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ABSTRACT 
The potential role of basic fibroblast growth factor (bFGF) as a 

mediator of cell-cell interactions in the growth and development of the 
testis was examined. Nuclease protection analysis was used to evaluate 
bFGF gene expression in the testis and other male reproductive tract 
tissues. bFGF expression was evident in seminal vesicle, prostate, 
epididymis, and, at low levels, testis of 20.day-old rats. The develop- 
mental expression of bFGF in whole testis and isolated somatic cells 
types was determined. Mesenchymal-derived peritubular cells and ep- 
ithelial-like Sertoli cells were isolated from prepubertal, midpubertal, 
and late pubertal rat testes. In whole testis, bFGF expression is pre- 
dominant early in prepubertal testicular development and decreases 
with sexual maturity. Both freshly isolated peritubular and Sertoli cells 
express bFGF at relatively constant levels during pubertal develop- 
ment, with a slight suppression at the late pubertal stages. Freshly 
isolated mature Leydig cells also expressed low levels of bFGF. Cultured 

Sertoli and peritubular cells produced bFGF-like proteins, including 
1% and 24.kilodalton forms. Interestingly, FSH increased Sertoli cell 
bFGF gene expression and protein production. Previously, FSH and 
bFGF have been shown to stimulate immature Sertoli cell growth. The 
results of the current study suggest that the ability of FSH to regulate 
testis and Sertoli cell proliferation may in part be indirectly mediated 
through the local production and action of bFGF. bFGF has also 
previously been shown to localize in developing germinal cells. There- 
fore, FSH-induced Sertoli cell bFGF expression may mediate Sertoli- 
germinal cell interactions involved in the control of the spermatogenic 
process. Observations demonstrate the presence of bFGF at a time 
coinciding with active growth of the somatic cell populations of the 
seminiferous tubule. Potential roles for bFGF in the seminiferous 
tubule to consider include angiogenesis of the tubule, prepubertal 
Sertoli cell proliferation, and mediating Sertoli-germinal cell interac- 
tions. (Endocrinology 131: 2928-2934,1992) 

T HE COORDINATION of testicular development and 
function is postulated to involve a complex network of 

cell-cell interactions mediated by paracrine growth factors 
(l-3). Leydig, peritubular, Sertoli, and germinal cell types of 
the testis may be involved in these intercellular interactions. 
Interstitial Leydig cells produce androgens that are required 
for the maintenance of testicular function. The mesenchymal 
(i.e. stromal) peritubular cells contribute to the structural 
integrity of the tubule and produce paracrine factors that can 
influence the adjacent epithelial Sertoli cells (1). Sertoli cells 
are hormonally responsive to FSH and act as “nurse” cells by 
providing the proper structural support and microenviron- 
ment for germinal cell maturation (4, 5). Testicular develop- 
ment initially requires the growth of the somatic cell popu- 
lation, followed by germinal cell proliferation at the onset of 
puberty (6, 7). Sertoli cell proliferation primarily occurs pre- 
pubertally, and at the initiation of puberty, this cell type 
ceases to divide and terminally differentiates (8). The com- 
plex temporal growth pattern of the cell types of the testis is 
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likely to involve a number of paracrine growth factors. 
Basic fibroblast growth factor (bFGF) is a regulatory agent 

which may influence aspects of both cellular growth and 
differentiation during development in many organ systems 
(9, 10). bFGF is the prototypical member of a larger family 
of structurally related heparin-binding growth factor/onco- 
genes. bFGF acts as a broad spectrum mitogen, and recent 
studies indicate that FGF may play a critical role in angio- 
genesis and tissue repair (11). bFGF may also mediate inter- 
cellular interactions in reproductive tissues, including the 
testis (12). bFGF has been purified from bovine and human 
testis (13, 14), and Sertoli cells appear to produce this factor 
(15). Immunohistochemical evidence indicates the presence 
of bFGF immunoreactivity in fetal Leydig cells and devel- 
oping germinal cells (16, 17). bFGF is mitogenic for immature 
Sertoli cells (15, 18, 19). Recent evidence suggests that en- 
docrine agents may mediate cell-cell interactions in the ad- 
renal and ovary by regulating bFGF gene expression (20- 
22). FSH appears to stimulate immature Sertoli cell growth 
in vitro and in viuo (4, 23, 24) and may potentially act by a 
similar mechanism involving bFGF. bFGF also influences the 
differentiation of Sertoli and Leydig cells (18, 25-27). Pres- 
ently, little is known about bFGF gene expression in the testis 
due to apparent low levels of expression (15,28). The current 
study was designed to evaluate the cellular and hormonal 
regulation of bFGF gene expression during development of 
the seminiferous tubule. Information will provide insight 
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into the potential role of bFGF in mediating testicular cell- 
cell interactions. 

Materials and Methods 

Tissue and cell preparation 

Tissues from 20-day-old rats and whole testes were collected from 5- 
, lo-, 15-, 20-, 35-, and 60-day-old Sprague-Dawley rats. Multiple 
preparations of at least eight rats of each age were killed; after organ 
collection, tissue was frozen in liquid nitrogen and processed for RNA. 
Sertoli and peritubular cells were freshly isolated from the testis of lo-, 
20-, and 35-day-old Sprague-Dawely rats by sequential enzymatic diges- 
tion (29) with a modified procedure, as previously described (30). 
Decapsuiated testis fragments were digested-first with trypsin (1.5 mg/ 
ml; Gibco. Grand Island, NY) to remove interstitial cells, followed bv 
collagenase digestion (1 mg/ml; type 1; Sigma, St. Louis, MO) and then 
hyaluronidase digestion (1 mg/ml; Sigma). Peritubular cells were ob- 
tained from the collagenase digestion supernatant after tubule segments 
had gravity sedimented, as previously described (31). Freshly isolated 
cells were immediately homogenized in guanidine isothiocynate and 
processed for RNA. Cultured cells were maintained in serum-free con- 
ditions at 32 C in a 5% CO* atmosphere in Ham’s F-12 medium (Gibco). 
For hormonal studies, isolated 20.day-old Sertoli cells were treated with 
FSH (100 rig/ml) on day 2 of culture for 24-48 h. The purity of the 
cultures was examined by staining for peritubular cells with alkaline 
phosphatase and cu-smooth muscle isoactin after 2 days of culture (32, 
33). The purity of all cell preparations was greater than 98%, except for 
IO-day-old Sertoli cell preparations, which displayed 50% ol-isoactin 
staining; this most likely reflects a large overestimation of peritubular 
cell contamination. The IO-day-old rat testis contains greater than 25. 
fold more Sertoli than peritubular cells (7); thus, a crude lo-day-old 
testis preparation should contain greater than 90% Sertoli cells. These 
markers have not been well characterized developmentally, and the 
Sertoli cell may display mesenchymal characteristics during its early 
development, potentially accounting for immunostaining results. How- 
ever, limitations in data interpretation due to peritubular contamination 
of immature Sertoli preparations should be considered. As previously 
shown (30, 31), both Sertoli and peritubular cells can be maintained for 
7-10 days in serum-free cell culture conditions with a greater than 98% 
cell viability and negligible cell lysis/death. Mature Leydig cells were 
freshly isolated from loo-day-old rats by density gradient centrifugation. 
Cell purity was greater than 90%, as determined by 3@-dehydrogenase 
staining. 

Peritubular and Sertoli cell serum-free conditioned medium was 
collected, protease inhibitors phenylmethylsulfonylflouride (25 PM) and 
benzamidine (0.1 mM) were added, and the mixture was centrifuged at 
1000 X g for 15 min at 4 C to remove cell debris. Conditioned medium 
was concentrated 100.fold by ultrafiltration with an Amicon system 
(Lexington, MA), using a membrane with a 3000 mol wt exclusion limit. 
For hormonal studies, Sertoli cells were treated with FSH (100 rig/ml) 
for 72 h, and medium was collected and concentrated 40-fold. The 
amount of cellular DNA plated was determined as previously described 
(34). This concentrated conditioned medium was referred to as peritu- 
bular cell secreted proteins (PSI’) and Sertoli cell secreted proteins (SSP). 
Alternatively, cellular extracts were prepared by sonication of cultured 
peritubular and Sertoli cells in 62.5 mM Tris-HCl buffer (pH 6.8))10% 
sucrose-2% sodium dodecyl sulfate and frozen at -20 C until use. 
Cellular extracts were appied to 1 ml heparin-Sepharose affinity columns 
(Pharmacia, Alameda, CA) and eluted with 3 M NaCl before electropho- 
resis. 

RNA and riboprobe preparation 

Total RNA was prepared from fresh and cultured cells by homoge- 
nization in guanidine isothiocynate, followed by ultracentrifugation 
through a cesium chloride cushion (35). cRNA probes were generated 
for nuclease protection studies by in vitro transcription (36). A bovine 
bFGF cDNA contained a 459.basepair (bp) NcoI/BattzHI insert in I’GEM- 
42 (37). Antisense riboprobes were generated using T7 polymerase from 

a RsaI-linearized plasmid, generating a 41 l-bp probe, resulting in a 369. 
bp (570 to 201) protected fragment. A rat cyclophilin (plB15) cDNA 
contained a 645-bp insert in sp65 (38). Antisense riboprobes were 
generated using SF6 polymerase from a BstNI linearized plasmid, gen- 
erating a 228-bp probe, resulting in a 186-bp (670 to 484) protected 
fragment. plB15 is a cDNA for rat cyclophilin, a gene that appears to 
be constituitively expressed and was used to control for RNA integrity 
and equivilant loading. Radiolabeled riboprobes were labeled with [a- 
?‘]UTP (New England Nuclear, Boston, MA; 800 Ci/mmol) according 
to the manufacturer’s instructions (Promega, Madison, WI), except that 
no cold UTI’ was used in generating bFGF probes. Riboprobes were 
typically labeled to a specific activity of approximately 1 x lo9 cpm/pg. 
Radiolabeled cRNA probes were gel purified (39) to remove incomplete 
and miscellaneous size transcripts. bFGF is synthesized as a monomeric 
protein, and the bovine bFGF probe used was a 369-bp cDNA corre- 
sponding to approximately 83% of the coding region of the growth 
factor (37). Rat cyclophilin, a constituitively expressed gene, was used 
as an internal control (38). The cyclophilin probe codes for 186 bp of 
the carboxy-terminal region of the protein. 

Sl nuclease protection analysis 

Sl nuclease protection was performed in a manner similar to that 
described by Krause et al. (40). Twenty-five micrograms of total RNA 
were annealed to excess riboprobe (2 X lo6 cpm) in 10 ~1 hybridization 
buffer [80% formamide, 10 mM HEPES (pH 6.5), and 400 mM NaCl,b 
denatured 10 min at 90 C and hybridized overnight at 48 C. Samples 
were also simultaneously probed with cyclophilin/lB15 as an internal 
control. Nonannealed nucleic acids were digested with 100 U (4 U/fig 
RNA) Sl Nuclease (Bethesda Research Laboratories, Gaitherburg, MD; 
no. 8001SB) in 25 ~1 digestion buffer (400 mM NaCl, 30 mM Na acetate, 
and 3 rnM ZnC&, pH 4.4) for 1.0 h at 39 C. Samples were ethanol 
precipitated with 10 rg carrier yeast RNA 1.0 h at -70 C and resus- 
pended in 10 ~1 sample buffer (80% formamide, 1 mM EDTA, 89 rnM 
Tris, 89 mM Borate 10% glycerol, and 0.1% bromphenol blue/methyl 
orange). Protected fragments were heated 10 min at 90 C and electro- 
phoresed on a 5% denaturing polyacrylamide-8-M urea gel. Gels were 
dried, followed by autoradiography on preflashed Kodak X-Omat AR 
film (Eastman Kodak, Rochester, NY) with intensifying screen at -70 C 
for 48-72 h. Typically, cyclophilin signals are evident after 6-h exposure, 
and bFGF signals are evident after 36-48 h. Quantitation was achieved 
by scanning laser densitometry of low exposure autoradiographs. Serial 
dilution of RNA samples confirmed the linearity of the assay and the 
presence of excess probe. Negative controls included crude yeast RNA 
(Boehringer Mannheim, Indianapolis, IN), yeast transfer RNA, and E. 
co/i ribosomal RNA (Boehringer Mannheim). 

Electrophoresis and immunoblot analysis 

One-dimensional polyacrylamide gel electrophoresis (41) was carried 
out after denaturation and reduction of PSI’ and SSP with sodium 
dodecyl sulfate and mercaptoethanol and analyzed on 12% acrylamide 
gels. Proteins resolved on gels were electrotransferred to nitocellulose 
paper (Bio-Rad, Richmond, CA) for 3 h at 80 V and immunoreacted 
with immunoglobulin G-purified antiserum to bFGF, generously pro- 
vided by Dr. Denis Gospodarowicz (42). This antiserum recognizes bFGF 
and does not cross-react with acidic FGF. Membranes were blocked [2% 
BSA in PBS-0.5% Tween-20 (TPBS)] and incubated with primary anti- 
body (1:750 dilution in TPBS-2% BSA) for 2 h at room temperature, 
then washed three times for 15 min each time in TPBS. Blots were 
incubated with [?]antirabbit IgG (Sigma; 1 X lo6 cpm/ml) for 2 h at 
room temperature, followed by three 15-min washes in TPBS. Control 
filters were reacted in a similar fashion without exposure to primary 
antibody. Blots were exposed to x-ray film with intensifying screen for 
24-48 h. 

Statistics 

All statistics were determined using the SAS statistical package (SAS 
Institute, Cary, NC). Data were analyzed by analysis of variance, fol- 
lowed by Duncan’s multiple range test when applicable for determina- 
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tion of differences in treatment grouping. Data are presented as the 
mean + SEM unless otherwise indicated. 

Results 

bFGF gene expression 

Developmental expression of bFGF was examined by an 
Sl nuclease protection assay (40), allowing for sensitive and 
quantitative evaluation of gene expression. Molecular probes 
for bovine bFGF were found to efficiently cross-react with 
rat RNA in the Sl nuclease protection assay. Sl nuclease 
acts nonspecifically by recognizing single stranded nucleic 
acid structure, and due to the high identity (93%) between 
rat and bovine bFGF, single base mismatches in cDNA 
sequence can be protected after Sl digestion under appro- 
priate conditions (40). Similar to previous results, bFGF 
expression could not be detected by Northern analysis with 
5 PLg poly(A) RNA from 20-day-old rat testis or Sertoli cells 
due to low levels of bFGF expression (data not shown) (28). 
To confirm probe specificity and species cross-reactivity, 
bFGF tissue distribution was evaluated by Sl nuclease pro- 
tection. High levels of bFGF expression were found in brain, 
while much lower expression was evident in nonneuronal 
tissue (data not shown), similar to patterns of tissue expres- 
sion previously described (28). FGF-like oncogenes are un- 
likely to cross-react due to limited (35-55%) protein identity 
with bFGF (10, 43). In the nuclease protection assay, anti- 
sense riboprobes are hybridized to bFGF mRNA present in 
total RNA. Probes contain a short plasmid vector sequence 
which is not complementary to bFGF mRNA. Sl nuclease 
digestion protects only the hybridized mRNA, resulting in 
an apparent shift in probe size from 411 to 369 bp for bFGF 
(Fig. 1). Samples were simultaneously probed with cyclo- 
philin, displaying a 228 to 186 bp shift, to ensure RNA 
integrity and quantity. Message expression was quantitated 
by scanning laser densitometry and normalized to the cyclo- 
philin signal. 

bFGF expression was evaluated in a number of organs 
collected from 20-day-old rats (data not shown). Brain, as a 
postive control, displayed high levels of bFGF expression, 
while lower expression was evident in heart, liver, kidney, 
and lung. In reproductive tissues, expression was present in 
prostate, seminal vesicle, epididymis, and, at low levels, 
testis. Suprisingly, the epididymis displayed a high level of 
expression. Although bFGF has been implicated in angiogen- 
esis, expression is apparent in tissues in which vascularization 
is essentially complete. 

Expression of bFGF during testicular development was 
also evaluated (Fig. 1A). Total RNA was isolated from pre- 
pubertal (days 5 and lo), early pubertal (day 15), midpubertal 
(day 20), late pubertal (day 35), and adult (day 60) rat testis. 
Expression was quantitated and normalized relative to 
expression in 60-day-old testis (Fig. 1B). bFGF expression 
was most abundant in the immature testis and declined with 
development. The immature testis displays 6.1 + 1.6-fold 
greater expression than the mature testis. This expression 
pattern is characteristic of somatic cell expression in the 
immature testis, followed by dilution of signal due to in- 
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FIG. 1. bFGF gene expression during testicular development. Protec- 
tion of bFGF mRNA revealed an expected protected fragment of 369 
bp shifted from a 411-bp probe. Simulataneous analysis with cyclo- 
philin displays a 186-bp protected fragment from a 22%bp probe. Lane 
1, Cyclophilin riboprobe alone; lane 2, bFGF riboprobe alone; lane 3, 
control protection assay with 25 pg rRNA. Nuclease protection assay 
of 25 rg total RNA prepared from testes of rats from 5 (lane 4), 10 
(lane 5), 15 (lane 6), 20 (lane 7), 35 (lane 8), and 60 (lane 9) days of 
age. A, Representative autoradiograph of bFGF- and cyclophilin-pro- 
tected mRNA fragments. B, mRNA levels were quantitated and nor- 
malized to the cyclophilin signal. Data are presented relative to data 
for the mature 60-day-old testis and represent the mean + SEM of four 
experiments on multiple testis preparations. 

creased germ cell proliferation at the onset of puberty near 
10 days of age. 

Cultured peritubular and Sertoli cells were found to ex- 
press the bFGF gene during cell culture. To evaluate in viuo 
bFGF expression during development, Sertoli and peritubular 
cells were isolated from prepubertal (day lo), midpubertal 
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(day 20), and late pubertal (day 35) rat testes. Total RNA 
was prepared from freshly isolated cell types and subjected 
to Sl nuclease protection analysis. Expression was quanti- 
tated and presented as relative expression compared to that 
in the 35-day-old Sertoli cell (Fig. 2). Both Sertoli and peri- 
tubular cells expressed bFGF throughout pubertal develop- 
ment. The level of expression remained relatively constant 
during this developmental period, with a small suppression 
in the late pubertal stages. Freshly isolated mature Leydig 
cell expression was also present at very low levels (data not 
shown). Thus, the major somatic cell types of the testis 
appear to express the bFGF gene. 

The cellular production of bFGF was examined by immu- 
noblot analysis. Cultured peritubular and Sertoli cell serum- 
free conditioned medium was collected, concentrated, and 
electrophoretically separated. Blots were reacted with an 
immunoglobulin G fraction of bFGF antiserum that does not 
cross-react with acidic FGF (42), followed by autoradi- 
ographic detection with an iodinated secondary antibody. 
This bFGF antiserum has previously been shown to be spe- 
cific and can be preabsorbed with bFGF (42). In various 
preparations of PSP and SSP, immunoreactive species of 
about 24 kilodaltons (kDa) were identified; however, in some 
Sertoli cell preparations, the typical 18-kDa form was also 
detected (Fig. 3). Interestingly, immunoreactive proteins at 
30 and 46 kDa were also periodically noted (data not shown) 
and potentially represented incomplete denaturation of bFGF 
from extracellular matrix components, as previously reported 
(17). The use of cellular extracts after heparin-Sepharose 
purification revealed primarily the 18-kDa form of bFGF 
(Fig. 4). 

A number of regulatory agents are necessary to control 
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FIG. 2. Quantitation of bFGF expression in Sertoli and peritubular 
cells. Sl nuclease protection was performed on 25 pg total RNA from 
freshly isolated peritubular and Sertoli cells from prepubertal (day lo), 
midpubertal (day 20), and late pubertal (day 35) rat testes. Autoradi- 
ographs were scanned, and expression normalized to the cyclophilin 
signal. Data presented are normalized to the 35-day-old Sertoli cell and 
represent the mean f  SEM from three experiments on four preparations 
of isolated cells. 
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FIG. 3. Immunoblot analysis of bFGF present in peritubular (P) and 
Sertoli (S) cell conditioned medium. Conditoned medium was concen- 
trated, electrophoretically separated, blotted, and immunoreacted with 
a specific bFGF antiserum. The numbering in the left legend represents 
the migration of standards of known molecular mass (kilodaltons). The 
data presented are representative of four different experiments. 
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FIG. 4. Immunoblot analysis of Sertoli cell-associated bFGF. Sertoli 
cell extracts were electrophoretically separated, blotted, and immuno- 
reacted with a specific bFGF antiserum. The numbering in the left 
margin represents the migration of standards of known molecular mass 
(kilodaltons). Lane 1, Ten nanograms of bFGF; lanes 2 and 3, Sertoli 
cell extracts associated with 25 rg DNA with cells incubated in the 
absence (lane 2) or presence of FSH (lane 3); lanes 4 and 5, Sertoli cell 
extracts associated with 50 rg DNA with cells incubated in the absence 
(lane 4) or presence of FSH (lane 5). The data presented are repre- 
sentative of three different experiments. 

testicular development and function, including the gonado- 
tropin FSH. FSH has been reported to stimulate prepubertal 
Sertoli cell proliferation in vitro and may act indirectly by 
influencing local growth factor production. Therefore, the 
ability of FSH to influence Sertoli cell FGF gene expression 
and protein production was examined. Isolated Sertoli cells 
from 20-day-old animals were treated with an optimal con- 
centration of FSH (100 rig/ml) for 24-48 h. FSH stimulated 
Sertoli cell bFGF gene expression 5-fold after 24 h of treat- 
ment (Fig. 5). Other agents, including androgens and the 
testicular paracrine factor P-Mod-S (31), had no effect on 
gene expression (data not shown). FSH also increased Sertoli 
cell bFGF protein production. Conditioned medium was col- 
lected from Sertoli cells treated for 72 h in the absence or 
presence of FSH, concentrated 40-fold, and subjected to 
immunoblot analysis. The 24-kDa form of bFGF increased 
2.2 f 0.5-fold after 72 h of culture in the presence of FSH 
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FIG. 5. FSH regulation of Sertoli cell bFGF gene expression. Lane 1, 
Undigested cyclophilin probe (5 x 10s cpm); lane 2, 2.5 x lo3 cpm 
undigested bFGF probe; lane 3, control protection assay with 25 pg 
ribosomal RNA; lanes 4 and 5, nuclease protection was performed on 
25 pg total RNA isolated from Sertoli cells treated for 24 h in the 
absence (lane 4) or presence (lane 5) of FSH (100 rig/ml). Quantitation 
of expression was performed by scanning laser densitometry of auto- 
radiographs and normalizing to cyclophilin signal. The data presented 
are a representative example of three experiments on multiple cell 
preparations. 
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FIG. 6. FSH regulation of Sertoli cell bFGF protein production. Im- 
munoblot analysis of concentrated conditioned medium from Sertoli 
cells incubated for 72 h in the absence or presence of FSH (100 ng/ 
ml). Data were obtained with scanning laser densitometry and nor- 
malized to cellular DNA; they are expressed as a percentage of the 
control value (C) and are the mean + SEM from three different exper- 
iments, with the star indicating a statistical difference (P < 0.01) from 
control. 

(Fig. 6). Sertoli cell extracts were also collected after a 72-h 
treatment with FSH and purified on heparin-Sepharose af- 
finity columns. FSH increased 2-fold the presence of an 18- 
kDa form of cell-associated bFGF (Fig. 4). Stimulation was 
quantitated by scanning densitometry of specific bands and 
normalized to the amount of cellular DNA present upon 
collection (34). 

Discussion 

The control of testicular development and differentiation 
is likely to involve a variety of complex cell-cell interactions 
mediated by paracrine growth factors (1,2). One such factor, 
bFGF, has been implicated in the developmental processes 
of a number of organs. Previous studies have demonstrated 
the local production of bFGF in the testis (13-15) and mito- 
genie action on prepubertal Sertoli cells (15, 18, 19). During 
testicular development, the local production of bFGF may 
potentially be involved in the regulation of angiogenesis, 
somatic cell proliferation, and/or spermatogenesis. To further 
define a potential role for bFGF in the testis, bFGF expression 
during testicular development was examined. 

bFGF gene expression was evident in a number of male 
reproductive tissues, including the prostate, seminal vesicle, 
epididymis, and testis of 20-day-old rats. Interestingly, a 
high level of epididymal bFGF expression was observed. 
Although vascularization and growth of this tissue are almost 
complete, high levels of expression suggest potentially im- 
portant roles for bFGF in this tissue. Compared to these other 
organs, the testis displayed the lowest level of bFGF expres- 
sion. Because bFGF may be a mediator of cell-cell interactions 
during development, expression during testicular maturation 
was examined. Whole testis bFGF expression was greatest in 
the prepubertal testis and decreased during pubertal devel- 
opment. This expression pattern is characteristic of somatic 
cell expression in the immature testis, followed by dilution 
of signal due to increased germ cell proliferation. bFGF 
expression correlates with the initiation of angiogenesis in 
the tubule. While the major vessels of the testis are already 
determined at birth, endothelial cell proliferation begins after 
approximately 10 days of development (7, 44). After about 
15-20 days of development, intertubular and peritubular 
networks of capillaries develop, and endothelial cell growth 
continues until the testis has reached maximal size (7, 44). 
Although lower levels of bFGF expression are present during 
the later steps of testicular angiogenesis, this process may 
involve bFGF stored in the extracellular matrix. Higher levels 
of gene expression also correlate with the prepubertal growth 
of the somatic cell populations of the tubule, including 
Sertoli, peritubular, and Leydig cells. To evaluate a potential 
role of bFGF as a testicular mitogen, cellular gene expression 
was determined. 

Nuclease protection analysis indicated that peritubular and 
Sertoli cells express the bFGF gene during cell culture. This 
observation is consistent with heparin-binding FGF-like ac- 
tivity in extracts from these cell types (15). Because the 
expression of many growth factors increases during cell 
culture, evaluation of in vim expression requires preparation 
of freshly isolated cells. Thus, to further evaluate the poten- 
tial role of bFGF in testicular development, Sertoli and peri- 
tubular cells were freshly isolated from different stages of 
testicular development, including prepubertal (day lo), mid- 
pubertal (day 20), and late pubertal (day 35) rat testes. 
Prepubertal testes are composed mainly of somatic cells. In 
midpubertal 20-day-old testis, spermatogenesis has been in- 
itiated, and by 35 days, the first spermatogenic wave is 
complete (6). Although the 35-day-old rat cannot breed, the 
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somatic cells at this stage exhibit biochemical profiles similar 
to those of adult cells. Both Sertoli and peritubular cells were 
found to express the bFGF gene. The level of expression 
remains relatively constant during pubertal development, 
with a small decline in the late pubertal stage. bFGF gene 
expression was also evident in mature Leydig cells. Thus, the 
major somatic cell types of the testis appear to express the 
bFGF gene. 

Low levels of FGF gene expression are often found in the 
presence of high levels of FGF protein. Thus, the cellular 
production of bFGF protein in the testis was examined. The 
difference between mRNA and protein abundance may re- 
flect storage of the mitogen in the extracellular matrix, rather 
than continuous gene expression (9). Immunoblot analysis 
of cellular extracts and concentrated conditioned medium 
from Sertoli and peritubular cells indicated that these cell 
types produce immunoreactive bFGF-like proteins, including 
18- and 24-kDa forms. It is unclear whether these products 
are a result of cellular secretion or lysis, due to the lack of a 
signal peptide in the FGF molecule typically required for 
protein secretion (37). However, both peritubular and Sertoli 
cells have the capacity to produce bFGF protein. 

Compared to epidermal growth factor, transforming 
growth factor-a, and transforming growth factor-p, which 
have no effect on Sertoli cell proliferation, bFGF is one of 
the few growth factors that is mitogenic for prepubertal 
Sertoli cells (15, 18, 19) (Mullaney, B. I’., and M. K. Skinner, 
unpublished observations). In the testis, FSH is required for 
tissue development and differentiation. The only cell type 
that expresses the FSH receptor gene or protein in the testis 
is the Sertoli cell. The other gonadotropin, LH, or a-subunit 
does not influence Sertoli cells. FSH appears to stimulate 
prepubertal Sertoli cell growth. Most growth factors act 
through mechanisms involving receptor kinases to initiate 
the cell growth cycle. In contrast, FSH stimulates the pro- 
duction of CAMP, usually associated with cellular differen- 
tiation rather than growth. Due to these differences in phar- 
macological mechanism, FSH may not act as a classic direct 
growth stimulator. Most growth factors directly stimulate 
DNA synthesis within 18-24 h after treatment. FSH, how- 
ever, stimulates [3H]thymidine incorporation in cultured im- 
mature Sertoli cells, with maximal effects after 72-96 h (23, 
24). This delayed response further suggests that FSH action 
may be mediated through local growth factor production, 
which results in autocrine growth stimulation. Recent evi- 
dence supports the hypothesis of the indirect actions of 
endocrine agents on cell growth. For example, ACTH may 
mediate local growth effects in the adrenal indirectly by 
regulating bFGF gene expression (20). Considering the pre- 
vious reports of FSH and bFGF stimulation of Sertoli cell 
growth, gonadotropin regulation of bFGF gene expression 
and protein production was examined. FSH was found to 
stimulate Sertoli cell bFGF gene expression approximately 5- 
fold and bFGF protein production approximately 2-fold. 
Although little is known about bFGF gene regulation, these 
observations are consistent with the CAMP responsiveness 
of the bFGF gene (20-22). These observations support the 
hypothesis that the actions of the gonadotropin FSH may be 

indirectly mediated by altering the expression and production 
of local growth factors, such as bFGF. 

Previous observations demonstrate that the bFGF gene is 
expressed during pubertal development of the seminiferous 
tubule by Sertoli, peritubular, and Leydig cells. Immunohis- 
tochemical detection of a high mol wt form of bFGF has 
previously been reported in developing germinal cells of the 
adult testis (17). Speculation that bFGF may act as a germinal 
cell mitogen requires further evaluation. Additional studies 
are necessary to determine bFGF and FGF receptor expres- 
sion in developing germinal cells. The potential role of bFGF 
as a mediator of Sertoli-germinal cell interactions, however, 
is supported by the observations that Sertoli cells express 
bFGF, and bFGF is localized in developing germinal cells. 
This study demonstrates the expression of bFGF at a time 
coinciding with active growth of the somatic cell populations 
of the seminiferous tubule. Potential roles for FGF include 
angiogenesis of the testis and prepubertal Sertoli cell prolif- 
eration. The ability of FSH to regulate Sertoli cell bFGF 
expression provides an example of a mechanism by which 
endocrine agents indirectly influence tissue development 
through local cell-cell interactions. 
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