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Interleukin (IL) 17 is produced by T-helper (Th) 17 with a vig-
orous effect on cells of the immune system playing important
roles in pathogenesis of immune-mediated diseases, includ-
ing autoimmune disorders and cancers. Therefore, the aim of
current study was to determine the serum levels of IL-6,
IL-17, and transforming growth factor beta (TGF-8) in
Iranian bladder cancer patients, and to correlate them with
disease status. Blood samples were collected from 40 blad-
der cancer patients and 38 healthy individuals with no history
of malignancies or autoimmune disorders. The serum levels
of IL6, IL-17, and TGF-8 were measured by the en-
zyme-linked immunosorbent assay (ELISA). The results
showed that the levels of IL-17 (p<0.0001) and TGF-8
(p<0.0001) were significantly lower in the patients com-
pared to the controls. No significant differences in the level
of serum IL-6 (p=0.16) was observed between the patients
and controls. In addition, demographic characteristics be-
tween control and patients groups were not significantly
different. As most of the cases studied in this investigation
were in stage | and |l it is concluded that reduced Th17-re-
lated cytokines can be used as indicators for following the
course and clinical stages of bladder carcinoma progress and
immune response to cancer.
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INTRODUCTION

CD4" T cells have an important role in organizing the host
immune responses through their ability in coordinating the
functions of the immune system. Approximately two decades
ago, Robert Coffman and Tim Mosmann showed that cD4”
T cells differentiate into T-helper (Th) 1 or Th2 subsets with
reciprocal functions and patterns of cytokine secretion (1).
The classification noted was recently modified by addition of
Th17 as a third subset of CD4™ T cells (2,3). Recent studies
have described role and function of Th17 cells in the infiltra-
tion and recruitment of inflammatory cells against intercellular
parasites and fungi (4). Recently, a role for this subset was
reported in many inflammation, autoimmune diseases and
cancers (5,0).

Th17 cells are identified by producing of interleukin 17
(IL-17), IL-21, IL22, IL-26 (7). Recent studies demonstrated
that Th17 cell differentiation is induced by several factors,
such as IL-21, IL-23, IL-18, transforming growth factor beta
(TGF-), 1L-6, and tumor necrosis factor alpha (TNF-a) (8,9).
Together, TGF-$ and IL-6 stimulate differentiation of Th17
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cells from CD4" T cells (10). In contrast, TGF-8 in combina-
tion retinoic acid inhibits Th17 cell differentiation and pro-
motes T regulatory cells (11). IL-6 induces the production of
IL-21, which subsequently favors Th17 differentiation in an
autocrine manner (12),

Although Th17 cells play a critical role in the host defense
by IL-17 production, there are considerable attentions in re-
cent year primarily in autoimmunity and more importantly in
cancer, Recent studies demonstrated that IL-17 acts as an in-
terface between the inflammatory response and cell mediated
immunity in cancer and infectious diseases, IL-17 by enhanc-
ing of IL-6, TL-18 and TNF-a production can promote the
inflammatory reactions (13). Therefore, the role of IL-17 in
recruiting inflammatory cells and potentiating inflammation
can be pivotal.

Although there are multiple studies in IL-17 in enhancing
inflammatory reactions, reports on the role of this cytokine
in tumor development are contradictory (14). IL-17-secreting
Th17 promotes inflammation and thus may promote both tu-
mor growth and tumor regression, IL-17 appears to have pro-
tumor role in inflammation-associated cancer that relies on its
proangiogenic property of surrounding endothelial cells and
fibroblasts (15). It seems vascular endothelial growth factor
(VEGF) and TGF-£ contribute to tumor progression by IL-17
(16,17). Wang et al. also revealed that IL-17 can increase
growth and proliferation of cervical cancer cells via IL-6 (18)
or has a potential to act as a prognostic biomarker for the
progression of colorectal cancer (19). In contrast, antitumor
functions of IL-17 have also been noted, For instance, IL-17
has been shown to induce IL-6 and IL-12 to stimulate tu-
mor-specific cytotoxic lymphocyte development (20). Further-
more, Muranski et al, showed that the release of IL-17 by
Th17-polarized cells can eradicate established tumors more
effective than by Th1 cells (21), Other study has revealed that
[L-17 can stimulate CD8" cytotoxic T lymphocyte (CTL) re-
sponses via IL-2 and major histocompatibility complex (MHC)
[ against melanoma (22).

While bladder cancer is reported to be more prevalent
among Iranian seniors with ages of 60 to 70 years, officials
report the high incidence of the condition in younger ages
(23). The roles of IL-17, IL-6 and TGF-# in bladder cancer
pathogenesis are not fully understood. Therefore, in the pres-
ent study, we have examined the serum concentration of
IL-17 in patients with bladder cancer and compared it with
the healthy control subjects, In addition, we examined the
relationship between cytokine serum levels and the patients’
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clinical or pathological status.

MATERIALS AND METHODS

Subjects

The participants in this study were 40 patients all with transi-
tional cell carcinoma of bladder with mean age, 63£11 years,
confirmed by histological studies by urologists and patholo-
gists. The patients were referred to our laboratory from the
hospitals of Shiraz University of Medical Sciences, Shiraz Iran,
All patients provided their informed consent to take part in
this study. Peripheral venous blood samples (2 ml) were col-
lected by venipuncture before any clinical intervention. Data
on age, tumor histology, tumor size, tumor invasion, clinical
stage, histological grade, and presence of other organ meta-
stases were obtained from the hospital records of the
patients, Clinical stage was determined with the tumor-node-
metastasis classification: Primary tumor (Tl=tumor invades
subepithelial connective tissue, T2=tumor invades muscle,

T3=tumor invades perivesical tissue and T4=tumor invades

Table I. Patient distribution according to different clinical criteria

Pathological characteristic Frequency n (%)

Sex Male 30 (75)
Female 10 (25)
Lymphatic Invasion Positive 12 (30)
Negative 28 (70)
Vascular Invasion Positive 18 (45)
Negative 22 (55)
Preneural Invasion Positive 7(17.5)
Negative 33(82.5)
Prostate Invasion Positive 17 (42.5)
Negative 23 (57.5)
Seminal Invasion Positive 16 (40)
Negative 24 (60)
Muscular Invasion Positive 20 (50)
Negative 20 (50)
Tumor Size <5cm 34 (85)
=>5¢cm 6 (15)
Grade Low 22 (55)
High 18 (45)
Stage | 14 (35)
1]9) 6 (15)
llc 12 (30)
[l 4 (10)
\ 4(10)
Metastasis Positive 4 (10)
Negative 36 (90)
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prostate, uterus or vagina and pelvic wall or abdominal wall).
Lymph nodes (N1=involvement in a single lymph node 2 cm
or less in greatest dimension, N2=involvement in a single
lymph node 2~5 c¢m and N3=involvement in a lymph node
more than 5 cm. Metastasis (MO=no metastasis and M1=meta-
stasis). TNM classification and tumor diameter were obtained
from pathology reports by two pathologists. In addition, tu-
mors were graded according to the world health organization
(WHO) classification criteria as well, moderately or poorly
differentiated, Table 1 demonstrates the distribution of pa-
tients regarding different clinical criteria, The high-grade and
metastatic bladder cancer patients were a small group of pa-
tients and statistically they were not able to be compared with
low-grade and non-metastatic patients, Blood samples from
38 healthy individuals with mean age, 61£3 years without
history of malignancies or autoimmune disorders were also
obtained as control group. During sample collection, it was
ensured that subjects had neither infection nor any acute or
chronic disease. The mean age of the patients and healthy
control were 63 and 61 years respectively. The protocol for
the present study was approved by the Ethics Committee of
the Shiraz University of Medical Sciences (Shiraz, Iran),

Enzyme-linked immunosorbent assay (ELISA)

The amounts of IL-6, TGF-8 and IL-17 in the patients and
controls sera were measured at the same time by the same
technician, using ELISA-kits (eBiosciences, San Diego, CA,
USA). Briefly, premixed standards were reconstituted in pe-
ripheral blood smear (PBS) (pH:7.2), generating a stock con-
centration of 200, 500 and 1,000 pg/ml for IL-6, IL-17 and TGF-
B, respectively. Sensitivity for TL-17 was 4 pg/ml and minimal
crossreactivity IL-17 to the recombinant human IL-17AF heter-
odimer is observed at 0,4%, Sensitivity for IL-6 and TGF-£
were 2 and 8 pg/ml, respectively. The standard stocks were
serially diluted in Reagent Diluent to generate 7 points for
the standard curves, Diluted Capture Antibody was added to
a 96-well, flat-bottomed, polystyrene microtiter plate, at final
volume of 100 «1. Plates were sealed and incubated overnight
at room temperature, then washed with Wash Buffer.
Premixed standards or samples (100 ¢1) were added to each
well containing washed beads, covered with an adhesive strip
and incubated for overnight at —4 C. After incubation and
washing, 100 #£]1 of the premixed Detection Antibody was
added to each well and the plate was covered with a new
adhesive strip and incubated for 2 hours at room tem-
perature, After incubation and washing, Streptavidin- horse-

radish peroxidase (HRP) was added to each well (100 £1).
The incubation was terminated after 20 min at room temper-
ature and the plates were kept away from direct light. After
washing, the beads were re-suspended in 100 x1 of Substrate
Solution. Then, 50 1 of Stop Solution was added to each
well, and the optical density of each well was immediately
determined using a microplate reader set to 450 nm. The re-

sults were expressed in pg/ml.

Statistical analysis

The serum levels of 1L-6, TGF-8 and IL-17 in the peripheral
blood was evaluated to the corresponding values from control
samples using nonparametric kruskal-wallis and Mann-Whitney
tests by SPSS software v. 11.5 (SPSS, Chicago, IL,173 USA).
Finally, correlations between different cell populations were
evaluated using Spearman’s rank correlation coefficient,
Relative levels was plotted and evaluated by means of Prism
4 software (Inc; San Diego CA, USA, 2003). p<0.05 was re-
garded as significant in all statistical analysis.

RESULTS

IL-6 serum level

Serum level of IL-6 in patients with bladder cancer did not
differ compared to the control group (10.24+2.31 vs, 6.51£
0.45 pg/ml; p=0.16). These results are summarized in Table
II. Although IL-6 mean in patients was higher than controls,
its median was lower than healthy individuals but that was
not significantly different. Also, among the patients in the ear-
ly disease stages (stages I and 1I), low grade and non-meta-
stasis status, the serum level of IL-6 was not different compare
to controls (11,66%£3,00, 5.75%1,49 and 14821426 vs,
6.51£0.45 pg/ml; p=0.33, p=0.28 and p=0.5, respectively)
(Fig. 1). In addition no correlation was found between IL-6
serum level and clinicopathogical data of the cases (Table
II). IL-6 was not significantly related to depth of tumor; and
it is not seen significantly difference between negative and
positive invasion status (p>>0.05) (Table III), It seems IL-6
is not dependent to gender because there was any significant
difference in IL-6 serum level between male and female
patients,

TGF-8 serum level

Comparison of the findings shows significantly less ex-
pression of TGF-8 in all patients, early disease stages (stages
I and 1I), low grade and non-metastatic than in healthy volun-
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Table II. The median and mean levels of IL-6, TGF- 8 and IL-17 in bladder cancer patients and control group. Presented data were
analyzed with the nonparametric two-tailed Mann-Whitney test. Early-stage patients were stages I, Il with a localized tumor in bladder
and low grade patients were in grade 1 and 2 with a well or moderately differentiated

IL-6* TGF-5* IL-17%
Mean +SEM Median p Mean + SEM Median p Mean +SEM  Median p
Controls (n=38) 6.51+0.45 5.57 283.96+8.60  281.82 13.30+1.45 11.01
All patients (n=40) 10.24+2.31 4.65 0.16 153.59+24.11  94.852 <0.0001 7.32+0.55 6.4 <0.0001
Early-stage (n=32) 11.66+3.00 4.76 033 160.14+29.90 84.28 <0.0001 7.32+0.65 6.255 <0.0001
Low grade (n=22) 12.19+5.02 4.65 0.28 153.24+33.77  71.598 0.002 7.07+0.73  6.11  <0.0001
Non-metastatic (n=36) 14.82+4.26 4.92 0.5 150.91+25.25 9273  <0.0001 7.14+0.56 6.25 <0.0001
*pg/ml
40+ IL-17 serum level
= A o v It was shown that serum level of IL-17 among patients is sig-
= A v nificantly bellow compared to control group (7.3210.55 vs,
30 - . Yy 13.30+1.45 pg/ml; p<0.0001) (Fig. 3). We noted significant
difference in the early disease stages (stages I and 1II), low
E 5ol o A v grade and non-metastatic status compared to control volun-
& teers (7.32%£0,65, 7.07£0.73 and 7.14£0,56 vs, 13,.30£1,45
°, an® Ap % vvy ,
.l A‘ o vY pg/ml; p<0.0001, p<0.0001, and p<0.0001, respectively).
10+ o v These results are summarized in Table II, Nevertheless, no
% correlation was found between IL-17 serum level with non
of clinicopathological parameters in patient group (Table III),
0
Control  All patlents Early- stage Low- grade Non_l-nletastatic In addition, patients in none of general characteristics showed
Healthy Pationts significant difference in IL-17 serum level. In addition, IL-17

Figure 1. Serum level of IL-6 in the peripheral blood of bladder cancer
patients and blood of normal controls. Presented data were analyzed
with the nonparametric two-tailed Mann-Whitney test and the
horizontal lines are showing the Median of the groups. No Significant
difference was found in the serum level of IL-6 among all patients,
early-stage (I, 1), low-grade and non-metastatic bladder cancer
patients compared to healthy controls (p=0.16, 0.33, 0.28 and 0.5,
respectively).

teers (Fig, 2) (153.59%24.11, 160,141£29.90, 153.24+33.77
and 150.91£25.25 vs. 283.96+8.060 pg/ml; p<0.0001, p
<0.0001, p=0.002 and p<0.0001, respectively), These re-
sults are summarized in Table II. Serum level between male
and female patients was similar, Like IL-6, there was no cor-
relation between TGF-£ serum level with different clin-
icopathological parameters (Table IIT), TGF-£ differences be-
tween the positive and negative invasions are listed in Table
III. TGF-8 in patients with positive invasion to adjacent envi-
ronments, was not significantly difference with other group
with negative invasion (p>0.05) (Table III).

between male and female patients was similar (Table III).

DISCUSSION

In this study, serum levels of TL-17, IL-6 and TGF-# in periph-
eral blood of patients with bladder cancer were analyzed.
The data indicated lower levels of IL-17 and TGF-8, but not
IL-6, in patients compared to controls, In addition, the status
of immunity was evaluated, The effects of different clinical
and pathologic status on the immune response of patients
were also investigated.

There are several studies in IL-17 expression in cancers.
reported IL-17 and IL-23 ex-
pression increase in gastric tumor tissues that it may be due

For example, Zhang et al.

to Th17 cell differentiation in gastric cancer (24). According
to other study, IL-17 that released by Th17, may increases in-
flammation and promote tumor growth because of proangio-
genic factors (25), Zhu et al. announced IL-17, which is in-
creased in breast cancer tumor, is mostly restricted to macro-
phages that results tumor progression and invasion (26), The
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Table lll. The median and mean levels of 1L.-6, TGF- 4 and IL-17 in different clinicopathological parameters bladder cancer patients

IL-6* TGF-8* IL-17*
Mean+SEM  Median p Mean + SEM Median p Mean+SEM  Median p
Sex
Male 12.66+3.05 6.43 n.s 157.56+29.73 92.74 n.s 7.67+0.67 6.54 n.s
Female 3.71+0.42 3.77 164.25+39.75 67.37 6.31+0.91 4.38
Lymphatic Invasion
Negative 10.69+3.07 4.76 n.s 178.76+32.06 101.2 n.s 6.97+0.55 6.11 n.s
Positive 9.01+3.65 4.67 109.30+40.03 67.37 9.11+1.75 8.05
Vascular Invasion
Negative 7.39+1.29 497 n.s 160.62+25.74 113.9 n.s 7.69+0.67 6.90 n.s
Positive 15.94+5.61 3.98 165.56+53.26 69.49 7.37+1.09 6.25
Preneural Invasion
Negative 10.76+2.70  4.87 n.s 160.97 +27.68 92.74 n.s 7.58+0.61 6.83 n.s
Positive 9.76+4.69  4.97 153.40+64.97 118.2 6.65+1.66 5.39
Prostate Invasion
Negative 11.38+3.59  4.87 n.s 136.53+22.27 94.85 n.s 7.65+0.77 6.97 n.s
Positive 16.19+4.80 7.21 153.41+49.98 92.74 7.67+1.27 6.11
Muscular Invasion
Negative 10.16+3.78  4.87 n.s 175.73+27.86 130.8 n.s 7.59+0.71 6.90 n.s
Positive 11.83+3.13  4.97 152.43+46.55 69.49 7.38+1.01 6.25
Vascular Invasion
Negative 7.39+1.29 497 n.s 160.62+25.74 113.9 n.s 7.69+0.67 6.90 n.s
Positive 15.94+5.61 3.98 165.56+53.26 69.49 7.37+1.09 6.25
Tumor Size
<5cm 10.66+2.73  4.38 n.s 143.24+26.44 90.62 n.s 7.27 +0.60 6.40 n.s
=5cm 7.71+2.41 5.75 210.49+57.79 209.5 7.57+1.49 6.61
Grade
Low 12.1945.02  4.65 n.s 153.24+33.77 71.60 n.s 7.07+0.73 6.11 n.s
High 9.02+2.05 4.33 156.51+35.56 103.3 7.43+0.83 6.32
Stage
Early 11.66+3.01 4.76 n.s 160.14+29.90 84.28 n.s 7.32+0.65 6.25 n.s
Late 575+1.49 4.38 136.36+37.02 118.1 7.10+1.170  6.11
Metastasis
Negative 14.82+4.26  4.92 n.s 150.91+25.25 92.74 n.s 7.14+0.56 6.25 n.s
Positive 4.22+0.48 4.38 234.14+83.14 241.7 9.52+2.57 11.87

n.s: Not significant. *pg/ml

expression of IL-17 mRNA was evaluated by Wang et al., who
detected increased expression of IL-17 and IL-6 in tumor
cells. These authors suggested that IL-17 might promote tu-
mor cell growth through IL-17-stimulated IL-6, both in tumor
cells and nonmalignant stromal cells (18). It also seems VEGF
and TGF-8 contribute to tumor progression by IL-17 (16).
Study on ovarian cancer showed high expression of IL-17
with a significant role in tumor growth via angiogenesis (27).
Although Radosavljevic et al. detected no significant IL-17 se-
rum protein in colorectal cancer patients, IL-17 protein ex-
pression in tumor tissue was heterogeneous and it seems

IL-17 be a valuable serum tumor marker in patients with col-

orectal carcinoma (19). There is another study that showed
a prominence of Treg and Thl7 cell populations in the
Tumor-infiltrating  lymphocytes (TILs) associated bladder
cancer, It indicated that tumor-infiltrating Th17 cells ex-
pressed high levels of homing molecules CCR4 and CCRO,
which might be associated with Th17 cell migration and re-
tention within the tumor, Also, it suggested that Th17 cells,
together with Treg cells, might contribute to the im-
munopathogenesis of bladder cancer (28). According to other
study, IL-17 and IL-21 were shown to be elevated in oral and
gastric squamous cell carcinomas and they can be used as
a prognostic marker (29). Also Kwon et al. demonstrated no

IMMUNE NETWORK Vol. 14, No. 3: 156-163, June, 2014



500+
i * % *% *%
] A Lo v
400
%00 =
e S A2 0% Yy
E3M- BglE  ApA OO VeV
& = A o v
200
a A v
A
P B A, o M
-l K. 12
a0
0 T ) T T T
Control All patients Early-stage Low-grade Non-metastatic
Healthy Patients

Figure 2. Serum level of TGF-£ in the peripheral blood of bladder
cancer patients and blood of normal controls. Presented data were
analyzed with the nonparametric two-tailed Mann-Whitney test and
the horizontal lines are showing the Median of the groups. Significant
difference was found in the serum level of TGF-3 in peripheral blood
of all patients, early-stage (I, Il), low-grade and non-metastatic bladder
cancer patients compared to healthy controls (p<0.0001, <0.0001,
0.002 and <0.0001, respectively).

significant difference between IL-6 in control and colorectal
cancer patients while Ravishankaran et al. proved against in
breast cancer (30,31). Chen et al, revealed that IL-6 was over-
expressed in the bladder cancer specimens compared with
non-malignant tissues at both mRNA and protein levels. Their
findings showed that IL-6 could be a significant predictor for
clinical stage and prognosis of bladder cancer (32).

The above studies imply that IL-17 is a multifunctional cyto-
kine which it can augment tumor growth and progression,
and detection of IL-17 at the protein or transcript level is base
of this concept, An important aspect, in relation to the func-
tional activity of Th17 and emergence IL-17, is the reciprocal
effect of T regulatory cells with Th17 in modification and reg-
ulation of the immune response (33,34). Thus, effect of Th17
should be considered in relation with Treg function in growth
or regression of the tumors. According to this concept, find-
ing of present study showed a reduced serum level of IL-17
and TGF-§ in peripheral blood of patients that are mostly
in the early stages of bladder carcinoma, which it can be in-
terpreted as a reflection of reduced Th17 responses, There-
fore, systemic recruitment of the host’s immune cells to the
site of a malignant transformation in bladder tissue is influ-
enced by reduced IL-17-procucing Th17 cells. On the other
hand, reduced 1L-17 and TGF-$ may be because of probable
chemotherapy and radiotherapy.

Although there are several reports on role of inflammation
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Figure 3. Serum level of IL-17 in the peripheral blood of bladder
cancer patients and blood of normal controls. Presented data were
calculated same as explained in Figure 1 and 2 and the horizontal
lines are showing the Median of the groups. Significant difference was
found in the serum level of IL.-17 in peripheral blood of all patients,
early-stage (I, 1), low-grade and non-metastatic bladder cancer
patients compared to healthy controls (p<0.0001, <0.0001,
<0.0001 and <0.0001, respectively).

and initiation of cancer, most evidences strongly support the
importance of inflammation in tumorigenesis (35,36). There-
fore, lower inflammation-induced IL-6 and IL-17 can be asso-
ciated with lack of angiogenesis. As explained, while cancer
progresses particularly in late stage phases, with increasing
of Th17 development as a result of increased 1L-6 and TGF-5,
cancer may deteriorate,

TGF-8 is known to be released both by tumor and T regu-
latory cells during the late stages of most solid cancers (37).
Reduced TGF-B serum level in our study shows probable
chemotherapy drugs suppress tumor and Treg cells,

In conclusion, tumor can effect on immune system such
as cytokine profile according to current study indicates that
the most patients are in low grade and early stage of bladder
cancer and produce significantly low levels of 11-17 and TGF-8
but not IL-6. These findings perhaps indicate probable che-
motherapy and radiotherapy effects on suppress IL-17-procuc-
ing Th17 cells and TGF-B-producing tumor cells in early
stage but with tumor progress, increased IL-17-producing
Th17 is expected, Therefore, along with increased TGF-£ in
late stage of cancer, angiogenic factors cause cancer deterior-
ation. So, current cytokine profile clinically can be used as
an indicator in following of malignancies progress and im-
mune response to cancer, Also, It is probably IL-17 and TGF-/
can be used as imminent targets by monoclonal antibodies
for bladder cancer immunotherapy in late stage (I, IV) that
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immune system is not competent versus cancer, Finally, a
better understanding of the underlying mechanism regulating
the Th17 Treg balance may lead to better therapeutic strat-
egies for cancers, especially bladder cancer,
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