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UVB radiation represses CYLD expression in melanocytes
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Abstract. CYLD lysine 63 deubiquitinase (CYLD) was
originally identified as a tumor suppressor that is mutated in
familial cylindromatosis. Unlike in cylindromatosis, down-
regulation of the deubiquitinase CYLD in melanoma, a highly
aggressive tumor, is not caused by mutations in the CYLD
gene, but rather by a constitutive and high expression of the
snail family transcriptional repressor 1 (SNAILI). A reduced
CYLD level leads to B-cell lymphoma-3/p50/p52-dependent
nuclear factor-kB activation, which in turn triggers the expres-
sion of genes such as cyclin D1 and N-cadherin. Elevated levels
of cyclin D1 and N-cadherin promote melanoma proliferation
and invasion. By analyzing the regulation of CYLD expres-
sion in melanocytes, the present study identified a signaling
pathway that is regulated in response to ultraviolet B (UVB)
radiation in melanocytes. UVB light leads to an extracellular
signal-regulated kinase-mediated induction of SNAILI1 and
subsequent downregulation of CYLD expression in normal
human epithelial melanocytes. The UVB-mediated suppres-
sion of CYLD in melanocytes may have a key role in the
reaction to UV stimuli, and may also potentially be involved
in the early malignant transformation processes.

Introduction

Cutaneous melanoma is a heterogeneous disease affecting the
regulation of multiple genes and proteins that contribute to the
strong proliferation and invasion of degenerated melanocytes
into the dermis and subsequent metastatic dissemination of
melanoma cells and progression of the disease (1).

Ultraviolet (UV) light exposure is considered an impor-
tant predisposing factor that triggers continuous proliferation
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of certain melanocytes, which do not undergo senescence,
and therefore support the development of melanoma (2).
In melanocytes, UV light usually induces pigmentation. In
this case, proliferation and pigment production is stimu-
lated by UV-induced DNA damage to keratinocytes, which
subsequently secrete a-melanocyte stimulating hormone
(aMSH) (3). aMSH binds to the melanocortin 1 receptor,
which is expressed on melanocytes (4). Additional research
demonstrated that UVB-induced DNA lesions also cause
genetic mutations directly in melanocytes, with C—T transi-
tions at dipyrimidine sites (5).

However, recent findings revealed that the photo-carci-
nogenesis pathway is more complex, with consequences in
which each of these processes, mediated by various cellular,
biochemical and molecular changes, are closely associated
with each other (6).

Although UVA is the most prevalent component of solar
UV radiation reaching the surface of the Earth, it mainly
causes skin photo-aging (solar elastosis), but it is less carcino-
genic compared to UVB radiation (7). By contrast, although
UVB radiation only constitutes a minor part of solar radiation,
it is carcinogenic at significantly lower doses compared with
UVA radiation. UVB has a direct mutagenic effect on DNA
as it is maximally absorbed by this primary chromophore (8).
UV photon energy absorption by DNA decreases constantly at
longer wavelengths (in the UVA range); therefore, UVB radia-
tion is considered the major cause of skin cancer (9,10). Notably,
Noonan et al (11) reported that only a single dose of burning
UV radiation to neonate hepatocyte growth factor/scatter
factor-transgenic mice is necessary and sufficient to induce
melanoma with a high incidence. Although supported by
several studies, the molecular mechanism of melanoma induc-
tion by UV irradiation is not fully understood (12,13).

Cyld was first identified as a gene associated with familial
cylindromatosis, a disease showing multiple benign skin
tumors that result from Cyld germline mutations (usually
nonsense or missense mutations) associated with somatic muta-
tions in dermal cells (loss of heterozygosity) (14). In previous
studies, the expression and function of CYLD in malignant
melanoma and basal cell carcinoma has been analyzed (15,16).
These uncovered a new mechanism, revealing that the
zinc-finger transcription factor SNAILI drives melanoma cells
to a mitogenic and metastatic phenotype via downregulating
the expression of CYLD. Loss of CYLD paves the way for
activation of p50/p52 subunits of nuclear factor-kB (NF-«xB),



KUPHAL et al: UVB IN MELANOCYTES

resulting in stimulation of the expression of genes, including
cyclin D1 and N-cadherin expression. The induced target
genes consequently lead to enhanced proliferation, migra-
tion and invasiveness of melanoma cells in vitro, as well as
tumor growth and metastasis in vivo. Notably, increased
SNAILI expression and reduced CYLD levels are inversely
correlated with progression-free and overall survival of mela-
noma patients (16). Thus, it was shown that SNAILI has an
important role in melanoma progression (17) and that one of
the molecular mechanisms involved is the downregulation of
CYLD. However, the role of SNAIL1 and CYLD in melano-
cyte proliferation and migration, as well as early malignant
transformation, remains elusive.

In the present study, the effect of UVB radiation, one of the
major promoting factors for the development of skin cancer, on
SNAILI expression was investigated. Induced signaling via the
ERK-SNAILI1 axis in normal primary human melanocytes,
which reduces CYLD expression in UVB dependency, was
identified.

Materials and methods

Cells and cell culture. The melanoma cell line Mel Ei was
derived from a primary cutaneous melanoma, and the mela-
noma cell line Mel Im was isolated from metastasis. These cell
lines were provided by Professor Judith P. Johnson (Cancer
Immunology, Ludwig-Maximilians University, Munich,
Germany) (18). The cell lines were cultured in Dulbecco's
modified Eagle's medium, supplemented with penicillin
(400 U/ml), streptomycin (50 ug/ml) and 10% fetal calf serum
(all Sigma-Aldrich; Merck KGaA, Darmstadt, Germany).
Primary normal human epidermal melanocytes (NHEMs)
were isolated and cultured as described in a previous
study (18,19). Melanocytes were cultivated in M2 medium
(PromoCell GmbH, Heidelberg, Germany). All cell lines were
incubated at 37°C in an 8% CO, humidified atmosphere.

NHEMs were treated with the chemical mitogen-activated
protein (MAP) kinase inhibitors PD98059 and UO126 [specific
for MAP kinase kinase (MEK) 1 and MEK?2; both Calbiochem;
Merck KGaA, Darmstadt, Germany] for 6 h. Control cells were
incubated with the vehicle dimethyl sulfoxide alone.

UVB radiation. UVB radiation of NHEMs seeded in M2
medium (PromoCell, Heidelberg, Germany) without PMA
was performed with defined UVB doses (Whatman Biometra
Transilluminator; Biometra GmbH, Gottingen, Germany).
Kinase inhibitors were added before UVB radiation at a
concentration of 20 xM, and due to their light sensitivity,
renewed immediately after radiation in fresh medium at a
concentration of 10 M. For quenching of singlet oxygen, cells
were treated with histidine (50 mM in PBS) 1 h prior to and
during UVB administration (80 mJ/cm?). The irradiated cells
were maintained at 37°C in a 5% CO, atmosphere for 3 h (Mel
Ei cells) and 5 h (NHEMs).

Expression analysis. Isolation of total cellular RNA from the
Mel Ei, Mel Im cell lines and primary NHEM was performed
using the E.Z.N.A. MicroElute Total RNA kit (Omega Bio-Tek,
VWR Darmstadt, Germany) according to the manufacturer's
protocol. RNA concentration was measured with a NanoDrop
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Table I. Primer sequences for expression analysis of cyclin DI,
CYLD, N-cadherin, SNAIL and (-actin.

Gene Primer sequence
CyclinDl  F: 5-GCCTGTGATGCTGGGCACTTCATC-3'

R: 5" TTTGGTTCGGCAGCTTGCTAGGTG-3'
CYLD F: 5“-TGCCTTCCAACTCTCGTCTTG-3'

R: 5-"AATCCGCTCTTCCCAGTAGG-3'
N-cadherin  F: 5"TGGATGAAGATGGCATGG-3'

R: 5-AGGTGGCCACTGTGCTTAC-3'
SNAIL F: 5~ AGGCCCTGGCTGCTACAAG-3'

R: 5-ACATCTGAGTGGGTCTGGAG-3'
[B-actin F: 5-CTACGTCGCCCTGGACTTCGAGC-3'

R: 5-GATGGAGCCGCCGATCCACACGG-3'

CYLD, CYLD lysine 63 deubiquitinase; N-cadherin, Neural
cadherin; SNAIL, snail family transcriptional repressor 1; F, forward;
R, reverse.

spectrophotometer (NanoDrop Technologies; Thermo Fisher
Scientific, Inc., Wilmington, DE, USA) and cDNA was gener-
ated by reverse transcription using the Super Script II Reverse
Transcriptase kit (Thermo Fisher Scientific. Inc., Waltham,
MA, USA), with each reaction containing 500 ng of total RNA
according to the protocol of the manufacturer. Analysis of
mRNA expression was performed using quantitative Real-Time
PCR on the LightCycler 480 system (Roche Diagnostics GmbH,
Mannheim, Germany). A volume of 1 #l cDNA template, 0.5 ul
of forward and reverse primers (each 20 uM) and 10 ul of
SYBR Green I (Roche Diagnostics GmbH) were combined to
a total volume of 20 ul. Specific primers for CYLD, cyclin D1,
N-cadherin and SNAILI expression analysis are summarized
in Table I. The housekeeping gene was (3-actin (Table I).

Protein analysis. Protein extraction, analysis and western
blotting were performed as previously described (20), applying
the following primary antibodies: Polyclonal anti-CYLD [cat.
no. 4495; dilution, 1:1,000; Cell Signaling Technology, Inc.,
Danvers, MA, USA; (21)], anti-p44/42 MAP kinase (cat.
no. 9102; dilution, 1:1,000) or anti-phospho-p44/42 MAP
kinase (cat. no. 4370; dilution, 1:1,000; both Cell Signaling
Technology, Inc.) and anti- B-actin (cat. no. A5441; dilution,
1:5,000; Sigma-Aldrich; Merck KGaA).

Transfection/transduction of cell lines. To express p65 and an
adenoviral negative form of IkB (AdVdnIkB) (22), melanoma
cells were transiently transfected or transduced with the
expression plasmid or adenovirus, respectively as previously
described (23).

Statistical analysis. All experiments were performed on
at least 3 independent occasions. Results are presented as
the mean + standard error of the mean (SEM). Comparison
between groups was made using a one-way analysis of variance
followed by a Kruskal-Wallis test, and comparisons between
CYLD expression in NHEM cells with and without UVB
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Figure 1. Effect of UVB radiation on SNAILI expression in NHEMs and melanoma Mel Ei cells. (A) Upregulation of SNAIL! mRNA in NHEMs subsequent to
exposure to different doses of UVB. (B) Upregulation of SNAILI mRNA in the melanoma Mel Ei cell line after exposure to UVB (80 mJ/cm?) and completing
the experiment at different time points. (C) Induction of ERK phosphorylation after different doses of UVB radiation in primary NHEMs. Densitometry
prepared using ImagelJ is shown in percentages. (D) Pre-treatment of NHEMs with the ERK inhibitors PD98059 or UO126 inhibits UVB radiation-induced
SNAILI mRNA expression. Un-treated (JUVB) control samples are presented next to the UVB (80 mJ/cm?) treated samples. (E) Pre-treatment of NHEMs
with the free radical scavenger histidine inhibits UVB (80 mJ/cm?) radiation-induced SNAIL1 mRNA expression. Un-treated (3UVB) control samples
are presented next to the UVB (80 mJ/cm?) treated samples. "P<0.05; “P<0.001; *“P<0.0001. ns, not significant. UVB, ultraviolet B; SNAILI, snail family
transcriptional repressor 1; NHEMs, normal human epidermal melanocytes; ERK, extracellular signal-regulated kinase.

exposure were calculated by unpaired Student's t-test. All calcu-
lations were performed using the GraphPad Prism 7 software
(GraphPad Software Inc., San Diego, CA, USA).

Results

ERK and SNAIL regulation by UVB irradiation in mela-
nocytes. As the processes of proliferation and migration

in melanocytes have a physiological as well as pathophysi-
ological role, the present study determined whether there is
an association between UVB radiation exposure and expres-
sion of ERK and SNAILI in melanocytes. It was identified
that UVB-radiation induced SNAILI mRNA expression in a
dose-dependent manner in NHEMs; the most effective dose
was 80 mJ/cm? (Fig. 1A). This induction was also observed in
the primary melanoma Mel Ei cells using the most effective
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Figure 2. Effect of UVB radiation on CYLD expression in normal melanocytes. (A-C) Irradiation of NHEMs with UVB (80 mJ/cm?) led to downregulation
of CYLD expression at the (A) mRNA and (B) protein levels compared to un-treated (U VB) control samples. Pre-treatment of NHEMSs with the free radical
scavenger histidine reversed the decrease of (B) CYLD protein and (C) mRNA expression after UVB (80 mJ/cm?) radiation. Densitometry performed using
Image] is shown as a percentage. (D) Pre-treatment of NHEMs with the extracellular signal-regulated kinase inhibitors PD98059 or UO126 reversed the
decrease of CYLD mRNA expression after UVB radiation. "P<0.05; “P<0.001. UVB, ultraviolet B; CYLD, CYLD lysine 63 deubiquitinase; NHEMs, normal

human epidermal melanocytes.

UVB dose of 80 mJ/cm? (Fig. 1B). In the present study, it was
further revealed that the maximum SNAIL1 mRNA level was
reached after 180 min of UVB radiation, demonstrating a fast
regulation of transcription.

To determine the mechanism of this UVB mediated
SNAIL expression, ERK signaling was first concentrated on.
Dose-dependent ERK activation by UV radiation in melano-
cytes was identified (Fig. 1C). Pretreatment of NHEMs with
ERK-inhibitors (UO126 or PD98059) (Fig. 1D) significantly
inhibited UVB induction of SNAILI expression, although the
base level was not completely reached.

To determine the role of UV-induced reactive oxygen
species (ROS), NHEMs were pretreated with histidine
(quencher to inhibit the formation of free radicals) prior to UV
irradiation. Notably, histidine treatment almost completely
inhibited UVB effects on SNAIL1 expression (Fig. 1E). This
indicates that UVB can induce SNAILI expression in NHEMs
via free radical-mediated ERK activation.

CYLD regulation by UVB irradiation in melanocytes. Since
SNAILI inhibited CYLD expression in melanoma cells (16),
it was investigated whether the UVB-induced increase in
SNAILLI also affects CYLD levels in NHEMs or whether this

is a cancer-specific regulation. Notably, UVB-radiation also
led to the downregulation of CYLD mRNA (Fig. 2A) and
protein (Fig. 2B) levels in NHEMs. Treatment with histidine
(Fig. 2B and C) as well as with ERK-inhibitors (Fig. 2D)
inhibited the UVB-induced downregulation of CYLD. These
data indicate that UVB-induces ERK activation, and as a
consequence, SNAILI expression led to the downregulation of
CYLD in non-tumorous melanocytes similar, to the regulation
found in malignant melanoma cells.

NF-xB involvement in the UVB dependent signaling cascade
in melanocytes. As previous studies have suggested that
SNAILI is a possible downstream target of NF-xB (24),
the present study further explored the role of this signaling
pathway on SNAIL1 and CYLD expression in NHEMs and
melanoma cells. Adenoviral transduction of a dominant nega-
tive form of IxB (AdVdnIkB) (25) into Mel Im melanoma cells
was performed, and the Mel Im cells were transiently trans-
fected with a p65 (NF-«B subunit) expression plasmid. Neither
SNAILI nor CYLD mRNA expression were significantly
affected by p65 overexpression or AdVdnlkB (Fig. 3A and B).
Expression of a dominant-negative form of IkB also failed
to inhibit UVB-induced SNAILI expression in NHEMs
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Figure 3. Analysis of the effect of nuclear factor-xB on the UVB-SNAIL1-CYLD signaling axis. (A) SNAILI and (B) CYLD mRNA expression in Mel Im cells
transduced for 48 h with adenoviral vectors expressing the IkB super-repressor AdVdnlkB or (3-galactosidase AdVlacZ as a control, or transiently transfected
with p65 or the pcDNA3 control vector. The results of the groups were not significantly different. (C) SNAILI and (D) CYLD mRNA expression in NHEMs
transduced for 48 h with adenoviral vectors expressing the IkB super-repressor AdVdnIkB or B-galactosidase AdVlacZ as a control. 'P<0.05, ““P<0.0001. ns,

not significant. UVB, un-treated control samples.

(Fig. 3C). Furthermore, inhibition of the NF-kB pathway
did not significantly affect UV-mediated CYLD expression
in NHEMs (Fig. 3D). Based on these data, it was concluded
that UV-dependent downregulation of CYLD expression in
NHEMs is not mediated by the NF-xB pathway, but rather by
the ROS/ERK/SNAILI axis.

Discussion

UV-radiation is as an initiating factor in nevus formation. On
the basis of the anatomical distribution of acquired nevi and
a UV-associated mutation signature in the majority of the
somatic mutations of nevi, it is hypothesized that UV radiation
also contributes to melanoma initiation (4.9).

When pigment cells undergo neoplastic transformation,
these pathological derivatives are usually termed according
to the pigment that characterized the original cell lineage,

such as melanoma cells from melanocytes. Melanoma can
arise spontaneously in a variety of animals, including dogs,
horses, pigs and several fish. However, melanoma can also be
induced by exposure to UV irradiation and carcinogens, or by
the presence of relevant genetic changes in melanocytes (26).
In previous years, varieties of genetic changes have been char-
acterized in human melanocytic neoplasms and often correlate
strongly with specific morphological characteristics (4). While
progress has been made on defining the genetic changes
present in melanoma, much remains to be learned about the
specific characteristics of early malignant transformation of
the melanocytes. As an example, approximately one-half of
all melanomas in humans harbor oncogenic mutations in the
BRAF gene (e.g., VO6OOE), which leads to constitutive activa-
tion of the RAS-RAF-MEK-ERK (p44/p42; MAPK) signaling
pathway (4,27). In contrast to melanoma cells, melanocytes
exhibit low ERK-activity and the question of which early
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processes provoke pathological processes in melanocytes
remains.

Epidemiological studies indicate the importance of UV
radiation in the etiology of melanoma, and since U V-associated
mutations are relatively rare in melanoma, it was speculated
that UV radiation may support melanoma development by
indirect effects (28,29). As a physiological response, mela-
nocytes migrate to skin areas exposed to solar radiation, and
start to proliferate and produce melanin, thereby exhibiting
their protective effect against UV radiation (30). The signaling
molecules involved in the stimulation of migration and prolif-
eration of melanocytes following UV exposure remain unclear.
However, the present study demonstrated that UVB radiation
induces ERK-activity in melanocytes (NHEMs), similarly as
previously shown in keratinocytes and melanoma cells (31,32).
Additionally, UVB radiation triggered ERK-mediated
SNAILI induction and downregulation of CYLD expression
in NHEMs. Following malignant transformation, constitutive
high ERK activity and SNAILI expression allow melanoma
cells permanently to exploit this mechanism to obtain a more
aggressive phenotype (16,17,23).

Previously, UVB light was identified as a trigger for direct
association of CYLD with B-cell lymphoma-3 (BCL-3) (21).
Following this association, CYLD removes lysine 63-linked
polyubiquitin chains from BCL-3, which in turn prevents
BCL-3 from translocating into the nucleus and further
expressing different genes in keratinocytes (21). It was
observed in malignant melanoma that loss of CYLD also
induces nuclear accumulation of BCL-3 and NF-«xB activa-
tion, with the consequence of induced N-cadherin (migration)
and cyclin D1 (proliferation) activity (16). Data from embryo-
genesis and studies in Drosophila (24,33-35), suggesting that
SNAILI is regulated by Dorsal (NF-kB), were reassessed in the
present study. However, it was found that in melanoma ERK
signaling appears to be the major pathway responsible for the
high constitutive activation of SNAIL1. While the migration
and proliferation of melanocytes in response to UV are physio-
logical with regards to skin protection by melanin, long-lasting
UV radiation, which is considered as one of the main risk
factors for the development of melanoma, may shift these
cells towards malignant transformation. In normal epidermal
melanocytes, UVB radiation induces ERK-activation and
subsequently upregulates SNAIL1 expression. The repression
of CYLD by SNAILI1 allows degeneration of melanocytes.

In melanoma cells, constitutively high ERK-activity
(potentially caused by B-RAF mutations) leads to high
SNAILI expression, which in turn causes a high and strong
suppression of CYLD. Activation of cyclinD1 and N-cadherin
leads to an increased proliferation rate of melanoma cells and
contributes to the progression and metastasis of tumors.
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