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Cylindromatosis (CYLD) is a deubiquitinase (DUB) enzyme that was initially characterized as a tumor suppressor of
adnexal skin tumors in patients with CYLD syndrome. Later, it was also shown that the expression of functionally inactive
mutated forms of CYLD promoted tumor development and progression of non-melanoma skin cancer (NMSC). And,
recently it has been demonstrated that a moderate increase in CYLD wildt ype levels inhibits in vivo in the development of
skin squamous cell tumors.
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| 1. Introduction

CYLD is a tumor-suppressor gene that encodes a K63 deubiquitinase enzyme. It directly regulates multiple key signaling
cascades, such as the NF-kB, JNK, and the MAPK pathways, and it is a crucial regulator of diverse cellular processes
such as immune responses, inflammation, death, and proliferation [&. It was shown that genetic alterations of CYLD—
rendering a catalytically inactive protein—led to the formation of tumors in patients with CYLD cutaneous syndrome [ZIE14],
Later, genome sequencing approaches have revealed somatic CYLD alterations in other numerous human cancers,
including non-small cell lung cancer, melanoma, glioblastoma, breast, ovarian, bladder, colon, and head and neck cancer
B, In addition, the correlation of CYLD downregulation with tumor development and progression of many types of cancers
such as hepatocarcinoma, colon, and breast tumors &l has also been described.

Among the diverse human neoplasias, NMSC are the most common malignancies. The skin consists of three layers:
epidermis, dermis, and hypodermis, and it contains specialized structures, such as hair follicles (HF) and sebaceous and
sweat glands. The epidermis is a stratified epithelium composed mainly of keratinocytes; among them, those of the basal
layer are proliferative, move to the suprabasal layers, and gradually differentiate, giving rise to the outermost squamous
cornified cell layer that is shed [&. A balance between keratinocyte proliferation and differentiation is mandatory to
maintain epidermal homeostasis; otherwise, numerous pathologies arise, including NMSC. Although dysregulation of the
CYLD gene was established to be responsible for the development of skin appendage-derived tumors in CYLD syndrome
patients [JEIE posteriorly, it was reported that the catalytic inactivation of CYLD was involved in the development and
progression of skin squamous cell carcinomas (SCCs) 1911l [12][13]

Basal cell carcinomas (BCCs) and SCCs represent the vast majority of the NMSC diagnosed 4 and 90% of skin cancers
in the Caucasian population; of these, SCC can be very aggressive and almost 5% metastasize; therefore, due to its high
incidence, the mortality caused by aggressive skin SCCs is reaching relevant numbers X5, This and the fact that the
incidence of NMSC has been increasing at an alarming rate in recent years, even in the population under 40 years of age,
make NMSC an important health problem 161,

NF-kB is a ubiquitous and evolutionarily conserved transcription factor that regulates the expression of genes involved in
the transformation, survival, proliferation, invasion, angiogenesis, and metastasis of tumor cells. It is composed of dimers
of five members, of which p65/p50 is the predominant dimer in the skin 4. In resting cells, NF-kB is maintained inactive
while it has been found to be constitutively active most type of cancers including skin SCCs 18ll13l: NF-kB inhibition in
keratinocytes prevents tumor development by acting both during the initiation and promotion phases of skin
carcinogenesis 29,

Results obtained in immunocompetent transgenic mice show that a moderate increase in the wild type CYLD expression
levels prevents the development and progression of skin squamous cell tumors, mainly through the attenuation of NF-kB
activation, reduction of tumor proliferation, increased tumor cell differentiation, and inhibition of both tumor inflammation
and angiogenesis 2, These results have important clinical significance and make CYLD appear as a promising
therapeutic target of skin SCCs.



2. CYLD inhibits the development of skin carcinomas in
immunocompetent mice

Transgenic mice expressing the wild type form of CYLD under the control of the K5 promoter (K5-CYLDwt mice) were
generated (Figure 1, https://doi.org/10.3390/ijms22136736). Properties of their skin were analyzed by WB and
immunohistochemistry (Figure 2, https://doi.org/10.3390/ijms22136736), and studied the survival and proliferating
characteristics of primary keratinocytes (Figures 3 ,4, https://doi.org/10.3390/ijms22136736), as well as their
predisposition to develop skin SCCs when subjetced to chemical skin carcinogenesis (Figures 5-8,
https://doi.org/10.3390/ijms22136736). As a result, it was found a reduced activation of NF-kB in the skin of K5-CYLDwt
mice in response to TNF-a; accordingly, when subjected to insults, K5-CYLDwt keratinocytes were prone to apoptosis and
were protected from an excessive hyperproliferation. Skin carcinogenesis assays showed the inhibition of tumor
development in K5-CYLDwt mice.

| 3. Conclusions

Studies of skin carcinogenesis in nude mice showed that the lack of the catalytic function of CYLD increased the
aggressiveness of cutaneous SCCs 19 1221 je. the expression of the mutant CYLD®/S, which acts as a dominant
negative inhibiting the deubiquitination function of the endogenous CYLD, enhanced tumor cell proliferation, survival and
tumor angiogenesis (this last considered a prominent feature of skin tumor progression) both in mouse and human skin
SCCs [M922]23] - Additionally, it was showed that overexpression of wild type CYLD in human skin SCC cells led, in
xenograft assays in nude mice, to the development of more differentiated tumors with less efficient angiogenesis 22,
Later, it was shown that a modest increment in the expression of CYLD in K5-CYLDwt mice did not have any deleterious
effect on normal keratinocytes, although it confered them a greater capacity to differentiate, and attenuated their
responses to environmental stresses on the skin (such as TNF-a + Chx or TPA application), mainly through an increment
in cell apoptosis and reduction in cell proliferation. On the contrary, a moderate increase in CYLD levels exerted a relevant
role counteracting the damaging effects of transformed keratinocytes, since it prevented in a great manner the
development of skin carcinomas, and those scarce tumors arisen exhibited signals of better prognosis, such as lower
size, decreased proliferation, more differentiated phenotype, lower number of inflammatory cells and a network of small
and mature blood vessels.

Altogether, these results suggest that wild type CYLD is able to repress NMSC development and progression in vivo, in
immunocompetent transgenic mice, offering a powerful anti-cancer target against skin SCCs.

Inhibition of NF-kB activation in keratinocytes and skin tumors of mice with moderately increased CYLD
expression.

Data suggesting the role of CYLD as a tumor suppressor of skin SCCs in vivo are in agreement with those of Cyld-/- mice,
indicating that mice lacking the Cyld gene exhibited increased susceptibility to the development of skin cancer upon
chemical carcinogenesis experiments [24l: they also agree with results showing that transgenic mice lacking the
deubiquitinase function of CYLD in keratinocytes spontaneously develop skin tumors 141,

Attenuation of the activation of NF-kB in keratinocytes emerges as a likely mechanism through which CYLD exerts its
function as a tumor suppressor of skin tumors, since diminished activation of NF-kB was observed in the scarce tumors
developed by CYLD-overexpressing keratinocytes; in turn, NF-kB inhibition may inhibits responses such as inflammation,
cell proliferation, and angiogenesis (largely responsible for tumor development and progression 22 cintributing to the
better prognosis of tumors with moderately increased CYLD expression (https://doi.org/10.3390/ijms22136736). In fact,

many different human cancers, both hematological malignancies and solid tumors, have been linked to constitutive NF-kB
activation, among them skin SCCs 18!,

Tumors with a modest increase in CYLD expression show a more differentiated and less proliferative phenotype,
and diminished tumor inflammation and angiogenesis.

Tumors with higher expression of CYLD wild type are more differentiated and have almost no expression of K13, a keratin
indicative of malignant progression of NMSC 19, These results are in agreement with the role of CYLD as a positive
regulator of epidermal differentiation previously described in human HaCaT keratinocytes as well as in mouse and human
tumor epidermal cells 22, Additionally, tumors overexpressing CYLD wild type were smaller, which could be due to their



lower proliferation as well as to the minor development of a network of blood vessels that would impair the nutrition of
tumor cells. The role of CYLD as an inhibitor of keratinocyte proliferation was previously reported in xenografts assays
and in cyld-deficient mice [£0126],

A relevant feature of tumors showing a moderate increase in CYLD expression levels is its lower inflammation and
angiogenesis. The activation of NF-kB is an established pathway in the mediation of inflammation, which in turn is a major
mediator of tumor development and progression of mouse and human skin SCCs 128 Among other effects,
inflammatory cells promote angiogenesis, favoring the development of the vascular network in tumors 22, Angiogenesis is
a relevant process which plays a key role in tumor progression, since a robust network of blood vessels makes possible
the supply of oxygen and nutrients needed for cancer progression [23 B9 Therefore, the lower number and better
prognosis of tumors with higher levels of CYLD wild type might be the consequence of the decreased inflammatory
environment of the tumor cells as well as to the reduced dimensions and mature nature of blood vessels. In turn, the
reduced size of the blood vessels could contribute to the more differentiated phenotype of tumors with higher amounts of
CYLD wild type, as the enlargement of angiogenic blood vessels is the main vasculature change that allows tumor
progression 28, Data showing the anti-angiogenic role of CYLD in skin tumors developed in immunocompetent mice are
in agreement with those obtained in studies of xenograft carcinogenesis in nude mice, showing that CYLDwt
overexpression in SCCs reduced the diameter of the tumor blood vessels and augmented its maturity 22. They are also
consistent with data showing that the impaired catalytic function of CYLD in tumor epidermal cells enhanced angiogenesis
in both mouse and human skin SCCs, contributing to its malignant progression and metastatic behavior 22231
Additionally, it has been reported that the main mechanisms that led to the development of spontaneous skin tumors in
mice lacking the deubiquitinase function of CYLD is the chronic activation of NF-kB and the constitutive inflammation in
the skin of these mice 4. Taken together, the avalibale data suggest that a moderate increase in CYLD levels in
keratinocytes is able to inhibit inflammation and angiogenesis in skin SCCs and then act as a tumor suppressor of NMSC
in mice with an undamaged immune system.

Relevance of CYLD wild type expression for clinical management of skin SCCs.

The results commented above suggest that a moderate increase in levels of CYLD might be useful for anti-skin cancer
therapy. Until now, evidence of regulation of CYLD expression by pharmacological agents is scarce in the literature, but it
has been reported that it may be possible to indirectly regulate CYLD levels by agents that act on regulatory factors for
CYLD, such as Serum Response Factor (SRF) or kinase inhibitors [LI; also, levels of CYLD may be indirectly increased by
allosteric inhibition of Caspase 8 (which cleaves CYLD) by the pan-caspase inhibitor zZVAD-FMK B2, Caspase-8 is
upregulated and localized to the nucleus in multiple human cancers, correlating with resistance to therapy and poor
clinical outcome: it promotes NF-kB-dependent expression of several cytokines, angiogenesis, and tumorigenesis 22,
suggesting that inhibition of Caspase-8 might be an interesting promising regulator of CYLD levels in cancer. In addition,
the role of p38 as a mediator of the positive regulation of CYLD expression by SRF has been described B4, and suggest
that the use of p38-inhibitors could be an appropriate approximation to favor CYLD-mediated inhibition of skin squamous
cell tumor development 231,

It is now clear that cancerous phenotypes result from the dysregulation of more than 500 genes at multiple steps in cell
signaling pathways 248 This indicates that inhibition of a single gene product or cell signaling pathway is unlikely to
prevent or treat cancer. However, most current anticancer therapies are based on the modulation of a single target.
Therefore, results showing that the modulation of a single gene, CYLD, is able to regulate multiple targets in skin tumors
are very relevant from a clinic point of view, and would provide a huge advantage as a cancer treatment, since CYLD
controls many of the major features dysregulated in cancer, such as cell proliferation, differentiation, cell survival,
angiogenesis and inflammation.
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