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While the role of T helper 17 lymphocytes (Th17) in the pathogenesis of autoimmune diseases and in infectious immunity has been
relatively well defined, the impact of these cells and their associated cytokines on cancer development is still under debate. Although
multiple reports have indicated thatTh17 can promote anticancer immunity, others have argued that these cells may exhibit tumor-
promoting properties. This dichotomy in the function ofTh17 lymphocytes in cancer may be related to the versatile nature of these
cells, being capable of differentiating into either proinflammatory Th1 or suppressive FoxP3-expressing Treg cells or hybrid T cell
subsets depending on the underlying environmental conditions. In the current review, we examine the role of Th17 lymphocytes
andTh17-associated cytokines in cancer and discuss how factors that control their final lineage commitment decisionmay influence
the balance between their tumor-promoting versus tumor-suppressing properties.

1. Introduction

CD4+ T helper (Th) lymphocytes are essential for the reg-
ulation of immune responses as they are endowed with the
ability to modulate the function of CD8+ cytotoxic T lym-
phocytes (CTLs) [1, 2], B cells [3], NK cells [4], macrophages,
and dendritic cells [5, 6]. Following triggering of their T cell
receptor (TCR) and in the presence of appropriate costim-
ulatory signals and specific cytokines, naı̈ve CD4+ T lym-
phocytes differentiate into various effector or regulatory cells
characterized by distinct functions and specific cytokine
production profiles. For many years, it was believed that
the expression of two mutually exclusive differentiation pro-
grams led to the polarization of näıve CD4+ T cells towards
either Th1 or Th2 lymphocytes [7, 8]. Terminally differen-
tiated Th1 cells are characterized by the expression of the
transcription factor Tbet and the production of IFN𝛾 [9].
Th1 activate CTLs, macrophages and are required for the
elimination of intracellular pathogens [7, 10]. Th1 cell lin-
eage commitment is primarily triggered by IFN𝛾 and IL-12
[11, 12]. Th2 lymphocytes, defined by transcription factor

GATA3 expression and the secretion of IL-4, IL-5, IL-10,
and IL-13, play an essential role in B cell-mediated humoral
responses against extracellular pathogens and can inhibit
Th1-dependent cellular immunity [13–15]. More recently, sev-
eral subsets of CD4+ T cells exhibiting immunosuppressive
activity have been described (extensively reviewed elsewhere
[16–21]). These so-called regulatory T lymphocytes (Tregs)
may be generated during T cell development in the thymus
(naturally occurringTreg) ormay be induced in the periphery
from näıve CD4+ T cells (induced/adaptive iTreg) [22–26].
Treg generation essentially depends on transforming growth
factor 𝛽 (TGF𝛽), together with TCR, costimulatory signals,
and IL-2 [27–29]. Extensive studies have demonstrated that
the forkhead/winged helix transcription factor FoxP3 is
fundamental for the development and function of Treg and
remains one of the most specific molecular markers for these
cells [21, 24]. Treg efficiently suppress effector T lymphocytes
and may inhibit the function of B, NK, dendritic cells, or
macrophages through different mechanisms [22]. They are,
therefore, essential components of the regulatory networks
controlling autoimmunity, infection, or cancer [30, 31].
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In recent years, T helper 17 lymphocytes (Th17) have
emerged as a new distinct effector CD4+ T helper cell subset,
prompting revision of the Th1/Th2 paradigm. Th17 produce
large quantities of IL-17 and exhibit effector functions distinct
fromTh1 and Th2 lymphocytes. They play an important role
in the clearance of pathogens that are not adequately handled
by Th1 or Th2 lymphocytes. Th17 cells are potent inducers
of tissue inflammation and have been identified as major
contributors to the pathogenesis of multiple autoimmune
conditions in animals and humans [32–34]. However, the
role of Th17 in cancer is still being intensively discussed,
with conflicting reports related to the pro-versus antitumoral
effects of these cells. This discordance may be explained
by different cytokine signature profiles inherent in the high
degree of plasticity of these cells. We provide an overview
on the requirements for Th17 development and the direct or
indirect impact of Th17 lymphocytes and the cytokines they
produce on antitumor responses.

2. T Helper 17 Lymphocytes: Cytokine
Signature and Differentiation Profile(s)

2.1. Th17 Differentiation. Th17 cells are defined as CD4+ T
lymphocytes secreting substantial amounts of interleukin 17A
(IL-17A) and expressing the transcription factor retinoic acid
receptor-related orphan receptor gamma t (ROR𝛾t), which
seems to act as a molecular determinant for their polar-
ization [35, 36]. In addition, Th17 produce IL-21 and IL-22
[37] and, depending on the differentiation/environmental
conditions secrete variable amounts of TNF𝛼, IFN𝛾, and/or
GM-CSF [32, 38–41]. Th17 foster B lymphocyte-mediated
immunity [3], contribute to the migration and activation of
macrophages [42], neutrophils [43], and regulate the activa-
tion and expansion of CD8+ T cells [41, 44].

Th17 can be generated in vitro from näıve CD4+ T lym-
phocytes using specific cytokines. In mice, the combination
of TGF𝛽, IL-6, and IL-23, in presence of TCR and CD28
signals (antigen presenting cells, plate-bound anti-CD3 plus
anti-CD28 or anti-CD3/anti-CD28 coated microbeads), is
required and sufficient to drive the differentiation of näıve
CD4+CD25− T cells into Th17 (Figure 1) [45]. Studies have
indicated that IL-6, by inhibiting TGF𝛽-driven induction
of FoxP3, impairs Treg differentiation, leading to IL-17-
producing ROR𝛾t+ lymphocyte generation. However, other
reports have also shown that, in IL-6−/− mice, Treg depletion
increases the susceptibility of the animals to experimental
autoimmune encephalomyelitis (EAE) as a result of enhanced
pathogenic Th17 responses [39, 46]. These last observations
suggest that Th17 lymphocytes can be generated in absence
of IL-6. IL-21 was further identified as an alternative proin-
flammatory cytokine capable of suppressing TGF𝛽-mediated
induction of FoxP3 expression in the absence of IL-6 [39,
47]. IL-21, produced in large amounts by Th17, promotes
an autocrine amplification feedback loop enhancing Th17
generation especially in the absence of IL-6 [48]. The IL-23
receptor (IL-23R) is composed of IL-23R and IL-12R𝛽1 [49].
Näıve CD4+ T lymphocytes express very low levels of IL-
23R. Conversely, Th17 are characterized by the expression of

the IL-23R. It is therefore not surprising that, although IL-23
is not required for the initial Th17 lineage commitment, this
cytokine fostersTh17 expansion and survival and contributes
to their stabilization and proinflammatory properties [50].
Indeed, in IL-23p19-deficient mice, the number of Th17 is
substantially decreased compared to their wild-type coun-
terparts [51, 52]. In addition, IL-23 appears essential for the
pathogenic properties of Th17 as demonstrated in collagen-
induced arthritis (CIA) and EAE models [51, 53]. IL-23 is
also essential for the generation of Th17 in prolonged in vitro
cultures [50]. The proinflammatory cytokine IL-1𝛽 has also
been reported as another important factor in the polarization
ofTh17 cells in proinflammatory environments. IL-1𝛽 induces
interferon regulatory factor 4 (IRF4), which is a critical
regulator of the IL-21 autocrine signaling loop [54, 55].

In humans, the conditions that would drive optimalTh17
differentiation remain unclear. Several reports have indicated
that TGF𝛽 may not be necessary for the generation of these
cells [56–58] while other studies have argued for a critical role
of this cytokine in Th17 differentiation [47, 59, 60]. A study
by Yang et al. indicated that the combination of TGF𝛽 with
IL-21 but not IL-6 was effective in inducing Th17 differen-
tiation [47]. Other reports have suggested that IL-1𝛽 alone
or in combination with TGF𝛽 is also required for human
Th17 production [61]. Similar to the observations made in
mice, the addition of IL-23 supports Th17 proliferation and
stabilization [62].

2.2. Th17 Plasticity. Th1 and Th2 cells are relatively stable
and terminally differentiated subsets: they essentially do
not transdifferentiate into other specialized CD4+ T helper
cell lineages. On the other hand, one of the most striking
characteristics of Th17 is their high degree of plasticity and
their remarkable ability to give rise to other populations
of either proinflammatory effector cells such as Th1 [63]
or immunosuppressive FoxP3+ Treg [64]. Interestingly, Th17
may themselves originate from FoxP3+ Treg cells that have
undergone “reprogramming” in specific environmental con-
ditions [65]. Intermediary cell subpopulations expressing
both FoxP3 and ROR𝛾t and demonstrating immunosuppres-
sive activity have been identified [66].

TGF𝛽 appears as a master regulator of the balance
betweenTh17 and suppressive Treg differentiation.The role of
TGF𝛽 in Th17 polarization has, however, been questioned.
Although some studies have indicated that TGF𝛽 is required
for the production of IL-17 by Th17 cells [60], others have
reported that TGF𝛽 may not be essential for the induction
of Th17 [58]. Additional reports have demonstrated that
the generation ofTh17 and the development ofTh17-mediated
EAE are impaired in transgenic animals with T lymphocytes
deficient in functional TGF𝛽 receptor [67] or when TGF𝛽
expression is ablated in T cells [68]. TGF𝛽 alone induces
the expression of FoxP3 and ROR𝛾t [69]. However, in
the presence of IL-6, IL-21, or IL-23, FoxP3 expression is
inhibited while ROR𝛾t expression is induced, resulting in
Th17 generation instead of Treg.While it has been established
that TGF𝛽 is required for the initial production of IL-17
and for the induction of IL-23R expression [47, 57, 60],
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Figure 1: Specific cytokines drive the differentiation of specialized T helper lymphocytes. Naı̈ve CD4+ T lymphocytes, upon activation and in
the presence of specific cytokines, differentiate intoTh1, Th2,Th17, or Treg. The plasticity of Th17 and Treg enables them to transdifferentiate
into Th17/Treg subsets. Th17 cells can also acquire a Th1-type phenotype leading to “hybrid” Th17/Th1 cells. The nature and concentration of
the cytokines present in the differentiation milieu lead to the activation of distinct signaling cascades and transcription factors which control
the developmental program of these specific lineages.

high concentration of TGF𝛽 conversely impairs the expres-
sion of IL-23R [69]. Therefore, the outcome of the balance
between Treg versus Th17 generation is likely dictated by
the strength of the signals provided by TGF𝛽 and thus
depends, at least partially, on the concentration of this
cytokine in the environment of the differentiating cells. Large
amounts of TGF𝛽primarily promote the development of cells
endowed with immunosuppressive activity (possibly even in
the presence of low doses of IL-6 or IL-21), while interme-
diary or low concentration of TGF𝛽 in combination with
the proinflammatory cytokines IL-6 or IL-21 drives pri-
marily the differentiation of näıve CD4+ T cells into Th17
(Figure 1). This scenario may explain the observed Th17-
Treg plasticity. Recent reports have also indicated that, in
specific conditions, fully differentiated FoxP3+ Treg may
undergo “reprogramming” into effector helper T cells. These
reprogrammed Treg are not immunosuppressive, produce
proinflammatory cytokines (amongwhich IL-2, TNF𝛼, or IL-
17), and may play an important role in anti-tumoral CD8+
T cell activation [70]. Importantly, it has been shown that
reprogrammed Treg may lose or maintain FoxP3 expression
[70, 71]. Additional studies have reported that, in presence of
IL-2 and IL-1𝛽, human Th17 may be preferentially differen-
tiated from näıve FoxP3+CD25−CD4+ Treg rather than from
näıve FoxP3−CD25−CD4+ T cells [72, 73]. In these studies,
Th17 differentiation was enhanced by IL-23 and TGF𝛽 [73].

Th17 may also redifferentiate into Th1 lymphocytes.
Indeed, IL-17-producing CD4+ T lymphocytes expressing the
Th1 lineage-specific transcription factor Tbet and produc-
ing IFN𝛾 have been described (Figure 1) [74]. Tbet+ Th17
cells have been identified in patients with multiple sclero-
sis [38] and IFN𝛾-producing human Th17 cells have been
described [57]. These intermediary Th17/Th1 lymphocytes
have been reported as pathogenic [32, 75] and as outlined in
Section 3 can exhibit anti-tumoral activity [41, 74]. Initially,
the recognition that IL-23 and IL-12 shared the common
IL-12p40 (IL-12𝛽) subunit and the observation that IL-23
induced not only IL-17 but low amounts of IFN𝛾 led to the
speculation that Th17 cells developed as a distal branch of
the Th1 lineage. However, a recent study reported that Th17
precursors may produce IFN𝛾, independently of IL-23 and
IL-12 signaling. These Th17 precursors are also capable of
responding to IL-23 and IL-12 and, in the absence or in pres-
ence of low concentrations of TGF𝛽, can differentiate into
cells characterized by enhanced production of IFN𝛾 and
minimal IL-17A and IL-17F secretion [76].These studies con-
firmed thatTh17 lymphocytes belong to a distinct cell lineage
susceptible, however, to reprogramming into Th1 cells. This
observed stability or plasticity ofTh subsets seems controlled
by epigenetic modifications regulating the expression of key
transcription factors and cytokines specific for a dedicatedTh
lymphocyte lineage.
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Thus,Th17 lymphocytes represent a highly heterogeneous
cell population with a remarkable flexibility in their ability
to differentiate into immunosuppressive Treg or effector
proinflammatory Th1 depending on the environmental con-
ditions. Since Treg are known to suppress anti-tumor
immune responses and promote cancer development while
Th1 enhance anti-tumoral immunity, it is therefore not sur-
prising thatTh17 have been reported to exhibit both pro- and
anti-tumor activities.

3. IL-17-Producing Cells, Th17-Associated
Cytokines, and Th17 Lymphocytes in Cancer

3.1. IL-17-Producing Cells, IL-17, and Major
Th17-Associated Cytokines

3.1.1. IL-17-Producing Cells. IL-17A belongs to the IL-17 fam-
ily, composed of 6 members (IL-17A-F) [77]. Although IL-
17A and IL-17F are the signature cytokines defining CD4+
Th17 cells, it should be noted that IL-17 is also produced by
𝛾𝛿T cells [78], natural killer (NK) T cells [79], CD8 T cells
[80], macrophages [81], neutrophils, and eosinophils [82].
The role of IL-17 expressing non-CD4+ T cells in cancer
has been examined in several studies [81, 83, 84]. For
instance, the adoptive transfer of in vitro generated CD8+
T cells producing IL-17 (Tc17) in mice promoted anti-tumor
immunity against B16melanoma by fostering the recruitment
of other inflammatory anti-tumoral cells such as CTL, Th1,
neutrophils, or macrophages [85, 86]. In another report, mast
cells accumulating in a murine hepatocellular carcinoma
fostered the recruitment of myeloid-derived suppressor cells
(MDSC) and induced IL-17 production by these MDSC. In
turn, IL-17 secreted by MDSC attracted Treg to the tumor
site and enhanced their suppressive function, therefore pro-
moting tumor growth [84]. Additionally, tumor-associated
macrophages expressing IL-17 were detected in human breast
cancer tissues and their presence was directly associated with
the degree of invasiveness of the tumor [81]. Whether these
IL-17-producing non-Th17 cellsmaymediate pro- versus anti-
tumoral effects does not solely depend on IL-17 as they pro-
duce variable amounts of a plethora of other cytokines with
different activities. The abovementioned reports, underline
the importance of distinguishing Th17 from IL-17-producing
cells in general, as IL-17 targeting does not solely affect the
role and function of Th17.

3.1.2. IL-17. IL-17A and IL-17F have been involved in proin-
flammatory cytokine and chemokine release by neutrophils,
leading to tissue inflammation [82, 87]. The specific role of
this cytokine in the development of malignancies remains
elusive. Multiple reports have provided evidence that IL-
17 promotes angiogenesis [88–90] and tumor development
[89, 91, 92]. However, results from IL-17 deletion or ectopic
expression remain conflicting. Several studies using IL-17−/−
mice have demonstrated that the absence of IL-17 may
promote tumor progression inmouse B16melanoma [41] and
MC38 colon carcinomamodels [93].The growth and propen-
sity to give rise to lung metastases of MC38 tumors is

augmented in IL-17-deficient mice, which is associated with
decreased IFN𝛾+ NK and IFN𝛾+ tumor-specific T cells in the
tumor draining lymph nodes and at the tumor sites [93]. IL-
17−/− mice bearing B16 melanoma also exhibit increased lung
metastases associated with reduced numbers of CD4+, CD8+
T cells, granulocytes, and CD11c+CD11b+ and CD11c+CD8a+
DCs at the tumor sites. Additionally, the activation status
of CD4+ T lymphocytes isolated from lung metastases was
reduced [41]. Conversely, other studies performed with both
B16melanoma andMB49 bladder cancermodels have argued
that IL-17 deficiency resulted in reduced tumor burden [92].
A recent study has demonstrated that the growth of various
tumors (EL4 lymphoma, Tramp-C2 prostate cancer, and B16-
F10 melanoma) is significantly impaired in IL-17R−/− mice
compared to their wild-type counterparts. In this study,
IL-17R deficiency resulted in an increase in intratumoral
CD8+ T cells and reduced MDSC numbers in the tumor
microenvironment. Interestingly, systemic pretreatment of
animals with murine IL-17A exacerbated tumor growth [91].

Several human studies have highlighted the correlation
between the level of IL-17 and poor prognosis in cancer
patients [94, 95]. Increased numbers of IL-17-producing cells
directly correlated tomicrovessel density in tumors and over-
all poor survival in hepatocellular carcinoma patients [94],
as well as in non-small-cell lung cancer patients [95]. Con-
sistent with these results, another study showed an increase
in the level of IL-17 (most of which being secreted by CD4+
T cells) in melanoma, breast, and colon cancer patients.
Further characterization revealed that these tumor-derived
IL-17 expressing cells were not immunosuppressive, but
promoted tumor growth in an in vitro culture system [96].
Additionally, in colorectal carcinoma patients, a significantly
higher frequency of IL-17-producing CD4+ and CD68+ cells
were detected within the tumors when compared to the
normal tissues. High expression of IL-17 was associated with
increased microvessel density [88].

The angiogenic property of IL-17 has been an additional
subject of debate. Indeed, several studies have linked IL-17
production to the induction of proangiogenic factors [88, 89,
92]. An early study conducted by Numasaki et al. demon-
strated that the retroviral transduction of the IL-17 gene in
cancer cells (MCA205 fibrosarcoma and MC38 colon adeno-
carcinoma) resulted in enhanced tumor growth in vivo while
it had no effect on tumor cell proliferation in vitro. Tumors
transduced with IL-17 exhibited significantly higher vascular
density when compared to controls. IL-17 also enhanced the
formation of vascular endothelial cells. Together these results
indicate that IL-17 can participate in neoangiogenesis [89].
Nonetheless, it is important to underline that, while it can
directly act as an angiogenic factor, IL-17 in combination
with IFN𝛾 increases the secretion of potent antiangiogenic
factors such as CXCL9 and CXCL10 by cancer cells. The
levels of CXCL9 and CXCL10 were associated with tumor-
infiltrating effector T cells and improved outcomes in patients
with ovarian cancer [37].

3.1.3. IL-21, IL-22, TNF𝛼, and IFN𝛾. As outlined, the cytokine
secretion profile of Th17 cells is variable in nature and
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amount. We will therefore focus on the key factors pro-
duced byTh17 lymphocytes, whichmay influence anti-tumor
immunity.

As mentioned in the previous section, IL-21 is involved
in the generation of Th17 lymphocytes and is also produced
by these cells. IL-6-induces IL-21 production in a STAT3-
dependent and ROR𝛾-independent manner. IL-17 and IL-21
production is impaired in vivo in IL-6-deficient mice [48].
IL-21 can synergize with IL-12 to enhance the cytotoxicity of
peripheral blood mononuclear cells (PBMC) in patients with
cervical intraepithelial neoplasia III and cervical cancer.
In this study, the PBMC incubated with IL-21 and IL-
12 effectively induced apoptosis of SiHa tumor cells [97].
Additionally a report by Søndergaard et al. demonstrated that
the administration of IL-21 significantly hindered the growth
of established subcutaneous B16 melanomas or Renca renal
cell carcinomas. The anti-tumoral effect of IL-21 was medi-
ated in this case by CD8+ T lymphocytes [98].

IL-22 belongs to the IL-10 family and has often been
reported as a cytokine produced by Th17 lymphocytes [99,
100]. In humans, IL-22 was initially characterized as a Th1
cytokine [101]. It was also reported that IL-22 could be
secreted by CD4+ T cells in the absence of IL-17 production
[102]. The possibility of the existence of a dedicated IL-22
secreting CD4+ T cell lineage (Th22) has been raised and
whether “Th22” may belong to the Th17 family is currently
being discussed [102–105]. Actually, it appears that näıve
CD4+ T lymphocytes in the presence of IL-6 but in the
absence of exogenous TGF𝛽 express high levels of IL-22
but minimal amount of IL-17 while IL-6 in combination
with TGF𝛽 triggers the polarization of “conventional” Th17
lymphocytes expressing large amounts of IL-17 but minimal
levels of IL-22 [106]. These IL-22 secreting cells have been
described for their protective function against infections
[107].However, the presence of IL-22-producingCD4+ Tcells
has been correlatedwith poor survival in patients with gastric
cancer [108]. IL-22 by itself has been described for both its
pro- and anti-tumoral effects [103, 104, 109–111].

GM-CSF (granulocyte macrophage-colony stimulating
factor) is endowed with anti-tumoral properties [112, 113]. It
has been documented that GM-CSF is produced by highly
pathogenic and proinflammatory Th17 cells in the setting
of autoimmune diseases [114, 115]. GM-CSF production was
dependent on the activity of the IL-12-IL-23 receptor complex
and ROR𝛾t. Conversely, IFN𝛾, IL-12, and IL-27, known to
inhibit ROR𝛾t expression, impeded GM-CSF secretion [114].

Th17 or hybridTh17/Th1 lymphocytes can produce TNF𝛼
and IFN𝛾 [38, 57]. Human tumor-infiltrating Th17 cells
have been reported to produce high levels of TNF𝛼 and
IFN𝛾 [37]. These two cytokines are endowed with direct
cytotoxic or cytostatic effects against tumor cells but are also
involved in the activation of innate and adaptive immune
cells, thus promoting anticancer immunity. Although TNF𝛼
is not essential for Th17 generation, it synergizes with IL-6
and IL-1𝛽 to amplify Th17 responses [67]. A significant
positive correlation between the expression of genes involved
in the TNF𝛼 signaling and those involved in Th17 pathways
in patients with ovarian cancer was reported [42]. IFN𝛾 is
the hallmark of Th1 lymphocytes while Th17 cells generated

in vitro typically produce minimal amounts of IFN𝛾. How-
ever,Th17 cells generated in vivo, especially during the devel-
opment of autoimmune diseases, or adoptively transferred
IL-17+ Th17 cells can evolve towards IL-17+ IFN𝛾+ cells [36,
40, 116].

It should, however, be emphasized that conclusions
drawn from the studies focusing on the effects of IL-17 should
not be confused with those of Th17 cells since, as outlined
above, several other non-CD4+ T cell populations can pro-
duce this cytokine. Similar considerations hold true for other
Th17-related cytokines such as IL-21, IL-22, GM-CSF, TNF𝛼,
or IFN𝛾.

3.2.Th17 Lymphocytes in Cancer: Foes or Allies? As previously
outlined, the role of Th17 lymphocytes in cancer is still
highly controversial (Figure 2). An important distinction
should be made between “endogenous” Th17 cells present in
cancer patients ormouse tumormodels, which develop under
the pressure of the complex tumor environment, and the
adoptively transferred Th17 cells generated in vitro under
well-defined cytokine conditions.

Th17 lymphocytes have been detected in patients with
different types of malignancies, such as ovarian, pancreatic,
or gastric cancers, but the role of these cells in disease
progression and their prognosis value has been controversial
[37, 117, 118]. WhetherTh17 lymphocytes are induced de novo
from naı̈ve CD4+ T cells or recruited at the tumor site or
originate from “reprogrammed Treg” (see previous section
and below) remains to be elucidated. In a report evaluating
the nature of tumor-associated Th17 lymphocytes in ovarian
cancer patients, it was demonstrated that the percentage of
these cells correlated with the number of IFN𝛾+ CD4+ T cells,
IL-17+ IFN𝛾+, IFN𝛾+ CD8+ T cells as well as NK cells and
inversely correlated with the frequency of immunosuppres-
sive Treg cells [37]. In another report focusing on prostate
cancer patients, highly differentiated Th17 cells correlated
with slower disease progression [119], whichwas contradicted
by results from others obtained in hormone resistant prostate
cancer patients [120]. In additional studies, an association
between increased numbers of tumor-associated Th17 lym-
phocytes and survival was observed in ovarian and lung
cancer patients [37, 121]. Similarly, a significant increase
in Th17 cell numbers in the tumor environment has been
reported in the mouse ID8 ovarian, Pan02 pancreatic, and
B16melanoma cancermodels [42, 122, 123].The physiological
significance of this increase has been disputed. In an ovarian
cancer model, TNF𝛼-mediated induction of IL-17-producing
CD4+ cells led to the recruitment of myeloid cells into the
tumor microenvironment and resulted in enhanced tumor
growth [42]. In contrast, induced production of IL-6 in the
tumor microenvironment, as a result of either indoleamine
2,3-dioxygenase (IDO) inhibition or the transduction of
tumor cells with the IL-6 gene, led to the conversion of Treg
toTh17 cells and regression of mouse B16 melanoma [123] or
Pan02 pancreatic tumors [122], respectively.

Multiple studies have investigated the impact of in vitro
generated Th17 cells on tumor growth following adop-
tive transfer, with variable outcomes. Initial studies by
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Figure 2: Pro-versus anti-tumoral effects of Th17 lymphocytes and the cytokines they produce on cancer development. Th17 lymphocytes
produce cytokines which may promote or impair tumor development. Depending on the microenvironmentTh17 may differentiate intoTh1
or hybrid lymphocytes capable of controlling tumor growth or into protumoral Treg. IDO: indoleamine 2,3-dioxygenase.

Muranski et al. have evaluated the effects of Th17 generated
from CD4+ T cells isolated from TCR transgenic mice
specific for the TRP-1 melanoma epitope. Administration
of these Th17 lymphocytes led to the eradication of estab-
lished B16 melanoma. The therapeutic effects of these cells
were, however, substantially mediated by IFN𝛾 [124]. In
line with these results, subsequent studies indicated that
adoptive transfer of in vitro generated Th17 lymphocytes
impaired tumor development by eliciting robust tumor-
specific CD8+ T cell responses. Th17 cell therapy pro-
moted the homing of dendritic cells to the tumor site
and the draining lymph nodes [41]. Supporting the anti-
tumoral role of in vitro polarized Th17, in a more recent
study Muranski et al. demonstrated that adoptive Th17 cell
therapy has the potential to eliminate established tumors.
The anti-tumoral efficacy of these Th17 lymphocytes was
dependent on their ability to produce both IFN𝛾 and IL-17.
Interestingly, the administered Th17 differentiated into cells,
which exhibited a stem cell-like phenotype and Th1 prop-
erties (Tbet, IFN𝛾 expression) but retained their ability to
produce IL-17. Importantly, the therapeutic efficacy of Th17
lymphocytes generated from Tbet−/− or IFN𝛾−/− or IL17−/−
mice was severely impaired [74]. In agreement with these
reports, our own results have suggested that the adoptive
transfer of Th17 efficiently combined with chemotherapy to
treat established murine mammary carcinoma [125]. In one
study, the possibility that in vitro generated Th17 cells may
exhibit immunosuppressive function and promote tumor
progression through the expression of ectonucleotidases has
been proposed [126].

It should, however, be emphasized that in the majority
of these studies, the generated populations of CD4+ T cells

were heterogeneous in nature and were not a pure subset
of Th17 lymphocytes, advocating for a cautious interpreta-
tion of the above results. In addition, the concentration of
cytokines (TGF𝛽, IL-6, and IL-23) represents a major source
of variability between protocols used to generate Th17 cells
in vitro. Therefore, standardized procedures are still needed
to generate and purify homogeneous populations of CD4+ T
cells producing high levels of IL-17.

4. Conclusion: Manipulating
the Differentiation Status of Th17 for
Cancer Therapy

Although the role of Th17 in autoimmune diseases and
infection has been relatively well documented, the impact of
Th17 in cancer remains difficult to ascertain. The plasticity of
the developmental program of these cells confers them with
the ability to redifferentiate into suppressive Treg hindering
anti-tumor immunity or alternatively into proinflammatory
T helper cells such as Th1-like lymphocytes capable of acti-
vating tumor killer effector immune cells. This lack of clear
lineage commitment explains the propensity of Th17 cells
to be influenced in many different ways by the complex
tumor microenvironment. The direction of Th17 eventual
polarization is likely dictated by the concentration and ratio
of cytokines and chemokines present in the tumor milieu,
and by the presence and influence of other tumor-infiltrating
immune cells. Since the tumor environment depends on
the type, location, and stage of cancer, it is to be expected
that Th17 function may vary according to these conditions.
Controlling the level and type of the cytokines produced by



Clinical and Developmental Immunology 7

cancer cells in animal tumor models may help addressing
the conditions required for the pro- or anti-tumoral activity
of Th17 lymphocytes. In addition, it would be essential to
further evaluate the contribution of Th17 cells in tumor
immunity at different stages of cancer progression. The
degree of plasticity of these cells and their unpredictable
behavior in vivo makes the prospect of Th17-based cancer
immunotherapy highly challenging. However, based on the
promising results obtained in preclinical animal models, the
prospect of treating patients withTh-17 cells polarized in vitro
seems an attractive strategy which deserves to be evaluated
in clinical trials. The recent discovery of the stem cell-like
properties ofTh17, which enables them to self-renew with the
capacity to differentiate into Th1-like or Treg progeny, could
have significant implications on the outcome of Th17-based
therapy. However, although IFN𝛾-expressing Th17 lympho-
cytes mediate potent anti-tumor effects both in human
and animals, it will conceivably be challenging to consis-
tently and reproducibly redirect Th17 differentiation towards
IFN𝛾-expressing Th1-like cells following adoptive transfer in
vivo. Further studies are therefore required to more clearly
understand the driving forces sustaining Th17 polarization
into potent anti-tumor effector cells.
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[13] A. Sjölander, T. M. Baldwin, J. M. Curtis, and E. Handman,
“Induction of a Th1 immune response and simultaneous lack
of activation of a Th2 response are required for generation of
immunity to leishmaniasis,” Journal of Immunology, vol. 160, no.
8, pp. 3949–3957, 1998.

[14] W.-P. Zheng and R. A. Flavell, “The transcription factor GATA-
3 is necessary and sufficient forTh2 cytokine gene expression in
CD4 T cells,” Cell, vol. 89, no. 4, pp. 587–596, 1997.

[15] E. J. Pearce, P. Caspar, J.-M. Grzych, F. A. Lewis, and A.
Sher, “Downregulation of Th1 cytokine production accom-
panies induction of Th2 responses by a parasitic helminth,
Schistosoma mansoni,” Journal of Experimental Medicine, vol.
173, no. 1, pp. 159–166, 1991.

[16] E. M. Shevach, R. A. DiPaolo, J. Andersson, D.-M. Zhao, G.
L. Stephens, and A. M. Thornton, “The lifestyle of naturally
occurring CD4+CD25+Foxp3+ regulatory T cells,” Immunolog-
ical Reviews, vol. 212, pp. 60–73, 2006.

[17] E. M. Shevach, “Regulatory/suppressor T cells in health and
disease,”Arthritis and Rheumatism, vol. 50, no. 9, pp. 2721–2724,
2004.

[18] E. M. Shevach, “Regulatory T cells. Introduction,” Seminars in
Immunology, vol. 16, no. 2, pp. 69–71, 2004.

[19] S. Sakaguchi, “Regulatory T cells: history and perspective,”
Methods in Molecular Biology, vol. 707, pp. 3–17, 2011.

[20] Z. Fehérvari and S. Sakaguchi, “Development and function of
CD25+CD4+ regulatory T cells,” Current Opinion in Immunol-
ogy, vol. 16, no. 2, pp. 203–208, 2004.

[21] A. Y. Rudensky, “Regulatory T cells and Foxp3,” Immunological
Reviews, vol. 241, no. 1, pp. 260–268, 2011.

[22] S. Sakaguchi, T. Yamaguchi, T. Nomura, and M. Ono, “Regu-
latory T cells and immune tolerance,” Cell, vol. 133, no. 5, pp.
775–787, 2008.

[23] W. Zou, “Regulatory T cells, tumour immunity and
immunotherapy,” Nature Reviews Immunology, vol. 6, no.
4, pp. 295–307, 2006.

[24] S. Z. Josefowicz, L.-F. Lu, and A. Y. Rudensky, “Regulatory
T cells: mechanisms of differentiation and function,” Annual
Review of Immunology, vol. 30, pp. 531–564, 2012.

[25] M. P. Colombo and S. Piconese, “Regulatory T-cell inhibition
versus depletion: the right choice in cancer immunotherapy,”
Nature Reviews Cancer, vol. 7, no. 11, pp. 880–887, 2007.



8 Clinical and Developmental Immunology

[26] J. A. Bluestone and A. K. Abbas, “Natural versus adaptive reg-
ulatory T cells,” Nature Reviews Immunology, vol. 3, no. 3, pp.
253–257, 2003.

[27] G. Z. Song, J. Wang, P. Wang, J. D. Gray, and D. A. Horwitz,
“IL-2 is essential for TGF-𝛽 to convert naive CD4+CD25—cells
to CD25+Foxp3+ regulatory T cells and for expansion of these
cells,” Journal of Immunology, vol. 178, no. 4, pp. 2018–2027, 2007.

[28] Q. Shi, H. Cao, J. Liu et al., “CD4+Foxp3+regulatory T cells
induced by TGF-𝛽, IL-2 and all-trans retinoic acid attenuate
obliterative bronchiolitis in rat trachea transplantation,” Inter-
national Immunopharmacology, vol. 11, no. 11, pp. 1887–1894,
2011.

[29] T. S. Davidson, R. J. DiPaolo, J. Andersson, and E. M. Shevach,
“Cutting edge: IL-2 is essential for TGF-𝛽-mediated induction
of Foxp3+ T regulatory cells,” Journal of Immunology, vol. 178,
no. 7, pp. 4022–4026, 2007.

[30] M. Galgani, A. di Giacomo, G. Matarese, and A. la Cava, “The
Yin and Yang of CD4+ regulatory T cells in autoimmunity and
cancer,” Current Medicinal Chemistry, vol. 16, no. 35, pp. 4626–
4631, 2009.

[31] S. Danese and S. Rutella, “The janus face of CD4+CD25+ regu-
latory T cells in cancer and autoimmunity,” Current Medicinal
Chemistry, vol. 14, no. 6, pp. 649–666, 2007.

[32] T. Korn, E. Bettelli, M. Oukka, and V. K. Kuchroo, “IL-17 and
Th17 cells,” Annual Review of Immunology, vol. 27, pp. 485–517,
2009.

[33] P. Muranski and N. P. Restifo, “Essentials of Th17 cell commit-
ment and plasticity,” Blood, vol. 121, no. 13, pp. 2402–2414, 2013.

[34] C. M. Wilke, K. Bishop, D. Fox, and W. Zou, “Deciphering the
role ofTh17 cells in human disease,” Trends in Immunology, vol.
32, no. 12, pp. 603–611, 2011.

[35] X. O. Yang, B. P. Pappu, R. Nurieva et al., “T helper 17 lineage
differentiation is programmed by orphan nuclear receptors
ROR𝛼 and ROR𝛾,” Immunity, vol. 28, no. 1, pp. 29–39, 2008.

[36] I. I. Ivanov, B. S. McKenzie, L. Zhou et al., “The orphan
nuclear receptor ROR𝛾t directs the differentiation program of
proinflammatory IL-17+ T helper cells,” Cell, vol. 126, no. 6, pp.
1121–1133, 2006.

[37] I. Kryczek, M. Banerjee, P. Cheng et al., “Phenotype, distribu-
tion, generation, and functional and clinical relevance of Th17
cells in the human tumor environments,” Blood, vol. 114, no. 6,
pp. 1141–1149, 2009.

[38] H. Kebir, I. Ifergan, J. I. Alvarez et al., “Preferential recruitment
of interferon-𝛾-expressing TH17 cells in multiple sclerosis,”
Annals of Neurology, vol. 66, no. 3, pp. 390–402, 2009.

[39] T. Korn, E. Bettelli, W. Gao et al., “IL-21 initiates an alternative
pathway to induce proinflammatory T H17 cells,” Nature, vol.
448, no. 7152, pp. 484–487, 2007.

[40] I. Kryczek, E. Zhao, Y. Liu et al., “Human TH17 cells are long-
lived effectormemory cells,” Science TranslationalMedicine, vol.
3, no. 104, Article ID 104ra100, 2011.

[41] N. Martin-Orozco, P. Muranski, Y. Chung et al., “T helper 17
cells promote cytotoxic T cell activation in tumor immunity,”
Immunity, vol. 31, no. 5, pp. 787–798, 2009.

[42] K. A. Charles, H. Kulbe, R. Soper et al., “The tumor-promoting
actions of TNF-𝛼 involve TNFR1 and IL-17 in ovarian cancer in
mice and humans,”The Journal of Clinical Investigation, vol. 119,
no. 10, pp. 3011–3023, 2009.

[43] M. Pelletier, L. Maggi, A. Micheletti et al., “Evidence for a cross-
talk between human neutrophils andTh17 cells,” Blood, vol. 115,
no. 2, pp. 335–343, 2010.

[44] M.AnkathattiMunegowda, Y.Deng, S. J.Mulligan, and J. Xiang,
“Th17 and Th17-stimulated CD8+ T cells play a distinct role in
Th17-induced preventive and therapeutic antitumor immunity,”
Cancer Immunology, Immunotherapy, vol. 60, no. 10, pp. 1473–
1484, 2011.

[45] C. Dong, “Mouse Th17 cells: current understanding of their
generation and regulation,” European Journal of Immunology,
vol. 39, no. 3, pp. 640–644, 2009.

[46] T. Korn, M. Mitsdoerffer, A. L. Croxford et al., “IL-6 controls
Th17 immunity in vivo by inhibiting the conversion of conven-
tional T cells into Foxp3+ regulatory T cells,” Proceedings of the
National Academy of Sciences of the United States of America,
vol. 105, no. 47, pp. 18460–18465, 2008.

[47] L. Yang, D. E. Anderson, C. Baecher-Allan et al., “IL-21 and
TGF-𝛽 are required for differentiation of human T H17 cells,”
Nature, vol. 454, no. 7202, pp. 350–352, 2008.

[48] R. Nurieva, X. O. Yang, G. Martinez et al., “Essential autocrine
regulation by IL-21 in the generation of inflammatory T cells,”
Nature, vol. 448, no. 7152, pp. 480–483, 2007.

[49] C. Parham, M. Chirica, J. Timans et al., “A receptor for the het-
erodimeric cytokine IL-23 is composed of IL-12R𝛽1 and a novel
cytokine receptor subunit, IL-23R,” Journal of Immunology, vol.
168, no. 11, pp. 5699–5708, 2002.

[50] G. L. Stritesky, N. Yeh, and M. H. Kaplan, “IL-23 promotes
maintenance but not commitment to the Th17 lineage,” Journal
of Immunology, vol. 181, no. 9, pp. 5948–5955, 2008.

[51] D. J. Cua, J. Sherlock, Y. Chen et al., “Interleukin-23 rather than
interleukin-12 is the critical cytokine for autoimmune inflam-
mation of the brain,” Nature, vol. 421, no. 6924, pp. 744–748,
2003.

[52] C. L. Langrish, Y. Chen,W.M. Blumenschein et al., “IL-23 drives
a pathogenic T cell population that induces autoimmune
inflammation,” Journal of Experimental Medicine, vol. 201, no.
2, pp. 233–240, 2005.

[53] C. A.Murphy, C. L. Langrish, Y. Chen et al., “Divergent pro- and
antiinflammatory roles for IL-23 and IL-12 in joint autoimmune
inflammation,” Journal of Experimental Medicine, vol. 198, no.
12, pp. 1951–1957, 2003.

[54] Y. Chung, S. H. Chang, G. J. Martinez et al., “Critical regulation
of early Th17 cell differentiation by interleukin-1 signaling,”
Immunity, vol. 30, no. 4, pp. 576–587, 2009.

[55] Q. Chen, W. Yang, S. Gupta et al., “IRF-4-binding protein
inhibits interleukin-17 and interleukin-21 production by con-
trolling the activity of IRF-4 transcription factor,” Immunity,
vol. 29, no. 6, pp. 899–911, 2008.

[56] E. V. Acosta-Rodriguez, L. Rivino, J. Geginat et al., “Surface
phenotype and antigenic specificity of human interleukin 17-
producing T helper memory cells,” Nature Immunology, vol. 8,
no. 6, pp. 639–646, 2007.

[57] N. J. Wilson, K. Boniface, J. R. Chan et al., “Development,
cytokine profile and function of human interleukin 17-
producing helper T cells,” Nature Immunology, vol. 8, no. 9, pp.
950–957, 2007.

[58] K. Ghoreschi, A. Laurence, X.-P. Yang et al., “Generation of
pathogenic TH 17 cells in the absence of TGF-𝛽 2 signalling,”
Nature, vol. 467, no. 7318, pp. 967–971, 2010.

[59] V. Soumelis and E. Volpe, “TH17 differentiation, a complex
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