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Background: Interleukin (IL)-17-producing CD4+ T helper (Th17) cells thatare known by producing IL-17 have recently been defined as a 
unique subset of proinflammatory helper cells. IL-17 is an inflammatory cytokine with robust effect on many cells and it can play important 
roles in pathogenesis of diverse groups of immune-mediated diseases.
Objectives: The aim of this case-control study was to determine the gene expression of IL-6, IL-17, and transforming growth factor beta 
(TGF-β) in Iranian patients with bladder cancer.
Patients and Methods: Blood samples were collected from 37 patients with bladder cancer and 37 healthy individuals with no history of 
malignancies or autoimmune disorders, based of simple sampling. The expression of IL-6, IL-17, and TGF-β were measured by quantitative 
real-time polymerase chain reaction (qRT-PCR).
Results: The mean of IL-17 transcripts was significantly higher in patients with bladder cancer compared with healthy individuals (0.33 
± 0.06 vs. 0.42 ± 0.14, ) (P = 0.04), but their TGF-β was lower (12.53 ± 8.41 vs. 54.94 ± 17.95, ) (P = 0.04). However, the IL-6 transcripts level was 
similar in both groups (5.34 ± 2.40 vs. 8.07 ± 3.28, ) (P > 0.05) and there was not any significant difference between the noted cytokines 
expressions among patients with different stages and grades.
Conclusions: As most of the cases studied in this investigation were in stages I and II, IL-17 as a prominent proinflammatory cytokine may 
play an important role in recruiting and infiltrating of antitumor immune responses in early stages of bladder cancer. Furthermore, it can 
be used as predictor for the clinical stage and prognosis of cancers such as bladder carcinoma.
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1. Background
Two decades ago, Mossman and Coffman proposed that 

CD4 + T cells differentiate into two subsets with recipro-
cal functions and patterns of cytokine secretion, termed 
T-helper 1 (Th1) and Th2 (1). Th1 cells are characterized by 
production of interferon-g (IFN-γ) and induce cell-mediat-
ed immunity against intracellular pathogens, while Th2 
cells produce interleukin-4 (IL-4) and stimulate humoral 
immunity against parasitic helminthes. This paradigm 
was maintained until 2005, when a third T-cell subset, 
known as Th17, was identified (2). IL-17 was reported with 
its major signature of releasing interleukin 17 (IL-17) (3). In 
recent years, growing reports on the role and function of 
Th17 indicate that this subset of CD4 + T cells plays a fun-
damental role in infiltration and recruitment of inflam-
matory cells against intercellular parasites and fungi (4).

During tumor development, Th17 cells gradually in-
crease in the tumor microenvironment. Many factors 
released by tumor cells and tumor stroma or molecules, 

secreted by tumor-infiltrating immune cells such as 
transforming growth factor (TGF-β), IL-6, prostaglandin 
E2 (PGE2), IL-21, IL-23, osteopontin, IL-1β, and tumor necro-
sis factor alpha (TNF-α) can play major roles in the induc-
tion of Th17 differentiation (5, 6). Several recent studies 
have demonstrated that TGF-β and IL-6 are critical factors 
for murine Th17 cell differentiation in vitro (7).

TGF-β plays an essential role in differentiation of CD4 + 
T cells toward regulatory T cells (Tregs) or Th17 cells. The 
combination of TGF-β and IL-6 promotes the differentia-
tion of Th17 cells and inhibits Treg cells differentiation in 
mice (5, 8), whereas TGF-β plus retinoic acid inhibits Th17 
cells differentiation and promotes the Treg cells (9, 10).

There are some studies that show the paradoxes of the 
protumor and antitumor functions of IL-17. Increased 
growth and proliferation of cervical cancer cells through 
IL-6 (11) increases blood vessels in ovarian cancer (12) and 
as a prognostic biomarker in colorectal cancer progres-
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sion have been noticed (13). On the other hand, antitumor 
functions of IL-17 have been reported. In this connection, 
Muranski et al. reported that Th17-polarized cells and 
release of IL-17 are more effective than Th1 cells in elimi-
nating of established tumors (14). In addition, IL-17 has 
been shown to induce IL-6 from variety of cells. In fact, 
IL-17, via IL-6 and IL-12, is associated with the induction of 
tumor-specific cytotoxic T lymphocyte (CTL) induction 
(15), besides its effects on overexpression of major histo-
compatibility complex (MHC) classes I and II (16) and its 
role on dendritic cell maturation (17). Bladder cancer is 
one of the most common cancers in Iranian males (18). 
The importance of IL-17 in pathogenesis of bladder cancer 
is not fully identified.

2. Objectives
Due to the importance of IL-6, TGF-β and IL-17 genes in 

bladder cancer disease, we used quantitative real-time 
polymerase chain (qRT-PCR) to directly measure their 
mRNA transcripts in peripheral blood cells of patients 
with bladder cancer compared with healthy blood donors.

3. Patients and Methods

3.1. Subjects
The participants in this case-control study were 37 pa-

tients, all with transitional cell carcinoma of bladder 
with mean age of 63 ± 11 years, confirmed by histological 
studies by urologists and pathologists, using simple sam-
pling. The sample formula was as follows:

N = (Z(1-α/2) + Z(1-β))2 × (δ1
2 + δ2

2)/(μ1 - μ2)2 (δ1 = 2.2, μ1 = 4.3, δ2 
= 1.1, μ2 = 5.5, 1-α/2 = 1.96, 1-β = 0.84).

The patients were referred to our laboratory in the Insti-
tute for Cancer Research (ICR) as the cancer referral labo-
ratory from the hospitals of Shiraz University of Medical 
Sciences, (Shiraz, Iran) during 2009-2010. Forty five pa-
tients provided their informed consents to take part in 
this study. Peripheral venous blood samples of 2 mL were 
collected by venipuncture before any clinical interven-
tion. None of the patients had received chemotherapy, 
radiotherapy or immunotherapy before sampling and 
eight patients were excluded from study because of some 
technical errors. Data on age, tumor histology, tumor size, 
tumor invasion, clinical stage, histological grade, and 
presence of other organ metastases were obtained from 
the hospital pathological records of the patients. Theclin-
ical stage was determined with the tumor-node-metasta-
sis classification;primary tumor (T1 = tumor invades the 
sub-epithelial connective tissue, T2 = tumor invades the 
muscle, T3 = tumor invades the perivesical tissue, and T4 
= tumor invades the prostate, uterus or vagina and the 
pelvic wall or the abdominal wall), lymph nodes (N1 = in-
volvement in a single lymph node 2 cm or less in greatest 
dimension, N2 = Involvement in a single lymph node 2-5 
cm, and N3 = involvement in a lymph node more than 5 
cm), and metastasis (M0 = no metastasis and M1 = metasta-

sis). The tumor, lymph node, metastasis (TNM) classifica-
tion and tumor diameter were obtained from the pathol-
ogy reports by one pathologist. In addition, the tumors 
were graded according to the World Health Organization 
(WHO) classification criteria as moderately or poorly dif-
ferentiated. Table 1 demonstrates the distribution of pa-
tients regarding different clinical criteria. The patients 
with high-grade and metastatic bladder cancer com-
prised a small group and statistically were not able to be 
compared with low-grade and non-metastatic patients. 

Table 1.  Distribution of Patients With Bladder Cancer With 
Regard to Different Clinical Criteria

Pathological Characteristic Frequency, No. (%)

Gender

Male 26 (70)

Female 11 (30)

Lymphatic Invasion

Positive 12 (32)

Negative 28 (68)

Vascular Invasion

Positive 18 (49)

Negative 22 (51)

Preneural Invasion

Positive 7 (19)

Negative 33 (81)

Prostate Invasion

Positive 16 (43)

Negative 21 (57)

Seminal Invasion

Positive 2 (5)

Negative 35 (95)

Muscular Invasion

Positive 13 (35)

Negative 24 (65)

Grade

Low 17 (46)

High 20 (54)

Stage

I 14 (38)

IIb 5 (13)

IIc 10 (27)

III 4 (11)

IV 4 (11)

Metastasis

Positive 4 (11)

Negative 33 (89)
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Blood samples from 37 healthy individuals with mean age 
of 61 ± 3 years without history of malignancies or autoim-
mune disorders were also obtained as control group. Dur-
ing sample collection, it was ensured that subjects had 
neither infection nor any acute or chronic disease. Dur-
ing data analysis, 13 of 15 samples were excluded. All the 
subjects provided informed consents to participate in the 
study and to allow their biological samples to be analyzed. 
Approval for the study was given by the Ethics Committee 
of the Shiraz University of Medical Sciences (Shiraz, Iran).

3.2. RNA Isolation and cDNA Synthesis
Total RNA was prepared from the blood cells after lysis 

with ammonium chloride and TRizol reagent (Invitro-
gen, Paisley, UK). For cDNA synthesis, RNA was treated 
with DNase I (Invitrogen-Gibco, Paisley, UK) to avoid DNA 
contamination, then cDNA was synthesized from 5 μg of 
the total RNA, using the Revert Aid First Strand cDNA Syn-
thesis Kit (Fermentas, Vilnius, Lithuania).

3.3. Quantitative Real-Time RT-PCR
The abundance of IL-6, TGF-β and IL-17 genes transcripts 

was determined by qRT-PCR, using a Bio-Rad system 
(Chromo4 RT PCR Detector, Bio-Rad, Foster City, CA, USA) 
with SYBR Green PCR master mix kit (Applied Biosystems, 
Foster City, CA, USA). Expression of β-actin housekeeping 
gene was used as a reference for the level of target gene 
expression. Each PCR reaction was performed in a final 
volume of 25 μL and contained 0.5 μg of the cDNA prod-
uct, 4.0 pmol of each primer, and 1x reaction mixture, 
consisting of Fast Start DNA polymerase, reaction buffer, 
dNTPs, and SYBR green I. Table 2 shows the forward and 
reverse primers for β-actin, IL-6, TGF-β and IL-17 genes. The 
primers were designed using primer 3 open-source soft-
ware (Source forge, USA). Thermal cycling for all the genes 
was initiated with a denaturation step at 95°C for 10 min-
utes, followed by 40 cycles (denaturation at 95°C for 15 
seconds, annealing at 56°C for 30 seconds, and extension 
at 60°C for 60seconds when fluorescence appeared). The 
qRT-PCR amplification products were analyzed by melt-
ing curve analysis. Meanwhile, all the data were analyzed 
for calibrated equipment.

3.4. Statistical Analysis
The amounts of IL-6, TGF-β and IL-17 genes transcripts in 

the peripheral blood was compared to the correspond-

ing values from the control samples using nonparamet-
ric Mann-Whitney test by SPSS software v.15. The relative 
amounts of IL-6, TGF-β and IL-17 transcripts were deter-
mined using 2-ΔΔct formula. The Target-to-reference gene 
ratios were calculated using Pfaffl method (19). Finally, 
correlations between different cell populations were 
evaluated using Spearman’s rank correlation coefficient. 
Relative expression was plotted and evaluated by means 
of Prism 5 software (San Diego, CA, USA, 2003). P < 0.05 
was regarded as significant in all the statistical analyses.

4. Results

4.1. Gene Expression of Cytokines in Whole Blood 
Samplesof Patient and Healthy Controls

The gene expression of IL-6 in peripheral blood mono-
nuclear cells was examined using mRNA analysis. The Ex-
pressions of the IL-6 gene transcripts in all the patients 
with bladder cancer, early-stage, low-grade and non-met-
astatic patients were not different compared with the 
control group (P > 0.05), Figure 1. However, there was a 
significant correlation between IL-6 and preneural inva-
sion (P = 0.004, r = 0.47) (data is not shown).

As shown in Figure 2, specimens in the control group 
expressed substantially higher levels of IL-6 than all the 
patients (P = 0.03), Table 3. In addition, among the pa-
tients in early disease stages (stages I and II), low-grade 
and non-metastasis status, the gene expression of IL-6 
was less compare to healthy volunteers (P = 0.03, 0.03 
and 0.04, respectively). In addition, there was a signifi-
cant correlation between the level of IL-6 and preneural 
invasion (P = 0.01, r = 0.41) (data not shown).

The IL-17 gene expression showed a significantly higher 
level among patients compared with the control group 
(P = 0.04). Remarkably, patients in early-stage and non-
metastatic statuses of the disease showed significant dif-
ferences in the mean relative IL-17 expression (P = 0.05 
and 0.02, respectively), Figure 3. Although the gene ex-
pression of IL-17 in patients with a low-grade of the dis-
ease was higher than the control group, there was no 
significant difference between them (P = 0.07), Table 3. 
We noted significant correlations of IL-17 gene expression 
with preneural invasion (P = 0.01, r = 0.42), seminal inva-
sion (P = 0.0002, r = 0.69), grade (P = 0.03, r = 0.34), and 
stage (P < 0.0001, r = 0.61) (data not shown). These results 
are summarized in Table 4.

Table 2. Forward and Reverse Primers of β-Actin, IL-6, TGF-β, and IL-17 Genes for Real-Time PCR Amplification

Primers Sequence

β-actin forward; β-actin, reverse 5’ ACAGAGCCTCGCCTTTGCCG 3’,5’ CACCATCACGCCCTGGTGCC 3’

IL-17, forward; IL-17, reverse 5’ GGACTGTGATGGTCAACCTG 3’,5’ CTCCCAGATCACAGAGGGAT 3’

IL-6, forward; IL-6 reverse 5’ CAGGTTGTTTTCTGCCAGTG 3’,5’ GACCGACACTCACCTCTTCA 3’

TGF-β, forward; TGF-β, reverse 5’ TGGTTGAGCCGTGGAGGGGA 3’,5’ CTCGGCGGCCGGTAGTGAAG 3’
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Table 3. Gene Expression of IL-6, TGF-β and IL-17 in Peripheral Blood Cells of Patients With Bladder Cancer and Normal Individuals a
,b

IL-6 TGF-β IL-17

Mean ± SEM Median P Mean ± SEM Median P Mean ± SEM Median P

Controls(n = 37) 8.07 ± 3.28 1.26 54.94 ± 17.95 0.10 0.42 ± 0.14 0.08

All the patients (n = 37) 5.34 ± 2.40 0.98 > 0.05 12.53 ± 8.41 0.05 0.03 0.33 ± 0.06 0.25 0.04

Early-stage (n = 29) 5.39 ± 2.97 0.89 > 0.05 12.08 ± 7.71 0.04 0.03 0.87 ± 0.38 0.26 0.05

Low grade (n = 17) 5.51 ± 3.85 0.89 > 0.05 5.08 ± 1.89 0.03 0.03 0.83 ± 0.08 0.24 0.07

Non-metastatic (n = 33) 5.84  ± 2.69 0.95 > 0.05 10.53  ± 6.74 0.05 0.04 0.82  ± 0.32 0.29 0.02
a Relative expression of the gene of interest/β-actin.
b The presented data was analyzed with the nonparametric two-tailed Mann-Whitney test. Early-stage patients were in stages I and II with a localized 
tumor in bladder and low-grade patients were in grades 1 and 2 with a well or moderate differentiation.

Table 4.  Gene Expression of IL-6, TGF-β and IL-17 in Different Clinic Pathological Parameters of Patients With Bladder Cancer a

IL-6 b TGF-β b IL-17 b

Mean ± SEM Median P Mean ± SEM Median p Mean ± SEM Median P

Gender

Male 6.27 ± 2.95 0.77 NS 12.35 ± 9.02 0.06 NS 2.12 ± 0.99 0.29 NS

Female 4.66 ± 1.97 1.05 4.55 ± 1.64 0.05 0.44 ± 0.12 0.42

Lymphatic invasion

Negative 5.27 ± 2.54 0.74 NS 11.7 ± 8.20 0.04 NS 0.77 ± 0.36 0.24 NS

Positive 8.92 ± 5.49 2.20 2.60 ± 0.82 0.05 6.17 ± 3.98 3.80

Vascular invasion

Negative 5.07 ± 2.21 0.70 NS 6.50 ± 3.28 0.05 NS 1.01 ± 0.41 0.29 NS

Positive 6.99 ± 4.51 0.84 13.65 ± 14.76 0.04 2.56 ± 1.69 0.38

Preneural invasion

Negative 5.19 ± 1.72 0.77 NS 9.75 ± 6.56 0.05 NS 1.46 ± 0.77 0.27 NS

Positive 12.26 ± 7.09 1.55 2.60 ± 0.82 0.04 2.27 ± 1.80 0.70

Prostate invasion

Negative 6.95 ± 3.20 1.45 NS 14.95 ± 9.84 0.06 NS 1.13 ± 0.52 0.38 NS

Positive 6.47 ± 5.90 0.62 1.95 ± 0.82 0.01 4.39 ± 2.98 0.55

Muscular invasion

Negative 3.82 ± 1.31 0.71 NS 15.6 ± 11.48 0.03 NS 1.01 ± 0.53 0.15 NS

Positive 8.72 ± 4.35 1.55 2.60 ± 0.82 0.05 2.46 ± 1.53 0.48

Tumor size

< 5 cm 5.47 ± 2.38 0.80 NS 9.10 ± 6.56 0.04 NS 0.88 ± 0.56 0.29 NS

≥ 5 cm 6.99 ± 4.92 1.35 13.65 ± 13.12 0.06 2.06 ± 0.97 0.13

Grade

Low 5.51 ± 3.85 0.89 NS 5.08 ± 1.89 0.03 NS 0.83 ± 0.08 0.24 NS

High 5.99 ± 2.46 1.01 5.85 ± 3.28 0.05 2.35 ± 1.29 0.38

Stage

Early 5.39 ± 2.97 0.89 NS 12.08 ± 7.71 0.04 NS 0.87 ± 0.38 0.26 NS

Late 7.92 ± 4.84 2.01 2.60 ± 0.82 0.05 0.97 ± 0.58 0.38

Metastasis

Negative 5.84 ± 2.69 0.95 NS 10.53 ± 6.74 0.05 NS 0.82 ± 0.32 0.29 NS

Positive 5.43 ± 7.38 0.46 1.95 ± 0.82 0.02 1.26 ± 1.04 0.29
a Abbreviation: NS: notsignificant.
b Relative expression of the gene of interest/β-actin.
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Figure 1. Expression Level of IL-6 in Peripheral Blood Cells of Patients With 
Bladder Cancer and Normal Individuals
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The presented data was calculated with the 2(−ΔΔct) formula.The hori-
zontal bars indicate median values. No significant difference was found 
in IL-6 mRNA expression among all the patients with early-stage (I, II) low-
grade and non-metastatic disease compared to healthy controls (P > 0.05).

Figure 2. TGF-β Gene Transcripts in Peripheral Blood Cells of Patients With 
Bladder Cancer and Healthy Controls
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Data was calculated with the 2(−ΔΔct) formula. The horizontal bars 
indicate the median values. Significant differences were found in levels 
of TGF-β expression among the patients with total, early-stage (I, II) low-
grade, and non-metastatic bladder cancer compared to healthy controls 
(P = 0.03, 0.03, 0.03 and 0.04, respectively).

Figure 3. Expression Level of IL-17 in the Peripheral Blood Cells of Patients 
With Bladder Cancer and Normal Controls
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Data was calculated similar to Figures 1 and 2. The horizontal bars indicate 
the median values. Significant differences were found in levels of IL-17 ex-
pression among all the patients, early-stage (I, II), and non-metastatic (P 
= 0.04, 0.05 and 0.02, respectively), but in none of the patients with low-
grade bladder cancer, compared to healthy controls (P = 0.07).

5. Discussion
Current understanding of IL-17 is that it plays an impor-

tant role in inflammation and it is critical in host defense 
against infectious disease,allergy and autoimmunity (20, 
21). Although TGF-β induces T regulatory cells, the com-
bination of TGF-β and IL-6 instruct T cells to differentiate 
into Th17 cell (7). In addition to its important physiologi-
cal roles, Th17 may involve in cancer and autoimmunity. 
Therefore, in this study, we evaluated the IL-17 transcripts 
as hallmarks of Th17 cells, as well as TGF-β and IL-6 tran-
scripts as the cytokines inducing Th17 cells differentia-
tion, in peripheral blood cells of patients with bladder 
cancer. Our data indicated a higher expression of IL-17, but 
not IL-6, in patients compared to controls. However, TGF-β 
expression was vice versa. The mRNA expression of IL-17 
was investigated by Zhang et al. who detected increased 
expression levels of IL-17 and IL-23 mRNA in tumor tissues 
from patients with gastric cancer, suggesting that Th17 
cells differentiation may increasein gastric cancer (22). 
Wang et al. reported that disruption of IL-17 dramatically 
reduced tumorigenesis in this model in a manner corre-
lated with diminished STAT3 activation intumor micro-
environment (19). Doroudchi’s findings showed that IL-
17 was elevated in lower stages (I and II) compared with 
higher stages (III and IV) of bladder cancer and it can be 
an important factor in the inflammatory process during 
tumor progression, either as a defense mechanism or as 
a tumor-promoting factor (23). There are other studies 
showing that IL-17 and IL-21 increase in gastric and oral 
squamous cell carcinomas, which suggest these cytokines 
as therapeutic targets for treatment of cancer (24, 25).

Kryczek and colleagues, however, demonstrated a pro-
tective role of IL-17 in tumor immunity (26). They also 
revealed that Th17 cells may contribute to protective hu-
man tumor immunity through inducing Th1-type chemo-
kines and recruiting the effector cells to the tumor micro-
environment and they play an indirect role in antitumor 
immunity by promoting the effector CD8 + T cells (27). 
Jaberipour et al. showed IL-17 and IL-6 transcripts as pro-
inflammatory responses which are increased in PBMCs, 
which can be vital in early stages of cancers (28). Chen et 
al. emphasized that tumor growth and invasive capabil-
ity were attenuated when IL-6 was blocked. Their findings 
show that IL-6 can be a significant predictor for the clini-
cal stage and prognosis of bladder cancer (29).

All these data attempt to show and to prove that IL-17, a 
multifunctional cytokine, has the capability to promote 
tumor growth and expansion. The Th17 cells can be con-
siderable in two approaches; an important aspect thatre-
quires to be considered with care in relation to the func-
tional activity of Th17 and the emergence of IL-17 is the 
reciprocal effect of T regulatory cells with Th17 in modifi-
cation and regulation of the balance between the anti-in-
flammatory and inflammatory immune responses (9, 30, 
31). Accordingly, our finding of the increased expression of 
IL-17 in PBMCs in patients with early stages of bladder can-
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cer can be interpreted as a reflection of a protective pro-
inflammatory response which recruits the immune cells 
to the site of early tumor in bladder. However, proinflam-
matory responses are double-edged sword with protective 
and tumorgenesis roles (32, 33). With cancer progression, 
especially in the late stage, as a result of pressure by tumor 
cells and release of a lot of self-antigens, an increased Treg 
cells state occurs (21). It may cause to convert a proinflam-
matory response into an anti-inflammatory condition, 
resulting in disease deterioration. According to this hy-
pothesis, one can suggest that the best time for immuno-
therapy approaches is in the early stages of cancer, where 
the immune system has not been under pressure neither 
by tumor side nor by immunosuppression induced by T 
regulatory cells. TGF-β can be released by tumor and T regu-
latory cells during the late stages of most of the solid can-
cers (34, 35). Since we observed reduced TGF-β expressionin 
our findings, it means that a patient’s immune system in 
the early stage of bladder cancer is still enough competent 
and has not been influenced by the actions of T regulatory 
suppression. If these findings get confirmed in a larger 
sample sizes, a suitable window period based on detection 
of these cytokines for immune manipulation of bladder 
cancer can be obtained.

As the presented data was in line with our previous 
study onbreast cancer (28), it can be concluded that in-
creased IL-17 and reduced TGF-β gene expressions in pa-
tients with the early-stage of cancer, spot a vigorous pro-
inflammatory reaction by the immune system against 
cancer. Therefore, along with increased TGF-β in the late 
stage of cancer, angiogenic factors cause cancer deterio-
ration. Therefore, the current cytokine profile can beclin-
ically used as marker in detection of early stages of tumor 
for better medical actions for prevention of tumor dete-
rioration. In addition, it is suggested that antitumor im-
munotherapy in early stages of the disease may delay the 
immunosuppression effects induced by the Treg cells. It 
is suggested that for covering theweak points of the cur-
rent study, Th1/ Th2/ Th17/ Treg cytokine profiles would be 
assessed simultaneously and with larger samples.
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