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High IL-17 expression is associated with an
unfavorable prognosis in thyroid cancer
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Abstract. Previous studies have indicated that cancer may be
promoted and/or exacerbated by inflammation and infection.
The cytokines produced by activated innate immune cells
that stimulate tumor growth and progression are considered
as important components in this process. The interleukin
(IL)-23/T helper (Th)17 axis, which exerts marked pro-inflam-
matory effects, has emerged as an important mediator in
inflammation-associated cancer. Increasing clinical evidence
indicates that Th17 may promote or inhibit tumor progression,
however, the function of Th17 in the pathogenesis of benign
and malignant thyroid neoplasms remains unclear. The present
study investigated the association between the IL-23/Th17 axis
and neoplastic and non-neoplastic thyroid lesions using immu-
nohistochemistry. A total of 131 thyroid biopsy specimens were
analyzed, which revealed high IL-17 and IL-23 expression in
differentiated thyroid cancer and medullary thyroid cancer
tissues when compared with benign lesions, including follicular
thyroid adenoma and goiter tissues. Furthermore, high IL-17
expression was associated with recurrence and mortality. These
results indicate that the IL-23/Th17 axis exhibits a pivotal func-
tion in the development of thyroid neoplasms.

Introduction

The phenotypic diversity of immune cells in the tumor microen-
vironment may exhibit a positive or negative influence on tumor
development and clinical outcome. The tumor microenviron-
ment is composed of stromal, endothelial and innate cells, as
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well as lymphocytes, which interact to form a complex system
that surrounds tumor cells (1,2). The recruitment of immune
effector cells to the tumor site and the intensity of specific
responses are mediated by cytokines, which are secreted by
immune system and tumor cells (3). Additionally, these cyto-
kines are essential for the differentiation of all immune cell types
in the tumor milieu (4). For an appropriate immune response
against pathogens, adequate activation of naive T lymphocytes
is required. The stimuli received by the immune system leads
to the activation of a lymphocyte response, which is different
for each antigen (5). In response to the stimulus provided by an
antigen-presenting cell, a precursor T helper (Th) O lymphocyte
may differentiate into a T helper type 1 cell (Thl), Th2, Th17 or
a Foxp3*regulatory T (Treg) cell, depending on the cytokines
present in the microenvironment (5,6). The Thl profile, which
promotes a pro-inflammatory immune response, is induced by
interleukin (IL)-12 and tumor necrosis factor o (TNF-a) (7),
whereas the Th2 profile, which promotes a humoral immune
response, is initiated by IL-4 (8). Both Th1 and Th2 are involved
in intensifying anti-tumor immunity by inducing the expansion
of cytotoxic CD8+ T cell populations (6); however, Treg cells
that are predominantly induced by IL-2, promote antitumor
suppressor activity via the inhibition of CD8+ T cells (5,9).
The Th17 phenotype presents a distinct strain of CD4+ T cells
that secrete important ILs, including IL-17A, IL-17F, IL-21 and
IL-22. Differentiation of Th17 cells occurs in the presence of
IL-6, IL-21 and tumor growth factor-f (TGF-f3), while their
stability is maintained by IL-1f and IL-23 (6,10). Although
the Th17 profile is involved with increased immunity and
host defenses, its involvement in neoplastic processes remains
controversial (6,10). Previous studies suggest that Th17 cells
are involved in cancer promotion (11-15). Notably, in the tumor
microenvironment, Th17 cells have been observed to positively
correlate with immune effector cells, including CD8+ T cells
and natural killer cells, promoting an antitumor response that is
mediated by cytotoxic cells (11,12). As a result of the production
of pro-inflammatory cytokines by Th17 cells that accumulate in
the tumor microenvironment, and the association between the
development and progression of cancer, a positive correlation
between these cells and disease progression has been hypoth-
esized (13,14). The presence of inflammatory cells and soluble
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factors in the tumor microenvironment has been demonstrated;
however, predicting patient prognosis based on the presence
of immune system cells is difficult as various organs react
differently to certain cytokines (15). A number of studies have
identified the presence of numerous tumor-associated lympho-
cytes in Hashimoto's thyroiditis, as well as in the absence of the
typical symptoms of autoimmune thyroiditis (16-19). The effect
of the Thl17 profile, which includes immune cells, cytokines,
chemokines and their receptors may be protective or act as a
trigger for thyroid tumors, depending on the histological classi-
fication of the tumor (16). Notably, the presence of lymphocytic
infiltrates in patients with PTC is higher than that in patients
with benign lesions; however, PTC associated with thyroiditis
exhibits a better prognosis (17,18). Thyroid carcinomas with a
poor prognosis, such as poorly-differentiated and anaplastic
thyroid carcinomas, are characterized by a marked reduction
in lymphocyte cell infiltrates compared with PTCs, which indi-
cates that these cells may exhibit a protective function in thyroid
cancer (19). Thyroid neoplasms are the most common type of
endocrine tumor, worldwide, accounting for 1% of malignant
neoplasms (20). Notably, the incidence rate of thyroid neoplasms
has gradually increased in recent decades in a number of
countries (21). Our previous study investigated the association
between the immune system and thyroid tumors (22,23) to
determine whether certain molecules may be associated with
different tumor subtypes and patient prognoses. Thus, consid-
ering the significant effect of IL-17 and the importance of
IL-23 in maintaining the cellular Th17 response, evaluating the
expression profile of these cytokines in lymphocytes and their
distribution in neoplastic and non-neoplastic thyroid tissue is
essential to understanding the complex association between the
tumor microenvironment and the Th17 profile.

Materials and methods

Specimens. A total of 131 thyroid biopsy specimens collected
between January 1999 and December 2012 were obtained
from the archives of the Pathology Department, Faculty
of Medicine of Ribeirdo Preto (FMRP), University of Sao
Paulo (Sao Paulo, Brazil). The specimens included 61 cases
of papillary thyroid carcinoma (PTC), 19 cases of follicular
thyroid carcinoma (FTC), 8 cases of medullary thyroid carci-
noma (MTC), 22 cases of follicular thyroid adenoma (FTA)
and 21 goiter biopsies, which represented non-neoplastic
lesions. In addition, 9 normal thyroid tissue specimens,
which were obtained from the Endocrinology Department
of the University of Sdo Paulo, were included as the control.
The tissues corresponded to patients who had undergone
surgery for thyroid cancer, which implies total or partial
removal of the thyroid gland when the result of cytology is
positive or suggestive. However, paraffin-embedded tissue
from the hospital file or tumor bank were used in the present
study. Tissues exhibiting no autolysis, artifacts or signs of
inadequate processing during fixation were selected for the
study. Biopsies obtained from patients who were human
immunodeficiency virus positive, immunosuppressed or
had previously undergone radiotherapy for the treatment of
cancer were excluded. The carcinomas were staged based
on the size of the tumor, lymph node metastases and distant
metastases, according to the criteria defined by the American
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Joint Committee on Cancer (2002) (24) and reviewed by
the American Thyroid Association (25). Patient clinico-
pathological information, including age, gender, recurrence,
metastases and mortality was obtained from the service
records of the FMRP University Hospital (Table I). The study
protocol was approved by the Brazilian Institutional Ethics
Committee on Human Experimentation (1286/2011) (School
of Medicine of Ribeirdo Preto, University of Sdo Paulo).

Immunohistochemistry. Tissue sections (5-ym) were cut,
placed on slides pretreated with organosilane and subjected to
immunohistochemical assay using the avidin-biotin-peroxidase
method with a universal Novostain Super ABC kit (Novocastra,
Newcastle Upon Tyne, UK) to analyze IL-17 and -23 expression.
Polyclonal rabbit anti-mouse IL-17 (1:200; cat. no. ab79056;
Abcam, Cambridge, UK) and IL-23 (1:70; cat. no. ab45420;
Abcam) were used as the primary antibodies. The sections
were deparaffinized in xylene, rehydrated in alcohol with
decreasing concentration and washed in water. For antigen
retrieval, the sections were immersed in 10 mM sodium citrate
buffer (pH 6.0) at 95°C for 35 min. Endogenous peroxidase
activity was blocked following incubation with 3% hydrogen
peroxide in phosphate-buffered saline (PBS) for 20 min, and
nonspecific binding was blocked following incubation with
1:50 horse serum [included in the Polymer Detection system
Novolink kit (Novocastra)] in PBS for 30 min. The slides were
washed with PBS and incubated with IL-17 and IL-23 primary
antibodies overnight in a humidified chamber at 4°C overnight.
The final step was incubation for 15 min with probe (similar to
a secondary antibody), followed by signal amplification of the
reaction with polymer incubation for 30 min, according to the
protocol provided by the manufacturer of the Polymer Detec-
tion system Novolink kit. The samples were then incubated
with 3,3'-diaminobenzidine (Gibco; Thermo Fisher Scientific,
Inc., Waltham, MA, USA) diluted in 0.01% H,0, for 40 sec and
lightly counterstained with Harris' hematoxylin monohydrate
(Merck Millipore, Darmstadt, Germany) for 60 sec. The sections
were then rehydrated in absolute alcohol and xylene, and the
slides were mounted using Permount mounting medium (Merck
Millipore) and visualized by microscopy with Image Pro Plus
software (Media Cybernetics, Inc., Rockville, MD, USA).

Immunohistochemical evaluation. The semi-quantitative evalu-
ation of IL-17 and IL-23 expression was based on the proportion
of positive cells within the tumors. To determine the proportion
of positive cells in the tissue specimens, a score was calculated
based on the mean basal expression observed in normal thyroid
tissues (controls). The mean basal expression of control tissues
was performed by evaluating with an optical microscope the
staining of 10 different fields in the same slide. Qualitative
analysis was determined by the intensity of staining. Samples
without expression or with low intensity of staining were consid-
ered low-expression specimens, while samples with moderate
or severe staining intensity were considered as high-expression
specimens. The mean basal expression rates were 20 and 24%
for IL-17 and IL-23, respectively. These values were used as the
cutoff points to define subgroups exhibiting low and high expres-
sion of IL-17 and IL-23 in the tumor tissues. The amount and
distribution of positive lymphocytes between tumor cells as well
as around adjacent tumor were evaluated from the mean intensity
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Table I. Association between IL-17 and IL-23 expression and clinicopathological parameters in malignant differentiated and

medullary thyroid carcinoma patients.

IL-17 expression

IL-23 expression

Parameter Low,n High, n P-value Low, n High,n P-value
Age, years 0.8345 1.0000
<45 20 23 9 34
>45 22 23 9 36
Gender 0.6275 0.2197
Female 33 34 16 51
Male 9 12 2 19
Tumor size, cm 0.2832 0.1560
<2 12 20 26
>2-4 22 17 11 28
>4 8 9 1 16
Metastasis 04914 0.9971
Ganglionic 10 10 4 16
Distant 3 7 2 8
None 29 29 12 46
Histological grade 0.9443 0.9945
I-11 25 29 11 43
11T 10 10 4 16
v 7 7 3 11
Recurrence/Mortality 0.0376 1.0000
No 38 31 14 55
Yes 5 14 4 15

¥’ test and Fisher's exact test were performed to assess the significant differences between clinicopathological parameters and IL-17 and IL-23

expression. IL, interleukin.

of immunostaining. Histological sections of laryngeal tissues
with epithelial invasive carcinoma served as the positive controls.

Statistical analysis. For statistical analyses, the carcinomas
were grouped according to their histological characteristics.
Comparisons were performed between the following groups:
Differentiated thyroid carcinoma [(DTC) including PTCs and
FTCs) (malignant neoplasm), MTC (malignant neoplasm),
FTA (benign neoplasm) and goiter (non-neoplastic lesion)
tissues. Fisher's exact test was used to compare two groups of
data and the y* test was used to analyze differences between
more than three groups. Kruskal-Wallis test with Dunn's
post-hoc test was used to compare the mean expression of
IL-17 and IL-23 in the lymphocytes among thyroid lesions.
Spearmen's rank correlation analysis was used to assess the
correlation between these parameters. P<0.05 was considered
to indicate a statistically significant difference. All statistical
analyses were performed using Graph Pad Prism 5.0 software
(GraphPad Software, Inc., La Jolla, CA, USA).

Results

IL-17 expression. The expression of IL-17 was compared
between different thyroid lesions. IL-17 positive cells were

identified in both tumor tissues and in adjacent non-tumoral
lymphocytic tissues. The expression of IL-17 expression was
quantified according to the mean expression exhibited in
normal thyroid tissue (Fig. 1). The mean [+standard devia-
tion (SD)] IL-17 expression rate of normal thyroid tissue was
20+9.3%. Thus, tissues exhibiting IL-17 expression rates
of <20 and =20% were defined as low and high expression
groups, respectively. Semi-quantitative analyses revealed
that neoplastic lesions exhibited significantly increased
IL-17 expression rates compared with non-neoplastic lesions
(Table II). The results revealed a higher percentage of cells
expressed positivity for IL-17 in the DTC (100%), MTC
(100%) and FTA (95.4%) groups compared with the goiter
group (52.4%). The mean (£SD) IL-17 expression rates were
82.1+£9.9, 75+£20.7, 69.1£19 and 33.8+18.6% in DTC, MTC,
FTA and goiter tissues, respectively. The following mean
(#SD) IL-17 expression rates of the lymphocytic infiltrates of
DTC, MTC and FTA tissues were 35.6+13.1, 43.8+15.1 and
27.7+10.7%, respectively. In the goiter group, the mean (+SD)
IL-17 expression rate of the lymphocytic infiltrate cells was
20.9+17%, which was significantly lower than that of the DTC
(P<0.0001), FTA (P=0.0015) and MTC (P=0.0265) groups.
However, no significant differences in the IL-17 expression
rate of the lymphocytic infiltrates were identified between the
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Table II. IL-17 expression in neoplastic and non-neoplastic thyroid lesions (n=131).

Low IL-17 expression

High IL-17 expression

Thyroid tissue n (%) n (%) P-value
DTC 0 (0) 80 (100) 0.2157%/<0.0001°
MTC 0 (0) 8 (100) 1.0000¢/0.02650¢
FTA 1(4.6) 21 (95.4) 0.0015¢
Goiter 10 (47.6) 11 (52.4) 0.0015¢

Fisher's exact test was used to compare the groups. *DTC vs. FTA. °DTC vs. goiter. ‘MTC vs. FTA. ‘MTC vs. goiter. °FTA vs. goiter. Low and
high IL-17 expression in tissues was defined as < and =20% of positively stained cells, respectively. IL, interleukin; DTC, differentiated thyroid
carcinoma; MTC, medullary thyroid carcinoma; FTA, follicular thyroid adenoma.

Figure 1. Interleukin-17 expression determined by immunohistochemistry. (A) Normal thyroid tissue. (B) Low expression in colloid goiter tissue. (C) Low
expression in follicular thyroid adenoma. (D) High expression in papillary thyroid carcinoma. (E) High expression in follicular thyroid carcinoma. (F) High

expression in medullary thyroid carcinoma. Scale bar = 50 yM.

neoplastic tissues. Kruskal-Wallis test with Dunn's post-hoc
test revealed significant differences in IL-17 expression of the
labeled lymphocytes between the malignant neoplasm groups
and the goiter group (DTC vs. goiter, P<0.001; MTC vs. goiter,
P<0.01). A significant correlation between the mean IL-17
expression rate was identified between the tumor cells and
adjacent lymphocytes in MTC tissues (P=0.0072).

IL-23 expression. The expression of 1L-23 was quantified
according to the mean expression exhibited in normal thyroid
tissue (Fig. 2). The mean [+standard deviation (SD)] IL-23
expression rate of normal thyroid tissue was 24+22.4%. Thus,

tissues exhibiting IL-23 expression rates of <24 and =24%
were defined as low and high expression groups, respectively.
Analysis reveled that IL-23 expression rates were significantly
higher in the neoplastic groups when compared with the goiter
group. As shown in Table III, a significant difference in IL-23
expression was identified between the goiter (benign lesion)
group and the DTC (malignant neoplasm) group (P<0.0001),
as well as the FTA (benign neoplasm) group (P=0.0212).
These results also revealed that a higher percentage of DTC
(100%), MTC (100%) and FTA (95.4%) cases exhibited high
IL-23 expression compared with the goiter group (66.7%).
The mean (+SD) IL-23 expression rates of the labeled cells
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Table III. IL-23 expression in neoplastic and non-neoplastic thyroid lesions (n=131).
Low IL-23 expression High IL-23 expression

Thyroid tissue n (%) n (%) P-value
DTC 0() 80 (100) 0.2157/<0.0001°
MTC 0 8 (100) 1.0000°/0.1421¢
FTA 1(4.6) 21 (954) 0.0212¢
Goiter 7 (33.3) 14 (66.7) 0.0212¢

Fisher's exact test was used to compare the groups. *DTC vs. FTA. °DTC vs. goiter. ‘MTC vs. FTA. “MTC vs. goiter. °FTA vs. goiter. Low and
high IL-23 expression in tissues was defined as < and =24% of positively stained cells, respectively. IL, interleukin; DTC, differentiated thyroid
carcinoma; MTC, medullary thyroid carcinoma; FTA, follicular thyroid adenoma.
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Figure 2. Interleukin-23 expression determined by immunohistochemistry. (A) Normal thyroid tissue. (B) Low expression in colloid goiter tissue. (C) Low
expression in follicular thyroid adenoma. (D) High expression in papillary thyroid carcinoma. (E) High expression in follicular thyroid carcinoma. (F) High

expression in medullary thyroid carcinoma. Scale bar = 50 #M.

were 89.2+11.8, 89+9.9, 76+19.6 and 44+26.4% in the DTC,
MTC, FTA and goiter groups, respectively. The mean staining
of the tumor microenvironment lymphocytes was more
homogeneous in the tumors studied (DTC, 32+15 and MTC,
31+14). However, the mean of the labeled lymphocytes was
lowest (19+14) in the goiter group. Kruskal-Wallis test with
Dunn's post hoc test revealed significant differences in IL-23
expression of the labeled lymphocytes between the malignant
neoplasm group (DTC) and the goiter group (DTC vs. goiter,
P<0.001). A significant positive correlation was identified
between the mean IL-23 expression rate in the thyroid lesion

cells and their microenvironment lymphocytes in the DTC
(P=0.0252), FTA (P=0.0015) and goiter (P=0.0002) groups.

IL-17 expression is associated with poor outcomes in DTC
and MTC. The associations between IL-17 and IL-23 expres-
sion and clinicopathological parameters were evaluated
(Table I). The results revealed that IL-17 expression was
associated with recurrence/mortality (P=0.0376). Notably,
of the 69 patients that exhibited no recurrence or mortality,
45% (31/69) exhibited high IL-17 expression, whereas in the
patient group that exhibited recurrence or mortality, 74% of
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patients (14/19) exhibited high IL-17 expression. No significant
associations were identified between IL-23 expression and any
of the clinicopathological parameters evaluated.

IL-17 and IL-23 expression is positively correlated in DTC
tissues. A positive correlation between IL-17 and IL-23 expres-
sion was identified in the DTC group (P=0.0112). However, no
significant correlation was identified between IL-17 and IL-23
expression in the MTC, FTA or goiter groups.

Discussion

Increasing evidence suggests that tumorigenesis results from
chronic inflammation (26), which involves cytokine and chemo-
kine networks that have been extensively studied to provide novel
therapies against cancer (27). The association between DTC and
thyroiditis, which affects the thyroid gland, is frequently cited
as evidence of this theory (28). In this type of association, a
mixture of macrophages and lymphocytes is observed in the
tumor microenvironment, thus supporting the hypothesis that the
immune response can influence thyroid cancer progression (29).
IL-17 is a cytokine produced by a subset of lymphocytes known
as Th17 cells. IL-17 is involved in the initial activation of the
immune system and exhibits an important function in the inter-
action between the innate and adaptive immune response. Since
IL-17 is involved in the pathogenesis of chronic inflammatory
responses and is known to induce the production of high concen-
trations of IL-1p3, TNF-a, TGF-, CC chemokine ligand (CCL)2
and matrix metalloproteinase mediators that are widely found
in the tumor microenvironment (30), this cytokine presents a
potential target that requires investigation.

In the present study, immunohistochemical analysis revealed
that all cells were positive for IL-17 and IL-23 in all thyroid tumor
types evaluated, as well as in the lymphocytes surrounding the
lesions. These findings indicate a significant association between
the Th17 profile and thyroid neoplasms. Due to its strong pres-
ence in the tumor microenvironment, it is hypothesized that IL-17
functions in the early stages of tumorigenesis. An increase in
IL-17 expression triggers the release of IL-6 inflammatory cyto-
kines and consequently the activation of signal transducer and
activator of transcription 3 (STAT3) and necrosis factor kappa f3,
which are associated with the production of pro-inflammatory
cytokines. The tumor cells are capable of perpetuating the local
inflammatory response via the expression of CCL2, which
stimulates the monocyte secretory IL-17 input, contributing to
inflammation and tumor growth (31,32). Additionally, STAT3 is
regulated by IL-23, which promotes a protumor activity cascade
and the presence of IL-23 stabilizes Th17 cells (33). In the present
study, the expression of IL-17 protein was decreased in the biop-
sies of benign lesions (FTA and goiter tissues) when compared
to malignant lesions (DTC and MTC). We hypothesize that the
increased cytokine expression in the tumor environment may be
associated with tumor progression, which is in agreement with
the findings of Su ez al (34) who demonstrated that a high number
of CD4+ Th17 cells were present in melanoma, ovarian, breast
and colon carcinomas (34). In the present study, the lymphocytes
present in the tumor microenvironment of the MTC group
tumors expressed the highest level of IL-17 expression compared
with the DTC, FTA and goiter groups. In addition, a positive
correlation was identified between IL-17 expression in tumor
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cells and adjacent lymphocytes in the MTC group. Notably,
MTC patient exhibited the worst disease outcome; therefore,
we postulate that the presence of IL-17-producing lymphocytes
may influence disease progression. Similar to the results of IL-17,
analysis of IL-23 expression revealed that a significant number of
neoplastic cells exhibited high IL-23 protein expression, which
was not observed in goiter tissues. [L-23 is a heterodimeric cyto-
kine belonging to the IL-12 family that consists of 2 subunits,
p40 (shared with IL-12) and p19 (35,36). This cytokine signals
via a specific receptor consisting of the IL-12 receptor (R) chain
and the IL-23R chain (37). Notably, IL-23 is required for the
survival of Th17 cells (38). In the present study, a positive corre-
lation between the expression of IL-17 and IL-23 was identified
in the DTC group, which may indicate explain the presence of
functional Th17 in the microenvironment of DTC injury tissues,
which is in agreement with the literature. A number of studies
have demonstrated that IL-17 induces vascular endothelial growth
factor expression, which subsequently induces TGF-f (37-39).
Numerous tumor cells express high levels of TGF-3, which
promotes tumor growth and metastasis (39). The effect of TGF-f3
in the differentiation of CD4+ T cells may be influenced by the
cytokines present in the tumor microenvironment. For example,
IL-23 is able to induce IL-17 production by memory and acti-
vated T cells and is essential for the development, survival and
growth of these cells (40,41). In the present study, the differential
expression of IL-17 and IL-23 between malignant and benign
lesions indicates that the presence or absence of these cytokines
may influence disease progression. Therefore, the Th-17/IL-23
axis may facilitate the malignant progression of cancer and the
association between IL-17 and IL-23 in the microenvironment
indicates that the two molecules may interact. The exact mecha-
nism underlying this interaction remains unclear; however; we
hypothesize that these molecules are important in the progression
of cancer. Th17 cells have been identified in a number of human
tumor types, including lymphoma (40), myeloma (41), breast (34)
and ovarian cancer (42). In colorectal carcinomas, prognosis is
influenced by Th17 expression; patients with high Th17 expres-
sion exhibit a poor prognosis (43). Zhang et al (44) demonstrated
that the accumulation of IL-17-producing cells in the tumor
microenvironment leads to tumor progression in patients with
hepatocellular carcinoma by promoting angiogenesis. In the
present study, of the 19 patients who experienced recurrence
or succumbed to the disease, 14 (73.4%) exhibited high IL-17
protein expression, which indicates that the IL-17 cytokine is
involved in the development and progression of tumors, and thus
may present a prognostic factor for poor survival. These results
indicate an association between infiltration of Th17 cells and
poor prognosis, which confirms that Th17 may inhibit antitumor
responses. Based on these results, we postulate that the growth
and progression of thyroid cancer may be positively influenced
by two major inflammatory components, IL-17 and IL-23.
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