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Little is known on the hormonal regulation of the early 
postnatal phase of Leydig cell activation in the human. Testos- 
terone secretion by prepubertal testicular cells in culture was 
studied in two different age groups, 0-7-mo-old (group 1) and 
16-36-mo-old (group 2) boys. A mixed cell preparation was 
isolated from testes collected at necropsy and maintained in 
culture for 6 d. Cells were cultured in serum-free medium in 
basal conditions and under the stimulation of human (h)LH, 
hFSH, or recombinant hGH, and the secretion of testosterone 
was determined on d 6 by RIA. In basal conditions, cells of group 
1 secreted more testosterone (median 5.83 pmol/106 cellsd, n = 

7) than cells of group 2 (median 1.73, n = 5),p < 0.05, reflecting 
the steroidogenic potential of the testes in vivo. Under hLH 
stimulation, cells of group 1 responded by increasing testosterone 
secretion significantly. Surprisingly, hFSH stimulation elicited a 
similar response in cells of group 1. Because FSH receptors are 
presumably located in Sertoli cells, it is concluded that these cells 
secreted a paracrine factor that stimulated testosterone secretion 

by Leydig cells. On the other hand, recombinant hGH also 
stimulated the secretion of testosterone by cells of group 1. 
Recombinant hGH could have interacted with either GH or 
prolactin receptors of testicular cells. Cells of group 2 did not 
respond to any stimulus. Because serum levels of LH, FSH, GH, 
and prolactin are higher during the first months of life than later 
in childhood, it is possible that the early postnatal activation of 
the testis is under multiple pituitary hormone influence. (Pediatr 
Res 38: 592-597, 1995) 

Abbreviations 
hLH, human LH 
hFSH, human FSH 
rhGH, recombinant hGH 
hCG, human chorionic gonadotropin 
PRL, prolactin 
H&E, hematoxylin and eosin 

The developmental history of human Leydig cells is a 
triphasic event: fetal, neonatal, and pubertal (1). Three peaks in 
serum testosterone levels have been described, viz., during the 
first half of gestation when the genitalia are formed (2); soon 
after birth, peaking at 2-3 mo (3); and at puberty (4). The 
biologic significance of the early postnatal phase of Leydig cell 
activation remains a matter of speculation. Androgen secretion 
after birth may influence the development of the sexually 
dimorphic nucleus of the preoptic area in the hypothalamus (5). 
Sex hormones are involved in the control of male behavior in 
the rat, and the sensitive period for this effect is embryonic and 
ends by d 6 postnatally (6). Finally, blocking gonadotropic 
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secretion by treatment of male monkeys with a gonadotropic- 
releasing hormone agonist for the first 4 mo of postnatal life 
alters differentiation of CNS centers that regulate sexual and 
skeletal development (7), as well as adult sexual behavior (8). 

Mature Leydig cells are present after birth in man but they 
regress during the first 6 mo of life (9). In most studies, 
postnatal Leydig cells have been regarded as remnants of the 
fetal Leydig cell population (10, 11). It is interesting, however, 
that the regression of Leydig cells after the 18th week of fetal 
life is interrupted by a pronounced rise in the number of fetal 
Leydig cells in the 3rd mo after birth, and it is followed by a 
rapid decrease in such numbers afterward (9). 

Little is known about the endocrine-paracrine control of this 
early postnatal activation of the testes. Because serum LH is 
increased during the first months of life in boys (12), pituitary 
LH is probably involved in the regulation of the postnatal 
elevation in circulating testosterone. Serum FSH has also been 
found to be increased in early infancy, particularly in girls (12). 
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On the other hand, the sex difference in the concentrations of 
serum LH and FSH reported in the early postnatal period could 
be due in part to steroid and peptide secretions by the infantile 
human testis. High serum levels of GH and PRL (13) have 
been described during the first days of life (13-15). Values 
decrease afterward, but they are still high at 8 wk compared 
with adult concentrations (16). Furthermore, by extension to 
what has been found in numerous in vivo and in vitro studies, 
Leydig cell function might be modulated by many other pep- 
tide and nonpeptide hormones and factors, including insulin, 
IGF-I, and transforming growth factor P (17). Many of these 
factors are produced by the local cell population, acting in a 
paracrine fashion. Cell population in the testes of infants differs 
greatly from that of adults because of the absence of mature 
Sertoli cells and mature spermatogenesis. Therefore, paracrine 
influences might also be expected to be different. 

We have developed a method for maintaining in culture 
prepubertal human testicular cells isolated from testes collected 
at necropsy (18). We have demonstrated that these cells are 
able to survive in culture in good functional condition and to 
maintain testosterone secretion for more than 7 d. 

The present study was undertaken, 1) to compare testoster- 
one secretion in cultures of cells obtained from infants (10-d- 
to 7-mo-old boys) with that of cells from 16-33-mo-old boys, 
and 2) to study the effect of hLH, hFSH, and rhGH stimulation 
on testosterone secretion by these cells. 

METHODS 

Hormones. hLH (NIDDK-hLH-B-1 AFP-0642 B) and 
hFSH (NIDDK-hFSH-I-SIAFP.1 AFP-5720 D), highly puri- 
fied by selective immunoaffinity, free of immunoreactive LH, 
TSH, GH, or PRL, were kindly provided by the National 
Institute of Diabetes and Digestive and Kidney Diseases 
(NIDDK). Recombinant hFSH (Gonal F) was a gift of SE- 
RON0 Argentina S.A. Recombinant hGH (Genotropin) from 
KABI, was kindly provided by ASTRA Laboratories of Ar- 
gentina. 

Clinical Material. Testicular cells were isolated from testes 
collected at necropsies of 10-d- to 36-mo-old patients who had 
died because of disorders not related to endocrine or metabolic 
diseases. The study was approved by the Research Committee 
of the Hospital de Pediatria Garrahan of Buenos Aires. For data 
analysis patients were divided in two age groups on the basis 
of presence or absence of Leydig cells in testicular biopsies: 
group 1 (n = 7) 10-d- to 7-mo-old boys, median 3 mo; this age 
includes the whole postnatal period of Leydig cell activation, 
and group 2 (n = 5), 16-36-mo-old boys, median 33 mo, the 
age period which corresponds to part of the quiescent stage of 
testicular development in childhood. Diagnoses were the fol- 
lowing: group 1, five cases of congenital heart diseases, one 
case of intracranial hemorrhage, and one of septic shock; group 
2, one case of congenital heart disease, two cases with abdom- 
inal tumors (one hCG-negative hepatoblastoma and one ma- 
lignant mesenchymoma), one case of broncopneumonia, and 
one of meningitis. 

Figure 1 shows histologic preparations of representative 
testes of the two groups of patients. The two subjects of group 

1 had fetal-type Leydig cells and immature seminiferous cords. 
No mature Leydig cells could be recognized in patients of 
group 2, but Leydig cell precursors were observed. 

Isolation and culture of human immature testicular cells. 
Routinely, cadavers were placed in a refrigerator within 1 h 
after death. Necropsies carried out up to 24 h after death were 
used for processing testes for cell isolation. To obtain a cellular 
suspension, in the 12 different experiments testicular tissue was 
processed as described previously (18). Briefly, after taking a 
small portion for light microscopy, testes were digested twice 
in 1.18 X lo6 U/L collagenase for 20 min at 37OC. Live cells 
were counted with a Neubauer's chamber using the trypan blue 
exclusion method. Between 30 and 50 million cells were 
harvested in each experiment. Cells were seeded at a density of 
1 X lo6 cell/mL, 0.5 mL/well, in 24-multiwell culture dishes, 
resuspended in a chemically defined medium supplemented 
with 5 mg/L vitamin C, 0.2 UI/L vitamin E, and 10% bovine 
fetal serum. Plates were placed at 37OC in a humidified atmo- 
sphere of 95% air, 5% CO,. Forty-eight hours later the medium 
was removed, and the monolayer was washed twice with 
Hanks' solution. Fresh medium without serum was then added 
in triplicate (basal condition). Fresh medium with hFSH (16.8 
UI/L), group 1 (n = 4), NIDDK in two studies, and Gonal F in 
the other two; hLH (40.1 UIIL), group 1 (n = 5), group 2 (n = 

4); and rhGH (0.12 UI/L), group 1 (n = 5), group 2 (n = 4), 
was added in triplicate in separate wells. After 48 h, d 4 of 
culture, media were removed and fresh media with and without 
hormones were added for another 48 h. On d 6 of culture, 
conditioned media were collected. They were saved and stored 
at -20°C for testosterone assay. Occasionally testosterone was 
determined on d 4 of culture. Cells were harvested after 
incubation with trypsin EDTA (0.5 and 0.2%, respectively) for 
3 min at 37OC and counted as above. 

During culture, cells were observed using a ICM 405 Zeiss 
contrast phase microscope. 

Histochemical staining of testicular cells in culture. The 
expression of cytokeratins in testicular cell monolayers was 
studied by immunohistochemistry (19). After removing the 
medium, cells were incubated at room temperature with the 
primary antibody (rabbit polyclonal antikeratin, 11200 in HC1- 
Tris buffer) for 45 min. After two washings, biotinylated pork 
anti-rabbit (11300) IgG was added as secondary antibody, 
followed by avidin-biotin horseradish peroxidase conjugate 
(DAKO, Denmark). To obtain brown staining, 3,3'-diamino- 
benzidine tetrahydrochloride (D 5637, Sigma Chemical Co., 
St. Louis, MO) was used as a substrate (0.05% in HC1-Tris 
buffer, 0.01% H202). 

3P-Hydroxysteroid dehydrogenase histochemical coloration 
was performed on d 6 of culture following the procedure of 
Steinberger et al. (20). The cell monolayer was incubated for 
90 min at room temperature in PBS containing 0.25 nmol/L 
nitro blue tetrazolium, 1.5 nmol/L NAD, and 0.4 nmol/L 
3P-hydroxy-5P-androstan-17-one. 

Determination of testosterone. Testosterone was deter- 
mined in conditioned media by RIA, in duplicate, using a 
testosterone MAIA Kit (BIODATA, Milan, Italy) as reported 
previously (18). The mean of three wells was calculated for 
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Figure 1. (Panel A) Testis of a 10-d-old newborn. Fetal-type Leydig cells (L) with abundant cytoplasm and ovoid nuclei can be seen near blood vessels (V) 
(H&E, X100). (Panel B) Testis of a 7-mo-old infant. Leydig cells (L) are seen in scattered clusters surrounding tubules (2') (H&E, X40). (Panel Testis of 
a 33-mo-old boy. Immature solid tubules (2') populated by primitive Sertoli cells and undifferentiated mesenchymal cells (M) in the interstitium are observed 
(H&E, X25). (Panel D) Testis of another 33-mo-old boy. Mature Leydig cells could not be recognized but undifferentiated cell precursors (LP) are present (H&E, 
X40). 

each experimental conditions. Then, medians for each group 
were calculated, and differences between groups were com- 
pared by the test of medians (22). 

RESULTS 

Microscopic examination of monolayers. The presence of 
developing Sertoli cells and of steroidogenic cells in cultures 
was checked by light microscopy of histochemically stained 
cells. The expression of keratins was taken as evidence of the 
presence of Sertoli cell precursors (21). Evidences of immu- 
nospecific staining was observed in clusters of cells in culture 
(data not shown). However, not all Sertoli cells express kera- 
tins (21). 

Staining for 3P-hydroxysteroid dehydrogenase was ob- 
served in fibroblast-like cells scattered around clusters of stain- 
ing negative cells suggesting an organized arrangement of 
steroidogenic and nonsteroidogenic cells in culture (Fig. 2). 

Testosterone secretion in culture. In basal conditions, se- 
cretion of testosterone into culture media was determined in 
every instance: the median of group 1 (n = 7), 5.83 was 
significantly higher than the median of group 2 (n = 5), 1.73 
pmol/106cells~d, p < 0.05, test of medians. 

The time course of cell secretion in culture was studied by 
determining testosterone on conditioned media of d 4 and 6, 

under basal conditions and under hLH, hFSH, and rhGH 
stimulation, in cells collected from a 1-mo-old subject (Table 
1). In every instance testosterone secretion increased during 
culture, as well as under hormone stimulation on both days. 

Response to hLH stimulation on d 6 of culture in the two 
groups of patients is shown in Figure 3. In group 1, median 
testosterone secretion increased from 4.51 (basal median of 
five patients) to 13.5 pmol/106 cells-d, p < 0.01. In group 2, 
however, it changed from 1.95 (basal median of four patients) 
to 2.41, the difference not being significant. Only one cell 
culture responded to hLH in this group. Under hLH, there was 
a significant difference between groups 1 and 2, p < 0.01. 

Response to hFSH stimulation by cells of group 1 is also 
shown in Figure 3. Median secretion of testosterone was 
significantly increased to 19.7 pmol/106 cells-d (p  < 0.01 
versus basal condition in the four patients). The effect of hFSH 
was not significantly different from that of hLH. Inspite of 
possible impurities in the pituitary preparation, no apparent 
difference was detected between the two FSH preparations 
used: 24.1 and 19.7 pmol/106cellsd (means of two experi- 
ments) for highly purified and recombinant preparations, re- 
spectively. 

Under rhGH stimulation, median testosterone secretion in 
group 1 was 11.9 pmol/106cells~d, significantly different from 
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Figure 2. Histochemical staining for 3P-hydroxysteroid dehydrogenase of a 
cell monolayer on d 6 of culture. Fibroblast-like cells showing dark positive 
staining were arranged around clusters of negative staining cells (X51). 

Table 1. Testosterone secretion (pmol/~06cell/d) on d 4 and on d 6 
of culture by cells from a I-mo-old subject, in basal conditions and 

under hormone stimulations (X  + SEM, in triplicate) 

Treatment Day 4 Day 6 

Basal 3.07 i 0.69 7.15 t 2.04" 
hLH 11.4 t 1.23~ 30.3 i 2.57"." 
hFSH 18.7 i 3.11b 40.3 i 5.71",~ 
rhGH 11.9 t 3.89b 34.0 i 5.43"," 

"Significantly different from d 4 (p  < 0.05). 
Significantly different from corresponding basal condition (p < 0.05). 

basal conditions, p < 0.01. In group 2, however, it was only 
1.96. Under rhGH there was a significant difference between 
groups 1 and 2, p < 0.01 (Fig. 3). 

DISCUSSION 

This study confirms that prepubertal testicular cells obtained 
at necropsy can be maintained in culture in good functional 
conditions. They form a monolayer which presumably contains 
most testicular cells present in vivo. Using histochemical mark- 
ers we have identified developing Sertoli cells and steroido- 
genic cells in the monolayers. In a previous report, we had also 
identified peritubular cells (18). 

GROUP 1 GROUP 2 

Figure 3. Secretion of testosterone into culture media @mo1/106 cells124 h), 
on d 6 of culture in the two groups of patients under basal conditions, as well 
as under hLH, hFSH, and rhGH administration. Points represent individual 
data, columns represent medians. 

We have observed that, in basal conditions and under hLH, 
hFSH, or rhGH stimulation, testosterone secretion in culture 
increased with time. This suggests that prepubertal steroido- 
genic cells undergo a process of differentiation in culture, even 
in the absence of gonadotropins. In a previous study (18) we 
had also observed a similar phenomenon in the presence of 
insulin. 

The striking differences in testicular histology of the inter- 
stitium during the first years of life have prompted us to divide 
our clinical material into two age groups. Indeed, testosterone - - .  

secretion by cells in culture reflected the steroidogenic poten- 
tial of the testes in vivo, i.e. testosterone secretion in young 
infants during the first semester of life (group 1) is higher than 
in children at early childhood (group 2) (3), The high testos- 
terone secretion of postnatal age has been attributed to stimu- 
lation of LH which also shows an increase during the first 
months of life (12). In our study, differences between the two 
groups were maintained when cells were cultured in the pres- 
ence of hLH. Mature Leydig cell, and even mesenchymal 
precursors (23, 24), have the molecular machinery to respond 
to LH and to secrete testosterone. This suggests that testicular 
cells of group 1 had a higher density of LH responding cells. 
This is in agreement with what has been reported in vivo (9). 

Surprisingly, when cells of patients of group 1 were stimu- 
lated with hFSH in the absence of hLH, they responded as 
though under hLH stimulation. Studies on the role of FSH in 
testicular steroidogenesis have been impaired because all prep- 
arations of hFSH used in the past have been contaminated with 
hLH. In two of our studies, using highly purified hFSH, 
bioactive hLH contamination was still present, but the dose of 
hFSH used contained an equivalent dose of hLH of only 
0.0035 IUL. That the effect was not due to hLH contamination 
was confirmed by using rhFSH in two of the four experiments. 
Sertoli cells are the only cell type expressing FSH receptors in 
the testis. However, they lack the capacity to synthesize tes- 
tosterone. Therefore, we propose that Sertoli cells responded to 



596 BERENSZTEIN ET AL. 

hFSH by secreting a factor(s) that stimulated neighboring 
Leydig cells to secrete testosterone. This mechanism might be 
operative in vivo, in normal children. There are in vitro evi- 
dences (22) that cocultures of immature pig Leydig and Sertoli 
cells secrete more testosterone than cultures of Leydig cells 
alone, indicating that there is a stimulating effect of Sertoli 
cells on Leydig cell function. IGF-I has been proposed as a 
candidate for this stimulatory effect (25), but other factors 
could be involved. Recent evidences of adult human Sertoli 
cell enhancement of Leydig cell testosterone secretion have 
also been reported (26). 

Addition of rhGH, in the absence of hLH, to cells of infants 
of group 1 increased testosterone secretion. This is in contrast 
to previous reports in cells of immature . p i g s  (27). Differences 
in species, hGH preparation and degree of development can 
explain these different results. The effect of rhGH was similar 
to that of hLH and seemed to disappear in cells from older 
children. Specific receptors for GH and PRL have been de- 
scribed in the testis (28). However, the issue of the presence of 
GH receptors in the testis is controversial. Lobie et al. (29) 
detected strong GH receptor immunoreactivity in rat Leydig 
and Sertoli cells by specific immunohistochemistry but Tiong 
and Herington (30) could not detect GH receptor mRNA in rat 
testis by northern blotting. Mercado et al. (31) reported the 
expression of GH receptor mRNA in one human subject by 
reverse transcription-polymerase chain reaction. PRL binding 
sites have been described in rat Leydig cells (32). Finally PRL 
and GH receptor distribution include lymphatic and immune 
cells (28, 33) which are known to be present in the testis. 
Because hGH has both somatotropic and lactotropic activities 
(34), it is not possible to discern whether the biologic response 
detected resulted from an interaction of rhGH with GH or PRL 
receptors. The effect of GH that we have found in our studies 
suggests that either GH or PRL might have a physiologic role 
in testicular function of infants during the first semester of life. 
It is known that patients with GH deficiency (35) or GH 
insensitivity (36) have a remarkable delay in their sexual 
development. Whether this could be attributed to lack of GH 
action in the testes at early infancy remains to be shown. 
However, several studies in rodents (37-39) and in non-human 
primates (7) show that the secretory role of the neonatal testes 
is critical for normal CNS function in adulthood. 

In summary, inasmuch as serum levels of LH, FSH, GH, and 
PRL are higher during the first months of life than later in 
childhood, our studies support the possibility that the early 
postnatal activation of the testis is under multiple pituitary 
hormone influence. 
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