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Abstract
Men exhibit a higher incidence of cardiovascular diseases than do women. The cardiovascular actions
of sex steroids have been suggested as primary factors in mediating this sex difference. The
mechanisms by which sex steroids, androgens and estrogens, mediate cardiovascular actions remain
unclear. Excess aldosterone secretion has been associated with cardiovascular diseases. The
hypothesis tested in this study was that at physiological concentrations, androgens stimulate and
estradiol inhibits aldosterone secretion by human adrenal cells. In contrast to our hypothesis,
physiological concentrations of sex steroids did not modify aldosterone secretion by H295R human
adrenocortical cells. However, supraphysiological concentrations (300–1000 nM) of
dihydrotestosterone (DHT) significantly stimulated basal and Angiotensin II-mediated aldosterone
secretion. The stimulatory effect of DHT on aldosterone secretion was not blocked by the classical
androgen receptor blocker flutamide. The stimulatory effect of DHT on aldosterone secretion was
also independent of the intra-adrenal renin angiotensin system since it was neither modified by
treatment with the Angiotensin II receptor type 1 blocker losartan or the Angiotensin Converting
Enzyme inhibitor captopril. Inhibitors of the calmodulin/calmodulin-dependent protein kinase
(CaMK) and protein kinase C intracellular signaling pathways abolished the DHT stimulatory effect
on aldosterone secretion by H295R cells. In conclusion, physiological concentrations of sex steroids
did not modify aldosterone secretion by human adrenal cells. However, supraphysiological
concentrations of DHT stimulated aldosterone secretion by human adrenal cells by the calmodulin/
CaMK and protein kinase C intracellular signaling pathways but independently of the classical
androgen receptor. Supraphysiological doses of androgen may promote cardiovascular diseases via
stimulation of aldosterone secretion.
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INTRODUCTION
Male sex is an independent risk factor for cardiovascular diseases (Expert Panel on Detection,
Evaluation, and Treatment of High Blood Cholesterol in Adults, (2001). Men also progress
faster to end stage renal disease than women (Neugarten et al. 2000). However, the mechanisms
responsible for the gender difference observed in cardiovascular and renal diseases remain
unknown. Several studies suggest that sex hormones, testosterone and estradiol, are important
factors mediating the gender difference in cardiovascular diseases (Mendelsohn et al. 1999
Mendelsohn et al. 2001; Baker et al. 2003; Liu et al. 2003; Muller et al. 2003; Wu et al.
2003; Phillips 2005). For example, testosterone mediates hypertension and renal injury in
several animal models (Reckelhoff et al. 2000; Ji et al. 2005; Song et al. 2006; Yanes et al.
2008). On the other hand, estradiol has been shown to have many actions on cardiovascular
system that are mainly protective (Dean et al. 2005).

Aldosterone, the main mineralocorticoid produced by the zona glomerulosa of the adrenal
gland, plays a major role in water and electrolyte homeostasis. Excess aldosterone, on the other
hand, causes hypertension and target organ damage (Rocha et al. 2001; Struthers 2004). Several
lines of evidence have suggested a relation between sex steroids and aldosterone. In humans,
under strict controlled salt intake conditions, men have significantly higher circulating
aldosterone levels compared with age-matched women (Miller et al. 1999). Also, aldosterone
levels are higher in male New Zealand genetically hypertensive rats than females (Ashton et
al. 1991). These data suggest that sex steroids may regulate aldosterone secretion.

Aldosterone is synthesized from cholesterol in the zona glomerulosa of the adrenal cortex. The
first step is the transfer of cholesterol to the inner mitochondrial membrane catalyzed by the
Steroidogenic Acute Regulatory (StAR) protein. Then, cholesterol is converted to aldosterone
by a series of enzymatic reactions catalyzed by dehydrogenases and mixed-function oxidases
which take place in the mitochondria and the endoplasmic reticulum. The last step involves
the conversion of 11-deoxycorticosterone to aldosterone by the enzyme aldosterone synthase
in the mitochondria. Aldosterone is released into the circulation without intracellular storage
so there is a close link between aldosterone biosynthesis and secretion (Stewart 2003; Payne
et al. 2004; Connell et al. 2005). The calcium/calmodulin/calmodulin-dependent protein kinase
(CaMK) pathway is critical in the regulation of aldosterone secretion by upregulating the
expression of aldosterone synthase (Pezzi et al. 1996; Condon et al. 2002).

Taken together these data prompted us to hypothesize that at physiological concentrations, the
nonaromatizable androgen dihydrotestosterone (DHT) stimulates and estradiol decreases
aldosterone secretion by human adrenal cells. To test this hypothesis we used human
adrenocortical cell line H295R, which is the only adrenal cell line that expresses all of the
steroidogenic enzymes required for the synthesis of aldosterone from cholesterol, has a steroid
secretion pattern and regulation similar to that of primary adrenal cell cultures, and has been
proven to be an excellent model to study adrenal cell physiology (Rainey et al. 1994; Rainey
et al. 2004). Furthermore, it has already been reported that H295R cells express functional
androgen, and α- and β-estradiol receptors (Rossi et al. 1998; Montanaro et al. 2005).

Contrary to our hypothesis, only supraphysiological concentrations of DHT stimulated
aldosterone secretion by H295R human adrenocortical cells. Since there is a remarkable
increment in the use of high doses of androgens (Bhasin et al. 1996; Rhoden et al. 2004), such
as in hormone replacement therapy in the elderly, in recreational and professional body-
builders and in female-to-male conversion in transsexual individuals, we decided to perform
further studies to elucidate the pathways involved in DHT mediated aldosterone secretion.
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MATERIALS AND METHODS
Materials

Angiotensin II (Ang II) was obtained from American Peptide Company Inc. (Sunnyvale, CA).
Bisindolylmaleimide I (GF 109203X) and Gö 6983 were from EMD Biosciences (San Diego,
CA). W-7 was obtained from Tocris (Ellisville, MO). Human adrenal total RNA (pooled from
61 male/female Caucasian donors, ages 15–61) was obtained from BD Biosciences (Mountain
View, CA). All other chemicals were obtained from Sigma Chemical Co. (St. Louis, MO).

Cell culture
H295R human adrenocortical cells (Bird et al. 1993) were cultured in H295R complete media
containing DMEM:F12 (1:1) supplemented with 2% Ultroser G (Biosepra, Villeneuve-la-
Garenne, France), ITS-Plus (Discovery Labware, Bedford, MA) and antibiotic/antimycotic
mixture (Invitrogen, Carlsbad, CA), as we previously described (Romero et al. 2004).

Experimental design
H295R cells were grown to subconfluence in 24-well plates. For experiments, fresh media (1
ml) containing various agents was added for an additional period of 24 h. When inhibitors were
used, they were added in fresh media 30 min prior to other reagents. At the end of the incubation
period, media was removed and saved for steroids determination. Cells were lysed with M-
PER lysis buffer (Pierce, Rockford, IL) and protein concentration measured with the
bicinchoninic acid method (Pierce) using bovine serum albumin as standard.

Effect of DHT and estradiol on basal and Ang II-stimulated aldosterone secretion
In order to determine whether androgens or estradiol modulate basal or Ang II-stimulated
aldosterone secretion, human adrenal cells at subconfluence in 24-well plates were incubated
with DHT (1–1000 nM) or estradiol (1–1000 nM) alone in the presence or absence of Ang II
(10 nM) for 24 h. At the end of the incubation period, media was removed and saved for steroids
determination. DHT was used in this study since testosterone can suffer aromatization and be
enzymatically converted to estradiol. In order to determine if the DHT effect was specific for
aldosterone, cortisol secretion was determined in the same cell culture supernatant. DHT and
estradiol were diluted in ethanol. The final concentration of ethanol in the incubation media
was 0.01 %. Control incubations included the same concentration of vehicle.

Effect of losartan or captopril (blockers of the intra-adrenal RAS) on DHT-mediated increase
in aldosterone secretion

Since androgens upregulate intra-organ tissue renin-angiotensin system (RAS) and there is an
intra-adrenal renin-angiotensin system which is also expressed and functional in H295R cells
(Hilbers et al. 1999), we evaluated whether DHT-mediated aldosterone secretion involves the
intra-adrenal renin-angiotensin system. Cell culture media was replaced with media containing
the AT1 receptor antagonist losartan (10 μM), or the Angiotensin converting enzyme inhibitor
(ACEI) captopril (10 μM) for 30 min prior to addition of DHT (1 μM) in the presence or absence
of Ang II (10 nM). Cells were incubated and media harvested 24 later for aldosterone
determination.

Effect of the androgen receptor antagonist flutamide on DHT-mediated aldosterone secretion
To evaluate whether the effect of DHT on aldosterone secretion from human adrenal cells was
mediated via the androgen receptor, cells were incubated in the presence and absence of
flutamide. Media was changed on human adrenal cells at subconfluence and flutamide (10
μM) was added to the media. Following 30 min preincubation with flutamide, DHT (1 μM)
was added and media was harvested 24 h later for aldosterone determination. Flutamide
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concentration (10 μM) has been previously shown to effectively block androgen actions in
other systems (Tep-areenan et al. 2002).

Role of calmodulin/CaMK and protein kinase C in mediating the DHT-stimulated aldosterone
secretion

To evaluate the possible mechanisms by which DHT causes aldosterone secretion from human
adrenal cells, cells were preincubated for 30 min with an inhibitor of the CaMK (KN-93, 5
μM), an inhibitor of calmodulin (W-7, 50 μM), an inhibitor of the protein kinase C superfamily
(bisindolylmaleimide I, Bis I, 5 μM) or vehicle. Following preincubation, DHT (1 μM) was
added to media and media was harvested 24 h later for aldosterone determination. Inhibitor
concentrations were chosen based in previous studies, from our and other laboratories, using
H295R cells, if available, or other adrenocortical cell systems (Kawamura et al. 2003; Li et al.
2003; Bassett et al. 2004; Romero et al. 2006a; Romero et al. 2007).

Steroid ELISAs
Aldosterone and cortisol secretion into the media were quantified using two in-house developed
ELISAs which make use of highly specific monoclonal or polyclonal antibodies against
aldosterone or cortisol, respectively, that have been characterized at length previously (Gomez-
Sanchez et al. 1987;Romero et al. 2006b). Assay sensitivity was 20 pg/ml for aldosterone and
1 ng/ml for cortisol. In addition, we determined whether DHT or estradiol crossed-reacted with
the antibodies to aldosterone or cortisol in the ELISA. Media containing equivalent
concentrations of DHT or estradiol were incubated in the absence of cells for steroid
quantification. No cross reactivity was observed with either DHT or 17β-estradiol at any
concentration tested in H295R cells, confirming the specificity of the antibodies.

RNA extraction and RT-PCR for androgen receptor
Total RNA was extracted with Tri-Reagent (MRC, Cincinnati, OH), resuspended in diethyl
pyrocarbonate treated H2O, DNase treated with Turbo DNA-free kit (Ambion, Austin, TX),
as we previously described (Yanes et al. 2005). For reverse transcription 5 μg total RNA was
incubated with 0.5 μg T12VN and Superscript III (Invitrogen, Carlsbad, CA) following the
manufacturer’s suggested protocol. Human androgen receptor primers (forward: 5′-
CGGAAGCTGAAGAAACTTGG-3′, reverse: 5′-ATGGCTTCCAGGACATTCAG-3′) were
designed with Primer3 software (Rozen et al. 2000). GAPDH primers were previously
described (Romero et al. 2004). PCR reactions were performed with 1 μl RT product, 1 μl
Titanium Taq DNA polymerase (Clontech, Mountain View, CA), 0.2 mM dNTPs and 0.1 μM
each primer. Cycling conditions were 1 min 95 C, 35 cycles of 15 sec 95 C, 15 sec 60 C and
1 min 72 C, followed by 10 min at 72 C. PCR products were resolved by high resolution gel
electrophoresis in 4 % NuSieve 3:1 agarose gels (Cambrex, Rockland, ME).

Statistical analysis
Results are expressed as mean ± SEM. Two groups were compared by Student’s t-test, and
multiple groups were analyzed by factorial ANOVA followed by Newman-Keuls’ post hoc
comparisons. Statistical calculations were performed with Statistica software package version
7.1 (StatSoft, Inc., Tulsa, OK). Differences were considered significant at P < 0.05.

RESULTS
Supraphysiological concentrations of DHT increased basal and Ang II-stimulated
aldosterone secretion by H295R cells

Aldosterone and cortisol are the main mineralocorticoid and glucocorticoid, respectively,
secreted by adrenocortical cells. In the first series of experiments, the question as to whether
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sex steroid hormones could modulate the secretion of aldosterone and/or cortisol from human
adrenal cells was addressed. As shown in Figure 1, H295R cells were incubated with increasing
concentrations of DHT or 17β-estradiol for 24 h, in the presence or absence of Ang II, and
aldosterone and cortisol secretion in cell culture supernatants was determined by ELISAs. At
physiological concentrations neither DHT nor estradiol stimulated aldosterone secretion.
However, DHT caused a 2-fold increase in aldosterone secretion under basal conditions and a
2.3-fold increase in aldosterone secretion under Ang II-stimulatory conditions (Fig. 1, A) at
high nanomolar concentrations (300–1000 nM).

To test the specificity of the effect of DHT on aldosterone secretion, we determined the effect
of DHT on cortisol secretion in the same cell culture supernatants. DHT did not significantly
affect cortisol secretion at any concentration tested, nor did DHT increase cortisol in Ang II-
treated cells (Fig. 1, C).

DHT-mediated aldosterone secretion is independent of the Renin Angiotensin System
Several tissues contain an endogenous RAS that functions in an autocrine or paracrine way
(Lavoie et al. 2003). The adrenal gland, as well as H295R cells, expresses all the components
of the RAS (Hilbers et al. 1999). Testosterone stimulates renal angiotensinogen expression in
rat kidney (Ellison et al. 1989) and DHT also has been shown to stimulate renin expression in
adrenal glands from mice (Wagner et al. 1990). Therefore, we tested if the DHT-mediated
increase in aldosterone secretion is mediated by the local RAS. We pretreated H295R cells
with the Ang II receptor type 1 (AT-1R) blocker, losartan, or the Angiotensin Converting
Enzyme inhibitor, captopril, for 30 min and then incubated cells in the presence or absence of
a maximal stimulatory dose of DHT (1 μM) for 24 h (Fig. 2). Losartan had no effect on DHT-
mediated aldosterone secretion under basal or Ang II-stimulated conditions (Fig. 2, A). As
expected, losartan abolished Ang II-mediated aldosterone secretion. Similar results were
observed when H295R cells were pretreated with captopril (Fig. 2, B), although, as expected,
captopril had no effect on Ang II-mediated aldosterone secretion. These results confirmed that
the DHT effect on aldosterone secretion is independent of the intra-adrenal RAS.

DHT-mediated aldosterone secretion is not blocked by flutamide
To test if the DHT effect on aldosterone secretion is mediated by the classical androgen
receptor, we performed incubations using the androgen receptor antagonist, flutamide (Fig. 3,
A). Flutamide pretreatment did not modify DHT-mediated aldosterone secretion although
H295R cells used in our study did indeed express the classical androgen receptor mRNA as
well as human adrenal gland (Fig. 3, B).

Calmodulin/CaMK and PKC are involved in DHT-mediated aldosterone secretion
To study intracellular signaling mechanisms by which DHT stimulates aldosterone secretion
from human adrenal cells, we performed the following experiments. To study if the CaMK is
involved in DHT-mediated aldosterone secretion, H295R cells were pre-incubated for 30 min
with the CaMK inhibitor KN-93. KN-93 significantly reduced DHT-mediated aldosterone
secretion (Fig. 4, A). To further confirm that the CaMK is involved in DHT-mediated
aldosterone secretion, we studied the role of calmodulin which is a required activator of CaMK.
We pretreated H295R cells with the calmodulin antagonist W-7 and then incubated them in
the presence or absence of DHT. W-7 completely abolished DHT-mediated increases in
aldosterone secretion (Fig. 4, B), confirming our previous results indicating that the
calmodulin/CaMK signaling pathway is indeed involved in DHT-mediated aldosterone
secretion.

PKC is a superfamily of more than 9 protein kinases. To determine whether PKC is involved
in DHT-mediated aldosterone secretion, H295R cells were incubated with the PKC
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superfamily inhibitor, Bisindolylmaleimide I (Bis-I). Bis-I completely abolished DHT-
mediated increase in aldosterone secretion by H295R cells (Fig. 4, C). These results indicate
that PKC also mediates DHT-mediated increase in aldosterone secretion by adrenal cells.

DISCUSSION
The main findings in this report are that: 1) supraphysiological concentrations of the
nonaromatizable androgen DHT increased basal and Ang II-stimulated aldosterone secretion
by H295R human adrenocortical cells; 2) physiological concentrations sex steroids (DHT and
estradiol) did not modify aldosterone secretion by H295R cells; 3) the stimulatory effect of
DHT is not blocked by flutamide; and 4) the calmodulin/CaMK and PKC intracellular signaling
pathways are involved in DHT-mediated aldosterone secretion.

Several human and animal studies suggest that sex steroids may alter aldosterone secretion
levels. For example, under strict control of sodium intake, men have higher levels of plasma
aldosterone than women (Miller et al. 1999). It has also been shown that estradiol decreases
ACTH- and Ang II-mediated aldosterone secretion in rats (Roesch et al. 2000). Those data
prompted us to hypothesize that sex steroids will regulate aldosterone secretion by the human
adrenal gland. Contrary to our original hypothesis, physiological concentrations of DHT or
estradiol did not modify aldosterone secretion by H295R cells. However, DHT at
supraphysiological concentrations stimulated basal and Ang II-mediated aldosterone secretion.
Since there is a remarkable increment in the use of supraphysiological doses of androgens
(Bhasin et al. 1996; Rhoden et al. 2004), such as in hormone replacement therapy in the elderly,
in recreational and professional body-builders and in female-to-male conversion in transsexual
individuals our observations could have significant clinical relevance.

Supraphysiologcial levels of plasma testosterone correlate with increased cardiovascular
diseases. Concentrations of 300 nM testosterone are often observed in professional and
recreational body-builders under androgen supplements, and this population is prone to suffer
from cardiovascular diseases (Bardin 1996; Bhasin et al. 1996). High levels of androgens are
observed also in women with polycystic ovary syndrome, a condition which commonly
presents with cardiovascular diseases (Chen et al. 2007). These populations of patients present
elevated plasma aldosterone levels (Cascella et al. 2006). Furthermore, during the last decade
an increasing number of both elderly men and women are being administered androgen
supplements to increase their libido and well being. In all these conditions the presence of high
levels of testosterone may mediate increases in plasma aldosterone that ultimately will promote
hypertension, cardiovascular diseases and target organ damage.

It is very well known that androgens exert both genomic and non-genomic actions (Roy et al.
1999; Heinlein et al. 2002; Boonyaratanakornkit et al. 2007). Genomic actions of androgens
are mediated through the classic androgen receptor, which is a 110 kDa protein composed of
multiple domains for ligand (i.e. androgen) binding, DNA binding and transactivation. Ligand-
bound classic androgen receptor mainly functions as a transcription factor modulating the
expression of androgen receptor target genes. On the other hand, non-genomic actions of
androgens include increase in intracellular calcium, and protein kinases activation such as Src
tyrosine kinase (c-Src), extracellular signal-regulated kinase 1/2 (ERK 1/2) and
phosphatidylinositol 3-kinase (PI3K) (Migliaccio et al. 2000; Kousteni et al. 2001; Guo et al.
2002; Sun et al. 2003; Nguyen et al. 2005; Sun et al. 2006). In our present study we have found
that flutamide, a classical androgen receptor blocker, did not modify DHT-mediated
aldosterone secretion. Although these data may suggest that the action of DHT upon
aldosterone secretion is non-genomic, the differentiation between non-genomic vs. genomic
effects is much more complex and cannot been firmly concluded from current experimental
data. For example, androgen non-genomic actions are rapid, but they can have long-lasting

Yanes and Romero Page 6

Mol Cell Endocrinol. Author manuscript; available in PMC 2010 May 6.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



effects since all the second messenger pathways mentioned above can ultimately mediate
transcription regulatory effects. More studies need to be done in other to clarify the nature of
the DHT stimulatory effect upon aldosterone secretion.

Several tissues contain an endogenous RAS that functions in an autocrine or paracrine way
(Lavoie et al. 2003). The adrenal gland, as well as H295R cells, expresses all the components
of the RAS (Hilbers et al. 1999). Testosterone stimulates renal angiotensinogen expression in
rat kidney (Ellison et al. 1989) and DHT also has been shown to stimulate renin expression in
adrenal glands from mice (Wagner et al. 1990). However, our study shows that androgens
stimulate aldosterone secretion by human adrenal gland cells independently of the intra adrenal
renin angiotensin system.

We then studied the intracellular signaling mechanisms by which DHT stimulates aldosterone
secretion by human adrenal cells. Our studies showed that DHT-mediated aldosterone secretion
is mediated by the calcium/calmodulin/CaMK pathway since it was completely blocked by the
CaMK inhibitor KN-93 and the calmodulin inhibitor W-7. The intracellular signaling
mechanisms by which DHT through CaMK stimulates aldosterone secretion remain unknown
although we may speculate about some possible mechanisms. Aldosterone synthase promoter
region contain cAMP response elements (CRE) and activating transcription factors (ATF)
regulatory elements which have been shown to be important for aldosterone synthase
expression regulation (Kawamoto et al. 1992; Clyne et al. 1997; Bassett et al. 2000). CaMK
phosphorylates and consequently activates CRE binding (CREB) and ATF family members
(Matthews et al. 1994; Sun et al. 1996; Kingsley-Kallesen et al. 1999). Furthermore, CaMK
type I, and type IV to a lesser extent, have been shown to upregulate aldosterone synthase
expression in H295R cells (Condon et al. 2002). These observations allow us to speculate that
DHT through CaMK may activate CREB and ATF proteins which in turn could increase
aldosterone synthase expression leading to increased aldosterone secretion.

PKC is a superfamily of more than 9 protein kinases. Our study shows that bisindolylmaleimide
I (Bis-I), a PKC superfamily inhibitor completely abolished DHT-mediated increase in
aldosterone secretion by H295R cells. It has been previously reported that Ang II activates
multiple PKC isoforms in human adrenal cells (LeHoux et al. 2001; Lehoux et al. 2007).
However, the role of PKC in aldosterone synthesis is controversial; PKC activation increases
aldosterone secretion but also decreases aldosterone synthase expression in adrenocortical cells
(Kojima et al. 1984; Hajnoczky et al. 1992; LeHoux et al. 1998; Betancourt-Calle et al.
1999; LeHoux et al. 2001; LeHoux et al. 2006). Our results indicate that PKC is involved in
DHT-mediated aldosterone secretion suggesting that Ang II and DHT may be, at least partially,
using common intracellular signaling pathways to regulate aldosterone secretion. However,
the presence of multiple PKC isoforms, each one regulating different downstream effectors,
increases the complexity of aldosterone synthesis regulation in H295R cells. For example,
although PKCε decreases Ang II-mediated upregulation of aldosterone synthase expression in
H295R cells (LeHoux et al. 2006), we have previously shown that Ang II activates PKCε which
causes activation of protein kinase D which in turn upregulates aldosterone secretion and
aldosterone synthase expression in H295R cells (Romero et al. 2006c).

In summary, our present study suggests that physiological concentrations of sex steroids failed
to modified aldosterone secretion by human adrenal cells. However, supraphysiological
concentrations of DHT significantly stimulated aldosterone secretion through calcium/
calmodulin/CaMK and PKC intracellular signaling pathways. The stimulatory effect of DHT
upon aldosterone secretion can add insight in the pathogenesis of hypertension, cardiovascular
diseases and target organ damage in hyperandrogenism status, such as hormone replacement
therapies with testosterone in men and women, body builders, and female-to-male transsexual
individuals.
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Figure 1.
DHT, but not estradiol, stimulated basal and Angiotensin II-mediated aldosterone secretion by
H295R human adrenocortical cells. H295R cells were incubated with increasing concentrations
of DHT (A, C) or 17β-estradiol (B) in the presence or absence of Angiotensin II (10 nM) for
24 h. Aldosterone (A, B) or cortisol (C) concentration was measured in media supernatant and
cells lysed to quantify total protein. *: P < 0.05 vs. control cells, #: P < 0.05 vs. basal condition,
n = 4.
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Figure 2.
DHT-mediated aldosterone secretion is independent of the intra adrenal renin-angiotensin
system. H295R cells were treated with 10 μM losartan (A), 10 μM captopril (B) or vehicle for
30 min and then incubated with 1 μM DHT or vehicle in the presence or absence of Angiotensin
II (Ang II, 10 nM) for 24 h. Steroid concentration was measured in media supernatant and cells
lysed to quantify total protein. *: P < 0.05 vs. no DHT under same conditions, #: P < 0.05 vs.
control cells, &: P < 0.005 vs. Ang II treated cells, n = 4.
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Figure 3.
DHT-mediated aldosterone secretion is independent of the classical androgen receptor. A,
H295R cells were treated with 10 μM flutamide or vehicle for 30 min and then incubated in
the presence or absence of DHT (1 μM) for 24 h. Steroid concentration was measured in media
supernatant and cells lysed to quantify total protein. *: P < 0.05 vs. control cells, #: P < 0.05
vs. flutamide-treated cells, n = 6. B, Androgen receptor mRNA expression in H295R cells and
human adrenal glands detected by agarose gel electrophoresis of RT-PCR reactions in the
presence (+) or absence (−) of reverse transcriptase. GAPDH mRNA expression was used as
control. Representative gel from three replicates.
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Figure 4.
DHT-mediated aldosterone secretion acts through the calmodulin/calmodulin dependent
kinase and PKC pathways. H295R cells were treated with 50 μM W-7 (A), 5 μM KN-93 (B),
5 μM Bisindolylmaleimide I (Bis I, C) or vehicle for 30 min and then incubated in the presence
or absence of DHT (1 μM) for 24 h. Steroid concentration was measured in media supernatant
and cells lysed to quantify total protein. *: P < 0.05 vs. control cells, #: P < 0.05 vs. DHT-
treated cells, n = 4.
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