IGF of the human neonatal and infantile testicular
interstitium. Furthermore, cord blood concentrations of IGF-II
are approximately 10 times higher than those of IGF-I (26),
and serum IGF-II remains higher than IGF-I during infancy
and early prepuberty (27). In agreement with the study of
Sriraman and Jagannadha Rao (28), it could be proposed that

IGF-II, among others factors, might be involved in the repopu-
lation of precursor LC before the postnatal testicular activa-
tion takes place.

Even though most of the physiologic functions of IGF-I are
thought to occur via IGFR (29), surprisingly, in newborn
testes only moderate staining of IGFR in ICs and LCs was
observed, whereas during the postnatal activation period, poor
expression was also found in LCs. It is interesting that, Colon
et al. (16) recently found that both IGF-II and insulin phos-
phorylate/activate rat testis IGFR in the same manner as
IGF-I, suggesting that all of these factors activate common
signaling pathways in LCs.

LCs are known to possess receptors for insulin (29). In
particular, it has been described that the A isoform of IR has
high affinity for IGFs, mainly IGF-II (17) acting as an auto-
crine stimulator of tumor growth (30). Along this line, we
detected moderate IR expression in ICs of the three age Grs
studied, but strong staining in LCs. Accordingly, it has been
proposed that LH might be a key modulator of LC IR (31,32).
Hence, the strong IR staining observed in LCs during the
postnatal activation period might be secondary to LH stimu-
lation in vivo. Even though in the present study, the expression
of the two IR isoforms was not evaluated separately, it might
be speculated that IGF-II binds to A isoform of IR to regulate
proliferation and differentiation of human LC precursors.

GHR was also expressed in human LCs during the postnatal
activation period. Although only a slight decrease in serum
IGF-II levels is observed in GH-deficient patients (33), it
could be postulated that GH, among other factors, might
regulate the expression of IGF-II in LCs.

Our in vitro functional studies in primary immature testic-
ular somatic cell cultures showed that rhIGF-I was able to
induce cell proliferation and decrease cell apoptosis, suggest-
ing that IGFs might control the LC precursor pool. IGF-I
rather than IGF-II was used in in vitro studies because it was
not foreseen that IGF-II would be the predominant IGF in
LCs. Hardy et al. (34) were the first to provide experimental
evidence that androgens are required for the differentiation of
LC precursors. Recently, we have proposed (18) that andro-
gens secreted by remaining fetal LCs might modulate, along
with other factors such as estrogens and the IGF system, the
proliferation, migration, and differentiation of new infantile
LCs.

Growth factors such as IGF and insulin through endocrine,
autocrine, and paracrine regulatory events are known to play
diverse roles in steroidogenesis (16,23,35). Hence, it could be
proposed that, in the absence of LH, IGFs, via IGFR and/or
IR, might induce the synthesis of androgens in precursor LC
fibroblast. In accordance with this proposal, we observed that
T secretion increased significantly under chronic rhIGF-I
stimulation in cultures, suggesting that, similar to animal
models (36), IGFs regulate steroidogenesis in the human
immature testis. Indeed, an elevation of StAR, P450scc and
17�-hydroxylase mRNA expression and steroid synthesis has
been reported in mouse LC (37). In agreement with these
reports, our in vitro functional studies have also shown that
IGF-I induced expression of P450scc protein and 3�HSD
mRNA. Moreover, lack of an IGF-I/insulin response second-

Figure 2. Primary cell culture of testicular cells (d 6), in the presence and
absence of rhIGF-I (50 ng/mL) for 4 d. TUNEL-positive cells (A and B),
Ki67-positive cells (C and D), and P450scc-immunopositive cells (E and F).
Scale bar: 20 �m. Basal condition, A, C, and E, IGF-I stimulation (B, D, and
F). Arrows point out to positively stained cells. Lower graph. Mean (�SD) AI
and PI, and mean (�SE) P450scc immunocytochemistry and T secretion into
culture medium is shown. Values are expressed as percent of basal determi-
nation. *p � 0.0001, **p � 0.001, §p � 0.05.

665IGF-INSULIN IN INFANT LEYDIG CELL



ary to the absence of functional receptors for these ligands has
been reported in MA-10 cells (38). Therefore, it seems logical
to propose that the steroidogenic potential of IGFs might be
related to the relative abundance of receptors and receptor-
ligand interactions.

In summary, our observations provide the first evidence that
the GH/IGF system, mainly IGF-II via IR and IGFR, might be
one of the factors involved in the induction of infantile LC
differentiation in humans. GHR was only detected in LC
during the postnatal activation period, opening the possibility
of a direct effect of GH. In vitro functional studies showed that
IGF-I regulates human immature testicular cell proliferation
and apoptosis, as well as steroidogenesis, suggesting that the
GH/IGF axis might be involved in preserving precursor and
immature LC pools, as well as local steroidogenesis, in human
immature testes.
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