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BACKGROUND AND PURPOSE
Human prostate growth and function are tightly controlled by androgens that are generally thought to exert their effects by
regulating gene transcription. However, a rapid, non-genomic steroid action, often involving an elevation of intracellular
calcium ([Ca2+]i), has also been described in a number of cell types. In this study we investigate whether androgens acutely
regulate [Ca2+]i in stromal cells derived from the human prostate.

EXPERIMENTAL APPROACH
Human-cultured prostatic stromal cells (HCPSCs) were loaded with the calcium-sensitive fluorophore, fura-2-acetoxymethyl
ester (FURA-2AM) (10 μM). Changes in [Ca2+]i in response to the androgens, dihydrotestosterone (DHT) and testosterone, as
well as EGF were measured by fluorescence microscopy.

KEY RESULTS
DHT, but not testosterone (0.03–300 nM), elicited concentration-dependent elevations of [Ca2+]i within 1 min of addition.
These responses were blocked by the androgen receptor antagonist, flutamide (10 μM); the sarcoplasmic reticulum ATPase
pump inhibitor, thapsigargin (1 μM); the inositol trisphosphate receptor inhibitor, 2-aminoethyldiphenyl borate (50 μM) and
the PLC inhibitor, U-73122 (1 μM). Responses were also blocked by the L-type calcium channel blocker, nifedipine (1 μM),
and by removal of extracellular calcium. A similar transient elevation of [Ca2+]i was elicited by EGF (100 ng·mL−1). The EGF
receptor inhibitor, AG 1478 (30 nM), and the MMP inhibitor, marimastat (100 nM), blocked the DHT-induced elevation of
[Ca2+]i.

CONCLUSIONS AND IMPLICATIONS
These studies show that DHT elicits an androgen receptor-dependent acute elevation of [Ca2+]i in HCPSC, most likely by
activating EGF receptor signalling.

Abbreviations
2-APB, 2-aminoethoxydiphenyl borate; [Ca2+]i, intracellular calcium; DHT, dihydrotestosterone; DMSO, dimethyl
sulfoxide; HCPSCs, human-cultured prostatic stromal cells; NEAAs, non-essential amino acids; SMA, smooth muscle
α-actin
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Introduction

Normal prostate growth and development is highly depend-
ent on androgens. The classical mode of steroid action
involves binding to intracellular nuclear receptors that, after
dissociating from chaperone proteins, translocate to the
nucleus and alter expression of androgen-responsive genes
(Hiipakka and Liao, 1998). This pathway is relatively slow,
taking a minimum of 30 min for effect (Cato et al., 2002), and
has been assumed to be responsible for androgen effects in
the prostate.

In addition to their genomic actions, androgens have
been shown to elicit acute effects through membrane-
associated receptors (Farnsworth, 1990). These effects occur
within minutes (Bakin et al., 2003; Unni et al., 2004;
Bonaccorsi et al., 2004b) and have been reported in a
number of cell types including T-cells, osteoblasts, Sertoli
cells and the androgen-dependent prostate cancer cell line
LNCaP (Steinsapir et al., 1991; Lieberherr and Grosse, 1994;
Gorczynska and Handelsman, 1995; Benten et al., 1997).
Strangely, no studies have shown acute effects of androgens
in prostate stromal cells, which are the primary site of andro-
gen action in the prostate. The prostatic stroma is not only a
critical modulator of prostate contractility but it also regu-
lates prostate development, epithelial cell function and the
development of prostate cancer (Pennefather et al., 2000; De
Wever and Mareel, 2003; Cunha et al., 2004; Franco et al.,
2010). In previous studies we have shown that chronic andro-
gen treatment profoundly affects resting intracellular calcium
([Ca2+]i) in human-cultured prostatic stromal cells (HCPSCs)
(Oliver et al., 2010), alters sensitivity to α1-adrenoceptor
agonists (Nguyen et al., 2007) and activates PKC-dependent
growth signalling (Haynes et al., 2001). At the time of these
studies our assumption was that these effects were all medi-
ated through traditional genomic actions of androgens. In
this study we investigate the possibility that androgen signal-
ling in prostatic stromal cells also occurs through the
activation of non-genomic signalling. We now report that
dihydrotestosterone (DHT), but not testosterone, elicits a
rapid change in [Ca2+]i mediated through an interaction with
the EGF receptor (EGFR) signalling pathway.

Methods

Test systems used
Human prostatic stromal cells were grown from primary
explant culture as previously described (Haynes et al., 2002;
Oliver et al., 2010). Briefly, human prostate tissue samples
(excised from benign prostatic hyperplasia patients) were cut
into 1 mm3 cubes, plated onto plastic tissue culture dishes
and incubated in MCDB-131 supplemented with fetal calf
serum (10%), non-essential amino acids (NEAAs; 2%), peni-
cillin (50 IU·mL−1) and streptomycin (50 μg·mL−1) at 37°C
(under 5% CO2) for 3–4 weeks. Cells that grew from explants
were subsequently cultured in MCDB-131 media containing
charcoal-stripped horse serum (10%), HEPES (10 mM),
insulin (5 mg·L−1), penicillin (50 IU·mL−1), streptomycin
(50 μg·mL−1) and NEAA (2%) and passaged when confluent
between four and six times before use. Explant cultures from
up to eight different individuals were used in this study.

Measurements made
Cells were cultured on glass coverslips for 24 h in MCDB-131
media containing HEPES (10 mM), NEAAs (2%), BSA (0.1%
w/v), penicillin (50 IU·mL−1) and streptomycin (50 μg·mL−1).
Imaging studies were undertaken as previously described
(Preston and Haynes, 2003; Haynes, 2007). Briefly, on the day
of use, cells were incubated in HEPES buffer (of composition
mM; NaCl 145; KCl 5; MgSO4 1; HEPES 10; CaCl2 2.5; glucose
10; pH 7.4) containing 0.1% BSA (w/v), and the ratiometric
calcium fluorophore, fura-2-acetoxymethyl ester (FURA-
2AM) (10 μM), for 30 min at 37°C. Imaging experiments were
performed in HEPES buffer containing 0.1% BSA (w/v). A
heated stage kept cells at 37°C while they were viewed
with a Nikon Eclipse TE2000U microscope (Nikon, Tokyo,
Japan) at 10× magnification. Within each field of view, 20−30
cells were chosen and analysis regions drawn within each
cell. Cells were alternately illuminated with 340 and 380 nm
light for 1 s in a 3 s cycle. Emission was captured at 520 nm
using a SPOT-RT camera (Diagnostic Instruments, Sterling
Heights, MI, USA) controlled by MetaFluor imaging software
(v6.lr5, Universal Imaging Company, Bedford Hills, NY, USA).
Background emission values from 340 and 380 nm excita-
tions (measured in a cell-free region) were subtracted from
each image. The resultant emission values were expressed as
a ratio (340:380 nm) at an interval of 3 s.

Experimental design
The 340:380 nm ratios were calculated for 5 min prior to the
addition of ligands to assess baseline activity. To investigate
acute responses, vehicle (0.01% ethanol), testosterone (3, 30,
300 nM) or DHT (0.03, 0.30, 3, 30, 300 nM) were added to
wells, and changes in fluorescence ratio recorded for a further
5 min. Preliminary studies showed that all responses occurred
within the first 1 min of agonist addition; no further activity
was seen for up to 20 min. In subsequent experiments,
vehicle [0.1 or 0.5% dimethyl sulfoxide (DMSO)], antagonists
or modulators of signal transduction pathways were added to
wells 10 min prior to the addition of DHT.

Following imaging experiments, cells were fixed with
paraformaldehyde (4% w/v) in PBS for 20 min at room tem-
perature. After fixation, cells were washed with PBS and per-
meabilized with Triton-X (0.1% v/v in PBS; Sigma-Aldrich,
Sydney, Australia) for 15 min. Non-specific binding was
blocked with BSA (5% w/v) for 30 min before incubating with
primary antibodies reactive to smooth muscle α-actin (SMA;
DAKO, Glostrup, Denmark), or the combination of mouse
anti-EGFR (Abcam, Cambridge, UK) and rabbit phospho-
EGFR (Cell Signaling Technology, Inc., Beverly, MA, USA)
overnight (4°C). Cells were washed and labelled with Alexa
488- or Alexa 568-conjugated secondary antibodies (Molecu-
lar Probes, Life Technologies, Melbourne, Australia) for 2 h
(room temperature). Cell nuclei were counter stained with
DAPI. For cells labelled with SMA, fluorescence was viewed on
a Nikon Eclipse TE2000U (Nikon) epifluorescent microscope
at 10× magnification. Cells were illuminated at 340 and
490 nm using a Lambda DG-4 lamp (Sutter Instrument
Company, Novato, CA, USA), and images were captured with
a CoolSNAPfx low-light camera (Roper Scientific, Tucson, AZ,
USA). For cells labelled with EGFR antibodies, fluorescence
was viewed on a confocal Nikon Eclipse Ti microscope
(Nikon) at 20× or 60× magnification. Cells were illuminated
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at 405, 488 and 561 nm and images captured with a Nikon
A1R scanning camera (Nikon).

Data analysis and statistical procedures
Unless otherwise stated, data are expressed as mean ± SEM
and analysed using unpaired t-tests or one-way ANOVA. Signifi-
cance symbols *, ** and *** denote P < 0.05, 0.01 and 0.001
respectively. For calcium-imaging data, ‘n’ refers to the total
number of cells used for measurement followed by the
number of experimental replicates (in each replicate, cells
cultured from a different individual were used).

Drugs and chemicals
Flutamide, EGF, thapsigargin, nifedipine, testosterone, DHT
and FURA-2AM were purchased from Sigma-Aldrich (Sydney,
Australia). Ryanodine and AG 1478 were from Calbiochem
(Merck Millipore, Melbourne, Australia), Merck. Marimastat
and 2-aminoethyldiphenyl borate (2-APB) were from Tocris
(Bristol, UK). EGF was reconstituted in PBS containing 0.1%
BSA (w/v). AG 1478, FURA-2AM, thapsigargin, nifedipine,
ryanodine, marimastat and 2-APB were dissolved in DMSO
and frozen as stock solutions. Flutamide, DHT and testoster-
one were dissolved in ethanol and frozen as stock solutions.
All drugs were diluted in HEPES buffer containing 0.1% BSA
(w/v) before use. Final vehicle concentrations were not more
than 0.1% (v/v). For experiments using 2-APB and AG 1478,
the concentration of DMSO was 0.5% (v/v) of the final well
volume.

Results

Acute effects of androgens on [Ca2+]i
During imaging experiments, changes in [Ca2+]i were
recorded in 20–30 cells in a field of view. Within this popu-
lation, 70–88% of cells (n = 80–200 cells from four to eight
experimental replicates) responded to DHT (3–300 nM), with
a rapid (within 1 min of addition) and transient elevation of
[Ca2+]i (see Figure 1A for a typical response). The fraction of
cells that responded decreased as the concentration of DHT
decreased from 3 nM to 30 pM (Figure 1B; P < 0.05, one-way
ANOVA Dunnett’s post test, n = 80 cells from four individuals).
The magnitude of response was consistent across all concen-
trations of DHT investigated in this study (Figure 1C). Testos-
terone had no effect on [Ca2+]i at any concentration
investigated (3, 30, 300 nM; Figure 1B).

Immediately after calcium imaging, cells were fixed and
labelled using an antibody to SMA. Responses to DHT only
occurred in a subpopulation of SMA-positive cells; however,
not all SMA-positive cells responded to DHT. SMA-negative
cells did not respond to DHT with elevations of [Ca2+]i. See
Figure 2 for immunofluorescence images and corresponding
calcium-imaging traces from SMA-positive and SMA-negative
cells.

Signal transduction mechanism of the
DHT-induced elevation of [Ca2+]i
The DHT (30 nM) effect was blocked by the androgen
receptor antagonist, flutamide (10 μM; Figure 3A; P < 0.001,
unpaired t-test, n = 80 cells from four individuals); the L-type
calcium channel blocker, nifedipine (1 μM); the sarcoendo-

plasmic reticulum Ca2+ ATPase pump inhibitor, thapsigargin
(1 μM) and by the removal of extracellular calcium (Figure 3;
P < 0.01, unpaired t-test, n = 80 cells from four individuals).

A large transient elevation of [Ca2+]i, lasting approxi-
mately 30 s, occurred after the addition of the inositol
trisphosphate (IP3) receptor antagonist, 2-APB (50 μM;
Figure 4A), a response most likely attributable to the DMSO
vehicle (0.5% v/v) that also has this effect at this concentra-
tion. A DMSO-induced elevation of [Ca2+]i is consistent with a
previous study that showed DMSO causes calcium release
from intracellular stores (Morley and Whitfield, 1993). This
vehicle did not however have an effect on subsequent
DHT-induced elevations of [Ca2+]i (Supporting Information
Figure S1). In contrast, 2-APB prevented the DHT-induced
elevation of [Ca2+]i (P < 0.001, unpaired t-test, n = 80 cells from
four individuals). Responses to DHT (30 nM) were unaffected
by the ryanodine receptor antagonist, ryanodine (1 μM;
Figure 4B). DHT (30 nM) did not elicit an elevation of [Ca2+]i

in the presence of the PLC inhibitor U-73122 (1 μM;
Figure 4C; P < 0.01, unpaired t-test, n = 120 cells from four
individuals).

Role of EGFR signalling in response to DHT
Because androgen receptors can activate the EGFR signalling
pathway (Sen et al., 2010), we investigated the possibility that
DHT utilized this signalling pathway in HCPSCs. The EGFR
inhibitor, AG 1478 (30 nM), prevented the DHT-induced
elevation of [Ca2+]i (Figure 5A; P < 0.001, unpaired t-test, n =
60 cells from three individuals). Responses to DHT were also
inhibited by the broad-spectrum MMP inhibitor, marimastat
(100 nM; Figure 5B; P < 0.01 unpaired t-test n = 120 cells from
four individuals).

EGF (100 ng·mL−1) elicited a rapid, transient elevation of
[Ca2+]i in 61 ± 3% of cells (Figure 6A). This response was
blocked by AG 1478 (30 nM; Figure 6B; P < 0.001, unpaired
t-test, n = 60 cells from three individuals) and also by 2-APB
(50 μM; Figure 6C). Immunocytochemistry showed that cells
from all treatment groups were immunoreactive to antibodies
against the EGFR; however, only cells exposed to EGF
(100 ng·mL−1) and DHT (30 nM) showed extensive reactivity
to anti-phospho-EGFR (Figure 7).

Discussion

Non-genomic effects of DHT and testosterone have been
reported in a number of cell types (Steinsapir et al., 1991;
Lieberherr and Grosse, 1994; Jaimovich and Espinosa, 2004;
Estrada et al., 2006); however, this is the first report of acute
regulation of [Ca2+]i by DHT in prostate stromal cells. Previous
studies from our laboratory have demonstrated that stromal
cell cultures are composed of a heterogeneous population of
fibroblasts, myofibroblasts and smooth muscle cells (Oliver
et al., 2010). Immunocytochemical analysis revealed that
only SMA-positive cells (which constitute approximately 25%
of the entire population) could respond to DHT with eleva-
tions of [Ca2+]i, indicating that responsive cells are likely to be
either smooth muscle cells or myofibroblasts. The morphol-
ogy of these cells (short and wide with striations) was easily
recognizable over the fibroblasts that had a long spindle-like
appearance. Cells with smooth muscle-type morphology
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were selected for measurement during calcium-imaging
experiments, where 70–88% responded to DHT with an eleva-
tion of [Ca2+]i. Cell responses to DHT consisted of an acute
‘spike’ in [Ca2+]i. While the magnitude of this response was
unaffected by the concentration of DHT, the fraction of cells
responding was significantly reduced at the lower concentra-
tions of DHT investigated in this study (30 and 300 pM).
This suggests that responses can be described by an ‘all-or-
nothing’ principle, where a threshold of activation must be
reached in order to elicit a quantal response. At lower DHT
concentrations the likelihood of a given cell reaching this
threshold level is low, leading to a reduction in the number of
cells responding.

The androgen receptor antagonist, flutamide, blocked all
responses to DHT, indicating that androgens elicit an acute

rise in [Ca2+]i specifically through the androgen receptor.
This finding is consistent with other studies in which andro-
gens acutely regulate [Ca2+]i through activation of the andro-
gen receptor (Gorczynska and Handelsman, 1995; Steinsapir
et al., 1991). The DHT-induced elevation of [Ca2+]i was sen-
sitive to thapsigargin and 2-APB, but not ryanodine, indi-
cating that responses are due to release of calcium from IP3,
but not ryanodine receptor-sensitive pools. Responses to
DHT were also dependent on extracellular calcium and
L-type calcium channels, indicating that calcium influx
through L-type channels may be involved in this response.
The nature of the DHT-induced elevation of [Ca2+]i (rapid
and transient) is consistent with release of calcium from
intracellular stores, whereas calcium influx through L-type
channels usually results in a more sustained elevation of

Figure 1
Acute effects of DHT and testosterone on [Ca2+]i in HCPSC. Panel A shows an example trace from a cell exhibiting a transient elevation of [Ca2+]i

in response to DHT. Panel B shows the fraction of cells (mean ± SEM) responding to vehicle ( ), DHT (0.03–300 nM; ) and testosterone
(T, 3–300 nM; ). Data sets were analysed by one-way ANOVA, Dunnett’s post test, n = 80–200 cells from four to eight experimental replicates.
*** denotes P < 0.001 when compared with vehicle control. ∧ and ∧∧ denote P < 0.05 and 0.01, respectively, when compared with 3 nM DHT.
Panel C shows the magnitude of responses to DHT (0.03−300 nM) as measured by peak height above baseline (340:380 nm ratio). Data sets
were analysed by one-way ANOVA, Bonferroni’s post test, n = 80–200 cells from four to eight experimental replicates.
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[Ca2+]i (Lieberherr and Grosse, 1994). Thus, the DHT-induced
elevation of [Ca2+]i is most likely due to calcium release from
intracellular stores. The dependence on extracellular calcium
influx may be explained by a store-operated calcium entry
mechanism where extracellular calcium influx may be
required to maintain adequate calcium levels in intracellular
stores.

The finding that responses were sensitive to blockade of
the IP3 receptor implicated PLC activation downstream of the
androgen receptor. To test this hypothesis we utilized the PLC
inhibitor, U-73122, and found that it blocked responses to
DHT. Although our data indicated an androgen receptor-

dependent activation of PLC, to date, there has been no
reported evidence of such a direct interaction. We felt that
the most plausible explanation was that the androgen recep-
tor was coupled through another mediator to activate PLC.
The androgen receptor interacts with a variety of proteins,
most notably the EGFR (Bonaccorsi et al., 2004a; 2004c),
which can activate PLC (Bedrin et al., 1997; Tvorogov and
Carpenter, 2002). We therefore hypothesized that the acute
DHT-induced elevation of [Ca2+]i in HCPSCs was mediated via
some link between the androgen receptor and the EGFR,
leading to the subsequent activation of PLC and the release of
calcium from IP3 receptor-sensitive pools. We tested this

A B

C

E F

D

Figure 2
Identification of cells responsive to DHT. Following imaging experiments, cells were fixed and labelled for SMA (A) and cell nuclei counter stained
with DAPI (B). Panel C shows a composite image of SMA (green) and DAPI (blue) labelling. Panel D shows the same field of view from
calcium-imaging experiments where cells were loaded with the calcium fluorophore FURA-2AM. Arrows 1–4 (red) highlight SMA-positive cells.
Arrows 5–8 (yellow) highlight SMA-negative cells. Panel E shows the calcium-imaging trace generated by cells 1–4 (SMA positive). Panel F shows
the trace generated by cells 5–8 (SMA negative). In all image panels, scale bars represent 100 μm.
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hypothesis using the selective EGFR inhibitor, AG 1478,
and found that it blocked the response to DHT, indicat-
ing some level of interaction between the androgen recep-
tor and the EGF signalling pathway. This finding was
supported by immunocytochemistry that showed punctate-
phosphorylated EGFR was localized to specific sites in cells
following the addition of DHT but not vehicle. This suggests
that the androgen receptor may modulate EGFR signalling at
specific sites on the plasma membrane that may be regulated
by receptor co- localization in lipid rafts. This possibility
represents an interesting avenue for future investigation but
is beyond the scope of the current study.

Sen and colleagues (2010) have shown that the androgen
receptor can activate EGF signalling via activation of MMPs
and release of membrane-bound EGF in LNCaP cells. Consist-

D

C

B

A

Figure 3
The role of the androgen receptor, extracellular calcium influx and
intracellular calcium release in response to DHT (30 nM). Panel A
shows the effect of the androgen receptor antagonist, flutamide
(10 μM). Panel B shows the effect of removal of extracellular calcium.
Panel C shows the effect of the L-type calcium channel inhibitor,
nifedipine (1 μM). Panel D shows the effect of the sarco/endoplasmic
reticulum Ca2+ ATPase pump inhibitor, thapsigargin (1 μM). In all
panels, left hand graphs (i) show typical traces each from one cell.
Right hand graphs (ii) show the fraction of cells (mean ± SEM)
responding to DHT alone ( ) or in the presence of antagonists/
inhibitors or absence of extracellular calcium ( ). ** and *** denote
P < 0.01 and 0.001, respectively, when compared with DHT only
(unpaired t-test, n = 80 cells from four individuals).

C

B

A

Figure 4
The mechanism of the DHT-mediated release of intracellular calcium.
Panel A shows the effect of the IP3 receptor antagonist, 2-APB
(50 μM). Panel B shows the effect of the ryanodine receptor antago-
nist, ryanodine (1 μM). Panel C shows the effect of the PLC inhibitor,
U-73122 (1 μM). In all panels, left hand graphs (i) show typical traces
each from one cell. Right hand graphs (ii) show the fraction of cells
(mean ± SEM) responding to DHT alone ( ) or in the presence of
antagonists/inhibitors ( ). ** and *** denote P < 0.01 and 0.001,
respectively, when compared with DHT only (unpaired t-test, n =
80–120 cells from four individuals).
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ent with their study, we found that the broad-spectrum MMP
inhibitor, marimastat, abolished the acute elevation of [Ca2+]i

in response to DHT. To confirm this effect of EGF signalling in
HCPSCs, we tested the ability of EGF to elevate [Ca2+]i. Cells
responded to EGF with a rapid elevation of [Ca2+]i that was
blocked by both AG 1478 and 2-APB, confirming that EGFR
activation triggers release of calcium from intracellular stores.

In contrast to DHT, HCPSCs did not respond to testoster-
one, even at 300 nM, with a similar elevation of [Ca2+]i. This
was unexpected because testosterone is the major circulating
androgen in human males. Within the prostate, however,
testosterone is extensively metabolized by the enzyme
5α-reductase to DHT, which is the predominant intraprostatic
androgen (Marks et al., 2008). DHT has around a 10-fold
higher affinity than testosterone for [3H]-DHT binding sites
on the androgen receptor (Toth and Zakar, 1982), but is only
approximately threefold more potent than testosterone in
regulating transcription activity (Attardi et al., 2010). Our
findings suggest that DHT may activate androgen receptor
signalling pathways that are distinct from those activated by
testosterone. In support of these findings, a study has shown
that androgen receptor phosphorylation at serine 213 is
increased by binding of DHT but not testosterone, even when
testosterone concentrations were 10-fold greater than DHT
(Taneja et al., 2005). The androgen receptor may therefore
participate in some form of ligand-directed signalling, where

activation of the non-genomic signalling pathway described
here may be unique to DHT-androgen receptor interactions.

At this stage, the physiological significance of the DHT-
mediated elevation of [Ca2+]i is unknown. However, [Ca2+]i

regulates a variety of cell functions including growth factor
release, proliferation and differentiation in many cell types
including smooth muscle (Holl et al., 1988; Kawanishi et al.,
1994; Gu and Spitzer, 1995; Watt et al., 2000; Estrada et al.,
2006). The finding that smooth muscle-type cells respond to
DHT with an elevation of [Ca2+]i raises possibility that DHT
may regulate prostate contractility, growth factor secretion
and/or proliferation in these cell types. Our finding that DHT
induces the release of EGF from stromal cells may have

B

A

Figure 5
The role of EGFR signalling in responses to DHT. Panel A shows the
effect of the EGFR antagonist, AG 1478 (30 nM). Panel B shows the
effect of the MMP inhibitor, marimastat (100 nM). In all panels, left
hand graphs (i) show typical traces each from one cell. Right hand
graphs (ii) show the fraction of cells (mean ± SEM) responding to
DHT alone ( ) or in the presence of antagonists/inhibitors ( ).
** and *** denote P < 0.01 and 0.001, respectively, when com-
pared with DHT only (unpaired t-test, n = 80–120 cells from four
individuals).

B

C

A

Figure 6
The effect of EGF on [Ca2+]i in HCPSC. Panel A shows responses to
EGF (100 ng·mL−1). Panel B shows the effect of AG 1478 (30 nM) on
responses to EGF. Panel C shows the effect of 2-APB (50 μM) on
responses to EGF. In all panels, left hand graphs (i) show typical
traces each from one cell. Right hand graphs (ii) show the fraction of
cells (mean ± SEM) responding to vehicle ( ), EGF alone ( ) or
EGF in the presence of antagonists ( ). *** denotes P < 0.001 when
compared with DHT only (unpaired t-test, n = 80–120 cells from four
individuals).
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significant implications for stromal activity because EGF
stimulates prostatic stromal cell proliferation in vitro and in
vivo (Levine et al., 1992; Torring et al., 2001). This may be
mediated by PKC (a downstream target of PLC activation)
that has been shown to stimulate proliferation of prostate
stromal cells after the addition of androgens to the culture
medium (Guh et al., 1998; Haynes et al., 2001). Furthermore,
EGF released from stromal cells is likely to exert paracrine
effects on neighbouring epithelial cells to promote cancer
progression as EGF signalling inhibits apoptosis (Baker and
Yu, 2001; She et al., 2005) and promotes the invasion and
migration of prostate cancer cell lines in vitro (Jarrard et al.,
1994; Mamoune et al., 2004). Our findings suggest that these
EGF signalling pathways in the prostate may be controlled, to
some extent, by DHT. The strength of this study lies in the
simplicity of our approach; we have yet to determine,
however, whether similar mechanisms are likely to occur in
the prostate in vivo and if they do, what is their significance to
prostate biology and pathophysiology.

In summary, we propose the following mechanism by
which DHT acutely elevates [Ca2+]i in HCPSC: DHT binds to
androgen-sensitive receptors, activating MMPs. The MMPs
cleave membrane-bound EGF, which acts as a paracrine/

autocrine signal to activate EGFRs, leading to stimulation of
PLC and production of IP3. Calcium is subsequently released
from IP3 receptor-dependent stores, resulting in a rapid and
transient elevation of cytosolic calcium. In conclusion, the
current study shows that DHT elicits an acute elevation of
[Ca2+]i in smooth muscle cells and/or myofibroblasts cultured
from the human prostate, an effect most likely mediated by
activation of EGFR signalling. This represents a novel mecha-
nism through which DHT, but not testosterone, may exert
effects on the stromal cells of the human prostate.
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Additional Supporting Information may be found in the
online version of this article at the publisher’s web-site:

Figure S1 The effect of DMSO vehicle on responses to DHT.
Panel A shows a typical trace from one cell: horizontal bar
indicates the presence of DMSO (0.5% v/v); arrow marks time
of DHT (30 nM) addition. Panel B shows the fraction of cells
(mean ± SEM) responding to DHT in the absence ( ) or
presence of DMSO ( ). Data were analysed by unpaired
t-test, P > 0.05, n = 80–120 cells from four to six individuals.
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