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SUMMARY

Adult hamsters exposed to short photoperiods show a marked atrophy
of their internal reproductive organs, including a reduction in size, though
not number of Leydig cells. Transforming growth factor-f1 (TGF-B1)
is involved in the regulation of growth and proliferation of different
cell types. The aim of the present study was to examine the influence
of photoperiod on the protein and gene expression of TGF-B1 and its
receptors as well as gene expression of pl15. The effect of TGF-B1 on
the expression of p15 in purified Leydig cells from regressed and non-
regressed hamster testes was also tested. Protein and gene expression
of TGF-B1 was detected in both regressed and non-regressed testes.
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In contrast to the activin receptor-like kinase 1 (ALK-1), the TGF-p1,
the activin receptor-like kinase 5 (ALK-5) and the co-receptor endoglin all
showed a greater basal expression in regressed than non-regressed hamster
testes. Melatonin induced the TGF-f1 mRNA expression in purified
Leydig cells from non-regressed testes. The p15 mRNA level was greater
in regressed than non-regressed testes. A high dose of TGF-B1 during
a short incubation period increased the p15 mRNA level in Leydig cells
from non-regressed testes. ALK-5 and mitogen-activated protein kinase
(MAPK) p38 might have played a role in this process. In regressed hamster
testes, the p15 mRNA level increased due to a low dose of TGF-B1 after
short incubation periods and to a high dose after longer incubation periods;
in both instances, ALK-5, ERK 1/2 and p38 were involved. Collectively,
these results suggest that the alterations in p15 expression, mediated
by MAPK, are involved in the shift between the active and inactive states
in hamster Leydig cells. Reproductive Biology 2012 12 2: 201-218.
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INTRODUCTION

Golden (Syrian) hamsters (Mesocricetus auratus) breed seasonally and thus
show circannual changes in the function of the hypothalamic-pituitary-
gonadal axis [1]. The changes in reproductive function are modulated largely
by the photic stimuli. During the transition from the breeding to non-breeding
state, male hamsters exhibit a profound atrophy of the reproductive system
and morphological changes are observed in different cellular populations [2].
Reproductive periodicity can be reproduced under experimental conditions.
In adult male hamsters kept under the 14 h light/10 h dark regime (long
photoperiod, LD), the secretion of gonadotropins, prolactin and testosterone
is maintained at levels conducive to breeding. However, when these animals
are exposed to less than 12.5 h of light/day (short photoperiod; i.e., 6 h light/18
h dark, SD) for 14—16 weeks, a profound atrophy of their reproductive organs
is observed [1, 22, 29]. Furthermore, under the photoinhibitory conditions,
a decrease in Leydig cell size, but not numbers, is observed [2].
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In addition to the action of gonadotropic hormones on testicular function,
several local factors have been implicated in the regulation of cellular
changes that occur during the gonadal regression or recrudescence periods
[8]. Particularly, transforming growth factor-f1 (TGF-p1) has been identified
as an important growth factor modulating gonadal function and is involved
in the maintenance of testicular homeostasis [16]. The effects of TGF-1
are exerted via specific type [ and II serine/threonine kinase receptors. Two
distinct type I receptors (TGFBRI) are activated by TGF-B1: activin receptor-
like kinase 1 (ALK-1), which promotes phosphorylation of Smads 1/5,
and activin receptor-like kinase 5 (ALK-5), which promotes phosphorylation
of Smads 2/3. The activation of the intracellular signaling pathway TGF-f1/
ALK-5/Smads 2/3/4 involves the repression of cyclin-dependent protein
kinases (CDK; [23]). Signaling pathway triggered by TGF-B1 involves
not only Smad proteins (canonical mechanism) but also mitogen-activated
protein kinases (MAPK), particularly ERK 1/2 and p38 (non-canonical
mechanism; [14]).

The effect of TGF-B1 on cell proliferation can be both inhibitory
and stimulatory. Low doses of TGF-p1 stimulate epithelial cell proliferation,
whereas high doses inhibit this response in vitro [18]. The co-receptor
endoglin plays an essential role in the balance between different subtypes
of the TGFBRI [2]. Endoglin is required for an efficient transduction pathway
of ALK-1 since it inhibits the ALK-5 signaling pathway [18]. Recently, we
have described the correlation between ALK-1 and endoglin gene expression
in human testes with different pathological conditions manifesting
in Leydig cell hyperplasia [13], and the role of TGF-B1 in the hyperplasia
and hypertrophy of mouse Leydig cells in the presence of progesterone-
induced endoglin [11]. In addition, other authors reported that TGF-1
was involved in the inhibition of growth of several cell types through
various mechanisms. Smad proteins are responsible for the activation
of the transcription of pl15 and p21, which inhibit CDK proteins (CDK-6
and 4; [20, 21]).

The specific aim of the present study was to examine the influence
of photoperiod on the protein and gene expression of TGF-f1 and its
receptors, and on pl5 gene expression in Leydig cells obtained from golden
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hamsters exposed to LD or SD. In addition, the effects of TGF-f1 on p15 gene
expression and the associated signaling pathway were studied in purified
Leydig cells from regressed and non-regressed hamster testes.

MATERIALS AND METHODS
Animals

Male Syrian hamsters (Mesocricetus auratus) were raised in the local
Animal Care Unit (Charles River descendants, Animal Care Laboratory,
Institute of Biology and Experimental Medicine, National Council for
Scientific and Technical Research; Buenos Aires, Argentina). Hamsters were
kept from birth in LD (14 h light/10 h dark; lights on between 0700-2100
h) at 23+2°C. Animals had free access to water and Purina formula chow.
For the present study, separate groups of six adult hamsters each (90-100
days old) were kept under LD or SD conditions (6 h light/18 h dark; lights
on between 0900—1500 h) for 16 weeks. Hamsters from our colony reach
the maximal gonadal regression after 16 weeks in SD (additional information
in: [7]). Hamsters were then euthanized by asphyxiation with CO, according
to protocols for animal use, approved by the Institutional Animal Care
Unit and Use Committee (Institute of Biology and Experimental Medicine,
National Council for Scientific and Technical Research; Buenos Aires,
Argentina) and in compliance with the National Institutes of Health
guidelines. Testes were removed and used immediately for the isolation
of Leydig cells or fixed for immunohistochemistry.

Purification and incubation of Leydig cells

In all experiments, Leydig cells were isolated from a pool of twelve testes
obtained from six adult hamsters (90—-100 d of age) kept in LD (non-regressed
testes) or exposed to SD for 16 weeks (regressed testes). Leydig cells were
isolated under sterile conditions using a discontinuous Percoll density gradient
[8]. Briefly, both testes from each animal were decapsulated, immersed
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in Medium 199 (Sigma-Aldrich Chemical Co., St. Louis, MO, USA) at
pH 7.2 and containing 0.1% bovine serum albumin (Sigma, St. Louis, MO,
USA) and 0.2 mg/g tissue collagenase (Worthington Biochemical, Freehold,
NY, USA) at a ratio of 1:1 (w/v), and incubated for 10 min at 30-32°C with
gentle shaking. The incubation was stopped by addition of 50 ml cold
Medium 199 without collagenase. The supernatants were filtered (Cell
strainer, BD Falcon, Becton Dickinson and Co., Franklin Lake, MA, USA)
and centrifuged at 800xg for 7 min. The pellet was resuspended, subjected
to a discontinuous Percoll density gradient, and centrifuged. Cells that migrated
to the 1.06—1.12 g/ml density fraction were collected and suspended in Medium
199. An aliquot was incubated for 5 min with 0.4% w/v Trypan blue and used
for cell counting and viability assay with a light microscope. Viability of all
Leydig cell preparations was 97.5-98.5%. To evaluate purity of Leydig cells,
the activity of 38-hydroxysteroid dehydrogenase was measured [19]. The cell
preparations contained 85-90% hamster Leydig cells.

To evaluate TGF-B1 gene expression, the purified Leydig cells from
six non-regressed and six regressed testes of adult hamsters were pooled,
and 10° cells from each pool were collected in triplicate to extract RNA.
In addition, the purified Leydig cells from non-regressed testes of adult
hamsters were incubated in 1.5 ml Medium 199 at 37°C with or without
melatonin (Sigma, St. Louis, MO, USA; 10-°*M) under a humid atmosphere
of 5% CO,/95% air (v/v) for 3 h. In order to analyze the involvement
of TGFBRI in pl5 gene expression, the purified Leydig cells were incubated
with or without SB431542 (ALK-5 inhibitor, 1.3 uM) in the presence or
absence of TGF-B1. The incubation periods were 5 min (1 ng/ml of TGF-1)
or 30 min (10 ng/ml TGF-B1) in the experiment with regressed testes
and 5 min (10 ng/ml of TGF-P1) in the experiment with non-regressed
testes. To examine the effect of the TGF-B1 signaling pathway on pl5 gene
expression, the purified Leydig cells were incubated in the presence or
absence of TGF-f1 with or without inhibitors of MAPK. The inhibitors
included: U0126 (inhibitor of the active and inactive forms of MAP kinase
1 and 2; 10 uM), SB203580 (inhibitor of the kinase activity of p38; 40 uM)
and SP600125 (inhibitor of JNK; 20 uM). The incubation periods were as
described for the previous experiment.
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Immunohistochemical staining of testicular tissue

Hamster testicular tissue fixed in Bouin’s fixative was dehydrated, embedded
in paraffin and sectioned at 5 pm. Hematoxylin/eosin stain was used
to examine testicular morphology. The sections were deparaffinized with
100% (v/v) xylene and sequentially rehydrated with 96, 90, 80 and 70% (v/v)
ethanol. The slides were then blocked with 3% (v/v) H,O, in absolute methanol
for 5 min, washed twice with phosphate-buffered saline (PBS, pH 7.4) for
5 min, and treated with saponine (0.5% w/v) and proteinase K (20 ug/ml).
Non-specific binding was blocked with normal serum blocking buffer for
20 min at room temperature (RT). The slides were incubated overnight
with the following primary antibodies (all from Santa Cruz Biotechnology,
CA, USA): anti-TGF-P1 (sc-146; 1:100); anti-TGFBRI (anti ALK-5; sc-402;
1:100); or anti TGFBRI (anti ALK-1; sc-398; 1:100). After five rinses in PBS,
the sections were incubated for 1 h at RT with a biotinylated secondary
antibody (Vector Labs, Burlingame, CA, USA, 1:1000). After further washing
in PBS, all sections were incubated for 1 h with the streptavidin-peroxidase
complex (ABC kit, Vector Labs, Burlingame, CA, USA; 1:100), washed
twice in PBS and treated with 0.055% w/v 3, 3’-diaminobenzidine and 0.1%
v/v H,0, in Tris-HCI. Lastly, the sections were washed with distilled water.
Negative controls were processed simultaneously, by omitting the primary
antibodies, and then treated with preimmune serum.

RNA extraction and Real Time PCR

Total RNA from purified hamster Leydig cells was extracted with
Qiagen RNeasy Mini Kit (Qiagen Inc., Valencia, MO, USA) according
to the manufacturer’s instructions. Total RNA (0.4 ug) was treated with
DNAse I (Invitrogen, Life Technologies, Carlsbad, CA, USA) and used
for reverse transcription reaction using M-MLV reverse transcriptase
(Promega, Madison, WI, USA, 200 U/ul) and random hexamer primers
(Biodynamics, Buenos Aires, Argentina). For quantitative real-time PCR,
cDNA was amplified in the ABI PRISM 7700 Sequence Detection System
(Applied Biosystems, Life Technologies, Bedford, MA, USA), using SYBR
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Table 1. Characteristic of oligonucleotide primers and amplified products of Real-
Time PCR

Target Sequence of primer Amplified
(accession number) | (5'- 3") product (bp)
TGF-B1 F: CCCAGCATCTGCAAAGCTC 100
(NM_000660) R: GTCAATGTACAGCTGCCGCA

ALK-1 F: TCTCAGGCCTAGCTCAGATGAT 6
(NM_00020) R: TAGGCTTCTCTGGACTGTTGCT

ALK-5 F: CCTGGCCTTGGTCCTGTGGAAC 1
(NM_004612) R: GGTGAATGACAGTGCGGTTGTGG

Endoglin F: CATCCTTGAAGTCCATGTCCTCTT -
(NM_001114753) | R: GCCAGGTGCCATTTTGCTT

pl5 F: TCTGCAGCTGGATCTGGTCC 01
(NM_007670) R: TCCTGAAAGGTAGAGGGCCC

GAPDH F: TGCACCACCAACTGCTTAGC o6
(NM_20463) R: GGCATGGACTGTGGTCATGAG

Green Master Mix Reagent (Applied Biosystems, Life Technologies, Foster
City, CA, USA) with specific primers (tab. 1). Each primer was used at
a concentration of 0.3 uM in each reaction. Cycling conditions were as
follows: step 1 - 10 min at 95°C; step 2 - 15 sec at 95°C; step 3 - 30 sec at 55°C;
step 4 - 30 sec at 60°C, repeated 40 times from step 2 to step 4. Data from
the reaction were collected and analyzed by the complementary computer
software (Sequence Detection Software, Applied Biosystems, USA, version
1.3). Melting curves were run to confirm specificity of the signal. Relative
quantification of gene expression was calculated using standard curves
and normalized to GADPH in each sample.

To assess the quantitative differences in the cDNA target between samples,
the mathematical model of Pfaffl [27] was applied. An expression ratio was
determined for each sample by calculating (Etarget)ACt(target)/ (EGAPDH)
ACt(GAPDH), where E is the efficiency of the primer set and ACt=Ct
(normalization cDNA)-Ct experimental cDNA). The amplification
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efficiency of each set of primers was calculated from the slope of a standard
amplification curve of log (ng cDNA) per reaction vs. Ct value (E=10-(1/
slope)). Efficiencies of 2.0+0.1 were considered optimal.

Statistical analysis

Statistical analysis was performed using GraphPad Prism (version 3.00 for
Windows, GraphPad software, San Diego, CA, USA). Data are expressed
as mean+SEM. Statistical analyses were performed using Student’s t test
or one-way ANOVA followed by Tukey’s post hoc tests. A p-value of less
than 0.05 was considered significant.

RESULTS

Immunostaining of TGF-B1 was detected in Leydig cells from both
the regressed and non-regressed hamster testes (fig. 1AB). In non-
regressed hamster testes, the positive immunostaining for TGF-B1 was
also detected in germ cells. Type I receptors, ALK-1 and ALK-5 were
detected in Leydig cells from regressed and non-regressed testes (fig. 1DF
and fig. 1CE, respectively). In addition, ALK-5 was detected in germ cells
from non-regressed testes, and ALK-1 in regressed testes. Neither Sertoli
nor peritubular (myoid) cells contained ALK-1 or ALK-5.

Gene expression of TGF-B1, ALK-5, endoglin and p15 was significantly
greater in Leydig cells from regressed as compared with non-regressed testes
(p<0.05; fig. 2ABDE). Gene expression of ALK-1 was greater in Leydig
cells from non-regressed than regressed testes (fig. 2C). Melatonin induced
TGF-BI gene expression in purified Leydig cells from non-regressed hamster
testes (fig. 2F, p<0.05).

Low doses of TGF-B1 (1 ng/ml) induced pl5 gene expression in Leydig
cells from regressed testes after 5 min of incubation (fig. 3A), whereas high
doses (10 ng/ml) after 30 min of incubation (p>0.05; fig. 3B). In cells from
non-regressed testes, a high dose of TGF-B1 (10 ng/ml) induced pl5 gene
expression after 5, 15 and 30 min of incubation (fig. 4A), but low doses
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ALK-1

ALK-5

Figure 1. Immunohistochemical expression of transforming growth factor-p1
(TGF-B1) and its receptors, ALK-1 and ALK-5 in non-regressed (A, C and E) and re-
gressed (B, D and F) hamster testes. LC: Leydig cells; ST: seminiferous tubules.

of TGF-B1 (1 ng/ml) did not affect the gene expression (data not shown).
SB431542 inhibited (p<0.05) the pl5 gene expression induced by TGF-f1
in Leydig cells from both regressed (fig. 3CD) and non-regressed (fig. 4B)
testes.
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Figure 2. Basal gene expression (mean+=SEM) of TGF-f1 (A), ALK-5 (B),
ALK-1 (C), endoglin (EDG; D) and p15 (E) in purified Leydig cells from non-
regressed (white bars) and regressed (black bars) hamster testes (n=3). In addi-
tion, the in vitro effect of melatonin (Mel) on TGF-B1 expression in Leydig cells
from non-regressed testes is demonstrated (F). The Leydig cells were incubated
with or without melatonin (10 M) for 3 h. All results are expressed relative
to the housekeeping gene (GADPH) expression as arbitrary units. Different let-
ters depict significant differences (p<0.05).
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Figure 3: Effects of alow (1 ng/ml; A,C,E) and high (10 ng/ml; B,D,F) dose of TGF-$1
on p15 gene expression (mean+SEM) in Leydig cells from regressed hamster testes
(n=3). In addition, the effect of the incubation period (A, B) as well as the involvement
of ALK-5 (C, D) and mitogen activated protein kinases (MAPK; E, F) in the TGF-1
action on p15 gene expression was examined in the cells. Purified Leydig cells from
regressed hamster testes were incubated with or without SB431542 (an ALK-5 inhibi-
tor; 1.3 pM), U0126 (an inhibitor of MAPK 1 and 2; 10 uM), SB203580 (an inhibitor
of p38; 40 uM) or SP600125 (an inhibitor of INK; 20 pM) for 5 min (C, E) or 30 min
(D, F). See text for more details. All results are expressed relative to the housekeep-
ing (GADPH) gene expression as arbitrary units. Different letters depict significant
differences (p<0.05); b: basal; T: TGF-f1; U: U0126; SB: SB203580; SP: SP600125.
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Figure 4. Effect of TGF-B1 (10 ng/ml) on p15 gene expression (mean+SEM)
in Leydig cells from non-regressed hamster testes (n=3). In addition, the effect
of the incubation period (A), the involvement of ALK-5 (B) and the involvement
of mitogen activated protein kinases (MAPK; C) in the TGF-B1 action on p15 gene
expression was examined in the cells. Purified Leydig cells from regressed hamster
testes were incubated with or without SB431542 (an ALK-5 inhibitor; 1.3 uM),
U0126 (an inhibitor of MAPK 1 and 2; 10 uM), SB203580 (an inhibitor of p38;
40 uM) or SP600125 (an inhibitor of INK; 20 uM) for 5 min (B, C). See text for
more details. All results are expressed relative to the housekeeping (GADPH)
gene expression as arbitrary units. Different letters depict significant differences
(p<0.05); b: basal; T: TGF-B1; U: U0126; SB: SB203580; SP: SP600125.



Gonzalez et al 213

To examine the effect of the TGF-B1 signaling pathway on p15 gene
expression, the purified Leydig cells were incubated with or without
inhibitors of MAPK. In cells derived from regressed testes, U0126
and SB203580 inhibited the pl5 gene expression induced by both doses
of TGF-B1 (p<0.05; fig. 3E, F), whereas SP600125 did not affect the p15
gene expression induced by TGF-B1. In cells from non-regressed testes,
SB203580 inhibited the p15 gene expression induced by TGF-B1. Neither
UO0126 nor SP600125 altered the pl5 gene expression induced by TGF-p1
(p<0.05; fig. 4C).

DISCUSSION

Photoperiod-induced testicular atrophy in seasonally breeding Syrian
hamsters (Mesocricetus auratus) involves a reduction in gonadal weight but
also morphological changes in cellular populations. These changes are not
only a consequence of decreased serum levels of gonadotropic hormones
but are also due to the action of locally produced factors. TGF-B1 is involved
in multiple biological processes including cell differentiation, proliferation,
apoptosis, migration, wound healing, immune system regulation
and extracellular matrix remodeling. Interestingly, TGF-p1 can exert both
inhibitory and stimulatory effects on the regulation of cell homeostasis
in physiological and pathological conditions [15, 16]. In the testis, TGF-1
inhibits steroidogenesis [9], modulates contractility of peritubular cells [10],
controls proliferative activity of progenitor Leydig cells [30] and stimulates
apoptosis of germ cells [17].

In the present study, TGF-B1 was detected in Leydig cells from
both regressed and non-regressed testes of hamsters. These results are
in agreement with recent observations in normal and transgenic mice that
overexpress o and 3 subunits of hCG [12]. However, Teerds and Dorrington
[30] reported that TGF-B1 was present in fetal and immature Leydig
cells from rats but not in Leydig cells from adult hamsters. The positive
immunostaining for TGF-B1 was also detected in the germ cells from non-
regressed testes. Gene expression of TGF-B1 was greater in Leydig cells
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from regressed as compared with non-regressed testes. These results are
in agreement with the observations in roe deer by Wagener et al. [31] who
demonstrated the presence of TGF-B1 mRNA in Leydig cells mainly during
the non-breeding season.

Our results confirm the existence of ALK-5 and ALK-1 in Leydig cells
from both regressed and non-regressed hamster testes. These results are
in agreement with our previous findings in mice [12]. In addition, ALK-5
was detected in germ cells from non-regressed and ALK-1 in the cells
from regressed testes. Neither Sertoli nor peritubular myoid cells exhibited
ALK-5 or ALK-1 expression. To the best of our knowledge, there are no
previous reports on ALK receptors in the testes of seasonally breeding
animals. In adult rat testes, Olaso et al. [24] observed weak ALK-5
protein expression in Leydig cells, strong protein expression in germ
cells, and a lack of ALK-5 expression in Sertoli cells. Goddard et al.
[10] reported the occurrence of ALK-5 in Leydig cells obtained from
immature pigs. The available information on the presence of ALK-1
in the reproductive system is scarce since this receptor has been studied
mainly in endothelial cells [3, 18].

The present results show that basal gene expression of TGF-f1 and ALK-
5 was greater in regressed than in non-regressed hamster testes. The elevated
TGF-B1 gene expression detected at the time when testicular atrophy was
maximal leads us to speculate that TGF-B1 might act as a tropic factor
inducing the ensuing re-growth of testicular tissue during the recrudescence
period. However, the balance between the gene expression of ALK-1
and ALK-5 receptors must also be considered. Since ALK-1-mediated
signaling has a stimulatory effect on cell proliferation, the weak expression
of this receptor subtype appears to maintain the quiescent state of Leydig
cells in the regressed testes. On the other hand, although endoglin gene
expression was relatively high in the Leydig cells from regressed testes, its
activity might be suppressed as endoglin requires the presence of ALK-1
to generate a proliferative response in these cells.

Hamsters exposed to SD for 14—-16 weeks show nearly undetectable
levels of LH, FSH, PRL and androgens, and a marked atrophy
of the reproductive tract [4, 8, 22, 29]. High melatonin levels have been
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observed throughout the period of testicular regression [28]. Therefore,
we examined the effect of melatonin on the gene expression of TGF-B1
in purified Leydig cells from non-regressed hamster testes and observed
that melatonin significantly increased TGF-B1 gene expression. To the best
of our knowledge, there are no earlier reports on the regulation of TGF-p1
expression by melatonin in the testis. However, in pig chondrocytes
and mammary tumor cells, melatonin is able to stimulate the gene
expression or secretion of TGF-B1 [5, 26].

Regressed hamster testes possessed greater pl5 gene expression than
non-regressed testes. In addition, high doses of TGF-B1 during a short
incubation period stimulated pl5 expression in Leydig cells from non-
regressed testes. Incubation of purified Leydig cells from non-regressed
hamster testes with JNK and ERK 1/2 inhibitors did not modify p15
expression induced by TGF-B1. Instead, p38 appears to be the MAPK that
participates in this process. The mechanisms governing the regulation of p15
expression by TGF-f1 in testicular tissue remain unknown. Feng et al. [6]
proposed that Smad2 and Smad3 proteins induced p15 expression in response
to the stimulation with TGF-f1. Wu et al. [32] observed that TGF-P1 activated
the p38 pathway leading to cell apoptosis in murine podocytes. On the basis
of our present results, there is no direct evidence that p38 induces apoptosis
of hamster Leydig cells. Different reports implicated p38 in the apoptosis
of germ cells in rodents [25]. However, our present results can be interpreted
to suggest that Leydig cells are quiescent at the peak of testicular regression
since pl5 is a protein involved in the arrest of cellular cycle.

In the present study, the p15 gene expression in regressed hamster testes
was stimulated by low doses of TGF-B1 after short incubation periods
and by high doses of TGF-B1 after longer incubation periods. In both cases,
the ALK-5, ERK 1/2 and p38 were involved. In contrast, ERK 1/2 was not
involved in the regulation of p15 gene expression by TGF-B1 in non-regressed
testes. Thus, it can be concluded that different MAPKSs are activated
in the signaling pathway of pl5 gene expression (in response to TGF-p1)
in regressed and non-regressed hamster testes. Further studies are needed
to elucidate whether or not the stimulation of testicular p15 expression
by TGF-f1 is dependent on Smad proteins.
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In summary, the photoperiod modified the expression of TGF-B1
in hamster Leydig cells; TGF-B1 expression was greater in regressed than
in non-regressed hamster testes. These changes are likely due to changes
in melatonin secretion. The populations of type I TGF-B1 receptors, the co-
receptor endoglin and pl5 were also influenced by photoperiod. The effects
of TGF-B1 on pl5 gene expression suggest that the alterations in pl5
expression, mediated by MAPK, might be involved in the shift between
the active and inactive state in hamster Leydig cells.
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