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Abstract

There is increasing evidence in the literature pointing to an important role of inflammation during 

initiation and progression of cancer. Glioblastoma is the most common malignant primary brain 

tumor with approximately 23,000 newly-diagnosed cases each year in the United States, and has a 

dismal median survival of only 15 months. Although the blood-brain barrier maintains an 

immune-privileged status of the brain under steady state, intracranial tumors including gliomas are 

invariably infiltrated with various types of immune cells. The T helper 17 (Th17) cells, a recently 

discovered interleukin (IL)-17-producing T cell subtype, have been reported in several extracranial 

and some intracranial tumors, where they have been implicated in either pro- or antitumor activity 

depending on the tumor type. Here, we present a succinct review of the current literature on the 

prevalence and potential role of IL-17 in malignant gliomas. Further mechanistic studies on IL-17 

mediated inflammatory pathway in gliomas may provide with opportunities for novel 

immunotherapeutic interventions.
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Introduction

Infiltrating immune cells comprise a major component of solid tumors; and it has been well 

appreciated that the progression of malignant tumors is greatly influenced by the cytokine 

profile as well as the type and density of immune cells in the tumor microenvironment [1–

6]. Glioblastoma is the most common malignant primary brain tumor with approximately 

23,000 newly-diagnosed cases each year in the United States [7], and has a dismal median 

survival of only 15 months [8]. Although the blood-brain barrier maintains an immune-

privileged status of the brain under steady state, intracranial tumors including gliomas are 

invariably infiltrated with various types of immune cells. Among these, the roles of CD8+ 

cytolytic T lymphocytes (CTL), regulatory T (Treg) cells and myeloid derived suppressor 

cells (MDSCs) in the progression of tumor have been quite well studied. The T helper 17 

(Th17) cells, a recently discovered interleukin (IL)-17-producing T cell subtype [9], have 

also been reported in several extracranial tumors, where they have been implicated in either 
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proor antitumor activity depending on the tumor type [10]. IL-17 is one of the most potent 

inflammatory cytokine and has been strongly involved in inflammatory autoimmune 

disorders such as rheumatoid arthritis and multiple sclerosis [11,12]. A mechanistic insight 

into the role of Th17 cells and cytokine IL-17 in the progression of malignant gliomas may 

provide additional avenues for investigation and therapeutic manipulation of this novel 

inflammatory axis, ultimately leading to improved survival. Here, we present a succinct 

review of the current literature on the prevalence and potential role of IL-17 in malignant 

gliomas.

Th17 cells

The Th17 cells were recently identified as an independent subtype of inflammatory T cells 

with a distinct cytokine (IL-17) and transcription factor retinoid-related orphan receptor 

(ROR)gt profile [9]. Naïve CD4+ T cells can be induced to differentiate towards Th1, Th2, 

Th17, and regulatory T cell (Treg) phenotypes according to the local cytokine milieu. Each 

T cell phenotype is characterized by unique signalling pathways and expression of specific 

transcription factors, notably T-bet for Th1, GATA-3 for Th2, forkhead box P3 (FoxP3) for 

Tregs, and RORa and RORgt and RORγt for Th17 cells [13]. Peripheral Th17 cells have 

been reported to efficiently migrate to the brain in autoimmune conditions [14]. There are 

very few studies investigating the recruitment or origin of Th17 cells in intracranial tumors.

Malignant gliomas have been known to secrete transforming growth factor (TGF)-β1 and 

IL-6 [15–18]; and in mouse models, Treg and Th17 cells have been demonstrated to arise 

from common precursors in a reciprocal manner based on exposure to TGF-β or TGF-β plus 

IL-6, respectively [9,19]. In humans however, TGF-β may not be necessary for the induction 

of Th17 phenotype [20]. A number of groups have now described conversion of Treg to the 

Th17 phenotype or vice-versa, induced by appropriate inflammatory stimuli [21]. Unlike the 

rapid advances in understanding their role in inflammation and autoimmunity, there are few 

studies on the activity of Th17 cells in cancer, and the results are controversial [10,22,23].

Myeloid (CD11b+) cells are predominant among immune cell that infiltrate malignant 

gliomas, constituting up to 30% of total cells and are often the first ones to be recruited [24–

26]. IL-1β, along with IL-6 and IL-23 are critical in the induction and maintenance of Th17 

phenotype in humans [27–31]. Tumor-associated monocytes have been shown to induce and 

expand Th17 cells via secretion of IL-1β and IL-23 in ovarian carcinoma [31] and 

hepatocellular carcinoma [32,33]. Tumor-associated macrophages expressed higher levels of 

IL-1β than normal tissue macrophages and normal monocyte-derived macrophages [22]. 

Thus, molecular mechanisms involved in inducing Th17 cells in patients with tumors can be 

different from those in patients with autoimmune disorders.

Th17 cells associated with autoimmune disorders often convert to Th1-like phenotype via 

co-expression of interferon (IFN)-γ and are implicated in cytotoxicity [34,35]. In terms of 

intratumoral Th17 cells, they might not mediate direct antitumor activity but can promote 

antitumor immunity indirectly through the recruitment of dendritic cells and cytotoxic 

effector cells via production of the CCL20 chemokine [36,37]. Antitumor activity of a novel 

population of IL-17+/IFN-γ+ CD8 T cells (known as Tc17 cells) have also been reported in 
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certain cancers [38,39] and interestingly, non-cytotoxic Tc17 cells could be rendered 

cytotoxic upon treatment with IL-12 [40]. These studies demonstrate that the polarity and 

functions of tumor-infiltrating immune cell subsets clearly depend on the cytokine profile in 

the tumor microenvironment. Th17 cells are very plastic and can switch to non-cytotoxic 

(low IFN-γ, high IL-10) functional phenotype depending on the cytokines present in the 

milieu [21,41,42]. Induction of Th17 cells in the presence of TGF-β1 may lead to generation 

of non-cytotoxic (low IFN-γ, high IL-10) and often pro-tumor Th17 cells [43,44]. We 

recently reported that factors derived from glioma and glioma-activated myeloid cells could 

mediate the generation or expansion of intratumoral Th17 cells, and glioma-associated Th17 

cells were potentially non-cytotoxic and may also contribute to immune suppression via 

secretion of IL-10 [20].

Significance of IL-17 in Malignant Tumors

IL-17 (also called IL-17A) is the prototypic member of the IL-17 family composed of six 

cytokines (IL-17A–F). IL-17A shares the greatest homology with IL-17F. Both IL-17A and 

IL-17F signal through IL-17RA, a type I transmembrane receptor [45]. Unlike the rapid 

advances in understanding their role in inflammation and autoimmunity, there is a paucity of 

reports studying the activity of IL-17 in cancer and the results are quite conflicting.

Prevalence of Th17 cells in the tumor produced an antitumor effect in a murine model of 

pancreatic cancer [46]. Th17 cells were shown to represent an important fraction of the 

tumor-infiltrating lymphocytes (TILs) in head and neck squamous cell carcinoma, where 

they were implicated in antitumor activity [47]. Kryczek et al. analyzed Th17 cell phenotype 

and function in 201 ovarian cancer patients and proposed that Th17 cells may contribute to 

protective tumor immunity through recruitment and induction of Th1-type effector cells to 

the tumor [33]. In another retrospective study of clinical specimens from 104 patients with 

stage III–IV epithelial ovarian cancer, Lan et al. report a positive correlation between high 

IL-17 expression and progression-free survival (PFS) in advanced ovarian cancer, although 

no significant difference was observed in overall survival between the high and low IL-17 

expression groups [48].

On the other hand, Chen et al. studied tumor specimens from 207 patients with breast 

carcinoma and observed that tumors with high numbers of IL-17 producing cells correlated 

with high histological grade and these patients had shorter disease-free survival than patients 

with tumors containing low number of IL-17 producing cells [49]. He et al. demonstrated 

that IL-17-mediated responses promote tumor development through the induction of a 

tumor-promoting microenvironment at tumor sites [50]. IL-17-mediated regulation of 

myeloid-derived suppressor cells (MDSCs) was found to be a primary mechanism for its 

tumor-promoting effects. In another study, IL-17 promoted multiple myeloma (MM) cell 

growth and colony formation in a murine xenograft model of human MM [51]. IL-17 also 

enhanced the formation and development of tumor in carcinogen-induced skin cancer 

models [1,52], in B16 melanoma and MB49 bladder carcinoma models [37], as well as in a 

prostate cancer model [53]. In an earlier study, IL-17 suppressed apoptosis of several tumor 

cell lines in vitro [54], suggesting that IL-17 could promote tumorigenesis directly. 
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Consistent with this hypothesis, in the same study, knockdown of the IL-17 receptor in 4T1 

mouse mammary cancer cells enhanced apoptosis and decreased tumor growth in vivo [54].

A recent report by Straus showed that IL-17 could positively interact with tumor necrosis 

factor (TNF)-α to stimulate glycolysis and growth factor production in colorectal cancer 

cells, which involved Akt and NF-kB signalling activity [55]. In another study, Chung et al. 

have implicated IL-17 mediated paracrine network in the promotion of tumor resistance to 

anti-angiogenic therapy. The report shows that IL-17 could induce secretion of granulocyte-

colony stimulating factor (GCSF) in tumor cells via NF-αB and ERK signalling, which 

could lead to recruitment of immature myeloid cells into the tumor microenvironment [56]. 

Benevides et al. reported that both Treg and Th17 cells were synchronically increased in 

patients with invasive ductal carcinoma (IDC) of the breast, with positive correlation with 

tumor aggressiveness [57]. In this context, a small population of IL-17+ Foxp3+ cells, 

detected in patients with ulcerative colitis, have been implicated to ‘mechanistically link 

human chronic inflammation to tumor development’ via induction of inflammatory 

cytokines and inhibition of local T cell immunity [58]. In a murine model of colon 

carcinoma, blockade of IL-17A significantly suppressed the tumor growth by inhibiting 

angiogenesis via reduced expression of MMP9 and VEGF, while also activating the 

cytotoxic T lymphocytes at the tumor site [59].

Zhang et al. have reported increased prevalence of Th17 cells in patients with gastric cancer, 

which was associated with poor progression [60]. The frequency of Th17 cells also showed 

negative correlation with time to disease progression in prostate cancer patients receiving a 

dendritic cell-based vaccine [61]. In another study, patients with medulloblastoma had a 

considerable population of Th17 cells in tumor-infiltrating T-cells, along with high 

expression of IL-17 in tumor tissues [62]. Moreover, the serum levels of IL-17 were 

significantly increased in patients with medulloblastoma compared to normal controls, 

indicating that Th17 cells and IL-17 may contribute to medulloblastoma pathogenesis [62]. 

Recently, Wainwright et al. demonstrated mRNA expression of IL-17A in human gliomas 

[63]. In the same study, the authors also identified Th17 cells in mouse brain tumors [63]. 

However, the role of IL-17 in gliomas was not investigated.

Collectively, these results demonstrate that tumor-infiltrating Th17 cells can have either pro- 

or antitumor activities depending on the type of neoplasm, while IL-17 by itself has been 

mostly associated with tumor promotion. The variable role of CD4+ Th17 cells from tumor 

to tumor may be because of their plasticity, which changes depending on the presence of 

other cytokines such as TGF-β, TNF-α, IL-1, IL-2 and IFN-γ in the tumor milieu 

[20,44,64,65]. Moreover, Th17 is not the sole source of IL-17 within tumors. Myeloid cells, 

especially macrophages, are also known to be a major source of IL-17 production [11]. 

Therefore, the role of IL-17 in the progression of malignant tumors should be considered 

independent of Th17.

Recently, a few investigators, including our group, have described a potential role of Th17 

or the cytokine IL-17 in the progression of malignant gliomas. In a study with 41 tumors 

derived from patients with malignant glioma, Cui et al. reported a direct correlation between 

2-year progression-free survival and low incidence of IL-17 producing cells, suggesting that 
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presence of IL-17-producing cells may be a good prognostic marker in malignant gliomas 

[66]. However, the authors did not study the status of TGF-β1 or Treg cells vis-à-vis IL-17-

producing cells in the patient samples. Moreover, the mechanism of how IL-17 could 

influence glioma progression was not studied. Hu et al. investigated IL-17 mRNA 

expression in tumor tissues derived from 24 patients with malignant gliomas. They reported 

higher expression of IL-17 mRNA in 18/24 glioma patients compared to that in tissues 

derived from trauma patients, while no difference was observed among various histologic 

grades of gliomas [67].

Two studies have investigated the prevalence of Th17 cells in murine models of malignant 

gliomas. Wainwright et al. demonstrated mRNA expression of IL-17A in human glioma 

[63]. The group also noted presence of Th17 cells in mouse brain tumors; however, they did 

not investigate the prevalence of Th17 cells in human gliomas, their mechanism of induction 

or expansion, or their immunologic functions [63]. In another study, Cantini et al. isolated 

Th17 cells from the spleen of naïve mice (nTh17) and glioma-bearing mice (gTh17) and co-

transplanted them intracranially with GL261 glioma cells in immune-competent mice [68]. 

Mice co-injected with GL261 and nTh17 survived significantly longer compared to mice co-

injected with GL261 and gTh17. Moreover, glioma co-transplanted with nTh17 expressed 

high levels of IFN-γ and TNF-α and low levels of IL-10 and TGF-β [68]. Studies from our 

group also demonstrated that Th17 cells co-cultured with glioma cells produced lower levels 

of IFN-γ and higher levels of IL-10 compared to naïve Th17 cells [20]. The tumor-cytolytic 

activity of Th17 cells was also inhibited following co-culture with gliomas [20].

IL-17R in Malignant Gliomas

The receptors for IL-17 family of cytokines consist of 5 members (IL-17RA, RB, RC, RD 

and RE), all of which share sequence homology to IL-17RA. The receptor for IL-17A, 

IL-17F, and the IL-17A/F heterodimer is composed of IL-17RA paired with IL-17RC. 

IL-17RA appears to be a component of at least one other receptor complex (IL-25R), and 

may in fact be the common signalling subunit of the entire family [11,69]. IL-17 has been 

shown to stimulate the expression of IαBα mRNA and the secretion of IL-6 and IL-8 in 

glioma cell, suggesting an expression of functional IL-17R in gliomas [57]. In a recent 

report by Schwartzbaum et al., a significant positive correlation was observed between the 

expression of CD133 mRNA and the levels for IL-17 and IL-17R mRNA in gliomas, 

whereas there was a negative correlation between most other inflammatory molecules and 

CD133 expression [70]. However, actual co-localization of IL-17R proteins along with 

CD133 in the tumor cells was not investigated. IL-17 induces expression of heparin-binding 

epidermal growth factor-like growth factor (HB-EGF) in airway smooth muscle cells [71] 

and in synovial fibroblasts [72]. IL-17, in combination with TNF-α, has been shown to 

induce CXCL8 and CXCL10 gene expression via EGFR transactivation [73]. It remains to 

be studied whether biological effects of IL-17 in cancer cells is mediated directly via IL-17R 

activation or, at least in part, via EGFR signalling. Unpublished observations in our 

laboratory have indicated the expression of functional IL-17R in CD133+ glioma stem cells 

(GSCs), as determined by immunohistochemistry and flow cytometry of primary glioma 

specimens. Moreover, preliminary results of our in vitro ‘neurospheroid’ assay and western 

blot analysis have suggested that IL-17–IL-17R interaction in GSCs could lead to 
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proliferation and cytokine secretion via modulation of STAT-3 and GSK-3β/β-catenin 

signalling (Parajuli et al., unpublished observation). These data suggested that IL-17–IL-17R 

interaction may play an important role during the progression of gliomas.

Conclusion

Studies with extracranial tumors suggest a pleiotropic role of Th17 cells in tumor 

progression, which is dependent on cytokines present in the tumor microenvironment. Th17 

cells expressing high IFN-γ could be tumor-cytolytic, while those expressing high IL-10 

could promote tumor growth. On the other hand, the cytokine IL-17 itself seems to promote 

tumor growth, either via its inflammatory activity on other immune cells or via direct effect 

on the tumor (stem) cells (Figure 1). However, there are still vast lacunae in our knowledge 

regarding the interaction of tumor cells and various stromal immune components during the 

progression of malignant gliomas. Specifically, several aspects of the biology of 

intratumoral Th17 cells and the cytokine IL-17 still remain to be investigated in order to 

firmly understand their role in the progression or recurrence of malignant gliomas.
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Figure 1. 
A schematic representation of possible mechanisms of glioma-Th17/IL-17 interaction.

Naïve Th17 cells (or Th17 cells in gliomas with low TGF-β levels) may express high IFN-γ, 

low IL-10, and show anti-glioma cytolytic activity. On the other hand, glioma derived 

factors, mainly TGF-β1; inhibit cytolytic activity of glioma-associated Th17 cells. Th17 

cells may also influence glioma progression indirectly, via their effect on other immune 

cells, including MDSCs. Moreover, a small percentage of glioma cells (possibly GSCs) 

express IL-17R, which, upon interaction with IL-17, could lead to glioma progression via 

activation of STAT-3 signaling.
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