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We investigated the induction of interleukin-8 (IL-8) by bacterial lipopolysaccharide (LPS) and peptidogly-
can (PGN) in the bladder cancer cell lines T24, 5637, UM-UC-3, and HT1197. T24 and 5637 cells strongly
induced IL-8 after stimulation with LPS or PGN in a dose- and time-dependent manner, whereas UM-UC-3
and HT1197 cells did so very weakly. The expression of CD14 at the mRNA, total cellular protein, and cell
surface protein levels differed among these cell lines, but the expression levels of Toll-like receptors 2 and 4
(TLR2 and TLR4) were not significantly different. The CD14 expression levels were found to correlate with the
inducibility of IL-8 by LPS or PGN. Treatment of T24 and 5637 cells with phosphatidylinositol-specific
phospholipase C to eliminate CD14 from the cell surface dramatically suppressed the induction of IL-8. On the
other hand, UM-UC-3 cells transfected with CD14 cDNA expressed membrane-anchored CD14 and showed
more efficent induction of IL-8 by LPS stimulation than untransfected controls. These results suggest that the
presence of the membrane-anchored, but not the soluble, form of CD14 is a strong factor in IL-8 induction in
bladder epithelial cells in response to bacterial components. The presence of the membrane-anchored form of
CD14 may thus be a determinant for the inflammatory response of uroepithelial cells.

Like respiratory infections, urinary tract infections consti-
tute a severe problem in the hospital environment. In partic-
ular, chronic infection of patients with indwelling urinary cath-
eters by multidrug-resistant and weakly pathogenic bacteria
such as Pseudomonas aeruginosa and methicillin-resistant
Staphylococcus aureus is currently a major problem. In these
infections, bacteria initially contact bladder epithelial cells and
provoke host defensive responses such as inflammatory re-
actions. For example, levels of the chemokine interleukin-8
(IL-8) in urine correlate highly with the infiltration of leuko-
cytes into urine (27). Inflammatory responses are triggered by
bacterial components, such as gram-negative bacterial lipopoly-
saccharides (LPS) and gram-positive bacterial peptidoglycans
(PGN) (2, 7, 28).

Toll-like receptors (TLRs) have been shown to play impor-
tant roles in the recognition of microbial components and in
the cellular signal transduction pathway that results in inflam-
matory reactions (1, 7, 30). At least 10 members of the TLR
family have been reported. Among these, TLR2 has been found
to be involved in the recognition of various bacterial compo-
nents such as PGN, lipoteichoic acids in gram-positive bac-
teria, and lipoproteins in mycoplasmas and mycobacteria. In
some cases, TLR6 or TLR1 cooperates with TLR2 (18, 24).
The LPS receptor TLR4 requires other molecules, including
CD14 and MD-2, to recognize LPS and promote signal trans-
duction (8, 22). It has been reported that TLR2 requires CD14
for signal transduction (16, 35), but this proposal is still con-
troversial.

CD14 is expressed on the surfaces of monocytes and poly-
morphonuclear leukocytes as a glycophosphatidylinositol-an-
chored protein (3, 14), and it recognizes the LPS complex with
a host serum glycoprotein, lipopolysaccharide-binding protein.
CD14 is considered to efficiently present LPS to the TLR4–
MD-2 complex (8, 31). On the other hand, CD14 also exists in
a soluble form (sCD14) in serum. It had generally been
thought that fibroblasts, epithelial cells, and endothelial cells
do not express the membrane-anchored form (mCD14) and
that complexes containing LPS and serum sCD14 interact with
TLR4–MD-2 at the cell surface (4, 20, 26). However, recent
reports suggest that mCD14 is indeed present in several fibro-
blast and endothelial cell lines (12, 21, 25).

In the case of uroepithelial cells, production of inflammatory
cytokines by bladder and kidney cell lines has been reported (4,
5, 9, 11). However, these studies made use of single cell lines
only, so they did not address the possibility that multiple cell
lines of the same origin may exhibit diversity in this respect. In
the present study, we examined IL-8 induction by LPS and
PGN as a marker for the inflammatory response in four human
bladder cancer cell lines. We found that the mCD14 molecule
largely contributes to differences in inflammatory response
among these cell lines.

MATERIALS AND METHODS

Cell lines. The human uroepithelial cell lines T24, 5637, UM-UC-3, and
HT1197 were obtained from the American Type Culture Collection (Manassas,
Va.). The cells were cultured in Dulbecco’s modified minimal essential medium
supplemented with 10% (vol/vol) fetal bovine serum.

LPS and PGN. LPS was isolated from P. aeruginosa IID1130 (serotype O11)
according to the method of Westphal and Jann (32). For further purification, the
preparation was subsequently treated with DNase and proteinase K, and the LPS
was collected by ultracentrifugation (33). PGN derived from S. aureus was pur-
chased from Fluka (Steinheim, Switzerland).
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Determination of IL-8 by ELISA. IL-8 concentrations in culture supernatants
were determined with an enzyme-linked immunosorbent assay (ELISA) kit,
Quantikine Colorimetric Sandwich ELISA Human IL-8 (R&D Systems, Minne-
apolis, Minn.). The threshold of detection of the ELISA system is �10 pg/ml.

RT-PCR. Total RNA was prepared from cells cultured to subconfluency by
using the RNeasy kit (QIAGEN, Hilden, Germany). One-step reverse transcrip-
tion-PCR (RT-PCR) was carried out by using RT-PCR High-Plus (Toyobo,
Osaka, Japan). PCR products were analyzed by electrophoresis on a 2% (wt/vol)
agarose gel. The gel was stained with ethidium bromide. The quantitativity of the
RT-PCR was confirmed by the linearity of determination curve with various
amounts of RNA for each target. The following primer sets were used for the
detection of each mRNA, as follows: for IL-8, the sense primer was 5�-ACTTA
GATGTCAGTGCATAAAGAC-3� and the antisense primer was 5�-TTATGA
ATTCTCAGCCCTCTTCAA-3�; for CD14, the sense primer was 5�-GGTGCC
GCTGTGTAGGAAAGA-3� and the antisense primer was 5�-GGTCCTCGAG
CGTCAGTTCCT-3�; for TLR2, the sense primer was 5�-GCCAAAGTCTTGA
TTGATTGG-3� and the antisense primer was 5�-TTGAAGTTCTCCAGCTCC
TG-3�; for TLR4, the sense primer was 5�-AGATGGGGCATATCAGAGC-3�
and the antisense primer was 5�-CCAGAACCAAACGATGGAC-3�; and for
glyceraldehyde-3-phosphate dehydrogenase (GAPDH), the sense primer was
5�-TCCACCACCCTGTTGCTGTA-3� and the antisense primer was 5�-ACCA
CAGTCCATGCCATCAC-3�.

Western blotting. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis
and Western blotting were carried out as described previously (34). A mouse
anti-CD14 antibody (UCH-M1) and rabbit anti-TLR2 (H-175) and anti-TLR4
(H-80) antibodies were purchased from Santa Cruz Biotechnology (Santa Cruz,
Calif.). Alkaline phosphatase-labeled goat anti-mouse or anti-rabbit immuno-
globulin antibodies were purchased from BioSource International (Camarillo,
Calif.) and used as secondary antibodies. Specific antibody binding was detected
by using tetrazolium bromochloroindolylphosphate–Nitro Blue Tetrazolium as a
substrate.

Flow cytometry. Cultured cells on the tissue culture flask surface were re-
moved with a cell scraper and harvested by centrifugation. Flow cytometry was
carried out with a FACSCalibur (Becton Dickinson, San Jose, Calif.). Phyco-
erythrin-labeled mouse monoclonal antibodies against CD14 (61D3), TLR2
(TL2.1), and TLR4 (HTA125) and isotype controls, phycoerythrin-labeled mouse
immunoglobulin G1 (IgG1) and mouse IgG2a, were purchased from eBioscience
(San Diego, Calif.).

PI-PLC treatment. Phosphatidylinositol-specific phospholipase C (PI-PLC)
derived from Bacillus cereus was purchased from Sigma-Aldrich (St. Louis, Mo.).
Cells were treated with 0.5 U of PI-PLC/ml for 2 h at 37°C, followed by the
addition of 10 �g of LPS or PGN/ml, and were further cultured for 12 h. The
concentration of IL-8 in the culture supernatant was determined by ELISA as
described above.

Transient expression of mCD14 on mCD14-negative cells. An expression
plasmid carrying human CD14 cDNA (23) was provided by Brian Seed (Massa-
chusetts General Hospital, Boston, Mass.). The CD14 expression plasmid or a
control plasmid was transfected into cells by using SuperFect reagent (QIAGEN)
according to the manufacturer’s instruction manual. Twenty-four hours after
transfection, the cells were treated with 1 or 10 �g of LPS or PGN/ml for 24 h.
The culture supernatants were assayed for IL-8 concentrations by ELISA.

Effect of exogenous sCD14 on IL-8 induction. Cultured cells were washed
three times with Dulbecco’s phosphate-buffered saline (PBS) and cultured in a
serum-free medium containing 5% bovine serum albumin (BSA) for 6 h. Fol-
lowing culture in the medium in the presence of 5% heat-inactivated pooled nor-
mal human sera (NHS) (CosmoBio, Tokyo, Japan) or 5% BSA for 6 h, the cells
were treated with 10 �g of LPS or PGN/ml for 24 h. Culture supernatants were
assayed for IL-8 concentrations by ELISA. The heat-inactivated NHS contained
sCD14 at a concentration of 1.45 �g/ml as determined by ELISA (R&D Sys-
tems). Furthermore, sCD14-depleted NHS was also used in the experiment.
Depletion of sCD14 was carried out by an immunoadsorption method. NHS was
treated with an anti-CD14 monoclonal antibody (UCH-M1; Chemicon, Te-
mecula, Calif.) and protein G-Sepharose (Amersham Bioscience) at 4°C for 12 h,
and then the resin which bound to the anti-CD14 antibody and sCD14 was
removed by centrifugation. The treatment was repeated three times. The result-
ing depleted serum did not contain a detectable amount of sCD14 as determined
by ELISA.

Immunohistochemistry. Normal bladder tissues were obtained from surgical
specimens derived from three patients with bladder cancer who were enrolled in
this study at the Department of Urology, Sapporo Medical University Hospital.
Informed consent was obtained from the patients. Nonneoplasic tissues were
obtained after excision of the surgical specimens and were immediately frozen
with liquid nitrogen. Tissue sections were prepared. After blocking of nonspecific

protein binding, the sections were incubated with an anti-CD14, anti-cytokeratin,
or anti-vimentin monoclonal antibody. Mouse antibodies against cytokeratin and
vimentin were purchased from Progen Biotechnik (Heidelberg, Germany). The
sections were stained with the ENVISION� HRP kit (DAKO, Carpinteria,
Calif.) according to the manufacturer’s instruction manual. Development was
carried out with 3,3�-diaminobenzidine tetrahydrochloride. Developed sections
were counterstained with hematoxylin.

RESULTS

The inducibility of IL-8 by LPS or PGN differs among uro-
epithelial cell lines. Four human uroepithelial cell lines were
stimulated with P. aeruginosa LPS or S. aureus PGN, and the
levels of IL-8 in the culture supernatants were determined by
ELISA. The time courses and dose dependency of IL-8 induc-
tion are shown in Fig. 1. PGN was more a potent inducer of
IL-8 in the uroepithelial cells than P. aruginosa LPS. The four
cell lines could be divided into two groups: the high respond-
ers, T24 and 5637, and the low responders, UM-UC-3 and
HT1197. The high responders produced significantly higher
levels of IL-8 under nonstimulating conditions than the low
responders, and IL-8 levels were dramatically increased by
stimulation with the bacterial components. Similar results were
observed for mRNA levels (Fig. 2). In response to LPS, IL-8
mRNA was upregulated strongly in T24 cells and weakly in
5637 cells. Induction of IL-8 mRNA by PGN was similar in T24
and 5637 cells, in agreement with results obtained by ELISA.
The low levels of IL-8 mRNA in UM-UC-3 and HT1197 cells
under nonstimulating conditions are indicated by very weak
signals; these levels were only slightly increased in the presence
of LPS or PGN.

Expression of receptor components specific for LPS and
PGN in uroepithelial cell lines. In order to understand these
differences in IL-8 induction, we examined the expression of
receptor molecules in the uroepithelial cell lines. Levels of
TLR2 and TLR4 expression, determined for the mRNAs by
RT-PCR (Fig. 3A), for the proteins in total-cell lysates by
Western blotting (Fig. 3B), or for the proteins at the cell sur-
face by flow cytometry (Fig. 3C), were not significantly differ-
ent in the four cell lines. On the other hand, CD14 mRNA was
detected strongly in T24 and 5637 cells and only weakly in
UM-UC-3 and HT1197 cells. CD14 proteins were detected on
the surfaces of T24 and 5637 cells; in contrast, they were
undetectable in UM-UC-3 and HT1197 cell lysates and on the
cell surfaces. These results indicate that the expression levels
of CD14 differ among uroepithelial cell lines. The difference in
CD14 protein expression depended primarily on the transcrip-
tional activity of the CD14 gene. However, the expression level
of mCD14 in T24 cells was significantly higher than that in
5637 cells as determined by flow cytometry (Fig. 3C).

Requirement of mCD14 for efficient induction of IL-8. To
determine the contribution of mCD14 to IL-8 induction, we
tried to remove CD14 molecules from the cell surface. mCD14
is a glycosylphosphatidylinositol-anchored protein, and the
protein portion of CD14 can easily be removed from the cell
surface by PI-PLC treatment (23). Levels of mCD14 on the
surfaces of T24 and 5637 cells were markedly decreased by
PI-PLC treatment as determined by flow cytometry (Fig. 4A
and D). PI-PLC-treated T24 cells showed dramatic reductions
in the LPS- and PGN-stimulated induction of IL-8 (Fig. 4B and
C). Similar results were observed for 5637 cells (Fig. 4E and F).

970 SHIMIZU ET AL. CLIN. DIAGN. LAB. IMMUNOL.



These results suggest that mCD14 is necessary for the efficient
induction of IL-8 by stimulation with bacterial components
such as LPS and PGN. Our observations clearly show that
mCD14 participates not only in TLR4 signal transduction but
also in TLR2-mediated signaling. However, IL-8 remained in-
ducible by PGN, but not by LPS, after PI-PLC treatment. This
may be caused by the fact that both CD14-dependent and
CD-14-independent pathways exist in TLR2 signaling.

On the other hand, the lack of mCD14 expression is likely to
explain the weak IL-8-induction in UM-UC-3 and HT1197
cells. We examined the transfection of a human CD14 expres-
sion plasmid into mCD14-negative cells. Figure 5 shows that
UM-UC-3 cells transfected with human CD14 cDNA ex-
pressed mCD14 as determined by flow cytometry (Fig. 5A).
UM-UC-3 cells expressing mCD14 showed more efficient in-
duction of IL-8 production by stimulation with LPS or PGN
(Fig. 5B and C). The absolute amount of induced IL-8 in
UM-UC-3 cells was smaller than those in T24 and 5637 cells.
However, the induction of IL-8 by LPS was about threefold
(Fig. 5B); the level of the induction was comparable to those of
the high responders, T24 and 5637 cells (Fig. 1A).

Requirement for sCD14 in the induction of IL-8 in uroepi-
thelial cells. The experiments described above were performed
using cells cultured in a medium containing fetal bovine serum.
Under these conditions, the serum is the likely source of
sCD14. To clarify whether sCD14 is required for IL-8 induc-
tion in uroepithelial cells, we examined the effect of heat-
inactivated NHS, which is a source of human sCD14, on the
induction of IL-8 after cells had been cultured in a serum-free
medium (Fig. 6). The NHS contained 1.45 mg of SCD14 per
ml, as determined by ELISA (data not shown). The high-
responder cell lines T24 and 5637 did not show significantly
different responses in the presence and absence of NHS. In
contrast, the low-responder UM-UC-3 and HT1197 cells

showed significantly higher induction of IL-8 by LPS or PGN in
the presence of NHS than in its absence. Furthermore, sCD14-
depleted NHS did not show enhancement of IL-8 induction in
UM-UC-3 and HT1197 cells. These results indicate that high
responders, which express mCD14, do not need exogenous
sCD14, because mCD14 is sufficient for IL-8 induction. In
contrast, low-responder cells, in which mCD14 is not detect-
able, appear to require exogenous sCD14 for IL-8 induction by
stimulation with LPS. However, UM-UC-3 and HT1197 cells
showed significant induction of IL-8 by PGN stimulation in the
absence of sCD14. This result suggests that TLR2 signal trans-
duction by PGN occurs partly in a CD14-independent manner
and partly in a CD14-dependent manner (as indicated by its
enhancement by sCD14) in UM-UC-3 and HT1197 cells.

FIG. 1. Induction of IL-8 in human uroepithelial cells by stimulation with P. aeruginosa LPS (A and B) or S. aureus PGN (C and D) as
determined by ELISA. (A and C) Time course of induction. Ten micrograms of LPS or PGN per milliliter was used for stimulation. (B and D)
Cells were stimulated for 12 h. Each experiment was performed in triplicate.

FIG. 2. Induction of IL-8 mRNA in human uroepithelial cells by
stimulation with P. aeruginosa LPS or S. aureus PGN as determined by
RT-PCR. Cells were stimulated with 10 �g of LPS or PGN/ml for
various times as shown. GAPDH mRNA was used as a control.
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Expression of CD14 in the epithelium of normal human
urinary tissues. In order to reveal CD14 expression in normal
human uroepithelial cells, we performed immunohistochemi-
cal experiments using normal bladder tissue from surgical
specimens excised from bladder cancer patients. We stained
with anti-cytokeratin (Fig. 7B) and anti-vimentin (Fig. 7C)
antibodies as controls for the epithelium and mesenchyme,
respectively. The anti-CD14 antibody (Fig. 7A) showed very
weak but significantly positive staining at the epithelial region.
These results suggested that CD14 protein is expressed in
normal human bladder epithelial cells.

DISCUSSION

In the present study, we showed that four uroepithelial cell
lines could be subdivided into high responders and low re-
sponders with respect to their responses to bacterial compo-
nents, such as LPS and PGN. High-responder cells produced

relatively high levels of IL-8 under nonstimulating conditions
and showed marked induction of IL-8 production after stimu-
lation by either PGN or LPS. Low-responder cells produced
low levels of IL-8 under both nonstimulating and stimulating
conditions. We first showed that the difference in IL-8 induc-
tion among the cell lines should be primarily attributed to
mRNA levels, i.e., that induction occurs at the level of tran-
scriptional control. What factor(s) contributes to the induction
of IL-8? To address this question, we examined the expression
levels of cell surface receptors that recognize the bacterial
components. TLR2 and TLR4, which are PGN and LPS re-
ceptors, respectively (1, 30), were expressed to similar extents
in the different cell lines. On the other hand, CD14 mRNA was
expressed at markedly higher levels in the two high responders.
Low responders expressed extremely low levels of CD14
mRNA, and CD14 protein was undetectable in these cells. The
lack of mCD14 expression in UM-UC-3 and HT1197 cells
should depend on mRNA levels, but not on posttranscriptional

FIG. 3. Expression of CD14, TLR2, and TLR4 in human uroepi-
thelial cells. (A) mRNA levels estimated by RT-PCR. GAPDH mRNA
was used as a control. (B) Total-protein levels determined by Western
blotting. Actin was used as a control for protein loading. (C) Cell
surface expression levels determined by flow cytometry. Dotted lines
indicate staining with unrelated isotype-matched control antibodies.
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control, such as the shedding or degradation of produced
CD14 protein. CD14 is suggested to be present in a membrane-
anchored form in high-responder cells. However, mCD14 expres-
sion levels were different in T24 versus 5637 cells. These cells
had similar levels of CD14 mRNA as determined by RT-PCR
and similar levels of total CD14 protein as determined by
Western blotting. The expression level of mCD14 in T24 cells
was significantly higher than that in 5637 cells. The difference
in mCD14 levels could be caused by posttranslational modifi-
cation. The differences in IL-8 induction were likely to corre-
late with the levels of mCD14 proteins. Furthermore, mCD14
levels should have a greater impact on responsiveness to LPS
than on responsiveness to PGN (Fig. 4).

We propose that mCD14 is a major contributor to the in-
flammatory reaction, as seen in the induction of IL-8, which is
promoted by bacterial components via a TLR2- or TLR4-
dependent pathway. On the other hand, epithelial cells, as well
as endothelial cells and fibroblasts, can induce IL-8 in the
absence of mCD14. Exogenous sCD14 in serum forms a com-
plex with LPS, and this complex interacts with cell surface
receptors, namely, TLRs (4, 20, 26). We observed that induc-
tion of IL-8 in low-responder cells was significantly enhanced
by the addition of human sera as a source of sCD14 (Fig. 6).
However, high-responder cells, which express mCD14, did not
require exogenous sCD14 for the induction of IL-8. Recent
reports have described the presence of mCD14 in epithelial

FIG. 4. Effects of PI-PLC treatment on IL-8 induction by P. aeruginosa LPS or S. aureus PGN in the uroepithelial cell lines T24 (A, B, and C)
and 5637 (D, E, and F). (A and D) Cell surface expression of CD14 with or without PI-PLC treatment as determined by flow cytometry. Cells were
treated with 0.5 U of PI-PLC/ml for 2 h and then analyzed by flow cytometry. Similar results were observed with treatment for as long as 14 h (data
not shown). Dotted lines indicate staining with unrelated isotype-matched control antibodies. (B, C, E, and F) Induction of IL-8 after stimulation
with LPS (B and E) or PGN (C and F) for 12 h in cells that were either left untreated or treated with PI-PLC. The concentration of IL-8 in the
culture supernatant was determined by ELISA. Each experiment was performed in triplicate.
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cells, endothelial cells, and fibroblasts (12, 21, 25). Recently,
Bäckhed et al. (4) reported the induction of IL-8 by LPS in T24
cells, which we also used in this study. They suggested that T24
cells do not produce endogenous CD14 but efficiently induce

IL-8 in the presence of sCD14 protein in the culture medium.
Although the reason for this contradiction with our results is
not known, we believe that T24 cells express mCD14 under our
experimental conditions. We confirmed the expression of

FIG. 5. Effects of transfection with CD14 cDNA on LPS- or PGN-induced IL-8 production in the mCD14-negative cell line UM-UC-3. A human
CD14 expression plasmid was transfected into UM-UC-3 cells. (A) Expression of mCD14 in UM-UC-3 cells after 24 h of transfection as determined by
flow cytometry (solid line). Dashed line, cells transfected with a control plasmid. (B and C) After 24 h of transfection, cells transfected with a CD14
plasmid or a control plasmid were treated with 1 or 10 �g of LPS (B) or PGN (C)/ml for 24 h. IL-8 concentrations of the resulting culture
supernatants were determined by ELISA. Significant differences between CD14 transfectants and control transfectants are indicated (**, P � 0.01).

FIG. 6. Effects of heat-inactivated NHS as a source of sCD14 on IL-8 induction in bladder epithelial cells by P. aeruginosa LPS (upper panels) or S.
aureus PGN (lower panels). Cells were washed with PBS, cultured in a serum-free medium containing 5% BSA for 6 h, and then cultured in a medium
with either 5% BSA (without NHS) (bars 1), 5% NHS (bars 2), or 5% CD14-depleted NHS (bars 3) for 6 h. The cultured cells were stimulated with 1
or 10 �g of P. aeruginosa LPS or S. aureus PGN/ml for 24 h. Concentrations of IL-8 in the culture supernatants were determined by ELISA. Significant
differences (**, P � 0.01; *, P � 0.05) between the presence and absence of NHS are indicated. Each experiment was performed in triplicate.
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CD14 in T24 cells by different three methods: RT-PCR, West-
ern blotting, and flow cytometry. Furthermore, CD14 protein
on the cell surface, as detected by flow cytometry, was elimi-
nated by treatment with PI-PLC, which cleaves the glycosyl-
phosphatidylinositol anchor of mCD14 (Fig. 4A and D). Bäck-
hed et al. detected CD14 protein in T24 cells by Western
blotting but not by RT-PCR. Therefore, they concluded that
the CD14 protein detected originated from the serum in the
culture medium, not from endogenous production. The con-
clusion that T24 cells lack CD14 mRNA was based on com-
parison with a positive control, the human monocytic cell line
THP-1. We observed that the expression level of CD14 mRNA

in T24 cells was much lower than that in THP-1 cells (data not
shown). The detection limit for the RT-PCR experiment of
Bäckhed et al. could have been too high to allow detection of
CD14 mRNA in T24 cells.

The factor(s) that contributes to the variable expression
level of mCD14 in bladder epithelial cell lines has not been
identified. Transcription of the CD14 gene is controlled by the
transcription factor Sp1 (15). There is a single-nucleotide poly-
morphism (�159C/T) in the promoter of the CD14 gene, and
it alters the binding affinity of Sp1 for the promoter and thus
the transcriptional activity of the gene (15). The CD14 allele
carrying the �159T polymorphism produces CD14 more effi-
ciently than the allele carrying the �159C polymorphism (6,
15). Furthermore, the levels of sCD14 in human sera are sig-
nificantly different for individuals with the �159C versus the
�159T allele, and these levels correlate with clinical features,
such as serum IgE levels (6), risk for myocardial infarction
(29), and clinical symptoms caused by Helicobacter pylori in-
fection (13). We examined the polymorphism of the CD14
promoter in the four bladder epithelial cell lines by the bidi-
rectional and allele-specific PCR method of Karhukorpi et al.
(13) and found that four cell lines examined in this study were
heterozygous for the polymorphism (data not shown). This
result indicates that the variable levels of CD14 expression in
the bladder cell lines are not due to the known promoter
polymorphism.

Variation in mCD14 expression levels among individuals
should correlate with variation in the ability to mount an in-
flammatory reaction. In the case of blood cells, there is some
evidence for the contribution of mCD14 to the inflammatory
response. High mCD14 expression levels are found in periph-
eral monocytes and intestinal macrophages derived from pa-
tients with Crohn’s disease and inflammatory bowel disease
(10), and mCD14-positive neutrophils accumulate in the lungs
of patients with acute respiratory distress syndrome. In con-
trast, peripheral neutrophils exhibit low mCD14 expression
levels, because the protein is shed from the cell surfaces of
stimulated neutrophils from patients with acute respiratory
distress syndrome (19). Glucocorticosteroids suppress the ex-
pression of both mCD14 and sCD14 (17), and the downregu-
lation of CD14 is considered to be one of the mechanisms by
which the anti-inflammatory effects of steroids are exerted.

In conclusion, mCD14 on the surfaces of bladder epithelial
cells is a more potent contributor to induction of an inflam-
matory reaction than is sCD14. Urinary IL-8 levels are consis-
tently elevated in patients with urinary tract infections. IL-8 in
urine plays an important role in the infiltration of leukocytes,
especially neutrophils, through the uroepithelium (27). Uro-
epithelial cells should be initial and major producers of IL-8
during the process of urinary tract infection. We found that
CD14 proteins are expressed in the epithelium of normal hu-
man bladder tissue (Fig. 7), and we found by RT-PCR that
CD14 mRNA is expressed in the bladder tissue (data not
shown). However, at present there is negative evidence for the
expression of mCD14 in normal bladder tissue (11). We have
detected the expression of mCD14 in normal human bladder
tissue by immunohistochemical staining; however, it is difficult
to distinguish between mCD14 on the epithelial cells and
sCD14, which originate from blood, associated with this tissue.

FIG. 7. Immunochemical staining of CD14 (A), cytokeratin (B),
and vimentin (C) in normal human bladder tissue. Binding of the
specific antibody was detected by staining with a peroxidase–3,3�-dia-
minobenzidine system (brown). The specimen was counterstained with
hematoxylin (blue). Staining of cytokeratin and vimentin was carried
out as controls for the epithelium and mesenchyme, respectively.
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