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Quinolones, in addition to their antibacterial activities, act as immunomodulators. Osteopontin (OPN), a member of the extra-
cellular matrix proteins, was found to play a role in the immune and inflammatory response. We found that quinolones signifi-
cantly enhanced OPN secretion, namely, garenoxacin (220%), moxifloxacin (62%), gatifloxacin (82%), sparfloxacin, (79%), and
sitafloxacin (60%). Enhancement of OPN secretion was shown to be due to the effect of quinolones on the OPN gene promoter
activity. We also examined the role of quinolones on apoptosis and found that sparfloxacin decreased the late apoptosis of A549
cells, but garenoxacin did not show the antiapoptotic effect. The antiapoptotic effects of quinolones do not appear to be associ-
ated with OPN elevation.

Quinolones are synthetic, broad-spectrum antimicrobial
agents widely used in clinical and veterinary medicine. They

target two essential bacterial enzymes, DNA gyrase and topoisom-
erase IV (14). Newly developed quinolones especially possess sig-
nificant in vivo bactericidal activity, which makes them attractive
therapeutic agents for treatment of tuberculosis, community-ac-
quired pneumonia, and other respiratory tract infections (20). In
addition to the bactericidal property, fluoroquinolones (FQs)
have been found to elicit an immunomodulatory effect (10).

A number of reports have described the inhibitory effect of FQs
on cytokine production. Gatifloxacin (GAT) reduced interleu-
kin-8 (IL-8) release from unstimulated cells of the prostatic cancer
cell line PC-3 as well as peptidoglycan-, Mycoplasma hominis-,
phorbol ester (phorbol myristate acetate [PMA])-, and tumor
necrosis factor alpha (TNF-�)-stimulated PC-3 cells but did not
significantly reduce the basal level of TNF-� and IL-6 (34). Moxi-
floxacin (MFX) inhibited IL-8, TNF-�, and IL-1� production in
THP-1 cells and in monocytes when preincubated with MFX and
stimulated with lipopolysaccharide (LPS) (38). Another report
suggested that ciprofloxacin (CIP) may have an immunomodula-
tory effect on septic patients by attenuating the proinflammatory
response, thus decreasing TNF-�, IL-6, IL-1�, and IL-8 levels in
patients’ serum (15). Levofloxacin at concentrations of 100 �g/ml
and higher was found to dose dependently reduce the IL-6 and
IL-8 levels in TNF-�-stimulated NL20 human bronchial epithelial
cells, but lower concentrations did not alter the studied cytokines
(35). Elevated levels of IL-1�, IL-6, and TNF-� in patients with
nonbacterial prostatitis became undetectable after treatment with
sparfloxacin (SPX) (40).

Several studies attempted to elucidate the signaling pathways
and transcription factors that regulate the quinolone-induced cy-
tokine modulation. In A549 cells, IL-1� increased the activities of
early intracellular signaling molecules, extracellular signal-regu-
lated kinases 1 and 2 (ERK1/2), phosphorylated Jun N-terminal
protein kinase (p-JNK), and NF-�B, whose activities were abro-
gated by MFX (39). Likewise, in human blood neutrophils, it has
been reported that grepafloxacin strongly phosphorylates p38 mi-

togen-activated protein (MAP) kinase (MAPK) but not p44/42
MAPK or JNK (25).

Osteopontin (OPN), a member of the extracellular matrix pro-
teins, is a multifunctional phosphoprotein that is synthesized by a
variety of immune and nonimmune cells (31). Basically, there are
three major functions of OPN: involvement in tumorigenesis and
metastasis, in mineral metabolism and bone remodeling, and in
immune reaction and host defense (36). Because the primary
structure and distribution of posttranslational modification are
highly conserved among species, it is conceivable that OPN plays
an indispensable role in the immune system (8, 9, 32). Within the
immune system, OPN is a cytokine secreted by activated T cells,
NK cells, dendritic cells, and macrophages (37). In the lung, OPN
is expressed by alveolar macrophages and bronchial epithelial
cells, the passive physiological barrier of the innate immune sys-
tem (5, 11, 21). Recently, there is increasing evidence that OPN
exists in two isoforms, secreted (sOPN) and/or intracellular
(iOPN) protein (36). While sOPN affects the target cell functions
by binding to their cell receptors, iOPN binds to MyD88, the
downstream protein of the Toll-like receptor (29, 30). Further-
more, it has been reported that OPN binding to CD44v down-
regulated IL-10 production in macrophages, leading to inhibition
of the Th2 immune response, but binding to �v�3 integrin recep-
tor led to the expression of IL-12, facilitating the Th1 response (2).

When hosts are insulted by infections, Th1 immunity plays a
central role in the elimination of microorganisms, so it is under-
standable that elevated plasma OPN levels have been found to be
associated with tuberculosis and other lung inflammatory diseases
(26). OPN deficiency was found to be associated with dissemina-
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tion of mycobacterial disease, and the expression of OPN corre-
lated with an effective immune and inflammatory response and
contributed to resistance against mycobacteria in rodents as well
as in human (23, 24). OPN also contributed to protection against
rotavirus (28), herpes simplex virus type 1 (2, 7), Listeria monocy-
togenes (2), and Plasmodium falciparum (19). These reports sug-
gest that OPN plays a role in defense mechanisms against invading
microorganisms, including viruses, bacteria, and protozoa.

However, until now, the effect of quinolones on OPN expres-
sion in human lung epithelial cells remained to be elucidated. A
recent report demonstrated that a human lung type II epithelial
cell line (A549) is a suitable model to study host defense cellular
responses (18). Therefore, in this study we chose this experimental
model to investigate the immunomodulatory effect of CIP,
garenoxacin mesylate hydrate (GRN), MFX, GFL, SPF, and sita-
floxacin (STF). The antibiotics chosen were quinolones, which
possess activities against various infections. This is the first report
showing that quinolones enhance OPN production in lung epi-
thelial cells. Because OPN is thought to elicit antiapoptotic effects
(6, 17), we investigated whether quinolone-induced OPN produc-
tion may increase survival in A549 cells.

MATERIALS AND METHODS
Cells. The human A549 alveolar epithelial cell line was obtained from
Riken Cell Bank (Tsukuba, Japan). A549/OPN-luc cells were established
by cotransfection of pOPN1-luc (42) with puromycin resistance vector
pPUR (Clontech, Mountain View, CA) at a molar ratio of 5:1, followed by
selection in the presence of 1 �g/ml puromycin (Sigma-Aldrich, St. Louis,
MO). The cells were maintained in Ham’s F-12 medium (Wako Pure
Chemical Industries, Osaka, Japan) supplemented with 10% fetal bovine
serum (FBS; Gibco-Invitrogen, Carlsbad, CA) at 37°C in a humidified
incubator containing 5% CO2 in air. For the experiments, subconfluent
cultures were harvested by brief trypsinization (trypsin-EDTA solution;
Nacalai Tesque, Kyoto, Japan) and resuspended in Ham’s F-12 medium
supplemented with 2% FBS. Cell viability was determined by trypan blue
staining (Sigma-Aldrich, St. Louis, MO).

Antibiotic preparation. CIP (Wako Pure Chemical Industries, Osaka,
Japan) and GRN (kindly provided by Taisho Toyama Pharmaceutical,
Tokyo, Japan) were dissolved in dimethyl sulfoxide at a concentration of
30 mg/ml, MFX (Santa Cruz, CA) was dissolved in distilled water at a
concentration of 10 mg/ml, and GAT, SPX, and STF (Hokkaido Univer-
sity) were dissolved in 0.1 N NaOH at a concentration of 10 mg/ml.

Determination of OPN protein levels. To measure the OPN levels in
the culture supernatants, A549 cells were plated in triplicate at 1 � 104

cells per well in 96-well plates. After 24 h of incubation, the cells were
washed twice with serum-free Ham’s F-12 medium, and fresh serum-free
medium was added. Cells were treated by CIP, GRN, MFX, GAT, SPX,
and STF at the indicated concentrations. After further incubation for 48 h,
the culture supernatant was harvested and stored at �20°C. The OPN
protein levels were measured by a human osteopontin Quantikine en-
zyme-linked immunosorbent assay (ELISA) kit (R&D Systems, Minneap-
olis, MN).

Cell viability. To measure the effect of the quinolones on cell viability
and proliferation, A549 cells were plated in triplicate at 1 � 104 cells per
well in 96-well plates. At 24 and 48 h after the addition of the antibiotics,
a 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide
(MTT) assay (Dojindo, Kumamoto, Japan) was performed according to
the manufacturer’s instructions. Similarly treated wells without cells
served as blanks.

Determination of OPN promoter activity. A549/OPN-luc cells were
treated the same as for ELISA. For the luciferase assay, at 24 and 48 h after
the treatment, cells were washed twice with phosphate-buffered saline
(PBS) and then lysed with a luciferase cell culture lysis reagent (Promega,

Madison, WI). The luciferase assay was done with a luciferase assay system
(Promega) according to the manufacturer’s instructions, and the lucifer-
ase activities were measured using a Mithras LB 940 microplate luminom-
eter (Berthold Technologies, Oak Ridge, TN).

qRT-PCR. Quantitative reverse transcription-PCR (qRT-PCR) was
performed to examine the effect of quinolones on the expression of OPN
mRNA. A549 cells were plated at 1 � 106 in a 6-well plate, and after 24 h,
the cells were washed twice with serum-free medium. Fresh serum-free
medium and quinolones were added at a final concentration of 30 �g/ml,
and GRN was added at a concentration of 1, 3, 10, or 30 �g/ml. The cells
were incubated for a further 48 h. Cells were lysed with TRIzol reagent
(Invitrogen), and total RNA was extracted according to the manufactur-
er’s instructions. After treatment with RNase-free DNase (Promega), the
DNA-free RNA (250 ng) was used for synthesis of the first-strand cDNA at
42°C for 60 min using Moloney murine leukemia virus reverse transcrip-
tase (Invitrogen). Real-time quantitative PCR using Power SYBR green
PCR master mix was conducted for 40 cycles at 95°C for 15 s and at 60°C
for 1 min in a 96-well format on an ABI StepOne real-time PCR system
(Applied Biosystems). Primer sequences were as follows: OPN forward,
5=-ACTCGTCTCAGGCCAGTTG-3=; OPN reverse, 5=-CGTTGGACTTG
GAAGG-3=; GAPDH forward, 5=-TGATGACATCAAGAAGGTGG-3=;
and GAPDH reverse, 5=-TCCTTGGAGGCCATGTGGGC-3=.

shRNA transfection. To diminish OPN expression, A549 cells were
transfected with short hairpin RNA (shRNA) targeting OPN or control
shRNA (Santa Cruz Biotechnology, Inc.) with Effectene transfection re-
agent (Qiagen, Valencia, CA) for 48 h. In another setting, cells were trans-
fected with shRNA targeting OPN for 24 h and then washed twice with
serum-free medium. The 24-h-conditioned medium from nontreated
cells or cells treated with 30 �l/ml of GRN or SPX was added, and the cells
were cultured for a further 24 h. Cells were then analyzed by fluorescence-
activated cell sorting (FACS).

Annexin V/7-AAD staining and flow cytometry. A549 cells and cell
supernatant were harvested and washed twice with PBS and resuspended
in binding buffer containing 10 mM HEPES-NaOH (pH 7.4), 140 mM
NaCl, and 2.5 mM CaCl2. A staining mixture consisting of 5 �l annexin
V-phycoerythrin and 5 �l 7-aminoactinomycin (7-AAD) (BD Biosci-
ences Pharmingen) was added to 100 �l of cell suspension (1 � 106 cells/
ml). Cells were incubated in the dark for 15 min at room temperature and
then analyzed on a FACSDiva flow cytometer. Data were analyzed using
FlowJo software (FlowJo, Inc.). The cells in early apoptosis were consid-
ered to be annexin V positive and 7-AAD negative. Positivity for both
annexin V and 7-AAD indicated late apoptosis.

Statistical analysis. Results are expressed as means � standard errors
of the means. The statistical difference was determined by two-sided Stu-
dent’s t test, and the correlation between OPN promoter activity and OPN
secretion was obtained using simple regression analysis by Statcel2 soft-
ware (OMS, Tokyo, Japan). A difference with a P value of �0.05 was
considered significant.

RESULTS
Quinolones enhance OPN release from A549 alveolar epithelial
cells. The A549 cell line, which secretes OPN, serves as a good
model to study drug-induced changes in cytokine secretion (13).
We found that treatment of the cells with CIP at 30 �g/ml induced
a minimal elevation of OPN secretion, while GRN dramatically
increased the OPN level in a dose-dependent manner. Treatment
with 1 �g/ml to 30 �g/ml of GRN resulted in a 60 to 220% en-
hancement of OPN secretion. MFX and SPX at doses of 3 �g/ml to
30 �g/ml caused significant OPN enhancements from 23 to 62%
and 22 to 79%, respectively. Similarly, 38 to 82% and 23 to 60%
elevations of OPN levels were induced by the addition 10 �g/ml to
30 �g/ml of GAT and STF (Fig. 1).

Enhancement of OPN promoter activity. To investigate the
mechanisms of enhancement the OPN secretion, A549/OPN-luc
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cells, which stably express OPN promoter/luciferase, were estab-
lished. Thus, luciferase expression of A549/OPN-luc cells served
as a parameter to monitor the level of OPN transcription. CIP at
30 �g/ml induced only a 25% elevation of OPN transcription. In
contrast, even 24 h cell exposure to 1 �g/ml to 30 �g/ml of GRN
for 24 h induced strong, dose-dependent OPN gene activation,
reaching 47 to 160%. A similar finding was observed after 48 h.
Enhancement of OPN gene promoter activation was observed
with increasing concentrations of MFX, GAT, SPX, and STF.
However, the change was not so striking compared to that for
GRN (Fig. 2). We also examined the association between OPN
promoter activation and OPN secretion and found a statistically
significant correlation for GRN, GAT, MFX, and STF (Table 1).

Effect of quinolones on OPN mRNA expression. To examine
if quinolones alter the expression of OPN mRNA, we performed
quantitative reverse transcription-PCR. First, we screened the effects
of CIP, GRN, MFX, and SPX at a concentration of 30 �g/ml and
found that GRN and MFX significantly enhanced mRNA expression
compared to that for the control (Fig. 3A). Next, we analyzed the
dose-dependent effect of GRN. When cells were incubated with var-
ious concentrations of GRN, we observed the dose-related increase of
OPN mRNA expression, with statistical significance achieved at con-
centrations of 10 and 30 �g/ml (Fig. 3B).

Effect of quinolones on early and late apoptosis. To investi-
gate the effect of quinolones on A549 cell apoptosis, we used an-
nexin V/7-AAD double staining for FACS analysis. Treatment of
A549 cells with GRN and SPX at a concentration of 30 �g/ml did
not affect early apoptosis, but late apoptosis was decreased by SPX
(4.42%) and slightly by GRN (9.25%) compared to the control
(12.6%). Downregulation of OPN by shRNA resulted in an in-
crease of both early (6.55%) and late (16.7%) apoptosis. When a
24-h supernatant was added to OPN expression-silenced cells, the
percentage of apoptotic cells decreased. Surprisingly, the SPX su-
pernatant prevented late apoptosis (5.13%) (Table 2).

DISCUSSION

In this study, we examined the effect of quinolones on OPN syn-
thesis in A549 human lung epithelial cells. We found that GRN,
MFX, GAT, SPX, and STF dose dependently enhanced OPN se-
cretion. On the other hand, CIP at a concentration of 30 �g/ml
only slightly enhanced OPN. Since our ELISA system cannot dis-
tinguish phosphorylated from nonphosphorylated or cleaved
forms of OPN, we could not elucidate which form of OPN was
enhanced. To elucidate the mechanism of quinolone-induced
OPN elevation, we employed a luciferase assay and found that this
elevation occurred at the transcriptional level by activation of the
OPN gene promoter. The results of qRT-PCR also revealed that
MFX and GRN significantly enhanced OPN mRNA expression,
but SPX and CIP did not.

Generally, quinolones are thought to attenuate proinflammatory

FIG 1 Effect of quinolones on OPN release. A549 cells were plated at 1 � 104 in
96-well plates, and after 24 h, the cells were washed twice with serum-free medium.
Fresh serum-free medium and drugs at final concentrations of 1, 3, 10, and 30
�g/ml were added. The cells were incubated for a further 48 h, and the OPN
concentrations in the cell culture supernatant were measured by ELISA, as de-
scribed in Materials and Methods. OPN secretion was normalized by the cell via-
bility optical density (570 to 630 nm) value of the MTT assay and expressed as
percent increase above control. Controls are the wells treated only with solvent.
The results are expressed as means � SDs. Representative data of three indepen-
dent experiments are shown. ***, P � 0.001 compared to the control; **, P � 0.01
compared to the control; *, P � 0.05 compared to the control.

FIG 2 Effect of quinolones on OPN promoter activity. A549 cells were plated
at 1 � 104 in 96-well plates, and after 24 h, the cells were washed twice with
serum-free medium. Fresh serum-free medium and drugs at final concentra-
tions of 1, 3, 10, and 30 �g/ml were added. Cells were incubated for a further 24
or 48 h, and the OPN gene promoter activity was measured by luciferase assay,
as described in Materials and Methods. The OPN promoter activity was nor-
malized by the cell viability optical density (570 to 630 nm) value of the MTT
assay and expressed as percent increase above the value for the control. Con-
trols are the wells treated only with solvent. The results are expressed as
means � SDs. Representative data of three independent experiments are
shown. ***, P � 0.001 compared to the control; **, P � 0.01 compared to the
control; *, P � 0.05 compared to the control.

TABLE 1 Correlation between OPN promoter activity and OPN
secretion and maximal serum concentrations of studied quinolones

Drug

Correlation between
OPN promoter activity
and OPN secretiona

Dose (mg)
Cmax

b

(�g/ml)R2 value P value

CIP 0.881 0.061 750 (�2)c 3.5
GRN 0.988 0.006** 400 (�1) 5.8
MFX 0.929 0.036* 400 (�1) 3.1
GAT 0.993 0.003** 400 (�1) 4.0
SPX 0.756 0.131 400 (�1) 1.0
STF 0.913 0.045* 200 (�1) 1.9
a Luciferase assay and ELISA data from a 48-h quinolone treatment of A549 cells
expressing percent increase above the value for the control were assessed by simple
regression analysis. **, P � 0.01; *, P � 0.05.
b Cmaxs from previous studies (1, 22).
c Data in parentheses represent frequency per day.
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cytokine synthesis, though there have been reports that CIP caused an
increase in IL-2 secretion from PMA-treated human peripheral
blood lymphocytes. In contrast, there was no effect on IL-1 release in
the same experimental setting (33). Because the effect of quinolones
on cytokine synthesis is not consistent and differs by the cell type and
the cytokine examined (13), it is tempting to speculate that the cyto-
kine response to drug treatment is cell type specific and influenced by
the microenvironment under which cells exist.

In our study, we investigated the effect of quinolone concen-
trations above and below the maximal concentrations in serum
(Cmaxs) (Table 1). The results showed that GAT, SPX, and STF
augmented OPN transcription only at concentrations higher than
the Cmaxs, but GRN and MFX elicited the ability to enhance OPN
even at their Cmaxs. Since OPN is a multifunctional protein, an
elevation of OPN synthesis might have a dual effect. OPN can
promote protective immunity through the OPN-dependent in-
duction of the proinflammatory cytokine IL-12 and suppression
of the anti-inflammatory cytokine IL-10 (2). However, the exces-
sive OPN production might activate various cell growth signals,
finally leading to oncogenesis (26, 42). Zhang et al. observed that
the OPN gene is transactivated up to 5-fold by Tax protein of
human T-cell leukemia virus type 1 (42). However, in our study,
the therapeutic concentrations of quinolones did not enhance
OPN more than 2-fold. Despite our observation of a quinolone-
induced OPN enhancement, it is conceivable that such an eleva-
tion would not lead to oncogenesis.

Several studies confirmed the antiapoptotic activities of FQs.
Azuma et al. suggested that tosufloxacin delayed programmed cell
death via the activation of phosphoinositide 3-kinase (PI3K)/Akt
and/or p38 MAPK (3). Since OPN is a downstream effector of
PI3K/Akt (27, 42) and OPN elicits an antiapoptotic effect (6, 17),
we speculate that the antiapoptotic effect of the quinolones is
caused by the enhancement of OPN synthesis. We examined the
effect of quinolones on early and late stages of apoptosis by FACS
analysis. During early apoptosis, the phosphatidylserine (PS)
changes location from the cytosolic leaflet to the outer leaflet of
the cell. This event can be detected by annexin V, which binds to
the PS (16). The damage of the cell membrane during late apop-
tosis and necrosis allows insertion of 7-AAD between the tops of
successive cytosine and guanine bases (41). We could not observe
significant changes in early apoptosis upon quinolone treatment,

but SPX considerably decreased late apoptosis in A549 cells. We
found that the cell culture medium from SPX-treated cells pre-
vented late apoptosis in OPN shRNA-transfected A549 cells, but
GRN-treated and untreated cell supernatants had only minor ef-
fects. Among the studied quinolones, GRN exerted the greatest
ability to enhance OPN synthesis and did not significantly alter
early or late apoptosis in A549 cells. OPN synthesis was also en-
hanced by SPX treatment but to a lesser extent than by GRN, but
an effect of SPX on late apoptosis was clearly observed. This made
us conclude that there might be other factors which prevent apop-
tosis upon quinolone treatment and that the OPN might have
only a supportive effect or the OPN enhancement was not suffi-
cient to exert its antiapoptotic property.

Throughout respiratory infections, apoptosis may be beneficial or
detrimental for the host (4). In infections in which pathogens exist
within the host cells, apoptosis favors the host. Insufficient apoptosis
of alveolar macrophages during tuberculosis infection leads to the
chronicity and dissemination of the infection. For extracellular infec-
tions, apoptosis of the immune inflammatory cells potentiates the
viability of the pathogen and promotes the infection (4). Our in vitro
finding showed that SPX decreased late apoptosis in A549 cells. The
antiapoptotic effect of quinolones on lung epithelial cells in vivo re-
mains to be elucidated.

The quinolones used in our study differ in chemical structure
as well as in the ability to influence OPN secretion and apoptosis.
The fluorine molecule at the C-6 position, which is present in CIP,
MFX, GAT, SPX, STF, and other FQs, is thought to improve the
antimicrobial properties of these drugs, but the newly developed
GRN is lacking this moiety. GRN has fluorine incorporated
through a C-8 difluoromethyl ester linkage (1). Manipulation of
the group at position C-8 has also been shown to play a role in
broadening the spectrum of activity (12). Among the studied
quinolones, only CIP is lacking the substituent at C-8. Our results
showed that in contrast to CIP, GRN significantly enhanced OPN
production. Therefore, we speculate that the ability of quinolones

TABLE 2 FACS analysis showing early and late apoptosis

Treatmenta

% cells showingb:

Early apoptosis Late apoptosis

Control 3.28 12.6
DMSO (5%) 10.9 33.8
GRN 4.82 9.25
SPX 4.74 4.42
shRNA 6.55 16.7
Negative-control shRNA 5.33 13.6
shRNA 	 control supernatant 4.61 12.2
shRNA 	 GRN supernatant 4.99 14.3
shRNA 	 SPX supernatant 4.98 5.13
a A549 cells were plated at 1 � 106 cells per well in 6-well plates. After 24 h of
incubation, the cells were washed twice with serum-free Ham’s F-12 medium and fresh
serum-free medium containing 5% DMSO as a positive control or GRN and SPX at a
final concentration of 30 �l/ml, or cells were transfected with shRNA against OPN or
negative-control shRNA. Cells were then incubated for a further 48 h and analyzed.
Other cells were transfected with shRNA against OPN for 24 h. After the medium was
removed, cells were washed twice with serum-free medium; 24-h-conditioned medium
from untreated (control supernatant), GRN-treated (30 �g/ml), or SPX-treated (30
�g/ml) cells was added; and cells were incubated for a further 24 h. FACS analysis was
performed as described in Materials and Methods. Representative data of three
independent experiments are shown.
b Cells showing early apoptosis are annexin positive and 7-AAD negative. Cells showing
late apoptosis are annexin V positive and 7-AAD positive.

FIG 3 Effect of quinolones on OPN mRNA expression. A549 cells were plated
at 1 � 106 in a 6-well plate, and after 24 h, the cells were washed twice with
serum-free medium. Fresh serum-free medium and quinolones at a final con-
centration of 30 �g/ml (A) and GRN at concentrations of 1, 3, 10, and 30
�g/ml (B) were added. The cells were incubated for a further 48 h. Total RNA
was isolated, and qRT-PCR was performed as described in Materials and
Methods. The results are expressed as means � SDs. Representative data of
three independent experiments are shown. **, P � 0.01 compared to the con-
trol; *, P � 0.05 compared to the control.
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to enhance OPN production may be associated with the presence
of the C-8 substituent.

In conclusion, we found that quinolones enhance OPN syn-
thesis by activation of the OPN gene promoter. The antiapoptotic
effects of quinolones do not appear to be associated with OPN
elevation. Our study supports the idea that quinolones have im-
munomodulatory properties.
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