
IL-17, IL-21, and IL-22 Cytokines
of T Helper 17 Cells in Cancer

Ayten Nalbant

CD4+ T helper (Th) cells are important regulators of cellular immune response. Newly discovered interleukin
(IL)-17-producing CD4+ T cells are known as T helper 17 cells (Th17). They are distinct subset from the T
helper type 1 (Th1) and 2 (Th2) lineages. The differentiation of Th17 cells has been intensively studied;
however, the role of Th17 cells in different diseases including cancer is still under investigation. Besides IL-17
family cytokines, Th17 cells produce IL-22, IL-21, and IL-26. The dysregulated function of Th17 cells and their
cytokines could contribute to pathology of diseases, including cancer. The role of cytokines of Th17 cells such
as IL-17, IL-21, and IL-22 in cancer will be discussed in this review.
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Introduction

Naive CD4+ TCRab+ T lymphocytes differentiate into
different types of effectors when they encounter their

antigens. The differentiation of T helper subgroups involves
activation of different cytokines, signaling pathways, and
transcription factors. These cytokines and transcription
factors may contribute to the formation of a subset of cells,
while preventing the formation of others. For instance, Th1
cells are produced by T-bet, the main transcription factor, in
the presence of IFN-gamma and interleukin (IL)-12. Th2
cells are produced by GATA3 and STAT-6 in the presence
of IL-4 cytokine. Foxp3 transcription factor with TGF-b and
IL-2 signaling leads to the differentiation of regulatory T
cells (Tregs) ( Jetten 2009). Recently, a new T helper subset
has been discovered and named as T helper 17 (Th17) cells
(Harrington and others 2005). This review will focus on
Th17 cells and their relevant cytokines in the context of
cancer diseases.

Th17 Cells and IL-17 Family

T helper 17 cells are a specific subset of CD4+ T helper
lymphocytes and were originally named based on their unique
ability to secrete the cytokine IL-17 (Harrington and others
2005). It was shown that proinflammatory cytokines IL-1b,
IL-6, and IL-23 as well as TGF-b were essential for human
Th17 cell polarization (Volpe and others 2008). Since initial
discovery of Th17 cells, it has become clear that in addition to
IL-17 family members, Th17 cells express many other ef-
fector cytokines, including IL-21, IL-22, and IL-26.

Expression of IL-21 is dependent on STAT3-mediated
IL-6 signaling in Th17 cells (Korn and others 2007). The
autocrine function of IL-21 via IL-21R in a combined effect
with TGF-b promotes Th17 differentiation (Harris and
others 2007; Nurieva and others 2007). Th17-secreted IL-22
binds IL-22R on target cells, largely epithelial cells, to in-
duce the expression of antimicrobial peptides b-defensin-2
and b-defensin-3 (Li and others 2015). Recently, it was
demonstrated that IL-22 is able to protect hosts against
bacterial infections of the lungs and gut (Parks and others
2016).

The RAR-related orphan receptors (RORs) are members
of the nuclear receptor family of intracellular transcription
factors. There are 3 forms of ROR, ROR-a, -b, and -g, and
each one is encoded by a separate gene. The transcription
factor RORg(t), also known as RORC2, has been identified
as the master regulator of Th17 cell differentiation (Ivanov
II and others 2006). Signal transducer and activator of
transcription 3 (STAT3) acts downstream of IL-6 as well as
IL-21 and IL-23, and upregulates RORgt (Nurieva and
others 2007). STAT3 is also a key factor in inhibiting TGF-
b-induced FOXP3 (Veldhoen and others 2006; Harris and
others 2007), which negatively regulates Th17 differentia-
tion (Harris and others 2007; Nurieva and others 2007). The
differentiation of Th17 cells has been intensively studied
(Nurieva and others 2007), but their contribution to different
diseases including cancer is still under investigation.

Th17 cells produce IL-17A and IL-17F cytokines. IL-17A
(IL-17) is a member of the IL-17 family, which also in-
cludes IL-17B, IL-17C, IL-17D, IL-17E (IL-25), and IL-
17F. IL-17F has the highest degree of homology to IL-17A.
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Structure and signaling of IL-17 and IL-17 receptor family
have been reviewed elsewhere (Gu and others 2013; Fabre
and others 2016; Alinejad and others 2017). Th17 cell
produces IL-17A as a signature cytokine and plays a path-
ological role in various inflammatory conditions such as
autoimmune diseases, metabolic disorders, and cancer
(Gu and others 2013). Pathological production of IL-17A
leads to excessive inflammation and tissue damage (Song
and Qian 2013).

The role of Th17 cells in numerous types of cancers has
been mentioned, but their role in cancer disease is still
controversial (Zou and Restifo, 2010; Fabre and others
2016; Qian and others 2017). Both tumor-promoting and
tumor-suppressing functions of Th17 cells in cancer are
being reported. For instance, Tosolini and others found that
Th17 (RORC, IL-17A)-related gene expression profile was
correlated with poor survival in colorectal cancer. These
results were confirmed by in situ analysis where patients
with high density of IL-17+ cells had a poor prognosis
(Tosolini and others 2011). These data suggested that Th17
or IL-17+ cells might have a tumor-promoting role. Kryczek
and others studied the tissue distribution of Th17 cells in
ovarian cancer patients. The proportion of Th17 cells was
higher in tumors than blood and tumor-draining lymph nodes
of cancer patients. The percentage of Th17 cells in CD4+ T
cells in different tissues by gating on IL-17+CD4+CD3+ cells
were measured. Innate immune cells were also analyzed in
the same ovarian cancer ascites. They stated that eosinophils
were rarely observed, and moderate levels of mast cells,
neutrophils, and natural killer (NK) cells were detected, but
Th17 cells had no correlation with eosinophils, mast cells, and
neutrophils. They concluded that IL-17 detected in tumor-
associated ascites and the levels of IL-17 positively predict
patient survival, and Th17 cells are the only source of IL-17
production in the human ovarian tumor microenvironment
(Kryczek and others 2009). These data suggest that Th17 cells
may contribute to protective tumor immunity in ovarian
cancers.

There are numerous reviews in the literature about Th17
cells in cancer (Zou and Restifo 2010; Punt and others 2015a;
Fabre and others 2016; Qian and others 2017), but the role of
IL-17 cytokine in cancer is much less studied. As mentioned
earlier, tumor-promoting as well as tumor-suppressing func-
tions of Th17 cells in cancer have been reported. These findings
in the literature have raised confusion about the role of IL-17
cytokine and Th17 cells in cancer. Among the various causes of
these results are the study of Th17 cell functions from various
angles, looking at these cells in different samples and using
different methods (Punt and others 2015b). In addition, there
are numerous cell types in the tumor microenvironment. It is
also possible that some of these cells can produce IL-17 cyto-
kine, including CD8+ T cells, NK T cells, neutrophils, and
eosinophils. Punt and others reported that IL-17 in different
types of carcinomas was primarily expressed by granulocytes
and mast cells. Neutrophils were primary granulocytes in
squamous cervical cancer, and it was associated with poor
survival. In addition, IL-17C cells were independently associ-
ated with poor survival in early stage disease (Punt and others
2015a). Existing data showed that the different cell types ex-
pressing IL-17 can play different roles in the tumor microen-
vironment (Lee and others 2018). Therefore, adaptive and
innate immune cells of tumor microenvironment and their cy-
tokines need to be carefully measured.

IL-21 and IL-22 Cytokines of Th17 Cells

IL-21 is a type 1 cytokine and a member of the common
gamma chain family of cytokines with immunoregulatory
activity. It is produced by Th17 cells and is a critical reg-
ulator of Th17 differentiation (Nurieva and others 2007).
IL-21 has pleiotropic effects on both innate and adaptive
immune responses (Costanza and others 2010). IL-21 regu-
lates differentiation of B cells into plasma cells, and increases
cytotoxicity of CD8 (+) T cells. Besides positive effects of IL-
21 on different lineages, it has inhibitory effects on antigen
presentation by dendritic cells, and can be proapoptotic for B
and NK cells (Spolski and Leonard 2008).

IL-21 has potent antitumor activity (Croce and others
2015). Kim-Schulze and others reported that a stably
transfected B16 melanoma cell line secreting functional IL-
21 in mice resulted in delayed tumor growth after challenge
with the tumor. Analysis of tumor microenvironment
showed that local IL-21 secretion prevents accumulation of
CD4+CD25+FOXP3+ Tregs within the tumor microenvi-
ronment. This outcome coincided with the presence of en-
dogenously activated memory T cell responses. These data
suggest that local IL-21 expression would enhance antigen-
specific T cell responses against an established murine
melanoma (Kim-Schulze and others 2009).

In 2 syngeneic mouse tumor models, RenCa renal cell
carcinoma and B16 melanoma were used to investigate the
effect of subcutaneous and intratumoral (IT) administration
of IL-21 protein. The subcutaneous administration com-
pared with IT administration of IL-21 more potently in-
hibited tumor growth and increased survival by the
mechanisms through which IL-21 enhances CD8 T cell-
mediated antitumor immunity (Søndergaard and others
2010).

It was shown that IL-21 cytokine can trigger B cells to
secrete the serine protease grannzyme B (GrB) (Hagn and
others 2009). In a recent study, it was found that GrB-
expressing B cells reside within the microenvironment of
different tumor types, including breast, ovarian, cervical,
colorectal, and prostate carcinomas (Lindner and others
2013). Since IL-21 is a key cytokine for differentiation of B
cells into GrB+ B cells, whether IL-21-expressing cells are
also present in the tumor tissue has been investigated. Re-
sults showed that IL-21-expressing CD3+ T cells could be
identified in the vicinity of B cells in these tumor tissue
sections, suggesting the contribution of IL-21 cytokine to
the modulation of cellular adaptive immune responses in the
tumor microenvironment (Lindner and others 2013).

Tumor-associated macrophages (TAMs) are an important
component of the tumor microenvironment. Macrophages
are highly plastic and can rapidly change their phenotypes in
response to their local signals, including interactions with
lymphocyte subsets (Biswas and Mantovani 2010). Study on
the therapeutic effects of anti-Her2/neu Ab in a HER2/neu-
dependent breast cancer cell TUBO model demonstrated
that tumor progression is highly associated with immune-
suppressive M2 phenotypes, and deletion of TAMs mark-
edly enhanced the therapeutic outcome. Furthermore, IT
delivery of IL-21 skewed TAM polarization away from the
immune-suppressive M2 phenotype toward the immune-
stimulatory M1 phenotype (Xu and others 2015).

Browning and others (2016) showed that lenalidomide is
an immunomodulatory drug, which induced production of
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IL-21 in T cells from patients with chronic lymphocytic
leukemia (CLL) and enhanced upregulation of functional
IL-21 receptor (IL-21R) on the cell surface of CLL cells. In
addition, this work showed that lenalidomide enhances the
cytotoxic effect of IL-21 on CLL cells. Collectively, pub-
lished data in the literature show that IL-21 as a pleiotropic
cytokine regulates immune responses depending on the
context. For instance, biological activities of IL-21 promote
the cytotoxic effects of CD8+ T cells and NK cells. IL-21
also induces apoptosis of B cell lymphomas. Furthermore, it
promotes the M2 to M1 transition of the TAMs. These
studies suggest that IL-21 can affect different types of cells
in the tumor microenvironment. Thus, this cytokine might
be used alone or in combination with other agents for im-
munotherapeutic purposes (Leonard and Wan 2016).

IL-22 is a glycoprotein belonging to the IL-10 family. IL-
22 is released by several cell types, including CD4+ and
CD8+ T lymphocytes as well as NK T cells (Rutz and others
2013). In humans, only a limited number of Th17 cells
corelease IL-22 with IL-17 (Duhen and others 2009; Eyerich
and others 2009). Several reports suggest that IL-22 favors
tumor outgrowth of nonmelanoma skin cancer and metas-
tasis of colon and lung cancers (Nardinocchi and others
2015; Eyerich and others 2017). In humans, increased ex-
pression of IL-22 or its receptor was reported to correlate
with disease progression and decreased overall survival in
pancreatic, gastric, and colorectal cancers (Zhuang and
others 2012; Wen and others 2014).

IL-22 is a cytokine with tumor-promoting properties.
Unlike other cytokines, IL-22 is produced only by immune
cells and binds to IL-22 receptor-1+ (IL-22-R1+) nonim-
mune cells. The presence of IL-22-producing cells is linked
to a more aggressive phenotype in a variety of cancer en-
tities, such as lung, breast, gastric, and skin cancers, indi-
cating a more universal function of IL-22 in cancer
progression (Eyerich and others 2017). Voigt and others
showed that cancer cells directly induce IL-22 production
in vitro and in vivo in 2 murine tumor models, which are
primarily human breast and lung cancers, respectively. IL-
1b induced by inflammasome activation is critical for IL-22
production. IL-1b increased the activity of the IL-22 tran-
scription factors in lineage-committed T cells (Voigt and
others 2017). A recent study also showed that Th17, Th22,
and CD4+ cells coproducing IL-17/IL-22 were accumulated
in colon cancer tissues, and may be involved in the tumor
development and progression (Doulabi and others 2018).

Conclusion Remarks

T cells play a highly important role in tumor immune
response. Discovery of Th17 cells as a new subset of CD4+

T cells has added a new perspective to cancer studies. The
role of Th17 cells in tumor immunity is still not clear, but it
has been found to be dependent on a number of factors such
as cytokines, chemokines, costimulatory molecules, and
cell–cell interactions. The role of Th17 cells either stimu-
lating or inhibiting the tumor is generally dependent on
composition of tumor microenvironment. Th17 cells pro-
duce IL-17, IL-17F, IL-21, IL-22, IL-26, and TNF. These
cytokines can modulate fibroblasts, endothelial cells, epi-
thelial cells, macrophages, and tumor cells within the tumor
microenvironment. Tumor-promoting function of IL-17 can
be accomplished by preventing tumor cell apoptosis, di-

minishing antitumor responses, increasing tumor angiogen-
esis, and stimulating tumor metastasis and invasion (Qian
and others 2017). Opposing to tumor-stimulating function,
IL-17 can also act as a tumor suppressor during the process of
tumorigenesis. IL-17 exerts antitumor functions by enhancing
NK cell and CTL cell activation, and by recruiting neutrophil,
NK cell, CD4+ and CD8+ T cell infiltration into tumor tissue
(Qian and others 2017). Recent data on the behavior of T
cell subsets including Th17 cells in tumor microenviron-
ment highlighted the need for a more detailed examination
of immune cells in the tumor microenvironments.

As mentioned earlier, Th17 cells produce IL-17A, IL-
17F, IL-21, and IL-22. Th17 cells were studied in different
types of cancers, but the results of the studies are contro-
versial due to various reasons. Besides Th17 cells, IL-17
family cytokines in cancer are not deeply studied yet. One of
the cytokines of Th17 cells is IL-21. It is involved in the
proliferation and expansion of tumor-infiltrating lympho-
cytes and CD8+ memory T cells. IL-21 stimulates IFN-
gamma production and increased granularity in NK cells
(Davis and others 2015). Therefore, IL-21 regulates strong
antitumor activity. IL-22 is also the other cytokine of Th17
cells. It has been identified as a cancer-promoting cytokine. It
was recently shown that breast and lung cancer cells induce
IL-22 production from memory CD4+ T cells by IL-1 to
promote tumor growth (Voigt and others 2017). Overall,
Th17 cytokines have different functions in the tumor micro-
environments. A better understanding of the mechanisms of
producing antitumor responses in Th17 cells will lead to the
development of more effective vaccines and T cell-dependent
therapies for cancer patients.
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zenmeier H, Jahrsdörfer B. 2013. Interleukin 21-induced
granzyme B-expressing B cells infiltrate tumors and regulate
T cells. Cancer Res 73(8):2468–2479.

Nardinocchi L, Sonego G, Passarelli F, Avitabile S, Scarponi C,
Failla CM, Simoni S, Albanesi C, Cavani A. 2015. Interleukin-
17 and interleukin-22 promote tumor progression in human
nonmelanoma skin cancer. Eur J Immunol 45:922–931.

Nurieva R, Yang XO, Martinez G, Zhang Y, Panopoulos AD,
Ma L, Schluns K, Tian Q, Watowich SS, Jetten AM, Dong C.
2007. Essential autocrine regulation by IL-21 in the genera-
tion of inflammatory T cells. Nature 448:480–483.

Parks OB, Pociask DA, Hodzic Z, Kolls JK, Good M. 2016.
Interleukin-22 signaling in the regulation of intestinal health
and disease. Front Cell Dev Biol 3:85.

Punt S, Fleuren GJ, Kritikou E, Lubberts E, Trimbos JB, Jor-
danova ES, Gorter A. 2015a. Angels and demons: Th17 cells
represent a beneficial response, while neutrophil IL-17 is
associated with poor prognosis in squamous cervical cancer.
Oncoimmunology 4(1):e984539.

Punt S, Langenhoff JM, Putter H, Fleuren GJ, Gorter A, Jor-
danova ES. 2015b. The correlations between IL-17 vs. Th17
cells and cancer patient survival: a systematic review. On-
coimmunology 4:e984547.

Qian X, Chen H, Wu X, Hu L, Huang Q, Jin Y. 2017.
Interleukin-17 acts as double-edged sword in anti-tumor
immunity and tumorigenesis. Cytokine 89:34–44.

Rutz S, Eidenschenk C, Ouyang W. 2013. IL-22, not simply a
Th17 cytokine. Immunol Rev 252:116–132.

Søndergaard H, Galsgaard ED, Bartholomaeussen M, Straten
PT, Odum N, Skak K. 2010. Intratumoral interleukin-21 in-
creases antitumor immunity, tumor-infiltrating CD8+ T-cell
density and activity, and enlarges draining lymph nodes.
J Immunother 33(3):236–249.

Song X, Qian Y. 2013. IL-17 family cytokines mediated sig-
naling in the pathogenesis of inflammatory diseases. Cell
Signal 25(12):2335–2347.

Spolski R, Leonard WJ. 2008. Interleukin-21: basic biology and
implications for cancer and autoimmunity. Annu Rev Im-
munol 26:57–79.

Tosolini M, Kirilovsky A, Mlecnik B, Fredriksen T, Mauger S,
Bindea G, Berger A, Bruneval P, Fridman WH, Pagès F,
Galon J. 2011. Clinical impact of different classes of infil-
trating T cytotoxic and helper cells (Th1, Th2, Treg, Th17) in
patients with colorectal cancer. Cancer Res 71:1263–1271.

Veldhoen M, Hocking RJ, Atkins CJ, Locksley RM, Stockinger
B. 2006. TGFb in the context of an inflammatory cytokine
milieu supports de novo differentiation of IL-17-producing T
cells. Immunity 24:179–189.

4 NALBANT

D
ow

nl
oa

de
d 

by
 S

T
O

C
K

H
O

L
M

S 
U

N
IV

E
R

SI
T

E
T

 f
ro

m
 w

w
w

.li
eb

er
tp

ub
.c

om
 a

t 1
2/

19
/1

8.
 F

or
 p

er
so

na
l u

se
 o

nl
y.

 



Voigt C, May P, Gottschlich A, Markota A, Wenk D, Gerlach I,
Voigt S, Stathopoulos GT, Arendt KAM, Heise C, Rataj F,
Janssen KP, Königshoff M, Winter H, Himsl I, Thasler WE,
Schnurr M, Rothenfußer S, Endres S, Kobold S. 2017. Cancer
cells induce interleukin 22 production from memory CD4+ T
cells via interleukin-1 to promote tumor growth. Proc Natl
Acad Sci U S A 114(49):12994–12999.

Volpe E, Servant N, Zollinger R, Bogiatzi SI, Hupé P, Barillot
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