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Th17 cytokines in non-melanoma skin cancer
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Abstract

T-helper type 17 cytokines have been implicated in epithelial cancer progression at mucosal sites.
In this issue of the European Journal of Immunology, Nardinocchi, et al. show that the Th17
cytokines IL-17 and IL-22 can both signal to non-melanoma skin cancer cells, inducing both
cellular proliferation and enhanced migration of human basal-cell carcinoma (BCC) and squamous
cell carcinoma (SCC) cell lines in vitro. These cytokines were also shown to exacerbate tumor
growth in mice injected with the SCC line, CAL27. Thus, IL-17 and I1L-22 may be key factors in
skin cancer progression and may provide novel prognostic markers in non-melanoma skin cancer.
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T helper 17 (Tw17) cells represent a CD4* T-cell lineage that develop from naive CD4* T
cells in the presence of specific factors, such as TGF-p, 1L-6 and IL-1f (reviewed in [1]),
and that are maintained in the presence of IL-23 [2]. Ty17 cells are characterized by their
capacity to secrete IL-17A, IL-17F, IL-21, IL-22 and CCL20 (reviewed in [3]) and their
development is regulated by the transcription factors RORvyt, RORaq, interferon regulatory
factor 4 (IRF4) and the aryl hydrocarbon receptor (AHR) (reviewed in [4]). The induction of
RORvt is dependent on STATS3, which is preferentially activated by IL-6, IL-21 and 1L-23,
and plays a key role in the regulation of IL-17 production by Ty17 cells [5]. Although
CD4™T cells are a key source of 1L-17, it should be noted that IL-17 can also be produced by
CD8*T cells, y8 T cells, NKT cells, neutrophils, eosinophils, and mast cells.

The role of Ty17 cells and their effector cytokines in inflammation and autoimmunity has
been well established but their role in tumor immunity has been considered “controversial”
and highly influenced by the context, the type of inflammation surrounding the developing
tumor, as well as the type of tumor these inflammatory cells infiltrate (reviewed in [6]).
However, it is important to note that a clear distinction must be made between the role of
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Tw17 cells and their signature cytokine, 1L-17, in tumor immunity and development. As an
example of this, Muranski et al. have reported [7] that T417 cells have an anti-tumoral effect
against melanoma, but the effect was not affected by IL-17 antibodies and instead, was
completely inhibited by the inhibition of IFN-vy. Secondly, T17 cells have a dynamic
phenotype and differentiation into IL-17-producing FOXP3+ regulatory T cells [8] or into T
helper 1 (THZ1) [9] cells have been described.

Several human cancers, including gastric cancer [10], hepatocarcinoma [11], non-small cell
lung cancer (NSCLC) [12], and breast cancer [13], are characterized by a strong infiltration
by TH17 cells and in many cases, the degree of infiltration had a prognostic value. In
colorectal cancer, the detection of a TH17 gene over-expression signature was also
associated with a worse prognosis following the primary tumor resection in stages | and Il
[14]. Non-melanoma skin cancers (NMSCs) are comprised mainly by basal-cell carcinomas
(BCCs) and squamous-cell carcinomas (SCCs) which represent the most common human
cancers. Both UVB and UVA radiation cause DNA damage and immunosuppression, two of
the leading etiologies for NMSC [15]. The estimated incidence of non-melanoma skin
cancer in USA is higher than 1,000,000 per year, and despite the public awareness about the
harmful effect of sun exposure, the incidence only continues to increase [16]. In this issue of
the European Journal of Immunology, Nardinocchi et al. [17] show that IL-17* and 1L-22*
T cells infiltrate non melanoma-skin carcinomas. The authors showed that IL-17 and 1L-22
directly promote the proliferation of BCC and SCC cell lines in vitro (Figure 1). Using
scratch assays, the authors demonstrated that both IL-17 and IL-22 also increase the
migration of BCC and SCC cell lines (Figure 1). This response was associated with the
induction of IL-6 and IL-8, factors associated with tumor proliferation and migration [17].
Moreover, the authors demonstrated that IL-17 also induces tumor proliferation in an in vivo
xenograft model, in which nude mice are injected with the SCC line CAL27. IL-17
stimulation of BCC and SCC cell lines was shown to result in activation of NF-kB, and
IL-22 stimulation was shown to result in activation of Erk1/2, STAT3 and AKT. These data
suggest that these signaling pathways may be responsible for the proliferative effects
observed in both the in vitro and in vivo assays.

Several preclinical studies utilizing genetically engineered mouse models have attempted to
define the role of Ty17 cells in tumor initiation and development [17-21]. Most of these
studies have actually presented evidence of a pro-tumorigenic role for T17 cells, which is
mostly dependent on the effects of the signature cytokine, IL-17A; but it may also depend
on the effect of other T17-secreted cytokines such as IL-17F [18]. In 2009, using the
APCMin mouse model of colon cancer, Wu et al. demonstrated that Bacteroides fragilis
(ETBF) colonization can induce colorectal tumors through a T17-type immune response to
the bacteria, and that the effect was blocked with IL-17A neutralization [19]. McAllister et
al. [20] has recently investigated the role of TH17/IL-17 using a mouse model in which an
oncogenic form of Kras (KrasG12D), the most common mutation in pancreatic cancer, is
restricted to pancreatic acinar cells. Pancreatic tumorigenesis was shown to accelerate in
these mice upon induction of chronic pancreatitis and this effect was accompanied by TH17-
cell infiltration into the pancreas [20]. Overexpression of IL-17, achieved by pancreatic
adenoviral overexpression, also induced tumor progression. Conversely, by using antibodies
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that neutralize the IL-17 pathway and transplanting mice which had pancreatic Kras
activation with 1L-17KO bone marrow, pancreatic tumorigenesis was significantly delayed.
The same group also showed that murine and human oncogenic Kras activation of
pancreatic epithelial cells can induce the expression of IL-17RA [20]. Chang et al. [21] have
reported similar pro-tumorigenic results using mice in which KRAS G12D, also frequently
found in human lung cancer, is specifically expressed in lung epithelium (through Club Cell
secretory protein (CCSPCre)); the authors showed that repeatedly challenging these mice
with Haemophilusinfluenza (HI) induces a COPD-type inflammation [21]. In this model,
similar to that shown in the pancreatic tumor model [20], neutralization of IL-17 showed a
significant reduction in lung tumor numbers and the effect was mostly dependent on the
recruitment of Gr1*CD11b* myeloid cells, as depletion of these cells caused suppression of
tumor growth [21]. Furthermore, Wang et al. [22] have recently confirmed the requirement
of IL-17R expression on the oncogenic epithelium for the tumorigenic effects of IL-17 by
deleting the IL-17RA specifically from the colon epithelium in a CPC-APC model (carriers
of a CDX2PNLS Cre recombinase transgene and a loxP-targeted Apc allele). Using bone
marrow chimerism studies, this group also showed that colon tumorigenesis was unaffected
when IL-17RA was deleted in bone marrow cells. Taken together, these data suggest that a
direct interaction between IL-17 ligands and IL-17R-bearing epithelial cells is required for
the observed effects on tumorigenesis.

The study by Nardinocchi et al. also suggests that IL-17 and IL-22 can have direct effects on
non-melanoma skin cancer, and that this immune pathway may be an important regulator of
tumor progression. The cellular sources of these cytokines in the skin need to be determined
as several subsets of cells can produce these cytokines in skin, including Th22 cells (Figure
1). The principal treatment for skin cancer is surgery but the pathway identified by the
authors may be important factors in gauging prognosis or may represent novel therapeutic
targets in advanced disease. Future studies are needed to determine the prognostic or
therapeutic value of this pathway in skin cancer.
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Figure 1. Rolesof IL-17 and IL-22 play rolesin non-melanoma skin cancer
Non-melanoma skin cells, such as basal cell carcinoma (BCC) and squamous cell carcinoma

(SCC), express receptors for IL-17 and I1L-22 and Nardinocchi et al. [16] show that these
factors can increase tumor cell proliferation and migration in vitro. The enhanced
proliferation and migration of BCC and SCC cell lines in response to IL-17 and IL-22 is
associated with the induction of IL-6 and IL-8. The recruitment of myeloid cells (CD11c*)
may constitute one of the pro-tumorigenic mechanisms of action of Th17 cells. Th17 and
Th22 cells are depicted in the figure, but the cellular source of their signature cytokines in
skin cancer remains to be determined. Using xenograft assays, Nardinocchi et al. show that
these cytokines also accelerate tumor growth in vivo. IL-17 treatment of the SCC cell line
CAL 27 induced NF-xB signaling in these cells and IL-22 treatment activated the Erk1/2
and STAT3 signaling pathway, which may be responsible for tumor progression.
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