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Th17 response in patients with cervical cancer (Review)
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Abstract. Persistent infection by high-risk human papilloma-
virus (HR-HPV) is the main risk factor for uterine cervical
cancer (UCC). However, viral infection alone is not sufficient
for the development and progression of premalignant cervical
lesions for cancer. In previous years it has been suggested that
the adaptive immune response triggered by the differentiation
of naive helper T cells in Th17 cells may serve an important
role in disease development. It has been hypothesized that
Th17 cells may be involved in the promotion of UCC, as high
levels of interleukin 17 (IL17) expression have been detected
in the mucosa of the uterine cervix of patients affected by the
disease. However, the role of Th17 cells in the tumor develop-
ment and progression remains unclear. It is believed that the
immune response of the Th17 type during persistent infection
of the genital tract with HR-HPV triggers chronic inflamma-
tion with a long duration with the production of IL17 and other
pro-inflammatory cytokines, creating a favorable environment
for tumor development. These cytokines are produced by
immune system cells in addition to tumor cells and appear to
function by modulating the host immune system, resulting in
an immunosuppressive response as opposed to inducing an
effective protective immune response, thus contributing to the
growth and progression of the tumor. In the present review, the
latest advances are presented about the function of Th17 cells
and the cytokines produced by them in the development and
progression of UCC.
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1. Introduction

Uterine cervical cancer (UCC) is a tumor of epithelial cells
located in the cervix that affects women around the world (1).
An estimate of the overall disease incidence for the year
2012 (2) revealed the notification of 528 thousand new cases,
with a record of 266 thousand deaths worldwide, making this
malignant neoplasm the fourth most common cancer among
women, representing the fourth cause of cancer death among
women worldwide (3). UCC is considered the second most
common cancer and the third leading cause of death by cancer
among women in less developed countries, with higher inci-
dence and mortality rates in sub-Saharan Africa, Melanesia,
Latin America, and the Caribbean (2).

The natural history of the UCC clearly shows the close
relationship between the disease and persistent infection with
genotypes of high-risk human papillomavirus (HR-HPV),
since the viral genome sequences are detected in tumor cells
of virtually all cases of the disease (4). Despite its high preva-
lence due to its infectious nature, UCC stands out among the
malignant neoplasms with the greatest potential of prevention
and cure (5). The wide variation in incidence and mortality
rates of UCC in different geographic regions reflects the
economic, social, and cultural differences (6), as well as the
availability of screening tests, which allow early detection and
removal of precancerous lesions (7,8).

In most cases the infection is transient and asymptomatic
without the presence of injury, or has only low-grade lesions
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that regress to spontaneous healing in a period of up to two
years (9). However, in a proportion of women infected with
oncogenic genotypes of the virus, the symptoms disappear but
the virus is not eliminated; rather, it remains in the form of
persistent infection (10). A number of women with persistent
infection develop cervical intraepithelial neoplasia (CIN),
which can progress to UCC. The progression to cancer occurs
when the virus integrates the chromosomes of the host cell and
depends on other factors such as epigenetic events triggered
by physical, chemical, and environmental factors, as well as
host characteristics including nutritional status, genetic back-
ground, and immune status (11,12).

The absence of a cure for HPV infection seems to be
related to escape mechanisms used by HPV to evade the host
immune response. HR-HPV avoids immunological recogni-
tion by inactivating the cells of the innate immune response,
downregulating the type I interferon production and inducing
peripheral tolerance of cytotoxic T lymphocytes (CTL) (13,14).
One possible explanation for this is the fact that the infection
is restricted to the epithelium, with no occurrence of viremia
with the spread of the virus, nor lyses, degeneration or necrosis
of cells, or damaging signs to alert the immune system (15).
Thus, there is no activation of an inflammatory response with
the necessary cytokine production for recognition of the virus
as a pathogenic agent. This hinders the proper activation of
the local immune response, which may favor an induction of
immune tolerance to the virus and which therefore becomes
undetectable after long periods of time, promoting the immune
evasion of the infected cells (16).

HPV infection induces weak immunity due to the action
of viral proteins that activate multiple mechanisms to prevent
initiating a robust immune response. The most notable
among these mechanisms are the depletion of Langerhans
cells (LCs) mediated by viral protein E6; the downregulating
of MHC molecules of class I by ES5, avoiding the attack of
CTL; and the blocking of the signaling pathway of type I
interferon by E7 (17). Furthermore, the downregulating of IFN
expression by viral proteins E6 and E7 results in an absence of
co-stimulatory signals by inflammatory cytokines, including
IFN for recognizing antigens that can induce immunological
tolerance rather than an effective immune response (18).

Thus, the curing of HPV-induced lesions is dependent
on a cell-mediated immune response, requiring interactions
between CD4+ and CD8+ T lymphocytes. LCs are probably
responsible for triggering an anti-HPV immune response, but
the function of these cells is interrupted by HPV at different
levels (19). The epithelium of the uterine cervix is a very poor
microenvironment in immunological mediators, and therefore
appears to be immunologically hyporesponsive to HPV since
this virus induces a local immune deficiency by the depletion
of CD4+ and LCs, as well as the downregulating of the cyto-
kine production (20). Additionally, the vaginal epithelium has
a dendritic cell (DC) subset that does not express Langerin
(Lang-DC), exerting the downregulation of CTL in the
cervical mucosa by a mechanism that may involve interleukin
(IL)-17, and IL-10 to a lesser degree (21).

When the antigen presentation occurs in the absence of
cytokines that favor the response of the Thl type, differentia-
tion into other types of response can occur, including Th2 or
Th17. This results in a less-efficient T-cell response, promoting
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viral persistence and increasing the risk of cervical lesions of
different degrees, as well as the progression to cancer (22).
Furthermore, there may be unbalanced activation of Th17 and
regulatory T cells (Treg), which can compromise the efficiency
of the immune response, reducing their suppressive action on
the tumor, and also possibly favoring tumor development and
progression (23-25).

Persistent HPV infection may affect cell differentiation
of the adaptive immune response including CD4+/CD8+ T
cells and Treg cells, resulting in immune tolerance of the host
to the infected cells. Thus, a compromised cellular immune
response, an abnormal imbalance between type 1 T helper
(Thl) and Th2 cells, infiltration of Treg cells, and the down-
regulation of activating and maturing DCs may contribute to
the progression of HPV-associated premalignant lesions for
UCC (16). It has been reported that high expression levels
of IL-17, which is the main cytokine of the Th17 response,
are associated with poor UCC prognosis, but the role of this
kind of response in tumor progression is still ambiguous (26).
This review was performed to analyze recent advances on
the immunological and molecular mechanisms involved in
the immune response of the Th17 type, and their role in the
progression of HPV-associated lesions for cancer.

The literature search was conducted using the electronic
databases of PubMed (National Institutes of Health, Bethesda,
MD, USA; www.ncbi.nlm.nih.gov/pubmed), Scopus (Elsevier,
Amsterdam, Netherlands; www.scopus.com/scopus/home.
url), and Web of Knowledge (Thomson Reuters, New York,
NY, USA; www.webofknowledge.com), using the following
keywords: Th17, Th17 cells, IL-17, HPV Infection, Cervical
Cancer, HPV infection, HPV-associated cervical lesions. The
databases retrieved thousands of articles and those thought
to be most relevant were selected, which included recent
studies published in impact journals conducted by groups with
recognized expertise in the areas of immunity and cancer, and
mainly cervical cancer.

2. Differentiation of T helper cells

After the first contact with its specific antigen through
antigen-presenting cells (APC), the specific clone of the
naive TCD4+ cell acquires the potential to differentiate into
effector T cells with a variety of different phenotypes of each
other (27,28). These different types of cells, called T-helper
cells, acquire the ability to produce and secrete cytokines
through a differentiation process triggered in response to
multiple signals of the environment, including cytokines (29).
These cells are crucial for mounting an adaptive immune
response that protects the host against both the infection
caused by pathogens and the development of tumors (30).
However, the responses induced by these cell types may also
trigger immunopathological mechanisms that result in tissue
damage, similar to those observed in the infections caused by
intracellular pathogens such as viruses, autoimmune disorders,
and allergies (31).

Only two types of T-helper cells were initially identified.
One was the Thl cell, described by Mosmann et al (32), which
develops in response to IL-12, signaling, producing and espe-
cially secreting IFN-y and regulating cell-mediated protective
immunity against intracellular pathogens (33). The other type
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identified was the Th2 cell, described by Murphy et al (34),
which develops in response to IL-4, signaling, producing and
secreting IL-5 and IL-13 and regulating protective immu-
nity against extracellular pathogens (33). This dichotomy of
Th1/Th2 prevailed in the field of immune regulation until
recently, when new phenotypes of T-helper cells were identi-
fied (27,28).

The enormous complexity of the cell-mediated immune
response revealed by experimental studies had already
indicated that this model (based on only two subtypes of Th
cross-regulatory cells) would be insufficient to explain the
various aspects of initiation, regulation, and fine-tuning of
several types of immune responses triggered by the host in
response to the environmental stimuli (28). Later, a new type
of Th cell was discovered, called regulatory T or Treg that
expresses Foxp3, a transcription factor, and represents a nega-
tive regulation mechanism of immune-mediated inflammation
to prevent self-destructive immune responses, including auto-
immune and auto-inflammatory disorders, allergies, and
cancer (35,36).

In the last 10 years, three additional Th cell subtypes were
identified and named according to the type of cytokine secreted
by each of them (28). One of them was Thl7, a subtype of Th
that produces and secretes high levels of IL-17 (33), in addi-
tion to other inflammatory cytokines such as IL-21 and IL-22,
and are involved in tumor progression by promoting angio-
genesis and immunosuppressive activities. However, Th17
cells may also act by mediating antitumor immune responses
by promoting recruitment of immune cells to the tumor site,
activating effector CD8+ T cells against the tumors, or even
reverting to the Thl phenotype by producing IFN-y which
promotes further activation of CD8+ T cells. Thus, these cells
have an ambiguous function in relation to the tumors (37). The
others subtypes are ThO9 cells, which produces and secretes
IL-9 (38), and Th22, which produces and secretes IL-22 (39).
This shows that adaptive cell-mediated immune response
involves a complex network of interactions between cells with
different phenotypes through a suite of mediators, mainly
cytokines.

The differentiation of naive CD4+ T helper cells in the
Th17 cell is stimulated by the combined action of TGF-f and
of pro-inflammatory cytokines such as IL-1f3, IL-6, IL-21, and
IL-23, which play a central role in generation of these cells (40).
The TGF-p signaling appears to play a critical role in the
differentiation of Thl17, since TGF-f inhibition substantially
reduces the generation of these cells. It has been discussed
whether TGF-f is in fact necessary for generating Th17, as
it has been shown that murine T cells can be differentiated in
Th17 using IL-1p, IL-6, and IL-23 in the absence of exogenous
TGF-pB. However, treatment with anti-TGF-B antibody
inhibited this differentiation, suggesting the involvement of
endogenous TGF-p in the differentiation process (41).

What differentiates the lineages of TCD4 cell from
each other is the signature transcription factor that each
them express. Thus, Tregs are marked by the expression
of FOXP3 induced during its maturation in the thymus, or
in the periphery induced by TGF-f§ and retinoic acid. On
the other hand, the signature transcription factor for Th17
cells, retinoid-related orphan receptor y t(RORyt), is also
induced by TGF-f3, thus linking the differentiation of Treg
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and Th17 lineages. Therefore, in the absence of a second
signal emitted by a proinflammatory cytokine, FOXP3
can inhibit RORyt function, and leads to differentiation
of TCD4 in Treg. However, when that same cell receives
the second signal from a proinflammatory cytokine, such
as IL-6, the FOXP3 function is inhibited and the cell
differentiates in Th17. Therefore, the balance between the
FOXP3 and RORyt function is that it determines the fate of
CD4+ T cells and the type of immune response that will be
generated (42).

The role of GAT3 in Th17 cell differentiation was analyzed
in an experimental murine model of arthritis induced with
methylated bovine serum albumin, in both wild type and
in CD2 T-cell-specific GATA-3 (CD2-GATA-3)-transgenic
mice. It was found that wild-type mice developed severe joint
inflammation with massive inflammatory cell infiltration and
bone erosion, while the CD2-GATA-3 transgenic mice only
presented mild joint inflammation, accompanied by systemic
and local reductions in the numbers of IL-17+ IFN-y- and
IL-17+ IFN-vy +, but not of IL-17-IFN-y cells and CD4+ T cells,
by inducing cytokine expression with Th2 profile. In addition,
overexpression of GATA-3 resulted in reduced expression of
the gene encoding RORyt, the signature transcription factor
of Th17 cells. These results indicate that GATA-3 protects
against joint inflammation and bone erosion by inhibiting
the differentiation of Th17, but not Thl cells in experimental
arthritis in mice (43).

Ovarian tumor cells, tumor-derived fibroblasts and antigen
presenting cells (APCs) have also been shown to secrete cyto-
kines such as IL-1f3, IL-6, TNF-a and TGF-p, which create
a favorable environment for differentiation and expansion of
IL-17 producing cells. It further shows that IL-1f is required
for the differentiation and expansion of human Th17 cells,
while IL-6 and IL-23 may also play a role in the expansion of
Th17 memory cells, although IL-23 levels are low or undetect-
able in ovarian cancer (44).

In humans, Th17 differentiation is induced in the presence
of IL-1p, IL-6 and TGF-f cytokines, while the IL-23 cyto-
kine is responsible for the maintenance of Th17 cell survival.
Effector Th17 cells express various cytokines and cell surface
markers, including IL-17A, IL-17F, IL-22, IL-26, CCR6 and
TNF-a. It has been shown that the RORC2 transcription factor
in human cells plays a critical role in Th17 cell differentiation.
The differentiation process of Th17 cells is controlled by many
transcription factors, including RORyt, interferon regulatory
factor 4 (IRF4), runt-related transcription factor 1 (RUNX1),
basic leucine zipper ATF-like transcription factor (BATF) and
signal transducer and activator of transcription 3 (STAT3) (45).

It was found that TGF-f induces differentiation of Th17
cells by reversing the RORyt suppression related to the retinoic
acid receptor (RAR), mediated by SKI-SMAD4. This has been
proven since SMAD4-deficient T cells differentiate into Th17
cells in the absence of TGFf signaling in a RORyt-dependent
manner, unlike in wild-type T cells. Expression of ectopic
SMAD4 suppresses RORyt expression and prevents differen-
tiation of Th17 cells from SMAD4-deficient T cells. However,
TGF-p neutralizes SMAD4-mediated suppression, since in
order to suppress the RORyt function, and SMAD4 needs to
interact with SKI, which is a transcription repressor that is
degraded after the cell is stimulated by TGFp (46).
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It has been shown that phosphatase and tensin homologue
(PTEN) play an important role in the differentiation of
Th17 cells, promoting the blockade of IL-2 expression. In an
in vitro study it was shown that Th17-specific Pten deletion
(PtenI117a*) impairs the differentiation of Th17 cells and
improves the symptoms of experimental autoimmune enceph-
alomyelitis, a model of Th17 mediated autoimmune disease.
The Pten-deficiency upregulates IL-2 expression and STATS
phosphorylation, but downregulates STAT3 phosphorylation,
which results in inhibition of Th17 cell differentiation (47).
In another study it was shown that reduced expression of
RFX1 transcription factor in CD4+ T cells from patients
with systemic lupus erythematosus determine overexpression
of IL-17A, which increased the histone H3 acetylation and
decreased DNA and H3K9 tri-methylation. This indicates
that the differentiation of CD4 + T cells into Th17 cells may
also be influenced by epigenetic modifications of the DNA.
As the functions of RFX1 downstream of STAT3 and p-Stat3
can inhibit RFX1 expression, a non-canonical pathway that
regulates differentiation of Th17 cells exists (48).

In humans the differentiation of naive CD4+ T helper
cells in the Th17 cell occurs in the presence of IL-1p and
IL-6, depending on the transcription factor STAT3. The cyto-
kine IL-23 produced by dendritic cell activity increases and
stabilizes the cells with phenotype Th17 and helps these cells
acquire effector functions. The Th17 cells secrete IL-17, IL-21,
and IL-22, which play a significant role in the immune response
against pathogens, but which also contribute to the pathogenesis
of inflammatory and autoimmune disease. Furthermore, a Th17
cell subpopulation has been found in many types of cancers,
but it is not yet clear whether the Th17 cell promotes or inhibits
tumor progression (49). A representative scheme is proposed in
Fig. 1 to summarize the mechanisms and cytokines involved in
the differentiation process of naive CD4+ T cells (ThO) in Th17
cells, and the possible role of these cells in tumor progression.

3. Biology and functions of T helper 17 cells

The Th17 cell belongs to a subset of T-helper cells, charac-
terized as producers of tumor necrosis factor-a (TNFa) and
IL-17, which indeed represent a family of cytokines composed
of IL-17A, IL-17B, IL-17C, IL-17D, IL-17E, and IL-17F,
in addition to producing IL-6, IL-21, IL-22, and IL-23 (50).
Cells with this phenotype were identified as a new lineage of
T-helper cells with a key role in host defense against extra-
cellular infectious agents by mediating effector mechanisms
through its cytokines, but it is also associated with chronic
inflammatory disease, autoimmune disorders, and cancer (51).

An extensive list of diseases has been associated with the
major product of the Th17 cell, the cytokine IL-17, but the
definitive demonstration of its contribution to the pathogenesis
of these diseases is still little known. It is believed that IL-17
has a regulatory function of the host defense and of chronic
inflammation, but its action could result in damage to tissues
and autoimmunity. Thus, IL-17 establishes a link between
innate and adaptive immunity with disease, and may have
physiological or pathological effects on the immune system.
Evidence supports the notion that the production of unregu-
lated IL-17 and IL-21 by Th17 cells may contribute to the
pathogenesis of autoimmune diseases (50).
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Figure 1. Representative scheme summarizing the mechanisms and cytokines
involved in the differentiation process of ThO in Th17 cells, and the potential
function of these cells in tumor progression. APC, antigen-presenting cell;
p-STAT, phosphorylated signal transducer and activator of transcription; IL,
interleukin; TGF-f, tumor growth factor f3; Th, T helper cell; VEGF, vascular
endothelial growth factor; PGE2, prostaglandin E2; NO, nitric oxide; ThO,
CD4* T cells.

It has been shown in co-cultures that LPS was the most
potent stimulator for activating loaded macrophages of antigen
to conduct the polarization for Th17 response in both CD4+
cells and CD45RO+ memory cells, while IFN-y/LPS preferably
activates macrophages to the Thl phenotype. Antigen-loaded
dendritic cells were more efficient than macrophages in
conducting the response of the Thl type. However, the ability
of Th17 to polarize these two types of antigen-presenting
cells was equivalent and showed to be strongly dependent on
IL-1p. This clearly shows that human macrophages activated
in different ways also have different ways to present antigens,
and this affects adaptive immunity in vivo, particularly in the
conducting polarization to Th17 in inflamed tissues (52).

Because of the accumulation of Th17 cells in many types
of tumors compared to healthy tissue, the Th17 cells were
associated with both good and bad prognosis regarding
tumors, although the intensity is different from one tumor
type to another. The high plasticity of Th17 cells compared
to other cells that exhibit either protective or pathogenic
functions can contribute to versatile functions of the Th17
cell in the tumor context. Thus, on one hand Th17 cells can
promote tumor growth by angiogenesis induction mediated
by IL-17 and exert an immunosuppressive function; on the
other hand, Th17 cells can lead to an antitumor immune
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Figure 2. Representative scheme proposed for summarizing the function
of different cell types, mechanisms and cytokines involved in the plasticity
process and reciprocity in the conversion of Thl, Th17 and Treg cells for
a better understanding of the ambiguous functions of the Th17 cells in the
clinical course of a tumor, which may contribute to the regression or progres-
sion of a tumor. APC, antigen-presenting cell; p-STAT, phosphorylated
signal transducer and activator of transcription; IL, interleukin; TGF-f3,
tumor growth factor f; Th, T helper cell; IDO, indoleamine 2,3-dioxygenase;
DCS, dendritic cells; Treg, T regulatory cells; IFN-y, type II interferon.
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response through recruitment of immune cells to the micro-
environment of the tumor and activate CD8+ T effector
cells against the tumor, in addition to being able to act
directly through conversion to the Th1 phenotype producing
IFN-v, which in turn activates more CD8+ cells against the
tumor (53).

Despite some advances in knowledge about the role of
Th17 cells in tumor biology, many aspects remain unclear.
The greatest challenge faced by researchers is the plasticity
of these cells within the tumor microenvironment, where they
can be converted into other subsets of Th cells, including Thl
and Treg cells. Thus, it is necessary to identify the molecular
mechanisms and factors that act in the tumor microenviron-
ment which are responsible for plasticity and reciprocity in the
conversion of Thl, Th17 and Treg (53). Evidence suggests that
there is a dynamic interaction and mutual conversion between
Treg and Th17 cells in the tumor microenvironment in which
the number of these cells seems to be mutually linked to tumor
progression (54,55). Furthermore, two different subpopula-
tions of Th17 cells have been found infiltrated in the tumors,
including Th17 cells producing IL-17 and IFN-vy, and Th17
cells producing IL-17 and IL-10. It is possible that the genera-
tion of these two types of Th17 cells is due to variations in the
cellular circumstances and tumor stage (53).
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It has been shown that receptors for IL-17 and IL-22 are
widely expressed in various epithelial tissues. Therefore, the
cytokines secreted by Th17 cells mediate a critical crosstalk
between the immune system and tissues, and play an essential
role in immunity (56). It has been shown that Th17 cells have
a high degree of functional plasticity, being endowed with
the ability to be converted into Thl cells producing IL-17
and IFN-v, or IL-17 and IL-10, or into Treg cells (57,58).
Because of its high plasticity, Th17 cells exhibit the ability
to shift rapidly to the Thl phenotype in the inflammatory
sites. Thus, in these places there is usually a dichotomous
blend of classic Thl cells and non-classical Thl cells derived
from Th17 expressing CDI161. Initial studies in this field show
evidence suggesting that the non-classical Th17-derived Thl
cell appears to play a more important role than the classical
Thl in the maintenance of chronic inflammation and various
autoimmune diseases (59).

Studies conducted in patients with inflammatory disease of
the intestinal tract showed that cytokine IL-23 has an impor-
tant role as an inhibitor in the generation of Treg cells (60).
Furthermore, signaling by 1L-23 together with IL-12 both
produced by monocyte-derived dendritic cells (61) promotes
IFN-v secretion from Th17 cells, thus determining the plas-
ticity of Th17/Thl (62). A similar situation could occur in
relation to tumors. This plasticity of Th17 cells can lead to the
conversion of these cells in two subsets of non-classical Thl
cells, expressing CD161. One of them produces and secretes
IL-17 and IFN-v, promoting the activation of CD8+ T lympho-
cytes with cytotoxic activity, contributing to tumor regression.
The other subset of non-classical Thl cells produces IL.-17 and
IL-10, and unlike the first this subset suppresses the activity of
CD8+ T cells and promotes chronic inflammation, which may
favor tumor progression (57).

The contribution of Th17 cells for immunity against tumors
in humans remains largely unknown. Since its discovery,
Th17 cells have been extensively studied in tumors in both
animal and human models. The obtained results suggest the
importance of Th17 cells in immunity against tumors, but the
functional role of these cells in tumors remains controversial.
The knowledge obtained from studies in murine tumor models
suggests that Th17 cells can exert pro-or antitumor action,
depending on the tumor model used, the source of IL-17 and
Th17 cells, as well as the specific cytokine and conditions
within the tumor (57).

In the tumor microenvironment, cells with the Th17
phenotype may be converted into Treg cells when activated
by tumor antigens in the presence of factors such as IL-2,
retinoic acid (RA), and indoleamine 2,3-dioxygenase (IDO)
produced by tumor cells, thereby producing TGF-f, IL-6, and
IL-10. In turn, the Treg cells being stimulated by cytokines
such as IL-6, IL-21, and TGF-f produced by tumor cells can
be converted into Th17 cells, producers of IL-17, IL-21, and
IL-22. The role of Thl7 in any study is to promote or inhibit
tumor growth. Therefore, extensive research on Thl17 cells in
patients with different tumor types and in different stages is
critical for advancing knowledge in this area (57).

In Fig. 2 a representative scheme is proposed for summa-
rizing the role of different cell types, mechanisms, and
cytokines involved in the plasticity process and reciprocity
in conversion of Thl, Th17, and Treg cells for a better
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understanding of ambiguous functions of the Th17 cells in the
clinical course of tumors, which can contribute to the regres-
sion or progression of tumors.

The subcutaneous injection of lung carcinoma cells in mice
followed by intraperitoneal injection of IL-17 or PBS showed
that the animals inoculated with IL-17 presented significantly
greater tumors with higher levels of metastasis, the largest
infiltration of CCR2+ macrophages and the largest number of
vascular endothelial cells expressing CD34 when compared
to animals injected with PBS. Furthermore, higher levels of
mRNA expression of the vascular endothelial growth factor
(VEGF), matrix metalloproteinase (MMP)2, MMP9, and
TNF-a, and lower expression levels of the migration inhibitory
factor and thrombospondin-1 were observed in animals inocu-
lated with IL-17. The authors concluded that IL-17 can promote
tumor growth by increasing angiogenesis, metastasis, and
the number of CCR2+ macrophages (63). On the other hand,
mice with pre-malignant oral lesions induced by carcinogenic
agents presented a differentiation tendency of the CD4+ helper
cells to the phenotypes Thl and Thl17, as well as drainage of
these spleen cells to the lymph nodes with a shift to the Treg
phenotype, followed by cancer progression. The treatment of
the animals with premalignant oral lesions with an inhibitor of
the TGF-f receptor plus IL-23 not only maintained the Th17
phenotype, but also increased the number of these cells in the
spleen and regional lymph nodes, and slowed the progression
of pre-malignant lesions to cancer (64).

4. Role of Th17 cells in UCC

Evidence of Th17 cells in playing some role in the develop-
ment of cervical cancer is the fact that accumulation of these
infiltrates in the tumor tissue has been associated with a greater
chance of tumor recurrence. Also, it was found that Th17
cells infiltrated into the tumor had an activated phenotype
with increased expression of CCR6, the chemokine receptor
CCL20. Correspondingly, the level of CCL20 in tumor tissues
was significantly higher when compared to normal and
non-tumor tissues. In addition, levels of this chemokine were
positively associated with the amount of Th17 cells (65).

The local immune responses in women with CIN or UCC
were evaluated in two separate studies involving Chinese
women. In the firstit was observed that TCD4+ cells expressing
Foxp3 accumulated around the tumor in a significantly higher
proportion than found around the CIN. Also, the patients
with UCC who had metastasis of the lymph nodes showed a
greater proportion of T cells expressing Foxp3 compared with
those without metastasis (66). The second study revealed that
patients with CIN and UCC had a greater number of Th17
cells compared to healthy women. A significant increase in
Treg cells and plasmatic concentrations of cytokines IL-17
and IL-10 was observed in patients with UCC, but not in those
who had CIN. The prevalence of Th17 cells in the cancer
patients was associated with the clinical stage of disease, the
presence of metastasis and vasoinvasion, while the increase
in Treg cells was associated with the degree of tumor
differentiation. Surprisingly, an important imbalance was
found in the Th17/Treg relation, both in patients with UCC
as well as in those with CIN. The imbalance in the Th17/Treg
ratio was significantly higher in women with cancer that had
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developed metastasis or vasoinvasion compared with those
that had not. These results reinforce the hypothesis that the
imbalance of Th17/Treg may be involved in the promotion
and progression of UCC (23).

Patients with CIN or UCC have been shown to have a
higher proportion of Th17 cells and Foxp3-expressing T cells
among lymphocytes infiltrated into the tumor when compared
to healthy women with no history of cervical lesions. When
comparing the Th17/ T cell ratio expressing Foxp3 among the
infiltrated lymphocytes decreased in the sick women, it was
markedly reduced in lymphocytes infiltrated in the tissues
of healthy women. The cytokine IL-6, TGF-p and IL-10
concentrations were significantly higher in UCC patients than
those in healthy women. This reinforces the hypothesis that an
imbalance of Th17/Foxp3-expressing T cells plays a critical
role in UCC, and that Th17 cells can promote initiation and
progression of this tumor (67).

A higher proportion of Th17 cells and Foxp3-expressing
T cells were found in patients with UCC compared with
the proportion found in healthy women. The ratio of
Th17/Foxp3-expressing T cells among the tumor-infiltrating
lymphocytes (TILs) was more markedly decreased when
compared to normal cervical tissues. Furthermore, the
average concentrations of the cytokines IL-6, TGF-p,
and IL-10 were significantly higher in patients with UCC
compared with healthy women. Interestingly, the amount
of Th17 cells in the tumor environment has been positively
correlated with microvessel density. Thus, the imbalance in
the ratio of Th17/Foxp3-expressing T cells may play a critical
role in both promotion and progression of the UCC, where
Th17 cells may contribute to tumor progression by promoting
angiogenesis (67).

It has been shown that patients with CIN and UCC have
significantly lower IFN-y levels than those in the control group,
observing an inverse relationship to the number of Treg cells,
thereby suggesting that Treg cells suppress IFN-y production
by NK cells and CTL activity. The participation of Th17 cells
in the development of the UCC could be through the IL-17
secretion, which in turn induces angiogenesis and promotes
tumor growth. The levels of TGF-f, IL-6, IL-10, IL-17 and
IL-23 were significantly higher in patients with CIN and UCC
than those in the control group, with a positive correlation
between the percentages of Th17 cells and levels of IL-6,
IL-23, and IL-17. The Treg percentage of cells was positively
correlated with elevated levels of TGF-f3, IL-6, and IL-10. This
suggests that TGF-f3 cytokine, IL-6, IL-17, and IL-23 promote
an imbalance in the Th17/Treg relationship, and this alteration
may be a possible mechanism by which Th17 cells contribute
to the development of UCC (68). Once that Treg cells are
highly expressed in UCC, it can be inferred that they play a
crucial role in the development and progression of the disease,
since Treg cells are correlated with the growth, metastasis, and
vasoinvasion in UCC (69). Considering that Th17 cells can be
converted into Treg cells due to their high plasticity, this could
be a possible mechanism of participation of Th17 cells in the
promotion and progression of this tumor type.

Immunopathological analysis of patients with CIN2 or
CIN3 HPV-associated lesions and murine skin with epithelial
hyperplasia and protein-induced HPV16 E7, used as a chronic
injury model induced by HPV, showed a high expression of
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IL-17 and IL-23, a major inducer of IL-17. Using the HPV16
E7 transgenic skin graft animal model, it was demonstrated
that IL-17 was able to efficiently inhibit the immune response
against the graft. It was also found that IL-17 was predomi-
nantly produced by CD4(+) T cells in human CIN2 or CIN3
lesions, and by CD4(+) and y0 T cells in murine hyperplasic
skin lesions. IL-23 and IL-1f, but not IL-18, induced the
production of IL-17 in E7 transgenic skin, showing that IL-17
induces an immunosuppressive effect in epithelial hyperplasia
associated with HPV. This suggests that blocking IL-17 in the
persistent viral infections can promote the antiviral immunity
and prevent progression to cancer (70).

The active form of the STAT3 transcription factor, called
phosphorylated-STAT-3 (p-STAT3) (71), is found in several
types of cancers including UCC, and it induces differentia-
tion and maturation of Th17 cells, activating the production
of proinflammatory cytokines such as IL-17, IL-6, IL-22, and
IL-23 (72). IL-17 promotes positive feedback of Stat3, which
induces the IL-17 expression even more, in turn inducing
production of the vascular VEGF, prostaglandin E2 (PGE2)
and nitric oxide, which then promotes angiogenesis resulting
in the formation of new blood vessels and tumor growth (57).
Furthermore, IL-17 favors accumulation of neutrophils and
increases the resistance of tumor cells to apoptosis. Thus,
IL-17 appears to promote a mechanism of carcinogenesis
by activating the Stat3 signaling pathway, which triggers
the proliferation, migration, and survival of tumor cells by
inducing apoptosis resistance and angiogenesis, facilitating
the growth and progression of tumors (73).

It has been reported that HPV infection induces constitutive
Stat3 activity and a high level of IL-17 expression, and that the
joint action of these two factors may create a pro-inflamma-
tory response in the colorectal epithelium, which in turn may
promote carcinogenesis and possibly facilitate the progression
of colorectal cancer (74). As HR-HPV infection is the neces-
sary cause of UCC, it is possible that a similar mechanism may
contribute to development of the disease. Moreover, studies
in humans and animals have shown a positive correlation
between increased expression levels of IL-17 in the mucosa
of the uterine cervix and development of UCC in patients
infected with HPV 16 and 18 (the major oncogenic types of
HPV) in relation to other genotypes of the virus (70,75).

In UCC, IL-17 appears to be predominantly produced by
innate myeloid cells such as neutrophils which promote tumor
growth and are correlated with poor prognosis, while Th17
cells (also producers of IL-17) are correlated with increased
survival of the patients, suggesting that these cells are part of
a tumor suppressor immune response. As IL-6 and IL-23 are
also correlated with poor prognosis of the disease, it has been
proposed that these cytokines may induce IL-17 production
by myeloid cells, while Th17 cells somehow counteract this
response elicited by IL-6 and IL-32. These data support the
hypothesis that the different types of cells expressing IL-17
perform different roles in the tumor microenvironment and
have different effects, as indicated by the correlation between
the prevalence of Tregs and the increased survival of tumor
cells (26).

The markers CD3E, IL-6, and VEGFA, and a high propor-
tion of IL-6/IL-17 combined with low IL-5 expression were
identified as the main factors leading to poor prognosis in
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UCC. IL-6 is produced by infiltrating both tumor cells and
immune cells, and directly promotes tumor growth. High
levels of IL-17 produced by Th17 cells, and of IL-5 produced
by Th2 cells, have been correlated with a more favorable
prognosis, especially when compared to levels of expression of
II-6. On the other hand, high expression of IL-6 and VEGFA,
with the latter being an inducer of angiogenesis, were together
correlated with a poor prognosis. IL17 secreted by Th17 cells
could counteract the tumor-promoter effect of IL6, and even
more in combined action with the Th2 response characterized
by the production of IL5 (26,76).

5. Cells producing IL-17

IL-17A is the characteristic cytokine of a unique subset of
CD4+ T cells called Th17 cells (77). However, other cell types
including CD8+af, T cells vd, T cells, LTi cells, neutrophils,
eosinophils, basophils, mast cells, epithelial cells, endothelial
cells and neurons can also produce IL-17A (78-80). Moreover,
ovarian tumor cells, tumor-derived fibroblasts and APCs may
also contribute to the production of IL-17 by secreting cyto-
kines such as IL-1f3, IL-6, TNF-a and TGF-p, which create
a favorable environment for the differentiation and expansion
of IL-17 producing cells (44). IL-17 binds and signals through
IL-17 (IL-17R) receptor complexes composed of IL-17RA
transmembrane type 1 and IL-17RC, protein subunits that
are widely expressed in epithelial cells, endothelial cells
and fibroblasts. IL-17/IL-17R binding results in the secre-
tion of inflammatory mediators, including IL-1, IL-6, IL-8,
IL-23, TNF and various chemokines that further stimulate
the inflammatory cascade (77,79). Studies have shown that
IL-17A represents the prototype member of the IL-17 cytokine
family and is mainly produced by Thl17 cells. Unlike IL-17A,
IL-17B is widely expressed in various tissue types and its
biological function is associated with pathologies, particularly
to tumors (81).

IL-17A is believed to be an immune mediator that evolu-
tionarily emerged as an innate cytokine and after evolved and
developed as an adaptive cytokine, since it is more abundantly
expressed by thymus-dependent lymphocytes, including adap-
tive memory Th2 cells, Th9 cells, CD8+af3 T cells, as well as
the innate yd T cells, invariant natural killer T (iNKT) cells and
lymphoid tissue-inducing (LTi) like cells. However, regardless
of their evolutionary past, the importance of IL-17A production
by innate cell populations and the role that these cells play in
shaping the immune response are becoming clearer (79,80).

The differentiation of virgin T cells into Th17 cells appears
to involve TGF-f, IL-6, IL-1p, IL-21, and IL-23 signals. In
addition, IL-1a or IL-1f act in synergy with IL-23 to promote
IL-17 secretion from memory T cells. Induction or function
of Thl17 cells is regulated by cytokines secreted by other T
cell subtypes, including IFN-v, IL-4, IL-10 and high concen-
trations of TGF-f. The main function of IL-17 secreting T
cells is to mediate inflammation, stimulating the production
of inflammatory cytokines such as TNF-a, IL-1$ and IL-6,
and inflammatory chemokines that promote the recruitment of
neutrophils and macrophages (82).

It has been shown that activated CD8+ T cells in the
presence of the IL-6 or IL-21 cytokines plus TGF-p,
analogously to the CD4+ T cells, differentiate into Tcl7
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producer cells of IL-17. These cells have suppressed
cytotoxic function together with low levels of CTL markers
such as: T-box transcription factor eomesodermin, granzyme
B and IFN-y. Instead, these cells express hallmark molecules
of Th17 programming including RORyt, RORa, IL-21 and
IL-23R. The expression of RORyt master regulator type 17 is
associated with generation of Tcl7, since its overexpression
stimulates the production of IL-17 in the presence of
IL-6 or IL-21. Both the positive regulation of the type 17
programming as well suppression of differentiation into CTL
are dependent on STAT3 (83).

Differentiated Tcl7 cells from naive CD8+ T cells did not
possess cytotoxic molecules and do not show strong cytotox-
icity. However, when Tcl7 effector cells were cultured in the
presence of IL-12, they were converted to IFN-y producing Tcl7
cells, which mainly consisted of IL-17/IFN-y (Tc17/IFN-vy).
Tcl7 cells converted with IL-12 also acquired cytotoxic
function in addition to the production capacity of IFN-v, in
addition to showing strong antitumor activity in both in vitro
and in vivo (84). In contrast, in another study involving patients
with UCC or CIN a greater proportion of Tcl7 cells was found
in both peripheral blood and cervical tissues of women with
these lesions when compared with healthy women. In addi-
tion, the number of Tcl7 cells in UCC tissues was significantly
higher than in the tissues of CIN. The increase in the number
of Tcl7 in patients with UCC was related to the status of pelvic
Ilymph node metastases and increased microvessel density.
Significant correlations between the infiltration of Tcl7 cells
and Th17 cells or Foxp3 expressing T cells were observed in
UCC and CIN tissues. This indicates that the infiltration of
Tcl7 cells into the UCC is associated with tumor progression
accompanied by increased cell infiltration of Th17 and of
Tregs, and further promoted tumor vasculogenesis (85).

6. Cells expressing receptors for the IL-17 family

There is a wide variety of cells expressing receptors for the
cytokine IL-17 family, including T helper type 2, T helper type
9, basophils, fibroblasts, adipose cells, epithelial cells, endothe-
lial cells and chondrocytes (80). The receptors of IL-17 cytokine
are mediators of the biological functions of the IL-17 cytokine
family composed of six members ranging from IL-17A to
IL-17F to pro-inflammatory inducing programs (86), in addi-
tion to a heterodimeric species consisting of disulfide-linked
IL-17A and IL-17F (87,88). These cytokines signal through a
heterodimeric receptor complex consisting of the IL-17RA and
IL-17RC chains, which is detected in various cell types (86,89).
Although these dimers stimulate many overlapping signaling
pathways, the degree of induction varies among species with
the IL-17A homodimer eliciting more robust responses than
the heterodimer or the IL-17F homodimer (87).

The cytokine receptor family IL-17 is currently constituted
by five members (IL-17RA, IL-17RB, IL-17RC, IL-17RD and
IL-17RE) which share sequence homology and which interact
with six ligands (from IL-17A to IL-17F). All members of
this family have a fibronectin III-like domain in their extra-
cellular part and an SEF/IL-17R domain (SEFIR) in their
intracellular portion (89). The IL-17RA receptor identified
there is often the IL-17 receptor. However, current evidence
indicates that IL-17RA is probably a common receptor used
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by all members of the IL-17 family. On the other hand, the
other receptors such as IL-17RB, IL-17RC and IL-17RE were
identified as being specific for IL-17E, IL-17A, IL-17F and
IL-17C, respectively. Also IL-17RD, originally identified as
a negative regulator in fibroblast growth factor signaling, has
recently been identified as a negative regulator of the IL-17A
signaling (90,91). Cytokines IL-17A and IL-17F were believed
to be predominantly secreted by Th17 cells, have been shown
to signal through a heteromeric receptor complex. This
complex consists of IL-17RA and IL-17RC, which are unique
transmembrane proteins ubiquitously expressed in various cell
types including epithelial cells, fibroblasts and astrocytes (92).
Studies have shown that IL-17A and IL-17F are capable of
inducing expression of proinflammatory genes, alone or in
synergy with TNFa, IL-6, G-CSF, IL-1p3, CXCLI1, CCL20
and matrix metalloproteases (93), promoting the activation of
NF-«kB, MAPK and C/EBP cascades (94). In addition, other
studies have shown that the cytokine IL-17 also activates the
cell signaling pathways Jak-Stat and Jak-PI3K (95,96). It has
also been shown that in addition to altering gene expression,
stimulation by IL-17 can stabilize mRNAs by promoting the
splicing factor disengagement of the mRNA, preventing its
degradation (97,98).

It has been demonstrated that the expression levels of
IL-17RB receptor of IL-17 are increased in gastric cancer
tissues and that IL-17B/IL-17RB signaling plays a critical role
in the progression of this type of tumor. It has also been found
that this signaling is associated with poor prognosis in patients
with breast cancer. In addition, overexpression of IL-17RB was
associated with increased malignancy, metastatic development
and reduced survival in patients with pancreatic cancer. It has
been also observed that the signal triggered by the interac-
tion of IL-17B with its receptor IL-17RB positively regulates
Mesenchymal stem cells (MSCs) through the activation of
the AKT/B-catenin pathway in gastric cancer. This suggests
that IL-17B increases the progression of gastric cancer by the
activation of MSCs (81).

7. Role of IL-17 in UCC

Potential tumorigenic effect. IL-17 is an inflammatory cyto-
kine with several functions contributing to host defenses, but
also participating in the pathology of autoimmune diseases,
chronic inflammatory diseases and cancer (70). Reports of
abnormally high levels of IL-17 in a large group of malignant
tumors in humans suggest the involvement of this cytokine in
the tumorigenesis process, according to the currently obtained
evidence (99). One of the first studies to produce evidence of
the role of IL-17 as a tumorigenic factor in UCC was obtained
by Tartour et al (100), in which it was observed that cell lines
derived from the tumor cultured with IL-17 showed increased
levels of IL-6 and IL-8 expression, two inflammatory cyto-
kines that are usually upregulated in cancer, although no direct
effect on cell proliferation was observed.

In a study conducted by Feng et al (101), evidence was
found that elevated levels of IL-17A can be used as a marker
of prognosis in patients with UCC. This family of cytokines
is associated with increased ability to promote migration
and invasion of tumor cells by increasing the expression and
activity of the MMP2 and MMP9 enzymes in virtue of its
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capacity to downregulate expression of the inhibitors of these
enzymes (TIMP-1 and TIMP-2) of the signaling pathway
p38/NF-xB (101). In addition, higher concentrations of IL-17
were more frequent in the fresh homogenate of tumor tissue
obtained from women with UCC infected with HPV16 or 18
when compared to women infected with other HPV geno-
types. On the other hand, higher levels of macrophage and
granule colony stimulating factor IL-10 and IL-15 were found
in tumors obtained from women infected with different geno-
types of HPV16 and 18 (75).

It was shown that the stroma cells of UCC predominantly
express CCL20, and that this molecule is correlated with
the infiltration of CD4+ cells producing IL-17 in the tumor.
In addition, cells of the UCC seem to be able to emit signals
that stimulate fibroblasts to produce high levels of CCL20 and
attract CD4+ cells producing IL-17 expressing CCRO6. It was
also found that IL-6 produced by the tumor cells constitutes
an important mediator of paracrine induction of CCL20,
activating the transcription of the mRNA to this protein in
the fibroblast. Thus, the cervical neoplastic cells modulate
the tumor microenvironment by instructing fibroblasts to
support Th17 cell infiltration by IL-6 induction in a paracrine
manner (102).

In patients with UCC, the accumulation of Th17 cells
with activated phenotype and with a marked increase in the
expression of receptor CCR6 was found within the tumor. As
expected, the levels of CCL20 in the tumor tissue were signifi-
cantly higher compared to those found in normal tissue, with a
strongly positive correlation with the presence of Th17 cells. In
addition, in vitro migration assay revealed that CCL20 showed
an effective chemotaxis to attract Th17 circulating cells. This
suggests that Th17 cells are recruited into the tumor, prefer-
ably by means of the CCR6-CCL20 pathway (65).

The potential role of IL-17 in the modulation of the carci-
nogenic phenotype in the UCC was further reinforced by the
finding that IL-17 is produced in vivo by tumor infiltrated
CD4+ cells in patients with disease progression (100). In addi-
tion, a tendency for gradual increase in the Th17 ratio in the
total CD4+ cells with the worsening of the lesion was shown in
patients with cervical lesions associated with HPV, along with
the same being observed in relation to IL-17 levels in serum
and in cervical tissue homogenate supernatant, suggesting
that Th17 and IL-17 cells may contribute to the progression of
cervical lesions associated with HPV (103).

The possible tumorigenic role of IL-17 has aroused great
interest in investigating the polymorphisms in the cytokine gene
and its possible association with the increased risk of cancer,
including UCC. A case-control study involving 264 patients
with UCC and 264 healthy women found a close relationship
between the single-nucleotide (SNP) polymorphism common
in the IL-17 gene and the disease. The study revealed that the
polymorphic genotype AA rs2275913 was strongly associated
with increased risk of UCC compared to wild type genotype
GG in patients infected with HPV-16 or HPV-18 compared to
the control group (99).

This trend was confirmed in four other similar
case-control studies, all involving Chinese women. The
first study analyzed 352 patients with UCC and 352 healthy
women in the control group. It was demonstrated that women
with genotype GA and AA for SNP polymorphism rs2275913
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in the IL-17A gene presented a higher risk of UCC compared
with those with the GG genotype. A significant association
was found between the rs2275913 polymorphism and genital
infection by HPV 16 or 18 and risk of developing UCC (25).
The second study looked at 311 cases of UCC and 463 controls
without the disease and found that the frequency of genotype
AA for the SNP polymorphism rs2275913 was significantly
higher than that found for the GG genotype in the patients
with UCC compared to the control group. It was also found
that this genetic variation not only increased the suscepti-
bility for disease, but also its severity (104). In the third study
which analyzed 216 cases of UCC and 432 controls without
the disease, it was demonstrated that patients with the AA
genotypic variant of SNP polymorphism rs2275913 showed
a significantly higher risk of developing UCC compared
to those with wild-type genotype GG (105). The fourth
study included 306 cases of UCC and 354 controls free of
the disease also showed that women with the AA genotype
variant of the polymorphism rs2275913 had a significantly
higher risk of developing UCC compared to the wild type
genotype GG. In addition, in the latter study it also was found
that the A allele of the rs699947 polymorphism of the IL-17
gene was also associated with an increased risk for UCC in
patients infected with HPV 16 or 18 (106). On the other hand,
in a population-based case-control study involving American
women, it was found that the SNP polymorphism rs2275913
of the gene encoding IL-17 was positively associated with
UCC for HPV 16 (107).

Cancer cell proliferation. Although it has been shown that
IL-17 did not exert any in vitro action on the proliferation of
cells derived from cervical cancer, a significant increase in
tumor size was observed when these cells were transfected
with a cDNA encoding IL-17 and transplanted to nude mice
when compared to the parent tumor. It has been found that
the action of IL-17 on inducing tumor growth occurred by
increasing IL-6 expression which promotes the recruitment of
macrophages to the tumor site (100).

The phenotypic analysis of cervical cancer cells by means
of immunohistochemistry and immunofluorescence revealed
that IL-17 is predominantly expressed by neutrophils (66%),
mast cells (23%) and innate lymphoid cells (8%), and to a
lesser extent only 4% by Thl17 cells. A similar distribution
was also observed in the tumor epithelium. A number above
the median total of cells expressing IL-17 in the early stages
of the tumor presented an independent factor of poor prog-
nosis, being associated with less survival. A high number of
neutrophils and the low number of mast cells also showed
a tendency of reduced survival. On the other hand, cells
expressing IL-17 and neutrophils were correlated with the
absence of vasoinvasion. IL-17 has been shown to enhance
cell proliferation or tightness of cervical cancer cell lines,
which may be a mechanism for tumorigenesis in the early
stage of tumor development. This study suggests that IL-17
mainly expressed by neutrophils promotes tumor growth,
being correlated with poor prognosis in the early stage of the
disease. Surprisingly, a high number of Th17 cells presented
as a factor associated with a favorable prognosis to improve
patient survival, suggesting that Th17 cells are part of a tumor
suppressor immune response (26).
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Induction of metastasis. Evaluation of IL-17A expression levels
and its clinical significance in tissue samples obtained from
50 cases of cervical cancer showed that IL-17A expression did
not correlate with patient age, FIGO stage or tumor size, but
was significantly correlated with depth of tumor invasion and
status of lymphatic metastasis. In addition, IL-17A increased
the motility of cancer cells through the upregulation expres-
sion of MMP2 and MMP9 and decreased the expression of
their natural endogenous inhibitors TIMP-1 and TIMP-2. This
suggests that IL-17A acts by increasing tumor cell motility
in cervical cancer by being involved in the remodeling of the
extracellular matrix (ECM), thus contributing to the invasion
and metastasis malignant cells, since the cancer cells need
degrading of ECM during the process of metastasis to invade
blood or lymph vessels to reach other tissues and organs, and
then generate a new tumor (101).

Induction of angiogenesis. Inflammation and angiogenesis
are two characteristics of lung adenocarcinoma and are both
related to IL-17. Microvessel density was positively associated
with the expression of IL-17,IL-6,IL-8 and VEGF, reinforcing
the hypothesis that IL-17 contributes to the development of
this tumor by inducing angiogenesis through its stimulatory
action of IL-6, IL-8 and VEGF (108). Interestingly, UCC bears
some resemblance to lung adenocarcinoma, and it was found
that IL-17 presented tumorigenic action in UCC-derived cell
lines as it induced increased expression of IL-6 and IL-8 (61).
Furthermore, VEGF expression levels are also elevated in both
precursor and UCC lesions (109), and have been associated
with poor survival in patients with this type of tumor (110).
Thus, although it has not yet been reported, it is likely that
IL-17 may also play a role in the induction of angiogenesis in
UCC.

8. Conclusion

The role of the Th17 immune response in the development of
UCC, as in other types of cancers, has shown to be ambiguous;
in some cases protecting against tumors while in others
promoting them. Th17 may indirectly exert a protective func-
tion against tumors by producing cytokines which promote
the recruitment of effector CD8+ T cells for the tumor site, or
directly becoming a Thl cell producing IFN-y that activates
CD8+ T cells against tumors. In other conditions, Th17 cells
may act in promoting tumor growth by producing cytokines
such as IL-6, IL-17, and IL-23, which recruit neutrophils
for tumor sites where they produce more IL-17 that leads to
chronic inflammation and production of VEGF that induces
angiogenesis. This creates a favorable microenvironment for
tumors or exerts the suppressive function of immune response
against the tumor.

One possible explanation for this ambiguous function of
Th17 cells in relation to UCC is the high plasticity presented
by these cells, which can convert into non-classical Thl cells,
producers of IL-17 and IFN-v, or IL-17 and IL-10, or further
into T regulatory cells, according to the types of cytokines
present in the tumor microenvironment. The involvement of
Th17 cells in the tumorigenesis process appears to not only be
related to their ability to produce and secrete IL-17, but also by
the secretion of other cytokines that attract cells to the tumor
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site. Thus, the contradictory role of Th17 cells may be due to
the other cells that also produce IL-17. The high levels of IL-17
expression found in patients with UCC appear to be primarily
produced by myeloid cells of the innate immune response,
such as neutrophils. This cytokine would be responsible for the
promotion of tumor growth, and is related to poor prognosis of
the disease.

On the other hand, the IL-17 produced by Thl17 cells was
correlated with improved prognosis and the highest survival
of patients, suggesting that cells with this phenotype are
part of the tumor suppressor immune response. It has been
proposed that IL-6 and IL-23, whose presence is correlated
with poor prognosis in UCC, would be responsible for acti-
vating neutrophils to produce IL-17, while the IL-17 produced
by Thl17 cells antagonizes the response triggered by IL-6 and
IL-23. This strengthens the hypothesis that there are different
types of cells producing IL-17, performing different roles and
producing different effects in the tumor microenvironment.
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