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Abstract

Interleukin (IL)-17-producing CD4* T helper (Th17) cells that are known to produce IL-17 have
recently been defined as a unique subset of proinflammatory helper cells. Interleukin 17 is an inflamma-
tory cytokine with robust effects on many cells. It can play important roles in the pathogenesis of diverse
groups of immune-mediated diseases. In this regard, the present case-control study aimed at determin-
ing serum levels of IL-17, IL-6, and transforming growth factor B (TGF-f) in Iranian breast cancer
patients. Blood samples were collected from 55 patients with breast cancer and 34 healthy individuals
with no history of malignancies or autoimmune disorders, based on simple sampling. The serum levels
of IL-17, IL-6 and TGF-3 were measured by enzyme-linked immunosorbent assay (ELISA). The serum
level of IL-6 was significantly lower in patients with breast cancer compared with healthy individuals
(p = 0.0003), and also the IL-17 was lower in the patient group than in controls (p = 0.01). Interest-
ingly, the TGF- serum level in patients was less than in controls (p < 0.0001). As most of the cases
investigated in this study were in their early stages, it can be concluded that reduced IL-17, IL-6, and
TGF-B can be used as predictors for clinical stage and prognosis of cancers such as breast carcinoma.
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Introduction

Two decades ago, Mossman et al. [1] proposed that
CDA4+ T cells differentiate into two subsets with recipro-
cal functions and patterns of cytokine secretion, termed
T-helper 1 (Th1) and Th2 [2]. Th1 cells are characterised
by production of interferon-y (IFN-y), and they induce
cell-mediated immunity against intracellular pathogens,
while Th2 cells produce interleukin (IL)-4 and stimulate
humeral immunity against parasitic helminths. This para-
digm was maintained until 2005, when a third T-cell subset,
known as Th17, was identified [3]. Th17 was reported with
its major signature of releasing IL-17 [4]. In recent years,
growing reports on the role and function of Th17 indicate
that this subset of CD4+ T cells plays a fundamental role
in infiltration and recruitment of inflammatory cells against
intercellular parasites and fungi [5, 6]. Also, recent data in
humans suggest that Th17 cells are important due to their
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strong association with a diverse group of immune-mediated
diseases, including psoriasis, rheumatoid arthritis, multiple
sclerosis, inflammatory bowel disease, cancers, and other
autoimmune diseases. Moreover, they seem to be important
for controlling these disorders, too [7, 8]. During tumour
development, Th17 cells gradually increase in the tumour
microenvironment. There are several factors that can play
major roles in the induction of Th17 differentiation. These
factors include a lot of substances released by tumour cells
and tumour stroma, or molecules secreted by tumour-infil-
trating immune cells such as transforming growth factor
B (TGF-B), IL-6, prostaglandin E, (PGE,), IL-21, IL-23,
osteopontin, IL-1p, and tumour necrosis factor oo (TNF-o)
[9-11]. Several recent studies have demonstrated that TGF-3
and IL-6 are critical factors for murine and human Th17
cell differentiation in vitro. The role of TGF-f in human
Th17 cells is still subject to intense debate. In humans, naive
T helper cells can be induced to differentiate into Th17
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cells in vitro by exposure to IL-6 and TGF-p, also IL.-23
promotes proliferation and survival of these cells [12-14].
However, some studies found that the role of TGF-f3 in dif-
ferentiation of human Th17 cells to be inhibitory [15, 16].

It is obvious that TGF-f3 plays an essential role in
differentiation of CD4* T cells toward regulatory T cells
(Tregs) or Th17 cells. The combination of TGF-f3 and IL-6
promotes the differentiation of Th17 cells and inhibits Treg
cell differentiation [9, 14, 17], whereas TGF-J plus retino-
ic acid inhibits Th17 cell differentiation and promotes the
Treg cells [18, 19].

There are some studies that show the paradoxes of
the protumour and antitumour functions of IL-17. Stud-
ies have shown that IL-17 can increase growth and pro-
liferation of cervical cancer cells through IL-6 [20], it can
increase blood vessels in ovarian cancer [21], and it has
been noticed as a prognostic biomarker in colorectal cancer
progression [22]. On the other hand, antitumor functions
of IL-17 have been reported. In this connection, Murans-
ki et al. reported that Th17 cells are more effective than
Th1 cells in eliminating established tumours [23]. In addi-
tion, IL-17 induces the production of IL-6 from a variety
of cells. Interleukin 17, via IL-6 and IL-12, is associated
with the induction of tumour-specific cytotoxic T lympho-
cyte (CTL) induction [24] and affects the overexpression
of major histocompatibility complex (MHC) classes I and
II in dendritic cell maturation [25].

Breast cancer is the most common cancer among Irani-
an females, with a mean age onset at least 10 years below
than seen in western countries [26]. The role of Th17 cells
in the pathogenesis of breast cancer is pivotal.

Due to the importance of IL-6, TGF-f, and IL-17 se-
rum levels in breast cancer disease, we used ELISA to
directly measure their serum levels in peripheral blood
cells of patients with breast cancer to compare them with
healthy blood donors.

Material and methods

Subjects

Seventy-one women who participated in this study
were diagnosed with infiltrating ductal carcinoma of the
breast, confirmed by histological studies using simple
sampling. Fifty-five patients were selected with a mean
age of 48 £10 years, and the rest were excluded from the
study because of technical errors in the ELISA method.
Patients from the hospitals of Shiraz University of Medical
Sciences (Shiraz, Iran) were referred to our laboratory in
the Institute for Cancer Research (ICR), which was used
as the cancer referral laboratory. Peripheral blood samples
(2 ml) were collected before any clinical intervention.
Data on age, tumour histology, tumour size, tumour in-
vasion, clinical stage, histological grade, and the presence
of other organ metastases were obtained from the hospital

the course of disease

pathological records of the patients. The clinical stage was
determined with the tumour-node-metastasis (TNM) clas-
sification. The TNM classification and tumour diameter
were obtained from the pathology reports by one patholo-
gist. In addition, the tumours were graded according to the
World Health Organization (WHO) classification criteria
as moderately or poorly differentiated. Patients received
chemotherapy interventions before this study. Table 1
demonstrates the distribution of patients regarding differ-
ent clinical criteria. Blood samples from 34 healthy indi-
viduals with a mean age of 44 +7 years without history of
malignancies or autoimmune disorders were also obtained
as the control group. During sample collection, it was en-

Table 1. Distribution of patients with breast cancer with
regard to different clinical criteria

Pathological characteristic Status Frequency n (%)
Side Left 29 (52)
Right 26 (48)
ER Positive 37 (68)
Negative 18 (32)
PR Positive 34 (62)
Negative 21 (38)
HER-2 Positive 37 (68)
Negative 18 (32)
Necrosis Positive 25 (45)
Negative 30 (55)
Calcification Positive 37 (67)
Negative 18 (33)
Lymphatic invasion Positive 24 (43)
Negative 31(57)
Vascular invasion Positive 11 (20)
Negative 44 (80)
Perineural invasion Positive 11 (20)
Negative 44 (80)
Grade Low 47 (86)
High 8(14)
Stage I 18 (33)
I 26 (48)
I 9(16)

v 2(3)

Metastasis Positive 297)
Negative 53 (3)
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sured that subjects had neither infection nor any acute or
chronic diseases. All the subjects provided informed con-
sent to participate in the study and to allow their biological
samples to be analysed. Approval for the study was given
by the Ethics Committee of Shiraz University of Medical
Sciences (Shiraz, Iran).

Enzyme linked immunosorbent assay (ELISA)

The amounts of cytokines in the patients’ and controls’
sera were measured at the same time by the same tech-
nician, using ELISA-kits (eBiosciences, San Diego, CA,
USA). Briefly, premixed standards were reconstituted in
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PBS (pH 7.2), generating stock concentrations of 200, 500,
and 1000 pg/ml for IL-6, IL-17, and TGF-p, respective-
ly. Sensitivity for IL-17, IL-6, and TGF-3 were 4, 2, and
8 pg/ml, respectively. The standard stocks were serially
diluted in Reagent Diluent to generate seven points for the
standard curves. Diluted Capture Antibody was added at
the final volume of 100 pl. Plates were sealed and incubat-
ed overnight at room temperature, then they were washed
with Wash Buffer. Premixed standards or samples (100 ul)
were added to each well, covered with an adhesive strip,
and incubated overnight at 4°C. After incubation and wash-
ing, 100 pl of the premixed Detection Antibody was added
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Fig. 1. Serum level of IL-6, TGF-f, and IL-17 in the pe-
ripheral blood of breast cancer patients and normal con-
trols. Significant differences were found in the serum level
of IL-6 (A), TGF-B (B), and IL-17 (C) in peripheral blood
of patients with breast cancer patients compared to healthy
controls. Presented data were analysed with the nonpara-
metric two-tailed Mann-Whitney test; the horizontal lines
show the median of the groups
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the course of disease

Table 2. The serum levels of IL-6, TGF-3, and IL-17 in peripheral blood of patients with breast cancer and normal

individuals®®
IL-6 TGF-B IL-17
Mean +SEM  Median )/ Mean +SEM = Median y/) Mean +SEM = Median )/

Controls 5.70 £0.31 5.13 249.4 +8.05 247.7 10.17 £0.21 10.0

(n=134)

All patients 5.30 £0.67 3.74 0.0003  130.1 £10.11 118.1 <0.0001 9.67 +0.71 8.05 0.01
(n=155)

Low-grade 5.80 £0.91 4.14 0.007 1263 +£12.78 111.8 <0.0001 8.94 +0.82 7.40 0.001
(n=38)

High-grade 4.18 £0.76 347 0.0002 138.8 £16.12 133.0 0.0002  11.35+1.35 9.27 > 0.05
(n=17)

Early-stage 4.84 +£0.67 3.71 <0.0001 120.2 +11.24 111.8 <0.0001  9.26 +0.86 7.40 0.003
(n=42)

Late-stage 745 +2.11 4.59 >0.05 152.4+23.26 154.2 <0.0001 10.92 £1.16 9.27 >0.05
(n=13)

Non-metastatic 5.46 £0.72 3.90 0.0008 125.2 +10.48 113.9 <0.0001  9.52+0.75 7.83 0.003
(n=53)
“pg/ml

*The presented data was analysed with the nonparametric two-tailed Mann-Whitney test. Early-stage and late-stage patients were in stages I, Il and 111, 1V with
a localised tumour in breast and low-grade and high-grade patients were in grades 1, 2 and 3, 4 with good or moderate differentiation.

to each well and incubated for two hours at room tempera-
ture. After incubation and washing, Streptavidin-HRP was
added to each well (100 pl). The incubation was terminated
after 20 minutes at room temperature. Then, 50 ul 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 results were expressed in pg/ml.

Statistical analysis

The amounts of IL-6, TGF-f, and IL-17 in the periph-
eral blood were evaluated to the corresponding values from
control samples with nonparametric Kruskal-Wallis and
Mann-Whitney tests by SPSS software version 11.5 (SPSS,
Chicago, IL, 173 USA). Finally, correlations between dif-
ferent statuses were evaluated using Spearman correlation
coefficient. The variable levels were evaluated using Prism
4 software (Inc; San Diego CA, USA, 2003). P < 0.05 was
regarded as significant in all statistical analysis.

Results

Serum cytokine level in patient and healthy groups

It was shown that the serum level of IL-6 among pa-
tients was significantly low compared to the control group
(Fig. 1A). We noted significant differences in the low-
grade, high-grade, early disease stages (stages I and II),
and non-metastatic status compared to controls. These re-
sults are summarised in Table 2. In addition, no correlation
was found between IL-6 serum level and clinicopatholog-
ical data of the cases (data not shown). Interleukin 6 was

not significantly related to depth of tumour, and there were
no significant differences between negative and positive
invasion status (Table 3).

As shown in Fig. 1B, specimens in the control group
showed substantially higher levels of TGF- than all of
those from the patients (Table 2). In addition, among the pa-
tients in low-grade, high-grade, early disease stages (stages
I and II), late disease stages, and non-metastasis status, the
serum level of IL-6 was lower than in healthy volunteers.

The IL-17 serum level showed a significantly lower
level among patients compared to the control group. Re-
markably, patients in low-grade, early-stage, and non-met-
astatic status of the disease showed significant differences
in the mean serum level of IL-17 (Fig. 1C). Nevertheless,
no correlation was found between IL.-17 serum level and
any clinicopathological parameters in the patient group
(data not shown). In addition, patients in none of clinico-
pathological parameters showed significant differences in
cytokine level. These results are summarised in Table 3.

Our study was extended by performing the correlation
analysis between IL-6 and TGF-f3 serum level with IL-17
concentration in patient and control groups (Fig. 2). The
IL-17 serum level positively correlated with the IL-6 level
in the control group (r = 0.51, p = 0.001).

Discussion

Current understanding about IL-17 reveals that it
is produced from Th17 cells and plays a crucial role in
inflammation. It has also been shown that this cytokine
plays an important role in allergies and autoimmune dis-
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Table 3. The serum level of IL-6, TGF-f, and IL-17 in different clinic pathological parameters of patients with breast
cancer

IL-6 [pg/ml] TGF-f [pg/ml] IL-17 [pg/ml]
Mean +SEM  Median P Mean £+SEM  Median P Mean +SEM = Median P
Lymphatic invasion
Negative 4.89 +0.88 3.37 NS 120.9 +13.31 111.8 NS 9.38 +0.97 7.69 NS
Positive 6.24 =1.19 4.81 135.8 £16.76 124.5 10.13 £1.15 8.63
Vascular invasion
Negative 5.53 +0.87 3.93 NS 1253 £12.48 111.8 NS 9.69 +0.92 7.69 NS
Positive 4.99 +1.09 3.47 130.9 +17.64 128.7 9.56 +0.97 8.99
Perineural invasion
Negative 5.04 +0.86 3.47 NS 125.1 £12.98 116.0 NS 10.1 £0.77 7.69 NS
Positive 6.65 +1.45 4.81 138.9 £19.92 126.6 9.01 £0.87 8.41
ER
Negative 3.67 £0.26 3.47 NS 95.37 £13.35 90.62 NS 9.87 +£1.33 7.40 NS
Positive 5.83 +0.89 443 147.8 +14.64 143.6 10.07 £0.97 8.34
PR
Negative 5.10 +1.14 3.74 NS 108.5 £15.25 103.3 NS 10.40 £1.23 8.4 NS
Positive 4.85 +0.54 3.53 135.3 £14.36 116.0 9.53 +0.97 7.69
HER-2
Negative 5.76 £0.94 443 NS 109.4 +18.05 99.08 NS 9.72 £1.17 9.85 NS
Positive 5.06 +£0.99 3.32 141.4 £16.56 149.9 10.10 +1.16 8.12
Necrosis
Negative 6.66 £1.45 371 NS 124.6 +£15.62 116.0 NS 9.43 +0.98 8.12 NS
Positive 4.30 £0.36 3.98 135.7 +14.88 1224 10.15 £1.23 8.63
Calcification
Negative 6.33 £1.16 4.11 NS 135.4 £12.05 128.7 NS 10.19 +1.05 8.41 NS
Positive 4.16 +0.44 3.53 121.7 £22.08 94.85 9.195 +1.19 7.40
Involvement
Right 5.11 £0.64 3.95 NS 137.7 +17.83 116.0 NS 9.41 +1.05 8.12 NS
Left 5.68 £1.24 3.53 118.8 +11.98 122.4 9.92 +1.08 7.83
Grade
Low 5.80 +0.91 4.14 NS 126.3 +12.78 111.8 NS 8.94 £0.82 7.40 NS
High 4.18 +0.76 3.47 138.8 £16.12 133.0 11.35+1.35 9.27
Stage
Early 4.84 +0.67 3.71 NS 120.2 +11.24 111.8 NS 9.26 +0.86 7.40 NS
Late 7.45 £2.11 4.59 152.4 +23.26 154.2 10.92 +1.16 9.27
Metastasis
Negative 5.46 £0.72 3.90 NS 125.2+10.48 113.9 NS 9.52 +0.75 7.83 NS
Positive 3.20 +0.58 3.05 193.5 £22.77 198.8 11.62 +1.72 11.51

NS — not significant
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Fig. 2. The correlation between serum level of IL-6 and TGF-3 with IL-17 in the peripheral blood of patients with breast
cancer and healthy individuals. The IL-17 serum level positively correlates with IL-6 level in control group (r = 0.51,

p =0.001). Results were analysed with the Spearman test

eases [27, 28]. One of the most important cytokines in
the development of Th17 is TGF-f3, which stimulates the
formation of Treg cells. However, a combination of IL-6
and TGF-f plays a leading role in the differentiation and
development of Th17 cells [29]. In addition to its import-
ant physiological roles, the roles of Th17 are consider-
able in both pathological conditions including cancer and
autoimmune disorders [8, 27]. In the present study the
levels of IL-17, IL-6, and TGF-f as the stimulators of
Th-17 differentiation in peripheral blood of patients with
breast cancer were measured. Our findings revealed that
the serum level of these cytokines were significantly de-
creased in patients in comparison with the control group.
In addition, a positive correlation between IL-6 and IL-17
was demonstrated. A number of studies have been done
regarding IL-17 in different cancers. For instance, Baha-
rlou’s findings showed that IL-17 and TGF- were re-
duced in patients with bladder cancer, and that they can be
important indicators for following the course and clinical
stages of bladder carcinoma progression [30]. A study on
IL-17 expression by Zhang et al. showed high expres-
sion levels of IL-17 and IL-23 mRNA in tumour tissues
from patients with gastric cancer, suggesting that Th17
cell differentiation may increase in gastric cancer [31].
A different study also confirmed that IL-17 contributes to
the growth of tumour via upregulation of proangiogenic
and proinflammatory cytokines [32]. A study on ovarian
cancer emphasised high expression of IL-17 with a sig-
nificant role in tumour growth via angiogenesis [21].
Moreover, Wang et al. showed a significant increase of
IL-17 and IL-6 mRNA expression in the tumour, which
promoted tumour growth. It also seems that VEGF and

TGF-f contribute to tumour progression by IL-17 [33].
However, a study by Radosavljevic et al. showed the lack
of a significant relationship between serum level of IL-17
and colorectal cancer [34]. Kwon et al. also found no
significant difference between IL-6 in controls and col-
orectal cancer patients [35]. However, Ravishankaran et
al. proved the presence of a high serum level of IL-6 in
breast cancer. Their study showed that preoperative high
IL-6 levels were proposed as a poor prognostic factor for
disease recurrence and overall survival in patients with
breast cancer [36]. These findings suggest that both IL-6
and 17 are multi-functional cytokines that can promote
growth of Th17 tumours.

There is a reciprocal effect between Th17 and Treg
cells in regulation of the immune response [37]. The per-
formance of each cell should be evaluated together, espe-
cially in growth or regression of the tumours [38]. Accord-
ing to our study, serum levels of IL-6, IL-17, and TGF-f in
early stages of breast cancer were significantly decreased
in comparison with the control group, which can be inter-
preted as a reflection of reduced Th17 responses. Lower
Th17-induced inflammation can be associated with a lack
of angiogenesis. As explained, while cancer progresses
particularly in late stages, with an increase in Th17 devel-
opment, cancer may deteriorate.

Transforming growth factor f3 is known to be released
both by tumour and T regulatory cells during the late stag-
es of most solid cancers [39]. Decreased serum levels of
TGF-B in the present study may be due to the fact that
chemotherapy agents suppress tumour and Treg cells.

According to the presented data, it can be concluded
that reduced serum levels of IL-6, IL-17, and TGF-J in
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patients with the early stage of cancer indicates probable
chemotherapy and radiotherapy suppressing effects on
IL-17-producing Th17 cells and TGF-B-producing tumour
cells in the early stage; however, with tumour progression,
elevated IL-17-producing Th17 is expected.

Furthermore, in the late stages of cancer, which is as-
sociated with increased TGF-p, angiogenesis factors may
worsen the cancer. Since cytokine serum levels in tumour
tissue and peripheral blood are associated with each other,
their concentration in serum can be a representation of im-
mune responses in the tumour. Therefore, the cytokine pro-
file in peripheral blood can be listed as an indicator follow-
ing malignancy progress and immune response to cancer
development. Also, using monoclonal antibodies against
Th17-related cytokines can be considered as a suitable tar-
get for immune therapy of breast cancer in the final stages
when the immune system is not competent against cancer.
Finally, being aware of the precise balance between Th17
and Treg cells can help to provide new therapies against
cancer, especially breast cancer.
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