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Pyuria is one of the main features of urinary tract infections (UTI). Nevertheless, the mechanism of
polymorphonuclear leukocyte (PMN) recruitment into the urine remains to be investigated. We examined
whether interleukin-8 (IL-8), a potent neutrophil chemoattractant and activator, was involved in pyuria seen
in UTI. Of 113 patients, 112 had elevated levels of IL-8 in their urine (1,078.0 ± 181.5 pg/ml), regardless of
whether they had an upper or lower UTI; this was in contrast to undetectable levels (less than 16 pg/ml) in the
urine of all of the 20 normal individuals and 74 control patients without UTI. A concomitant study revealed
increases in urine IL-6, but not IL-1I0, and tumor necrosis factor alpha levels in patients with UTI. In addition
to gram-negative bacteria, a wide spectrum of microorganisms was capable of inducing IL-8 production in
urine. Local production of IL-8 in the urinary tract was suggested by a urine IL-8 level that was higher than
the paired serum IL-8 level. The urine IL-8 level correlated with the number of PMN in the urine, and an
average of half of the chemotactic activity in urine from patients with UTI could be abrogated by anti-IL-8
antibody treatment in vitro. Furthermore, urine IL-8 purified from patients was bioactive and showed multiple
forms on immunoblotting analysis. This is the first documentation of IL-8 in the urine of patients with UTI, and
these results imply that IL-8 is involved in inducing PMN migration into the urinary tract.

Urinary tract infection (UTI) is one of the most common
infectious diseases that affects humans throughout their
lifespan (16). It is characterized by the evidence of uropatho-
gens and pyuria and is accompanied by various clinical
manifestations depending on the areas of involvement. Al-
though the detection of pyuria in patients with suspected
UTI is readily available via a laboratory test, little is known
about the mechanism of neutrophil recruitment into the
urine.
The elevation of urinary levels of cytokines, including

interleukin-6 (IL-6) (13), IL-2 (11), and IL-2 inhibitor (9), has
been observed in patients with UTI. However, none of these
molecules possesses neutrophil chemotactic activity. IL-8, a
potent chemoattractant and activator of neutrophils, is pro-
duced by a variety of cells, including monocytes, endothelial
cells, and mesangial cells, upon stimulation by lipopolysac-
charide, IL-1, and tumor necrosis factor alpha (TNF-a),
etc., in vitro (5, 20, 23, 24). The participation of IL-8 in
infection is evidenced by an increase of the IL-8 level in the
blood of a human volunteer or primate during intravenous
endotoxin or Escherichia coli administration, respectively
(22, 25). A local infection in the amniotic cavity is observed
to be associated with an elevated IL-8 level in the amniotic
fluid (26). Moreover, IL-8 has been detected in the urine of
superficial bladder cancer patients to whom Mycobacterium
bovis bacillus Calmette-Guerin (BCG) cells were adminis-
tered intravesically after transurethral resection of tumors
(4). It is therefore reasonable to postulate that IL-8 may play
a role in UTI.

In this study, we demonstrated elevated levels of IL-8 in
the urine of almost all of the patients with UTI, compared
with undetected levels in the controls. Furthermore, the
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presence of IL-8 in urine contributed to neutrophil chemo-
tactic activity in vitro which was specifically blocked by
anti-IL-8 antibody treatment, suggesting the involvement of
IL-8 in neutrophil recruitment into urine.

MATERIALS AND METHODS

Patients. A total of 113 patients (48 male, 65 female; 1 to 87
years old; mean age, 54 years), including 15 with upper UTI
and 98 with lower UTI (either acute or chronic), were
studied. The diagnosis of UTI was based on the presence of
2104 CFU of microorganisms per ml in urine culture.
Patients with systemic symptoms such as fever combined
with localized flank pain were diagnosed as having upper
UTI, while patients with complaints of dysuria, frequency,
and urgency only were considered as having lower UTI. The
control group who had normal urinalyses consisted of 74
patients without bacteriuria (32 male, 42 female; 1 to 75
years old; mean age, 43 years) and 20 healthy volunteers (10
male, 10 female; 20 to 37 years old; mean age, 25 years). The
control patients had a similar distribution of underlying
illness as the patient group.

Urine samples. Either catheterized or spontaneously
voided midstream unused urine specimens were obtained.
Urinalysis, including determinations of specific gravity, pH,
glucose, protein, blood, leukocyte esterase, and nitrite, was
done by dipstick analysis (Ames-N; Miles-Sankyo, Tokyo,
Japan) as described in the manufacturer's instructions. For
microscopic examination, 10 ml of the specimen was spun at
200 x g for 5 min, the supernatant was aspirated, and the
urine sediment was resuspended with the residual 0.2 ml of
urine. The cellular elements of 15 ,ul of urine were expressed
as the average number of cells per high-powered field (HPF)
of five separate areas (magnification, x400). For microbio-
logical studies, an aliquot was inoculated into the appropri-
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ate medium and colonies were counted 24 and 48 h later. The
rest of the specimen was kept at -20°C until needed for
another assay.

IL-8 assay. The IL-8 level was determined by an enzyme-
linked immunosorbent assay (ELISA), by using monoclonal
antibody (MAb; clone WS 4) as a capturing antibody (Ab)
and rabbit Ab as a second Ab, both of which were raised
against human recombinant IL-8 (rIL-8) of 72-amino-acid
form (gift from Dainippon Pharmaceutical Co., Osaka, Ja-
pan), essentially as previously described (19) except that the
dilution buffer was changed to 1% bovine serum albumin
(BSA) (Sigma Chemical Co., St. Louis, Mo.) in phosphate-
buffered saline (PBS) containing 0.05% Tween 20. Urine
specimens were centrifuged at 1,000 x g for 10 min, and the
supernatants were assayed directly or after dilution with the
dilution buffer. Serum samples were measured directly. All
assays were done at least in duplicate. The detection limit of
this assay was 16 pg of IL-8 per ml. The ELISA worked well
for urine samples whose pH was between 5 and 10, whereas
immunoreactive IL-8 was reduced to less than 60% of the
original concentration for a pH either below 5 or above 10.
The pH of all urine specimens was between 5 and 9. Human
rIL-8 was found to be stable in urine specimens from both
patients with UTI and normal subjects for at least 48 h at
either room temperature or 4°C.
Other cytokine assays. Urine IL-1lB and TNF-a levels in

normal subjects (n = 20) and patients (n = 25) were
measured by using commercially available ELISA kits from
Medgenix Diagnostics (Toray-Fuji-Bionics, Tokyo, Japan)
and Otsuka Pharmaceuticals (Tokushima, Japan), respec-
tively. The detection limits were 10 and 5 pg/ml for each kit,
respectively. The urine IL-6 level was measured with an
ELISA by using two MAbs (Fuji-Rebio, Tokyo, Japan) with
a sensitivity of 4 pg/ml.
Chemotaxis assay. Neutrophil chemotaxis was assessed by

using a multiwell chemotaxis chamber (Neuro Probe Inc.,
Bethesda, Md.) as described elsewhere (18). Briefly, human
polymorphonuclear leukocytes (PMN) were obtained from
the heparinized blood of healthy volunteers by gradient
centrifugation on Ficoll-Hypaque (Nycomed, Oslo, Norway)
and then subjected to sedimentation on a gelatin solution
(2.5% [wt/vol] in 0.9% NaCl). The final preparation of
neutrophils was suspended at 106/ml (purity, >95%) in PBS
containing 0.1% BSA, 0.9 mM CaCl2, and 0.5 mM MgCl2
(dilution buffer). The viability was greater than 98%. A
polycarbonate membrane with 3-,m pores (Nuclepore
Corp., Pleasanton, Calif.) without polyvinylpyrrolidone
coating was used. Urine specimens were dialyzed against
PBS and diluted (1:1) with the dilution buffer. Spectra/Por 3
membranes (Spectrum, Houston, Tex.) with a molecular
weight cutoff of 3,500 were used for dialysis throughout the
study. Twenty-five-microliter volumes of the samples were
placed in the lower wells, while 50-,ul volumes ofPMN were
added to the upper wells in triplicate. After being incubated
for 50 min at 37°C, the chamber was disassembled, and
nonmigrated cells were wiped away from the upper surface.
The membrane was fixed with methanol and then stained
with Giemsa stain. Migrated cells per well were counted at
x400 magnification for five random fields.
For the adsorption experiment, 5 mg of either MAb

anti-IL-8 (WS 4) or control MAb anti-IL-la (17) was conju-
gated to cyanogen-bromide-activated Sepharose 4B gels
(Pharmacia-LKB, Uppsala, Sweden) as described in the
manufacturer's instructions. The conjugated gels were
washed and resuspended in PBS containing 1% BSA. Three
hundred microliters of the samples was incubated with 50 ,ul

of the gels at 4°C for 2 h with agitation and then centrifuged.
The chemotaxis assay was performed as described above. In
each assay, human rIL-8 with a final concentration of 20
ng/ml was used as a positive reference and dilution buffer
was used for random migration. The results are expressed as
the mean ± standard deviation of triplicate wells in percent
response of human rIL-8.

Gel filtration. After dialysis against PBS, urine specimens
from patients were applied to a Superose 12 HR 10/30
column (Pharmacia) at a flow rate of 0.3 ml/min in PBS. For
calibration, BSA and human rIL-8 were used.

Purification of urine IL-8. To verify the presence of IL-8 in
urine, 15.5 and 6.1 liters of urine were collected separately
from one patient with upper UTI and one patient with lower
UTI, respectively. Specimens were precipitated with 80%
ammonium sulfate, and the precipitates were dissolved in
PBS and then subjected to 10% ammonium sulfate precipi-
tation. The supernatants were consequently precipitated
with 80% ammonium sulfate once again, and the final pre-
cipitates were dissolved and dialyzed against 50 mM phos-
phate buffer (pH 7.2). They were then applied to a heparin-
Sepharose CL-6B column (2.5 cm by 10 cm; Pharmacia),
washed with the same buffer, and subjected to elution with
0.5 M NaCl in phosphate buffer. ELISAs for all fractions
were performed throughout all of the purification steps. The
positive fractions, dialyzed against 0.04 M NaCl in 50 mM
phosphate buffer, were applied to a TSK gel heparin-5PW
column (TOSOH, Tokyo, Japan) equilibrated with the same
buffer and eluted with a discontinuous NaCl gradient. The
positive fractions eluted from the heparin-5PW column were
separated into four pools. Each pool was applied to a TSK
TMS-250 column (TOSOH) equilibrated with 0.05% (vol/vol)
trifluoroacetic acid in high-performance liquid chromatogra-
phy (HPLC)-grade water. Polypeptides eluted with a linear
gradient of increasing concentrations of acetonitrile contain-
ing 0.05% trifluoroacetic acid. All fractions were lyophilized
and reconstituted with 50 ,ul of distilled water.
SDS-PAGE. Sodium dodecyl sulfate-polyacrylamide gel

electrophoresis (SDS-PAGE) for polypeptides was per-
formed by the method described by Schaegger et al. (29) by
using a separation gel containing 16.5% T and 6% C in the
presence of 6M urea at pH 8.45 as previously described (19).

Immunoblotting. Immunoblotting was performed as previ-
ously described (19). A transblotted membrane was incu-
bated with MAb WS 4 immunoglobulin G (3.6 ,u g/ml) and
then reacted with peroxidase-conjugated rabbit anti-mouse
Ab diluted 1/500 (Dakopatts, Glostrup, Denmark), and the
membrane was developed by using the Konica immunostain-
ing HRP kit (Konica, Tokyo, Japan).

Statistical analysis. All values were expressed as the mean
± standard error of the mean unless otherwise stated.
Analyses of data were performed by using Student's un-
paired t test or simple regression. Specimens with values
below the detection limit were excluded from comparisons
involving that variable. Differences were considered signifi-
cant for P of <0.05.

RESULTS

Determination of urinary level of cytokines. No detectable
IL-8 was found in urine specimens from either healthy
volunteers or control patients (Fig. 1). On the contrary, 112
of the 113 patients with UTI showed elevated urine IL-8
levels (1,078.0 ± 181.5 pg/ml). The differences in the urine
IL-8 levels of patients with upper (1,138.9 ± 375.0 pg/ml, n
= 15) and lower (1,068.7 ± 201.9 pg/ml, n = 97) UTI, with
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101

Urine Serum
FIG. 2. Concentrations of IL-8 in paired urine and serum speci-

mens from patients with UTI (n = 15). Urine IL-8 levels were higher
than the corresponding serum IL-8 levels in all of the patients.

between the patients with UTI and the controls for both
TNF-a and IL-1,. On the other hand, another important
inflammatory cytokine, IL-6, was undetected in all 20 nor-
mal subjects but elevated in 16 of 25 patients (Fig. 4). The
elevated urine IL-6 level did not, however, correlate signif-
icantly with the level of TNF-a, IL-13, or IL-8 or with the
number of PMN (data not shown).

Chemotactic activity in urine specimens from patients with
UTI. Since the urine from patients contained increased
levels of IL-8, we then determined whether these urine
specimens had neutrophil chemotactic activity in vitro.
While no neutrophil chemotactic activity was found in urine
specimens from normal subjects (n = 3), urine specimens
from all patients exhibited significant levels of neutrophil
chemotactic activity (90.1 to 405.6%; average, 224.0%; n =

8) comparable to or higher than the reference standard of 20
ng of rIL-8 per ml (Fig. 5). No apparent correlation was
observed between neutrophil chemotaxis and IL-8 levels in
the urine specimens. To prove that neutrophil chemotactic
activity in urine specimens from patients was ascribable to
IL-8, we performed adsorption experiments by using a

Sepharose 4B gel coupled with either anti-IL-8 or anti-IL-la
MAbs. Anti-IL-8 Ab adsorption treatment reduced the uri-
nary IL-8 level to less than 160 pg/ml, at which level rIL-8
had no neutrophil chemotactic activity. Adsorption onto the
anti-IL-8 Ab column reduced the chemotactic activity in the
urine from patients by 24.9 to 93.4% (average, 54.7%), under
the conditions where the same treatment reduced that of
human rIL-8 by 85.8%, compared with the untreated sam-
ples (Fig. 5). As a control, anti-IL-la Ab adsorption slightly
reduced the chemotactic activity of urine specimens by 1.3
to 30.3% (average, 14.0%) and that of human rIL-8 by
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FIG. 1. Concentrations of IL-8 in urine specimens from control

subjects and patients with UTI. Abbreviations: normal, normal
individuals (n = 20); control, control patients without UTI (n = 74);
UTI, patients with UTI (n = 113). Mean values are indicated by the
solid horizontal line. The dotted line represents the detection limit
(<16 pg/ml) of the ELISA.

(1,138.7 + 268.0 pg/ml, n = 60) and without (1,008.0 + 241.4
pg/ml, n = 52) underlying illness, catheterized (1,586.0 +
448.3 pg/ml, n = 29) and noncatheterized (900.5 + 186.2
pg/ml, n = 83), and who were male (1,300.7 + 329.4 pg/ml,
n = 48) and female (911.0 ± 199.4 pg/ml, n = 64) were not
significant.
The most common isolated microorganisms were Esche-

richia coli (n = 31) in 50 cases of gram-negative bacterium
infection, Enterococcus faecalis (n = 9) in 22 cases of
gram-positive bacterium infection, and Candida species in
all 6 cases of fungus infection; polymicrobial infections were
found in the remaining 34 cases. The urine IL-8 levels of
each group were 915.0 ± 258.5, 1,071.3 ± 420.8, 1,764.0 +

870.2, and 1,201.1 ± 348.8 pg/ml, respectively, with no

significant difference in the IL-8 response between different
uropathogens. Polymicrobial infections were found espe-
cially in patients with an indwelling catheter associated with
underlying illness. However, our preliminary study indi-
cated that catheterization alone did not cause IL-8 elevation
in five patients without UTI.

Furthermore, when we continued monitoring urine IL-8
levels in eight patients, the elevated IL-8 level detectable
during infection became undetectable after recovery, which
indicated the specific response of IL-8 to UTI (data not
shown). As shown in Fig. 2, among the 15 paired serum and
urine specimens measured, IL-8 levels in serum specimens
were apparently lower than those of the corresponding urine
specimens, which suggested the local production of IL-8 in
the urinary tract. Although five arbitrary ranks instead of
actual PMN counts were used for classifying the degree of
pyuria, a correlation existed between PMN numbers and
IL-8 levels in urine (Fig. 3).

Concomitantly, we examined the concentrations of
TNF-ot and IL-10, two well-known stimulants of IL-8, in the
urine specimens (Fig. 4). No significant difference was found
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FIG. 3. Correlation between IL-8 level and PMN count in urine

specimens from patients with UTI. Urine IL-8 levels correlated with
the numbers of PMN (y = 719.Qx - 1,663.1, r = 0.623, P = 0.0001).
The quantitation of PMN in centrifuged urine is expressed as the
number of cells per HPF (+, 5 to 9; +, 10 to 29; + +, 30 to less than
half of the count of the whole HPF; + + +, more than half of the
count of the whole HPF), as recommended by the UTI research
group, Japan.

13.5%. These data suggest the variable but significant par-
ticipation of IL-8 in neutrophil recruitment into urine.

Characterization of urine IL-8. The results described
above indicated the presence of immunoreactive and bioac-
tive IL-8 in urine specimens from patients with UTI. To
characterize urine IL-8, we performed the gel chromatogra-
phy which demonstrated that immunoreactive IL-8 eluted
at a position similar to that of human rIL-8 (Fig. 6).
Consequently, we purified urine IL-8 through sequential
ammonium sulfate precipitation, heparin-Sepharose CL-6B
column chromatography, heparin-5PW column chromatog-
raphy, and reversed-phase HPLC (RP-HPLC). The final
yields were 18.5% (137.3 ng) and 31.7% (1,814.2 ng) for the
patients with lower and upper UTI, respectively. As shown
in Fig. 7a, four IL-8 peaks were observed in the heparin-
5PW chromatography. These four peaks were separately
pooled and applied to the RP-HPLC. The retention time of
the IL-8 peak eluted for rIL-8 (data not shown) as well those
of all four pools were the same (Fig. 7b). These four IL-8
peaks on RP-HPLC were tested for their chemotactic activ-
ity; all were neutrophil chemoattractive and specifically
inhibited by the treatment with anti-IL-8 Ab (data not
shown). Upon immunoblotting analysis with anti-IL-8 MAb
(WS 4), these peaks showed molecular masses of about 6 to
5.5 kDa and were estimated to represent IL-8 of between 69
and 72 amino acids (Fig. 7c). The purified urine IL-8 from
patients with upper and lower UTIs showed similar results
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FIG. 4. TNF-a, IL-1i, and IL-6 levels in urine specimens from

normal individuals (n = 20) and patients with UTI (n = 25). The
dotted lines represent the detection limits of each assay. Mean
values are indicated by the solid horizontal lines. The means ±
standard errors of the mean of urine TNF-a levels for normal
subjects and patients were 14.9 ± 4.7 and 9.3 ± 1.7 pg/ml,
respectively. Similarly, urine IL-1i levels were 115.1 ± 10.7 and
161.9 ± 49.8 pg/ml, respectively. The urine IL-6 level was 92.5 ±
43.3 pg/ml for patients (n = 16), while it was undetectable in normal
subjects. NS, not significant.

except that the proportion of each peak varied slightly (data
not shown).

DISCUSSION

The present study describes evidence of the presence of
IL-8 in urine specimens from patients with UTI and the
partial characterization of urine IL-8. A correlation was
observed between the semiquantitative counts of PMN and
the IL-8 levels in urine. Furthermore, even though individual
variance existed, an average of half of the chemotactic
activity in the urine was abrogated by anti-IL-8 Ab in vitro.
These data suggested the involvement of IL-8 in neutrophil
recruitment into urine.
The explanations for the wide range in the reduction of

chemotactic activity when anti-IL-8 columns were used and
the lack of correlation between neutrophil chemotactic and
IL-8 levels may be identical or different. The existence of an
additional neutrophil chemotactic factor(s) in urine speci-
mens from patients with UTI is one possible explanation.
Within the growing list of IL-8-related molecules, GRO
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FIG. 5. Chemotaxis assays of urine IL-8. PBS-dialyzed urine
before and after adsorption with either anti-IL-8 or anti-IL-la
Ab-conjugated gels were assayed. Pooled normal urine specimens (n
= 3) showed no chemotactic activity (data not shown). All urine
from patients with UTI (n = 8) showed significant neutrophil
chemotaxis expressed as the percent response (mean standard
deviation) of 20 ng of rIL-8 per ml. Random migration, which was

less than 10%, was subtracted from each value. Numerals above the
black bars indicate IL-8 levels (in picograms per milliliter) in each
untreated sample. Data from one of two representative experiments
are shown.

protein (28), which bears heparin binding and neutrophil
chemoattractive properties similar to those of IL-8, may be
involved since several IL-8-negative fractions of the RP-
HPLC were found to have neutrophil chemotactic activities
(our unpublished observations). The contribution of prod-
ucts of microorganisms such as fMet-Leu-Phe should also be
considered. The single patient with cystitis who had pyuria
(5 to 9 PMN per HPF) but an undetectable urine IL-8 level
may be explained by the above speculations. Our data
suggest the notion that IL-8 is not the sole chemoattractant
in urine and it works with other molecules in neutrophil
emigration during infection.
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FIG. 6. Gel filtration chromatogram (Superose 12 HR 10/30) of
urine of patients with UTI. Two hundred microliters of PBS-
dialyzed urine was applied, and fractions of 0.9 ml were collected at
a flow rate of 0.3 ml/min in PBS. As molecular weight markers,
human rIL-8 (hrIL-8, 8 kDa) and BSA (67 kDa) were applied to the
same column in a separate experiment. All fractions were measured
for IL-8 by using an ELISA, and positive fractions are indicated by
the hatched areas. The elution peak of urine IL-8 coincided with that
of the human rIL-8 control. Similar results were obtained from three
other patients, and a representative one is shown.

In addition to chemotactic activity, IL-8 is known to
promote the in vitro neutrophil adhesion to endothelium
cells and transepithelial migration in a concentration gradi-
ent manner (7, 15). In patients, the higher IL-8 level in urine
than in serum may provide a concentration gradient which
aids the transmigration of neutrophils from the bloodstream
to the urinary tract lumen.
We postulate that IL-8 is produced locally in the urinary

tract since urine IL-8 levels were higher than the levels in
sera in all of the patients examined. Several transitional-cell
carcinoma-derived cell lines produce IL-8 in vitro either
upon stimulation (1) or constitutively (our unpublished ob-
servations). Hence, uroepithelial cells such as transitional
cells may be responsible for IL-8 production in cystitis.
During purification of urine IL-8, the urine from a patient
with upper UTI was obtained directly through a catheterized
left-kidney nephrostomy because of the complete obstruc-
tion of the ureter. In this patient, the constantly undetectable
serum IL-8 level (more than four occasions) precluded the
possibility of systemic production, suggesting the local pro-
duction of IL-8 within the infected kidney. These data are
substantiated by several recent reports on the capability of
mesangial cells (5, 20), renal cortical epithelial cells (30), and
renal-cell carcinoma (1) to secrete IL-8 upon stimulation in
vitro. The emigrated neutrophils probably produce IL-8 after
exposure to microorganisms (3, 10) in the urinary tract
lumen. Nevertheless, we believe that the cell sources of
urine IL-8 are multiple and include the endothelial cells (31)
and uroepithelial cells mentioned above as well. The defin-
itive identification of producing cells, however, requires the
biopsy of the urinary tract accompanied by immunohistolog-
ical and/or in situ hybridization methods.

It is worthy of note that a wide spectrum of microorgan-
isms was identified as the causative pathogen of UTI in this
study. That all of these urine specimens showed elevated
levels of IL-8 implies that almost all microorganisms can
stimulate the production of IL-8, irrespective of whether
they contain lipopolysaccharide or not. This is further sup-
ported by the observation of IL-8 production upon stimula-
tion by a streptococcal preparation immunomodulator (33),
yeast (3), virus (34), BCG (4), or fastidious organisms such
as Ureaplasma spp. (26).

IL-1 and TNF-a, two proinflammatory cytokines, have
been shown to be capable of inducing IL-8 production in
various types of cells (24). The effects of these molecules on
IL-8 production are presumed to be crucial in the inflamma-
tory cascade. However, no significant elevation of the IL-1l
or TNF-a level was observed in urine specimens from
patients with UTI. This is consistent with the previous
results of murine studies (6, 27). We assume that IL-8
production is induced mainly by microorganisms, receiving a
minor paracrine effect from these two cytokines. This sup-
position is not unrealistic when the report of TNF-indepen-
dent IL-6 production during murine listeriosis by Havell and
Sehgal (12) is considered. A UTI model of animal study will
provide a clue to the answer. Induction of IL-6 production in
gram-negative bacterial UTI has been described by several
investigators (6, 13, 27). Hedges et al. showed that urinary
IL-6 was not continuously secreted in patients (13), which
may explain the undetected IL-6 in 9 of 25 patients in our
study. Consistent with our results, they show no correlation
between the count of PMN in urine and the IL-6 level in the
individual patient.

IL-8 also activates neutrophils in terms of respiratory
burst, enzyme release, enhanced PMN-mediated anti-Can-
dida activity, and phagocytosis (2, 7, 8), which are all
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FIG. 7. (a) Chromatogram of urine from a patient with a lower UTI on TSK gel heparin-5PW. Positive fractions from a heparin-Sepharose
column were dialyzed against 0.04 M NaCl in 50 mM phosphate buffer and applied. Elution with a discontinuous gradient of NaCl is indicated
by a dotted line. Flow rate, 0.5 mlmin; 1 ml per fraction. Positive fractions were collected separately as four pools (labeled 1 to 4) and are
indicated by the hatched areas. (b) RP-HPLC. Each pool (1 to 4) described above was applied separately onto a TSK TMS-250 column in
0.05% trifluoroacetic acid and eluted with increased gradients of acetonitrile in 0.05% trifluoroacetic acid (- --). Flow rate, 0.5 ml/min; 1 ml
per fraction. (c) Immunoblot of urine IL-8 by using MAb WS 4. Each IL-8 peak of the RP-HPLC described above was separated by
SDS-PAGE and then analyzed by immunoblotting. Samples applied per lane (1 to 4) contained 2.0, 1.9, 2.2, and 0.9 ng of IL-8 (as determined
by ELISA), respectively, while 10 ng of rIL-8 was used as a control (which gave 6 kDa in Tricine-SDS-PAGE). Polymerized forms of rIL-8
(arrows) were observed in the positive control. Similar results were obtained with specimens from the patient with upper UTI (data not
shown).

essential in antimicrobial functions. On the other hand, in
experimental pyelonephritis, infiltration with PMN has been
presumed to be responsible for tubular destruction and renal
scarring, and, therefore, colchicine and cyclophosphamide
ameliorated irreversible renal damage by diminishing PMN
infiltration (14). Thus, the role of IL-8 in the pathogenesis of
UTI remains to be defined.

Recent studies propose that a threshold of 102 (32) or 103
(21) CFU/ml may be a more sensitive indicator of UTI.
Under such circumstances, a urine IL-8 measurement may
help to differentiate the bacteriuria of true infection from that
due to contamination. In addition, such a measurement may
be beneficial in certain atypical cases such as those of UTI in
granulocytopenic patients without pyuria or in cases of
negative culture in symptomatic patients either undergoing
treatment or infected by a fastidious organism. Of the
patients with lower UTI, five asymptomatic bacteriuric
patients with catheters were included. Their urinary IL-8
levels measured 1,869.0 + 1,211.8 pg/ml (n = 5), showing no
significant difference from those of symptomatic patients
(1,025.2 + 203.6 pg/ml, n = 92). However, it will be of
interest to evaluate whether asymptomatic bacteriuric pa-
tients without pyuria have lower urinary IL-8 levels.
We conclude that the determination of urine IL-8 is more

sensitive and specific than that of other inflammatory cyto-
kines and is useful in the diagnosis of UTI. The confirmation
of the presence of bioactive IL-8 in urine suggests the
participation of IL-8 in UTI, providing additional evidence
of the role of IL-8 in inflammation.

ACKNOWLEDGMENTS

We thank R. Okutani for his excellent technical assistance and I.
Tsuchiya for his advice on the chemotaxis assay. We also thank M.
Hiyashi and I. Shimada for their assistance in collecting samples and
T. Nakamura and T. Sasaki (Special Reference Laboratory, Tokyo,
Japan) for performing the IL-6, IL-1p, and TNF-a assays.

This work was supported in part by grants from the Ministry of
Education, Culture, and Science and by the Ryoichi Naito Founda-
tion for Medical Research in Japan.

REFERENCES
1. Abruzzo, L. V., A. J. Thornton, M. Liebert, H. B. Grossman, H.

Evanoff, J. Westwick, R. M. Strieter, and S. L. Kunkel. 1992.
Cytokine-induced gene expression of interleukin-8 in human
transitional cell carcinomas and renal cell carcinomas. Am. J.
Pathol. 140:365-373.

2. Baggiolini, M., P. Imboden, and P. Detmers. 1992. Neutrophil
activation and the effects of interleukin-8/neutrophil-activating
peptide 1 (IL-8/NAP-1). Cytokines 4:1-17.

3. Bazzoni, F., M. A. Cassatella, F. Rossi, M. Ceska, B. Dewald,
and M. Baggiolini. 1991. Phagocytosing neutrophils produce and
release high amounts of the neutrophil-activating peptide 1/in-
terleukin 8. J. Exp. Med. 173:771-774.

4. Bettex-Galland, M., U. E. Studer, A. WaIz, B. Dewald, and M.
Baggiolini. 1991. Neutrophil-activating peptide-1/interleukin-8
detection in human urine during acute bladder inflammation

caused by transurethral resection of superficial cancer and
Bacillus Calmette-Guerin administration. Eur. Urol. 19:171-
175.

5. Brown, Z., R. M. Strieter, S. W. Chensue, M. Ceska, I. Lindley,
G. H. Neild, S. L. Kunkel, and J. Westwick. 1991. Cytokine-
activated human mesangial cells generate the neutrophil
chemoattractant, interleukin 8. Kidney Int. 40:86-90.

6. de Man, P., C. van Kooten, L. Aarden, I. Engberg, H. Linder,
and C. Svanborg-Eden. 1989. Interleukin-6 induced at mucosal
surfaces by gram-negative bacterial infection. Infect. Immun.
57:3383-3388.

7. Detmers, P. A., D. E. Powell, A. Walz, I. Clark-Lewis, M.
Baggiolini, and Z. A. Cohn. 1991. Differential effects of neutro-
phil-activating peptide 1/IL-8 and its homologues on leukocyte
adhesion and phagocytosis. J. Immunol. 147:4211-4217.

8. Djeu, J. Y., K. Matsushima, J. J. Oppenheim, K. Shiotsuki, and
D. K. Blanchard. 1990. Functional activation of human neutro-
phils by recombinant monocyte-derived neutrophil chemotactic
factor/IL-8. J. Immunol. 144:2205-2210.

9. Fleischman, J. D., D. B. Wentworth, K. M. Thomas, and A. L.
Imbembo. 1989. Urinary interleukin-2 inhibition in patients with
cystitis. Immunol. Invest. 18:825-831.

10. Friedland, J. S., Y. Suputtamongkol, D. G. Remick, W. Chao-
wagul, R. M. Strieter, S. L. Kunkel, N. J. White, and G. E.
Griffin. 1992. Prolonged elevation of interleukin-8 and interleu-
kin-6 concentrations in plasma and of leukocyte interleukin-8
mRNA levels during septicemic and localized Pseudomonas
pseudomallei infection. Infect. Immun. 60:2402-2408.

11. Haaff, E. O., W. J. Catalona, and T. L. Ratliff. 1986. Detection
of interleukin 2 in the urine of patients with superficial bladder
tumors after treatment with intravesical BCG. J. Urol. 136:970-
974.

12. Havell, E. A., and P. B. Sehgal. 1991. Tumor necrosis factor-
independent IL-6 production during murine listeriosis. J. Immu-
nol. 146:756-761.

13. Hedges, S., P. Anderson, G. Lidin-Janson, P. de Man, and C.
Svanborg-Eden. 1991. Interleukin-6 response to deliberate col-
onization of the human urinary tract with gram-negative bacte-
ria. Infect. Immun. 59:421-427.

14. Hills, G. 1989. Urinary tract infections: general considerations,
p. 279-331. In G. Hills (ed.), Uropathology. Churchill Living-
stone, Ltd., Edinburgh.

15. Huber, A. R., S. L. Kunkel, R. F. Todd III, and S. J. Weiss.
1991. Regulation of transendothelial neutrophil migration by
endogenous interleukin-8. Science 254:99-102.

16. Johnson, C. C. 1992. Definitions, classification, and clinical
presentation of urinary tract infections. Med. Clin. N. Am.
75:241-252.

17. Kasahara, T., N. Mukaida, H. Shinomiya, M. Imai, K. Matsu-
shima, H. Wakasugi, and K. Nakano. 1987. Preparation and
characterization of polyclonal and monoclonal antibodies
against human interleukin la. J. Immunol. 138:1804-1812.

18. Kasahara, T., N. Mukaida, K. Yamashita, H. Yagisawa, T.
Akahoshi, and K. Matsushima. 1991. IL-1 and TNFa induction
of IL-8 and monocyte chemotactic and activating factor
(MCAF) mRNA expression in a human astrocytoma cell line.
Immunology 74:60-67.

19. Ko, Y., N. Mukaida, A. Panyutich, N. N. Voitenok, K. Matsush-
ima, T. Kawai, and T. Kasahara. 1992. A sensitive enzyme-
linked immunosorbent assay for human interleukin-8. J. Immu-

VOL. 61, 1993



1314 KO ET AL.

nol. Methods 149:227-235.
20. Kusner, D. J., E. L. Luebbers, R. J. Nowinski, M. Koniecz-

kowski, C. H. King, and J. R. Sedor. 1991. Cytokine- and
LPS-induced synthesis of interleukin-8 from human mesangial
cells. Kidney Int. 39:1240-1248.

21. Lipsky, B. A. 1989. Urinary tract infections in men: epidemiol-
ogy, pathophysiology, diagnosis, and treatment. Ann. Intern.
Med. 110:138-150.

22. Martich, G. D., R. L. Danner, M. Ceska, and A. F. Suffredini.
1991. Detection of interleukin 8 and tumor necrosis factor in
normal humans after intravenous endotoxin: the effect of anti-
inflammatory agents. J. Exp. Med. 173:1021-1024.

23. Matsushima, K., E. T. Baldwin, and N. Mukaida. 1992. Inter-
leukin-8 and MCAF: novel leukocyte recruitment and activating
cytokines. Chem. Immunol. 51:236-265.

24. Mukaida, N., and K. Matsushima. 1992. Regulation of IL-8
production and the characteristics of the receptors for IL-8.
Cytokines 4:41-53.

25. Redi, H., G. Schiag, S. Bahrami, U. Schade, M. Ceska, and P.
Stuetz. 1991. Plasma neutrophil-activating peptide-1/interleu-
kin-8 and neutrophil elastase in a primate bacteremia model. J.
Infect. Dis. 164:383-388.

26. Romero, R., M. Ceska, C. Avila, M. Mazor, E. Behnke, and I.
Lindley. 1991. Neutrophil attractant/activating peptide-1/inter-
leukin-8 in term and preterm parturition. Am. J. Obstet. Gyne-
col. 165:813-820.

27. Rugo, H. S., P. O'Hanley, A. G. Bishop, M. K. Pearce, J. S.
Abrams, M. Howard, and A. O'Garra. 1992. Local cytokine
production in a murine model ofEscherichia coli pyelonephritis.

J. Clin. Invest. 89:1032-1039.
28. Sager, R., A. Anisowicz, M. C. Pike, P. Beckmann, and T.

Smith. 1992. Structural, regulatory, and functional studies of the
gro gene and protein. Cytokines 4:96-116.

29. Schaegger, H., and G. von Jagow. 1987. Tricine-sodium dodecyl
sulfate polyacrylamide gel electrophoresis for the separation of
proteins in the range from 1 to 100 KDa. Anal. Biochem.
166:368-379.

30. Schmouder, R. L., R. M. Strieter, R. G. Wiggins, S. W.
Chensue, and S. L. Kunkel. 1991. In vitro and in vivo interleu-
kin-8 production in human renal cortical epithelia. Kidney Int.
41:191-198.

31. Schroeder, J. M., and E. Christophers. 1989. Secretion of novel
and homologous neutrophil-activating peptides by LPS-stimu-
lated human endothelial cells. J. Immunol. 142:244-251.

32. Stamm, W. E., G. W. Counts, K. R. Running, S. Fihn, M.
Turck, and K. K. Holmes. 1982. Diagnosis of coliform infection
in acutely dysuric women. N. Engl. J. Med. 307:463-468.

33. Tsuchiya, I., T. Kasahara, K. Yamashita, Y. C. Ko, K.
Kanazawa, K. Matsushima, and N. Mukaida. Induction of
inflammatory cytokines in the pleural effusion of cancer patients
after the administration of an immunomodulator, OK-432: role
of IL-8 for neutrophil infiltration. Submitted for publication.

34. Van Damme, J., B. Decock, R. Conings, J.-P. Lenaerts, G.
Opdenakker, and A. Billiau. 1989. The chemotactic activity for
granulocytes produced by virally infected fibroblasts is identical
to monocyte-derived interleukin 8. Eur. J. Immunol. 19:1189-
1194.

INFECT. IMMUN.


