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INTRODUCTION

Cutaneous squamous cell carcinoma (SCC) is the second most common human malignancy,
with more than 700,000 cases expected in 2016.1-4 Although typically curable by excision
with clear margins, SCC can behave aggressively and metastasize to local lymph nodes
despite treatment.>~7 Cutaneous SCC is characterized by the malignant proliferation of
keratinocytes that typically occurs on sun-damaged skin and tends to develop within areas of
noninvasive actinic keratosis (AK). Progression from AK to SCC is thought to occur as a
result of ultraviolet (UV)-induced mutations in proto-oncogene genes, with as few as 2
mutations being sufficient to drive SCC development.8:® Additional factors from the tumor
microenvironment likely influence SCC progression.

THE TUMOR MICROENVIRONMENT OF SQUAMOUS CELL CARCINOMA

Gene expression profiling of invasive SCC has revealed the presence of a large inflammatory
response.10 On a broad level, immune cells are thought to play a role in the antitumor
response. These immune cells include Langerhans cells (LCs), dermal dendritic cells (DCs),
CD4+ and CD8+ T cells, T regulatory cells (Treg), macrophages, and natural killer (NK)
cells. For SCC, some cell types typically implicated in tumor eradication, NK, B cells, and
monocytes, are rarely detected surrounding and infiltrating tumors.11 However, CD4+ and
CD8+ T cells, DCs, and tumor-associated macrophages (TAMs) are often found infiltrating
SCC tumors (Fig. 1).1112 These cells are thought to stunt malignancy and promote
regression of primary tumors, but in the context of SCC some of these cell types may be
functionally impaired or may exert protumor effects.
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T cells are a significant component of the SCC microenvironment.13-17 Gene expression
profiling has shown that T-cell activity is decreased in SCC, as shown by downregulation of
activation maker CD69 and impaired secretion of granzyme B and inducible nitric oxide
synthase (iNOS).10 In addition, myeloid-derived suppressor cells are present in SCC and
function to impair T cell-mediated immunity by secreting nitric oxide in the tumor
microenvironment. The consequence of this is dampening E-selectin expression on epithelial
cells and impairment of T-cell entry into tumors.18 In contrast, human T cells have been
reported to secrete interleukin (IL)-24 in response to antigen stimulation, secretion of which
has been shown to increase matrix metalloproteinase (MMP)-7 gene expression by SCC
cells in culture, potentially contributing to SCC invasion.19:20 Antibody blocking of SCC
cells with MMP-7—specific antibody has been shown to significantly delay SCC migration.1®

Antigen-presenting cells (APCs) in the skin include epidermal LCs and dermal myeloid
DCs. Myeloid DCs from SCC do not stimulate T-cell proliferation, even when cultured in
the presence of maturation promoting cytokines such as IL-1p, IL-6, tumor necrosis factor
alpha (TNFa) and pros-taglandin E2.21 These data might indicate a significant gap in
defense against SCC. This possibility is further supported by the presence of IL-10 and
transforming growth factor beta (TGFp) in the SCC microenvironment and expression of
CD200 receptor by SCC-associated DCs.21:22 Each of these has been shown to decrease
DC-mediated T-cell responses.23 LCs, located in the epidermal layer, should be the first
APCs to encounter SCC tumor antigens generated by transformed keratinocytes. These cells
are primarily found in tissues adjacent to and including the interface with the tumor.24
Moreover, LCs from SCC have been shown to stimulate CD4+ and CD8+ T-cell
proliferation at rates higher than those from normal skin eliciting a type 1 T-cell response.24
In addition, they express higher levels of LC maturation markers, CD40, CD80, CD83, and
CD86. This finding might indicate an antitumor role for LCs in human SCC. In contrast,
diphtheria toxin depletion of LCs in mice decreases ultraviolet B (UVB)-induced SCC
tumor growth.2> These data suggest that LC responses somehow contribute to SCC tumor
growth. LCs from SCC have been reported to express immune-activating signal transducer
and activator of transcription (STAT) 4, IL-15, and CD80, and immune tolerizing CD200
genes.24 Therefore, it is possible that LCs can have protumor roles in the context of SCC,
despite their ability to elicit T-cell responses.

An abundance of TAMs are found surrounding as well as penetrating SCC.26 TAMs may
play a dual role in the tumor microenvironment, because they maintain the potential to
eradicate tumor cells but have been shown to promote tumor growth. TAMs in the SCC
microenvironment have been shown to be classically activated M1 marker, alternatively
activated M2 marker, or biactivated M1 and M2 marker expressing (Fig. 2).2728 M1
activation is driven through the type 1 T helper (Th1) cytokine interferon gamma
(IFN'y),2729 whereas M2 activation occurs as a result of type 2 T helper (Th2) cytokines,
which include 1L-10, IL-13, and 1L-4.2° Although M1 macrophage responses are thought to
prevent tumor growth, the predominant subtype found in SCC tumors are M2 macrophages,
which have lower antigen-processing capacity.3 In addition, they have been shown to
negatively correlate with tumor growth and progression. The authors found that SCC TAMs
express MMP-11, MMP-9, STAT1, STAT6, and vascular endothelial growth factor C
(VEGF-C), which have been shown to promote increased lymphatic vessel density that is
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correlated with increased metastasis.31-33 Hence, SCC TAMs may show poor antigen-
presentation capacity in addition to secreting factors that may potentiate tumor progression.

TRANSPLANT-ASSOCIATED SQUAMOUS CELL CARCINOMA

Solid organ transplant recipients (OTRs) represent a particularly high-risk population for the
development of SCC. Immunosuppressive therapy used by OTRs to prevent allograft
rejection predisposes patients to cutaneous infections and neoplasms.34 OTRs are 60 to 100
times more likely to develop transplant-associated SCC (TSCC) compared with age-matched
immune-competent populations.#3° Patients with TSCC may experience catastrophic body
surface area involvement with metastatic rates as high as 8% (Fig. 3).3:36-39

Similar to SCC in immune-competent patients, TSCC tumors were shown to have
heightened levels of inflammatory gene expression measured using gene set enrichment
analysis.*0 More recently, the authors showed that TSCC tumors contain a higher percentage
of IL-22—producing CD8+ T cells and increased expression of the 1L-22 receptor.41 IL-22
has been shown to promote SCC proliferation in a dose-dependent manner in vitro. In
addition, 1L-22 drives inflammation and suppresses keratinocyte apoptosis; this may explain
the increased proliferation and poorer outcomes observed in patients with TSCC.41:42

GENERAL OVERVIEW OF INTERLEUKIN-22 SIGNALING

Interleukin (IL) 22 is a cytokine that was discovered in 2000 after being cloned from
activated T cells.#3-45 |L-22 targets cell types comprising outer-body barriers such as
respiratory and intestinal epithelial cells, hepatocytes, and keratinocytes, but not cells of
hematopoietic origin. The cytokine plays an important role in tissue homeostasis, tissue
repair, and wound healing.#3 Moreover, its expression has been linked to the development
and progression of multiple carcinomas.46-51

IL-22 is characterized as an IL-10 cytokine family member along with IL-10, I1L-20, IL-24,
and 1L.-26.43:52.53 The cytokine signals via the heterodimeric transmembrane 1L.22 receptor
(IL-22R) 1 and IL-10R2, and shares IL-22R1 with 2 other IL-10 family members, I1L-20 and
IL-24.4554 Signaling through the IL-22 receptor primarily induces Janus kinase activity and
STAT transcription factors. In primary cells, STAT3 activation is the main event observed,
along with weak activation of STAT1 and/or STAT5.53 In addition, activation of mitogen-
activated protein kinase (MAPK), phosphoinositide 3-kinase (PI3K), and AKT-mammalian
target of rapamycin (mTOR) also occurs.42:55-59

The cellular sources of IL-22 are CD4+ T cells (Th17, Th22), CD8+ T cells (Tcl17, Tc22),
v8 T cells, NK T cells, and lymphoid tissue inducer cells.5%:61 Although a wide variety of
innate and adaptive cell types have been shown to secrete IL-22, CD4+ T cells (Th17 and
Th22) and innate lymphoid cells are considered the predominant source of 1L-22 in humans.
As mentioned earlier, CD4+ and CD8+T cells, often found infiltrating tumors, play an
important role in SCC progression.1!

Dermatol Clin. Author manuscript; available in PMC 2018 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Santana et al.

Page 4

ROLE OF INTERLEUKIN-22 IN SQUAMOUS CELL CARCINOMA

The role of IL-22 in skin cancer is an area of active research. It was reported that cutaneous
SCCs contain high numbers of infiltrating IL-22—producing CD4+ T cells, whose
recruitment to the tumor partially depended on matrix metalloproteinase 10 (MMP-10) and
S100A15 production.52 The authors found 1L-22, IL-22R, and downstream mediator
phosphorylated STAT3 (pSTAT3) to be highly expressed in SCC (Fig. 4).#1 Further, IL-22
treatment of SCC results in enhanced proliferation in vitro (Fig. 5).41 IL-22 has been shown
to increase iNOS expression and activity, contributing to proinflammatory as well as
proangiogenic properties in colon carcinoma cells.?! In SCC, iNOS expression has been
reported and correlates with enhanced tumorigenic potential .63:64 SCC-associated DCs
contain a subset of TNFa.-positive, iNOS-positive cells.?! Dermal keratinocyte iNOS
expression is enhanced by UVB irradiation, which is an environmental factor linked to SCC
development.%5-69 Further studies are necessary to determine whether IL-22 treatment
coupled with UVB irradiation could promote increased SCC tumor growth as a result of
iNOS expression. Importantly, administration of IL-22 antibody to SKH-1 animals during
UVB-induced cutaneous carcinoma resulted in a decrease in the number and size of SCC
tumors.”® This result further confirms the role of 1L-22 in promoting SCC tumorigenesis.

CHANGES IN THE SQUAMOUS CELL CARCINOMA TUMOR
MICROENVIRONMENT INFLUENCED BY CYCLOSPORINE A

OTRs require immune-suppressive drugs to prevent allograft rejection. These drugs include
cyclosporine A (CSA), which was considered the mainstay of therapy until recently. CSA
prevents T-cell activation by binding cyclophilin molecules, which are needed for
calcineurin phosphatase activity. Calcineurin phosphatase activity induces nuclear factor of
activated T cell (NFAT) transcription of immune-related cytokine genes, such as IL-2 and
IFN+y, expression of which is detrimental to allograft maintenance in OTRs.’1-73

Effects of Cyclosporine A on Immune Cell Infiltrates

Differences in immune infiltrates are found in SCC compared with TSCC tumors and have
revealed a shift in the microenvironment that favors tumor occurrence and malignancy. The
authors have shown that TSCCs have an increased ratio of Treg to cytotoxic CD8+ T cells
and a lower percentage of IFNy-producing CD4+ T cells compared with immune-competent
SCC.*1 In addition, the Tregs are immune-suppressive cells that are present at a higher
proportion in TSCC tumors and may contribute to poor prognosis by suppressing anti-tumor
activity and aiding in immune evasion.”4~76 CD4+ helper T cells infiltrating TSCC tumors
are reduced for IL17A mRNA, a Th17-specific cytokine involved in inflammation that
promotes recruitment of innate immune cells.41.77.78

CD8+ T cells producing IFNy play an important role in combatting aggressive tumor
behavior and were shown to be decreased in TSCC compared with SCC.#! Despite
decreased proportions of CD8+ T-cell infiltrate, there was an increase in the Tc22
polarization in TSCC tumors.#! The levels of 1L-22 cytokine, IL-22R, and phosphorylated
STAT3 were dramatically increased in TSCC compared with SCC (see Fig. 4).41 Treatment
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of peripheral blood mononuclear cell (PBMC)-derived T cells from healthy volunteers
cultured with CSA resulted in a decrease in the number of CD4+ and CD8+ IFNvy-producing
and 1L-17-producing cells but had no effect on those producing IL-4 and 1L-22.70 As a
result, CSA treatment increases the proportion of T22 cells compared with other T-cell
subtypes.

Effects of Cyclosporine A on Squamous Cell Carcinoma

CSA has been implicated in promoting SCC. For instance, CSA treatment has been shown to
induce phenotypic changes in SCC cells by promoting tumor growth and increasing invasive
potential.”9:80 CSA treatment was shown to counteract p53-dependent SCC tumor cell
senescence, thereby increasing tumorigenesis.&0 In addition, CSA treatment of nude mice,
which lack a functional immune system, has been shown to promote the growth of SCC
keratinocytes in vivo.81 Moreover, CSA treatment inhibits keratinocyte UVB-induced DNA
damage repair and apoptosis by inhibiting NFAT expression.82 CSA is a calcineurin
inhibitor that inhibits NFAT expression, a transcription factor that has been shown to
promote phosphatase and tensin homolog (PTEN) transcription.83 UV-irradiated
keratinocyte growth and survival were increased by CSA treatment through enhancement of
AKT activation by suppressing PTEN transcription.81 The mechanism by which CSA
inhibits PTEN transcription to promote keratinocyte survival is unknown, because there are
no canonical NFAT binding sites in the PTEN promoter. In addition, CSA enhanced IL-22
promotion of SCC growth, resulting in increased cell proliferation, enhanced colony
formation, and increased cell numbers (Fig. 6).7% Moreover, CSA and IL-22, alone or in
combination, enhanced SCC migratory and invasive potential in vitro.”0

SUMMARY

CSA is an immunosuppressive agent widely used to support organ transplant. Until recently,
immunosuppression was considered the mechanism by which CSA causes SCC. However,
recent studies suggest that CSA treatment favors malignant progression in more ways than
previously thought. First, CSA treatment had been shown to increase SCC tumor growth in
mice that have no immune system for CSA to suppress.81 CSA functions to enhance the
survival and growth of transformed keratinocytes, even promoting invasive capacity.’9:80
Mechanistic investigations have shown that CSA treatment reduces PTEN transcription,
resulting in enhanced AKT activity and cell survival that depends on mTOR signaling.
Further delineating the mechanism by which CSA promotes keratinocyte invasive potential
and growth may provide insight into the mechanisms of SCC metastasis. Importantly, CSA
treatment modulates the repertoire of immune cells in the SCC tumor microenvironment,
promoting increased numbers of 1L-22—producing immune infiltrates, and treatment of
PBMCs with CSA results in enhanced 1L-22 production from CD4+ and CD8+ T cells.”®
Because IL-22 has been shown to promote SCC cell growth, migration, and
proinflammatory cytokine release, enhanced amounts of 1L-22 in the tumor
microenvironment of CSA-treated patients could have negative effects (Fig. 7). It is possible
that CSA acts through the IL-22 axis to drive aggressive behavior by SCC. Further
elucidation of the I1L-22 axis and its effects on SCC proliferation, migration, and invasion
may provide novel rational targets for therapeutic intervention.
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KEY POINTS

Cutaneous squamous cell carcinoma (SCC) is frequently curable, but causes
significant morbidity and mortality, particularly in immune-suppressed organ
transplant recipients.

The SCC tumor microenvironment is rich and composed of multiple subsets
of immune cells that exert antitumor and protumor effects.

Interleukin (IL)-22 and its receptor are highly expressed in SCC and more so
in transplant-associated SCC.

IL-22 mediates SCC proliferation; an effect that is potentiated by
cyclosporine.

IL-22 blockade results in decreased SCC burden in a murine model system in
vivo and may represent a therapeutic target.
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Fig. 1.

Digstribution of immune cells in normal skin versus cutaneous SCC. Representative
immunohistochemistry showing the relative abundance of Langerhans cells (Langerin),
Dermal DCs (CD11c+ and CD1c+), and T cells (CD3+ and CD8+). Frozen tissue sections of
normal skin and SCCs were stained with the following antibodies: Langerin (Immunotech),
CD11C (BD Pharmigen), CD1C/BDCA-1 (Biosource), and CD3 and CD8 (BD
Pharmingen). Biotin-labeled horse anti-mouse antibody (Vector Laboratories) was then
amplified with avidin-biotin complex (Vector Laboratories) and developed with a
chromogen 3-amino-9-ethylcarbazole (Sigma Aldrich). Counterstaining was then carried out
with light green (Sigma-Aldrich). With each immunohistochemistry experiment the
appropriate isotype controls were performed. (10x magnification). (Adapted from Yanofsky
VR, Mitsui H, Felsen D, et al. Understanding dendritic cells and their role in cutaneous
carcinoma and cancer immunotherapy. Clin Dev Immunol 2013;2013:624123; and Zhang S,
Fujita H, Mitsui H, et al. Increased Tc22 and Treg/CD8 ratio contribute to aggressive growth
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of transplant associated squamous cell carcinoma. PLoS One 2013;8(5):e62154; with
permission.)
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Fig. 2.

M%del of cutaneous SCC macrophage polarization. Thl and Th2 cells in the
microenvironment produce interferon gamma (IFNy) and IL-4, respectively. These
cytokines stimulate M1 classic and M2 alternative phenotypes, resulting in poly activated
TAMs. TAMs are characterized by the presence of phosphor-ylated STAT1 and STAT6 and
expression of MMP-11, MMP-9, and vascular endothelial growth factor C (VEGF-C).
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Fig. 3.
TSCC. In transit metastatic SCC is defined by the presence of dermal or subcutaneous

papules or nodules that occur between the site of the primary tumor and lymph node basin.
This patient (/ef?) presented with in transit metastases 6 weeks after resection of a high-risk,
primary SCC. Some patients with catastrophic carcinomatosis develop extensive field
disease with confluent AK, in situ SCCs involving more than 50% body surface area (righi).
(From Belkin D, Carucci JA. Mohs surgery for squamous cell carcinoma. Dermatol Clin
2011;29(2):169; with permission.)
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Normal SCC TSCC

Fig. 4.
IL-22 cytokine, receptor, and downstream signaling is enhanced in TSCC.

Immunohistochemistry performed on normal, SCC and TSCC shows enhanced expression
of IL-22, IL-22R, and pSTAT3. Frozen tissue sections of normal skin and SCCs and TSCCs
were stained with the following antibodies: IL-22 (R&D systems), IL-22 Receptor (Prosci),
and pSTAT3 (Santa Cruz Biotechnology). Biotin-labeled horse anti-mouse antibody (\ector
Laboratories) was then amplified with avidin-biotin complex (Vector Laboratories) and
developed with a chromogen 3-amino-9-ethylcarbazole (Sigma Aldrich). Counterstaining
was then carried out with light green (Sigma-Aldrich). With each immunohistochemistry
experiment the appropriate isotype controls were performed. (10x magnification). (Adapted
from Zhang S, Fujita H, Mitsui H, et al. Increased Tc22 and Treg/CD8 ratio contribute to
aggressive growth of transplant associated squamous cell carcinoma. PLoS One
2013;8(5):e62154; with permission.)
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Fig. 5.

IL?22 treatment enhances human cutaneous SCC proliferation. (A) A431 cells were cultured
in 0.1% fetal bovine serum (FBS) serum starvation conditions with or without the indicated
cytokines for 72 hours. Cells cultured in the presence of IL-22 cytokine or 10% FBS showed
increased colony formation compared with those grown under serum starvation conditions or
treated with 1L-24. The phase images (below) are representative immunofluorescence
images staining for the Ki-67 proliferation marker (green) and nuclear 4,6-diamidino-2-
phenylindole (DAPI) (blue). (B) Cell counts were performed after 72 hours in the indicated
conditions and show enhanced cell numbers after treatment with control 10% FBS and IL-22
conditions (1-way analysis of variance [ANOVA], £<.001). *p< 0.05, determined by one-
way ANOVA. (From Zhang S, Fujita H, Mitsui H, et al. Increased Tc22 and Treg/CD8 ratio
contribute to aggressive growth of transplant associated squamous cell carcinoma. PLoS One
2013;8(5):e62154; with permission.)
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Fig. 6.

C)?closporine treatment potentiates IL-22—-mediated human cutaneous SCC proliferation. (A)
A431 cells were cultured in 0.1% FBS serum starvation conditions with or without the
indicated cytokines for 72 hours. CSA treatment increased growth and colony formation
either alone in serum starvation conditions or in the presence of I1L-22 cytokine or 10% FBS.
(B) Cell counts performed on A431 cells treated in the indicated conditions. CSA treatment
increased proliferation alone, in serum starvation conditions, or in the presence of 1L-22
cytokine. Data are representative of 3 experiments * standard error of the mean (1-way
ANOVA, P<.001). *p< 0.05, **p< 0.01, ****p< 0.0001 determined by one-way ANOVA
with Dunnett’s multiple comparisons test. (From Abikhair M, Mitsui H, Yanofsky V, et al.
Cyclosporine A immunosuppression drives catastrophic squamous cell carcinoma through
IL-22. JCI Insight 2016;1(8):e86434; with permission.)
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Fig. 7.
Model of cyclosporine effects on cutaneous SCC. It is possible that CSA acts through the

IL-22 axis to drive aggressive behavior by SCC. CSA treatment promotes SCC growth,
invasive capacity, and IL-22 receptor expression. The authors have previously shown that
IL-22 treatment promotes SCC growth. In addition to decreased tumor immune surveillance,
CSA treatment enhances Treg numbers and IL-22 production by CD4+ and CD8+ T cells.
Therefore, higher IL-22 receptor expression on SCC tumor cells and increased levels of
IL-22 cytokine produced by CD8+ and CD4+ T cells may contribute to tumor growth.
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