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The antiinflammatory cytokine response during urosepsis was determined by measurement of concentra-
tions of soluble tumor necrosis factor receptor (STNFR) types I and II, interleukin 1 receptor antagonist
(IL-1ra), soluble IL-1 receptor type II (sIL-1RII), and interleukin 10 in sera and urine of 30 patients with
culture-proven urinary tract infections before and 4, 24, 48, and 72 h after initiation of antibiotic therapy and
in 20 healthy individuals. In serum, the levels of STNFR types I and II, IL-1ra, and IL-10 were higher in
patients than in controls. In urine, only sSTNFR type I and II levels were elevated in patients. The ratios of
concentrations of both types of STNFR in urine to concentrations in serum were higher in patients than in
controls. These findings indicate that during urosepsis, the antiinflammatory cytokine response is generated

predominantly at the systemic level.

The clinical spectrum of urinary tract infections ranges from
asymptomatic bacteriuria to acute pyelonephritis. In the
healthy urinary system, the dynamics of urine flow and a func-
tional vesicoureteral junction protect against ascending urinary
tract infections. In recent years, attention has been paid to the
role of inflammation in resistance to urinary tract infections
(29).

Cytokines are small proteins important for the orchestration
of inflammatory processes. The most-potent proinflammatory
cytokines are tumor necrosis factor alpha (TNF) and interleu-
kin 1 (IL-1) (10, 32). Several endogenous mechanisms that can
modulate the production and/or activity of TNF and/or IL-1
have been identified (31). TNF can bind to two distinct types of
cellular receptors. Both TNF receptor species can be processed
to soluble forms (sTNFR) that represent the extracellular do-
mains of the respective transmembrane receptors. STNFR re-
tain their affinity for free TNF and can therefore act as com-
petitive inhibitors of TNF activity when present in high
concentrations (1, 34). Similarly, the extracellular part of the
type IT IL-1 receptor can be shed from the cell surface. Soluble
IL-1 receptor type II (SIL-1R type II) is considered a negative
regulator of IL-1 activity, since it binds free IL-1 without elic-
iting a cellular response (10, 28). Another endogenous IL-1
inhibitor is IL-1 receptor antagonist (IL-1ra), which preferen-
tially binds to the signaling type I IL-1R without inducing any
biological response (10). Furthermore, the production of
proinflammatory cytokines can be inhibited by so-called anti-
inflammatory cytokines, of which IL-10 is the most potent (22).

Although animal studies have indicated that enhanced pro-
duction of TNF and IL-1 plays an important role in the patho-
genesis of bacterial sepsis, only a small subset of patients with
sepsis have detectable TNF and IL-1 in their circulation (10,
32). However, a presumed increase in TNF and IL-1 activity in
such patients is associated with elevated concentrations of in-
hibitors of these proinflammatory cytokines in plasma. Indeed,
it is now well appreciated that the host response to sepsis
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involves both release of proinflammatory cytokines and release
of soluble cytokine inhibitors and antiinflammatory cytokines.
The latter response was recently given the name compensatory
antiinflammatory response syndrome (CARS), as opposed to
the designation systemic inflammatory response syndrome
(SIRS) for the former response (6). At present, knowledge of
the site of production of the antiinflammatory responses dur-
ing human sepsis is highly limited. Therefore, in a first attempt
to determine whether inhibitors of TNF and IL-1 are secreted
locally at the site of the infection or predominantly at the
systemic level, we sequentially measured the levels of TNF,
sTNFR, IL-1B, IL-1ra, sIL-1R type II, and IL-10 in the urine
and sera of patients with urosepsis during a 3-day follow-up
period.

MATERIALS AND METHODS

Patients and design. A total of 30 patients over 18 years of age with gram-
negative urosepsis were studied. The diagnosis of urosepsis was based on the
presence of a urine culture positive for a gram-negative micro-organism with
pyuria (leukocytes, >100 cells/mm?, with few epithelial cells) and metabolic or
hematologic signs of systemic infection, including two of the following six signs:
tachycardia (>90/min); hypotension (systolic pressure, <90 mm Hg); hypoxemia
(pO, = 75 mm Hg); leukocytosis (>10,000/mm?); abnormal prothrombin time,
activated partial thromboplastin time, or thrombocytopenia (<100,000/mm?);
and acute mental status change. Exclusion criteria included antibiotic use within
the previous 72 h, a very poor clinical condition, severe renal insufficiency
(estimated creatinine clearance, <30 ml/min), or pregnancy. Further details of
the study have been published elsewhere (24). Patients were treated with 500 mg
of intravenous imipenem every 8 h for the first 72 h or with 1,000 mg of
intravenous ceftazidime every 8 h. Since the type of antibiotic regimen (imi-
penem versus ceftazidime) did not significantly influence the levels of TNF,
sTNFR, IL-1B, IL-1ra, soluble IL-1R type II, or IL-10, data from the two groups
were combined. Clinical data (APACHE II score) and blood and urine samples
were collected immediately before the start of treatment (0 h) and at 4, 24, 48,
and 72 h thereafter. Blood and urine samples were also collected from 20 healthy
individuals for use as controls. Cultures of all control urines were sterile. Blood
and urine samples were centrifuged at 1,500 X g for 20 min. Supernatants were
collected and stored at —20°C until assays were performed.

Assays. The amounts of TNF and IL-1B were measured by enzyme-linked
immunosorbent assaying (ELISA) according to the instructions of the manufac-
turer (Medgenix, Fleurus, Belgium). Both the TNF and the IL-18 ELISAs detect
total cytokine levels, i.e., irrespective of whether they are bound by soluble
receptors (information supplied by the manufacturer [11]). sSTNFR were mea-
sured by enzyme-linked immunological binding assaying (ELIBA) as described
previously (7, 30). The reagents for STNFR measurements were kindly donated
by Hoffmann La Roche, Ltd. (Basel, Switzerland). The sTNFR assays make use
of TNF-binding noninhibitory monoclonal antibodies against TNFR type I
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(clone htr-20) or TNFR type II (clone utr-4) as coating antibodies, peroxidase-
conjugated recombinant human TNF as detecting reagent, and recombinant
sTNFR type I or sTNFR type II as standards. The specificity of the STNFR assays
has been confirmed by experiments in which the binding of the detecting recom-
binant TNF to STNFRs could be prevented either by addition of an excess (20
wg/ml) unlabeled TNF or by replacing the anti-TNFR monoclonal antibodies by
nonspecific antibodies (7). In addition, the linearity of the assays has been
verified with natural TNFRs from cell lysates of HL-60 cells as well as recom-
binant TNFR-p55 and TNFR-p75. The concentrations of both sTNFRs were
calculated from the amount of bound labeled TNF by using a 1:1 binding
stoichiometry between TNF and sTNFR. The concentrations calculated in this
way were consistent with those obtained by using recombinant STNFRs as the
standard (7). IL-1ra was measured by ELISA with mouse anti-human IL-1ra
monoclonal antibody (MADb) (4 pg/ml; Antibody Solutions SARL, Illkirch,
France) as the coating antibody, biotinylated goat anti-human IL-1ra (0.1 pg/ml;
R&D Systems, Abingdon, United Kingdom) as the detecting antibody, and
human recombinant IL-1ra (R&D Systems) as the standard. sIL-1R type II was
measured by ELISA essentially as described previously (15, 33). Mouse anti-
human IL-1R type IT MADb (5 wg/ml) was used as the coating antibody, polyclonal
rabbit anti-IL-1R type II was used as the labeling antibody, horseradish perox-
idase-labeled donkey anti-rabbit immunoglobulin G was used as the detecting
antibody, and recombinant sIL-1R type II was used as the standard. The addition
of exogenous recombinant IL-1B did not influence the performance of the
ELISA. All reagents for the sIL-1R type II assay were kindly donated by John
Sims (Immunex Corporation, Seattle, Wash.). IL-10 was measured by ELISA
according to the instructions of the manufacturer (PharMingen, San Diego,
Calif.). The detection limits of the assays were 7 pg/ml (TNF), 0.40 ng/ml
(sTNFR types I and IT), 25 pg/ml (IL-1B), 80 pg/ml (IL-1ra), 16 pg/ml (SIL-1RII),
25 pg/ml (IL-10 in serum), and 75 pg/ml (IL-10 in urine).

Statistical analysis. Values are given as medians and ranges. Differences
between healthy controls and patients were analyzed by the Mann-Whitney U
test. In patients, changes in time were analyzed by one-way analysis of variance,
followed by Dunnett’s ¢ test for multiple comparisons. These two tests were
performed after log transformation of the data. Correlations were investigated by
calculating the Spearman correlation coefficient (r,). All tests were two tailed,
and « was set at 0.05.

Urine concentrations are given in nanograms per milliliter. When levels of
cytokines in urine were normalized for urinary creatinine concentrations, anal-
yses of differences between patients and controls and the effect of antibiotic
treatment yielded similar results (data not shown).

RESULTS

Patients. Patient characteristics and cultured microorgan-
isms have been reported previously (24). Escherichia coli was
cultured from the urine of 28 patients (93%). A total of 10
patients had positive blood cultures for a microorganism that
was also cultured from the urine (E. coli for nine patients and
Pseudomonas aeruginosa for 1 patient). All patients recovered
fully after treatment.

TNF and sTNFR. Concentrations of TNF in serum and
urine were below the limit of detection in the vast majority of
controls and patients, and no significant differences between
groups were found (data not shown). In patients, levels of
STNFR types I and II were elevated in both serum and urine
compared to controls (Fig. 1 and 2). Upon admission, the
STNFR type I concentrations in serum and urine were 5.79
(1.93 to 25.00) and 17.55 (<0.40 to 25.00) ng/ml, respectively,
in patients compared to 1.10 (0.63 to 1.43) and 1.78 (0.40 to
3.32) ng/ml, respectively, in controls (P = 0.005 and P <
0.001). sTNFR type II levels in serum and urine were 5.27 (1.60
to 50.00) and 14.96 (<0.20 to 50.00) ng/ml, respectively, in
patients upon admission and 1.77 (0.89 to 2.83) and 2.34 (0.50
to 5.34) ng/ml, respectively, in controls (P < 0.01 and 0.001).
The ratio of the concentrations of soluble TNF receptors in
urine to the concentrations in serum was higher in patients
upon admission than that in controls, although the difference
reached statistical significance only for sSTNFR type II (Table
1). The level of STNFR type I decreased significantly 72 h after
initiation of the therapy in both serum and urine (for both, P <
0.05) while the decrease in the level of STNFR type II was not
significant. Levels of both types of sSTNFR in serum but not in
urine upon admission were higher in patients with a positive
blood culture (P < 0.01 and <0.001) (Table 2). There was a
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positive correlation between levels of both types of sSTNFR in
serum and urine and the APACHE II score (STNFR type I in
serum, r; = 0.55 and P < 0.005; sSTNFR type I in urine, r, =
0.61 and P < 0.001; sTNFR type Il in serum, 7, = 0.47 and P <
0.01; and sTNFR type II in urine, r, = 0.50 and P < 0.01).

IL-1pB, IL-1ra, and sIL-1R type II. Concentrations of IL-1p8
in serum and urine were below the limit of detection in the vast
majority of controls and patients, and no significant differences
between groups were found (data not shown). Levels of IL-1ra
in serum were significantly higher in patients (7.40 [0.77 to
20.00] ng/ml) than in controls (0.41 [0.19 to 0.94] ng/ml) (P <
0.001) (Fig. 3). Concentrations of IL-1ra in urine were similar
in patients (0.67 [0.10 to 26.00] ng/ml) and controls (0.60
[<0.08 to 3.62] ng/ml). The ratio of the concentration of IL-1ra
in urine to that in serum was significantly lower in patients than
that in controls (Table 1). Levels of IL-1ra in serum signifi-
cantly decreased (P <0.05) 24 h after initiation of the therapy.
Levels of IL-1ra in serum were higher in patients with a pos-
itive blood culture (P <0.01) (Table 2). There was a positive
correlation between levels of IL-Ira in serum and the
APACHE I score (r, = 0.59; P = 0.001). Levels of sIL-1R type
II in serum were 3.25 (1.33 to 10.92) ng/ml in patients and 3.60
(1.69 to 5.24) ng/ml in controls. Levels of sIL-1R type II in
urine did not show a difference between the two groups either
(0.05 [<0.02 to 3.71] ng/ml versus 0.07 [<0.02 to 1.12] ng/ml).

IL-10. Levels of IL-10 in serum from patients were signifi-
cantly higher (0.12 [<0.03 to 27.32] ng/ml) than those in con-
trols (<0.03 [<0.03 to 0.11] ng/ml) (P = 0.001) (Fig. 4). IL-10
was undetectable in urine from all but one patient and all
controls. Its levels in serum were significantly higher (P <0.05)
in patients with positive blood cultures than in those whose
cultures were negative (Table 2). Concentrations of IL-10 in
serum decreased at 24 h after initiation of the therapy (P
<0.05). Levels of IL-10 in serum correlated with levels of
IL-1ra (r, = 0.70 and P <0.001), STNFR type I (r, = 0.64 and
P <0.001), and STNFR type II (r, = 0.52 and P <0.005) in
serum upon admission.

DISCUSSION

In the present study, we sought to gain more insight into the
systemic and localized pro- and antiinflammatory cytokine re-
sponses to a clinically well-defined bacterial infection by se-
quential measurements of concentrations of TNF, IL-13, and
their inhibitors in sera and urine of 30 patients with urosepsis
and in 20 normal controls. The concentrations of STNFR types
I and II were elevated in both urine and serum during urinary
tract infections, while TNF and IL-1B were undetectable in
virtually all patients and controls. The concentrations of IL-1ra
and the antiinflammatory cytokine IL-10 were elevated only in
serum. The levels of all of these antagonistic members of the
cytokine network decreased or tended to decrease during an-
tibiotic therapy.

Proinflammatory cytokine production during urinary tract
infection may predominantly occur locally, at the site of the
infection. Indeed, deliberate colonization of the human urinary
tract with E. coli resulted in detectable levels of IL-6 and IL-8
in urine, but not in serum (2, 16). Previous studies examining
cytokine production during acute urinary tract infections re-
ported increased concentrations of IL-6 and IL-8 in serum and
urine, with higher levels in urine than in serum (4, 5, 17, 18,
24). Previous studies examining TNF and IL-1p concentrations
in urine during urinary tract infections have yielded conflicting
results. While one study found elevated TNF levels in urine in
patients with bacterial cystitis (9), two other investigations
could not reproduce this finding (5, 18). Similarly, levels of
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FIG. 1. Levels of sTNFR type I in the sera (upper panel) and urine (lower panel) of healthy subjects and patients with urosepsis upon admission and 4, 24, 48, and
72 h after initiation of antibiotic therapy. Horizontal lines represent the median. There was a significant difference between patients and controls in the values for serum
(P = 0.005 [Mann-Whitney U test]) and urine (P <0.001) and a significant decrease in the levels of STNFR type I in both serum (P <0.05 [Dunnett’s ¢ test]) and urine

(P <0.05) at 72 h.
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FIG. 2. Levels of STNFR type II in the sera and urine of healthy subjects and patients with urosepsis upon admission and 4, 24, 48, and 72 h after initiation of
antibiotic therapy. Horizontal lines represent the median. There was a significant difference between patients and controls in the values for serum (P <0.01
[Mann-Whitney U test]) and urine (P <0.001).
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TABLE 1. Median (range) ratios of concentrations of sSTNFR types
I and II and IL-1ra in urine to concentrations in sera of patients
with acute urosepsis upon admission and in healthy controls

Median ratio (range)

Cytokine
Patients Controls
STNFR type I 1.84 (0.04-5.93) 1.68 (0.28-3.41)
STNFR type II 2.45 (0.30-15.00) 1.35 (0.20-3.20)“
IL-1ra 0.10 (0.00-1.70) 1.65 (0.10-12.30)"

“ Significantly different (P <0.05) from the patient group (Mann-Whitney U
test).

® Significantly different (P <0.001) from the patient group (Mann-Whitney U
test).

IL-1B in urine have been found to be elevated (9, 21) or not
elevated (18) during urinary tract infections. In our study,
neither TNF nor IL-1B could be detected in the urine of
patients with urosepsis. These data suggest that the local pro-
duction of these proinflammatory cytokines is not strongly
enhanced or that these cytokines are not secreted from tissue
to the urine in significant quantities. This possibility is sup-
ported by findings with a mouse model of pyelonephritis dem-
onstrating an increase in TNF mRNA in the kidney without
detectable TNF protein levels in urine or serum (26). Alter-
natively, TNF and IL-1B production occurs only for a brief
period and/or intermittently, and elevated levels are missed
due to their short half-lives.

sTNFR have been identified first in the urine of healthy
individuals as naturally occurring inhibitors of TNF (12, 23,
27). It is clear now that they are derived from cell-associated
TNFR by proteolytic cleavage. The role of sSTNFR may be
twofold; they can neutralize TNF activity, especially when
present in a large molar excess over TNF (such as in the
present study), or they may serve as carriers for TNF and even
augment its effects by stabilizing its structure and prolonging its
activity (1). During recovery from sepsis, a strong reduction of
STNFR levels in plasma toward normal values is usually seen
(13). In accordance with this, in our study the levels of STNFR
were elevated both in sera and in urine of patients with uro-
sepsis, with their concentrations positively correlating with the

TABLE 2. Median values and ranges of sSTNFR types I and II, IL-
1ra, and IL-10 in sera and urine of patients with urosepsis with
positive and negative blood cultures

Median value (range) (ng/ml)

Cytokine and Difference
Source Positive blood culture Negative blood between
(n = 10) culture (n = 20) the two
groups
STNF type I
Serum 12.44 (5.12-25.00) 5.04 (1.93-25.00) P <0.01
Urine 19.10 (0.76-25.00) 12.40 (<0.4-25.00) NS“
STNF type 11
Serum 12.07 (6.63—>50.00) 4.57 (1.60->50.00) P <0.001
Urine 12.07 (6.63—>50.00) 4.57 (1.60->50.00) NS
IL-1ra
Serum 17.22 (2.67->20.00) 1.91 (0.77->20.00) P <0.01
Urine 2.48 (<0.08-11.58) 0.21 (<0.08-26.00) NS
IL-10
Serum 0.69 (<0.05-27.32) 0.09 (<0.05-5.86) P <0.05
Urine <0.08 (<0.08-<0.08) <0.08 (<0.08-0.08) NS

“ NS, not significant.
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severity of disease as indicated by APACHE II score and
decreasing during antibiotic therapy.

Our study does not elucidate whether STNFR are produced
within the urinary tract during urinary tract infection. How-
ever, it is of interest that median STNFR concentrations were
two to almost fourfold higher in urine than in concurrently
collected serum and that the ratio of STNFR concentrations in
urine to those in serum was higher in patients than that in
controls. Considering the dilution factor when levels of cyto-
kines in urine, are measured, it is conceivable that at least part
of the STNFR present in urine is shed from cells in the urinary
tract. It is well established that sSTNFR are cleared from the
circulation by the kidneys and that a decrease in renal function
can result in elevated levels of STNFR in serum (3, 7). Al-
though positive correlations were found between levels of sT-
NFR and creatinine in serum (data not shown), impaired renal
function is unlikely to contribute significantly to our findings
since, due to the study inclusion criteria, the vast majority of
patients had a normal renal function.

Endogenous IL-1 activity is regulated by IL-1ra and surface
and sIL-1R type II. IL-1ra binds with high affinity to IL-1R but
does not induce signal transduction (10). The type II IL-1 R
serves as a decoy receptor and is not involved in cellular effects
of IL-1. sIL-1R type II is generated by shedding of the extra-
cellular domain of the surface receptor, a process that may
result in levels at sites of inflammation much higher than those
attainable on the cell surface (10). IL-1ra but not sIL-1R type
II concentrations were increased in serum during urinary tract
infections. This finding is remarkable, since earlier studies of
patients with sepsis have documented similar increases in the
levels of both IL-1 antagonists in serum (14, 15, 25, 33). It
should be noted that low-dose endotoxemia in normal humans
is associated only with an increase in levels of IL-1ra in serum
while sIL-1R type II concentrations remain unchanged (14,
33). In our study population, we could detect endotoxin in sera
from only 7 of our 30 patients (24). Together, these data
suggest that shedding of the type II IL-1R to the circulation
plays a significant role in the regulation of IL-1 activity only in
severe systemic inflammation. We found similar levels of IL-
1ra and sIL-1R type II in normal urine and in urine from
patients with urinary tract infections. Hence, these data argue
against local production of IL-1 inhibitors during urinary tract
infections.

IL-10 is an antiinflammatory cytokine that potently inhibits
the production of TNF and IL-1 (22). IL-10 concentrations are
elevated in the sera of more than 80% of patients with sepsis
(20, 33). In our study, 70% of patients with urosepsis had
detectable IL-10 in serum, which decreased during therapy.
IL-10 remained undetectable in urine, suggesting that local
IL-10 production is not strongly stimulated during urinary tract
infection and/or that IL-10 is not secreted in urine in large
amounts. Apart from its inhibitory effect on proinflammatory
cytokines, IL-10 can upregulate the expression of IL-1ra by
polymorphonuclear leukocytes (8) and can induce shedding of
sTNFR from mononuclear cells (19). Therefore, it is of inter-
est that levels of IL-10 in serum were positively correlated with
elevated levels of IL-1ra and sSTNFR in serum.

Previously, we reported the concentrations of lipopolysac-
charide, IL-6, and IL-8 in patients that are also reported in the
present investigation (24). No correlations existed between
these proinflammatory parameters and the antiinflammatory
responses measured in the present study (data not shown).

In conclusion, we sequentially measured concentrations of
inhibitors of two major proinflammatory cytokines in the sera
and urine of a group of patients with gram-negative urinary
tract infections. Our results demonstrate that in the absence of
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FIG. 3. Levels of IL-1ra in the sera and urine of healthy subjects and patients with urosepsis upon admission and 4, 24, 48, and 72 h after initiation of antibiotic
therapy. Horizontal lines represent the median. There was a significant difference between patients and controls in the values for serum (P <0.001 [Mann-Whitney U
test]) and a significant decrease in the levels of IL-1ra in serum (P <0.05 [Dunnett’s ¢ test]) at 24 h.
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FIG. 4. Levels of IL-10 in sera of healthy subjects and patients with urosepsis upon admission and 4, 24, 48, and 72 h after initiation of antibiotic therapy. Horizontal
lines represent the median. There was a significant difference between patients and controls (P = 0.001 [Mann-Whitney U test]) and a significant decrease in the levels

of IL-10 in serum (P <0.05 [Dunnett’s ¢ test]) at 24 h.

detectable TNF and IL-1pB, levels of sSTNFR, IL-1ra, and IL-10
in serum were elevated. In concurrently collected urine, only
the levels of STNFR were increased, with urine-to-serum ratios
higher than those in healthy controls. Considering that in pa-
tients with acute febrile urinary tract infections, urine concen-
trations of the proinflammatory cytokines IL-6 and IL-8 exceed
those measured in simultaneously obtained serum (4, 5, 17, 18,
24), these data suggest that in contrast to the response of the
proinflammatory cytokines IL-6 and IL-8, the antiinflamma-
tory response to acute urinary tract infection is generated for a
large part at the systemic level and that cells within the urinary
tract do not secrete significant quantities of antiinflammatory
mediators into urine, with the possible exception of STNFR.
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