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Th17 cells are the main source of the proinflammatory cytokine IL-17; however, the receptor of this cytokine (IL-
17R) is distributed ubiquitously. IL-17 (IL-17A) is a member of the IL-17 cytokine family consisting of IL-17A-F (IL-

17E is also known as IL-25) and directly links inflammatory responses and T-cell activation.

Th17 lymphocytes dendritic cells breast cancer

| 1. Introduction

After activation, CD4+ T lymphocytes, which are the central regulatory cells of innate and adaptive immunity,
differentiate into various T helper (Th) subsets to ensure homeostasis. Among these subsets, the well-known ones
are Thl cells producing interferon-y (IFN-y) and Th2 producing interleukin (IL) 4. The other identified Th subset is
Th17 producing IL-17. CD4+ T cells also differentiate into T regulatory cells (Treg) expressing forkhead box P3
(FOXP3) I (Figure 1).
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Figure 1. Differentiation of naive CD4+ T cells (Tn). Naive CD4+ T cells (stem cell-like cells), under the influence of
different cytokines secreted upon direct contact with antigen-presenting cell (APC), can differentiate into various
types of effector cells: Thl, Th2, Th9, Th1l7, Th22, and Treg. CD4+ T cell subsets are defined by the production of
specific cytokines and the expression of specific transcription factors.

As transforming growth factor B (TGF-B) plays an important role in the differentiation of both Th17 and Treg cells
(Figure 1), IL-6 counteracts the differentiation of Treg cells upon TGF-B and directs the differentiation of Th17 23],
It has been shown that IL-6 upregulates the expression of IL-21 by activating signal transducer and activator of
transcription 3 (STAT3), causing an increase in the expression of retinoid-acid receptor-related orphan nuclear
receptor (ROR) yt, RORq, and IL-23R and ultimately promoting the complete differentiation of Th17 cells. On the
other hand, STAT3 deficiency impaired RORyt expression and elevated the expression of T-bet (member of T-box

family transcription factors) and FOXP3 4, RORyt belongs to the retinol family and regulates the differentiation of
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Th17 cells, while RORa promotes the differentiation of these cells. RORyt and RORa can synergistically induce
Th17 differentiation 2. IL-21 produced by Th17 cells stimulates their autocrine formation €. IL-1 receptor type 1
(I11r1) gene is also the promoter of Th17 cell differentiation . Moreover, Th17 cells express CD39 and CD73

ectonucleotidases, leading to the release of adenosine and the suppression of effector T cells.

As Chalmin et al. have shown, during the differentiation of Th1l7 cells, the ectonucleotidase expression is
transcriptionally regulated by IL-6 (STAT3 activation) and by TGF-B-mediated downregulation of zinc finger protein
growth factor independent-1 (Gfi-1). The expression of CD39 ectonucleotidase in the case of Thl7 cells

determines their immunosuppressive nature in cancer [&l,

In vitro induction of Th17 cells can be achieved directly with the use of anti-CD3/CD28 antibodies and cytokines.
However, in vivo priming of Th17 cells requires dendritic cells (DCs) that present antigen, provide costimulatory
signals, and help in the synthesis of IL-1, IL-6, TGF-B, tumor necrosis factor (TNF) a, and IL-23 cytokines [SI[10IL1],
It is also known that fibroblasts support IL-23 secretion from DCs that are preactivated by lipopolysaccharide
compared to DCs activated by lipopolysaccharide alone. It is realized via a complex feedback-loop mechanism
involving IL-1B/TNF-a (from activated DCs), which stimulates prostaglandin E, (PGE2) production by fibroblasts.
PGE2, in turn, acts on activated DCs and increases the release of IL-23 from these cells. Furthermore, compared
to DCs alone, fibroblast-stimulated DCs performed better in promoting the expansion of Thl7 cells in a
cyclooxygenase (COX)-2-, IL-23-dependent manner 12 (Figure 2). A review by Pastor-Fernandez et al. broadly
described the role of IL-23 in the differentiation of Th17 cells 22, The role of IL-33 in maintaining the balance
between Treg and Th17 cells has also been emphasized. DCs matured upon IL-33 inhibited the differentiation of
CD4+ Treg cells in favor of Th17, which was realized through IL-6 signaling 141,
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Figure 2. The role of IL-23 in IL-17 gene expression. IL-23R pairs with IL-12R31 forming IL-23R complex required
for IL-23 signaling. This receptor is constitutively associated with Janus kinase 2 (Jak2) and Tyrosine kinase 2
(Tyk2) which are activated after ligand biding, leading to STAT3 phosphorylation (P). Other molecules in IL-23
signaling cascade are also identified. MAC—macrophages, DC—dendritic cells, IL—interleukin, PGE2—

prostaglandin E2, TNF-o—tumor necrosis factor a, STAT3—signal transducer and activator of transcription 3, PISK
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—phosphoinositide 3-kinase, Akt—serine/threonine-protein kinase, NF-kB—nuclear factor kappa-light-chain-

enhancer of activated B cells, IKB—NF-kB inhibitor, and p19 and p40—subunits of IL-23.

Recent studies suggest that osteopontin (OPN) is also required for DCs to induce Th17 differentiation 3 and IL-17
production 28 In addition, studies on acute coronary syndrome showed that OPN is involved in inflammation
through its direct effect on IL-17-producing cells 2. Moreover, the direct effect of OPN on the differentiation of
Th17 cells is exerted through interaction of these cells with its receptors 18, OPN contains an Arg-Gly-Asp (RGD)
sequence, which is common to many extracellular matrix proteins and mediates the interaction of OPN with
multiple integrins such as avf1, avp3, avp5, and a5p1 19, CD44, which is another important receptor of OPN, is
involved in T cell activation 29, Studies have shown that blocking of CD44 and, to a lesser extent, B1 integrin
subunit (CD29), resulted in a significant reduction in Th17 cell differentiation, while the addition of a CD51 (integrin
av)-blocking antibody did not result in such effect, indicating that the effect of OPN was mediated through CD44
and CD29. Furthermore, the production of IL-17 from OPN-stimulated CD4+ T cells was inhibited by CD44 or
CD29 antibodies in a dose-dependent manner [l Other studies have also pointed out the role of CD61 (B3

integrin), another OPN receptor, in Th17 cell differentiation [2&l.

Estradiol (E2) is also a factor that affects Th17 cells. Th17 cells express both ERa and ER[. Studies have reported
various effects of E2 on Th17 cell differentiation. In mouse splenocytes, E2 inhibits Th17 cell differentiation and IL-
17 production by inhibiting the expression of RORyt 22, Similarly, in E2 deficiency-induced bone loss, the
differentiation of Th17 cells was increased, accompanied by upregulation of STAT3, RORyt, and RORa and
downregulation of FOXP3 [23]. However, studies performed by Andersson et al. on in experimental autoimmune
arthritis (AA) have shown that estradiol treatment increases the amount of Th17 cells in lymph nodes during the
early stage of arthritis development. In the advanced stage of the disease, estradiol acts in the opposite way,
diminishing the number of Th17 cells in joints. The authors of the studies suggest the observed effect of estradiol
action may be caused by the interference of E2 with CCR6-CCL20 (C-C chemokine receptor 6—C-C motif
chemokine ligand 20) pathway, which is important for the migration of Th17 cells. E2 increased the expression of
CCR6 on Th17 cells in lymph nodes as well as the expression of the corresponding CCL20 within lymph nodes 24!,
Other studies on mice splenocytes demonstrated that ERa signaling increased IL-17A production in Th17 cells by
upregulating the expression of IL-23R and promoting mitochondrial respiration and proliferation 22, Deletion of
ERa, but not ER[, caused a significant decline in the production of IL-17A and surface expression of IL-23R on
Th17 cells. These effects are realized through an increase in the relative expression of Let7f microRNA in Th17
cells. The findings of these studies show that ERa signaling regulates Th17 cell differentiation by influencing the
Let7f/IL-23R pathway 28127, Thus, it seems that the influence of E2 on Th17 cells may depend on the environment
in which the study is conducted and the type of disease analyzed, and the surrounding environment moderates the

direction of E2's influence on these cells.

It is known that the subset of Th17 cells is transient in nature. For example, in specific experimental conditions,
CD4+ T cells may exhibit diminished IL-17 expression and upregulated IFN-y expression (28l |n addition, Th17
lineage exhibits plasticity and can transdifferentiate into Treg cells 22, FOXP3-expressing Treg cells, mostly

represented by CD4+ T cells that express CD25 (IL-2 receptor a-chain), are important for controlling self-tolerance
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and immune homeostasis, but also suppress antitumor immune responses and favor tumor progression B, Th17
cells can act as a source of tumor-induced FOXP3+ cells, as it was shown by Downs-Canner et al. In addition to
natural Treg and induced Treg cells formed from naive precursors, suppressive IL-17A+ FOXP3+ and ex-Thl7
FOXP3+ cells are converted from IL-17A+ FOXP3- cells in tumor-bearing mice (39 Moreover, Th17/Thl cells
produce both IL-17 and IFNy and Th17 cells stimulated by IL-12 can shift to Th17/Th1 B2, Activated Th17 cells
can produce IL-22 along with IL-17 B3] and represent a distinct population apart from Th22 cells B4, Intestinal
Th17 cells can differentiate into T follicular helper (Tfh) cells in Peyer’s patches [22l. The plasticity of Th17 cells has
been described in detail elsewhere [B8IE7IS8IE (Figure 3).
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Figure 3. Summary of Th17 cell plasticity. In the circles, the names of T cells are presented with main transcription
factors listed below the names. Outside the circles, the cytokines secreted by the specific cells are listed.
Transcription factors: AhR—aryl hydrocarbon receptor, RORyt—retinoid-acid-receptor-related orphan nuclear
receptor y, IRF1—interferon regulatory factor 1, PU.1—transcription factor encoded by SPI1 gene, BATF—basic
leucine zipper transcriptional factor ATF-like, BCL6—B-cell lymphoma 6, T-bet—member of T-box family of
transcription factors, GATA3—GATA binding protein 3, and FOXP3—forkhead box P3. Cytokines: IL—interleukin,
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TNF-a—tumor necrosis factor a, IFN-y—interferon y, and TGF-B—transforming growth factor (. Cells: Trl—type 1

regulatory T cells, TTh—T follicular helper cells, Th—T helper cells, and Treg—T regulatory cells.

The phosphoinositide 3-kinase (PI3K)/serine/threonine-protein kinase (AKT) signaling pathway is involved in the
processes of cell growth, differentiation, and apoptosis, and its activation is critical for the completion of cell cycle
and cell differentiation. In addition, T cells proliferation and migration is also regulated by PI3K/AKT pathway. It has
been shown that Th17 cell differentiation (both in vitro and in vivo) can be regulated by mTORC1 and mTORC2,
mammalian targets of rapamycin (mTOR) complexes (via PI3K/AKT in different ways) L8149 Activation of PI3K
and/or mTORC1 enhances the Thl17 cell differentiation, but on the other hand, the inhibition of PI3K and/or

mTORC1 in CD4+ T cells causes an increase in the differentiation of Treg cells 1],

Th17 cells can play both protective and pathogenic roles in immunity. The protective action of these effectors is
related to the suppression of pathogens including Candida albicans and Staphylococcus aureus. However, it is

believed that Th17 cells also induce inflammation and tissue damage 421,

| 2. Importance of Th17 Cells in Breast Cancer

A number of studies have confirmed the presence of Th17 cells in various types of cancers (e.g., breast, ovarian,
colorectal, cervical cancer, and melanoma) and the significance of these cells in these diseases [“43I44]145]
However, it is difficult to provide a clear description of the role played by Th17 cells in tumor development due to
complex interactions occurring between cancer cells and the components of the host microenvironment B2,
Inflammation is often associated with cancer progression and actively contributes to the survival of cancer cells,
angiogenesis, and metastasis 48, It is known that tumor cells and cancer-associated fibroblasts (CAFs) create an

inflammatory environment favorable for the recruitment of Th17 cells (47,

Although many studies have been carried out on Th1l7 cells, the role of these cells in breast cancer remains
undefined 481, Nevertheless, the majority of evidence indicates that Th17 cells exhibit prooncogenic properties in
breast cancer. Clinical analyses have shown that the level of Th17 cells/IL-17 cytokine is usually altered in patients
with breast cancer 4849 Compared to healthy donors, the level of Th17 cells is higher in the blood of breast
cancer patients and correlates with elevated levels of C-X-C motif chemokine ligand (CXCL) 1. CXCL1, a
proinflammatory chemokine produced by breast cancer cells, can promote cancer growth and development B2, A
positive correlation between the levels of IL-17 and macrophage infiltration inhibitory factor (MIF) has also been
observed, and both IL-17 and MIF were linked with a high risk of developing breast cancer of aggressive molecular
subtypes Bl In breast tumors characterized by matrix metalloprotease (MMP) 11 expression by intratumoral
mononuclear inflammatory cells, the level of expression of inflammatory factors, associated with distant metastasis
development, such as IL-17 and NFKB (nuclear factor kappa-light-chain-enhancer of activated B cells), was shown
to be significantly higher B2 Infiltration by IL-17+ T cells in TNBC patients was associated with a poor recurrence-
free survival 23, Moreover, infiltration by Th17 cells is preferably observed in ER-, PR-, and TNBC tumors and is a
poor prognostic factor B4l it also correlates with failure of complete pathological response B2I38l Another study

demonstrated that an increased number of IL-17A-producing cells are found mainly in ER— and triple-
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negative/basal-like breast tumors BZ. On the other hand, high levels of ER suppress Th17 cell infiltration and IL-17
signal transduction, causing a reduction in PD-1/PD-L1 expression and CD8+ T cell infiltration in breast cancer 8!,
In turn, a study by Horlock et al. showed that the number of circulating Th17 cells was the lowest in patients with
HER2+ breast cancer compared to healthy controls and HER2- patients. An inverse relationship was also
observed between the frequencies of Treg and Th17 cells in metastatic breast cancer with a significant reduction in
the level of Treg cells during treatment with trastuzumab, whereas the level of Th1l7 cells was concomitantly
increased B9, On the other hand, a study investigated the distribution of IL-17-producing CD4+ T-cells in relation to
Treg cells in tumor-infiltrating lymphocytes (TILs) and peripheral blood mononuclear cells (PBMCs) collected from
breast cancer patients. The frequency of Th17 cells was found to be significantly higher in TILs than in PBMCs
obtained from early breast cancer patients. In the TILs collected from advanced breast cancer patients, the
frequency of Th1l7 cells was also significantly higher compared to that in PBMCs but lower compared to PBMCs
from patients with early disease. Based on these findings, the authors concluded that the accumulation of Th17
and Treg cells in the tumor microenvironment of breast cancer occurred during the early stage of the disease. It
was also indicated that Th17 cell infiltration gradually decreased but Treg cells continued to accumulate as the
disease progressed 89, However, studies on mice showed that the Th17 subpopulation was dominant in CD4+ T

cells from TILs, and the population was also higher in the late tumor stages (62,

A meta-analysis of IL-17A estimation by immunohistochemistry, overall survival, and disease-free survival in
patients with solid tumors indicated that in most of the cases these parameters were worse with higher levels of IL-
17A. IL-17A was also associated with an advanced stage of cancer 48] However, the association between the level
of intratumoral Th1l7 cells and blood level of IL-17 was not clear. In addition, their effects did not seem to be
unequivocal; thus, when Th17 cytokines (IL-17A and IL-17F), which were upregulated in TNBC, specifically in T cell
noninflamed tumors, were exploited by the METABRIC transcriptomic dataset, a high expression of Thl7

metagene was identified as an indicator of good prognosis of T cell noninflamed TNBC [62],

In addition to IL-17A, other IL-17 family members and their receptors have been analyzed in breast cancer
patients. Mombelli et al. reported that mMRNA expression of IL-17A and IL-17E receptor subunits was upregulated in
breast cancers in comparison to normal samples. Furthermore, it seems that IL-17E, which is usually undetectable
in normal breasts, is overexpressed in cancerous tissues 3. |t can also promote resistance to antimitotic and anti-
EGFR therapies. In the breast cancer cell lines 1JG-1731, BT20, and MDA-MB-468, EGFR phosphorylation is
stimulated by epidermal growth factor and IL-17E. IL-17E also activates kinases that are crucial for EGFR
signaling, such as PYK-2, Src, and STAT3 [64] |L-17E and IL-17A induce cell proliferation and survival by activating
pathways including c-RAF, ERK1/2, and p70S6 kinase, which also leads to docetaxel resistance 3. Cochaud et
al. authenticated that in human breast cancer cell lines recombinant IL-17A recruits the mitogen-activated protein
kinases (MAPK) pathway by upregulating phosphorylated ERK1/2 which results in stimulation of cell proliferation,

migration and invasion, and resistance to commonly used chemotherapeutic agents such as docetaxel 27,

A high level of IL-17B was found in patient biopsies, which was associated with a decrease in overall survival and
with poor prognosis. Moreover, overexpression of IL-17RB was associated with reduced disease-free survival. Both

overall and disease-free survival were reduced in patients with overexpression of IL-17B and IL-17RB [, |n
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another study, the overexpression of IL-17RA and IL-17RB is associated with poor prognosis and shorter survival
rate 681, |n breast cancer cell lines BT20, MDA-MB-468, and MCF-7, IL-17B induced resistance to paclitaxel, and
activation of the extracellular signal-regulated kinase 1/2 (ERK1/2) pathway, leading to the upregulation of B-cell
lymphoma 2 (Bcl-2) 5. Moreover, IL-17RB and IL-17B amplification can promote tumorigenicity in breast cancer
via the activation of NF-kB and Bcl-2. It has been shown that depletion of IL-17RB in tastuzumab-resistant cell lines
ceased colony formation and retarded tumor growth in mice €. Recently, Bastid et al. comprehensively described

the role of IL-17B and IL-17RB signaling pathways in cancer 7.

Kiyomi et al. reported that tumor tissues resected from breast cancer patients produced Th17 cytokines when
cultured in three-dimensional gelatin polymer culture system 68 Tumor cells and CAFs produce
microenvironmental factors, such as RANTES (Regulated on Activation, Normal T-cell Expressed and Secreted)
and monocyte chemoattractant protein-1 (MCP-1/CCL-2) chemoattractants, which mediate the recruitment of Th17
cells, and IL-23 and TGF-[3, which are important factors of Th17 cell differentiation and generation. They also allow
cell contact, inducing the generation and expansion of Th17 cells. Colony of Th1l7 cells in TILs obtained from
patients produced high levels of IL-8, IL-17, and TNF and a low level of IL-6. Th17 clones expressed chemokine
receptors such as CCR2, CCR4, CCR5, CCR6, CCR7, and CXC chemokine receptor (CXCR) 3, which are
homeostatic chemokine receptors as well as trafficking receptors found commonly in other T cell lineages,
including Treg cells ¥4, Tumor production of IL-6 and TGF-B stimulated the differentiation of Th17 cells into
CD25"9/CD39/CD73 Th17 cells. Th17 CD25M9" cells accumulate in breast cancer tissue by recruitment via
CCL20/CCR®. Intratumoral Th17 cells, which are also known as memory CD25"9"/CCR6+ Th17 cells, express IL-
17, RORy, FOXP3, CD39, and CD73. CD39 and CD73 are ectonucleotidases, which catalyze the transformation of
ATP, and can lower T cell response. When these enzymes accumulate, they can weaken T cell immunity in breast
cancer patients by suppressing CD4+ and CD8+ T cells, which worsens relapse-free and overall survival 62, In
blood samples and invasive ductal carcinoma (IDC) tissue collected from breast cancer patients, Thl7-related
molecules (IL-17A, RORC, and CCR®6), produced by tumor-infiltrating CD4+ and CD8+ T lymphocytes, were
observed to be upregulated. Angiogenic factors CXCL8, MMP-2, and MMP-9 and vascular endothelial growth
factor (VEGF)-A were detected within the tumor and shown to be induced by IL-17, which correlated with poor
prognosis. The accumulation of Treg and Th17 cells within an invasive breast tumor may promote the growth and
survival of the tumor cells, and the presence of Treg cells and high levels of TGF- may also favor the development
of Th17 cells 19,

The genetic factors involved in the regulation of Th17 cell differentiation are currently being investigated. Numerous
long noncoding RNAs (IncRNAs) are reported to regulate immune response in breast cancer patients 1. One
epigenetically dysregulated IncRNA (LINC01983) and four IncRNA regulators (UCA1l, RP11-221J22.2, RP11-
221J22.1, and RP1-212P9.3) were identified to act as prognostic biomarkers of luminal breast cancer by controlling

the TNF signaling pathway, Th17 cell differentiation, and T cell migration 2.

Single-nucleotide polymorphisms (SNPs) of the IL-17 gene have been shown to be correlated with susceptibility to
cancer 8. Wang et al. analyzed SNPs of IL-17A and F genes and reported that rs2275913 polymorphism of IL-
17A gene was associated with an increased risk of breast cancer in Chinese women 4. However, Naeimi et al.
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indicated that polymorphisms of IL-17A and IL-17F genes have no significance in the susceptibility of women from

southern Iran to breast cancer (2],

In addition, studies on animal models showed protumoral, prometastatic, and proangiogenic activity of IL-17 as well
as the impact of this molecule on chemoresistance. A number of studies were conducted in the 4T1 mouse
mammary gland tumor model, the growth of which is associated with high immune response including large
leukocytosis, and lung and tumor infiltration by neutrophils 8. Th17 lymphocytes were shown to be increased in
the peripheral blood, spleen, and tumor tissue of 4T1 tumor-bearing mice L8 PGE2 secreted by this tumor
induced the production of IL-23 in the tumor microenvironment, leading to the expansion of Th17 cells & In
another study, the authors characterized T cells specific for 4T1 cancer and described them as receptor activator
for nuclear factor kB ligand (RANKL)+ IL-17F+ CD4+ T cells 2. Such cells arrive in the bone marrow before
metastatic cells and build a premetastatic niche, which in effect leads to premetastatic osteolytic disease and bone
metastases. 4T1-conditioned media support the differentiation of DCs to mature and activated multinucleated giant
cells expressing TRAP and IL-23. These cytokines are involved in the activation of 4T1 tumor-specific T cells
determined by RANKL and IL-17 production B9, Moreover, the production of IL-17F and RANKL was only observed
in cells derived from mice bearing 4T1 metastatic tumors, and not in cells from mice bearing 67NR nonmetastatic
cells B9, Administration of IL-17 in 4T1 tumor-bearing mice resulted in an increase in tumor size and a higher
microvascular density L. Furthermore, a decrease in the levels of IL-17A caused by treatment with endothelin-1
receptor dual antagonist led to the slowdown of the growth of 4T1 tumor. In immunocompetent mice implanted with
4T1 cells, such treatment resulted in a reduced tumor growth and a decrease in the concentrations of
proinflammatory TNF-a and IL-17 cytokines 1. Similarly, knockdown of IL-17R in 4T1 mouse mammary gland
cancer cells caused a reduction in tumor size and enhanced apoptosis (2. Inhibition of IL-17 significantly reduced
the metastases of spontaneously developing mammary gland carcinoma in MMTV-PyV MT mice with induced AA.
In these mice, AA as well as lung and bone metastasis correlated with a high level of IL-17 83 |n MCF-7, MDA-
MB-157, MDA-MB-361, and MDA-MB-468 human breast cancer cell lines, high levels of IL-17RB as well as high
IL-17RB mRNA expression have been observed. Depletion of IL-17RB resulted in inhibited colony formation and
retarded MDA-MB-361 tumor growth in mice 8. Inhibition of IL-17 also reduced the proliferation and colony
formation as well as tumor growth, as revealed by chorioallantoic membrane assay (CAM) using MCF-7 cells [84],
At the same time, when stimulated with Th17 cells, MCF-7, MDA-MB-435, T47D, and MDA-MB 231 cells showed

increased matrigel invasion 82!,

In a murine study on mice bearing parental CI66 murine mammary tumors and CI66 cells resistant to doxorubicin
(Cle6-Dox) or paclitaxel (Cl66-Pac) Wu et al. revealed the role of IL-17, CXCR2 ligands, and cancer-associated
neutrophils in chemotherapy resistance and metastasis of breast cancer B8, In tumor tissue of resistant models
increased levels of IL-17R, CXCR2 chemokines, and CXCR2 were observed in comparison to C166 tumor tissue.
What speaks for the significance of Th17 cells in chemoresistant cancer cells is the higher infiltration grade by
Th17 and neutrophils in C166-Dox and C166-Pac models.

In addition, CD8+ T cells (splenocytes) from 4T1 tumor-bearing mice expressed IL-17, which promoted cell survival

and reduced apoptosis. Addition of TGF- and IL-6 caused a threefold higher IL-17 expression in CD8+ T cells
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from tumor-bearing mice than from naive mice. A significant decrease in tumor size was also noted after blocking

TGF-B and after depletion of CD8+ T lymphocytes. A similar reduction effect was observed on lung metastases 82,

It was shown that IL-17-producing yd T cells and neutrophils synergistically promoted breast cancer metastasis in
the mouse model of spontaneous metastasis 7. [L-17+ ydT cells played an important role in oxidative
metabolism, with increased mitochondrial mass and activity. Protumoral IL-17+ y&T cells selectively showed high

lipid uptake and intracellular lipid storage and expanded in the tumors of obese mice [£8],

IL-17E was also found to exhibit antitumor effects in mice lacking various T lymphocytes-bearing tumors, including
breast cancer, but not in mice lacking both T and B lymphocytes. Treatment with IL-17E resulted in a significant
increase in IL-5 serum levels and increased numbers of eosinophils in peripheral blood of tumor bearing mice. Also
a significant increase in eosinophils was observed in spleens isolated from IL-17E-treated mice, which correlated
with the antitumor activity of IL-17E in a dose-dependent manner. Moreover, B cells play also an important role in
IL-17E-mediated antitumor activity. IL-17E activated signaling pathways in B cells in vitro 2. In addition, breast
cancer cells treated with IL-17E obtained from nonmalignant mammary epithelial cells-conditioned medium showed
decreased colony formation 2%, Myeloid-derived suppressor cells (MDSCs), which are found at increased levels in
breast cancer patients, were purified from mice bearing MCF-7 tumors and treated with IL-17. This treatment
significantly induced the differentiation of MDSCs, inhibited their proliferation, and triggered apoptosis as well as
inhibited the activation of STAT3 in these cells (Ma, Huang, and Kong, 2018).

The pro- and anti-cancer effect of Th17 cells and their cytokines has been reviewed by Fabre et al. [ and

Qianmeni et al. 22 and is summarized in Figure 4.
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Figure 4. The anti- and pro-tumor effects of Th1l7 cells. The recruitment and differentiation of Th17 cells in the
tumor environment is influenced by factors produced by dendritic cells (DCs), macrophages (MAC), fibroblasts, and
cancer cells. Th17 cells differentiated in this way may show various effects on tumor development. CCL—C-C motif
chemokine ligand, TNF-o—tumor necrosis factor a, TGF-f—transforming growth factor 3, CXCL—C-X-C motif

chemokine ligand, MMP—matrix metalloproteinase, STAT3—signal transducer and activator of transcription 3,
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VEGF—vascular endothelial growth factor, PGE2—prostaglandin E2, IFN-y—interferon y, IL—interleukin, CTLs—

cytotoxic T lymphocytes, and NK—natural Killer cells.

This entry is adopted from: 10.3390/cancers14153649
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