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ABSTRACT

Glucocorticoid (GC) inhibits testosterone production in adult Leydig cells by the
glucocorticoid receptor (GR). However, whether GC affects the development of
Leydig cells is unclear. The goa of the present study is to investigate the effects of
GC on steroidogenesis of rat progenitor Leydig cells (PLCs) in vitro. Dexamethasone
(DEX) inhibited androsterone (AO) production in PLCs. The GR antagonist,
RU38486, reversed the DEX-induced inhibition of AO, while the MR antagonist,
RU28318, did not. RU38486 also reversed DEX-induced reductions in steady-state
MRNA levels of steroidogenic acute regulatory protein (Sar) and 3p-hydroxysteroid
dehydrogenase 1 (Hsd3bl). AR protein expression and 3BHSD enzyme activity
were affected similarly. These results show that GCs inhibit steroidogenesis of PLCs

by suppression of AR and 33HSD via GR-mediated mechanism.
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I ntroduction

Glucocorticoids (GCs) usualy exert their effects through an intracellular receptor,
the glucocorticoid receptor (GR), which is amember of the nuclear receptor family of
ligand-dependent transcriptional factors (Schaaf and Cidlowski, 2002). The
GC-activated GR translocates to the nucleus, homodimerizes and acts as a
transcriptional factor by binding to the glucocorticoid response element within the
promoter regions of GC responsive genes (Gupta, et al., 2007). Endogenous GCs can
also bind to the mineralocorticoid receptor (MR) and exert mineralocorticoid actions
like those of aldosterone (Frey, et al., 2004). Leydig cells contain GRs and MRs (Ge,
et al., 1997; 2005). Many studies showed that GRs were the primary target of
glucocorticoid action in the Leydig cells (Ortlip, et al., 1981, Schultz, et al., 1993,
Stalker, et al., 1989), because GC-induced suppression of testosterone production was

mediated by GR (Hales and Payne, 1989, Monder, et al., 1994).

To date, many studies have focused on GC action in immature and adult Leydig
cells, the more mature cell types in the Leydig cell lineage. As endogenous GCs,
cortisol or corticosterone, are required for some aspects of development, such as lung
maturation in newborn mice (Noorlander, et al., 2006), we ask whether GCs might
have asimilar role in Leydig cell development. For the present study, we investigated
the yet unresolved role of GCs in progenitor Leydig cells (PLCs). PLCs first become
apparent by day 11 postpartum of rats (Ariyaratne, et al., 2000). These cells are

different from immature and adult Leydig cells in many aspects, such as morphology,



size, androgen type, and expression levels of steroidogenic enzymes (Ge, et a., 2005,
Ge and Hardy, 1998). For example, PLCs primarily produce androsterone (AO), while
immature Leydig cells primarily produce 5a-androstane-3a, 17p-diol (3a-DIOL) and

adult Leydig cells produce predominantly testosterone (Ge and Hardy, 1998).

The goal of the present study was to investigate the effect of dexamethasone
(DEX), the potent synthetic GC, on androgen production, gene expression levels and
activities of steroidogenic enzymes in PLCs from 21 days old rats. We used the GR
antagonist RU38486 and the MR antagonist RU28318 in order to ask whether the
effects of DEX were mediated through the GR or the MR. The results showed that

GCs had an inhibitory role in steroidogenesisin PLCs.

Materialsand Methods

Chemicals

22-Hydroxycholesterol, [7-N-*H] pregnenolone, [1, 2, 6, 7-°H] testosterone
(I*H]T), [1,2-N-*H] dihydrotestosterone, 5a-[9,11-N-*H] androstane-3a,17p-diol, [1,
2, 6, 7-N-*H] androsterone (AO), and were purchased from DuPont-New England
Nuclear (Boston, MA). [1, 2, 6, 7 - N-2H] Progesterone was purchased from
Amersham International (Aylesbury, UK). Nonradioactive steroids were purchased
from Sigma Chemical Co. (St. Louis, MO) or Steraloids (Newport, RI). Baker-Flex

TLC plates (Polygram Silica Gel/UV254) were obtained from Krackeler Scientific



Inc.

Animals

Sprague-Dawley rats were purchased from Charles River Laboratories
(Wilmington, MA). The male rats were 21 days of age on the day of cell isolation.
The animals were killed by asphyxiation with CO,. The animal protocol was
approved by the institutional animal care and use committee of the Rockefeller

University (Protocol 91200).

Primary PLC isolation and cell culture

PLCs were isolated from 21-day rats as described previously (Akingbemi, et al.,
2000). Purities of Leydig cell fractions were evaluated by histochemical staining for
3B-hydroxysteroid dehydrogenase (3HSD) activity, with 0.4 mM etiocholanolone as
the steroid substrate (Payne, et a., 1980). More than 95% of Leydig cells isolated
were intensely stained. PLCs were cultured for 24 h in buffered Dulbecco MEM: F12
medium alone before experiments, then they were cultured in buffered Dulbecco
MEM:F12 medium containing 2.5% lipoprotein with 1-100 nM DEX with or without

1uM RU38486 or 1uM RU28318 for 24 h.

Radioimmunoassay (RI A)
The media were collected and stored at -20°C until the analysis of androgens by

RIA, Medium AO concentrations were measured with a tritium-based RIA as



previously described (Cochran, et al., 1981).

RNA extraction and real-time RT-PCR

Total RNA was isolated using RNeasy mini kit (QIAGEN, Valencia, CA)
according to the manufacturer’s instructions. RNA pellets were resuspended in sterile
ribonuclease-free water. Total RNA was used as the template for cONA synthesis by
MMLYV reverse transcriptase (Promega, USA) and primed with random hexamers.
The reaction mixture was incubated at 37°C for 60 minutes and then at 95°C for 15
min. PCR amplification took place in the presence of SYBR Green (Applied
Biosystems, Foster City, CA, USA) in an ABI7700 Sequence Detector (Applied
Biosystems). Primers were described previously (Lin, et al., 2008). The amplification

of ribosomal protein S16 (Rps16) was used as an internal control.

Cdl immunofluorescence

To examine intracellular steroidogenic acute regulatory protein (StAR)
expression by immunofluorescence, we cultured PLCs on coverslips. Treatments with
DEX (100 nM), RU38486 (1 uM) or RU28318 (1 uM) were for 24 h. The next day,
the cells were fixed with 2% formaldehyde in PBS. Nonspecific binding sites were
blocked with 10% Fetal bovine serum (FBS) in PBS and the cells were then incubated
for 1 hr with the primary antibody rabbit-anti-StAR (diluted with PBS containing
0.1% saponin, 10% FBS) and washed for 5 min with PBS (containing 10% FBS)

twice. The cells were exposed for 1 hr to secondary antibody (Alexa Fluor® 488



goat-anti-rabbit 1gG (H + L), Invitrogen) , washed with PBS, and incubated with
DAPI for 15 min. Coverslips were mounted on slides, using mounting medium and
examined by fluorescence microscopy.

Enzyme assay

The activities of three androgen biosynthetic enzymes, P450 cholesterol side
chain cleavage enzymes (P450scc), 3BHSD and P450 17a-hydroxylase/20-lysase
(P450c17), and one androgen metabolizing enzyme, 5Sa-reductase 1 (SRD5A1), were
measured in the present study. Activity of P450scc was determined by measuring
the conversionof 22-hydroxycholesterol to AO. The activitiesof 33HSD, P450c17
and SRD5A1 were determined by measuring conversion of pregnenolone to
progesterone, progesterone to androstenedione and testosterone to dihydrotestosterone,
respectively. The substrate concentrations used for each enzyme were maximal to
ensure that the concentration of substrate was not rate limiting. Control samples of
culture medium alone wererun in parallel with each enzyme assay. Briefly, each
reaction mixture (0.2 ml) was prepared in Leydig cell medium that contained 100 nM

substrate (1 puCi).

Reactionswere initiated by adding to the reaction medium an aliquot of 0.2x10°
Leydig cells. After 45 min, reactions were terminated by adding ice-cold ethyl acetate,
and steroids were rapidly extracted. The radioactivity was measured using a

radiometric scanner (System 200/AC3000, Bioscan, Washington DC). The steroids



were separated on TLC plates in chloroform-methanol (97:3, v/v) for 3HSD and

SRD5A1 assays, chloroform-ether (7:1, v/v) for PA50cl7.

Statistical analysis

Values are expressed as means + SE.M, and data were analyzed by the GraphPad
Prism 4, (GraphPad Software Inc., San Diego, CA). Mean value comparisons between
two groups were performed using the t test, and multiple groups were performed
using One-way ANOVA with Dunnett’s comparison of all columns vs control column,

Differences were considered as significant at P<0.05.

Results
Effects of DEX on steroidogenic functions of PLCs

The mgjor androgen produced by PLCs is AO (Ge and Hardy, 1998). We
exposed PLCsto 1-100 nM DEX for 24 h, and assayed AO levels. As shown in Figure
1A, DEX (1, 10, 100 nM) inhibited AO production compared to the control. When
PLCs were cultured for 24 h in the presence of 1 or 10 nM DEX, AO production was
decreased to 50% of the control. GR antagonist RU38486 (1uM) completely reversed
the DEX-mediated inhibition of AO (Figure 1 B). The MR antagonist RU28318 (1
uM), had no effects on the DEX-mediated inhibition of AO production. These results
show that DEX exerts inhibitory effects on the steroidogenesis of PLCs via

GR-mediated mechanisms.

Effects of DEX on steroidogenic protein expression in PLCs



PLCs express cholesterol transporter Sar and three androgen synthetic enzymes,
Cypllal, HSD3bl, Cypl7al, and androgen metabolizing enzyme Sd5al (Ge and
Hardy, 1998). PLCs have almost undetectable 17p-hydroxysteroid dehydrogenase 3,
the last step androgen synthetic enzyme (Ge and Hardy, 1998). In order to dissect the
inhibitory pathway of steroidogenesis by GCs, we measured, by rea-time PCR,
MRNA levelsfor Sar, Cypllal, HSD3bl, Cypl7al and S'd5al. As shownin Figure 2,
MRNA levels of Sar and HSD3b1 were significantly decreased by exposures to 100
nM DEX compared to the basal condition, but were significantly increased when
RU38486 was present simultaneously. However, RU28318 did not reverse the
DEX-mediated inhibition of the mRNA level of HSD3b1 and Sar. The mRNA levels
of Cypllal, Cypl7al and Sd5al were not significantly different after any treatments
compared to the control.

The activities of three androgen biosynthetic enzymes, P450scc, 3BHSD1 and
P450c17 and an androgen metabolizing enzyme, SRD5A1, were assayed (Figure 3).
In PLCs exposed to 100 nM DEX, 33HSD1 enzyme activity was 62% of the control.
In PLCs exposed simultaneously to 100 nM DEX and 1 uM RU38486, 38HSD1
activity was 100% of the control. In PLCs treated simultaneously with 100 nM DEX
and 1uM RUZ28318, 3HSD1 was 56% of the control. These results are consistent
with those of real-time PCR. P450scc, P450c17 and SRD5A1 enzyme activitiesin any

treatment group were not significantly different from control group levels.

Cellular levels of the SIAR protein were detected by Alexa 488



immunofluorescence. The green Alexa 488 and blue nuclear DAPI staining were
distinct (Figure 4A), therefore the SAR protein was present in the cytoplasm of PLCs.

The statistical analysis showed DEX significantly decreased the StAR expression.

Discussion

The synthetic GC, DEX, is widely used as a drug to suppress symptoms of
inflammation such as the development of local heat, redness, swelling and tenderness.
DEX aso influences gene transcription, through activation of the GR (Bhadhprasit, et
al., 2007). In Leydig cells, glucocorticoid-induced inhibition of T biosynthesisoccurs
through suppression of Cypllal, Hsd3bl, and Cypl7al gene expression in ALCs
(Hales and Payne, 1989, Payne and Sha, 1991, Srivastava, et al., 1993, Welsh, et al.,
1982). In the present study, we showed that DEX reduced the AO productions of
PLCs. We also showed that DEX inhibited Sar and Hsd3b1 gene expressions. A GR
antagonist, RU38486, but not a mineralocorticoid antagonist, RU28318, blocked the
DEX suppression of Sar and Hsd3bl1. Therefore, we inferred that the DEX-induced
suppressions were mediated by the GR. The lower levels of SIAR protein and 3pHSD
enzyme activity could have accounted for the decreased AO productions. GCs
suppress Leydig cell steroidogenesis by decreasing gonadotropin stimulation of
P450cl7 activity and cAMP production which are correlated with StAR expression
(Welsh, Bambino and Hsueh, 1982). In order to study the role of GCs in Leydig cell
development, we examined PLCs. PLCs have the characteristics of unipotent stem

cells, for example, Hsd3b1l is highly expressed and Cypl7al is weakly expressed. The



MRNA level of Hsd17b3, which encodes 17B-hydroxysteroid dehydrogenase 3 for
conversion of androstenedione to testosterone, was almost undetectable in the present
study (data not shown), and it is consistent with our previous observation (Ge and
Hardy, 1998). In the absence of 17BHSD3 activityy, SRD5A1 converts
androstenedione to AO. In PLCs, AO is the most abundant androgen in PLCs as
reported in our previous study (Ge and Hardy, 1998).

Our results showed that DEX treatment reduced levels of Hsd3b1l mRNA, but
not of Cypl7al mRNA were consistent with the observations by Payne and Sha
(Payne and Sha, 1991). Consistent with change of Cypl7al mRNA level, CYP17A1
activity was not altered by DEX after progesterone was added as substrate for the
measurement of CYP17A1. Thus addition of progesterone may reverse the
DEX-induced reduction of aldosterone production. In the present study, we also found

that DEX decreased the production of 3HSD proteinin PLCs.

In this study, we used the GR antagonist RU38486 and MR antagonist RU28318
to identify the receptor through which DEX acts on PLCs. GRs are widely distributed
in the brain and highly concentrated in regions involved in regulation of the stress
response (De Kloet, et a., 1998). RU38486 is postulated to block the suppressive

action of glucocorticoid on testosterone production (Baulieu, 1994).

RU28318 has been used widely to study MR function. In rat hippocampal tissue,
receptor binding studies show that RU28318 treatment produces a selective 85%

decrease in available MRs (Crochemore, et a., 2005). However, RU28318 did not



reverse the DEX-induced inhibition of AO production in PLCs. We infer that under
basal conditions, AO synthesis is suppressed by a GR-mediated mechanism not a

MR-mediated one.

It is true that some studies indicate that glucocorticoid may have a physiological
role of Leydig cell development in vivo. For example, mammalian testes contain
corticosterone-producing cells (Val, et a., 2006). We previously also demonstrated
that 11B-hydroxysteroid dehydrogenase 1, an enzyme responsible for the
interconversion between biologically active corticosterone (in rats) and inactive
11-dehydrocorticosterone, was present in PLCs and behaved as a primary reductase to
generate corticosterone (Ge, et al., 1997). However, the exact function of endogenous
corticosterone to PLCs is unclear. Endogenous glucocorticoid may have different
physiological role. For example, corticosterone has the same affinity for
mineralocorticoid receptor and glucocorticoid receptor (Arriza, et al., 1987), while
DEX has only high affinity to glucocorticoid receptor.

In summary, the present study show that DEX in vitro inhibits AO production of

PLCs by lowering the expression of Sar and HSD3b1. This action is mediated by GR.
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L egends

Figure 1. Androgen production in progenitor Leydig cells (PLCs). All assays
represent the results from 24 h incubations of 0.1 x 10° PLCs. The androsterone (AO)
were measured as described in Materials and Methods. Data was presented as mean +
SEM (n=6~8). A shows effects of increasing concentrations of DEX. The treatments
were 0, 1, 10, and 100 nM DEX. A significant difference compared to control was
shown at °P < 0.001. B shows effects of GR and MR antagonists with and without
DEX. The concentrations when used were DEX, 100 nM, RU38486, 1uM and
RU28318, 1uM. Significant differences were shown a %P < 0.001 vs contral, °P <

0.01vs DEX, °P < 0.01 vs DEX.

Figure 2: Real-time PCR analysis of mRNA levelsin progenitor Leydig cells (PLCs).
After the PLCs were cultured for 24 h in the presence of DEX (100 nM) and
RU38486 (1uM) or RU28318 (1uM), RNA was isolated and templates were prepared
as described in Materials and Methods. Data was presented as mean £ SEM (n=6). A
significant difference was shown at P < 0.01 vs control, °P < 0.01 vs DEX, °P < 0.05

vs DEX, %P < 0.05 vs DEX.



Figure 3. Enzyme activities of P450scc, P450cl7, 3BHSD1 and SRD5AL1 in
progenitor Leydig cells (PLCs). After the PLCs were cultured in the presence of DEX
(100 nM) and RU38486 (1uM) or RU28318 (1uM) for 24 h, the enzyme activities
were measured as described in Materials and Methods. Data was presented as mean +
SEM (n=6). A significant difference compared to control was shown at P < 0.01 vs

control, P < 0.01 vs DEX, °P < 0.05 vs DEX.

Figure 4. Cell immunofluorescence of SIAR. PLCs were cultured in the presence of
DEX (100 nM) and either RU38486 (1uM) or RU28318 (1uM) for 24 h, and
immunofluorescence was used to detect StAR as described in Materials and methods.
StAR was present diffusely in the mitochondria of Leydig cells, and cell nuclei were
stained blue by DAPI (Figure 4A, Scale bar, 10um). Mean density was evaluated by
Imagepro Plus software, and data presented as meant SEM (n=5). A significant
difference was shown at P < 0.01 vs control, °P < 0.05 vs DEX, “P < 0.05 vs DEX

(Figure 4B).
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