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Fluoroquinolones exhibit immunomodulatory effects on monocytes and macrophages, in addition to their
bactericidal activities. It remains unknown even whether the quinolones act directly on the prostate. This study
was based on the understanding of the molecular mechanisms of the actions of the fluoroquinolones that can
be used for the treatment of chronic prostatitis/chronic pelvic pain syndrome. We investigated whether the
6-fluroro-8-methoxy quinolone gatifloxacin (GFLX) affected the production and secretion of interleukin-8
(IL-8) in the prostate cell line PC-3. GFLX decreased the level of IL-8 release from unstimulated PC-3 cells.
GFLX also attenuated IL-8 secretion from PC-3 cells stimulated with peptidoglycan, Mycoplasma hominis,
phorbol ester, and tumor necrosis factor alpha (TNF-�), indicating that GFLX exhibits an anti-inflammatory
effect on the prostate cell line. However, GFLX failed to alter activation of the NF-�B and AP-1 elicited by these
stimulants. GFLX significantly attenuated the expression of IL-8 mRNA in TNF-�-stimulated PC-3 cells and
down-regulated the transcriptional activity of the 5�-flanking region of the IL-8 gene from �1481 to �44 bp.
The deletion construct without the 5�-flanking region from �1481 to �170 bp but not the construct without the
region from �1481 to �188 bp reversed the suppressive effect of GFLX on IL-8 promoter activity. These results
demonstrate that GFLX suppresses IL-8 expression in the prostate cell line by decreasing the promoter activity
of the IL-8 gene.

Fluoroquinolones exhibit bactericidal activity by inhibiting
bacterial DNA gyrase and topoisomerase (6). The quinolones
readily penetrate into cells and express intracellular antibacte-
rial effects. In addition to the bactericidal activities, fluoro-
quinolones modulate the production and secretion of cyto-
kines. Ciprofloxacin inhibits the synthesis of tumor necrosis
factor alpha (TNF-�), interleukin-1 (IL-1), and IL-6 in human
monocytes (5, 30). Moxifloxacin inhibits IL-1�, IL-1�, IL-8,
and TNF-� from lipopolysaccharide (LPS)-stimulated mono-
cytes but not pansorbin-stimulated monocytes (4, 32), whereas
it does not affect the production of IL-4, IL-6, or IL-12. Grepa-
floxacin inhibits the synthesis of the IL-1�, TNF-�, and IL-8
proteins and the expression of their mRNAs in LPS-stimulated
monocytes; but it stimulates the synthesis of IL-2 (10, 25).
Levofloxacin augments IL-2 production by monocytes but de-
creases IL-1� production. IL-8 production is negligibly af-
fected by levofloxacin (34). These studies indicate that fluoro-
quinolones exhibit immunomodulatory effects. Although the
diverse effects of these quinolones have been described, the
results vary between the different stimuli used and the in vitro
methods applied. Monocytes and macrophages have been used
in most of these previous studies.

Proinflammatory cytokines appear to be one of what are
believed to be multiple etiologies in chronic prostatitis (2, 22).

IL-8 levels have been shown to be frequently elevated in the
prostatic secretions of men who have been diagnosed with NIH
category III prostatitis compared with those in the prostatic
secretions of healthy controls (12), suggesting that IL-8 could
be responsible, at least in part, for triggering prostatitis. The
balance between the effects of proinflammatory and anti-in-
flammatory cytokines determines the outcome of prostatitis
(15). Fluoroquinolones have been used for the treatment of
prostatitis (3, 23), since these drugs are highly transferable
from plasma to prostate tissue (1, 26). Fluoroquinolones are
clinically effective even in patients with nonbacterial prostatitis
(33), presumably because of their immunomodulatory activi-
ties. However, the mechanism by which these drugs modulate
the production and secretion of cytokines is not completely
understood. In addition, it remains unknown even whether the
fluoroquinolones act directly on the prostate.

In this study we investigated whether the 6-fluoro-8-methoxy
quinolone gatifloxacin (GFLX) affects the production and se-
cretion of IL-8 in the prostate cell line PC-3. This is the first
report to show that a fluoroquinolone functions as an inhibitor
of IL-8 secretion from the prostate cell line.

MATERIALS AND METHODS

Cells and reagents. Human prostate cancer cell line PC-3 was obtained from
ATCC. The cells were maintained in RPMI 1640 medium (Nissui) containing
10% fetal calf serum, 100 U/ml penicillin, and 100 U/ml streptomycin (Gibco
BRL/Life Technologies, Inc., Gaithersburg, MD) at 37°C in a humidified incu-
bator containing 5% CO2 in air. It was proven that the cell line was negative for
Mycoplasma infection when it was analyzed with a Mycoplasma detection kit
(Roche). The 6-fluoro-8-methoxy quinolone GFLX was kindly provided by
Kyorin Pharmaceutical Co., Tokyo, Japan. Peptidoglycan (PGN) from Staphylo-
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coccus aureus was obtained from Fluka. Human recombinant TNF-� was ob-
tained from Peprotech EC Ltd. (London, United Kingdom). The membrane
fraction of Mycoplasma hominis was prepared as described previously (14).
Phorbol 12-myristate 13-acetate (PMA) was obtained from Sigma.

GFLX preparation. GFLX was dissolved in 0.1 N NaOH at a concentration of
2 mg/ml. The very small amount of the GFLX solution (diluted from 125 to 1,000
times) was added into the culture. The same amount of 0.1 N NaOH was added
as a control.

Cell viability. To examine the cytotoxicity of GFLX on the prostate cell line,
the cells were plated at 5 � 104 cells per well in 96-well plates. After 24 h of
incubation, GFLX was added at the indicated concentrations and the cells were
incubated for 48 h. A modified method with 3-(4,5-dimethylthiazol-2-thiazoly)-
2,5-diphenyltetrazolium bromide was finally performed by using a cell counting
kit (cell counting kit 8; Dojindo, Kumamoto, Japan), according to the manufac-
turer’s instructions.

Determination of IL-8 protein levels. To measure IL-8 protein levels in culture
supernatants, PC-3 cells were plated at 2 � 105 cells per well in 24-well plates.
After 24 h of incubation, the supernatants were exchanged for serum-free RPMI
1640 medium after the cells were washed once with phosphate-buffered saline.
GFLX was added at the indicated concentrations. After further incubation for
24 h, the concentrations of IL-8 in the medium were determined by an enzyme-
linked immunosorbent assay by using an OptEIA human IL-8 set (Pharmingen,
San Diego, CA), according to the manufacturer’s instructions. TNF-� and IL-6
levels were also determined by an L929 cell bioassay (7) and with a human IL-6
chemiluminescent enzyme immunoassay kit (Fujirebio), respectively.

Reporter gene assay. PC-3 cells were plated at 4 � 104 cells/well in 24-well
plates. After 24 h of incubation, the cells were transiently transfected by use of
the FuGENE 6 transfection reagent (Roche Molecular Biochemicals, Basel,
Switzerland) with 179.1 ng of an NF-�B reporter construct (pNF-�B–Luc; Stra-
tagene, La Jolla, CA) or an AP-1 reporter construct and 20.8 ng of a construct
that directed the expression of the Renilla luciferase under the control of the
constitutively active thymidine kinase promoter (pRL-TK; Promega, Madison,
WI). Twenty-four hours after transfection, GFLX was added at a concentration
of 16 �g/ml and the cells were incubated for 24 h. The medium was then
exchanged for serum-free RPMI 1640 medium and GFLX was added again at
the same concentration. The cells were then stimulated with M. hominis, PGN,
PMA, or TNF-�. The stimulation with M. hominis, PGN, or PMA was performed
for 6 h; and the supernatants were collected to measure the concentration of IL-8
protein. The stimulation with TNF-� was carried out for 2 h. Luciferase activity
was measured with the dual luciferase reporter assay system (Promega), accord-
ing to the manufacturer’s instructions.

RT-PCR. Reverse transcription-PCR (RT-PCR) was performed to examine
the effect of GFLX on the expression of IL-8 mRNA. PC-3 cells were plated at
4 � 105 cells per well in 35-mm2 dishes. After 24 h of incubation, GFLX was
added at 16 �g/ml and the cells were incubated for an additional 48 h. The
medium and GFLX were refreshed every 24 h. The supernatants were then
exchanged for serum-free RPMI 1640 medium after the cells were washed once
with phosphate-buffered saline. GFLX was added again at the same concentra-
tion, and the cells were stimulated with 10 ng/ml TNF-� for 4 h. After the
incubation, total cellular RNA was isolated from the cells by using the TRIzol
reagent (Life Technologies, Grand Island, NY). A cDNA pool was obtained
from 200 ng of RNA by using 200 units of Superscript reverse transcriptase (Life
Technologies) and 0.5 �g of oligo(dT)12–18 primer (Life Technologies). PCR
amplification was performed with Taq polymerase (Promega). For the expression
of IL-8 mRNA, 23 cycles of amplification were performed at a denaturing
temperature of 95°C for 1 min and with annealing at 60°C for 1 min and
extension at 72°C for 2 min, after incubation at 95°C for 5 min. For �-actin, 23
cycles of amplification were carried out at a denaturing temperature of 94°C for
1 min and with annealing at 54°C for 1 min and extension at 72°C for 2 min. The
oligonucleotide primers used for IL-8 were sense primer 5�-CTTGGCAGCCT
TCCTGATTT-3� and antisense primer 5�-TCAAAAACTTCTCCCGACTC-3�.
The primers used for �-actin were sense primer 5�-CTGTCTGGCGGCACCA
CCAT-3� and antisense primer 5�-GCAACTAAGTCATAGTCCGC-3�. The
PCR products were electrophoressed and visualized on a 1% agarose gel after
they were stained with ethidium bromide. The expected sizes of the PCR prod-
ucts for IL-8 and �-actin were 265 bp and 285 bp, respectively. The UV-illumi-
nated gels were photographed, and the densitometric analysis was performed by
using Luminous 2.0.

Promoter activity of the 5�-flanking region of IL-8 gene in PC-3 cells. Trans-
fection vectors containing fusion genes of the 5�-flanking sequences of the IL-8
gene and a luciferase reporter gene were constructed from a pGL3-Basic vector
(Promega). The 5�-flanking region of the IL-8 promoter, a 1,525-bp EcoRI-
HindIII fragment spanning from �1481 to �44 bp (the numbering is based on

the sequence of the IL-8 gene reported by Mukaida et al. [20]) or its sequentially
deleted fragments (starting from �415, �240, �188, �170, �129, and �62 to
�44 bp), was prepared by PCR and cloned into luciferase expression vectors
between unique XhoI and HindIII sites of the pGL3-Basic vector (Promega).
PC-3 cells were plated at 4 � 104 cells/well in 24-well plates. After 24 h of
incubation, the cells were transiently transfected with the FuGENE 6 transfec-
tion reagent (Roche Molecular Biochemicals) with 179.1 ng of the IL-8 gene
constructed in the pGL3-Basic vector and 20.8 ng of pRL-TK. Twenty-four hours
after transfection, the cells were preincubated with GFLX at a concentration of
16 �g/ml for 24 h. After the preincubation, the medium was exchanged for
serum-free RPMI 1640 medium. GFLX was then added again at the same
concentration and the cells were stimulated with 10 ng/ml of TNF-� for 2 h.
Finally, luciferase activity was measured as described above.

Statistical test. Statistical analysis was performed by Fisher’s protected least sig-
nificant difference test. P values of 	0.05 were considered statistically significant.

RESULTS

Cell viability. We first examined the effect of GFLX on the
viability of PC-3 cells. When GFLX at 2, 4, and 16 �g/ml was
incubated with PC-3 cells for 48 h, the cell viabilities deter-
mined were 97.6% 
 11.7%, 100% 
 13.3%, and 96.6% 

7.5%, respectively (the values are mean 
 standard deviation
[SD; n � 3] percentage of the viability of the controls not
treated with GFLX). These results indicate that GFLX at 2 to
16 �g/ml does not exhibit cytotoxicity on PC-3 cells.

GFLX decreases IL-8 release from unstimulated PC-3 cells.
PC-3 cells continuously secrete low levels of IL-8 under un-
stimulated conditions (Fig. 1A). We first determined whether
GFLX affected the basal level of secretion of IL-8 from PC-3
cells. GFLX decreased the basal level of secretion of IL-8 in a
concentration-dependent manner. When 4 �g/ml and 16 �g/ml
of GFLX were incubated with the cells, the levels of IL-8
secretion were significantly suppressed by 22% and 38%, re-
spectively. We also examined whether GFLX affected the se-
cretion of other cytokines. GFLX did not significantly reduce
the basal level of secretion of TNF-� or IL-6 from PC-3 cells
(Fig. 1B and C). Thus, the inhibitory effect of GFLX is sug-
gested to be specific for IL-8 secretion.

GFLX attenuates IL-8 secretion from PC-3 cells stimulated
with peptidoglycan, Mycoplasma hominis, PMA, and TNF-�.
We next examined whether GFLX attenuated the secretion of
IL-8 from stimulated PC-3 cells. PGN derived from S. aureus
and the membrane fraction of M. hominis dramatically in-
creased the level of IL-8 secretion from PC-3 cells (Fig. 2A).
Addition of GFLX to the cells incubated with PGN and M.
hominis resulted in reductions in the levels of IL-8 release by
42% and 52%, respectively. PMA is a potent stimulant of IL-8
secretion in PC-3 cells, and the PMA-stimulated IL-8 release
was also suppressed by 34% (Fig. 2C). TNF-� increased the
level of IL-8 secretion only twofold, but GFLX significantly
attenuated the level of TNF-�-induced IL-8 secretion (Fig.
2E). We also determined whether GFLX affected the level of
LPS-induced IL-8 secretion from PC-3 cells. When PC-3 cells
were stimulated with LPS (0.1 and 1 ng/ml), the levels of
LPS-elicited IL-8 secretion were significantly decreased by
19% and 16%, respectively (P 	 0.02 and P 	 0.05, respec-
tively), in the presence of GFLX; the levels of IL-8 secretion
stimulated by 0.1 and 1 ng/ml LPS were 69.5 
 3.4 ng/ml and
63.2 
 2.1 ng/ml (means 
 SDs; n � 3), respectively. Taken
together, these results clearly demonstrate that GFLX sup-
presses the level of IL-8 secretion from PC-3 cells under un-
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stimulated and stimulated conditions and indicate that GFLX
possesses an immunomodulatory effect, in addition to antimi-
crobial activity. In these experiments, GFLX was preincubated
with the cells before stimulation with agonists. Thus, we exam-
ined the effects of simultaneous treatment or posttreatment
with GFLX on the level of IL-8 secretion from PC-3 cells. The
simultaneous addition of GFLX with TNF-� (5 to 25 ng/ml)
reduced the levels of IL-8 secretion by 37 to 47% (Fig. 3).
Addition of GFLX 30 min after TNF-� stimulation also inhib-
ited the levels of IL-8 secretion by 25 to 47%. Addition of
GFLX 60 min after TNF-� stimulation tended to decrease the
level of IL-8 secretion, although the inhibitory effects became
weaker. Taken together, GFLX appears to be effective in de-
creasing the IL-8 secretion even after stimulation of the cells.

GFLX does not alter activation of NF-�B or AP-1. Since the
increased levels of IL-8 secretion produced by PGN, M. homi-
nis, PMA, and TNF-� are accompanied by the activation of
transcription factors, including NF-�B and AP-1, we examined
the effects of GFLX on the activities of these transcription
factors. NF-�B was activated when the cells were stimulated

with PGN, M. hominis, and TNF-� (Fig. 2B and F). Inclusion
of GFLX in the cell culture did not alter the level of activation
of NF-�B compared with that by cells cultured without GFLX.
PMA increased the level of AP-1 activation very slightly, but
GFLX exhibited almost no effect on the level of AP-1 activa-
tion in cells with or without PMA activation (Fig. 2D). These
results indicate that GFLX does not alter the activation of
NF-�B or AP-1.

GFLX reduces the expression of IL-8 mRNA. Since GFLX
attenuates the release of the IL-8 protein from PC-3 cells, we
next determined whether GFLX altered IL-8 expression at the
mRNA level. When the cells were stimulated with TNF-�, a
significant band of the PCR product for IL-8 mRNA was

FIG. 1. GFLX attenuates the basal level of secretion of IL-8 from
unstimulated PC-3 cells. PC-3 cells were plated at 2 � 105 cells/well in
24-well plates. After 24 h of incubation, the culture medium was
refreshed with serum-free RPMI 1640 medium; GFLX was then added
at the indicated concentrations, and the cells were incubated for 24 h.
After the incubation, the culture medium was collected and the con-
centrations of IL-8 (A), TNF-� (B), and IL-6 (C) in the medium were
determined as described in Materials and Methods. The data shown
are the means 
 SDs for three experiments. *, P 	 0.05 compared with
the results for cells not incubated with GFLX; **, P 	 0.005 compared
with the results for cells not incubated with GFLX.

FIG. 2. GFLX suppresses stimulated IL-8 secretion from PC-3
cells but fails to alter the activation of NF-�B and AP-1. PC-3 cells
were plated at 5 � 104 cells per well in 24-well plates. After 24 h of
incubation, the cells were transiently transfected by use of the FuGENE
6 transfection reagent with 179.1 ng of an NF-�B or an AP-1 reporter
construct and 20.8 ng of pRL-TK. GFLX was added at 16 �g/ml after 24 h
of incubation. Forty-eight hours after transfection, the cells were stim-
ulated with 1 �g/ml PGN (A and B), 0.1 �g/ml M. hominis (A and B),
or 50 �g/ml PMA (C and D) for 6 h or with 10 ng/ml TNF-� (E and
F) for 2 h. The concentrations of IL-8 secreted into the medium (A, C,
and E) were determined by an enzyme-linked immunosorbent assay,
and the luciferase activities for NF-�B (B and F) and AP-1 (D) were
measured by the dual luciferase reporter assay described in Materials
and Methods. Open and closed bars, incubation without and with
GFLX, respectively. The data shown are the means 
 SDs for three
experiments. P 	 0.02 and P 	 0.05 indicate the P values for the results
for incubation with GFLX compared with the results for incubation
without GFLX.
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observed (Fig. 4A). When the cells were coincubated with
GFLX and TNF-�, the band for IL-8 mRNA became thinner,
although the bands for �-actin mRNAs did not appear to be
different. The ratio of the IL-8/�-actin band intensities signif-
icantly decreased for cells incubated with GFLX compared
with the ratio for cells not incubated with GFLX (Fig. 4B).
These results demonstrate that GFLX suppresses IL-8 mRNA
expression.

GFLX down-regulates IL-8 gene promoter activity. To ex-
amine the effect of GFLX on the transcriptional activity of
the IL-8 gene, we transfected the fusion genes consisting of
the 5�-flanking region (the sequence from �1481 to �44 bp)
of the IL-8 gene and a luciferase reporter gene into PC-3 cells
stimulated with TNF-� in the presence or the absence of
GFLX (Fig. 5). When the cells were stimulated with TNF-�,
the reporter gene construct of the IL-8 promoter, including the
binding sites for HNF-1, GRE, AP-1, and NF-�B, exhibited a
significantly increased level of promoter activity compared with
that of the cells not stimulated (Fig. 5 and 6). Addition of
GFLX to the cells stimulated with TNF-� decreased the level
of IL-8 promoter activity. When the cells were incubated with
16 �g/ml of GFLX, IL-8 promoter activity was significantly
attenuated. The results correlate well with those showing that
GFLX suppresses IL-8 mRNA expression. Taken together,
these results support the idea that GFLX suppresses IL-8
mRNA expression and attenuates IL-8 release from the cells
by decreasing the level of IL-8 promoter activity.

We next constructed six deletion mutants of the IL-8 pro-
moter and examined the promoter activity in the presence or
the absence of GFLX (Fig. 6). The deletion of the 5�-flanking
region from �1481 to �129 bp (D-129) still increased the level
of IL-8 promoter activity in the presence of TNF-�, but the
construct without the region from �1481 to �62 bp (D-62) did
not respond to TNF-�. Since this region contains the binding
sites for AP-1, NF–IL-6, and NF-��, the results indicate that
these binding sites are important for the increase in TNF-�-
induced IL-8 promoter activity.

The deletion of the 5�-flanking region from �1481 to �415
bp (D-415) did not alter the ability of GFLX to suppress
TNF-�-induced IL-8 promoter activity (Fig. 6). The deletion

FIG. 3. Effects of simultaneous treatment or posttreatment with
GFLX on IL-8 secretion from PC-3 cells. PC-3 cells were plated at 2 �
105 cells in a 24-well plate. After 24 h of incubation, GFLX (16 �g/ml)
was added simultaneously (GFLX at 0 min) with TNF-� stimulation
(0, 5, 10, and 25 ng/ml) or 30 min or 60 min after TNF-� stimulation
(GFLX at 30 min and GFLX at 60 min, respectively). The cells were
incubated with TNF-� for 120 min. The concentrations of IL-8 se-
creted into the medium were determined by an enzyme-linked immu-
nosorbent assay, as described in Materials and Methods. The data
shown are the means 
 SDs for three experiments.

FIG. 4. GFLX decreases IL-8 mRNA expression. (A) PC-3 cells
were plated at 4 � 105 cells in a 35-mm dish. After 24 h of incubation,
the cells were treated with 16 �g/ml GFLX for 48 h. TNF-� at 10 ng/ml
was then added, and the cells were incubated for an additional 4 h.
Total RNA was isolated, and RT-PCR was performed as described in
Materials and Methods. After electrophoresis, the PCR products were
visualized by ethidium bromide staining. (B) Densitometric analysis of
the bands of PCR products shown as the ratio of IL-8/�-actin. P was
	0.001 for the results for cells incubated with GFLX compared with
the results for cells incubated without GFLX.

FIG. 5. GFLX suppresses IL-8 gene promoter activity. PC-3 cells
were plated at 4 � 104 cells/well in 24-well plates. After 24 h of
incubation, the cells were transiently transfected with 179.1 ng of the
5�-flanking region (sequence from �1481 to �44 bp) of the IL-8 gene
in a pGL3-Basic vector and 20.8 ng of pRL-TK. Twenty-four hours
after transfection, GFLX was added at 0, 2, 4, or 16 �g/ml and the cells
were further incubated for 24 h. The medium was then exchanged with
serum-free RPMI 1640 medium. GFLX at the same concentration and
TNF-� at 10 ng/ml were added, and the cells were incubated for 2 h.
After the incubation, the IL-8 gene promoter activity was finally de-
termined by the dual luciferase reporter assay described in Materials
and Methods. White and black bars, incubation stimulated without and
with TNF-�, respectively; gray bars, incubations in the presence of
GFLX and TNF-�. The data shown are the means 
 SDs for three
experiments. *, P 	 0.05 compared with the results for incubation in
the absence of TNF-�; **, P 	 0.05 compared with the results for
incubation without GFLX in the presence of TNF-�.
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constructs D-240 and D-188 also exhibited attenuated IL-8
promoter activity in the presence of GFLX, indicating that the
5�-flanking region from �1481 to �188 bp is not essential for
the inhibitory effect of GFLX on IL-8 promoter activity. How-
ever, a deletion construct without the region from �1481 to
�170 bp (D-170) reversed the inhibitory effect of GFLX on
TNF-�-stimulated IL-8 promoter activity.

DISCUSSION

This study shows that GFLX down-regulates IL-8 secretion
in stimulated and unstimulated PC-3 cells. Although the rea-
son for the different effects of ciprofloxacin and GFLX on IL-8
expression remains unclear, it is probable that the low concen-
trations (2 to 16 �g/ml) of GFLX used in this study caused the
difference. We chose these concentrations because concentra-
tions of GFLX greater than 20 �g/ml exhibited cytotoxicity for
PC-3 cells. In addition, the increased level of IL-8 expression
caused by ciprofloxacin has been speculated to be due to in-
creased mRNA stability in a human endothelial cell line (8),
although no evidence has been provided. In this study we did
not examine the mRNA stability but found that GFLX at 16
�g/ml suppresses IL-8 promoter activity in PC-3 cells. There is
also a possibility that the actions of the fluoroquinolones are
cell-type specific.

This study shows that GFLX inhibits IL-8 secretion from
stimulated and unstimulated PC-3 cells. Since PC-3 is a human

prostate cancer cell line, we also performed the experiments
with a noncancerous cell line, a human prostatic myofibroblast
cell line (11). GFLX at 4 and 16 �g/ml decreased the basal
levels of secretion of IL-8 from prostatic myofibroblasts by
19% and 50%, respectively (the values are the means of two
experiments), indicating that GFLX appears to exhibit an in-
hibitory effect on IL-8 secretion from stromal cells as well as
cancerous cells. However, it remains unknown whether GFLX
directly affects the healthy prostate. Thus, the results obtained
in this study are applicable only to prostate cell lines.

Most of the experiments in this study were performed with
16 �g/ml GFLX, since the effect of GFLX in attenuating IL-8
secretion was the most prominent at this concentration. This
concentration seems to be higher than those of GFLX in
plasma and the extracellular fluids in the prostate (21), but oral
administration of 200 mg GFLX has been reported to increase
its concentration in prostatic tissue to up to 4.93 �g/g tissue
(16). In this study 4 �g/ml GFLX also significantly decreased
the level of IL-8 secretion from PC-3 cells (Fig. 1A).

This study demonstrates that GFLX exhibits an inhibitory
effect on IL-8 production in the prostate cell line PC-3, indi-
cating that fluoroquinolones can act directly on prostate cells.
In addition, this study shows that GFLX down-regulates IL-8
promoter activity. In the present study we have shown that the
deletion of the IL-8 promoter region from �1481 to �170 bp
but not from �1481 to �188 bp abolishes the GFLX-mediated

FIG. 6. The deletion construct without the 5�-flanking region from �1481 to �170 bp reverses the suppressive effect of GFLX on IL-8 promoter
activity. PC-3 cells were plated at 4 � 104 cells/well in 24-well plates. After 24 h of incubation, the cells were transiently transfected with 179.1 ng
of a luciferase reporter gene construct containing sequentially deleted 5�-flanking regions of the IL-8 gene and 20.8 ng of pRL-TK. The constructs
of the deletion mutants (D-415, D-240, D-188, D-170, D-129, and D-62) are shown to the left. Twenty-four hours after transfection, GFLX was
added at 16 �g/ml and the cells were further incubated for 24 h. The medium was then exchanged for serum-free RPMI 1640 medium. GFLX at
the same concentration and TNF-� at 10 ng/ml were added, and the cells were incubated for 2 h. After the incubation, the IL-8 gene promoter
activity was finally determined by the dual luciferase reporter assay described in Materials and Methods. White bars, control without stimulation;
black bars, incubation in the presence of TNF-�; gray bars, incubation in the presence of TNF-� and GFLX. The data shown are the means 

SDs of three experiments. �, P 	 0.05 compared with the results for the luciferase activity of TNF-�-stimulated cells.
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suppression of IL-8 promoter activity (Fig. 6). This suggests
that the region from �188 to �170 bp may be important for
the inhibitory effect of GFLX on TNF-�-induced IL-8 pro-
moter activity. However, the relationship between the action of
GFLX and the IL-8 promoter remains unclear. How the fluo-
roquinolone acts on the IL-8 promoter should be elucidated in
the future.

We examined whether ciprofloxacin also down-regulated
IL-8 expression in PC-3 cells. Unlike GFLX, ciprofloxacin did
not significantly attenuate the IL-8 secretion elicited with pep-
tidoglycan and Mycoplasma hominis in PC-3 cells (data not
shown). It is unclear why GFLX and ciprofloxacin affected
differently IL-8 secretion from PC-3 cells, but the actions of
these fluoroquinolones may be cell type specific. Ciprofloxacin
decreases the accumulation of IL-6 protein from a human
endothelial cell line, while IL-8 protein production is de-
creased at low concentrations of ciprofloxacin but is increased
at high concentrations (
100 �g/ml) (9).

Chronic prostatitis is a common disease, although a basic
mechanism of the disease has not been yet clarified. Various
factors, including dysfunction of the immune system, define the
symptoms of chronic prostatitis (27). The numbers of white
blood cells and the bacterial counts in prostatic fluid have
usually been used as diagnostic markers. However, one recent
report suggests that these markers do not correlate with clin-
ical symptoms (29). Previous studies of proinflammatory cyto-
kines have shown that IL-1�, TNF-�, IL-6, gamma interferon,
IL-2, IL-10, and IL-8 exhibit significant correlations with the
clinical conditions that patients with chronic prostatitis develop
(2, 12, 18, 22). Since IL-8 possesses a potent inflammatory
function and has been also recognized as an inflammatory
marker of urinary tract infection (19, 24, 28), IL-8 could be one
of the reliable markers that can be used to evaluate the severity
of prostatic inflammation. GFLX is a newly developed fluoro-
quinolone with broad-spectrum and extended antibacterial ac-
tivity (13). Because of its good penetration into prostatic and
seminal fluids (21), GFLX appears to be ideal for the treat-
ment of chronic prostatitis. Because the proportion of cases of
bacterial prostatitis among patients with chronic prostatitis is
relatively low (31), the conclusions from this study provide a
meaningful rationale for the use of this fluoroquinolone for the
treatment of patients with nonbacterial prostatitis. However, it
should be emphasized that the justification for the use of this
fluoroquinolone for the treatment of chronic prostatitis/
chronic pelvic pain syndrome (CP/CPPS) is dependent on the
results of randomized clinical trials.

The levels of IL-8 and neutrophil-activating peptide 78 have
been shown to be frequently elevated in the expressed prostatic
secretions of men with CP/CPPS (12), suggesting that these
cytokines may be responsible, in part, for the presence of an
inflammatory reaction in the prostate. Since prostatic secre-
tions come from the prostate epithelium, it is possible to as-
sume that the prostate epithelium is the source of the seminal
cytokines that may be important in CP/CPPS. In addition,
inflammatory cells, including lymphocytes, neutrophils, and
macrophages, may also be involved in the secretion of cyto-
kines because these cells exist at the site of inflammation in the
prostate gland (17).

In conclusion, this study demonstrates that GFLX sup-

presses IL-8 expression in the prostate cell line by decreasing
the promoter activity of the IL-8 gene.
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