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BACKGROUND. Prostate smooth muscle cells (SMCs) are strongly involved in the develop-
ment and progression of benign prostatic hyperplasia and prostate cancer. However, their
participation in prostatitis has not been completely elucidated. Thus, we aimed to characterize
the response of normal SMC to bacterial lipopolysaccharide (LPS).
METHODS. Primary prostate SMCs from normal rats were stimulated with LPS (0.1, 1, or
10 mg/ml) for 24 or 48 hr. The phenotype was evaluated by electron microscopy, immuno-
fluorescence, and Western blot of SMCa-actin (ACTA2), calponin, vimentin, and tenascin-C,
while the innate immune response was assessed by immunodetection of TLR4, CD14, and
nuclear NF-kB. The secretion of TNFa and IL6 was determined using ELISA.
RESULTS. Bacterial LPS induce SMCs to develop a secretory phenotype including dilated
rough endoplasmic reticulum cisternae with well-developed Golgi complexes. Furthermore,
SMCs displayed a decrease in ACTA2 and calponin, and an increase in vimentin levels after LPS
challenge. The co-expression of ACTA2 and vimentin, together with the induction of tenascin-C
expression indicate that a myofibroblastic-like phenotype was induced by the endotoxin.
Moreover, LPS elicited a TLR4 increase, with a peak in NF-kB activation occurring after
10 min of treatment. Finally, LPS stimulated the secretion of IL6 and TNFa.
CONCLUSIONS. Prostate SMCs are capable of responding to LPS in vitro by dedifferentiating
from a contractile to a miofibroblastic-like phenotype and secreting cytokines, with the TLR4
signaling pathway being involved in this response. In this way, prostate SMCs may contribute
to the pathophysiology of inflammatory diseases by modifying the epithelial–stromal inter-
actions. Prostate 9999: 1–11, 2010. # 2010 Wiley-Liss, Inc.
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INTRODUCTION

The stromal compartment of the prostate is mainly
comprised of smooth muscle cells (SMCs) and fibro-
blasts, with endothelial, macrophage, and other
immune cells also occurring at lower quantities in
the rat [1]. SMCs play a central role in the regulation
of prostatic growth and function by secreting growth
factors that inhibit excessive epithelial proliferation,
thus participating in paracrine stromal–epithelial inter-
actions in the gland [2,3]. Therefore, the maintenance of
the SMC phenotype is critical in order to conserve the
normal rate of cellular proliferation/death within the
gland.
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In recent years, the interest in prostatic SMCs has
increased since they have been shown to be involved in
all prostate pathologies, including prostatitis, benign
prostatic hyperplasia (BPH), and prostate cancer, with
these cells exhibiting changes in their number and
phenotype. For instance, BPH, the most common
non-malignant proliferative disorder in males, is con-
sidered to be primarily a stromal process characterized
by the increase of alpha smooth muscle actin (ACTA2)-
positive cells, which probably occurs due to prolifer-
ation and miodifferentiation of the stromal cells
contributing to urethral obstruction [4–6]. Moreover,
stromal cells can actively participate in the molecular
mechanisms of BPH by secreting numerous proinflam-
matory cytokines and chemokines, thereby recruiting
immune cells to the prostate with IL-8 subsequently
inducing autocrine/paracrine proliferation of BPH
cells [7].

In prostate cancer, the presence of dedifferentiated
SMCs is a constant feature of the reactive stroma
accompanying tumoral cells and is associated to
carcinogenesis [8,9]. This reactive stroma leads to a
significant decrease or even complete loss of fully dif-
ferentiated SMCs, which are replaced by fibroblasts
and myofibroblasts [9]. The myofibroblastic phenotype
is considered to be an intermediate type between fibro-
blasts and SMC [10], and plays a fundamental role in
the promotion, progression, and metastasis of prostate
cancer [11].

Although the contribution of prostate SMCs in BPH
and cancer has been extensively studied, their
participation in prostatitis has not been complete elu-
cidated. A few studies have concentrated on the effects
of inflammation of the prostatic gland and have mostly
been focused on evaluating epithelial aspects [12,13],
but little information is available about the response of
SMCs to infection or inflammation within the gland.
However, for other inflammatory diseases such as
asthma and atherosclerosis it is well-known that
SMCs have a pivotal role in the pathogenesis [14,15].
Many works have reported that vascular SMCs alter
their phenotype from a contractile to a secretory state
during atherosclerosis [16]. Moreover, SMCs are
capable of secreting proinflammatory cytokines, che-
mokines, and growth factors, thereby contributing to
the inflammatory microenvironment in several organs
and diseases [17].

We have previously reported that acute bacterial
infection induces an initial hypertrophy of rat periaci-
nar prostate SMCs, before later acquiring a secretory
phenotype, with a reduction of ACTA2 at 72-hr post-
infection [18]. As part of this reaction, prostatic SMCs
express TLR4, a transmembrane receptor that recog-
nizes lipopolysaccharide (LPS) of the Gram-negative
bacteria [19]. These findings suggest that prostate

SMCs might be an unexpected component of inflam-
matory responses, with this topic in need of further
research. Thus, the goal of this work was to characterize
the response of SMCs to LPS in a primary culture of
prostate stromal cells from normal rat. We performed
an ultrastructural morphologic examination as well as
the analysis of the cytoskeleton proteins ACTA2, cal-
ponin, vimentin, and tenascin, and the innate immun-
ity molecules TLR4, NF-kB, and proinflammatory
cytokines.

MATERIALSANDMETHODS

Animals

Adult 12-week-old, male rats, Wistar strain, weigh-
ing 250–350 g, were housed at the Animal Research
Facility of the National University of Córdoba in air-
conditioned quarters, under a controlled photoperiod
(14-hr light/10-hr darkness) and with free access to
commercial rodent food and tap water. Animal care
and experiments were conducted following the recom-
mendations of the International Guiding Principles for
Biomedical Research Involving Animals, as issued by
the Council for International Organization of Medical
Sciences (CIOMS).

Prostate SmoothMuscleCellculturesandTreatment

Prostate specimens were obtained from six
Wistar rats per culture. The tissues were minced
into small fragments and treated for 30 min with a
digestion solution containing 200 U/ml collagenase
type IA (Sigma–Aldrich, St. Louis, MO) and 0.05%
deoxyribonuclease type I (Sigma) in minimal essential
medium SMEM (Sigma). The dispersion was then
washed three times with SMEM, with cells being col-
lected by centrifugation for 2 min at 1,000g after
each wash. Finally, isolated cells were resuspended
and adjusted to 1 � 106 cell/ml and cultured in the
SMC medium MCDB131 (Sigma) supplemented with
10% heat-inactivated fetal calf serum and 10% horse
serum (Gibco, Invitrogen, Carlsbad, CA). These dis-
persed cells were plated on a six-well culture plate in
a humidified incubator at 378C supplied with 5% CO2

in air. The medium was replaced daily for 6 days, after
finally, was replaced by serum-free medium supple-
mented with 5 mg/ml insulin, 5 mg/ml transferrin,
5 ng/ml selenite, and 2 ng/ml TGFb1 (Invitrogen)
for 72 hr. During this period, the epithelial cells dis-
played a poor attachment rate with cellular degener-
ation being common and the few attached epithelial
cells being soon overgrown by the proliferating stromal
cells.

To examine the effects of LPS, the SMCs were then
incubated in serum-free medium with different doses
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of LPS (Sigma; 0.1, 1, or 10 mg/ml) for 24 or 48 hr. Then,
to verify the specificity of the LPS actions, SMCs were
treated for 1 hr before LPS stimulation with 10 mg/ml
of an antibody which recognizes an extracellular
domain of TLR4 (Santa Cruz Biotechnology, Santa
Cruz, CA).

ElectronMicroscopy

SMCs were fixed in Karnovsky mixture containing
1.5% (v/v) glutaraldehyde, 4% (w/v) formaldehyde in
0.1 M cacodylate buffer, pH 7.3, plus 7% sucrose for
15 min, before being scrapped from the wells, washed
and centrifugated at 1,000g. Pellets were maintained in
Karnovsky for 2 hr, treated with 1% osmium tetroxide
for 1 hr, and dehydrated in a series of graded cold
acetones and embedded in Araldite. For ultrastructural
studies, 60-nm thin sections were cut with a diamond
knife on a Porter-Blum MT2 and JEOL JUM-7 ultra-
microtome, and examined with a Zeiss LEO 906E elec-
tron microscope.

For ultrastructural immunocytochemistry, SMCs
pellets were embedded in acrylic resin (LRWhite;
London Resin Corporation, UK) omitting osmium fix-
ation. LRWhite thin sections were mounted on 250-
mesh nickel grids and were incubated overnight in a
drop of mouse anti-ACTA2 (Novocastra, Newcastle,
UK) diluted 1/50, and immunoreactive sites were
labeled with 16 nm colloidal gold/anti-mouse IgG
complex (Santa Cruz). For controls, the primary anti-
body was replaced with the same dilution of purified
mouse IgG (Santa Cruz) or PBS–BSA.

Immunofluorescence

Coverslides containing attached cells were fixed
with 4% formaldehyde, permeabilized with 0.25%
Triton X-100 in PBS and incubated for 1 hr in 5%
PBS–BSA to block non-specific binding. Slides were
then incubated overnight at 48C in a humidified
chamber with the following primary antibodies: anti-
ACTA2 (1/50 mouse monoclonal; Novocastra), anti-
vimentin (1/100 mouse monoclonal; Novocastra),
anti-calponin (1/500 mouse monoclonal; Thermo
Scientific, Rockford, IL), anti-TLR4 (1/400 polyclonal
goat; Santa Cruz), and anti-p65-NF-kB (1/1,000 rabbit
antibody polyclonal; Abcam, Cambridge, MA).
Afterwards, the slides were washed three times with
PBS and further incubated with Alexa 488 anti-mouse,
Alexa 594 anti-goat, or Alexa 594 anti-rabbit secondary
antibodies (1/1,000 Invitrogen) for 1 hr and mounted
using fluoromount containing DAPI. Finally, positive
signals were visualized under a Zeiss Axiovert
135 fluorescence microscope.

For double immunostaining, slides were firstly
labeled for ACTA2 with Alexa 488 anti-mouse as a

second antibody, before being washed and incubated
with anti-vimentin antibody using the Alexa 594 anti-
mouse as explained above.

WesternBlotting

For immunoblots, SMCs cultures were homogen-
ized on ice in 120 ml cold PBS containing 1.25%
Igepal CA-630, 1 mM EDTA, 2 mM PMSF, 10 mg/ml
leupeptin, and 10 mg/ml aprotinin. The lysate was
centrifuged at 14,000g for 20 min at 48C to pellet the
Igepal CA-630-insoluble material, and the supernatant
was stored in aliquots frozen at �708C until required.
Total protein concentration was measured with a Bio-
Rad kit (Bio-Rad Laboratories, Hercules, CA), and
denatured protein samples (30 mg/lane) were separ-
ated on 12% SDS–polyacrylamide gel and blotted
onto a Hybond-C membrane (Amersham Pharmacia,
Buckinghamshire, UK). To assess the corresponding
molecular weight, Full Range Rainbow Molecular
Weight Marker (Amersham Pharmacia) was used, with
incubation steps were performed in 5% defatted dry
milk in PBS/0.1% Tween 20. Membranes were
rinsed and incubated for 3 hr with a goat polyclonal
antibody diluted 1/400 (which recognizes TLR4 [Santa
Cruz]), 1/1,000 rabbit anti-CD14 (Santa Cruz), 1/200
mouse anti-ACTA2 (Novocastra), 1/300 mouse anti-
Vimentin (Novocastra), 1/500 mouse anti-calponin
(Thermo Scientific), or 1/500 goat anti-tenascin-C
(Santa Cruz). After washing, the blots were incubated
with a peroxidase-conjugated (HRP) bovine anti-goat
(Santa Cruz), goat anti-rabbit (Santa Cruz), or goat anti-
mouse (Jackson Immunoresearch, West Grove, PA)
secondary antibody, and exposed with ECL Western
blot detection reagents (Amersham Pharmacia) follow-
ing the manufacturer’s instructions. Emitted light was
captured on Hyperfilm (Amersham Pharmacia) and
densitometry analysis was performed by applying
Scion Image software (V. beta 4.0.2; Scion Image
Corp., Frederick, MD). The relative expression was
compared among different treatments by taking the
control group value as a reference. The expression of
ACTB (1/5,000; monoclonal anti-bactin; Sigma) was
used as an internal control to confirm equivalent total
protein loading.

ELISA

In order to quantify TNFa and IL6 secretion by SMC
after LPS stimulation, 1-ml medium was collected from
the plates, centrifuged at 48C, 1,400 rpm for 15 min and
stored at�208C until the day of the assay. Secretion was
measured by commercially available sandwich ELISA
kits (eBioscience, San Diego, CA for TNFa and BD
Biosciences, Franklin Lakes, NJ for IL6), following
the manufactureŕs instructions.
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ProliferationAssay

SMCs were stimulated with LPS for 24 hr, with
BrdU (3 mg/ml) being added to the culture medium
3 hr before finishing protocols. The cells attached to the
coverslips were fixed with 4% formaldehyde in PBS for
30 min at room temperature, washed in PBS, and per-
meabilized with 0.5% Triton X-100 for 10 min. Non-
specific immunoreactivity was blocked with 1% PBS–
BSA for 30 min at RT, and the cells were incubated
overnight with a monoclonal antibody against BrdU
(Amersham Pharmacia) at 48C in a wet chamber. After
being washed in PBS, the cells were incubated with
biotinylated anti-mouse IgG diluted 1/100 (GE
Healthcare, Buenos Aires, Argentina). The coverslips
were washed again with PBS, and incubated with the
avidin–biotinperoxidase complex (ABC; Vector;
Burlingame). The immunoreactivity for BrdU was
visualized with 3,3-diaminobenzidine tetrahydro-
chloride (DAB) as a chromogen. A total of 1,000
immunoreactive cells were examined by light micro-
scopy in randomly chosen fields of each glass slide, in
order to establish the percentage of BrdU immuno-
reactive cells. Three slides were analyzed for each
group, derived from the same cell preparations.
Experiments were replicated at least three times with
separate batches of cell preparations.

StatisticalAnalysis

Data from more than two groups were examined
using analysis of variance with Tukey’s as post-test.
Statistical testing and calculation of Western blot data
were performed using the InStat V2.05 software from
GraphPad, Inc.

RESULTS

TLR4 IsPresentinProstateSMCsand IncreasesAfter
LPSStimulation

As a prerequisite for analyzing the effects of LPS on
SMCs, we first examined the presence of its receptor
TLR4. As shown in Figure 1, immunofluorescence pro-
duced a moderate signal for TLR4 in control cells. On
the other hand, LPS elicited an increase in TLR4 expres-
sion in SMCs in a dose- and time-dependent manner as
evaluated by Western blot (Fig. 1A,B). These last results
were confirmed by immunofluorescence, which indi-
cated a rise in the intensity of TLR4 expression in
stimulated cells (Fig. 1C).

The coreceptor CD14, an important adapter mol-
ecule of the TLR4 signaling pathway, was also found
to be expressed in prostate SMCs. However, no changes
in this expression were detected either at 24 or 48 hr
after LPS treatment (Fig. 1A).

LPSEffectsonSMCPhenotype

The phenotype of SMCs was determined by analyz-
ing ultrastructural features by electron microscopy,
and evaluating the stromal cell differentiation markers
ACTA2, calponin, and vimentin. Whereas ACTA2 and
calponin are early and late markers of SMCs, respect-
ively, vimentin is a mesenchymal cell intermediate
filament that is expressed on fibroblasts. Expression
of ACTA2 and vimentin without calponin has been

Fig. 1. TLR4expressioninSMCsbyWesternblot(A,B)andimmu-
nofluorescence (C). SMCs expressTLR4 in control conditions (A);
afterLPStreatmenttherewasa significantincreaseofTLR4expres-
sion,whichwas dose- and time-dependent as evaluatedbydensito-
metric analysis (B), with CD14 expression not showing any changes
after LPS stimulation (A). Immunofluorescence also shows higher
TLR4 staining after LPS, mainly when a 10 mg/ml concentration
was applied (C). Nuclei were counterstained with DAPI. The
Western blot values were normalized with ACTB expression and
representthemean � SE fromfiveindependentprotocols.�versus
control P < 0.05, �� versus control P < 0.01; ��� versus control
P < 0.001ANOVA-Tukey.
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previously shown to indicate a myofibroblastic-like
phenotype [20].

Unstimulated SMCs displayed a homogeneous cyto-
plasmic compartment, with a large contractile appar-
atus and scarce organelles (Fig. 2A). Immunogold
labeling revealed that ACTA2 was widespread in the
whole cytoplasm at ultrastructural level (Fig. 2D), with
immunofluorescence for the stromal cell differentiation
markers demonstrating that the SMC phenotype
represented 95% of total cells, expressing high levels
of ACTA2 and calponin, but weak levels of vimentin
(Fig. 3).

After treatment with 1 mg/ml of LPS, the SMCs
showed numerous mitochondria and dilated cisterns
of RER with secretory content and well-developed
Golgi complexes (Fig. 2B). These findings were more
notable in cultures stimulated with 10 mg/ml of LPS
(Fig. 2C). The immunogold labeling demonstrated a
decrease in ACTA2, which was confined to the periph-
eral regions (Fig. 2E,F), while most cytoplasmic areas
appeared to be full of proteinpoyetic organelles.
Immunofluorescence confirmed the disorganization
of the ACTA2 cytoskeleton. In controls, labeling
delineated typical stress fibers, while after 24 hr of
LPS, cells exhibiting ‘‘patches’’ with intense ACTA2
expression and discontinuous stress fibers were fre-
quently observed (Fig. 3D). At 48-hr post-stimulation,

cells with lower ACTA2 levels predominated. In
addition, LPS challenge induced an increase in vimen-
tin immunofluorescence but a decrease in calponin
expression compared to control cells (Fig. 3D). In order
to corroborate the SMC phenotype after LPS treatment,
we performed a double immunofluorescence for
ACTA2 and vimentin. Unstimulated SMCs were only
positive for ACTA2 (Fig. 4A), while cells stimulated
with 1 mg/ml of LPS expressed both differentiation
markers at 24 hr, with this being more remarkable at
48 hr after LPS treatment (Fig. 4B,C).

Changes in differentiation marker levels were cor-
roborated by Western blot. LPS challenge significantly
increased vimentin expression at 24 hr in a dose-
dependent manner (Fig. 3C), whereas ACTA2 and cal-
ponin were significantly decreased for a 1 mg/ml dose
(Fig. 3A,B). After 48 hr of LPS stimulation, ACTA2
and calponin expression decreased even further com-
pared to 24 hr, whereas the levels of vimentin increased
(Fig. 3A–C). Moreover, LPS induced a rise in tenascin-
C, a key glycoprotein of the extracellular matrix in
reactive strma [20]. This finding was observed at
24 hr after 1 mg/ml, with this increase being more
remarkable after 10 mg/ml of LPS (Fig. 5).

In order to investigate if changes in the SMC phe-
notype induced by LPS were mediated by interaction
with TLR4, we applied an anti-TLR4 antibody before

Fig. 2. UltrastructureofSMCsincludedinplasticresins.Controlcellsshowscarceorganelles(A).AfterLPS,cellshavesignsofcellactivationas
numerousmitochondria(m),well-developedGolgicomplexes(g),anddilatedcisternsofRERwithsecretorycontent(B,C).Immunogoldreveals
intenseACTA2 labeling in control cells (D), while after LPS itdiminishedmarkedly (arrowheads inE andF).Nu: nucleus.Bar:1 mm.
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LPS challenge. The use of this antibody prevented any
alterations in the differentiation markers ACTA2,
vimentin, or calponin (Fig. 3).

LPSInducesNF-kBActivationandUpregulationof
ProinflammatoryMediators

It is well-known that TLR4 activation produces a
cascade of downstream signals that finally leads the

transcription factor NF-kB to translocate to the nucleus,
thereby activating a large number of genes related to
the inflammatory response. We therefore decided to
investigate the nuclear localization of NF-kB in SMCs
as a sign of activation after LPS stimulation. For this
purpose, SMCs were subjected to LPS challenge with 1
or 10 mg/ml for 10, 30, and 120 min, and NF-kB expres-
sion was revealed by immunostaining the p65 subunit
under fluorescent microscopy. Control cells exhibited a

Fig. 3. Stromal cell differentiationmarkersbyWesternblot (A^C) and immunofluorescence (D). A significantdecrease of theACTA2 and
calponinexpressionsoccurredat24 hr,whichintensifiedat48 hrafterLPSasevidencedby thedensitometric analysis(A,B).Meanwhile,vimen-
tin content showed a dose-dependent increase after LPS treatment (C).For all differentiationmarkers, changes inducedby LPSwere avoided
when an anti-TLR4 antibody was applied before stimulation. Immunofluorescence shows that control SMCs express ACTA2 and calponin,
butarenegative forvimentin(D).After anLPSstimulationof24 hr,vimentinexpressionwasinducedat thelowerconcentrationandintensified
at10 mg/ml.Areductioninthecalponincontentwasevidentevenatthelowerdose.ACTA2labeling showspatchesanddisorganizationofstress
fibers, at1 mg/mlof LPS, and anevidentreduction at10 mg/ml (D).Nucleiwere counterstainedwithDAPI.TheWesternblotvalueswerenor-
malizedwithACTBexpression,andrepresentthemeanof theculturespergroupobtainedfromthreeindependentprotocols.�versuscontrol
P < 0.05, �� versus control P < 0.01, ��� versus control, P < 0.001. ANOVA-Tukey.
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basal number of cells with nuclear NF-kB (1.75% of
cells). In contrast, LPS-treated SMCs showed a notable
increase in the number of cells exhibiting nuclear NF-
kB, with 34.4% of cells observed at 10 min and 27% of
cells at 30 min. After 120 min, the number of SMCs

displaying NF-kB nuclear translocation was reduced to
5% of the total cell population (Fig. 6).

We also examined the secretion of cytokines as mol-
ecules triggered by TLR4 activation. The levels of TNFa
and IL6 were measured by ELISA in a supernatant of
SMCs incubated with 1 and 10 mg/ml of LPS for 24 or
48 hr. Both concentrations of LPS induced a significant
increase in IL6 secretion after 24 hr with even higher
levels at 48 hr (Fig. 7B). The TNFa levels also increased,
but only after 48 hr of LPS exposition (Fig. 7A).

LPSPromotesCellularProliferation

In addition to phenotypic changes, LPS treatment
elicited a significant increase in BrdU-positive cells,
with higher differences being found at the dose of
1 mg/ml (fourfold compared to control; Fig. 8), indi-
cating the induction of proliferative activity of SMCs
after LPS stimulation.

DISCUSSION

For many years, studies dealing with prostate
research were mainly focused on epithelial cells.
However, the prostatic stromal compartment has
acquired more attention over the last decade, with its
characterization and behavior being important in
order to understand its role in prostatic disorders.
Here, we demonstrate that prostate SMCs are capable
of responding to LPS in vitro by changing their con-
tractile phenotype toward a secretory profile. This
altered phenotype exhibited a significant loss of
ACTA2 and calponin while increasing vimentin con-
tent, which is consistent with myofibroblastic-like cells.
Furthermore, the TLR4 signaling pathway and NF-kB
translocation were involved in this reaction as well as in
the cytokine secretion by SMCs after LPS challenge.

The process of SMC dedifferentiation and acqui-
sition of a secretory phenotype has been previously
described for other inflammatory conditions of many
organs, especially in the early development of

Fig. 4. Co-expressionofACTA2andvimentininmyofibroblast-likecellsafterLPStreatment.ControlSMCsexpressmainlyACTA2(A),while
in cells treated with1 mg/ml of LPS at 24 hr (B), the merged image shows vimentin (red) and ACTA2 (green), with ACTA2 predominating.
After 48 hr of treatment (C), co-expression ismaintainedwith predominant expression of vimentin.Nucleiwere stainedwithDAPI (blue).

Fig. 5. Tenascin-C expression in SMCs. RelativeQ3 amounts of
tenascin-C were measured by densitometric analysis of Western
blot (B), which demonstrated a significant increase in tenascin
expression after LPS stimulation in comparison with controls.
The values represent tenascin levels after normalization with
ACTB expressioninSMC.� versus controlP < 0.05,�� versus con-
trol P < 0.01.
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atherosclerosis [21] and in the progression of asthma
[14]. However, in the case of the prostate, the dediffer-
entiation of SMCs has been mainly investigated in
cancer and BPH, with dedifferentiated SMCs with lo-
ss of myosin, desmin, and laminin found to be localized
adjacent to precancerous sites and associated to cancer
development [8]. Moreover, the stromal compartment
accompanying prostatic intraepithelial neoplasia and
prostate cancer creates a wound repair-type process

called reactive stroma [20,22], in which the cellular
composition is severely altered from physiological
SMCs to a myofibroblastic phenotype. This new cellu-
lar pattern is more sensitive to the microenvironment,
being able to proliferate and produce matrix and
growth factors. Thus, myofibroblasts forming reactive
stroma are important elements in the progression of
prostate cancer [11]. Nevertheless, the alterations of the
prostatic stromal phenotype in other inflammatory

Fig. 6. Nuclear translocation ofNF-kB after LPS. SMCwere culturedwith LPS (1 mg/ml) for10, 30, or120 min.NF-kB nuclear localization
resulted in colocalization of p65 (red) and DAPI (blue) signals, producing purple fluorescence.The experiment was performed three times,
and thepictures correspond to a representative field for each timeperiod studied.

8 Leimgruberet al.

The Prostate



pathologies such as prostatitis have not yet been fully
explored.

Our group previously has described SMCs reacting
to bacterial inflammation, initially with hypertrophy
and then by acquiring a secretory phenotype in a rat
model of acute prostatitis [18]. In the present study, we
have confirmed that SMCs respond specifically to
bacterial LPS, with important changes occurring in
their fine structure. SMCs were found to increase pro-
teinpoietic organelles and mitochondria while decreas-
ing contractile filaments, indicating the loss of their
normal contractile phenotype after LPS treatment.
Furthermore, LPS-induced cellular proliferation and

expression of vimentin, with these cells co-expressing
ACTA2 and vimentin, thereby suggesting a myofibro-
blastic-like phenotype. A similar process was described
for vascular SMCs during the progression of athero-
sclerosis, where proinflammatory cytokines appeared
to be responsible for the transition from a contractile/
quiescent phenotype to a secretory proliferative one as
observed in these cells [23]. In asthma, recent evidence
indicates that SMCs secrete inflammatory mediators,
thus playing a role in orchestrating and perpetuating
airway inflammation and fibrosis [24].

There are many reports about SMCs being metabol-
ically dynamic cells in addition to their primary func-
tion in contraction [25]. Indeed, they are able to
recognize pathogen patterns through TLRs and to
respond secreting cytokines, chemokines, growth fac-
tors, and other immune mediators when stimulated by
specific TLR ligands. These findings have been dem-
onstrated at many sites, including the respiratory [26],
gastrointestinal [27], and vascular systems [16]. In the
prostate, we previously showed the presence of TLR4
in SMCs, whose expression was increased after acute
bacterial prostatitis and following castration [19].
Moreover, a recent report documented that SMCs from
BPH patients express all types of TLRs and harbor the
capacity to secrete IL8, CXCL10, and IL6 after proin-
flammatory stimuli. That work also suggested that
prostate SMCs could act as non-professional antigen-
presenting cells [7]. In addition, the present study dem-
onstrates that LPS upregulates TLR4, inducing nuclear
translocation of NF-kB and the subsequent secretion of
TNFa and IL6 in primary SMC cultures from normal rat
prostate, indicating a key role for SMCs in the innate
immune response against pathogens.

Since SMCs have been described to have a pivotal
function in the maintenance of stromal–epithelial inter-
actions [28],, their dedifferentiation and the loss of

Fig. 7. Cytokine production in SMCs stimulated by LPS. IL6 and
TNFa levels were measured by ELISA in supernatants.TNFa was
induced only after 48 hr of LPS treatment (A), while IL6 showed a
marked increase at both doses and the times evaluated (B). Data
refer tomean � SEfromthreeseparateexperiments.�versuscon-
trol, P < 0.05, �� versus control, P < 0.01. ANOVA-Tukey.

Fig. 8. Analysis of proliferation expressed as percentage of
BrdU positive cells. Proliferation was induced with the three
LPS doses applied. � versus control P < 0.05; �� versus control,
P < 0.01, ANOVA-Tukey.
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normal activity after inflammatory stimuli may induce
or contribute to proliferative pathologies such as pros-
tate cancer and BPH [29]. For BPH in particular, IL6
production by stromal cells has been described as a
potential autocrine growth factor with a proliferative
effect [30], which is consistent with the IL6 secretion
found in this work and the rise in proliferation. Certain
inflammatory mediators have been attributed to be able
to change the phenotype of prostatic stromal cells. For
instance, Schauer et al. [31] demonstrated that human
prostatic fibroblasts acquire a myofibroblastic pheno-
type after IL8 treatment, indicating that this molecule
could be implicated in the maintenance of reactive
stroma in BPH. However, our report is the first to show
that LPS can specifically induce SMC cultures to adopt
a myofibroblastic phenotype. Hence, in an in vivo
scenario, the myofibrablastic pattern occurring in many
prostatic diseases may be sustained not only by proin-
flammatory cytokines and growth factors but also by
the direct effects of pathogen compounds on stromal
cells.

In the prostate gland, our findings indicate that, even
in culture, prostatic SMCs are capable of responding to
proinflammatory LPS in the absence of contact with
epithelial or professional immune cells. Thus, SMCs
play a role in prostate gland response to bacterial
infection by releasing mediators to eliminate microor-
ganisms as well as sustaining and amplifying the
inflammatory profile observed in experimental pros-
tatitis [18]. However, the dedifferentiation of SMCs in
response to pathogen molecules alters the stromal–
epithelial interactions, thus compromising the homeo-
stasis of the prostate gland. Consequently, prostate
SMCs may contribute at the same time to the patho-
physiology of inflammatory diseases.
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