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The role of CD41 T helper (Th) 17 cells in malignancy is currently
under debate. However, upon closer scrutiny, it becomes apparent
that this discussion includes not only evaluations of Th17 cells but
also IL-171 cells from other immune populations, the cytokine
interleukin (IL)-17 itself (both endogenous and exogenous) and
IL-23. Further complicating the matter are occasionally conflict-
ing results of studies in humans versus those in mice and contra-
dictory data from immunocompetent versus immunodeficient
mice. To better understand the role of Th17 cells in the tumor-
bearing host, we focus first upon those studies investigating Th17
cells in patients and then those in mice, all the while keeping in
mind that variables such as tumor-initiating agents, a pre-existing
inflammatory environment and the immune competence of the
host may have direct effects upon this T-cell subset. In this review,
we will describe the phenotype of tumor-associated Th17 cells,
review those studies that have examined the population directly,
and finally, briefly discuss the studies involving Th17-associated
signature cytokines.

Phenotype and cytokine profile of T helper 17 cells in cancer
patients

Since their discovery only 5 years ago, T helper (Th) 17 cells have
risen to prominence in studies of virology, autoimmune disease, in-
flammation, and immune responses to various parasites and fungi.
Although their role in the pathogenesis of many of these conditions
is rather well defined, their function(s) in the context of tumor immu-
nology remains controversial. To begin with, it is imperative to stress
that the cytokine interleukin (IL)-17 and the T-cell subset Th17 are not
synonymous. If we are to arrive at a consensus on the action of Th17
cells in the tumor environment, we must make and maintain this
distinction (Box 1).

Th17 cells are defined as CD4þ T helper cells that secrete the cyto-
kine IL-17 and whose developmental program is controlled by multiple
cytokines (1) and the transcription factor retinoic acid receptor-related
orphan receptor gamma T. These cells have been examined in cancer
patients by a few laboratories, including our own. We have shown that
human tumor-associated Th17 cells express minimal levels of human
leukocyte antigen-dr, CD25 and granzyme B, suggesting that they are
not a ‘conventional’ effector cell population. Moreover, these cells also
do not express programmed cell death 1 or forkhead box P3, making it
unlikely that they enact immune suppression through either pathway.
As for cytokine products, Th17 cells in cancer patients produce high
levels of granulocyte-macrophage colony stimulating factor, tumor
necrosis factor alpha (TNFa), IL-2 and interferon-gamma (IFNc),

but no IL-10. This phenotype has been observed in five types of human
tumor (2). In support of this, 50% of Th17 cells in patients with hepa-
tocellular carcinoma (HCC) produced IFNc (3). It is worth mentioning
that Th17 cells expanded in vitro from tumor-infiltrating lymphocyte
populations in melanoma, breast and colon cancers secrete elevated
amounts of IL-8 and TNFa, but no IL-2 (4). Because this profile has
been seen previously in Th17 cells isolated from healthy donors (5) and
patients with autoimmune diseases (6) (Ilona Kryczek, Allen Bruce,
and Weiping Zou unpublished results), it is possible that there is a dif-
ference in the phenotypes of freshly isolated Th17 cells and those
expanded or induced in vitro from tumor-associated populations. Alter-
natively—but less likely—Th17 cell phenotypes may differ across
cancers. Tumor-associated Th17 cytokine products mimic those found
in some instances of viral infection (7,8); we believe that tumor-asso-
ciated Th17 cells have the ability to influence immune responses
through the action of these proteins.

As for homing molecules, tumor-associated Th17 highly express
CXCR4 and CCR6, c-type lectin receptor CD161 and the CD49 in-
tegrin isoforms c, d and e. CCR2, CCR5 and CCR7 are not present on
these cells (2). Importantly, CCR6 and CD161 have been observed on
both Th17 cells from healthy donors and on lymphocytes and den-
dritic cells in inflammatory environments (9–11), so they may not
serve as Th17-specific identification or selection molecules. Sharma
et al. (12) have defined a similar Th17 phenotype in a mouse model of
cancer: cells expressing high levels of IL-2 and TNFa, a subpopulation
of these concurrently expressing IL-22 and a small number of cells
expressing IFNc or IL-10. It may be of interest that the cells in this
study had been reprogrammed from T regulatory cells (Tregs); but as
of yet, this remains the only study to directly address the cytokine
profile of Th17 cells in a murine tumor environment. IL-2 and IL-2/
TNFa expression in Th17 cells have also been documented in murine
models of multiple sclerosis and in tumor-specific Th17-polarized
cells (13,14). As might be expected, this profile has also been
observed in murine virus infections (15). It seems that in both human
and mouse malignancies, Th17 cells share the same effector cytokine
profile. We will now discuss studies examining the role(s) of
tumor-associated Th17 populations.

Th17 cells in cancer

Human

Many laboratories have studied Th17 populations in the blood and
(occasionally) tissues of patients with various cancers (Table I). Our
group has extensively examined Th17 distribution and function in
ovarian cancer patients. We have made several key observations:
firstly, that the prevalence of Th17 in the tumor-draining lymph nodes
and blood of these patients is comparable with that of healthy donors.
Secondly, although Th17 cells constitute a small population within the
tumor microenvironment, they are found in proportionally higher
numbers here in comparison with other immune cell subsets.
Tumor-associated Th17 levels correlate positively with microenviron-
mental Th1 cells, cytotoxic CD8þ T cells and natural killer cells and
inversely with Tregs (2, 23). Su et al. (4) also found significantly
higher numbers of Th17 cells expanded or induced from tumor-
infiltrating lymphocyte populations in cancer patients than in lympho-
cyte populations from non-tumor tissue. In ovarian cancer patients,
Th17 cells were the sole source of IL-17 in ascites, and the level of IL-
17 in this fluid correlated positively with patient survival. Even after
controlling for surgical debulking and other parameters, tumor-asso-
ciated IL-17 was a negative predictor of death hazard. Average sur-
vival of patients with .220 pg/ml IL-17 in ascites was 78 months,
whereas that of patients with less IL-17 was 27 months. In the tumor
microenvironment, IL-17 synergized with IFNc to induce CXCL9 and

Abbreviations: APC, antigen-presenting cell; HCC, hepatocellular carci-
noma; IL, interleukin; IFNc, interferon-gamma; STAT3, signal transducer
and activator of transcription-3; Th17, T helper 17; TNFa, tumor necrosis
factor alpha; Treg, T regulatory cell.
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CXCL10 production. These Th1-type chemokines recruit effector
populations to the tumor itself: we found that ascites levels of
CXCL9 and CXCL10 correlated directly with tumor-infiltrating nat-
ural killer and CD8þ T cells (2). In agreement with our finding that
Th17 cells are protective, Sfanos et al. (17) found an inverse corre-
lation between the differentiation stage of Th17 cells in prostate
glands of cancer patients and their tumor progression. However, in
another study examining patients with hormone-resistant prostate
cancer, Derhovanessian et al. (20) demonstrated an inverse correla-
tion between pretreatment circulating levels of Th17 cells and time
to disease progression. Recall that the levels of Th17 cells are usu-
ally limited in cancer patients (2,23). A larger population of Th17 in
the blood may indicate an underlying infection or inflammatory
state, which would influence the efficacy of immunotherapy and
speed of tumor development. It would be interesting to further eval-
uate these patient samples and try to determine the initial cause of
the expanded blood Th17 populations. A study from Kuang et al.
demonstrated that IL-17-producing cells were enriched predomi-
nantly in peritumoral stroma of HCC tissues, where their levels
correlated with monocyte/macrophage density. Consistent with our
observations (2), tumor-activated monocytes were better than tumor-
associated macrophages in inducing in vitro expansion and prolifer-
ation of Th17 from circulating memory T cells (21). Interestingly,
a very recent report examined tumor-infiltrating lymphocytes and
their correlations with nasopharyngeal carcinoma patient outcomes;
Zhang et al. (16) found no correlation of Th17 with patient clinico-
pathological characteristics or survival. Finally, Ye et al. investi-
gated Th17 cells from 30 patients with lung adenocarcinoma or
squamous cell carcinoma. Malignant pleural effusion from these
patients was chemotactic for Th17 cells, and this activity was par-
tially abrogated by CCL20 and/or CCL22 blockade. Interestingly,
higher accumulation of Th17 cells in malignant pleural effusion
predicted improved patient survival (18).

It is well known that patients with chronic inflammatory conditions
have a greatly increased risk of cancer in the affected organs (24,25).
Because inflammation resulting from viral or bacterial infections can
often lead to or hasten the development of malignancy, it is vital to
comprehend the kinetics and targets of inflammation in a discussion
of Th17 cells and cancer. Our laboratory examined the relationship
between Th1-derived IFNc, Th17 cells and antigen-presenting cells
(APCs) in humans. We found that IFNc could rapidly induce elevated
B7-H1 expression on APCs and stimulate their production of IL-1 and
IL-23. B7-H1 signaling resulted in abrogation of the Th1-polarizing
capacity of APC, whereas IL-1 and IL-23 directed them toward
a memory Th17-expanding phenotype (26). In the course of inflam-
mation, then, we believe that the acute Th1-mediated response is
attenuated by IFNc-induced B7-H1 on APCs and is subsequently
evolved toward Th17-mediated chronic inflammation by APC-
derived IL-1 and IL-23. In addition to challenging the dogma that
IFNc suppresses Th17 and enhances Th1 development, our study
reinforces the notion that Th17 kinetics depend strongly on the con-
text of the ongoing immune response and the constituents of the
cytokine milieu, both of which are influenced by disease progression.

Mouse

Our laboratory has also studied Th17 cells in murine cancer. Similar
to humans, Th17 populations are limited in healthy mice but relatively
expanded in the blood, bone marrow and spleens of mice bearing the
aggressive B16 melanoma. Perhaps not surprisingly, the largest pop-
ulations of Th17 cells occurred within the tumor. We also observed
expanded Th17 populations in mouse melanoma, prostate cancer,
fibrosarcoma and advanced head and neck cancer (27). The laboratory
of Nicholas Restifo published a study in 2008 investigating the effect
of a tumor antigen-specific T-cell clone on the eradication of murine
melanoma. Interestingly, Th17-polarized (via IL-6 and transforming
growth factor b) T-cell clones were better than Th1-polarized clones

Table I. Th17 cells and tumor

Subject Organism Immune
status

Type of tumor Tumor induction Effect of subject References

Th17 Human Competent Nasopharangeal
carcinoma

No association with disease outcome (16)

Th17 Human Competent Ovarian
cancer

Levels correlated positively with patient survival;
synergized with IFNc to induce CXCL 9 and
10, which recruited natural killer and CD8þ T cells
to the tumor microenvironment

(2)

Th17 Human Competent Prostate
cancer

More highly differentiated Th17 in prostate
correlated with slower disease progression

(17)

Th17 Human Competent Lung adenocarcinoma
and squamous cell
carcinoma

MPEwas chemotactic for Th17 cells; Th17
accumulation in MPE correlated positively
with patient survival

(18)

Tumor antigen-
specific Th17

Mouse Competent B16 melanoma Subcutaneous
injection

Th17-polarized cells were better at tumor
eradication than Th1-polarized cells;
the effect was largely IFNc-dependent

(14)

Tregs converted to Th17
by IL-6 from pDC

Mouse Competent B16 melanoma Subcutaneous
injection

Associated with an increase in activated
CD8þ T cells, better antitumor efficacy

(12)

Th17 Mouse Competent Pan02 pancreatic
cancer

Subcutaneous
injection into
right hind leg

Pan02 cells transduced with IL-6 induced Th17
accumulation in the tumor microenvironment
and lead to slower tumor growth and
increased survival when compared with
parental or vector-transduced tumors

(19)

Th17 Human Competent hormone-
resistant
prostate cancer

Higher pretreatment Th17 numbers correlated
with faster disease progression

(20)

Th17 Mouse Competent Hepa1-6 HCC Subcutaneous
injection
into dorsal tissues

Gadolinium chloride decreased intratumoral
CD4þ IL-17þ infiltration, which was
associated with decreased tumor growth

(21)

Th17 Mouse Competent ID8 ovarian
cancer

Intraperitoneal
injection

Ascites Th17-derived IL-17 production lead to
myeloid cell recruitment in the tumor
environment and accelerated tumor growth

(22)

Green 5 possible protective effect, pink 5 possible pro-tumor effect. MPE, malignant pleural effusion; pDC, plasmacytoid DC.
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in destroying advanced B16 tumors, although their effect seemed to
depend largely on their production of IFNc (14). As promising as this
may seem, there are several complicating factors to consider. Al-
though IFNc has been documented as a cytokine product of human
Th17 cells in vivo, secretion has been minimal in murine Th17 asso-
ciated with tumor (12). Secondly, recall that in vitro-polarized cells
become enriched for a particular cell type (in this case, Th17 cells) but
do not constitute a pure population. Finally, the concept of plasticity
needs to be taken into account in any discussion of the immune
system, and we emphasize that there is a potential for Th17 cells to
convert to a Th1-like phenotype in the presence of IL-12 (28,29).
These issues should be carefully examined when one is interpreting
instances of adoptive transfer. Soon after these experiments were
published, Sharma et al. treated B16-bearing mice with an indole-
amine 2,3-dioxygenase inhibitor and antitumor vaccine, which in-
creased the frequency of IL-6 production by plasmacytoid dendritic
cells. This treatment also caused a conversion of many Tregs in tumor-
draining lymph nodes to Th17 cells, and the investigators observed an
increase in activated CD8þ T cells along with augmented antitumor
efficacy (12). Repetition of treatment in CD4þ T-cell-deficient mice
led to the abrogation of this effect, suggesting (perhaps not surpris-
ingly) that CD4þ helper cells were necessary for the antitumor re-
sponse. To complete their recent study on HCC, Kuang et al. (21).
demonstrated that inhibition of monocyte and macrophage inflamma-
tion in liver via treatment with gadolinium chloride (a Kupffer cell
toxicant) reduced the level of murine hepatoma-infiltrating CD4þ IL-
17þ cells by �80% and also reduced tumor growth. Charles et al.
obtained similar results when they examined TNFa signaling in the
ID8 mouse model of ovarian cancer. In these experiments, TNFa
signaling through the TNFa receptor 1 appeared to maintain IL-17
production by ascites CD4þ T cells (but not those in the spleen),
which then led to GR1þ myeloid cell recruitment into the tumor
microenvironment and enhanced tumor growth (22). Studies of the
myeloid compartment of the stroma once again point to the impor-
tance of an extant inflammatory environment before and during tu-
morigenesis; the extent to which this occurs can have profound effects
on the tumor microenvironment. The most recent mouse report on
intratumoral Th17 examined pancreatic cancer. Gnerlich et al. found
that mice bearing IL-6-transduced (transforming growth factor b-secret-
ing) Pan02 tumors had slower tumor growth and better overall median
survival compared with mice bearing parental or empty vector-trans-
duced Pan02 tumors. Immunohistochemistry, flow cytometry and
enzyme-linked immunospot assay analysis revealed increased Th17
cells in tumors of the IL-6 Pan02 group compared with wild-type or
empty vector-transduced Pan02 tumors. Thus, the addition of IL-6 to
the tumor microenvironment skews the balance between Treg and Th17
cells toward Th17 in this model of pancreatic cancer. Delayed tumor

growth in concert with improved survival suggests that microenviron-
mental induction of Th17 supports antitumor immunity (19).

IL-17 in cancer

Perhaps the most confusing data in the debate over Th17’s role in
cancer arises from studies examining IL-17 itself. IL-17 is a proin-
flammatory cytokine, which can induce the production of other proin-
flammatory cytokines, chemokines and prostaglandins. It has six
family members (IL-17A through F) that are expressed by a variety
of innate and adaptive immune cell types, including mast cells, epi-
thelial cells, smooth muscle cells, invariant natural killer T cells,
natural killer cells, paneth cells, lymphoid-tissue inducer -like cells,
neutrophils and finally, cd and ab T cells (both CD4þ and CD8þ). The
specific effects of cytokine production by the above cell types are
excellently reviewed elsewhere (30). Here, we will summarize studies
of this cytokine (primarily IL-17A) both in human and murine
malignancies (Table II).

Human

Zhang et al. have examined IL-17þ cells in patients with HCC and
suggested a potential pro-tumor role for IL-17. They correlated in-
creased IL-17-producing cell density within the tumors of HCC pa-
tients with both microvessel density and poor prognosis (3). Notably,
HCC is strongly associated with chronic viral hepatitis; chronic viral
infection may profoundly reshape the generation and function of Th17
cells in cancer patients. Furthermore, this study did not directly ad-
dress the role of IL-17 in HCC. In non-small-cell lung cancer patients,
higher levels of IL-17 within the tumor correlated with higher blood
vessel density and shorter survival (33). Earlier reports have also
documented pro-angiogenic roles for IL-17 (36–39); it is imperative
to understand that these correlations are with the protein IL-17 and not
a specific cell population.

Mouse

Several laboratories have investigated the effects of IL-17 in murine
models of cancer. Hinrichs et al. adoptively transferred IL-17-
producing CD8þ T cells (Tc17) into mice bearing established vascu-
larized B16 melanoma. Once in vivo, these cells might be converted to
an IFNc-producing phenotype, induced tumor regression and per-
sisted in the host longer than non-polarized cells (31). One year later,
the Dutton group demonstrated similar findings: in vitro-generated
tumor-specific IL-17-producing CD8þ T cells adoptively transferred
into tumor-bearing mice controlled the growth of both early- and late-
stage B16 melanoma (32). The effector cells aided in recruitment of
other T cells, neutrophils and macrophages to the tumor and then in

Table II. IL-17 and tumor

Subject Organism Immune status Type of tumor Tumor induction Effect of subject References

Tumor antigen-
specific IL-17þ

CD8þ T cells

Mouse Competent,
transgenic

B16 melanoma Subcutaneous Converted to an IFNc-producing population and
induced tumor regression

(31)

Tumor antigen-
specific IL-17þ

CD8þ T cells

Mouse Competent,
transgenic

B16 melanoma Intradermal
injection

Adoptively transferred Tc17 suppressed growth of
early- and late-stage tumors

(32)

IL-17 Human Competent HCC Associated with
chronic
viral hepatitis

Higher IL-17-producing cell density correlated with
tumor microvessel density and poor prognosis

(3)

IL-17 Human Competent Non-small-cell
lung cancer

Higher intratumoral IL-17 levels correlated with
higher blood vessel density and shorter survival

(33)

IL-17A Mouse Competent EL4 lymphoma,
Tramp-C2 prostate
cancer, B16 melanoma

Subcutaneous
injection

Systemic treatment lead to accelerated tumor growth,
whereas blockade slowed tumor growth

(34)

IL-17þ gamma-
delta T cells

Mouse Competent Fibrosarcoma CMS-G4 Intradermal
injection

Gamma-delta T cells promoted tumor angiogenesis
via IL-17 production

(35)

Green 5 possible protective effect, pink 5 possible pro-tumor effect.
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concert with newly recruited neutrophils, produced chemokines to
attract Th1 cells, Tc1 cells and still more neutrophils. Interestingly,
far more IL-17þ CD8þ cells were required (compared with Tc1 ef-
fectors) to exert the same level of control over tumor growth, which
may suggest that IL-17-producing CD8 cells are necessary at the in-
duction of the antitumor response to recruit other, more potent effec-
tor cells to the microenvironment. In contrast, Yang et al. [who had
previously demonstrated that mast cells accumulate in the tumor mi-
croenvironment via signaling through the SCF/c-kit pathway (40)]
showed this year that the mast cells mobilize myeloid-derived sup-
pressor cell tumor infiltration and production of IL-17. This IL-17
effected increased downstream intratumoral recruitment of Treg cells,
enhanced their suppressor function through upregulation of CD39 and
CD73 and induced IL-9 production. Treg-derived IL-9 acted in a pos-
itive feedback loop to increase the longevity and pro-tumor effect of
mast cells in the tumor microenvironment (41).

Another paradigm to consider is that of deletion (Table III) or
forced ectopic expression of IL-17 in mice (Table IV). We and others
have observed that IL-17A knockout (IL-17A�/�) mice have faster
tumor growth and more lung metastases than wild-type mice (42–44).
Contrastingly, a study from 2009 showed that two transferred tumors
(B16 and bladder carcinoma MC49) grew more slowly in IL-17�/�

mice (34). Additionally, He et al. recently completed experiments
with IL-17R�/� mice, in which they observed slower growth of
mouse tumor cell lines (EL4 lymphoma, Tramp-C2 prostate cancer
and B16-F10 melanoma). Fascinatingly, systemic pretreatment with
murine IL-17A lead to dramatically accelerated tumor growth in
C57Bl/6 mice, whereas blockade of the same slowed tumor growth.
In this study, IL-17R deficiency resulted in an increase of intratumoral
CD8þ T cells and decreased numbers of myeloid-derived suppressor
cells in the tumor microenvironment (45). Interestingly, transgenic
expression of human or murine IL-17 in tumor cells has been shown
in two studies to suppress or slow tumor progression and increase
tumor-specific cytotoxic responses (46,47). In contrast, Numasaki
et al. (36) transfected murine fibrosarcoma (MCA205) and colon
adenocarcinoma (MC38) with mouse IL-17 and found that the trans-

fectants experienced accelerated growth in wild-type C57Bl/6 mice
when compared with non-transfected tumors.

Several new studies investigate the antitumor capabilities of other
IL-17 cytokines: Benetar et al. examined a variety of human tumor
xenograft models, including melanoma, breast, lung, colon and pan-
creatic cancers and found that injection of recombinant IL-17E every
other day resulted in induction of antitumor activity. IL-17E also
synergized with chemotherapeutic or other immunotherapeutic agents
to improve antitumor efficacy in human tumor xenograft models in
mice. Increases in IL-17E lead to higher eosinophil numbers in blood
and spleen compared with the control group; the splenic levels of
eosinophils correlated with antitumor activity of IL-17E in a dose–
response manner. Finally, IL-17E activated signaling pathways in B
cells, which were necessary for antitumor activity (48). Xie et al. (49)
have examined the efficacy of IL-17F against HCC. HCC cells
(SMMC-7721) transfected with human IL-17F downregulated self-
production of IL-6, IL-8 and vascular endothelial growth factor, and
culture supernatant from these cells directly inhibited ECV304 vascu-
lar endothelial cell growth. When transplanted into nude mice, trans-
fected cells grew more slowly compared with mock-transfected
controls. This effect was associated with direct suppression of vascular
endothelial cells in addition to downregulation of the pro-angiogenic
factors listed above.

Tumor-associated roles for IL-17 have also been explored in im-
munodeficient mice (Table V). While instructive, it is necessary to
recall that human cancers are largely initiated and develop in immune-
competent hosts. Nevertheless, it is interesting to ponder the following
investigations: Tartour et al. (50). injected nude mice with human
cervical tumor cells transfected with human IL-17 and found that they
grew more quickly than parental tumors. A few years later, Numasaki
et al. (51) demonstrated that human non-small-cell lung cancer trans-
fected with human IL-17 grew faster in severe combined immunode-
ficiency mice than did control non-small-cell lung cancer cells. In
both of these investigations, IL-17’s pro-angiogenic capabilities
seemed to contribute to accelerated tumor growth. A recent study
by Wakita et al. sheds some light on the seeming duality of roles of

Table III. IL-17 signaling deficiency and tumor

Subject Immune status Type of tumor Tumor induction Effect of subject References

IL-17A IL-17A-deficient MC38
adenocarcinoma

Subcutaneous,
intravenous injection

Faster subcutaneous tumor growth
and more metastatic foci in IL-17A-
deficient mice than in wild-type controls

(42, 43)

MCA310 sarcoma
IL-17A IL-17A-deficient B16F10 melanoma Intravenous

injection
More lung foci in IL-17A-deficient mice (44)

IL-17 (not specific with
regard to protein)

IL-17-deficient B16 melanoma,
MC49 bladder cancer

Subcutaneous
injection

Tumors grew more slowly in
IL-17-deficient mice

(34)

IL-17 receptor
(IL-17R)

IL-17R-deficient EL4 lymphoma,
Tramp-C2 prostate
cancer, B16 melanoma

Subcutaneous
injection

Tumor cell lines grew more slowly in
IL-17R-deficient mice

(45)

Green 5 possible protective effect, pink 5 possible pro-tumor effect.

Table IV. Exogenous IL-17 and tumor

Subject Immune status Type of tumor Tumor induction Effect of subject References

Human IL-17 Competent
(Balb/c)

Meth-A
fibrosarcoma, MC38

Subcutaneous
injection

Mice rejected the hIL-17-transfected
Meth-A cells

(46)

Murine IL-17 Competent J558L plasmocytoma Subcutaneous
injection

Growth of both IL-17-transfected
tumors was slower compared with
mock-transfected control

(47)
P815 mastocytoma

Murine IL-17 Competent MCA205 fibrosarcoma,
MC38 colon adenocarcinoma

Subcutaneous
injection

Tumor cells transfected with IL-17
grew faster and had higher blood
vessel density than those transfected
with vector control

(36)

Green 5 possible protective effect, pink 5 possible pro-tumor effect.

C.M.Wilke et al.

646

D
ow

nloaded from
 https://academ

ic.oup.com
/carcin/article/32/5/643/2896659 by U

.S. D
epartm

ent of Justice user on 17 August 2022



IL-17 in the tumor environment. The investigators induced tumor foci
in mouse skin and found that circulating lymphoid cd T cells that
infiltrated the lesions were the major source of IL-17 in the tumor
microenvironment; they promoted angiogenesis via their production
of IL-17 (35). This is a crucial piece of the IL-17 puzzle; it demon-
strates that pro-angiogenic IL-17 can be produced by cells other than
the ‘traditional’ (and until now more-studied) ab T cells.

Models of infection- or carcinogen-initiated cancer

Earlier this year, Chae et al. demonstrated that ablation of IL-17A
significantly reduced tumor formation in APCþ/Min mice. Interest-
ingly, the absence of IL-17A also ameliorated immune abnormalities
(splenomegaly and thymic atrophy) in the affected mice (52). Another
recent study where investigators infected APCMin/þ mice with the
common human commensal bacterium Bacteriodes fragilis revealed
that it induced Th17-mediated colitis and then colonic tumors in the
recipients (53). This cascade of events was dependent upon activation
of signal transducer and activation of transcription-3 (STAT3), both an
upstream mediator of the Th17 cell phenotype (54,55) and a potential
downstream target of IL-17 signaling (34); it may be of interest to
note that IL-22, an occasional product of Th17 cells, can signal via
signal transducer and activation of transcription-3 (56). Importantly,
the cellular sources of IL-17 in the B.fragilis study were determined to
be both CD4þ Th17 cells and cd T cells; however, selective STAT3
knockdown in the CD4þ T-cell compartment resulted in a decrease in

colonic inflammation and hyperplasia. Interestingly, colitis, colonic
hyperplasia and tumor development were inhibited by antibody-
mediated blockade of IL-17A alone or in concert with the IL-23
receptor (IL-23R).

An APC-produced member of the IL-12 cytokine family, IL-23
promotes the survival and expansion of Th17 cells. It is no wonder,
then, that discussions of Th17 function in tumor environments usually
involve consideration for a role for IL-23 in the same setting (Table-
VI). Langowski et al. demonstrated in 2006 that IL-23p19-deficient
(IL-23p19�/�) mice were resistant to skin tumors initiated by
9,10-dimethyl-1,2-benzanthracene and promoted by treatment with
12-O-tetradecanoyl-phorbol acetate. The investigators also observed
reduced growth of murine B16-F10 melanoma and LL/2 lung

Table VI. IL-23 and tumor

Subject Immune status Type of tumor Tumor induction Effect of subject References

IL-23 Competent GL26 glioma Stereotactic
implantation

Mice receiving IL-23-transduced dendritic cells developed
systemic immunity to rechallenge

(57)

IL-23 Competent B16 melanoma Subcutaneous
injection

B16 transfected with IL-23 grew as the parental
cells until day 20, then experienced inhibition
or regression

(58)

IL-23 Competent,
transgenic

B16 melanoma Subcutaneous
injection

Used as an adjuvant to adoptive transfer and tumor
antigen-specific vaccination, lead to greater T cell
accumulation in the blood and tumor suppression

(59)

IL-23 Competent GL26 glioma Stereotactic
implantation

Intracranial tumor-bearing mice have better survival
after treatment with IL-23-expressing bone
marrow-derived neural stem-like cells

(60)

IL-23 IL-23p19-
deficient

Skin cancer DMBA/TPA-induced
subcutaneous or intradermal
with Matrigel

Resistant to chemically induced tumor; reduced
growth of cell lines when compared with WT mice

(61)
B16 melanoma
LL/2 lung carcinoma

Box 1. Inequalities in evaluating Th17 cells and tumor

Th17 6¼ IL-17þ cell
Th17 6¼ IL-17
Th17 6¼ IL-23
Exogenous IL-17 6¼ endogenous IL-17
Mouse 6¼ human
Immunodeficient organism 6¼ immune competent organism
Chemical carcinogen-induced cancer 6¼ chronic infection-associated
cancer
Early cancer stage 6¼ advanced cancer stage

Table V. Tumor development in immunodeficient mouse models

Subject Immune status Type of tumor Tumor induction Effect of subject References

Murine IL-17 Athymic
nude

P815 mastocytoma Subcutaneous
injection

No difference in growth between transfected
or mock-transfected control cells

(47)

IL-17E Nude/SCID C8161 human melanoma Subcutaneous
injection

Injection of recombinant IL-17E every other
day induced antitumor activity

(48)
H460 non-small-cell lung cancer
MIA PaCa-2 pancreatic cancer
HT-29 colon adenocarcinoma
MDA-MB-435 breast cancer

IL-17F Athymic
nude

SMMC-7721 human HCC Subcutaneous
injection

Cells transfected with human IL-17F grew
more slowly compared with mock-
transfected controls; associated with inhibition
of angiogenesis

(49)

IL-17 Athymic
nude

Human HeLa and IC1
cervical carcinomas

Subdermal
injection

Tumor cell lines transfected with human IL-17
grew faster than parental cell lines; associated
with increased IL-6 expression and
macrophage recruitment to the tumor site

(50)

IL-17 SCID Human non-small-cell
lung cancer (Sq-19, A549)

Subcutaneous
injection

Cell lines transfected with human IL-17 grew
faster than control cells

(51)

Green 5 possible protective effect, pink 5 possible pro-tumor effect, SCID 5 severe combined immunodeficiency.
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carcinoma in IL-23 receptor-deficient (IL-23R�/�) mice. Functional
ablation of IL-23p19 subunit or genetic deletion of the IL-23R was
associated with decreased matrix metalloproteinase 9 expression and
increased CD8þ T-cell infiltration into the tumor tissues (61). Despite
the temptation to associate Th17 cells or their development with the
pro-tumor effects of IL-23 observed in this model, there is no data
linking these observations to IL-17 or a Th17 population. Further-
more, it is prudent to recall that IL-23 has many antitumor properties.
Several studies have documented that overexpression of IL-23 in
tumors and vaccination with IL-23-transduced dendritic cells have
lead to robust intratumoral CD8þ T (and in some cases, CD4þ T) cell
infiltration and subsequent inhibition of tumor growth (57–60). As in
the case of IL-17, then, it is important to consider data regarding IL-23
in the context of the host and the type of tumor model used.

Conclusions

As is now apparent, few studies have focused on primary Th17 cells in
the human tumor microenvironment, so it is difficult to deduce the
exact role(s) they may have in cancer patients. In the more exhaustive
studies of patients with established epithelial cancer, Th17 presence
and function have correlated with reduced tumor progression and
improved patient survival. In mice with established tumors, studies
have documented potent antitumor efficacy for both Th17 and Tc17
populations. However, it is possible that Th17 function may vary
according to cancer cause, type and location (Table I) (62), as well
as stage of disease. For example, collective evidence suggests that
Th17 cells and/or IL-17, along with other factors, may induce inflam-
mation and promote the initiation and early growth of some tumors, as
we have seen in three murine models of cancer: immune-deficient
mice, mice with chemical carcinogen-induced tumors and mice with
pathogen-induced tumors. Nonetheless, it is important to note that
most cancer patients are generally not immune-deficient, and many
have clinically established tumors without known exposure to patho-
gens or carcinogens. Th17 cell biology has been partially examined in
patients with well-established cancer. We acknowledge that human
studies are technically challenging, however, we believe it is now
essential to investigate the roles of Th17 cells and IL-17 in the very
early phases of human tumor growth to better understand how these
roles may change during disease progression.
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