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Serum interleukin-18 and nitric oxide activity
in bladder carcinoma
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ABSTRACT. Background: Both interleukin-18 and nitric oxide are multifunctional molecules that are involved
in the different steps of carcinogenesis.

Methods: In the present study, we measured serum interleukin-18 and nitric oxide activity in 51 bladder cancer
patients with different tumor stage and grade, and in 8 healthy controls. Serum nitrite-nitrate levels were
measured as an index of nitric oxide generation.

Results: Serum interleukin-18 levels were significantly higher in bladder cancer patients when compared to the
control subjects (p > 0.05). Serum interleukin-18 levels were found to be higher in patients with Ta stage than
patients with T1 and T2, T3, T4 stages and in patients with grade 1 tumors than patients with grade 2 and grade
3 tumors, but this was not statistically significant (p > 0.05). There was no significant difference in serum
nitrite + nitrate levels between bladder cancer patients and control subjects.

Conclusions: Elevated serum interleukin-18 levels in bladder carcinoma patients may be a result of host defence
mechanism against the growth and progression of bladder cancer cells.
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INTRODUCTION

Interleukin-18 (IL-18) is a 18.3 kD cytokine that has been
shown to enhance the immune defence against tumor cells
by inducing interferon-y (IFN-y) production [1]. It has
been suggested that IL-18 production may be induced in
response to the tumor cells or other factors related to tumor
growth [2]. Moreover, IL-18 has been shown to have po-
tent antitumor effects that are mediated by inhibition of
angiogenesis [3], induction of apoptosis [4] and reduction
of tumorigenesis [1]. It has been reported that serum IL-18
measurement may be a useful marker for monitoring the
clinical course of some malignancies including gastric [2]
and colon carcinoma [5], and non-Hodgkin’s lymphoma
[6]. In our previous study, we showed an association be-
tween serum IL-18 levels and metastatic activity in breast
cancer patients [7]. IL-18 has been shown to have an
antitumor effect together with IL-12 gene transfer in a
mouse bladder cancer model [8].

Nitric oxide (NO) is a potent biological molecule that
participitates in the pathogenesis of cancer [9] by induc-
tion of apoptosis [10] and promotion of angiogenesis [9].
Some functions of NO in carcinogenesis are considered to
be associated with its interactions with other molecules
such as IL-18, IFN-y and TNF-a [11, 12]. IL-18 has been

shown to cause a marked increase in serum NO levels in an
animal model [13]. It has been reported that NO synthesis
may play different roles in tumor angiogenesis and tumor-
induced immunosuppression in bladder carcinoma [14].

In the present study, we evaluated the significance of serum
IL-18 and NO activity in bladder cancer patients with
different tumor stages and tumor grades and correlated
these levels with the inflammatory status of the patients by
measuring serum C-reactive protein (CRP) and lactate
dehydrogenase (LDH) levels.

MATERIALS AND METHODS

In this study, we analyzed serum samples from 51 patients
with histologically confirmed transitional cell bladder car-
cinoma before surgery. After surgery, Ta disease (Ta: non-
invasive papillary carcinoma) was detected in 19 patients,
T1 disease (T1: tumor invasion to subepithelial connective
tissue) in 17 patients and T2, T3, T4 disease (T2: tumor
invasion to muscle, T3: invasion to perivesical tissue, T4:
invasion to prostate, uterus, vagina, pelvic wall, abdominal
wall) in 15 patients. Twelve patients had grade 1 (well-
differentiated), 24 patients had grade 2 (intermediate dif-
ferentiated) and 15 patients had grade 3 (undifferentiated)
tumor. To eliminate the influence of other diseases, we
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excluded patients with infectious diseases, diabetes melli-
tus, lung disease and synchronous secondary malignan-
cies. The control group included 8 healthy subjects. Serum
samples were obtained from patients and control subjects
after overnight fasting and were stored at —70°C until
analysis.

STATISTICAL ANALYSIS

The results are presented as means + SD. Student’t test,
Mann Whitney U test and Pearson’s correlation analysis
were used in the statistical analysis. P values less than
0.05 were accepted as significant.

IL-18 MEASUREMENT

ELISA for determination of IL-18 in serum was performed
according to a previously described method [15]. Immedi-
ately after blood sampling, serum was obtained by cen-
trifugation at X 800 g at 4°C for 15 minutes and stored at
—70°C until use. The IL-18 level in each sample was deter-
mined by using a commercially available ELISA Kkit,
which was to be used for the in vitro quantitative determi-
nation of IL-18 in human serum, EDTA-plasma, cell cul-
ture supernatant, and buffered solution (BioSource Inter-
national human IL-18 Colorimetric solid phase Sandwich
ELISA, California, USA). Sensitivity was determined by
assaying serially diluted hIL-18 Calibrator. The mean ab-
sorbance, plus 2 standard deviations for Calibrator diluted
to 6.25 pg/ml was lower than the mean absorbance minus
2 standard deviations for Calibrator diluted to 12.5 pg/ml.
The minimum detectable dose is therefore 12.5 pg/ml.

NITRITE AND NITRATE MEASUREMENT

Nitrite was measured using the Griess reaction and the
results are given as micromoles per liter [16]. Nitrate was
measured using the enzymatic one-step assay with nitrate
reductase [17]. The method was based on the reduction of
nitrate to nitrite by nitrate reductase in the presence of
B-NADPH. We equilibrated tubes at 25°C containing
250 uL of 100 mmol/L potassium phosphate buffer (pH
7.5) and 50 uL of 12 mmol/l B-NADPH with 100 pL of
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sample. To start the enzymatic reaction, we added 40 uL of
500 U/L nitrate reductase. We incubated the tubes in the
dark for 45 minutes. The concomitant oxidation of
B-NADPH was monitored by the decrease in absorbance at
340 nm. The method of standard addition was used to
minimize the effect of interfering substances via serum.
The results were expressed as micromoles per liter. We
also used samples with internal standard, serum blanks and
reagent blank.

CRP AND LDH MEASUREMENT

CRP levels were measured using Beckman-Coulter
360 Array Nefelometry. LDH activity was determined by
Abbott-Aeroset autoanalyzer using original kit.

RESULTS

There were no significant differences among bladder can-
cer patients with different tumor stages and tumor grades,
and control subjects in terms of age (p > 0.05) (Table 1).
Serum IL-18 levels were significantly higher in bladder
cancer patients when compared to the control subjects
(IL-18:  754.4+£503.7 versus 167.6 £39.5 pg/ml,
p > 0.05). Serum IL-18 levels were found to be higher in
patients with Ta tumors (887.0 + 720.2 pg/ml) when com-
pared to the patients with T1 (706.7 + 284.3 pg/ml) and
T2, T3, T4 tumors (640.5 £+ 326.2 pg/ml), but this was not
statistically significant (p > 0.05) (Table 1). Individual se-
rum IL-18 levels according to tumor stage are shown in
figure 1. Serum IL-18 levels were found to be higher in
patients with grade 1 tumors (858.7 + 666.7 pg/ml) when
compared to the patients with grade 2 (7924«
540.5 pg/ml) and grade 3 tumors (610.2 = 207.2 pg/ml),
but this was not statistically significant (p > 0.05) (Table
1). Individual serum IL-18 levels according to tumor grade
are shown in figure 2.

There was no significant difference in serum
nitrite + nitrate levels between bladder cancer patients
(51.5 £38.7 umol/l) and control subjects (29.9 +22.6,
pmol/l, p > 0.05). Serum nitrite + nitrate levels were no
different in bladder cancer patients in terms of tumor stage
and tumor grade (p > 0.05) (Table 1). No correlation was
found between serum IL-18 and nitrite + nitrate levels in
bladder cancer patients (p > 0.05).

Table 1
Patient characteristics

n Age (median) IL-18 (mean) Nitrite + nitrate CRP (mean) LDH (mean)
(years) (pg/ml) (mean) (umol/l)  (mg/L) (U/L)

All patients 51 64.5 (27-85) 754.4 +503.7 51.5+38.7 8.5+ 15.7 97.7+47.1
Control subjects 8 61.0 (55-65) 167.6 + 39.5% 29.9 £22.6 42+1.6 74.7 +31.1
Tumor stage

Ta 19 63.0 (27-75) 887.0 +720.2 49.0 + 35.1 44+53 92.0+34.9
Tl 17 64.0 (46-85) 706.7 £ 284.3 65.0 +46.9 13.4 +20.7 106.3 + 67.7
T2,T3,T4 15 65.0 (48-78) 640.5 +326.2 39.4 +£29.6 8.1+15.1 95.2+31.1
Grade

1 12 59.0 (27-75) 858.7 + 666.7 46.4 + 130.5 38+54 99.0 +41.6
2 24 63.5 (46-85) 792.4 + 540.5 59.8 +44.0 11.2+17.6 97.2+584
3 15 68.0 (48-77) 610.2 +207.2 4239 +34.8 8.1+£15.6 97.5+30.8

*p < 0.05
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Figure 1
Individual serum IL-18 levels in patients with different tumor stages
and controls.

No significant difference was observed in serum CRP and
LDH levels between bladder cancer pateints and healthy
controls (p > 0.05, Table 1). These levels were not corre-
lated with serum levels of IL-18 and nitrate + nitrite
(P <0.05).

DISCUSSION

IL-18 is a multifunctional cytokine that was originally
described as IFN-vy - inducing factor based on its ability to
induce IFN-vy secretion by natural killer (NK) and Tcells
[1, 18]. IL-18 is produced by activated macrophages,
Kupffer cells, keratinocytes, intestinal epithelial cells and
osteoblasts as a biologically inactive form that is cleaved
by interleukin-13 - converting enzyme to generate the
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Figure 2

Individual serum IL-18 levels in patients with different tumor grades
and controls.
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active form [19]. IL-18 also has other important functions
including enhancing the cytotoxic activity of NK cells,
proliferation of T cells and inducing secretion of
granulocyte-macrophage colony stimulating factor from
NK and T cells [19, 20]. IL-18 has been reported to have
antitumor effects, which are mediated by inhibition of
angiogenesis [3], reduction of tumorigenesis [1] and in-
duction of apoptosis [4].

Recently, we reported that serum IL-18 levels were signifi-
cantly higher in metastatic breast cancer patients when
compared to nonmetastatic patients [7]. It has been sug-
gested that the preoperative serum IL-18 levels may have a
prognostic importance in gastric cancer, and the patients in
each stage, with high serum IL-18 levels, experienced
poorer survival than patients with lower levels [2]. Pages et
al. [5] reported that a decrease in IL-18 production may be
an early event in tumor progression of colon cancer. Ya-
manaka et al. [8] reported that IL-18 has an antitumor
together with IL-12 gene transfer in a mouse bladder tu-
mor. It has been suggested that expression of IL-18 in the
urine after Bacillus Calmette-Guerin (BCG) therapy in
superficial bladder cancer patients is a useful marker for
predicting freedom from disease [21].

In this study, we found significantly higher serum IL-18
levels in bladder carcinoma patients when compared to the
healthy controls. These elevated serum IL-18 levels in
bladder carcinoma patients may be a result of host defence
mechanisms to prevent tumor growth and progression. At
the present time, we do not know the source of increased
serum IL-18 levels in bladder carcinoma. This issue can be
clarified in future studies, which should comprise mea-
surements of IL-18 in urine and the determination of
expression of IL-18 in tumor tissue and normal uroepithe-
lium by immunohistochemistiry in bladder carcinoma pa-
tients. However, it is generally believed that IL-18 produc-
tion is induced in response to the tumor cells or other
factors related to tumor development possible from the
tumor associated macrophages. In our study, serum IL-
18 levels were not found to be correlated with other in-
flammatory markers (CRP and LDH).

It has been reported that immune responses decrease with
the progression of tumor growth in bladder carcinoma [22,
23] and profoundly depressed, cell-mediated immunity
responses were observed in advanced stage bladder carci-
noma patients [22, 24]. Shapiro et al. [25] reported that
IFN-vy production was lower in patients with Stage C or D
bladder cancer than in those with Stage A or B. Ikemoto et
al. [26] reported that the IFN-y producing capacity was
normal in early stage bladder cancer patients but depressed
in late stage cancer patients. In our study, despite statistical
non-significance, patients with Ta tumors showed higher
serum IL-18 levels when compared to the patients with T1
or T2, T3, T4 tumors. Moreover, higher serum IL-18 levels
were observed in patients with grade 1 tumors when com-
pared to the patients with higher grades, but this was also
not statistically significant. These relatively lower serum
IL-18 levels in patients with more invasive and higher
grade tumors may be explained by an impairment of im-
munological responses in these patients, in accord with
previous reports mentioned above. The decreased levels of
IFN-v in patients with advanced stage bladder cancer in
Shapiro’s and Ikemoto’s studies [25, 26], may be related to
the lower production of IFN-y - inducing factor, «IL-18».
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The lack of statistical significance of our results may be
due to the small number of patients within each group.

In the literature, there were some conflicting results in
regard to IL-18 serum levels. One of the study on this issue
[27] revealed that some specific circulating inhibitory fac-
tors, such as soluble reseptors and binding proteins that
were present in serum samples may interfere with the
IL-18 assay. However, in the current study, our main pur-
pose was to evaluate IL-18 levels in bladder cancer pa-
tients as regards to well-known pathological prognostic
factors.

NO is an important bioactive agent that is involved in a
variety of biological functions such as vasodilatation, host
defence and carcinogenesis [9, 28, 29]. NO has both pro-
moting and inhibitory effects on carcinogenesis, such as
induction of apoptosis [10] and promotion of angiogenesis
[9]. Some specific functions of NO in tumor biology are
thought to be related to its interactions with other mol-
ecules including IFN-y and IL-18 [11, 12]. Chikano et al.
[11] reported that changes in serum IFN-y levels were
positively correlated with NO after induction of IL-18. It
has been reported that increased production of NO in
malignant bladder epithelium may play different roles in
carcinogenesis [14]. It was suggested that the generation of
NO may cause cytotoxicity as a result of an immune
defence mechanism and it may also promote tumor growth
by increasing tumor blood flow and angiogenesis in blad-
der cancer [14].

In this study, serum nitrite + nitrate levels were measured
as an index of NO generation [30]. We found no significant
difference in serum nitrite + nitrate levels between bladder
cancer patients and healthy controls. Serum nitrite + ni-
trate levels were similar in bladder cancer patients with
different tumor stages and grades. Moreover, there was no
correlation between serum nitrite + nitrate and IL-18
levels in these patients.

In conclusion, we have shown that bladder cancer patients
had significantly higher serum IL-18 levels than healthy
controls. Despite statistical non-significance, patients with
more invasive and higher grade tumors showed lower
serum levels of IL-18 than other patients. This may be
related to decreased immunological responses of these
patients. Serum NO activity was not found to be different
between bladder cancer patients and healthy controls. Se-
rum IL-18 levels may reflect the status of the host defence
mechanisms against tumor growth in bladder cancer. How-
ever, larger studies are needed to clarify this suggestion.
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