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BACKGROUND AND PURPOSE
Dehydroepiandrosterone (DHEA) is thought to be an anti-glucocorticoid hormone known to be fully functional in young
people but deficient in aged humans. Our previous data suggest that DHEA not only counteracts the effect of cortisol on
RACK1 expression, a protein required both for the correct functioning of immune cells and for PKC-dependent pathway
activation, but also modulates the inhibitory effect of cortisol on LPS-induced cytokine production. The purpose of this study
was to investigate the effect of DHEA on the splicing mechanism of the human glucocorticoid receptor (GR).

EXPERIMENTAL APPROACH
The THP1 monocytic cell line was used as a cellular model. Cytokine production was measured by specific ELISA. Western blot
and real-time RT-PCR were used, where appropriate, to determine the effect of DHEA on GRs, serine/arginine-rich proteins
(SRp), and RACK1 protein and mRNA. Small-interfering RNA was used to down-regulate GRβ.

KEY RESULTS
DHEA induced a dose-related up-regulation of GRβ and GRβ knockdown completely prevented DHEA-induced RACK1
expression and modulation of cytokine release. Moreover, we showed that DHEA influenced the expression of some
components of the SRps found within the spliceosome, the main regulators of the alternative splicing of the GR gene.

CONCLUSIONS AND IMPLICATIONS
These data contribute to our understanding of the mechanism of action of DHEA and its effect on the immune system and as
an anti-glucocorticoid agent.

Abbreviations
DHEA, dehydroepiandrosterone; GNB2L1, guanine nucleotide-binding protein β-2-like 1; GR, glucocorticoid receptor;
GRE, glucocorticoid-responsive element; SR protein, serine/arginine-rich protein; RACK1, receptor for activated
C kinase 1
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Introduction
One of the biggest challenges facing scientists nowadays is
the study of age-related changes in human physiology in
order to discriminate their negative effects. One relevant
example is the metabolic dys-regulation caused by the imbal-
ance between catabolic hormones (thyroid hormones and
cortisol), which tend to remain stable with ageing, and ana-
bolic hormones [testosterone, insulin-like growth factor-1
and dehydroepiandrosterone (DHEA)], which typically
decrease with age (Maggio et al., 2010). In the past few years,
we demonstrated that the imbalance between two of these
hormones, cortisol and DHEA, is implicated in the decline in
immune functions during ageing. In particular, we observed
that cortisol and DHEA have opposite effects on the regula-
tion of PKC activity involved in important immune processes
such as cytokine release and lymphocyte proliferation
(Corsini et al., 2002; Buoso et al., 2011). During ageing, the
PKC-dependent signal transduction machinery is impaired
mainly due to reduced expression of the scaffold protein
known as receptor for activated C kinase 1 (RACK1) (Corsini
et al., 1999; 2005). RACK1 is a 36 kDa protein and the best-
characterized member of the RACK family. RACK1 interacts
with several isoforms of PKC, preferentially with PKCβ, to
stabilize the active form of PKC and promote the transloca-
tion of the protein from the cytosol to the membrane com-
partments. The translocation is needed for PKC to exert its
functions (Mochly-Rosen et al., 1991; 1995). RACK1 is a
highly conserved intracellular adaptor protein originally
identified as the anchoring protein for activated PKC
(Mochly-Rosen et al., 1991) and subsequently characterized
as one of the most important scaffolding proteins in intrac-
ellular signalling (McCahill et al., 2002; Adams et al., 2011;
Ron et al., 2013; Li and Xie, 2014), supporting a large number
of binding partners and has a versatile role in assembling and
dismantling complex signalling pathways from the cell mem-
brane to the nucleus in health and disease.

We observed that physiological concentrations of cortisol
exert an inhibitory effect on RACK1 expression through the
presence of a glucocorticoid receptor (GR) binding consensus
sequence [glucocorticoid-responsive element (GRE)
sequence] on the promoter region of the human GNB2L1
gene (guanine nucleotide-binding protein β-2-like 1), which
codes for RACK1 protein (Del Vecchio et al., 2009). With

respect to the presence of the GRE sequence, we have recently
shown that synthetic corticosteroids (e.g. prednisone, pred-
nisolone, budesonide, betamethasone and methylpredniso-
lone) are also able to reduce RACK1 expression. Synthetic
corticosteroids are widely used for the treatment of many
acute and chronic inflammatory conditions and modulate
RACK1 expression at the transcriptional level. This supports
the notion that RACK1 protein plays an important role in the
immune system and in the anti-inflammatory effects of glu-
cocorticoids (Corsini et al., 2014).

Conversely, treatment with DHEA could restore the levels
of RACK1 protein both in vivo and in vitro (Corsini et al.,
2002). The mechanism by which DHEA effectively contrasts
the inhibitory effects of cortisol is not yet well established. In
the context of the immune system, our hypothesis is that the
anti-glucocorticoid effect of DHEA on RACK1 expression and
the related PKC signalling could be due to the influence of
DHEA on the expression of the β isoform of the human GR.

The GR belongs to a superfamily of nuclear receptors that
function as ligand-dependent transcription factors and is
responsible for the physiological and pharmacological
actions of glucocorticoids (Evans, 1988). The human GR gene
(NR3C1) is located on chromosome 5q31–32 and is composed
of nine exons (Hollenberg et al., 1985; Theriault et al., 1989).
Alternative splicing in exon 9 generates two homologous
isoforms: GRα and GRβ (Oakley et al., 1996; 1999). These two
isoforms share the first 727 amino acids at their N-terminus
but differ in their carboxyl terminus. As a result of these
differences, GRβ lacks the ligand-binding domain and is
unable to activate glucocorticoid-responsive genes (Oakley
et al., 1996). However, there is evidence to suggest that GRβ
itself affects gene expression and it may act as a dominant-
negative regulator of GRα transcriptional activity (Bamberger
et al., 1995; Oakley et al., 1999; Kino et al., 2009).

The mRNA splicing is mediated by the spliceosome. The
spliceosome is partly composed of serine/arginine-rich pro-
teins (SRp) that are a family of phylogenetically conserved
and structurally related proteins. These proteins play many
significant roles in the regulation of RNA processing and gene
expression, ranging from transcription to translation (Zhong
et al., 2009). Since its discovery, the SR protein family has
expanded to include 12 proteins involved in pre-mRNA splic-
ing (Ankö, 2014). Most importantly, SR proteins can posi-
tively or negatively regulate spliceosome function depending

Tables of Links

TARGETS

Nuclear hormone receptorsa Enzymesb

Glucocorticoid receptor (GR) PKCβ

LIGANDS

Bombesin Insulin-like growth factor (IGF-1)

Cortisol LPS

DHEA Testosterone

IL-8 (CXCL8)
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on their precise location, composition and post-translational
modification (Sanford et al., 2003). Interestingly, data are
emerging that establish an association between high levels of
the GRβ isoform and altered SR protein expression. This
imbalance is further implicated in a number of human dis-
eases found to occur in different tissues (Xu et al., 2003; Zhu
et al., 2007; Jain and Wordinger, 2012).

The purpose of this work was to investigate whether
DHEA influences the alternative splicing of GR pre-mRNA by
modulating specific SR proteins. Moreover, we are interested
in studying whether variations in the GRβ/GRα ratio are
involved in the anti-glucocorticoid effect of DHEA on RACK1
protein expression and function.

Methods

Cells
THP-1 cells (Istituto Zooprofilattico di Brescia, Brescia, Italy)
were cultured in RPMI 1640 containing 10% heated-
inactivated FBS, 2 mM L-glutamine, 0.1 mg·mL−1 streptomy-
cin, 100 IU·mL−1 penicillin and 50 μM 2-mercaptoethanol. In
all experiments involving treatment with glucocorticoids,
cells were cultured in RPMI 1640 medium without phenol red
supplemented with 10% charcoal stripped FBS. Details of
times and concentrations are given in figures and table
legends.

Cytokine production
Cytokine release (IL-8) was assessed in cell-free supernatants
by a specific sandwich ELISA, commercially available (R&D
System, Minneapolis, MN, USA). Cell-free supernatants
obtained by centrifugation at 1700× g for 5 min were stored
at −80°C until measurements were performed. Results are
expressed as % of control.

Real-time RT-PCR
For mRNA extraction, 2 × 106 cells were used. Total RNA was
extracted using RNeasy Plus Mini Kit (Qiagen, Valencia, CA,
USA) following the manufacturer’s instructions. QuantiTect
reversion transcription kit and QuantiTect Syber Green PCR
kit (Qiagen) were used for cDNA synthesis and gene expres-
sion analysis, respectively, following the manufacturer’s
specifications. GRα and GRβ primers were custom designed
and synthesized by Primm (Milan, Italy) and the nucleotide
primer sequences are found in Table 1. GAPDH primers were
provided by Qiagen. GAPDH was used as endogenous
reference and the quantification of the transcripts was per-
formed using the ΔΔCT method (Livaka and Schmittgen,
2001).

Western blot analysis
The expression of RACK1, GRα and GRβ in cell homogenates
was assessed by Western blot analysis. Briefly, cells (2 × 106)
were treated with corticosteroids and DMSO as vehicle
control for different times. Cells were then collected, washed
once with PBS, centrifuged and lysed in 100 μL of homogeni-
zation buffer (50 mM Tris-HCl pH 7.5, 150 mM NaCl, 5 mM
EDTA, 0.5% Triton X-100 and protease inhibitor mix). The
protein content was measured using the Bradford method
(Bradford, 1976). Western blotting samples were prepared
mixing the cell lysate with sample buffer (125 mM Tris-HCl
pH6, 8.4% SDS, 20% glycerol, 6% β-mercaptoethanol, 0.1%
bromophenol) and denaturing at 95°C for 5 min. Equivalent
amounts of extracted protein (20–30 μg) were electro-
phoresed into a 10% SDS-PAGE under reducing conditions.
The proteins were then transferred to a PVDF membrane
(Amersham, Little Chalfont, UK). The proteins were visual-
ized using primary antibodies for RACK1 (1:1000), GRα
(1:1000), GRβ (1:1000), SRp family (1:1000), SRp30c (1:1000)
and β-actin (1:2000) and developed using enhanced chemi-
luminescence reagent (Pierce, Thermo Scientific, Rockford,
IL, USA).

Transcription factors (ELISA-based
transcription factor binding assay)
Nuclear extracts were prepared as described by Schreiber et al.
(1989). Briefly, after treatment, 4 × 106 cells were resuspended
in 0.4 mL of hypotonic lysis buffer (10 mM HEPES, pH 7.8,
10 mM KCl, 2 mM MgCl2, 1 mM DTT, 0.1 mM EDTA, 0.1 mM
PMSF). Cells were incubated on ice for 15 min and then 25 μL
of a 10% Nonidet P-40 solution was added. The cells were
mixed for 15 s and then centrifuged for 30 s at 17 000× g
Pelleted nuclei were suspended in 50 μL of buffer C (50 mM
HEPES, pH 7.8, 50 mM KCl, 300 mM NaCl, 10% glycerol,
1 mM DTT, 0.1 mM EDTA, 0.1 mM PMSF) mixed for 20 min
and centrifuged for 5 min at 17 000× g. The supernatants
represent the nuclear extracts. Protein concentrations
were measured using a commercial kit (Bio-Rad, Richmond,
CA, USA). Nuclear extracts were used to assess GR transloca-
tion using a colorimetric ELISA-based format (McCue and
Freed, 2004). Briefly, 96-well plates were coated with oligo-
nucleotides containing the consensus binding sequence (5′-
AGAACACCCTCCGGAAGCACA-3′) for the GRE present in
the GNB2L1 promoter region (Del Vecchio et al., 2009). The
DNA oligonucleotides were diluted in Reacti-Bind DNA
coating solution (Pierce) at 2 μg·mL−1 and plates were coated
overnight at room temperature. Unbound DNA was washed
with washing buffer, 100 μL per well. Nuclear extracts (5 μg
per well) were incubated in the wells to allow the transcrip-
tion factor to bind its sequence. Unbound proteins were

Table 1
The nucleotide primer sequences of GRα and GRβ primers

Gene name Forward primer sequence (5′ to 3′) Reverse primer sequence (5′ to 3′)

NR3C1 (GRα) GAAGGAAACTCCAGCCAGAACTG GATGATTTCAGCTAACATCTCG

NR3C1 (GRβ) CTTCCAGAACCATGGTAGCC TACGAAACTCCACCCAAAGG
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washed away, and primary antibodies specific for GRα and
GRβ were added (Abcam). Following incubation with HRP-
conjugated secondary antibodies and substrate, colour inten-
sity was measured using a standard μL plate reader. Results are
expressed as % of control or as GRβ/GRα ratio.

Statistical analysis
All experiments were repeated at least three times, with rep-
resentative results shown. Data are expressed as mean ± SD.
Statistical analysis was performed using InStat software
version 3.0a (GraphPad Software, La Jolla, CA, USA). Statisti-
cal differences were determined using ANOVA followed by a
multiple comparison test as indicated in the legends. Effects
were designated as significant if P < 0.05.

Chemicals
DHEA, cortisol and bombesin were obtained from Sigma-
Aldrich (St. Louis, MO, USA). They were dissolved in DMSO at
concentration of 50 mM and frozen (−20°C) in stock aliquots.
Stock aliquots were diluted at a final concentration in culture
media at the time of use (final concentration of DMSO in
culture medium <0.1%). LPS from Escherichia coli serotype
0127:B8 was obtained from Sigma (St. Louis, MO, USA). Cell
culture media and all supplements were from Sigma. Mouse
anti-human RACK1 monoclonal antibody (610177) and
mouse monoclonal anti-β-actin (612656) were purchased
from BD Biosciences (Franklin Lakes, NJ, USA). Rabbit poly-
clonal anti-GRα (ab3580) and mouse monoclonal anti-GRβ
(ab130227) were acquired from Abcam (Cambridge, UK).

Mouse monoclonal anti-SRp family (MABE126) was bought
from Merck Millipore (Darmstadt, Germany) and rabbit poly-
clonal anti-SRp30c (sc-134036) were obtained from Santa
Cruz Biotechnology (Dallas, TX, USA). Host specific peroxi-
dase conjugated IgG secondary antibody (31460) was pur-
chased from Thermo Scientific. Electrophoresis reagents came
from Bio-Rad. All reagents were purchased at the highest
purity available.

Results and discussion

Effect of DHEA on GRα and GRβ expression
Evidence present in literature suggests that DHEA can coun-
teract several adverse effects of glucocorticoid in different
tissues (Kalimi et al., 1994; Ferrari et al., 2001). Its mechanism
of action and physiological implications are still not fully
understood. In the context of the immune system, we
hypothesized that DHEA exerts its anti-glucocorticoid activ-
ity by modulating GRβ expression and antagonizing the func-
tion of GRα. Firstly, we investigated the effects of DHEA on
the expression of GRα and GRβ both at the protein and at
mRNA levels. THP-1 cells (106 mL−1) were treated for 16–18 h
with increasing concentrations of DHEA (1, 10, 100 and
1000 nM) or with DMSO as vehicle control (<0.1% final con-
centration). GRα and GRβ protein expressions were assessed
by Western blot using a specific antibody for each isoform
and normalized to β-actin. Results are expressed as % of
control. As shown in Figure 1A, DHEA induced an

Figure 1
DHEA effect on GR protein expression. THP-1 cells were incubated for 16 h in a medium containing vehicle or DHEA at different concentrations
as indicated. Cellular extracts were examined by Western blot using a specific antibodies against the GRβ (A) and GRα (B) isoforms. β-Actin
expression was detected to normalize the samples. The image is a representative Western blot result. Each value in the graph represents the mean
± SD of three independent experiments. Statistical analysis was performed with Dunnett’s multiple comparison test with *P < 0.05, **P < 0.01
versus CTRL (control; vehicle-treated cells).
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up-regulation of GRβ protein levels in a dose-dependent
manner, with a significant effect at 10 and 100 nM. These
concentrations of DHEA did not affect the levels of GRα
expression (Figure 1B). Also, these two concentrations
represent, respectively, physiological and pharmacological
concentrations of DHEA (Baulieu et al., 2000; Oka et al.,
2007).

GR mRNA expression was evaluated by real-time PCR.
GAPDH was used as housekeeping gene and results are
expressed as 2−ΔΔCt (Figure 2). We performed two experiments
at two different times (4 and 18 h after DHEA treatment) in
order to establish if the effect of DHEA on GR gene expression
is time-dependent. In particular, we focused our attention
mainly on the variation of the GRβ/GRα ratio. As shown in
Figure 2C, DHEA induced an increase in the GRβ/GRα ratio
mainly due to an up-regulation of GRβ mRNA (Figure 2A).
This up-regulation was not time-dependent but dose-related,
confirming our Western blot results.

Effect of GRβ silencing on RACK1 expression
and cytokine release
Previous evidence suggested that DHEA could modulate
RACK1 protein levels via a transcriptional mechanism that
does not involve a direct interaction with the promoter
region of the RACK1 gene (Corsini et al., 2002). Furthermore,
prolonged DHEA exposure counteracts the effects of cortisol
by restoring RACK1 levels and cytokine production without
pharmacologically competing with cortisol for binding to the
GR (Müller et al., 2004; Buoso et al., 2011). To evaluate
whether the effects of DHEA effects are related to its modu-
lation of GRβ as postulated before, we silenced the expression
of GRβ with a specific small-interfering (si) RNA. Forty-eight
hours after transfection of this siRNA, GRβ protein levels were
significantly suppressed compared with controls as shown in
Figure 3A. This effect was GRβ specific as GRβ siRNA did not
alter GRα expression (Figure 3B). GRβ knock-down com-
pletely blocked the effect of DHEA on RACK1 protein expres-
sion; the levels of RACK1 protein were markedly reduced in

the absence of GRβ in comparison with samples without
siRNA (Figure 3C). Moreover, in the presence of this GRβ
siRNA, DHEA failed to stimulate LPS-induced cytokine release
(Figure 3D). These results suggest that the effect of DHEA is
driven by a modulation of GRβ expression and activity.
Interestingly, the silencing of GRβ still influenced RACK1
expression and IL-8 release in control group, reinforcing
the idea that GRβ is a dominant-negative regulator of GRα
activity.

DHEA counteracted the cortisol-induced binding of GRα
to the RACK1 promoter region.

The ability of GRβ to antagonize the function of GRα is
related to various mechanisms, including competition for
GRE binding, squelching for transcriptional co-regulators and
formation of an inactive GRβ/GRα heterodimer (Oakley et al.,
1996; Charmandari et al., 2005). To examine whether GRβ
exerts its dominant-negative activity by modulating the
isoform ratio of GR binding to GREs, we performed an ELISA-
based transcription factor binding assay (see Methods for
details). The assay was performed using oligonucleotides con-
taining the GRE sequence present in the promoter region of
GNB2L1 (Del Vecchio et al., 2009). THP-1 cells were treated
for different times (30, 60 and 120 min) with physiological
concentrations of cortisol (0.1 and 0.5 μM) to establish the
optimum treatment time (data not shown). Nuclear extracts
of THP-1 were used to assess GRβ and GRα binding to the
GRE domain (Figure 4A and B). As shown in Figure 4C the
GRβ/GRα ratio was constant over time in the presence of
cortisol alone and was comparable with the control. If cells
were treated for 16–18 h with DHEA (10 and 100 nM) and
then stimulated with cortisol (0.1 and 0.5 μM), a significant
increase in the GRβ/GRα binding ratio was observed with
respect to cells treated with cortisol alone (Figure 4C).

Characterization of SR family profile in
THP-1 cells
As suggested before, DHEA might alter the effects of cortisol
by modulating the expression of splicing factors. Among the

Figure 2
DHEA modulated GRα and GRβ mRNA expression. THP-1 cells were treated for 4 or 18 h with DHEA at two different concentrations (10 and
100 nM). The effect on mRNA levels was evaluated by real-time PCR in three independent experiments using GAPDH as an endogenous reference.
Each value represents the mean ± SD of GRβ (A) and GRα (B) mRNA levels and GRβ/GRα ratio (C). Statistical analysis was performed with Dunnett’s
multiple comparison test with *P < 0.05; **P < 0.01 versus control (vehicle-treated cells).
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splicing factors, the arginine/serine-rich proteins are the most
prevalent involved in the alternative splicing of the GR. They
are, therefore, the most likely candidates for gene expression
regulation by DHEA. To confirm this hypothesis, we verified
the pattern of expression of the SR protein family in our
cellular model. The first preliminary set of experiments was
conducted on THP-1 cell lysates and with an antibody that
recognizes the main nuclear SRp proteins and several other
proteins related to the SR family. The results showed that
many of these proteins are expressed in THP-1 cells and
recognized by the antibody (Figure 5). A series of bands
appeared to be regulated by bombesin or DHEA treatment
and are indicated in the figure by an asterisk. Bombesin
treatment was included because it has been demonstrated
that this 14 amino acid neuropeptide can interfere with the
splicing of GR by modulating the expression of SR proteins.
In particular, bombesin causes an up-regulation of the SRp30c
isoform (Zhu et al., 2007). In Figure 5, among the proteins
modulated by bombesin or DHEA treatment, we have specifi-
cally indicated the one that, according to its molecular
weight, most likely represents SRp30. The 30 kDa band could
contain one or more of SRp30a, SRp30b or SRp30c. Of these

three candidates, SRp30c has been predominantly found to
direct alternative splicing of GR gene in neutrophils (Xu et al.,
2003). By using a specific antibody for the single SRp30c
isoform, we showed that both bombesin and DHEA can
induce, in a concentration-dependent manner, an increase in
SRp30c protein levels (Figure 6). Our observations, although
at present limited to one of the various components of the
splicing factors, support others in the scientific literature and
strongly suggest a specific role for the SRp30c subspecies in
increasing the alternative splicing of GRβ mRNA and protein
expression (Xu et al., 2003; Zhu et al., 2007) following DHEA
treatment in THP-1 cells.

Conclusions

Over the past few years, we have focused our attention on the
effects that the age-related imbalance between DHEA and
cortisol has on the functions of the immune system (Corsini
et al., 2002; 2005; 2014; Del Vecchio et al., 2009; Buoso et al.,
2011). The complexity of hormonal activity makes it difficult
to identify a unique clinical strategy to counteract this kind

Figure 3
The silencing of GRβ affected the effect of DHEA on protein expression and cytokine production. THP-1 cells were transfected for 48 h with siRNA
for the GRβ isoform. Transfection was carried out using Lipofectamine 2000 as detailed in Methods. After 48 h cells were treated for 16 h with DHEA
(10 and 100 nM) or DMSO as a vehicle control. Cellular extracts were examined by Western blot using specific antibodies, respectively, against GRβ
isoform (A), GRα (B) and RACK1 protein (C). β-Actin expression was detected to normalize the samples. The images are representative of Western
blot results. After DHEA treatment, cells were exposed to LPS (0.1 μg·mL−1) and IL-8 release was evaluated 24 h later in culture supernatants by ELISA

(D). Each value in the graph represents the mean ± SD of three independent experiments. Statistical analysis was performed with Tukey’s multiple
comparison test with **P < 0. 01, ***P < 0. 001 versus silenced control (GRβ siRNA) and with #P < 0. 05 versus no silenced control.
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of change. Thus, it became very important to understand the
molecular mechanism involved in the consequences of an
imbalance in the hormonal equilibrium. DHEA is an adrenal
hormone synthesized both from cholesterol and de novo in
the brain, leading to its additional designation as a neuroac-
tive neurosteroid (Baulieu and Robel, 1998; Compagnone
and Mellon, 2000). It is described as the ‘elixir of youth’ for its
anti-ageing properties, anti-obesity, anti-diabetic and
immune-promoting effects (Ebeling and Koivisto, 1994; Loria
et al., 1996; Williams, 2000). However, its mechanism
of action and physiological implications are not fully
understood.

Here we demonstrated how the ability of GRβ to act as
a dominant-negative inhibitor of GRα function could
underlie the anti-glucocorticoid effect of DHEA on RACK1
protein expression. We showed that DHEA treatment
induced a dose-dependent up-regulation of GRβ without
affecting GRα expression and that GRβ knockdown com-
pletely prevented the effects of DHEA on RACK1 and
cytokine release. The molecular basis for the selective
increase in GRβ still remains unclear. In this context, it is

certainly important to consider the alternative splicing
machinery represented by the spliceosome and by its com-
ponents, such as the snRNPs and the SRps (Wahl et al.,
2009). SR proteins are not part of the core spliceosomal
complex, but they have essential functions during spliceo-
some assembly and activation and they are emerging as one
of the master regulators of gene expression. Several studies
have established a close correlation between high levels of
the GRβ isoform and an altered expression of SR proteins
(Xu et al., 2003; Zhu et al., 2007; Zhong et al., 2009; Yan
et al., 2010). Different levels and/or activities of these SR
proteins and their tissue specificity are still largely an open
question. In the present study, we analysed the pattern of
expression of the SR protein family in our cellular model
and focused our attention on SRp30c. We demonstrated
that DHEA treatment induced an overexpression of SRp30c,
suggesting that modulation of the spliceosome proteins
involved in GR mRNA splicing can be a significant mecha-
nism for regulation of glucocorticoid activities. Further
studies are needed to elucidate the splicing mechanism and
the full ensemble of proteins specifically involved.

Figure 4
DHEA reduced cortisol-induced GRα binding to the GRE present in the GNB2L1 promoter. THP-1 cells were treated for 18 h with DHEA (10 and
100 nM) or DMSO as vehicle control. Cortisol (0.1 and 0.5 μM) was then added for 1 h. Nuclear extracts of THP-1 were used to evaluate the
binding of GRβ (A) and GRα (B) to the GRE domain. GRβ/GRα binding ratio has been calculated on these results (C). Each value represents
the mean ± SD of three to five independent experiments. Statistical analysis was performed with Turkey’s multiple comparison test with *P < 0.05,
**P < 0.01, ***P < 0.001 versus control.
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In conclusion, a greater understanding of the role of the
GR isoforms and their heterogeneity in the cellular response
is a relevant issue that should be examined more in depth.
This topic is also of particular interest when considering the
importance of GR in the pathophysiology of human disor-
ders and its utility for therapeutic manipulation with drugs.
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