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ABSTRACT 

Dysregulation of components of the ubiqutin system has been linked to many diseases including melanoma. This is vital 
since the post-translational modification of different proteins via direct ubiquitin attachment is an important process for 
various cellular processes. CYLD is a tumor suppressor gene and deubiquitinating enzyme, which can remove poly- 
ubiquitin chains from their specific substrate and interfere with different signaling pathways. CYLD is frequently down- 
regulated or even lost in melanoma cell lines or tissues compared to melanocytes. Down-regulation of CYLD leads to 
sustained oncogenic signaling that promotes melanoma progression and metastasis. In this review, we summarize the 
recent insights into the mechanisms which are responsible for the down-regulation of CYLD levels in melanoma and 
the signaling interactions of the CYLD gene product in melanoma. We argue that these recent insights into CYLD func- 
tion invite the development of novel molecular strategies for melanoma prevention and treatment. 
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1. Introduction 

Melanoma is the most aggressive skin cancer, with an in- 
cidence that continues to rise. Therapeutic tools against 
melanoma may improve objective response rates, but of- 
ten fail to reduce the long-term survival rate. Mechanistic 
studies have shown that both genetic and epigenetic 
changes are involved in melanoma initiation, cell prolife- 
ration and metastasis. Among the epigenetic changes, aber- 
rant ubiquitinating and deubiquitinating systems occupy 
a paramount role in regulating various pathological pro- 
cesses. In addition, ubiquitinating and deubiquitinating 
systems regulate different cellular processes such as cell 
cycle progression, protein degradation, receptor endocy- 
tosis, virus budding, gene transcription, and DNA dam- 
age/repair [1,2]. Covalent attachment of ubiquitin or po- 
lyubiquitin molecules to a protein substrate is catalyzed 
by a three enzyme cascade, which consists of the activa- 
tion of ubiquitin (ubiquitination activating enzyme E1), 
the transfer of activated ubiquitin to the active site cys- 
teine of ubiquitin conjugating enzyme (E2) and finally 
the transfer of activated ubiquitin to a lysine of the tar- 
geted protein via a ubiquitin ligase (E3), which forms an 
isopeptide bond. Polyubiquitination through lysine-48 

(Lys-48) causes the degradation of the target protein 
through the proteasome, whereas polyubiquitination through 
lysine-63 (Lys-63) modifies the properties of the protein. 
The ubiquitination process is counter-regulated by a fam- 
ily of deubiquitinases (DUBs) [3]. These enzymes can 
cleave ubiquitin from ubiquitin-conjugated protein sub- 
strates, ubiquitin precursors, ubiquitin adducts, and poly- 
ubiquitin [4]. The human genome encodes approximately 
90 putative DUBs and analysis of alterations in DUB ex- 
pression in melanoma by in situ hybridization on tissue 
microarrays identified five genes (USP10, USP11, USP22, 
USP48 and COPS5) that were significantly over-expres- 
sed, compared with benign nevi [5]. Out of these five 
genes, the expression of USP10, USP11 and USP22 was 
significantly higher in metastatic melanoma compared 
with benign nevi, and in primitive tumors, it was sugges- 
ted that their expression is associated with a more aggres- 
sive and invasive phenotype [5]. USP13 [6], BAP1 [7,8], 
UCHL1 [9] and CYLD are other DUBs where the role of 
these enzymes in melanoma progression or melanocytic 
tumors has been highlighted. This review will confine it- 
self to discussing the tumor suppressor function of CYLD 
in melanoma. 
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2. Defining CYLD Gene Product Functions 

One of the well-studied DUBs is the cylindromatosis 
gene (CYLD), which was originally discovered in fami- 
lies with multiple cylindromas, a rare benign skin disease. 
Linkage analysis mapped the susceptibility CYLD gene 
to a single locus on chromosome 16q in affected families 
[10]. Later, it was suggested that loss of heterozygosity 
of CYLD is associated with the development of inherited 
familial cylindromatosis [11]. 

In general, DUBs recognize specific polyubiquitin chain 
linkages because Lys-63-linked and linear ubiquitin struc- 
tures are markedly different from Lys-48-linked ubiqui- 
tin dimers and ubiquitin tetramers; CYLD, however, is a 
Lys-63-specific DUB [12]. The DUB function of CYLD 
is through the C-terminal domain, which encodes an ubi- 
quitin carboxyl-terminal hydrolase (UCH), and deletions 
or mutations in this domain result in catalytically inactive 
CYLD. It is now established that CYLD negatively regu- 
lates multiple signaling pathways in cancer including the 
NF-кB, JNK, Wnt, Notch and Bcl-3 pathways (for review 
see [3,13-15]).  

Several reports have established that CYLD plays a 
major role in melanoma by affecting fundamental changes 
in various cancer signaling pathways. Here, we summa- 
rize the most recent discoveries about CYLD function 
and propose strategies for epigenetic therapy to target the 
related signaling pathway in melanoma. 

3. Down-Regulation of CYLD Levels in  
Melanoma 

Different studies came to the same conclusion, that CYLD 
mRNA and protein expression is significantly down- 
regulated in most of the melanoma cell lines and freshly 
isolated melanoma cells compared to normal human me- 
lanocytes [16-18]. Down-regulation of CYLD was ex- 
plained by the direct recruitment of the transcriptional 
repressor Snail1 to the CYLD promoter leading to re- 
duced or even absent CYLD expression [16]. In contrast, 
melanoma cells in which Snail1 expression was abroga- 
ted showed a strong up-regulation of CYLD expression 
[16]. Furthermore, analyzing tissue array data, CYLD ex- 
pression was inversely correlated with overall and pro- 
gression-free survival [16]. Down-regulation of CYLD in 
melanoma results in fundamental changes in their be- 
haviors, including proliferation cytokinesis and invasion. 

4. CYLD Inhibits Proliferation of  
Melanoma Cells 

Cell cycle progression is tightly regulated by a number of 
regulators, among which cyclin D1 is an allosteric regu- 
lator of CDK4/6 and key events in G1 progression. The 
expression of cyclin D1 is promoted by the activation of  

different genes including the oncogene protein B-cell 
CLL/lymphoma 3 (Bcl-3). Bcl-3, together with the NF-кB 
family member p50/p52, is recruited to the cyclin D1 
promoter and initiates cyclin D1 transcription [19,20]. 
The recruitment of Bcl-3 to the cyclin D1 in keratinocy- 
tes is ubiquitin-dependent. In the absence of CYLD, UV 
light causes Lys-63 chain ubiquitination and the translo- 
cation of Bcl-3 from the cytoplasm into the nucleus [21]. 
However, in UV light-treated control keratinocytes, CYLD 
removes the Lys-63 polyubiquitination from Bcl-3 and 
interferes with Bcl-3 nuclear translocation [21]. In mela- 
noma patients, expression of nitric oxide synthase (iNOS) 
is a hallmark for poor prognosis. It was found recently 
that activation of Bcl-3 and p50 homodimers drive iNOS 
expression which further causes melanoma tumorigenesis 
[22]. 

As mentioned earlier, CYLD expression is reduced in 
melanoma cells. A direct consequence of CYLD repres- 
sion in melanoma is the sustained Bcl-3 localization in 
the nucleus and the activation Cyclin D1 promoters, 
which results in the proliferation of melanoma cells. Res- 
toration of melanoma cells with CYLD, blocks ubiquiti- 
nation and nuclear translocation of Bcl-3 [16]. Deubiq- 
uitination of Bcl-3 also reduces the levels of cyclin D1 in 
melanoma cells and causes a delay in G1-S-phase transi- 
tion as well as reduced cell proliferation [16]. In line with 
this observation, knockdown of CYLD significantly in- 
creases the proliferation activities of melanoma cell lines. 
This effect was mediated via Bcl-3 nuclear translocation 
and cyclin D1 expression [18]. 

In another line of study, CYLD restoration by exoge- 
nous expression in melanoma cell lines reduced cell pro- 
liferation [17]. Importantly, the self-renew ability of can- 
cer initiating cells in melanoma cell lines was significant- 
ly reduced by CYLD expression, as demonstrated by soft 
agar assay [17]. In this study, it was found that the inhi- 
bition of JNK signaling by using specific JNK inhibitors 
prevents the colony growth of melanoma cells [17]. 

5. CYLD and Cytokinesis 

In melanoma cells, EGFP-tagged CYLD is localized to 
the midbody during cytokinesis. More precisely, the N- 
terminal but not the C-terminal domain of CYLD was lo- 
calized to this region. The midbody localization of CYLD 
caused a significant delay in cytokinesis in melanoma 
cells [16]. Furthermore, it was found that the delay in cy- 
tokinesis is independent of CYLD deubiquitination activ- 
ity, since the catalytically inactive mutant CYLD C/S re- 
tained this ability [16]. This delay was caused by the in- 
activation of HDAC6, which is a tubulin-specific deace- 
tylase. The precise role of HDAC6 in cytokinesis is not 
known, but it has been suggested that HDAC6 localiza- 
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tion in the midbody regulates mitosis by affecting mi- 
crotubule dynamics during cytokinesis [23]. 

Very recently, two lines of evidences highlighted the 
importance of HDAC6 in melanoma progression. In the 
first study, it was shown that acetylation-modification of 
cortactin (CTTN) is important for melanoma cell motility. 
Knockdown of HDAC6 induced a gain of CTTN protein 
acetylation, which further contributed to the metastasis of 
melanoma cells [24]. In a second study, a selective in- 
hibitor of HDAC6 inhibited the proliferation of B16 me- 
lanoma cells and decreased tumor cell growth in vivo 
[25]. 

6. CYLD Inhibits Melanoma Invasiveness 
and Metastasis 

One of the earliest steps in melanoma development in- 
cludes the disruption of E-cadherin and the increased ex- 
pression of N-cadherin, which facilitates cluster forma- 
tion and invasion of melanoma into the dermis. Reduced 
E-cadherin is regulated by the transcription repressor 
Snail1, while Bcl-3 recruitment to the N-cadherin promo- 
ter leads to up-regulation of N-cadherin [16]. This, in 
turn, leads to increased tumor cell motility and invasive- 
ness. However, re-expression of CYLD in melanoma 
cells inhibited N-cadherin expression and reduced the 
migratory/invasive potential of cells in vitro, and less 
pulmonary metastasis in a murine in vivo model. These 
findings were correlated with the clinical findings, where 
both Snail1 and CYLD expression in primary tumors di- 
rectly correlated with progression-free survival and over- 
all survival of the patients [16]. 

In another study, Loss of CYLD in melanoma induced 
strong JNK activation and a subsequent increase in β1- 
integrin expression. Integrin family receptors play a ma- 
jor role in controlling melanocyte adhesion and migration 
[26]. As β1-integrin expression was shown to be highly 
expressed in melanoma cells, over-expression of CYLD 
reduced the levels of β1-integrin [17]. In this study, it 
was shown that JNK/AP-1 remains constitutively active 
in response to CYLD loss of function, which further leads 
to elevated levels of N-cadherin [17]. β1-integrin down- 
regulation by CYLD was mediated via suppression of 
AP-1 signaling. This finding indicated that JNK and β1- 
integrin signaling pathways function in a regulatory loop 
to mediate melanoma cell migration and that JNK/AP-1 
and β1-integrin signaling pathways cross-talk is nega- 
tively regulated by CYLD [17]. 

In contrast to the function of CYLD in inhibiting me- 
lanoma invasion and metastasis, CYLD knockdown de- 
creased melanoma cell migration. This mechanism was 
found to be mediated via the activation of RAC1 through 
the action of CYLD [18]. 

7. Future Directions 

Since CYLD plays a central role in regulating melanoma 
cell proliferation and migration, searching for therapeutic 
drugs targeting these signaling pathways seems tempting. 
Targeting CYLD-related signaling pathways in cancer 
therapeutic design can be classified into either restoration 
of CYLD expression or targeting CYLD-regulated path- 
ways (Figure 1). The identification of small molecules or 
inhibitors targeting snail, HDAC6, integrins and Bcl-3 
can lead to an increase in CYLD expression and reduced 
proliferation, invasive and migratory behavior of mela- 
noma cells (Figure 1). In breast cancer cells, it was shown 
that a Co(III)-DNA conjugate, Co(III)-Ebox, is a potent 
inhibitor of Snail [27]. Recently, inhibitors of HDACs 
were found to successfully arrest the cell cycle and pro- 
mote apoptosis of melanoma cells compared with normal 
melanocytes (For review see [28,29]). Aryl urea 1 is a 
potent selective inhibitor for HDAC6, and the treatment 
of B16 melanoma cells with this inhibitor blocked tumor 
cell growth [25]. The expression of integrins, and espe- 
cially αvβ3-integrin, is elevated in melanoma [30]; αvβ3- 
Integrin has been shown to be a prognostic parameter for 
poor clinical outcome [31]. Potential therapeutic targets 
for anti-αvβ3-integrin agents can interfere with angioge- 
nesis, tumor growth and metastases (Figure 1). MEDI- 
522 is an antibody that is directed against the human 
αvβ3-integrin receptor. This antibody was shown to in- 
hibit the growth of human malignant melanoma in vivo. 

We believe that an agent that induces apoptosis or im- 
munotherapy should be combined with specific small 
molecules for the inhibition of multiple signaling path- 
ways in the fight against melanoma. In addition, future 
research will also need to develop approaches to select 
and divide patients into subgroups that are more likely to 
respond to a particular treatment. In recent years much 
attention has been paid to the function of DUBs in dif- 
ferent types of cancer, including melanoma. Understand- 
ing the function of these enzymes in melanoma oncoge- 
nesis will be essential for the improvement of diagnosis 
and prognosis, and the design of effective therapeutics. 
Inhibitors or activators of selective DUBs may serve as 
promising tools for anti-melanoma-targeted therapy. 
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Figure 1. The identification of small molecules or inhibitors targeting snail1, HDAC6, integrins and BCL-3 can lead to re- 
duced proliferation and invasive behavior of melanoma cells. 1) In melanoma cells, constitutively high B-Raf activation leads 
to high Snail1 expression which in turn causes strong suppression of CYLD. Inhibitors targeting snail allows re-expression of 
CYLD and reduced proliferation or migration of melanoma cells. 2) Inhibitors of HDACs (HDACi) and identification of 
small molecule targeting BCL-3 leads to arrest in the cell cycle and effectively blocks proliferation and tumor growth. 3) An- 
tibodies including anti-αvβ3-integrin or β1-integrin antibody can bind to the integrin receptor and inhibit the growth of hu- 
man malignant melanoma by interfering with angiogenesis and metastases. 
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Abbreviations and Acronyms 

AP-1: Activator Protein 1 
BAP1: BRCA1 Associated Protein-1 
Bcl-3: B-cell CLL/lymphoma 3 
CDK4/6: Cyclin-Dependent Kinase4/6 
COPS5: COP9 constitutive photomorphogenic homolog 
subunit 5 
CYLD: Cylindromatosis gene 
CTTN: Cortactin 
DUB: Deubiquitinating enzyme 
HDAC6: Histone Deacetylase 6 
iNOS: nitric oxide synthase 
JNK: c-Jun N-terminal kinase 
Lys-48: Lysine-48  
L ys-63: Lysine-63 

NF-кB: Nuclear Factor Kappa-light-chain-enhancer of 
activated B cells 
Notch: Notch homolog 1 translocation-associated 
p50: NF-кB-p50 
p52: NF-кB-p52 
RAC1: Ras-Related C3 Botulinum Toxin Substrate 1 
Snail1: Snail homolog 1 
UCHL1: Ubiquitin Carboxyl-Terminal Hydrolase L1 
USP10: Ubiquitin Specific Peptidase 10 
USP11: Ubiquitin Specific Peptidase 11 
USP13: Ubiquitin Specific Peptidase 13 
USP22: Ubiquitin Specific Peptidase 22 
USP48: Ubiquitin Specific Peptidase 48 
Wnt: Wingless-Type MMTV Integration Site 
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