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Pathogenic mechanisms underlying the development of lung cancer are very complex and not yet entirely clarified. T lymphocytes
and their immune-regulatory cytokines play a pivotal role in controlling tumor growth and metastasis. Following activation by
unique cytokines, CD4+ T helper cells differentiate into Th1, Th2, Th17, and regulatory T cells (Tregs). Traditionally, research in
lung cancer immunity has focused almost exclusively onTh1/Th2 cell balance. Recently,Th17 cells and Tregs represent an intriguing
issue to be addressed in lung cancer pathogenesis. Tregs play an important role in the preservation of self-tolerance andmodulation
of overall immune responses against tumor cells. Th17 cells directly or via other proinflammatory cytokines modulate antitumor
immune responses. Notably, there is a close relation between Tregs andTh17 cells. However, the possible interaction between these
subsets in lung cancer remains to be elucidated. In this setting, targeting Treg/Th17 balance for therapeutic purposes may represent
a useful tool for lung cancer treatment in the future.The purpose of this review is to discuss recent findings of the role of these novel
populations in lung cancer immunity and to highlight the pleiotropic effects of these subsets on the development and regulation of
lung cancer.

1. Introduction

Lung cancer is the second most frequent cancer worldwide
and continues to be the leading cause of cancer deaths
[1]. Lung cancer is occurring in high frequencies in many
economically developing countries; in the west the incidence
is now declining which reflects changing cigarette smoking
habits in the second half of the 20th century [1]. Only 15%
of the patients survive for more than 5 years after primary
diagnosis [1, 2]. Cigarette smoking and other noxious parti-
cles and gases that favor chronic lung inflammation have been
established as risk factors for lung cancer development [2–4].
In particular, cigarette smoking with chronic inflammatory
infiltrates in lung parenchyma [5], cigarette smoking with
chronic obstructive pulmonary disease [6], and pulmonary
tuberculosis [7] have been described as critical risk factors of
lung cancer. In addition, tumormicroenvironment consisting
of immune cells is also identified as an indispensable partici-
pant of tumor immune pathogenesis [8].

Histologically, lung cancer is divided into two types:
small cell lung cancer (SCLC) and non-small cell lung cancer
(NSCLC). NSCLC represents about 80% of all lung cancer
cases and includes three histological subtypes: squamous cell
carcinoma, adenocarcinoma, and large cell carcinoma. About
80–90% of NSCLCs are directly related to tobacco smoke
[9] while SCLC represents about 20% of lung cancers and
nearly all SCLCs are associated with smoking [9, 10]. Several
studies have demonstrated that tumor microenvironment
consisting of immune cells is an indispensable participant of
the neoplastic process by favoring tumor cell proliferation,
survival, and metastasis [11, 12]. Lung cancer is more and
more common and receiving increasing attention; however,
lack of methods for early diagnosis and lack of systemic
therapies are the main reasons why the prognosis for many
patients is still poor.There is a need, therefore, to elucidate the
immune mechanisms to develop new therapeutic strategies
such as immunotherapy. However, the precise regulatory
mechanisms of the disease are poorly understood.
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Various studies have demonstrated that tumor-
infiltrating lymphocytes, especially CD4+ helper T cells,
are present in the lungs of patients with non-small cell
lung cancer [13]. CD4+ T helper cells are significantly
important in removing cancerous tissue or cells. CD4+
helper T cells can be functionally divided into Th1, Th2,
Th17, and regulatory T cells (Tregs) based on the secretion
of cytokines [14, 15]. They perform different biological
functions in antitumor immunity and tumor immune
evasion and play an important role, respectively, in tumor
tolerance mechanisms, tumor immune microenvironment,
and immune homeostasis [16, 17]. Traditionally, research
in lung cancer immunity has focused almost exclusively
on Th1/Th2 cell balance [18]. Recently, the identification of
Th17 cells and Tregs not only changes the classical Th1/Th2
paradigm of T helper cell differentiation but also markedly
facilitates our understanding of human immunity under
both physiological and pathological conditions [15, 19, 20].
Notably, there is a close relation between Tregs andTh17 cells.
With time, the relationship has become increasingly complex
and more closely intertwined. Several studies showed that
Th17 and Tregs are present in lung cancer [21, 22]; however,
the possible interaction between these subsets in lung cancer
remains to be elucidated. The aim of this review is to discuss
recent findings of the role of these novel populations in lung
cancer immunity and to highlight the pleiotropic effects of
these subsets on the development and regulation of lung
cancer. Targeting Treg/Th17 balance for therapeutic purposes
may represent a useful tool for lung cancer treatment in the
future.

2. Th1-Th2 Paradigm in Lung Cancer

Traditionally, naı̈ve CD4+ T cells become activated and
differentiate into two effectorT cell subsets after encountering
a specific antigen.Th1 cells, which produce interleukin (IL)-2,
interferon-gamma (IFN-𝛾), and tumor necrosis factor-alpha
(TNF-𝛼), are the major effectors of phagocyte-mediated
host defense, protective against intracellular pathogens, and
Th2 cells, which produce IL-4, IL-5, IL-6, IL-13, and IL-10,
are important in allergic responses and protection against
infection of helminthic parasites [23, 24]. The key transcrip-
tion factors driving Th1 cell differentiation are T-bet, STAT-
1, and STAT-4, whereas the transcription factors STAT-6,
c-maf, GATA-3, and NFAT are master regulators of Th2
development and function [14, 25]. IL-12 has been shown
to induce the differentiation of Th1 cells and to enhance
autoimmune disease in certain animal models [26]. Th1
cells secrete IL-2 and IFN-𝛾 that suppress Th2 responses,
whereas Th2 cells secrete IL-4 and IL-10 that inhibit Th1
responses [23]. ConcerningTh1/Th2paradigm in lung cancer,
the hypothesis of Th1 predominance and downregulation
of the Th2 response was reinforced by evidence from both
murine studies and the clinical course of Th1 and Th2 based
conditions in lung cancer. A study by Ito et al. [18] addressed
the expression of Th1 and Th2 cells in lung cancer. It was
found that the percentage of Th1 cells in tumor-infiltrating

lymphocytes was significantly higher than in the correspond-
ing peripheral blood and the proportion of Th2 cells was
significantly lower than that of Th1 cells. This indicates that
Th1 cells are dominantly tumor infiltrators. In addition, some
studies showed that the mRNA and protein expression levels
of INF-𝛾 and IL-12 were significantly increased, whereas the
expression level of IL-4 and the frequencies of the IL-4 variant
−590T/C were decreased in lung tumor tissue [27–30]. All
these studies demonstrated that these Th1 cells develop in
the presence of tumor antigens and Th1 polarizing cytokines
such as IL-12 and INF-𝛾 in the lung microenvironment.
Additionally, theTh1-to-Th2 ratios were significantly elevated
in the tumor-infiltrating lymphocytes (TIL) of the patients
with early stage lung cancer, while theTh1-to-Th2 ratios were
significantly depressed in the PBL of the patients with tumor
recurrences [18]. Moreover, the mRNA expression of IL-4
and IL-10 in tumor tissue and pleural effusion of NSCLC
patients was significantly higher than that of IL-2, IL-12, and
INF-𝛾 [31]. These findings suggested that the imbalance and
conversion ofTh1 andTh2 cells might be responsible for both
the occurrence and the progression of lung cancer.

Although the above findings have suggested that Th1
and Th2 cells are involved in lung cancer development, the
functional role of Th1/Th2 tumor-infiltrating T cells is not
clear. Experiments performed on tumor bearingmice showed
that T-bet knockout mice have significantly higher tumor
load associated with reduced Th1 cells, suggesting that T-
bet expressing Th1 cells protect from lung tumor growth
[32]. IL-10 transgenic mice are unable to limit the growth of
immunogenic tumors; however, administration of blocking
IL-10 mAbs restored in vivo antitumor responses [33]. IFN-
𝛾 may exert potent antitumor effects on lung cancer and
metastasis, as this cytokine boosts natural killer cell activity,
inducesmacrophage activation and antigen presentation, and
activates tumor-specific CD8+CTLs which are required for
the elimination of cancer cells [34–36]. IL-10 inhibits the
generation of cell-mediated antitumor immunity by inhibit-
ing a broad array of immune parameters including antigen
presentation, antigen-specific T cell proliferation, and type
1 cytokine production [37]. Together, these findings support
the implication of enhanced Th1 cells in augmenting anti-
tumor responses but enhanced Th2 cells in downregulating
antitumor immunity.

Of note, although the Th1 andTh2 responses can be seen
as discrete responses in lung cancer development, there is
considerable cross-talk and overlap between the functions of
the two subsets. Previous studies have shown that peripheral
blood lymphocytes from NSCLC patients with recurrence
showed an unfavorable imbalance betweenTh1 andTh2 cells,
with significantly depressed Th1-to-Th2 ratios [18]. Similarly,
tumor cells from patients with advanced lung cancer express
some type 2 cytokines such as IL-10 and transforming growth
factor-𝛽 (TGF-𝛽), while little or no levels of type 1 cytokines
such as IL-2 and IFN-gamma were noted [38, 39]. With
the progression of a tumor, including malignant effusion
and distant metastasis, the cell-mediated immunity of lung
cancer patients is impaired and tumor cells produce type 2
cytokines to suppress the differentiation of T cells into Th1
cells. In addition, these immunosuppressive cytokines IL-10
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and TGF-𝛽 might not only suppress Th1 cell responses by
tumor-infiltrating T cells but also favor the development of
regulatory T cells [40–42].

3. Treg Cells in Lung Cancer

Th17 and regulatory T cells (Tregs) have replaced the 20-
year-old Th1-Th2 paradigm [43]. This new paradigm has
significantly improved our understanding on the differen-
tiation of functional CD4+ T helper cell subsets and T
cell regulation of inflammation and autoimmunity. Studies
ongoing for more than a decade have provided firm evidence
for the existence of a unique CD4+CD25+ T-cell population
of “professional” regulatory/suppressor T cells that actively
and dominantly prevent both the activation and the effector
function of autoreactive T cells that have escaped other
mechanisms of tolerance [44–46]. TGF-𝛽1 and IL-2 are the
two crucial cytokines involved in the differentiation of naı̈ve
T-cells into Tregs, which express the forkhead lineage-specific
transcription factor FoxP3 protein. TGF-𝛽1 together with IL-
2 is also needed for Tregs expansion. IL-2-induced STAT5 has
a prominent role in promoting Foxp3 expression [47]. All-
trans retinoic acid (atRA), an active metabolite of retinoic
acid, markedly enhances TGF-𝛽-induced Foxp3 expression
and stability in mice [48] and the expansion of these Tregs
[49]. IL-2-deficient mice have a reduced number of nTreg-
cells, indicating the importance of Treg cell proliferation
[50]. Multiple lines of evidence have indicated that Tregs
are involved in the control of the local immune response
and in the growth of human lung cancer [21, 51, 52]. A
higher level of TGF-𝛽1 in the BALF of patients with primary
lung cancer compared with the healthy subjects has been
found [53]. In addition, IL-2 levels are higher in patients with
NSCLC [54] compared with healthy controls. The findings
of higher levels of both TGF-𝛽1 and IL-2 suggest that these
proinflammatory cytokines might promote the generation
and differentiation of Tregs in lung cancer. Furthermore, it
was found that there were increased proportions of tumor-
infiltrating CD4+CD25+ T cells in patients with early stage
NSCLC, and these CD4+CD25+ T cells were found to secrete
immunosuppressive cytokine TGF-𝛽, which may play a role
in cancer progression [55, 56]. In addition, these regulatory
T cells have been shown to express cytotoxic lymphocyte-
associated antigen-4 CTLA-4 (CD152) in mice [57], and
triggering of CTLA-4 has been shown to induce TGF-𝛽
secretion [58]. Similarly, Chen et al. [59] also found that
increased proportions of CD4+CD25+ T cells in malignant
pleural effusion (MPE) were regulatory T cells as they express
high levels of Foxp3 transcription factor and CTLA-4. More-
over, pleural CD4+CD25+ T cells could potently suppress
the proliferation of CD4+CD25- T cells and CTLA-4 was
involved in the suppressive activity of pleural CD4+CD25+
T cells. In a recent study, Ganesan et al. [60] demonstrated
that tumor-infiltrating Tregs partially repressed CD8+ T
cell responses in mouse models of lung adenocarcinoma.
Thus, Treg cells in NSCLC appear to selectively inhibit
host immune responses and therefore might contribute to
cancer progression. What underlies the enrichment of Treg

cells within tumor tissue or PE of lung cancer patients?
There is considerable evidence to suggest that increased
CD4+CD25+ T cells in tumor site might be due to either
active recruitment or local differentiation. A study by Zhao et
al. [61] showed that there were increased levels of TGF-𝛽1 and
IL-2 in serum in patients withNSCLC comparedwith healthy
controls. TGF-𝛽 induces Treg expansion in lung cancer
microenvironment [48]. In addition, other studies identified
that CCL22 in MPE might be related to the accumulation of
Treg cells inMPE. Indeed, an in vitro migration assay further
confirmed that MPE could induce the migration of Treg
cells and that either anti-CCL22 mAb significantly inhibited
the ability of the MPE to stimulate Tregs chemotaxis [62].
Further analysis of Tregs and related cytokines in lung cancer
patients and tumor bearing animals clearly demonstrated
the relationship between the stage of the disease and the
relative proportion and number of Treg cells. For instance,
experimental results suggested that Tregs were shown to
inhibit NK cell-mediated suppression of tumor growth and
metastases largely by a TGF-𝛽-dependent mechanism [63].
Petersen et al. [64] reported that patients with stage I NSCLC
who have a higher proportion of tumor Treg cells had a
significant risk of recurrence. Similarly, Shimizu et al. [65]
also showed that tumor-infiltrating FoxP3+ Tregs correlate
with cyclooxygenase-2 (COX-2) expression and increased
tumor recurrence in stage I to stage III NSCLC. Furthermore,
Liu et al. [66] showed that a high FoxP3+ Treg/CD8+ T cell
ratio is a risk factor for poor response to platinum-based
chemotherapy in advanced NSCLC. This means that Tregs
are able to inhibit antitumor immunity and mediate immune
tolerance favoring tumor growth. However, to the best of our
knowledge, although the elevated frequency of Tregs in tumor
tissues correlated with the prognosis, whether or not Tregs
directly contribute to tumor growth remains unclear. Further
research should be done by using adoptive transfer of Treg
cells and IL-2 or TGF-𝛽-null (or IL-2 or TGF-𝛽 deficient)
mice.

4. Th17 Cells in Lung Cancer

The subset of CD4+ T cells that produce both IL-17A and IL-
17F is now defined as a separate subset of Th17 cells. Distinct
fromTh1 andTh2 cells,Th17 cells are reported to be generated
from naı̈ve T cells by IL-6, IL-1, and IL-21, with or without
TGF-𝛽, and are expanded and stabilized further by IL-23 [67–
70] and by virtue of expressing the orphan nuclear receptors
RORgt andROR𝛼 as critical transcription factors [71]. STAT3
regulates IL-6-induced expression of RORgt and RORa and
IL-17 production [72]. In the mouse, näıve CD4+ T cells
stimulated by TGF-𝛽 and IL-6 differentiate into Th17 cells
[73]. However, whether TGF-𝛽 plays a decisive role in the
differentiation of näıve human CD4+ T cells into Th17 cells
is controversy. Acosta-Rodriguez et al. [74] found that human
Th17 cells originate in response to the combined activity of IL-
1𝛽 and IL-6, whereasWilson et al. [75] found that the activity
of IL-1𝛽 or IL-23 alone was critical. In some human studies,
the addition of TGF-𝛽 to human näıve or memory CD4+ T
cells was even found to be inhibitory on the development
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of Th17 cells [76]. Many studies have demonstrated the
importance of Th17 cells in clearing pathogens during host
defense reactions and in inducing tissue inflammation in
autoimmune disease; however, the role of Th17 cells and
related cytokine IL-17 in lung cancer immunity has been
confusing.

Besides IL-17 and IL-17F, Th17 cells also secrete other
cytokines such as IL-21, IL-22, and CCL20 [76]. IL-17 (also
known as IL-17A) was first cloned in 1993 and identified as
cytotoxic T lymphocyte-associated antigen (CTLA)-8 [77].
IL-17F was later discovered and closely related to IL-17A [78].
They are mainly produced by activated memory CD4+ T
cells but can be induced in CD8+ T cells, NK T cells, DC
cells, and possibly other cells [79–84]. An induction of IL-
17AmRNAand protein expressionwas noted in lungCD4+T
cells in patients withNSCLC as compared to healthy controls,
suggesting IL-17 is involved in lung cancer [22, 31]. However,
the role of IL-17 in tumor immunity remains undefined.
Functionally, overexpression of IL-17 in tumor cell lines
promotes angiogenesis and tumor growth when the tumors
are implanted in immune-compromisedmice [85]. Intranasal
treatment of mice with a neutralizing anti-IL-17A antibody
in experimental lung adenocarcinoma caused a significant
reduction of tumor growth as compared to control treated
mice [32]. Similarly, IL-17A deficiency or IL-17A blockade
led to suppression of lung metastasis in tumor models [86].
Further, IL-17 could directly promote the invasion of NSCLC
cells both in vitro and in vivo. Furthermore, the elevated
expression of IL-17 in peripheral blood was associated with
the TNM stage [87]. These reports indicate that IL-17-
mediated responses promote tumor development through
the induction of tumor-promoting microenvironments at
tumor sites and that IL-17-mediated regulation of myeloid-
derived suppressor cells (MDSCs) is a primary mechanism
for its tumor-promoting effects [88]. In contrast, recent
reports indicate that tumor growth in subcutaneous tissue
and lung tumor metastasis are enhanced in IL-17−/− mice
and that the mechanism is associated with reducing IFN-
g-producing tumor-infiltrating NK and T cells [89, 90].
It implicates that IL-17-mediated responses are protective
against tumor development. With regard to IL-22, several
studies have showed that high expression concentrations of
IL-22 were detected in tumor tissue, MPE, and serum of
patients with lung cancer and that the overexpression of
IL-22 was correlated with occurrence and progress of lung
cancer [91, 92]. IL-22 might also play a role during tumor
genesis because IL-22 stimulates signaling pathways that are
involved in the cell proliferation, cell apoptosis, and cell
cycle control [93–96]. So far, however, additional roles for
the Th17-derived cytokines in lung cancer remain largely
unexplored. Additionally, further research should be done by
using adoptive transfer of Th17 cells in mice to demonstrate
the cellular mechanisms.

Concerning Th17 cells in lung cancer, recent data from
humans and mice clearly support the role of Th17 cells in
lung cancer pathogenesis. It was found that the expression of
Th17markers ROR c and ROR 𝛾t was significantly induced in
NSCLC [31], and a largerTh17 cell was included in SCLC [97].

Consistently, Th17 numbers in malignant PE from patients
with lung cancer were much higher than numbers in periph-
eral blood.The overrepresentation ofTh17 cells inMPEmight
be due to Th17 cell differentiation and expansion stimulated
by pleural proinflammatory cytokines IL-1𝛽, IL-6, IL-23,
or their various combinations and to recruitment of Th17
cells from peripheral blood induced by pleural chemokines
CCL20 and CCL22 [98]. In spite of the above findings
highlighting the expression and differentiation ofTh17 cells in
lung cancer, their physiological functions in cancer immunity
still remain largely unknown. It has been suggested thatTh17
cells themselves do not have direct in vitro killing activity
to tumor cells. Th17 cells stimulate tumor residential cells to
produce CCL2 and CCL20, which provokes the recruitment
of dendritic cell, granulocyte, CD4+ T cell, CD8+ T cell, and
NK cell to the tumor site [99]. Increased numbers of DCs
after Th17 cell transfer enhance tumor antigen in the lung
and migrate to the lymph nodes where they activate CD8+ T
cells against the tumor [100].The tumor-specificCD8+T cells
may kill tumors independent of IFN𝛾, possibly via perforin
pathway [28]. Taken together, these reports demonstrate that
Th17 cells participate in antitumor immunity by facilitating T
cell recruitment to the tumor site and CD8+ T cell priming
and suggest a new avenue for developing Th17 cell-based
therapy for lung cancer.

5. The Balance and Correlation between Th17
Cells and Treg Cells in Lung Cancer

Besides the above-mentioned difficulty to clarify the effective
role played byTh17 andTreg cells in lung cancer pathogenesis,
recent studiesmade thismatter evenmore complex providing
the clue of these T-cell subsets [31, 101, 102]. Recently, it
became increasingly clear that CD4+ T cell subsets are
not stable and display plasticity during differentiation and
maintenance [47]. There is a close relation between Tregs
and Th17 cells. In mice these cells originate from a common
precursor, with the differentiation of which is dependent
upon the production of dendritic cells activated by microor-
ganisms [103]. Moreover, the progenitor cells differentiate to
Th17/Treg intermediate cells, which express both RORC and
Foxp3 [104]. Additionally, Tregs andTh17 cells share common
chemokine receptors (CCR6, CCR4) and homing properties
(CCL20) [105]. In human a differentiation link betweenTh17
cells and Tregs has been reported, in which TGF-𝛽 is essential
for the generation of both cells [103]. The differentiation
of Th17 cells is inhibited by high TGF-𝛽 concentrations
but requires IL-1𝛽 and IL-6. Retinoic acid, which is a key
regulator of TGF-𝛽 dependent immune responses, is able
to inhibit ROR-𝛾t in Th17-inducing conditions and simul-
taneously promote Tregs differentiation [103, 104]. Besides,
there is also an inverse correlation between ROR-𝛾t and
FoxP3 [106]. Indeed, in the presence of proinflammatory
cytokines and low concentration of TGF-𝛽, ROR-𝛾t expres-
sion is further upregulated, whereas FoxP3 expression and
function are inhibited. This evidence shows the importance
of cytokines environment in the differentiation of CD4+ T-
cell subsets, depending upon the balance of expression of
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the transcriptional factors ROR-𝛾t and FoxP3. Recently, the
relationship has taken a further twist, with the surprising
finding that Tregs are able to convert to Th17 cells in the
context of inflammatory signals, such as IL-1𝛽, IL-6, IL-21,
and IL-23 [107–109].

Many studies have revealed that lung cancer may occur
as a consequence of cytokine imbalance and eventually of
the Th17/Treg ratio. For instance, SCLC as well as NSCLC
cells overexpress TGF-𝛽 [110, 111]. Serum levels of TGF-𝛽
were increased in lung cancer patients with lymph node
metastasis compared with patients who were without lymph
node metastasis, and the TGF-𝛽 levels were significantly
higher in patients with stage III disease compared with
patients who had stages I and II disease [112]. Activated
TGF-𝛽 promotes tumormetastases [113]. Notably, TGF-𝛽 has
suppressive activity in early tumorigenesis but may become
tumor-promoting in the later stages of the disease [113].
Similarly, IL-17A may elicit pro- as well as antitumor prop-
erties. Additionally, this cytokine induces IL-6 production
to interfere with Tregs development. Studies by Zhou et
al. [108] have shown that there is a significant increase in
Tregs and FoxP3 expression and a decrease in Th17 cells,
ROR ct and IL-17 expression in peripheral blood of NSCLC
patients while compared to that in healthy patients, and
Foxp3 levels correlated with levels of RORc and IL-17. In
particular Th17/Treg ratio is negatively correlated with the
TNM stages. As a consequence, tumor-derived low TGF-
𝛽 may synergize with IL-6 and IL-21 to promote Th17 cell
differentiation in early stage lung cancer, while in late stage
disease tumor-derived high TGF-𝛽may induce overproduc-
tion of Treg cytokines and, in turn, promotes a shift in the
Th17/Treg balance toward a Treg response and inhibiting
the Th17 response [108, 114]. Further study by Ye et al.
[101] provides functional evidence that regulatory T cells
from malignant pleural effusion in lung cancer were found
to inhibit generation and differentiation of Th17 cells via
the latency-associated peptide LAP. Thus, Tregs and Th17
arise in a mutually exclusive fashion, depending on tumor
microenviroment. Taken together, these results suggest that
Tregs and Th17 cells are involved in the perpetuation of the
inflammatory immune response in lung cancer, and restoring
an adequate cytokine network and Th17/Treg balance may
help to achieve a better clinical response.

6. Closing Remark and Prospective

T lymphocytes and related cytokines modulate immune
responses in the tumor microenvironment during progres-
sion/metastasis, and the balance between destructive inflam-
mation and protective immunity determines the direction of
the malignant process [115–119]. Th17 and Treg cells are two
mutually contradictory T cell subsets. The differentiation of
Th17 cells depends on the concomitant action of IL-6 and
the suppressive cytokine TGF-b which is also necessary for
the induction of Tregs. IL-6, in turn, inhibits the develop-
ment of Tregs suggesting that IL-6 plays a pivotal role in
dictating the balance between the generation of Tregs and
Th17 cells. Maintaining an appropriate balance betweenTh17

and Treg cells can ensure effective immunity while avoiding
inflammatory and tumor immunosurveillance. Accumulated
evidence has demonstrated quantitative or functional imbal-
ance between Th17 and Tregs and these subsets’ expression
correlation with prognosis in lung cancer, suggesting that
Th17 and Tregs represent important key pathogenic players
in lung cancer pathogenesis. Th17 cells dominantly act to
induce antitumor immunity. In contrast, Tregs better enable
inhibition of antitumor immunity. However, the molecular
mechanisms underlying the involvement and regulation of
these two subsets in lung cancer immunopathology remain
largely unknown. In addition, a number of crucial questions
remain to be answered. What precise roles do TGF-𝛽, IL-
6, IL-17, and IL-22 play in lung cancer immunopathology?
HowmightTh17/Treg imbalance be induced and lead to lung
cancer immune pathogenesis? Is the Th17/Treg imbalance in
early stages of tumor development the same as in late stage?
Are there complementary roles for Th17 and Treg responses
in lung cancer? Further understanding of the mechanisms
of Th17/Treg-mediated inflammatory immune responses, in
tilting the balance between destructive inflammation and
antitumor immunosurveillance,may open new lines of inves-
tigation for lung cancer treatment in the future.
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[70] L. A. Zúñiga, R. Jain, C. Haines, and D. J. Cua, “Th17 cell
development: from the cradle to the grave,” Immunological
Reviews, vol. 252, no. 1, pp. 78–88, 2013.

[71] 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.

[72] X. O. Yang, A. D. Panopoulos, R. Nurieva et al., “STAT3
regulates cytokine-mediated generation of inflammatory helper



8 Journal of Immunology Research

T cells,”The Journal of Biological Chemistry, vol. 282, no. 13, pp.
9358–9363, 2007.

[73] P. R. Mangan, L. E. Harrington, D. B. O’Quinn et al., “Trans-
forming growth factor-𝛽 induces development of the TH17
lineage,” Nature, vol. 441, no. 7090, pp. 231–234, 2006.

[74] E. V. Acosta-Rodriguez, G. Napolitani, A. Lanzavecchia, and F.
Sallusto, “Interleukins 1𝛽 and 6 but not transforming growth
factor-𝛽 are essential for the differentiation of interleukin 17-
producing human T helper cells,” Nature Immunology, vol. 8,
no. 9, pp. 942–949, 2007.

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

[76] 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.

[77] E. Rouvier, M.-F. Luciani, M.-G. Mattei, F. Denizot, and P. Gol-
stein, “CTLA-8, cloned from an activated T cell, bearing AU-
rich messenger RNA instability sequences, and homologous to
a herpesvirus Saimiri gene,”The Journal of Immunology, vol. 150,
no. 12, pp. 5445–5456, 1993.

[78] M.Kawaguchi,M.Adachi, N.Oda, F. Kokubu, and S.-K.Huang,
“IL-17 cytokine family,” The Journal of Allergy and Clinical
Immunology, vol. 114, no. 6, pp. 1265–1273, 2004.

[79] M.-L. Michel, D. Mendes-da-Cruz, A. C. Keller et al., “Critical
role of ROR-𝛾t in a new thymic pathway leading to IL-17-
producing invariant NKT cell differentiation,” Proceedings of the
National Academy of Sciences of theUnited States of America, vol.
105, no. 50, pp. 19845–19850, 2008.

[80] B. Ciric, M. El-behi, R. Cabrera, G.-X. Zhang, and A. Rostami,
“IL-23 drives pathogenic IL-17-producing CD8+ T cells,” The
Journal of Immunology, vol. 182, no. 9, pp. 5296–5305, 2009.

[81] A. B. van der Waart, W. J. van der Velden, A. G. van Hal-
teren et al., “Decreased levels of circulating IL17-producing
CD161+CCR6+ T cells are associated with graft-versus-host
disease after allogeneic stem cell transplantation,” PLoS ONE,
vol. 7, no. 12, Article ID e50896, 2012.

[82] K. Shibata, H. Yamada, M. Nakamura et al., “IFN-𝛾-producing
and IL-17-producing 𝛾𝛿 T cells differentiate at distinct develop-
mental stages in murine fetal thymus,”The Journal of Immunol-
ogy, vol. 192, no. 5, pp. 2210–2218, 2014.

[83] M.-L. Michel, A. C. Keller, C. Paget et al., “Identification of
an IL-17-producing NK1.1neg iNKT cell population involved in
airwayneutrophilia,” Journal of ExperimentalMedicine, vol. 204,
no. 5, pp. 995–1001, 2007.

[84] C. Ramirez-Velazquez, E. C. Castillo, L. Guido-Bayardo, and
V. Ortiz-Navarrete, “IL-17-producing peripheral blood CD177+
neutrophils increase in allergic asthmatic subjects,” Allergy,
Asthma & Clinical Immunology, vol. 9, article 23, 2013.

[85] M. Numasaki, M. Watanabe, T. Suzuki et al., “IL-17 enhances
the net angiogenic activity and in vivo growth of human non-
small cell lung cancer in SCIDmice through promoting CXCR-
2-dependent angiogenesis,”The Journal of Immunology, vol. 175,
no. 9, pp. 6177–6189, 2005.

[86] Y. Carmi, G. Rinott, S. Dotan et al., “Microenvironment-derived
IL-1 and IL-17 interact in the control of lung metastasis,” The
Journal of Immunology, vol. 186, no. 6, pp. 3462–3471, 2011.

[87] Q. Li, Y. Han, G. Fei, Z. Guo, T. Ren, and Z. Liu, “IL-17 promoted
metastasis of non-small-cell lung cancer cells,” Immunology
Letters, vol. 148, no. 2, pp. 144–150, 2012.

[88] D.He,H. Li,N. Yusuf et al., “IL-17 promotes tumor development
through the induction of tumor promotingmicroenvironments
at tumor sites and myeloid-derived suppressor cells,” The
Journal of Immunology, vol. 184, no. 5, pp. 2281–2288, 2010.

[89] I. Kryczek, S. Wei, W. Szeliga, L. Vatan, and W. Zou, “Endoge-
nous IL-17 contributes to reduced tumor growth and metasta-
sis,” Blood, vol. 114, no. 2, pp. 357–359, 2009.

[90] 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.

[91] S. Kobold, S. Völk, T. Clauditz et al., “Interleukin-22 is fre-
quently expressed in small- and large-cell lung cancer and pro-
motes growth in chemotherapy-resistant cancer cells,” Journal
of Thoracic Oncology, vol. 8, no. 8, pp. 1032–1042, 2013.

[92] Z. J. Ye, Q. Zhou,W. Yin et al., “Interleukin 22-producing CD4+
T cells in malignant pleural effusion,” Cancer Letters, vol. 326,
no. 1, pp. 23–32, 2012.

[93] D. Lejeune, L. Dumoutier, S. Constantinescu, W. Kruijer, J. J.
Schuringa, and J.-C. Renauld, “Interleukin-22 (IL-22) activates
the JAK/STAT, ERK, JNK, and p38 MAP kinase pathways in
a rat hepatoma cell line: pathways that are shared with and
distinct from IL-10,”TheJournal of Biological Chemistry, vol. 277,
no. 37, pp. 33676–33682, 2002.

[94] F. Romerio andD. Zella, “MEK and ERK inhibitors enhance the
anti-proliferative effect of interferon-𝛼2b,” The FASEB Journal,
vol. 16, no. 12, pp. 1680–1682, 2002.

[95] J. J. Wu, X. D. Zhang, S. Gillespie, and P. Hersey, “Selection
for TRAIL resistance results in melanoma cells with high
proliferative potential,” FEBS Letters, vol. 579, no. 9, pp. 1940–
1944, 2005.

[96] J. Y. Fang and B. C. Richardson, “The MAPK signalling
pathways and colorectal cancer,”TheLancet Oncology, vol. 6, no.
5, pp. 322–327, 2005.

[97] K. Koyama, H. Kagamu, S.Miura et al., “Reciprocal CD4+ T-cell
balance of effectorCD62Llow CD4+ andCD62LhighCD25+ CD4+
regulatory T cells in small cell lung cancer reflects disease stage,”
Clinical Cancer Research, vol. 14, no. 21, pp. 6770–6779, 2008.

[98] Z.-J. Ye, Q. Zhou, Y.-Y. Gu et al., “Generation and differentiation
of IL-17-producing CD4+ T cells in malignant pleural effusion,”
The Journal of Immunology, vol. 185, no. 10, pp. 6348–6354, 2010.

[99] W. Zou and N. P. Restifo, “TH17 cells in tumour immunity and
immunotherapy,”Nature Reviews Immunology, vol. 10, no. 4, pp.
248–256, 2010.

[100] 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.

[101] Z.-J. Ye, Q. Zhou, J.-C. Zhang et al., “CD39+ regulatory T cells
suppress generation and differentiation of Th17 cells in human
malignant pleural effusion via a LAP-dependent mechanism,”
Respiratory Research, vol. 12, article 77, 2011.

[102] E. de Jong, T. Suddason, and G. M. Lord, “Translational mini-
review series onTh17 Cells: development of mouse and human
T helper 17 cells,” Clinical & Experimental Immunology, vol. 159,
no. 2, pp. 148–158, 2010.

[103] A. Peck and E. D. Mellins, “Plasticity of T-cell phenotype and
function: the T helper type 17 example,” Immunology, vol. 129,
no. 2, pp. 147–153, 2010.

[104] S. Q. Crome, A. Y. Wang, and M. K. Levings, “Translational
mini-review series on Th17 cells: function and regulation of
human T helper 17 cells in health and disease,” Clinical &
Experimental Immunology, vol. 159, no. 2, pp. 109–119, 2010.



Journal of Immunology Research 9

[105] 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.

[106] Z. Chen, F. Lin, Y. Gao et al., “FOXP3 and ROR𝛾t: transcrip-
tional regulation of Treg andTh17,” International Immunophar-
macology, vol. 11, no. 5, pp. 536–542, 2011.

[107] H. J. Koenen, R. L. Smeets, P. M. Vink, E. van Rijssen, A. M. H.
Boots, and I. Joosten, “Human CD25highFoxp3pos regulatory T
cells differentiate into IL-17 producing cells,” Blood, vol. 112, no.
6, pp. 2340–2352, 2008.

[108] L. Zhou, J. E. Lopes, M. M. W. Chong et al., “TGF-Β-induced
Foxp3 inhibits TH17 cell differentiation by antagonizing ROR𝛾t
function,” Nature, vol. 453, no. 7192, pp. 236–240, 2008.

[109] X. O. Yang, R. Nurieva, G. J. Martinez et al., “Molecular
antagonism and plasticity of regulatory and inflammatory T cell
programs,” Immunity, vol. 29, no. 1, pp. 44–56, 2008.

[110] S. Hougaard, M. Krarup, P. Nørgaard, L. Damstrup, M. Spang-
Thomsen, and H. Skovgaard Poulsen, “High value of the
radiobiological parameter D

𝑞

correlates to expression of the
transforming growth factor𝛽 type II receptor in a panel of small
cell lung cancer cell lines,” Lung Cancer, vol. 20, no. 1, pp. 65–69,
1998.

[111] H.-S. Jeon and J. Jen, “TGF-𝛽 signaling and the role of inhibitory
smads in non-small cell lung cancer,” Journal of Thoracic
Oncology, vol. 5, no. 4, pp. 417–419, 2010.

[112] Y. Hasegawa, S. Takanashi, Y. Kanehira, T. Tsushima, T. Imai,
and K. Okumura, “Transforming growth factor-𝛽1 level corre-
lates with angiogenesis, tumor progression, and prognosis in
patients with non-small cell lung carcinoma,” Cancer, vol. 91,
no. 5, pp. 964–971, 2001.

[113] A. B. Roberts and L. M. Wakefield, “The two faces of trans-
forming growth factor 𝛽 in carcinogenesis,” Proceedings of the
National Academy of Sciences of the United States of America,
vol. 100, no. 15, pp. 8621–8623, 2003.

[114] N. Yosef, A. K. Shalek, J. T. Gaublomme et al., “Dynamic regula-
tory network controlling TH17 cell differentiation,” Nature, vol.
496, no. 7446, pp. 461–468, 2013.

[115] S. I. Grivennikov, F. R. Greten, and M. Karin, “Immunity,
inflammation, and cancer,” Cell, vol. 140, no. 6, pp. 883–899,
2010.

[116] A. Mantovani, P. Allavena, A. Sica, and F. Balkwill, “Cancer-
related inflammation,” Nature, vol. 454, no. 7203, pp. 436–444,
2008.

[117] S. Ostrand-Rosenberg, “Immune surveillance: a balance
between protumor and antitumor immunity,” Current Opinion
in Genetics & Development, vol. 18, no. 1, pp. 11–18, 2008.

[118] D. G. DeNardo, P. Andreu, and L. M. Coussens, “Interactions
between lymphocytes and myeloid cells regulate pro-versus
anti-tumor immunity,” Cancer and Metastasis Reviews, vol. 29,
no. 2, pp. 309–316, 2010.

[119] S. K. Drexler and A. S. Yazdi, “Complex roles of inflammasomes
in carcinogenesis,” Cancer Journal, vol. 19, no. 6, pp. 468–472,
2013.


