Chapter 4

Molecular and Cellular Interplay in SCC
Including Immunomodulation and Clinical
Implications

Valerie Yanofsky, John A. Carucci, and Giinther F.L. Hofbauer

Introduction

CSCC is the second most common form of cancer found in the United States, and
accounts for approximately 20% of all non-melanoma skin cancers. Several impor-
tant risk factors for the development of SCC include skin type, with Fitzpatrick
types I and II skin being the highest risk, cumulative exposure to UV radiation, age,
and immune status [1, 2]. These are covered in detail in Chaps. 1 and 2. In particu-
lar, the incidence of SCC is thought to be over 100 times greater in immunosup-
pressed solid-organ transplant recipients (OTR) as compared to the general
population [3]. The epidemiology and clinical management of SCC in the context
of immunosuppression is covered fully in Chap. 10 but is briefly reviewed by way
of introduction here.

SCC lesions found in OTRs may display more aggressive clinical behavior [4]
than that seen in the immunocompetent. Transplant-associated SCC (TSCC) often
occurs in patients at a younger age, and may demonstrate increased rates of local
recurrence, which may reach as high as 13.4 %, as well as elevated metastatic rates
approximating 8 % within the first 24 months post-excision [5, 6]. In some cases,
OTRs may develop hundreds of rapidly growing SCC, a phenomenon known as
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catastrophic carcinomatosis, which can result in extensive local tissue damage and
widespread disease [4, 7]. Metastatic SCC in OTRs is often fatal, with some studies
showing a 3-year mortality as high as 46 % [8, 9]. SCC lesions in immune sup-
pressed patients may therefore be considered to be “high-risk” tumors. See Chaps.
1, 3, and 10 for a thorough discussion of clinical data related to SCC and immuno-
suppression, and Chap. 2 for definitions of high-risk SCC.

Although high-risk SCC lesions found in immunocompromised hosts may pres-
ent as a single solitary tumor, the far more common clinical picture involves multi-
ple lesions, which arise consistently on chronically photo-damaged skin [5, 10].
This gives rise to the notion of “field cancerization,” which refers to a broad area of
skin that may appear clinically and histopathologically normal, but has in fact been
transformed through exposure to multiple carcinogens, such as UV rays and immu-
nosuppressive agents, to become tumorigenic. These areas typically contain distinct
molecular and immune profiles, and may be affected by multiple subclinical and
clinical actinic keratosis (AK) and in situ (epidermal) SCC lesions [11, 12].
Extensive skin damage associated with field cancerization provides a rationale for
the initiation of field therapy, which represents a multi-pronged approach aimed at
targeting an entire field rather than individual lesions in an effort to eradicate both
clinically apparent and subclinical AK, in situ, and dermally invasive SCC lesions
[13, 14]. Field therapy (covered in Chap. 5) may lead to markedly improved long
term outcomes for patients with field cancerization.

Comparing and contrasting SCC development in immune competent patients
with high-risk SCC in OTRs provides us a unique opportunity to explore the tumor
microenvironment, and the precise molecular changes which may underlie the dis-
parate clinical behaviors seen between these two populations. Although high-risk
SCC can develop in patients without known immune dysfunction (see Chap. 2), the
OTR model allows us to gain a greater understanding of the generation of anti-
tumor immunity, and the various factors which may contribute to field cancerization
and catastrophic carcinogenesis. This chapter will therefore highlight the important
molecular pathways and key immune features which may give rise to SCC lesions.
In particular, we will focus on the novel molecular interactions and distinct immune
phenotypes seen in immunosuppressed OTRs as a proposed mechanism underlying
the development of high-risk SCC tumors. As this chapter focuses on molecular
pathways and cellular interactions, see Chap. 3 for a discussion of genetic and epi-
genetic changes impacting SCC production and prognosis.

Cellular Pathways of SCC Formation

All SCC lesions are believed to begin via the repeated, uncontrolled division of
transformed keratinocytes [15]. Ultraviolet (UV) exposure is accepted as the main
pathogenic factor inducing a primary mutation in keratinocytes, which may ulti-
mately lead to the development of SCC. This process is believed to occur in a clas-
sic, stepwise fashion, in which a single transformed clone gains a growth advantage
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Fig. 4.1 The cellular pathways of SCC formation and field cancerization. (a) UV exposure results
in a primary genetic mutation in keratinocytes, which promotes cellular proliferation and the
acquisition of further mutations. This ultimately results in the formation of precursor SCC lesions.
(b) Normal appearing skin adjacent to tumor tissue may contain unique molecular and genetic
profiles, resulting in a tumorigenic focus. For example, Notchl, a regulator of keratinocyte differ-
entiation, has been shown to be down-regulated in the dermis underlying actinic keratosis lesions.
This results in increased expression of AP-1 family transcription factors, leading to elevated levels
of pro-tumor cytokines. Kindly provided by Prof. Gian-Paolo Dotto, MD PhD

which allows it to acquire more genetic alterations [16]. Accumulation of transformed
clones results in a microscopic focus of abnormal cells within the skin, which form
precursor SCC lesions known as actinic keratosis (AK) or Bowen’s disease (SCC in
situ, Fig. 4.1a). These lesions are confined locally by the skin’s basement membrane,
and are therefore prevented from invading adjacent tissues [15—17]. Ultimately, fur-
ther mutations enable the tumor to progress and breach the basement membrane,
which results in the infiltration of nearby structures and subsequent metastasis.

This model is likely incomplete since some SCC, particularly very high-risk,
poorly differentiated and sarcomatoid tumors do not appear to arise from a prior AK
or in situ SCC lesion. Other mechanisms probably exist which can initiate SCC
carcinogenesis, including viral HPV tumor promotion which plays a role in ano-
genital and nail fold SCC, but likely has a minimal role in UV-induced SCC. Still,
since most SCCs do arise within sun-exposed regions and many occur in clinically
actinically damaged skin, the UV model is likely relevant to most SCCs as further
explained below.

UV rays most commonly induce a mutation or deletion of the p53 gene, resulting
in an inactivation of its tumor-suppressor protein product [18]. This protein is thought
to play a prominent role in protecting the integrity of the genome by triggering apop-
tosis of mutated cells during the cell cycle. Deletion of this gene therefore promotes
unchecked progression through the cell cycle and resistance to cellular death [19].
Accordingly, p537 mice will have an increased propensity for developing AK-like
lesions and SCC secondary to UV exposure [20]. The presence of p53 mutations
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have been found in a significant percentage of CSCC lesions, as well as in AKs,
demonstrating that dysplastic lesions may acquire genetic mutations prior to becom-
ing SCC [21]. In fact, the prevalence of p5S3 mutations is over 15-fold higher in clini-
cally unremarkable sun-exposed skin as compared to non-exposed skin, which
further supports the notion of field cancerization which may be subclinical and sets
the stage for the acquisition of new mutations, which may drive tumor development
and progression [22]. UV-induced p53 mutations are occurring constantly in our skin
and are also constantly being repaired via DNA repair mechanisms. The devastating
effects of failure of this natural repair system are seen in xeroderma pigmentosum.
This disease is due to defects in DNA repair and results in aggressive SCCs begin-
ning in childhood which invariably lead to death.

While keratinocytes in chronically sun-exposed areas of the skin may show mul-
tiple changes detectable before cancer formation occurs, other cells may similarly
be involved in a close interplay in the process of field cancerization. For instance,
the Notch1 gene is known to be a master regulator of differentiation in many tissues,
and has been found to contribute to keratinocyte homeostasis in the epidermis [23].
Notchl has also been shown, however, to play a key role in the differentiation of
dermal fibroblast cells. Accordingly, a site-specific deletion of CSL/RBP-Jk in the
mouse dermis led to the formation of multiple SCC lesions, reenacting the clinically
observed phenomenon of field cancerization [24]. Furthermore, human skin may
demonstrate similar patterns of Notchl downregulation in dermal tissue underlying
AK lesions, with a corresponding increase in the AP-1 family transcription factors
such as c-Jun and Fos (Fig. 4.1b).

Another factor which may play an important role in the promotion of field can-
cerization is the presence of chronic inflammation. Notch 1 is a regulatory gene
which contributes to keratinocyte homestasis [23]. In a mouse model of field can-
cerization with impaired dermal Notch signaling, widespread low-grade inflamma-
tion could be observed long before the presence of multiple tumors though the
mechanism by which this occurs is not known.

This link between chronic inflammation and SCC seen in the laboratory is con-
sistent with the clinical occurrence of SCC within chronically inflamed or damaged
skin such as is seen in Marjolin’s ulcers and the devastating condition of recessive
dystrophic epidermolysis bullosa in which aggressive SCC forms within the chroni-
cally scarred tissues and is the leading cause of death in this disease. SCC formation
could be reduced in the Notch 1 mouse model above via the use of broad anti-
inflammatory agents such as cyclooxygenase-2 inhibitors prior to tumor develop-
ment which resulted in a dramatic reduction if not total suppression of tumor
formation [24].

Inflammation therefore appears to be a critical precursor for the induction of field
cancerization in this model. Similarly, inflammation was shown to be a key player
in the chemical carcinogenesis model of SCC formation through the presence of the
RAGE receptor, and its ligands S100A8/A9 [25]. S100A8/A9 belong to the
calcium-binding family of S100 proteins which are commonly expressed in inflam-
matory diseases at large, e.g. SI00A7 (psoriasin) in psoriasis. Among other ligands
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they may bind to the receptor for advanced glycation end products (RAGE), thus
mediating a pro-inflammatory effect. Both the RAGE receptor and its ligands appear
to be upregulated in SCC lesions, and expression levels may vary following the use
of immunosuppressive drugs in organ transplant recipients. This suggests a possible
role for RAGE and S100A8/A9 in the formation of high-risk SCC lesions associ-
ated with OTRs [26].

Carcinogenic Impact of Medication on Keratinocytes

While light skin type and cumulative UV exposure are thought to be the principal
risk factors for the development of SCC, the administration of certain medications
is also known to play a pivotal role in SCC formation. In particular, the risk of
developing SCC in OTRs on chronic immunosuppressive therapy is thought to be
100-fold greater than that of the general population [3]. The effect of immunosup-
pression itself and the subsequent decreased immune surveillance it entails may
facilitate SCC formation.

In addition to the impact of immunosuppressive drugs on the immune system,
direct drug-induced effects extending beyond immunosuppression have recently
been identified in keratinocytes, and may serve as potential contributors to the for-
mation of high-risk SCCs in OTRs. These mechanisms are discussed below.

Calcineurin Inhibition Drives SCC Formation
through the Promotion of ATF3 in Keratinocytes

Calcineurin inhibitors (cyclosporine A and tacrolimus) were amongst the first
immunosuppressive agents used to prevent transplant rejection in OTRs, and they
remain at the cornerstone of modern transplant medicine. They are thought to exert
their immunosuppressive effect largely through the inhibition of calcineurin, which
prevents the activation of lymphocytes and thereby suppresses the initiation of an
adaptive immune response. The expression of calcineurin is not unique to lympho-
cytes of the immune system, however, and has been found in multiple different cells
of the body. Cyclosporine A may therefore exert widespread systemic effects in
addition to its role in immune suppression.

In keratinocytes, calcineurin has recently been shown to inhibit the expression of
Activating Transcription Factor 3 (ATF3), a member of the enlarged AP-1 family of
transcription factors. ATF3 expression has been shown to play a role in the pathogen-
esis of several different epithelial cancers, and therefore may be of potential interest
in keratinocytes as well. Subsequent experimentation has shown calcineurin inhibi-
tion to directly result in increased ATF3 expression, which in turn, results in increased
binding of ATF3 to various sites in the promoter region of p53. This results in the
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effective inhibition of p53 mRNA expression [27]. As mentioned previously, p53 is
a key tumor suppressor gene in charge of cell cycle regulation, and loss of p53 func-
tion is known to catalyze tumor formation in epithelial cells [19]. Furthermore,
in vivo experiments conducted in mice have shown that the use of cyclosporine A
resulted in a sharp increase in both ATF3 mRNA and protein levels, with a corre-
sponding downregulation of p53 protein expression. This led to a subsequent increase
in epithelial tumor formation [27]. This newly described mechanism for calcineurin
inhibition in keratinocytes may help explain the disproportionate increase in kerati-
nocyte-derived cancers relative to overall malignancies seen in OTRs.

In contrast to systemic calcineurin inhibition with cyclosporine A, topical calci-
neurin inhibitors such as tacrolimus and pimecrolimus, widely used in the treatment
of atopic dermatitis and other inflammatory skin disease, have yet to be associated
with any increased incidence of SCC [28, 29]. While the exact mechanism underly-
ing this observed discrepancy is not fully understood, it is thought that the inhibition
of calcineurin in epidermal keratinocytes alone may be insufficient to incite the
development of squamous cell carcinoma itself. Rather, SCC formation may rely on
the synergistic effect of the local dermal and inflammatory microenvironment in
order to overcome host tumor defenses mounted by the body’s immune system.
These systemic cellular host immune defenses are impaired by systemic but not topi-
cal calcineurin inhibition which may explain why systemic inhibition with oral drugs
(notably cyclosporine A) is associated with SCC formation while topical inhibition
has not emerged in association with increased cutaneous carcinogenesis to date.

Azathioprine Photosensitizes Skin to UVA and Facilitates Direct
DNA Damage of Keratinocytes in OTR

Another medication commonly used to prevent transplant rejection in OTRs is the
anti-metabolite compound azathioprine (AZA). AZA works by incorporating the
metabolite 6-thioguanine (6-TG) into cells during de novo DNA synthesis, thereby
blocking effective synthesis and impairing cellular function. More recently, the
newer purine analogues mycophenolic acid and mycophenolate mofetil have
become the first-line anti-metabolite agents used in transplantation medicine. AZA
continues to be used, however, in older patients with long-standing immunosup-
pressive regimens, as well as those with chronic inflammatory conditions such as
inflammatory bowel disease [30].

While patients on azathioprine do not typically complain of photosensitivity,
experimental data have previously identified AZA as a potent photosensitizer in the
ultraviolet A (UVA) range [31]. More importantly, keratinocytes under the influence
of AZA were shown to be directly susceptible to DNA damage induced by UVA. This
is particularly significant since it was previously believed that only ultraviolet B
(UVB) rays were powerful enough to induce direct DNA damage, as evidenced by
UVB signature mutations such as the cyclobutane pyrimidine dimer and 6-4 photo-
product formation commonly found in the skin. Further experiments effectively
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demonstrated, however, that AZA treatment may result in clinically demonstrable
UVA-induced photosensitivity [32]. Accordingly, clinical studies have shown that
switching renal transplant recipients from AZA to alternative anti-metabolites such
as mycophenolate mofetil can improve UVA-related photosensitivity in as little as 3
months [33]. Furthermore, UVA exposure in these patients, once switched to myco-
phenolate, did not inflict the same degree of molecular damage, as measured by p53
induction in photo-exposed skin as they had suffered while on azathioprine.

Interestingly, a long-term follow up conducted on a small group of renal trans-
plant recipients was able to detect the persistence of the AZA metabolite 6-TG in
circulating lymphocytes as long as 2 years after discontinuation of the drug, with a
continued further improvement of photosensitivity in two out of four patients. These
latter observations suggest that azathioprine may continue to exert a carcinogenic
effect long beyond its period of use. While no formal data incriminate azathioprine
as an isolated culprit for the increased incidence of SCC seen in OTRs, it may still
be prudent to limit its use, especially in light-skinned patients, and to consider
switching away from azathioprine if SCC occurs, based on the current evidence
highlighted above [34].

The Tumor Microenvironment in High-Risk SCC

The body’s immune system is equipped with all the necessary components to effec-
tively identify, target, and eradicate malignant SCC cells. The generation of such
anti-tumor immunity, however, is a complex process which is dependent on the
precise and dynamic interplay of several critical immune mediators. Furthermore,
the nature of an immune response may be molded by a variety of chemical signals
present in the surrounding microenvironment [35].

Typically, the initiation of anti-tumor immunity begins with dendritic cells, which
are considered professional antigen-presenting cells and serve as an important link
between the innate and adaptive immune systems [36]. These cells will recognize and
process specific tumor-associated antigens, with subsequent presentation to naive
CD4+ and CD8+ T-cells. This results in the generation and activation of antigen-
specific effector T cells, including T-helper (Th) and cytotoxic T cells (Tc), which
may directly attack invading cancer cells [37]. Accordingly, any defect or suppression
of function in the above-mentioned immune cells may result in defective or impaired
anti-tumor immunity. In the remainder of this chapter, we will systematically describe
the presence and function of key immune cells, including dendritic cells, macro-
phages, and effector T cells, which are found in the SCC tumor microenvironment.
We will further highlight the distinct immune features observed in transplant-associ-
ated SCC (TSCC) as compared to SCC, which may be contributing to the impaired
immunity and accelerated tumor growth seen clinically. Additionally, we will charac-
terize the unique soluble factors and signaling molecules present in the SCC microen-
vironment, which may be interacting with immune cell function to promote neoplastic
transformation and protect the tumor from host immunity.
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Dendritic Cells in the Tumor Microenvironment

Dendritic cells (DC) are considered to be professional antigen-presenters based on
their ability to sample the surrounding environment for foreign invaders, and pres-
ent associated antigens in the context of MHC class II and co-stimulatory molecules
[36]. Their prevalence in the peripheral tissues such as the skin supports their role
as gatekeepers of immunity. Cutaneous DCs may be loosely subdivided into three
main subsets, which can be distinguished based on their location and differential
expression of surface molecules in the steady state. These include: (1) epidermal
Langerhans cells (LCs) which patrol the epidermis; (2) dermal myeloid dendritic
cells (mDCs) which patrol the dermis; and (3) plasmacytoid dendritic cells (pDCs)
which are antigen presenting cells that circulate in blood and lymphatics [38, 39].

DCs are thought to be the first immune cells to encounter local tumor antigen in
SCC, and are therefore critical for the initiation of tumor immunity. Indeed, we have
previously studied the presence of DCs in SCC lesions, and found significantly
reduced quantities of both LCs and mDCs as compared to normal skin (Fig. 4.2).
This suggests a disruption in DC-generated immunity in SCC, which may in part
account for a more tumor permissive environment [40, 41].

In addition to the decreased amount of mDCs, we have also evaluated both the
phenotype and function of mDCs extracted from SCC lesions compared to those
taken from peritumoral or healthy skin. We found that tumor-associated mDCs
were, in fact, poor stimulators of T cell proliferation and activation when compared
to their peritumoral or healthy skin counterparts. Furthermore, this discrepancy was
directly the result of defective mDC function and not due to impaired DC matura-
tion. This was evidenced by comparable levels of the DC maturation markers CD83
and CD86 in tumoral, peritumoral, and healthy-skin mDCs [40]. Consistent with
our findings, tumor-associated mDCs extracted from BCC lesions have also been
shown to be deficient activators of the T cell response when compared to normal
cutaneous mDCs [42]. Although the precise mechanism underlying this observed
effect remains unclear, we have shown the SCC immune microenvironment to be
rich in soluble immunosuppressive factors such as IL-10, TGF-p, and VEGF-A
[40]. These molecules were found to be elevated in both lesional tissue and adjacent
peritumoral skin, which supports the notion that normal-appearing skin adjacent to
tumor sites may in fact contain a unique pro-tumoral composition. Additionally,
IL-10, TGF-p and VEGF-A have been linked to the direct inhibition of mature mDC
stimulatory function [43]. This suggests tumor cells may secrete immunosuppres-
sive molecules which effectively suppress proper mDC function, resulting in the
impaired generation of anti-tumor immunity.

In contrast to the impaired mDC function seen in SCC, LCs harvested from SCC
lesions have actually been shown to have an enhanced ability to stimulate CD4+ and
CDS8+ T cell proliferation in vitro when compared to cells taken from matched,
non-tumor bearing skin [44]. Furthermore, SCC-derived LCs may efficiently polar-
ize the T cell population towards a predominantly Th1 response, which results in the
increased secretion of IFN-y. This is thought to be a critical mediator in the successful
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Fig. 4.2 The distribution of cutaneous dendritic cell subsets in normal skin versus human squa-
mous cell carcinoma (SCC). The human skin contains three main subsets of DCs which can be
distinguished based on location and the differential expression of surface molecules in the steady
state (left). Representative immunohistochemistry (right) demonstrating the relative distribution of
DC subsets in normal skin versus SCC, including (a) Langerhans cells (b) dermal myeloid DCs
and (c) plasmacytoid DCs

generation of anti-tumor immunity [45]. It would therefore appear that the SCC
microenvironment may actually serve to promote, rather than inhibit, LC activation
and the initiation of an anti-tumor response. Accordingly, subsequent study has
revealed that non-tumor LCs cultured in the presence of tumor supernatant (TSN) will
lead to the increased proliferation of both CD8+ and CD4+ T cells, with a shift
towards a Th1 cell response [44].

Despite the stimulatory effect of the SCC microenvironment on LC function,
and the enhanced type 1 anti-tumor response generated in vitro, LCs remain inca-
pable of preventing SCC tumor growth in vivo. This effect may be due to a variety
of different reasons, including the dramatically reduced number of LCs found in
both lesional and peritumoral skin [40, 41, 46]. Additionally, these cells may have
impaired patterns of migration, and defective mechanisms of T cell priming in the
draining lymph nodes. This would effectively prevent the activation of a T cell
response and subsequently inhibit the launch of a full-scale immune attack [47,
48]. In fact, current research has shown that the application of TSN directly to SCC
lesions in mice resulted in a markedly diminished migration of LCs to draining
lymph nodes in vivo [41, 49]. Finally, much of our knowledge concerning LC
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function in the SCC microenvironment is derived from the study of migrating cells
taken from pre-existing tumors. The role of LCs in the tumor initiation stage thus
remains largely unknown. Several recent studies have suggested LCs may actually
accelerate SCC development in mutated keratinocytes, resulting in a pro-tumor
effect in cutaneous carcinomas [50, 51].

While the SCC tumor microenvironment is distinctive in that it contains mark-
edly low levels of mDCs and LCs, it is also notable for containing relatively large
quantities of pDCs [40]. These cells are thought to be the primary foot soldier of the
innate immune system due to their tremendous ability to produce interferon-a
(IFNa) in response to foreign invasion [52]. This cytokine has been shown to have
both antiviral and antitumor effects, and may therefore be beneficial in tumor eradi-
cation [53]. Additionally, it has recently been shown that pDCs are capable of rec-
ognizing, processing, and cross-presenting foreign antigen to CD8+ T cells [54, 55].
Although this process is found to be less efficient in pDCs when compared to their
mDC counterparts, these findings support the notion that pDCs may, in fact, be
effective activators of the anti-tumor immune response [56]. Accordingly, it has
been shown that the elevated amounts of pDCs are indeed associated with increased
clearance of BCC lesions following treatment with imiquimod [57]. Further research
is currently needed in order to more accurately define the role of pDCs in human
cutaneous carcinomas.

Recently, a novel subtype of mDCs has been identified which is associated mainly
with an inflammatory response. These highly specialized DCs are characterized by
the secretion of inflammatory mediators such as TNF, iNOS, IL-20 and IL-23, and
are hence labeled TIP-DCs [39, 40]. The presence of TIP-DCs has been previously
described in psoriasis, where it was shown that treatment of psoriatic lesions with the
anti-CD11a agent efalizumab strongly reduced their influx into the affected areas.
This suggests that these cells may be playing an active role in driving keratinocyte
hyperproliferation [58]. Alternatively, TIP-DCs have been shown to exert a direct
immunosuppressive effect by catalyzing the metabolism of L-arginine, which results
in the subsequent production of nitric oxide and reactive oxygen species. In particu-
lar, reduced concentration of L-arginine has been shown to prevent the development
of antigen-specific T cells, and nitric oxide may inhibit activated T cell proliferation
[59]. We have previously evaluated the SCC microenvironment for the presence of
TIP-DCs, and found a significant influx of these cells in the dermal regions sur-
rounding SCC tumor nests. While their precise role in SCC remains somewhat
unclear, TIP-DCs may be contributing to immune dysfunction through the secretion
of immunosuppressive cytokines which inhibit effector T cell production.

Effector T Cells in the Tumor Microenvironment

Following antigen uptake and processing, peripheral DCs will migrate through the
afferent lymphatics to nearby lymph nodes for presentation to naive T cells. Binding
of T cells to the MHC-antigen complex and co-stimulatory molecules on the DC
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surface results in the activation and subsequent differentiation of T cells into highly
specific effector cells [60]. Typically, these cells can be subdivided into one of three
categories based on the distinct molecules they produce. These include: (1) cyto-
toxic CD8+ T cells (Tc), which bind to MHC class I molecules on the DC surface,
and release specialized cytotoxins including perforin, granzymes, and IFN-y in
response to cytosolic pathogens; (2) CD4+ Thl cells, which bind to MHC class II
molecules and release IL-2, IFN-y and other activating molecules, thereby enhanc-
ing the anti-tumor function of macrophages, natural killer cells (NK) and Tc cells;
and (3) CD4+ Th2 cells, which also bind to MHC class II molecules, and drive
B-cell dependent humoral immunity through the release of B cell growth factors
IL-4 and IL-5 [61-64]. Tc and Thl cells are generally thought to be the key media-
tors of anti-tumor immunity.

Since T-cell mediated immunity is critical in controlling tumor growth, we have
previously characterized the presence of tumor-associated CD4+ and CD8+ T cells in
SCC as compared to those found in transplant-associated SCC (TSCC) and normal
skin. Not surprisingly, we found a significantly greater number of CD8+ T cells asso-
ciated with both SCC and TSCC as compared to normal skin [65]. Previous research
has shown that CSCC is commonly associated with increased T cell infiltrates, how-
ever the clinical persistence of cancer suggests that these T cells are unable to destroy
the tumor [66, 67]. Interestingly, however, our results show fewer numbers of CD8+
T cells in TSCC as compared to SCC lesions. This decrease in anti-tumor Tc cells
may be one of several factors contributing to the increased proliferative behaviors
seen in TSCC. Accordingly, recent studies have indeed shown reduced amounts of
tumor-infiltrating CD8+ T cells to be associated with more aggressive tumor pheno-
types and increased risk of lymph node metastasis [68].

In addition to increased CD8+ T cells in the SCC and TSCC microenvironment,
we have also found a significantly increased number of Foxp3+ regulatory T cells
(Tregs) in tumor tissue as compared to normal skin [65]. These cells are known to
promote immune tolerance, and are thought to be critical for the prevention of auto-
immunity [69, 70]. Recent evidence has shown, however, that Tregs may also play
a role in the suppression of an appropriate anti-tumor response through the direct
inhibition of effector T cell proliferation and cytokine production [71-73].
Additionally, DCs co-cultured with Tregs have been shown to down-regulate the
expression of co-stimulatory molecules, which may impair their ability to stimulate
T cell proliferation and contribute to immune system dysfunction [74-76]. In fact,
recent studies have shown that increased levels of Tregs are correlated with a poor
prognosis and decreased survival rates in a variety of cancers, including gastric,
breast and ovarian carcinoma [71, 77, 78]. Of note, when evaluating the presence of
Tregs in SCC and TSCC, we actually found an increased ratio of Tregs to CD8+ Tc
cells in TSCC as compared to SCC [65]. This disruption of the Treg to Tc cell bal-
ance may further exacerbate the immune impairment seen in SCC, which may result
in a severely compromised ability to launch an immune attack. This may again be
contributing to the more aggressive tumor phenotypes seen in TSCC.

Another significant disparity that is found between the immune microenviron-
ment in TSCC as compared to SCC is a decreased percentage of IFN-y secreting
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CD4+ T cells (Thl) in TSCC [65]. This is somewhat consistent with our previous
research, which has shown the TSCC microenvironment to contain a predominantly
Th2 phenotype [74]. As mentioned previously, Thl cells are thought to be critical
for the generation of anti-tumor immunity, thus decreased levels may contribute to
the more tumor permissive environment seen in TSCC [65, 79]. More interestingly,
however, we found the TSCC microenvironment to contain a significant increase in
the percentage of CD8+ interleukin-22 (IL-22) producing cells as compared to non-
transplant associated SCC (Fig. 4.3a) [65]. IL-22 is a member of the IL-10 family
of cytokines, and has been implicated in a number of benign keratinocyte hyperpro-
liferative conditions such as psoriasis and atopic dermatitis [80-84]. Recent evi-
dence, however, suggests that IL-22 may also play a role in driving the growth of a
number of malignant processes, such as mantle cell lymphoma, hepatocellular car-
cinoma, colon carcinoma and pancreatic cancer [85-89]. While the precise nature
of IL-22 in SCC remains to be defined, we have provided evidence that IL-22
administration may in fact enhance the proliferation of CSCC cells in vitro
(Fig. 4.3b). More specifically, we found treatment with IL-22 resulted in an eight-
fold increase in cell numbers as compared to those cells grown without IL-22 sup-
plementation (Fig. 4.3c) [65]. Furthermore, the SCC microenvironment was
associated with increased gene expression of IL-22, and increased protein expres-
sion of IL-22, the IL-22 receptor, and associated downstream modulator pSTAT-3
[65]. These findings serve to reinforce the importance of the IL-22 pathway in SCC
and TSCC, and support the notion that increased IL-22 may be driving accelerated
SCC growth in organ transplant recipients.

Macrophages, Immune Suppressive Molecules, and Other
Competing Forces in the SCC Microenvironment

Tumor behavior is not simply a function of cancer or immune cells themselves, but
rather is dependent on the composition of the local surroundings. The tumor micro-
environment can thus be thought of as the collection of cells, soluble factors, signal-
ing molecules and extracellular matrix components that together may serve to
regulate neoplastic transformation and tumor progression [90]. We have previously
described the unique DC and effector T cell components which make up the SCC
microenvironment. We will now focus on the presence of macrophages, associated
soluble factors, and immunosuppressive molecules, which may also be contributing
to the complex immune environment seen in SCC.

Macrophages are considered to be the body’s principal phagocytic cells, and like
DCs, they are thought to play a key role in the initiation of both the innate and the
adaptive immune response. They are often one of the major populations of leuko-
cytes found in solid tumors, where they have been shown to alternatively promote or
inhibit tumor growth [91-93]. In particular, tumor-associated macrophages (TAMs)
have been shown to promote early eradication of tumor cells in vitro [94]. They are
also, however, associated with a negative prognosis in several human cancers, and
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Fig. 4.3 Transplant-associated SCC (TSCC) contains a unique immune phenotype which may be
driving accelerated SCC growth. (a) We stimulated T cell “crawl outs” taken from SCC and TSCC
and determined T cell phenotype through intracellular cytokine staining. We found TSCC lesions
to contain a significant decrease in CD4+ IFN-y producing cells, and a significant increase in
CD8+ IL-22 producing cells (p<0.05). (b) IL-22 was found to drive accelerated SCC growth
in vitro. A431 cells were cultured in full media (10 % FBS) or in serum starvation media (0.1 %
FBS) with or without the addition of the indicated cytokines for 72 h. Cells cultured in full media,
and in starvation media supplemented with IL-22 (40 and 100 ng/ml) show considerably greater
proliferative behavior with increased colony formation when compared to those grown in starva-
tion media alone or supplemented with IL-24 (40 ng/ml) (c) Cell counts were performed after 72 h
of cultivation in the indicated conditions. The addition of 100 ng/ml IL-22 to the starvation media
resulted in a hyperproliferation of tumor cells and eightfold increase in cell numbers when com-
pared to those grown in serum starvation alone, or serum starvation supplemented with IL-22
(40 ng/ml) or IL-24 (40 ng/ml) (one-way ANOVA, p<0.001)

have been shown to release angiogenic factors which may directly contribute to
tumor growth [93, 95]. We have previously shown that TAMs are significantly upreg-
ulated in the SCC microenvironment as compared to normal skin. Additionally, the
phenotype and function of TAMs in SCC was found to be heterogeneous, with evi-
dence for both anti- and pro-tumor function [35]. For instance, TAMs were found to
have upregulated expression of the IFN-y receptor, which reflects an enhanced abil-
ity to respond to IFN-y with antigen presentation and the initiation of a Thl
immune response. This would be expected to prevent tumor progression [96].
Conversely, TAMs were also found to produce factors which encouraged tumorigenesis.
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These include the pro-lymphangiogenic vascular endothelial growth factor-C
(VEGF-C), as well as matrix metalloproteinases (MMPs) 9 and 11, which pro-
mote local invasion and metastatic spread through the degradation of the extracel-
lular matrix [35, 97]. MMPs may also release matrix-sequestered angiogenic
factors which encourage tumor growth [98]. The abundant influx of TAMs in the
SCC microenvironment may therefore be serving to promote tumor growth and
carcinogenesis.

As mentioned above, the SCC microenvironment contains a large amount of
TAMs which may secrete pro-tumoral factors such as VEGF-C. VEGF-C is a criti-
cal mediator of lymphangiogenesis, and is thought to stimulate the proliferation and
increased survival of lymphatic endothelial cells [99]. Additionally, increased lym-
phatic vessel density (LVD) and VEGF-C expression have been shown to be effec-
tive predictors of lymph node metastasis in several different cancers, including oral
and supraglottic SCC, as well as melanoma [100-102]. Accordingly, we have shown
the SCC tumor microenvironment to contain increased LVD in the juxtatumoral
dermis, as well as an upregulation of several different lymphangiogenesis genes.
SCC lesions also contained increased levels of VEGF-C as compared to normal
skin, likely the result of secretion by associated TAMs. Moreover, these findings
were not only present in SCC lesions, but also apparent in matched adjacent non-
tumor bearing skin. This supports the concept of field cancerization, and may facili-
tate the recurrence and metastasis of SCC tumors despite treatment with excision
and seemingly clear margins [97].

Finally, endothelial cells lining local blood vessels are often the first contact that
many blood-borne elements, including certain immune cells, have with a tumor.
Endothelial cell integrity may therefore play a key role in tumor development by
allowing various immune components to gain entry to the tumor microenvironment
[103]. Recent research has suggested that reduced expression of endothelial
E-selectin in the local SCC tumor vasculature may result in aberrant T cell homing
and increased infiltration of Tregs into the tumor [66]. Additionally, we have shown
that the SCC tumor microenvironment contains significantly greater expression of
the endothelial protein CD200, a known immunosuppressive protein which often
regulates immune cell entry into areas of immune privilege, such as the brain, retina
and hair follicle [104-106]. This effect can be manipulated in human cancers to
confer pathologic immune privilege to tumor cells, thereby helping the tumor evade
immune detection. Furthermore, we found several factors released from SCC lesions
were actually capable of inducing the expression of CD200 on endothelial cells
in vitro. This may help explain our finding that nearly all vessels in SCC expressed
CD200, whereas very few did in normal skin [104]. We also saw a significant
increase in the expression of CD200 receptor (CD200R) on myeloid cells in the
SCC microenvironment, which may, in part, help account for the mDC dysfunction
seen in SCC [40, 104]. Taken together, these results suggest that CD200, and its
interaction with CD200R on myeloid cells, may be a critical mechanism of immune
evasion in SCC.
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Summary and Conclusions

Squamous cell carcinoma (SCC) remains a significant cause of morbidity and mor-
tality in organ transplant recipients (OTRs). Lesions in this patient population tend
to be more numerous, rapidly growing, and more aggressive when compared to SCC
from immune competent patients, with elevated rates of recurrence and metastases
[4, 7]. Additionally, extensive body surface area involvement often renders surgery,
the primary treatment modality, difficult or disfiguring. There thus exists a real need
for the development of effective medical therapies for the treatment of filed cancer-
ization and aggressive SCC in OTRs. This process is dependent, however, on a thor-
ough and comprehensive understanding of SCC pathogenesis and the various factors
which may allow tumor cells to evade immune detection. Furthermore, targeting
specific lesions themselves may be inadequate in the context of field cancerization,
which suggests that normal appearing skin adjacent to tumor tissue may actually
contain unique genetic mutations which render the area tumorigenic.

Comparing low-risk SCC tumor development in immune competent patients ver-
sus high-risk transplant-associated SCC (TSCC) provides us with a novel opportu-
nity to explore the intricacies of the tumor immune microenvironment, and allows
us to gain a greater understanding of the various factors which may drive SCC
proliferation. SCC lesions are thought to occur as a direct result of chronic exposure
to carcinogenic stimuli such as UV light. This eventually results in a genomic muta-
tion in keratinocytes, which confers a growth advantage such that the transformed
cell may continue to acquire new mutations. These rapidly-proliferating mutated
cells will ultimately form a microscopic tumor focus within the skin. While this
process of tumor development is thought to be consistent for all SCC lesions, there
are various tumorigenic factors which may catalyze cellular damage and increase
carcinogenesis. For instance, the use of immunosuppressive agents such as
Cyclosporine A and Azathioprine may be directly driving SCC formation through
the respective inhibition of the p53 tumor suppressor protein and photosensitization
of the skin to UVA. These medications are commonly used in OTRs, and may, in
part, explain the high prevalence of SCC seen in this population.

Additionally, the immune microenvironment associated with SCC is thought to be
a dynamic milieu, comprised of opposing forces driving tumor promotion and tumor
suppression (Fig. 4.4 ). We have found SCC lesions to contain a significantly reduced
number of mDCs and LCs when compared to normal skin, as well as an increased
number of pDCs. Furthermore, mDC function appears to be impaired in SCC lesions,
with an inability to stimulate an appropriate T cell response. Other unique features of
the tumor microenvironment include increased amounts of Tregs, which is further
highlighted by an increased ratio of Tregs to CD8+ Tc cells in transplant-associated
SCC (TSCC). TSCC Ilesions also contain a significantly decreased amount of CD4+
IFN-y producing cells, as well as a significantly increased amount of CD8+ IL-22
producing cells. The former is thought to be a key mediator of anti-tumor immunity,
and may help explain the more tumor permissive environment seen in TSCC. The
latter has been shown to directly drive SCC proliferation in vitro, and may therefore
contribute to the more aggressive tumor phenotypes seen in TSCC.
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Fig. 4.4 The SCC immune microenvironment is a dynamic milieu comprised of competing forces
driving tumor progression and tumor suppression. The SCC microenvironment is associated with
an increased influx of pDCs, which secrete the anti-tumoral cytokine IFNa. The tumor microenvi-
ronment also works to promote LC function and enhance their ability to stimulate effector T cells.
Conversely, mDC function is suppressed in SCC lesions. SCC is also associated with an influx of
Tregs, which may create a more tumor permissive environment. Additionally, TSCC will contain
a significant decrease in Thl cells as well as a significant increase in T22 cells, which serve to
further promote tumor proliferation. Tumor associated macrophages display heterogeneous behav-
ior. On the one hand they demonstrate an enhanced ability to respond to IFN-y and stimulate Th1.
They also, however, secrete pro-angiogenic immunosuppressive factors such as MMP 9, MMP 11
and VEGF-C

High-risk SCC lesions may therefore be attributed to a number of different fac-
tors, which taken together serve to promote both a decrease in immune surveillance,
as well as an increase in mutagenic and proliferative signals. Furthermore, aberrant
gene patterns in the surrounding tissue increase the likelihood of tumor recurrence
and new tumor formation. Treatment of these lesions may therefore require a com-
prehensive, multi-pronged approach aimed at targeting individual lesions them-
selves, the surrounding tumor microenvironment, and the affected field in order to
effectively eradicate lesions and ensure a more long term tumor-free survival.



4 Molecular and Cellular Interplay in SCC Including Immunomodulation... 119

References

10.

11.

12.

14.

15.

16.

17.

18.

19.
20.

21.

22.

23.

24.

25.

. Leblanc Jr KG, Hughes MP, Sheehan DJ. The role of sirolimus in the prevention of cutaneous

squamous cell carcinoma in organ transplant recipients. Dermatol Surg. 2011;37(6):744-9.

. Ulrich C, et al. Skin cancer in organ transplant recipients--where do we stand today? Am

J Transplant. 2008;8(11):2192-8.

. Lindelof B, et al. Incidence of skin cancer in 5356 patients following organ transplantation.

Br J Dermatol. 2000;143(3):513-9.

. Carucci JA. Cutaneous oncology in organ transplant recipients: meeting the challenge of

squamous cell carcinoma. J Invest Dermatol. 2004;123(5):809-16.

. Martinez JC, et al. Defining the clinical course of metastatic skin cancer in organ transplant

recipients: a multicenter collaborative study. Arch Dermatol. 2003;139(3):301-6.

. Ong CS, et al. Skin cancer in Australian heart transplant recipients. J] Am Acad Dermatol.

1999;40(1):27-34.

. Berg D, Otley CC. Skin cancer in organ transplant recipients: epidemiology, pathogenesis,

and management. J Am Acad Dermatol. 2002;47(1):1-17. quiz 18-20.

. Carroll RP, et al. Incidence and prediction of nonmelanoma skin cancer post-renal transplan-

tation: a prospective study in Queensland, Australia. Am J Kidney Dis. 2003;41(3):676-83.

. Gogia R, et al. Fitzpatrick skin phototype is an independent predictor of squamous cell carci-

noma risk after solid organ transplantation. J Am Acad Dermatol. 2013;68(4):585-91.
Winkelhorst JT, et al. Incidence and clinical course of de-novo malignancies in renal allograft
recipients. Eur J Surg Oncol. 2001;27(4):409-13.

Idezuki T. Field cancerization and field therapy - the therapy of actinic keratosis by imiqui-
mod. Gan To Kagaku Ryoho. 2013;40(1):1-5.

Stockfleth E. Topical management of actinic keratosis and field cancerisation. G Ital Dermatol
Venereol. 2009;144(4):459-62.

. Berman B, Cohen DE, Amini S. What is the role of field-directed therapy in the treatment of

actinic keratosis? Part 1: overview and investigational topical agents. Cutis.
2012;89(5):241-50.

Dakubo GD, et al. Clinical implications and utility of field cancerization. Cancer Cell Int.
2007;7:2.

de Gruijl FR, van Kranen HJ, Mullenders LH. UV-induced DNA damage, repair, mutations
and oncogenic pathways in skin cancer. ] Photochem Photobiol B. 2001;63(1-3):19-27.
Ratushny V, et al. From keratinocyte to cancer: the pathogenesis and modeling of cutaneous
squamous cell carcinoma. J Clin Invest. 2012;122(2):464-72.

Fearon ER, Vogelstein B. A genetic model for colorectal tumorigenesis. Cell. 1990;61(5):
759-67.

Brash DE, et al. A role for sunlight in skin cancer: UV-induced p53 mutations in squamous
cell carcinoma. Proc Natl Acad Sci U S A. 1991;88(22):10124-8.

Lane DP. Cancer. p53, guardian of the genome. Nature. 1992;358(6381):15-6.

Jiang W, et al. p53 protects against skin cancer induction by UV-B radiation. Oncogene.
1999;18(29):4247-53.

Ziegler A, et al. Sunburn and p53 in the onset of skin cancer. Nature. 1994;372(6508):
773-6.

Nakazawa H, et al. UV and skin cancer: specific p53 gene mutation in normal skin as a bio-
logically relevant exposure measurement. Proc Natl Acad Sci U S A. 1994;91(1):360—4.
Restivo G, et al. IRF6 is a mediator of Notch pro-differentiation and tumour suppressive
function in keratinocytes. EMBO J. 2011;30(22):4571-85.

Hu B, et al. Multifocal epithelial tumors and field cancerization from loss of mesenchymal
CSL signaling. Cell. 2012;149(6):1207-20.

Gebhardt C, et al. RAGE signaling sustains inflammation and promotes tumor development.
J Exp Med. 2008;205(2):275-85.



120

26.

217.

28.

29.

30.

31.

32.

33.

34.

3s.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

V. Yanofsky et al.

Djerbi N, et al. Influence of cyclosporin and prednisolone on RAGE, S100A8/A9, and
NFkappaB expression in human keratinocytes. JAMA Dermatol. 2013;149(2):236-7.

Wu X, et al. Opposing roles for calcineurin and ATF3 in squamous skin cancer. Nature.
2010;465(7296):368-72.

Lerche CM, et al. Topical pimecrolimus and tacrolimus do not accelerate photocarcinogenesis
in hairless mice after UVA or simulated solar radiation. Exp Dermatol. 2009;18(3):246-51.
Hui RL, et al. Association between exposure to topical tacrolimus or pimecrolimus and can-
cers. Ann Pharmacother. 2009;43(12):1956-63.

Timmer A, et al. Azathioprine and 6-mercaptopurine for maintenance of remission in ulcer-
ative colitis. Cochrane Database Syst Rev. 2012;9:CD000478.

O’Donovan P, et al. Azathioprine and UVA light generate mutagenic oxidative DNA damage.
Science. 2005;309(5742):1871-4.

Perrett CM, et al. Azathioprine treatment photosensitizes human skin to ultraviolet A radia-
tion. Br J Dermatol. 2008;159(1):198-204.

Hofbauer GF, et al. Reversal of UVA skin photosensitivity and DNA damage in kidney trans-
plant recipients by replacing azathioprine. Am J Transplant. 2012;12(1):218-25.

Hofbauer GF, Bouwes Bavinck JN, Euvrard S. Organ transplantation and skin cancer: basic
problems and new perspectives. Exp Dermatol. 2010;19(6):473-82.

Pettersen JS, et al. Tumor-associated macrophages in the cutaneous SCC microenvironment
are heterogeneously activated. J Invest Dermatol. 2011;131(6):1322-30.

Banchereau J, Steinman RM. Dendritic cells and the control of immunity. Nature. 1998;
392(6673):245-52.

Figdor CG, et al. Dendritic cell immunotherapy: mapping the way. Nat Med. 2004;10(5):
475-80.

Chu CC, Di Meglio P, Nestle FO. Harnessing dendritic cells in inflammatory skin diseases.
Semin Immunol. 2011;23(1):28-41.

Zaba LC, Krueger JG, Lowes MA. Resident and “inflammatory” dendritic cells in human
skin. J Invest Dermatol. 2009;129(2):302-8.

Bluth MJ, et al. Myeloid dendritic cells from human cutaneous squamous cell carcinoma are
poor stimulators of T-cell proliferation. J Invest Dermatol. 2009;129(10):2451-62.

Galan A, Ko CJ. Langerhans cells in squamous cell carcinoma vs. pseudoepitheliomatous
hyperplasia of the skin. J Cutan Pathol. 2007;34(12):950-2.

Nestle FO, et al. Human sunlight-induced basal-cell-carcinoma-associated dendritic cells are
deficient in T cell co-stimulatory molecules and are impaired as antigen-presenting cells. Am
J Pathol. 1997;150(2):641-51.

Mimura K, et al. Vascular endothelial growth factor inhibits the function of human mature
dendritic cells mediated by VEGF receptor-2. Cancer Immunol Immunother. 2007;56(6):
761-70.

Fujita H, et al. Langerhans cells from human cutaneous squamous cell carcinoma induce
strong type 1 immunity. J Invest Dermatol. 2012;132(6):1645-55.

Jiang J, Wu C, Lu B. Cytokine-induced killer cells promote antitumor immunity. J Transl
Med. 2013;11:83.

Takahara M, et al. Stromal CD10 expression, as well as increased dermal macrophages and
decreased Langerhans cells, are associated with malignant transformation of keratinocytes.
J Cutan Pathol. 2009;36(6):668-74.

Lucas AD, Halliday GM. Progressor but not regressor skin tumours inhibit Langerhans’ cell
migration from epidermis to local lymph nodes. Immunology. 1999;97(1):130-7.

van de Ven R, et al. Characterization of four conventional dendritic cell subsets in human
skin-draining lymph nodes in relation to T-cell activation. Blood. 2011;118(9):2502-10.
Mittelbrunn M, et al. Solar-simulated ultraviolet radiation induces abnormal maturation and
defective chemotaxis of dendritic cells. J Invest Dermatol. 2005;125(2):334-42.

Lewis J, et al. The contribution of Langerhans cells to cutaneous malignancy. Trends
Immunol. 2010;31(12):460-6.

Modi BG, et al. Langerhans cells facilitate epithelial DNA damage and squamous cell carci-
noma. Science. 2012;335(6064):104-8.



4 Molecular and Cellular Interplay in SCC Including Immunomodulation... 121

52

53

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.
72.

73.

74.

75.

. Cella M, et al. Plasmacytoid monocytes migrate to inflamed lymph nodes and produce large
amounts of type I interferon. Nat Med. 1999;5(8):919-23.

. Pfeffer LM, et al. Biological properties of recombinant alpha-interferons: 40th anniversary of

the discovery of interferons. Cancer Res. 1998;58(12):2489-99.

Hoeffel G, et al. Antigen crosspresentation by human plasmacytoid dendritic cells. Immunity.

2007;27(3):481-92.

Tel J, et al. Human plasmacytoid dendritic cells efficiently cross-present exogenous Ags to

CD8+ T cells despite lower Ag uptake than myeloid dendritic cell subsets. Blood. 2013;

121(3):459-67.

Tel J, et al. Natural human plasmacytoid dendritic cells induce antigen-specific T-cell

responses in melanoma patients. Cancer Res. 2013;73:1063-75.

Urosevic M, et al. Disease-independent skin recruitment and activation of plasmacytoid pre-

dendritic cells following imiquimod treatment. J Natl Cancer Inst. 2005;97(15):1143-53.

Lowes MA, et al. Increase in TNF-alpha and inducible nitric oxide synthase-expressing den-

dritic cells in psoriasis and reduction with efalizumab (anti-CD11a). Proc Natl Acad Sci U S

A. 2005;102(52):19057-62.

Huang FP, et al. Nitric oxide regulates Th1 cell development through the inhibition of IL-12

synthesis by macrophages. Eur J Immunol. 1998;28(12):4062-70.

Steinman RM, Banchereau J. Taking dendritic cells into medicine. Nature. 2007;449(7161):

419-26.

Janeway Jr CA. How the immune system protects the host from infection. Microbes Infect.

2001;3(13):1167-71.

Huang SJ, et al. Imiquimod enhances IFN-gamma production and effector function of T cells

infiltrating human squamous cell carcinomas of the skin. J Invest Dermatol. 2009;129(11):

2676-85.

Martinez-Sosa P, Mendoza L. The regulatory network that controls the differentiation of T

lymphocytes. Biosystems. 2013;113:96-103.

Walton S, Mandaric S, Oxenius A. CD4 T cell responses in latent and chronic viral infections.

Front Immunol. 2013;4:105.

Zhang S, et al. Increased Tc22 and Treg/CDS8 ratio contribute to aggressive growth of trans-

plant associated squamous cell carcinoma. PLoS One. 2013;8(5):e62154.

Clark RA, et al. Human squamous cell carcinomas evade the immune response by down-

regulation of vascular E-selectin and recruitment of regulatory T cells. J Exp Med.

2008;205(10):2221-34.

Halliday GM, et al. Spontaneous regression of human melanoma/nonmelanoma skin cancer:

association with infiltrating CD4+ T cells. World J Surg. 1995;19(3):352-8.

Kim ST, et al. Tumor-infiltrating lymphocytes, tumor characteristics, and recurrence in

patients with early breast cancer. Am J Clin Oncol. 2012;36:224-31.

Yu P, Fu YX. Tumor-infiltrating T lymphocytes: friends or foes? Lab Invest. 2006;86(3):

231-45.

Rutella S, Lemoli RM. Regulatory T cells and tolerogenic dendritic cells: from basic biology

to clinical applications. Immunol Lett. 2004;94(1-2):11-26.

Beyer M, Schultze JL. Regulatory T cells in cancer. Blood. 2006;108(3):804—11.

Thornton AM, Shevach EM. CD4+CD25+ immunoregulatory T cells suppress polyclonal T

cell activation in vitro by inhibiting interleukin 2 production. J Exp Med. 1998;188(2):287-96.

Ng WF, et al. Human CD4(+)CD25(+) cells: a naturally occurring population of regulatory T

cells. Blood. 2001;98(9):2736-44.

Kosmidis M, et al. Immunosuppression affects CD4+ mRNA expression and induces Th2

dominance in the microenvironment of cutaneous squamous cell carcinoma in organ trans-

plant recipients. J Immunother. 2010;33(5):538—46.

Cederbom L, Hall H, Ivars F. CD4+CD25+ regulatory T cells down-regulate co-stimulatory

molecules on antigen-presenting cells. Eur J Immunol. 2000;30(6):1538-43.



122

76

71.

78.

79.

80.

81

82.

83.

84.

85

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

V. Yanofsky et al.

. Bluth MJ, et al. Regulatory T cells are associated with the human cutaneous SCC microenvi-
ronment and suppress activation of naive T cells stimulated by CD3/28. J Invest Dermatol.
2010;130:S58.

Bates GJ, et al. Quantification of regulatory T cells enables the identification of high-risk
breast cancer patients and those at risk of late relapse. J Clin Oncol. 2006;24(34):5373-80.
Wolf D, et al. The expression of the regulatory T cell-specific forkhead box transcription fac-
tor FoxP3 is associated with poor prognosis in ovarian cancer. Clin Cancer Res. 2005;
11(23):8326-31.

Ikeda H, Old LJ, Schreiber RD. The roles of IFN gamma in protection against tumor develop-
ment and cancer immunoediting. Cytokine Growth Factor Rev. 2002;13(2):95-109.

Zhang N, Pan HF, Ye DQ. Th22 in inflammatory and autoimmune disease: prospects for
therapeutic intervention. Mol Cell Biochem. 2011;353(1-2):41-6.

. Wolk K, et al. Biology of interleukin-22. Semin Immunopathol. 2010;32(1):17-31.

Witte E, et al. Interleukin-22: a cytokine produced by T, NK and NKT cell subsets, with
importance in the innate immune defense and tissue protection. Cytokine Growth Factor Rev.
2010;21(5):365-79.

Jabbari A, Johnson-Huang LM, Krueger JG. Role of the immune system and immunological
circuits in psoriasis. G Ital Dermatol Venereol. 2011;146(1):17-30.

Nograles KE, et al. IL-22-producing “T22” T cells account for upregulated IL-22 in atopic
dermatitis despite reduced IL-17-producing TH17 T cells. J Allergy Clin Immunol. 2009;123(6):
1244-52. €2.

. Gelebart P, et al. Interleukin 22 signaling promotes cell growth in mantle cell lymphoma.
Transl Oncol. 2011;4(1):9-19.

Jiang R, et al. Interleukin-22 promotes human hepatocellular carcinoma by activation of
STAT3. Hepatology. 2011;54(3):900-9.

Ziesche E, et al. The interleukin-22/STAT3 pathway potentiates expression of inducible nitric-
oxide synthase in human colon carcinoma cells. J Biol Chem. 2007;282(22):16006—15.
Huber S, et al. IL-22BP is regulated by the inflammasome and modulates tumorigenesis in
the intestine. Nature. 2012;491(7423):259-63.

Curd LM, Favors SE, Gregg RK. Pro-tumour activity of interleukin-22 in HPAFII human
pancreatic cancer cells. Clin Exp Immunol. 2012;168(2):192-9.

Swartz MA, et al. Tumor microenvironment complexity: emerging roles in cancer therapy.
Cancer Res. 2012;72(10):2473-80.

Gordon S, Taylor PR. Monocyte and macrophage heterogeneity. Nat Rev Immunol.
2005;5(12):953-64.

Wang YC, et al. Notch signaling determines the M1 versus M2 polarization of macrophages
in antitumor immune responses. Cancer Res. 2010;70(12):4840-9.

Steidl C, et al. Tumor-associated macrophages and survival in classic Hodgkin’s lymphoma.
N Engl J Med. 2010;362(10):875-85.

Romieu-Mourez R, et al. Distinct roles for IFN regulatory factor (IRF)-3 and IRF-7 in the acti-
vation of antitumor properties of human macrophages. Cancer Res. 2006;66(21):10576-85.
Lin EY, Pollard JW. Tumor-associated macrophages press the angiogenic switch in breast
cancer. Cancer Res. 2007;67(11):5064-6.

Hung K, et al. The central role of CD4(+) T cells in the antitumor immune response. J Exp
Med. 1998;188(12):2357-68.

Moussai D, et al. The human cutaneous squamous cell carcinoma microenvironment is char-
acterized by increased lymphatic density and enhanced expression of macrophage-derived
VEGF-C. J Invest Dermatol. 2011;131(1):229-36.

Egeblad M, Werb Z. New functions for the matrix metalloproteinases in cancer progression.
Nat Rev Cancer. 2002;2(3):161-74.

Hamada K, et al. VEGF-C signaling pathways through VEGFR-2 and VEGFR-3 in vascu-
loangiogenesis and hematopoiesis. Blood. 2000;96(12):3793-800.



4 Molecular and Cellular Interplay in SCC Including Immunomodulation... 123

100.

101.

102.

103.

104.

105.

106.

Baek SK, et al. Prognostic significance of vascular endothelial growth factor-C expression and
lymphatic vessel density in supraglottic squamous cell carcinoma. Laryngoscope. 2009;119(7):
1325-30.

Sugiura T, et al. VEGF-C and VEGF-D expression is correlated with lymphatic vessel den-
sity and lymph node metastasis in oral squamous cell carcinoma: implications for use as a
prognostic marker. Int J Oncol. 2009;34(3):673-80.

Boone B, et al. The role of VEGF-C staining in predicting regional metastasis in melanoma.
Virchows Arch. 2008;453(3):257-65.

Franses JW, et al. Stromal endothelial cells directly influence cancer progression. Sci Transl
Med. 2011;3(66):66ra5.

Belkin DA, et al. CD200 upregulation in vascular endothelium surrounding cutaneous squa-
mous cell carcinoma. JAMA Dermatol. 2013;149(2):178-86.

Meuth SG, et al. CNS inflammation and neuronal degeneration is aggravated by impaired
CD200-CD200R-mediated macrophage silencing. J Neuroimmunol. 2008;194(1-2):62-9.
Broderick C, et al. Constitutive retinal CD200 expression regulates resident microglia and
activation state of inflammatory cells during experimental autoimmune uveoretinitis. Am
J Pathol. 2002;161(5):1669-77.



	Chapter 4: Molecular and Cellular Interplay in SCC Including Immunomodulation and Clinical Implications
	Introduction
	 Cellular Pathways of SCC Formation
	 Carcinogenic Impact of Medication on Keratinocytes
	Calcineurin Inhibition Drives SCC Formation through the Promotion of ATF3 in Keratinocytes
	 Azathioprine Photosensitizes Skin to UVA and Facilitates Direct DNA Damage of Keratinocytes in OTR

	 The Tumor Microenvironment in High-Risk SCC
	Dendritic Cells in the Tumor Microenvironment
	 Effector T Cells in the Tumor Microenvironment
	 Macrophages, Immune Suppressive Molecules, and Other Competing Forces in the SCC Microenvironment

	 Summary and Conclusions
	References


