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Purpose: The present study aimed to determine the role played by B-defensin 124
(DEFB124) in the innate immunity of prostate epithelial RWPE-1 cells during bacterial
infection.

Materials and Methods: The expression of DEFB124 was examined by quantitative re-
al-time polymerase chain reaction (PCR), Western blotting, and immunocytoche-
mistry. Enzyme-linked immunosorbent assays and quantitative real-time PCR were
performed to determine the production of cytokines and chemokines. Western blotting
and chromatin immunoprecipitation studies were performed to assess the interaction
between DEFB124 and nuclear factor-kappa B (NF-«B) in peptidoglycan (PGN)-stimu-
lated RWPE-1 cells. By chemotaxis assay, we assessed the effect of DEFB124 on the
migration of monocytes.

Results: Exposure to PGN induced DEFB124 upregulation and NF-xB activation
through IxBo phosphorylation and IxBo degradation. Bay11-7082, an NF-«xB in-
hibitor, blocked PGN-induced DEFB124 production. Also, NF-«kB was shown to be a
direct regulator and to directly bind to the -3.14 kb site of the DEFB124 promoter in
PGN-treated human prostate epithelial RWPE-1 cells. When DEFB124 was overex-
pressed in RWPE-1 cells, interestingly, the production of cytokines (interleukin [IL]
6 and IL-12) and chemokines (CCL5, CCL22, and CXCL8) was significantly increased.
These DEFB124-upregulated RWPE-1 cells markedly induced chemotactic activity for
THP-1 monocytes.

Conclusions: Taken together, these results provide strong evidence for the first time
that increased DEFB124 expression via NF-xB activation in PGN-exposed RWPE-1
cells enhances the production of cytokines and chemokines, which may contribute to
an efficient innate immune defense.
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INTRODUCTION

Antimicrobial peptides (AMPs) are endogenous small mo-
lecular weight proteins that form important components
of the innate immune system and have broad-spectrum an-
timicrobial activity against bacteria, viruses, protozoa,
yeast, and fungi [1,2]. AMPs have been shown to be im-
portant in such diverse functions as antigen presentation,
angiogenesis, wound healing, and chemotaxis [3,4]. In hu-
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mans and other mammals, the two main AMP families are
defensins and cathelicidins [5,6]. Defensins contain six
highly conserved cysteine residues, which form three cys-
teine pairings, connected by disulfide bonds. On the basis
of sequence homology and the connectivity of the six con-
served cysteine residues, defensins are classified into three
structural families: o, B, and 6 [7,8]. Only o- and [-de-
fensins are present in humans [3].

Many more human B-defensins exist and are believed to
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be widely distributed in various types of epithelial cells
[9,10]. However, only a few human B-defensins have been
characterized thus far at the protein level. To date, more
than 28 members of the human B-defensin family have
been discovered [11]. B-Defensin 124 (DEFB124), a new
member of the human B-defensin family, was identified by
analysis based on hidden Markov chain models linked to
BLAST searches of the whole human genome [11].
Previously, we identified a list of human [B-defensins,
which are differentially expressed, among the toll-like re-
ceptors (TLR) agonists in RWPE-1 cells by using the
Mumina HumanHT-12 microarray. We found a sig-
nificantly high level of DEFB124 expression in peptidogly-
can (PGN)-stimulated RWPE-1 cells relative to other TLR
agonist-stimulated RWPE-1 cells (not published). These
results strongly suggested that DEFB124 expression is al-
so inducible in response to microbial organisms and proin-
flammatory stimuli, as described for other members of the
human B-defensins family. At present, however, the pre-
cise function of DEFB124 is not known. Therefore, the ob-
jective of this study was to examine the roles played by
DEFB124 in the innate immune responses of the human
prostate.

MATERIALS AND METHODS

1. Reagents and antibodies

PGN and the NF-xB inhibitor Bay11-7082 were purchased
from Sigma-Aldrich and Calbiochem, respectively. Rabbit
anti-IkBo antibody, rabbit antiphospho-IxkBa antibody,
rabbit NF-xB/p65 antibody, and normal rabbit im-
munoglobulin G (IgG) were purchased from Cell Signaling
Technology Inc. (Danvers, MA, USA). Mouse anti-ACTB
antibody and goat anti-DEFB124 antibody were purchased
from Santa Cruz Biotechnology Inc. (Dallas, TX, USA).

2. RWPE-1 cell culture

The immortalized human prostate epithelial cell line
(RWPE-1) was obtained from the American Type Culture
Collection. RWPE-1 cells were cultured in Keratinocyte-
SFM (K-SFM, Invitrogen Co., Carlsbad, CA, USA) supple-
mented with 0.05 mg/mL bovine pituitary extract (BPE)
and 5 ng/mL epidermal growth factor (EGF) in a humidified
atmosphere containing 5% COs.

3. Reverse transcription-polymerase chain reaction

Total RNA was isolated from RWPE-1 cells by using the
RNeasy kit (Qiagen, Hilden, Germany) according to the
manufacturer’s instructions. Complementary DNA (cDNA)
was synthesized from 2 ug total RNA by using 0.5 ug of oligo
dT primer according to the first-strand synthesis system
protocol (Promega Co., Madison, WI, USA). The following
primer set was used: human DEFB124 forward 5-ATG-
TGCCATCAGGGAGAAGT-3’ and reverse 5-TGCATAG-
GAGAGACAGCACA-3’ (131 bp). The specificity of the pri-
mers was tested by use of a GenBank basic local alignment
search tool. The polymerase chain reaction (PCR) con-
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ditions consisted of 1 cycle of 94°C for 5 minutes; 35 cycles
of 94°C for 30 seconds, 64°C for 30 seconds, and 72°C for 30
seconds; and 1 cycle of 72°C for 5 minutes. PCR products
were electrophoresed on a 1.5% agarose gel. Gels were pho-
tographed and analyzed by use of the Bio-Rad Molecular
Imager Gel Doc XR+ System (Bio-Rad Laboratories Inc.,
Hercules, CA, USA). Relative gene expression levels were
normalized to the expression of ACTB. All experiments
were repeated in triplicate.

4. Quantitative real-time RT-PCR

To measure the amount of mRNA in RWPE-1 cells, quanti-
tative real-time reverse transcription-PCR (RT-PCR)
analysis was performed by using the Rotor-Gene Q
(Qiagen). The primers used to amplify the selected genes
were purchased from Qiagen (QuantiTect Primer Assay).
The Rotor-Gene SYBR Green PCR kit (Qiagen) was used
to monitor amplification, and the results were evaluated
with Rotor-Gene Q series software. Reaction mixtures
were set up in a total volume of 25 puL by using 1 uL of cDNA
(diluted 1:100), 12.5 uL of SYBR Green PCR master mix
(Qiagen), and 20 pmol of each gene-specific primer. The re-
actions were performed by using a Rotor-Gene-Q machine.
The cycling conditions were as follows: 95°C for 5 minutes
and 40 cycles of 95°C for 5 seconds and 60°C for 10 seconds
with a single fluorescence measurement. Upon completion
of PCR, fluorescence was monitored continuously while
slowly heating the samples from 60°C to 95°C with a heat-
ing rate of 0.2°C/sec and a continuous fluorescence meas-
urement. The melting curves were used to identify any non-
specific amplification products. Quantitation of gene am-
plification was performed by determining the cycle thresh-
old (Cr) based on the fluorescence detected within the geo-
metric region of the semilog amplification plot. Expression
of each mRNA species was normalized to the expression of
B-actin (ACTB). Relative quantitation of target gene ex-
pression was evaluated by using the comparative CT meth-
od, and experiments were repeated at least three times by
using different sets of RWPE-1 cells.

5. Western blot

The constituent proteins of the epithelial cell extracts were
separated by sodium dodecyl sulfate-polyacrylamide gel
electrophoresis on a 10% separating gel and were then
transferred to a nitrocellulose membrane (Bio-Rad Labo-
ratories Inc.). The membrane was blocked for 1 hour in
Tris-buffered saline-Tween (TBST) containing 5% nonfat
dry milk. The blocked membranes were then incubated
with rabbit anti-IkBo antibody (1:1000), rabbit anti-
phospho-IkBo antibody (1:1000), goat anti-DEFB124 anti-
body (1:1000), and mouse monoclonal anti-ACTB antibody
(1:2000) in TBST. After incubation, membranes were in-
cubated with horseradish-peroxidase-conjugated an-
ti-rabbit IgG (1:2000) or antimouse IgG (1:2000) or anti-
goat IgG (1:4000) in TBST for 1 hour at room temperature
(RT). After each step, the membranes were washed several
times with TBST, and bound antibody was detected by us-
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ing an enhanced chemiluminescence detection system
(Amersham Biosciences Co., Piscataway, NJ, USA) accord-
ing to the manufacturer’s instructions.

6. Immunocytochemistry

RWPE-1 cells were grown on glass coverslips, fixed with 4%
paraformaldehyde for 40 minutes, and then permeabilized
with 0.1% Triton X-100 for 20 minutes at RT. Cells were
blocked with 3% bovine serum albumin (BSA; Sigma-
Aldrich Co., St. Louis, MO, USA) for 2 hours to block un-
specific binding of the antibodies and were incubated with
antibodies against DEFB124 at 4°C overnight. After wash-
ing, the cells were incubated with FITC-conjugated anti-
rabbit IgG (1:1000 dilution) for 1 hour at RT, and DNA was
counterstained with propidium iodide (Sigma-Aldrich
Co.). Coverslips were mounted with fluorescence mounting
medium (DAKO, Carpinteria, CA, USA). Fluorescence was
detected by confocal laser microscopy (Zeiss LSM 510).

7. Production of recombinant DEFB124

The vectors for DEFB124 overexpression were purchased
from ORIGENE (RC217724). The cells were then trans-
fected with either 4 ug of DEFB124-DDK-Myc vector or 4
ug of empty vector by using Lipofectamine 2000 in
Opti-MEM media according to the manufacturer’s direc-
tions. After 24 hours, the transfection medium was re-
placed with K-SFM containing BPE and EGF. After anoth-
er 24 hours, RWPE-1 cells were plated at a lower density
and were cultured in selection medium containing 400
ug/mL G418. The G418 concentration was reduced to 200
pg/mkL for 1 week for selection and was then reduced to 100
pug/mL for maintenance. The supernatants obtained from
cultured RWPE-1 cells transfected with empty vector or
DEFB124-DDK-Myc were concentrated with a 3-kDa mo-
lecular mass cutoff filter (EMD Millipore, Billerica, MA,
USA) and were stored at -80°C. Production of the recombi-
nant DEFB124-DDK-Myc protein was checked by Western
blot by use of anti-Myc antibody according to the manu-
facturer’s instructions.

8. Enzyme-linked immunosorbent assay

Cytokines and chemokines were measured by using the hu-
man inflammatory cytokines multianalyte ELISArray kit
(Qiagen) and human common chemokines multianalyte
ELISArray kit (Qiagen) according to the manufacturers’
instructions, respectively. Briefly, 50 uL of medium was in-
cubated in a 96-well plate for 1 hour at RT, followed by
washing steps, incubation with detection antibodies for 1
hour, washing, incubation with avidin-horseradish perox-
idase for 30 minutes, washing, development for 15 to 30 mi-
nutes, termination of the development with stop solution,
and colorimetric quantitation of cytokines or chemokines
by determination of the optical density at 450 nm.

9. Chromatin immunoprecipitation
Experiments were performed with the chromatin im-
munoprecipitation (ChIP) assay kit (Upstate Biotechnolo-
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gy, Charlottesville, VA 6) according to the manufacturer's
procedure. Briefly, 2x10 cells were treated with 1% form-
aldehyde for 10 minutes at 37°C. Subsequent procedures
were performed on ice in the presence of protease inhi-
bitors. Cross-linked cells were harvested, washed with
phosphate-buffered saline, and lysed in sodium dodecyl
sulfate lysis buffer (1% sodium dodecyl sulfate, 10 mM eth-
ylenediaminetetraacetic acid [EDTA], 50 mM Tris-HCI,
pH 8.1) for 10 minutes at 4°C. Chromatin was sonicated
with five 10-second pulses at 30% amplitude. After cen-
trifugation, the supernatant was diluted 10-fold with ChIP
dilution buffer (0.01% sodium dodecyl sulfate, 1.1% Triton
X-100, 1.2 mM EDTA, 16.7 mM Tris-HCI, pH 8.1, 167 mM
NaCl). Diluted extracts were precleared in the presence of
Protein G Agarose. One tenth of the diluted extract was
kept for direct quantitative PCR (input). The remaining ex-
tracts were incubated for 16 hours at 4°C in the presence
of 1 ug of anti-NF-kB/p65 antibodies or normal rabbit IgG
per mL, followed by incubation with Protein G Agarose for
1 hour. Following extensive washing, bound DNA frag-
ments were eluted by means of a 30-minute incubation in
elution buffer (1% sodium dodecyl sulfate, 0.1 M NaHCO3).
The DNA was recovered for 4 hours at 65°C in elution buffer
containing 200 mM NaCl and was then incubated in the
presence of proteinase K (20 ug/mL) for 1 hour at 45°C. DNA
was extracted in the presence of phenol-chloroform and
chloroform-isoamyl alcohol and was ethanol precipitated
before being subjected to real-time PCR.

10. Monocyte chemotaxis assay

Chemotaxis was assayed in 24-well plates containing
Transwell inserts with a pore size of 5 um (Corning Costar,
Thermo Fisher Scientific, Waltham, MA, USA). Briefly,
THP-1 cells were preincubated for 24 hours in serum-free
Rosewell Park Memorial Institute (RPMI) 1640 supple-
mented with 0.1% BSA (Sigma-Aldrich Co.). After starva-
tion, these cells were washed twice in PBS and were re-
suspended in RPMI 1640 containing 0.1% BSA. For each
well, 1x10° THP-1 cells were placed in the upper chamber
with a polycarbonate membrane at the bottom, and a che-
moattractant suspension was added in the lower chamber.
Chemoattractant suspensions consisted of a 50-fold con-
centrated culture medium from empty vector (control) or
DEFB1124-DDK-Myc transfected RWPE-1 cells. Mono-
cyte chemoattractant protein-1 (MCP-1) was used as a pos-
itive control in the assay because MCP-1 is a well-estab-
lished chemotactic substance for monocytes. After in-
cubation at 837°C for 24 hours, the cells that migrated to the
lower chamber were quantified by trypan blue dye
exclusion. Data are expressed as the fold increase over the
empty vector.

RESULTS
1. Upregulation of PGN-induced DEFB124 through NF-kB

activation
The expression of DEFB124 in RWPE-1 cells treated with
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FIG. 1. Peptidoglycan (PGN) induces gene expression of 3-defensin 124 (DEFB124) through nuclear factor-kappa B (NF-xB) activation
in RWPE-1 cells. (A) PGN induces DEFB124 mRNA expression. The RWPE-1 cells were treated with PGN (10 pg/mL) for the
indicated times and DEFB124 expression was determined by reverse transcription-polymerase chain reaction. (B) PGN leads to
NF-«B activation in RWPE-1 cells. The cells were stimulated with 10 pg/mL of PGN, and protein was extracted at the indicated time
points. The phosphorylation and ubiquitination of IkBo were examined by western blot. ACTB was used as an internal control. (C)
The activation of NF-kB is required for the upregulation of PGN-induced DEFB124. The RWPE-1 cells were treated with PGN or
NF-xB inhibitor Bay11-7082 (10 uM), and the concentration of secreted DEFB124 protein was measured in the culture supernatant
by enzyme-linked immunosorbent assay. Concentrations are picograms of protein per mL, and data are the mean results of three
distinct experiments. Different letters indicate significant differences at p<0.0001. (D) PGN induces DEFB124 production through
NF-«B activation. The RWPE-1 cells were treated with PGN or Bay11-7082, and reduced production of PGN-induced DEFB124
protein was evaluated by immunocytochemistry. RWPE-1 cells were fixed in 4% paraformaldehyde, stained with anti-DEFB124
antibody (green), and counterstained with PI (red) for DNA staining. (E) NF-xB interacts with DEFB124 chromatin structure. NF-kB
directly binds at the -3.14 Kb site of DEFB124 in PGN-stimulated RWPE-1 cells. Results, normalized for the input DNA and
expressed as the relative enrichment of immunoprecipitated PGN-treated RWPE-1 cells compared to the untreated control RWPE-1
cells, are the means of three independent experiments. The site difference from the consensus NF-«B binding sequences (CBS) are
indicated by asterisks. CBS, GGGRNNYYCC; R, purine; Y, pyrimidine. Different letters indicate significant differences at p<0.0001.
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PGN was evaluated by RT-PCR. The DEFB124 transcript
was more highly expressed in PGN-stimulated RWPE-1
cells than in untreated RWPE-1 cells (Fig. 1A). To de-
termine whether PGN leads to NF-«B activation in
RWPE-1 cells, we performed Western blot analysis for
phosphorylated IxBo and IxkBo protein. The maximal
phosphorylation of IkBo was detected at 5 minutes after
PGN stimulation, but thereafter phosphorylation gradu-
ally decreased (Fig. 1B). In contrast, total IkBa was ubiq-
uitinated within the same PGN stimulation periods (Fig.
1B). The results showed that PGN induced NF-xB
activation. To determine the effect of NF-kB activation on
the production of DEFB124, Bay11-7082 was used to block
NF-kB activation. Bay11-7082 led to a decrease in PGN-in-
duced DEFB124 production by RWPE-1 cells (Fig. 1C). The
NF-«B inactivation had inhibitory effects on PGN-induced
DEFB124 protein production, which were additionally
confirmed by immunocytochemistry staining (Fig. 1D).
Taken together, these results suggest that PGN induces in-
creases in the expression of DEFB124 through NF-xB
activation. To determine whether this regulation of ex-
pression was direct, we performed ChIP analysis. After
NF-«xB/p65 immunoprecipitation, binding of NF-xB/p65
protein to the DEFB124 promoter was analyzed by quanti-
tative real-time PCR Cr values of the promoter region con-
taining a kappa-B (kB) regulatory element. The level of
NF-kB/p65 binding to the DEFB124 promoter was higher
in PGN-induced RWPE-1 cells relative to untreated
RWPE-1 cells (Fig. 1E). The binding site for NF-xB (-3142
to -3152) in the proximal promoter region of DEFB124 was
presented (Fig. 1E). These results imply that NF-xB is a
direct regulator of PGN-stimulated DEFB124 production.

was used as an internal control. Aste-
risk represents statistical significance
at p<0.0001. (B) Upregulation of
DEFB124 protein. DEFB124 protein
was evaluated by western blot by using
antibodies against DEFB124 and Myec.
ACTB was used as an internal control.

2. DEFB124 upregulation induces the gene expression of
cytokines and chemokines

The RWPE-1 cells were transfected with DEFB124-
DDK-Myec vector or empty vector, and the upregulation of
DEFB124 was determined by quantitative real-time PCR
and western blot. High levels of DEFB124 mRNA ex-
pression were detected in DEFB124-DDK-Myec-trans-
fected RWPE-1 cells relative to its expression in empty vec-
tor-transfected RWPE-1 cells (Fig. 2A). Also, subsequent
DEFB124 protein production was markedly increased in
DEFB124-DDK-Myc-transfected RWPE-1 cells (Fig. 2B).
To determine whether upregulation of DEFB124 ex-
pression leads to the production of cytokines and chemo-
kines, we measured the expression levels by quantitative
real-time PCR. Interestingly, as shown in Fig. 3A and 3B,
DEFB124 upregulation significantly enhanced the ex-
pression of cytokines (interleukin [IL] 1a, IL-18, IL-6, and
IL-12) and chemokines (CCL5, CCL20, and CXCLS8) com-
pared with endogenous DEFB124 expression. Subsequen-
tly, the amount of cytokines and chemokines secreted into
the culture supernatant was evaluated by enzyme-linked
immunosorbent assay (ELISA). In DEFB124-increased
RWPE-1 cells, the production of cytokines, such as IL-2,
IL-6, and IL-12, was significantly higher than in emp-
ty-vector-transfected RWPE-1 cells (Fig. 3C). Additional-
ly, the levels of cytokines, such as CCL2, CCL5, CCL22, and
CXCLS, were also upregulated by DEFB124 overexpre-
ssion (Fig. 3C).

3. DEFB124-induced cytokines and chemokines promote

THP-1 monocyte chemotaxis
To determine whether increased DEFB124-induced cyto-
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FIG. 3. Beta-Defensin 124 (DEFB124) upregulation induces increased production of cytokines and chemokines. DEFB124 promotes
mRNA expression for cytokines (A) and chemokines (B) in DEFB124-induced RWPE-1 cells. The mRNA expression of these genes was
determined by using quantitative real-time polymerase chain reaction. Relative expression levels of each gene were calculated from
cycle threshold values and were normalized with ACTB, and the expression ratio was calculated against the expression of each gene
in the empty vector-transfected RWPE-1 cells. Experlments were repeated at least three times, and data are expressed as the
meanzstandard error of the mean (SEM). Asterisks, and , represent statistical significance at p<0.05 and p<0.01, respectively.
(C) DEFB124 is required for cytokine and chemokine production. Supernatants from empty vector- or DEFB124-DDK-Myc-
transfected RWPE-1 cells were collected. The concentrations of cytokines and chemokines in supernatant were measured by
multianalyte enzyme-linked immunosorbent assay (ELISA). The diagram shows mean ELISA absorbance values (450 nm) for

triplicates with the error bars representing the SEM. Asterisks (", and

p<0.0001, respectively. IL, interleukin.

kines and chemokines led to chemotaxis in THP-1 mono-
cytes, we tested the direct effects of DEFB124-induced cy-
tokines and chemokines on monocyte migration by using
Transwell assays in which THP-1 monocytes added to the
upper chamber migrated in response to chemotactic stim-
uli added to the lower chamber. As expected, DEFB124-in-
duced cytokines and chemokines effectively increased
monocyte migration by 2.6-fold compared with the emp-
ty-vector-induced stimuli-treated control group (Fig. 4).

Korean J Urol 2014;55:417-425

") represent statistical significance at p<0.02, p<0.005, and

DISCUSSION

Human -defensins are one of the key components of innate
immunity, which is the first defense against infection.
Besides their common function in the inhibition of bacte-
rial growth, all B-defensins show marked differences in tis-
sue expression, gene regulation, and bioactivities of the hu-
man innate immune system [12,13]. By use of bioinfor-
matics approaches, the members of the B-defensins family
were identified according to a conserved pattern of six cys-
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FIG. 4. Beta-Defensin 124 (DEFB124)-mediated upregulation of
cytokines and chemokines promote chemotactic response of
THP-1 monocytes. DEFB124- or DEFB124-mediated cytokines
and chemokines induce chemotaxis for THP-1 monocytes.
THP-1 cells (1x10° cells) were added to the upper chamber, and
the lower chamber contained supernatants from either the
empty vector- or DEFB124-DDK-Myc-transfected RWPE-1
cells. The results are presented as a migration index denoting
the fold increase of cell migration over the empty vector.
Monocyte chemoattractant protein-1 (MCP-1) (100 ng/mL) was
used as a positive control. Results are representative of three
independent experiments. Asterisk represents statistical
significance at p<0.02.

teine residues. To date, more than 28 members have been
assigned [11]. Our previous research on human [B-de-
fensins by use of Illumina HumanHT-12 microarray
showed that various microbial compounds induce the vari-
ous human [-defensins (data not published). Among the
B-defensins, we found a significantly high level of
DEFB124 expression in PGN-stimulated RWPE-1 cells
(Fig. 1A). In the present study, we examined the intra-
cellular signaling pathways and nuclear response in pros-
tate epithelial cells that contribute to the gene induction
of DEFB124 upon stimulation with PGN. Also, we exam-
ined the effects of DEFB124 on innate immunity in the
prostate, such as monocyte chemotaxis.

Until now, the regulation of DEFB124 expression in
prostate epithelial cells has not been reported. Therefore,
we analyzed the regulation of expression of prostate epi-
thelial DEFB124. We provide evidence that PGN induces
the activation of the NF-kB transcription factor in RWPE-1
cells (Fig. 1B). NF-xB is an essential intracellular signal
in both innate and adaptive immunity, which induces the
activation of B-defensins [14,15]. Signal transduction
through NF-xB is initiated through the binding of ligands
to the cell membrane receptors, which leads to activation
of the IxB kinase (IKK) complex and subsequent phosphor-
ylation of NF-kB inhibitors (IkBo or IxBp). Phosphoryla-
tion targets the inhibitor to ubiquitination and proteaso-
mal degradation, thus activating NF-xB. Active NF-xB
translocates into the nucleus where it binds to the promoter
region of genes [16,17]. Our IxBo Western blotting data
demonstrated that PGN induced NF-xB activation (Fig.
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1B), and the requirement for PGN-induced DEFB124 ex-
pression was confirmed by NF-kB inhibitor experiment.
Bay11-7082, a chemical inhibitor of NF-«B, is an inhibitor
of IKK that almost completely silenced DEFB124 ex-
pression, as induced by PGN (Fig. 1C, D). These findings
showed the necessity of NF-kB for DEFB124 production.
Several other studies have demonstrated that NF-kB con-
sensus sequences are identified in B-defensins in the prox-
imal promoter region [18-20]. We provide evidence that the
binding site for the transcription factor NF-«B is found in
the proximal promoter of the DEFB124 gene (Fig. 1E).
Consequently, we conclude that the proximal NF-«xB site
is required for the induction of the DEFB124 gene in re-
sponse to PGN.

Cytokines are key regulators of inflammation and im-
munity, and modulation of their function has enormous po-
tential for therapeutic benefit in the treatment of numer-
ous diseases and autoimmune pathologies [21,22]. In addi-
tion, chemokines play a crucial role in coordinating adap-
tive immune responses [23,24]. Several studies have dem-
onstrated that not only do B-defensins act as chemo-
attractants themselves, but each human B-defensin in-
duces unique patterns of cytokine and chemokine induc-
tion. Although B-defensin-stimulated secretion of cyto-
kines and chemokines is reported, the effectiveness of
DEFB124 to elicit cytokine and chemokine responses has
not been examined. Therefore, a comprehensive study is
needed to understand the role of DEFB124 in stimulating
cytokine and chemokine production in RWPE-1 cells.

In our investigation, we created DEFB124-expressing
RWPE-1 cells (Fig. 2). Like other B-defensins tested so far,
DEFB124 upregulation caused cytokine and chemokine
induction (Fig. 3). Although quantitative real-time PCR
analysis indicated an increased level of cytokines and che-
mokines in DEFB124-expressing RWPE-1 cells, ELISA
analysis concluded that the results obtained from the
quantitative real-time PCR analysis were not entirely reli-
able (Fig. 3). We observed that the mRNA expression and
protein secretion of IL-6 and IL-12 were upregulated in
DEFB124-expressing RWPE-1 cells (Fig. 3). IL-6 is struc-
turally homologous to IL-12 [22] but its function varies
from that of IL-12. IL-6 plays an important role in the stim-
ulation of B lymphocytes for antibody production, and to-
gether with tumor necrosis factor-o, it may boost the pro-
liferation and differentiation of B cells [25]. In addition,
previous reports have shown that IL-12 may play an im-
portant role in inducing the development of autoimmunity
[21,26]. These results suggest that DEFB124-expressing
RWPE-1 cells secrete cytokines, such as IL-6 and IL-12, to
activate and regulate the inflammatory and immune re-
sponses of both innate and adaptive immunity.

Our observations also demonstrated that DEFB124 in-
duces or upregulates various other chemokines, such as
CCL5, CCL22, and CXCLS (Fig. 3). Chemokines are mainly
produced by lymphocytes, monocytes, macrophages, and
epithelial cells, but are especially produced by activated
NK cells [24,27,28]. Chemokines regulate the migration of
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antigen-presenting cells, including dendritic cells, macro-
phages, and monocytes [23,29]. This work suggests that
DEFB124-expressing RWPE-1 cells recruit immune cells
to the site of infection by secreting chemokines and chemo-
kines, such as IL-6, IL-12, CCL5, CCL22, and CXCLS.

Numerous studies have previously demonstrated that
B-defensins can function as potent immune regulators, al-
tering host gene expression, acting as chemokines or induc-
ing chemokine production, promoting wound healing, and
modulating the responses of immune cells of the adaptive
immune response [8,9]. To complete our study, we inves-
tigated the chemotaxis action of DEFB124- and DEFB124-
induced cytokines and chemokines. Our results clearly
showed that DEFB124-induced cytokines and chemo-
kines, as revealed by quantitative real-time PCR and
ELISA analysis, correlated with the induction of chemo-
tactic activity in DEFB124-expressing RWPE-1 cells (Fig.
4). We recently identified DEFB124 as being responsible
for the chemotactic effect of DEFB124-induced cytokines
and chemokines on monocyte THP-1 cells (Fig. 4). The che-
motactic activities of DEFB124 indicate that they contrib-
ute to the recruitment of immune cells within sites of
infection. These studies suggest that DEFB124 might
function as a bridge between innate and adaptive im-
munity by recruiting inflammatory cells.

CONCLUSIONS

Our study presents the first report of the association of
DEFB124 with innate immunity in the prostate. In this
study, we observed that DEFB124 expression was mark-
edly increased through NF-«B activation in combating in-
fection, such as PGN stimulation. Also, our results demon-
strated that increased DEFB124 induced the upregulation
of cytokines and chemokines in RWPE-1 cells, and the sub-
sequent chemotactic response of immune cells, which sug-
gests that DEFB124 may affect the promotion of innate im-
munity in the prostate epithelium. Taken together, our re-
sults suggest DEFB124 as an essential immune regulator
that is pivotal for promotion of innate immunity in the
prostate.
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