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A B S T R A C T

Background: Long non-coding RNAs (lncRNAs) have close relationships with oxidative stress, nutritional
deficiency, DNA damage and other types of cellular stress responses. Previous studies have demonstrated
that some non-coding RNAs in melanocytes such as microRNAs can change and contribute to the
synthesis of melanin or the development of melanoma after stimulation with UV. However, as an
important component of non-coding RNAs, it is unclear what changes occur in lncRNAs during
UV-induced stress responses in melanocytes.
Objective: To explore changes in the expression of long non-coding RNAs (lncRNAs) in melanocytes
following UVB-induced stress, and to explore if lncRNAs are involved in the synthesis of melanin.
Methods: Primary melanocytes were irradiated by 20 mJ/cm2 UVB. The MTT method was used to detect
cell proliferation. Quantitative real-time PCR was carried out to analyze expression of tyrosinase (TYR)
and lncRNAs. Dopa colorimetry was performed to analyze TYR activity. The expression profile of lncRNAs
and mRNAs were confirmed using an Agilent Human lncRNA 4 �180 K chip. Intracellular ROS levels were
detected by flow cytometry. ROS scavenger (NAC) was employed to inhibit the ROS level. TYR mRNA
expression and activity were re-analysed after transfecting of lnc-CD1D-2:1 siRNA and lnc-SGCG-
5:4 siRNA in UVB-irradiated melanocytes to confirm the roles of the two lncRNAs in the synthesis of
melanin. phospho-ERK, phospho-p38, and phospho-JNK expressions were detected by Western Blot.
Results: Cell proliferation of the 20 mJ/cm2 UVB-irradiated melanocytes decreased to 91% of that of the
control cells. Twenty-four hours after irradiation with 20 mJ/cm2 UVB, TYR mRNA expression and activity
of the irradiated cells were significantly increased relative to the control group. Chip detection data
showed that after irradiation with 20 mJ/cm2 UVB, the expression of 807 lncRNAs and 69 stress response-
related genes had changed by more than two-fold. Expression levels of Lnc-GKN2-1:1, lnc-CD1D-2:1, and
lnc-SGCG-5:4 and ROS content were significantly increased after UVB irradiation. NAC reduced UVB-
induced ROS generation and inhibited UVB-induced upregulation of lnc-GKN2-1:1 and lnc-CD1D-2:1.
Lnc-CD1D-2:1 siRNA significantly suppressed the UVB-induced TYR mRNA expression and tyrosinase
activation. Lnc-CD1D-2:1 siRNA inhibited UVB-induced p38 phosphorylation.
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Conclusions: LncRNAs in melanocytes undergo significant changes following irradiation with 20 mJ/cm2

UVB, suggestting that lncRNAs participate in the UVB-induced stress response. Some lncRNAs expression
changes induced by UVB are dependent on ROS generation. ROS-mediated production of lnc-CD1D-
2:1 may be involved in the melanogenesis induced by UVB.

ã 2015 Japanese Society for Investigative Dermatology. Published by Elsevier Ireland Ltd. All rights
reserved.

1. Introduction

Long non-coding RNA (lncRNA) is a type of non-protein RNA
with complex biological functions [1]. LncRNAs can be divided
into sense, antisense, bidirectional, intronic and intergenic
lncRNAs according to their location and characteristics [2].
Recent studies showed that lncRNAs participate in various
biological processes such as embryogenesis, cell proliferation,
cell differentiation, apoptosis, invasion, metastasis, and angio-
genesis [3,4]. LncRNAs can not only act as activators or inhibitors
to regulate the expression of genes at the transcriptional level, but
also can regulate genes at the post-transcriptional and post-
translational level [4,5]. LncRNAs also have close relationships
with oxidative stress, nutritional deficiency, DNA damage and
other types of cellular stress responses [6,7].

Cellular stress responses are a series of changes in cells under
various internal or external stimuli such as ultraviolet (UV)
radiation, ionizing radiation, starvation, hypoxia, and oxidative
stress. They play very important roles in maintaining normal
physiological activities and in the occurrence and development of
diseases [8,9]. On the one hand, the cellular stress response forces
cells to make adaptive changes, leading to changes in gene
expression to enhance damage resistance ability and viability
under adverse conditions [10,11], while on the other, it is also an
important factor that induces diseases such as cancer [12].

UV radiation is one of the major environmental factors for
cellular stress, and is closely related to changes in skin color and
the occurrence of skin tumors [13]. When melanocytes are exposed
to UV radiation, gene expression related to the synthesis of
melanin such as that of tyrosinase (TYR) is enhanced, causing an
increase in melanin synthesis, thereby further resisting UV damage
to the skin [14]. However, persistent or high doses of UV radiation
can cause malignant changes in melanocytes, which can result in
malignant melanoma [15].

Dynoodt et al. [14] found that melanocytes dosed with UVB
stimulation resulted in changes in the expression profile of
microRNAs, and also found that miR-145 can regulate the
synthesis of melanin via modulating the expression of TYR,
SOX9, MITF and other genes. However, as an important
component of non-coding RNAs, it is unclear what changes occur
in lncRNAs in the process of UV-induced stress responses in
melanocytes.

This current study explored the expression differences of
lncRNAs in melanocytes following UVB irradiation. We found
that after stimulation of melanocytes with 20 mJ/cm2 UVB
irradiation, no significant cell death was observed, and the
expression level and activity of TYR was increased. At the
same time, chip detection of lncRNAs expression profile
showed that the expression of 807 lncRNAs and 995 mRNAs
was altered more than two-fold. Through GO analysis,
this phenomenon was revealed to be closely related to the
cellular stress response, which was further confirmed by
the detection of ROS in response to stress. Furthermore, our
results shed some light on the link among ROS, lncRNAs,
and melanin synthesis, and indentified that ROS-mediated
production of lnc-CD1D-2:1 was involved in the melanogenesis
induced by UVB.

2. Materials and methods

2.1. Cell culture

Primary melanocytes were purchased from Shanghai XinYu
Biological Technology Co., Ltd (Shanghai, China). Cells were
cultured in DMEM medium containing 10% fetal bovine serum
(FBS; Corning) and 1% double-antibody (Gibco) in a humidified
incubator containing 5% CO2 in 37 �C. For experiments, 3–
6 generations of cells in logarithmic growth phase were used.

2.2. UV irradiation treatment

UVBirradiationwasprovidedusingthe SS-07 lighttherapy device
from Sigma, with an irradiation power of 36W, and an exposure time
that can be automatically adjusted with the irradiation dose. The
wavelength of UVB used in the experiment was ranged in 280–
320 nm. The UVB irradiation treatment was undertaken when the
cell confluency reached approximately 70%. Before UVB irradiation,
the culture medium was removed and the cells were washed twice
with PBS, and then covered with a thin layer of PBS. Vertical
irradiation of cells with UVB was administered immediately upon
lifting of the culture dish lid; complete culture medium was then
immediately added and cells were maintained in the normal culture
environment. Twenty-four hours after UVB irradiation, RNA was
extracted from cells or other experiments were performed. Control
cells were treated similarly to the UVB group with the exception that
they did not undergo UVB stimulation.

2.3. Chemical treatments

N-acetyl-L-cysteine (NAC), the ROS scavenger, was purchased
from Beyotime (Shanghai, China). Cells were pre-treated with NAC
(10 mM) for 1 h before UVB irradiation and were cultured
continuously in complete culture medium with NAC (10 mM)
24 h after UVB irradiation. Lnc-CD1D-2:1 siRNA (50-GCAACUCAC-
CAAGA-AGAAUTT-30), lnc-SGCG-5:4 siRNA (50-UGUAACCCA-
GAAUUGGAAUTT-30), and control siRNA were purchased from
GeneChem Biotechnology Company (Shanghai, China). Cells with
30–50% confluency were transfected with siRNAs in serum-free
medium using Lipofectamine 3000 (Life Technologies). Following
incubation for 6 h, the transfection medium was replaced with
fresh medium. when transfected melanocytes reached approxi-
mately 70% confluency, the UVB irradiation treatment was
undertaken as described above.

2.4. Detection of cell proliferation activity by MTT assay and cell
apoptosis by AnnexinV/PI

Cell proliferation was detected according to the methods of Liu
et al. [16]. Cells were seeded into 96-well plates at a density of 104

cells per well in 200 ml medium. Cells were serum-starved for 24 h
by the addition of serum-free DMEM, and then underwent UVB
irradiation. Normal culture medium was replaced and cells were
cultured for 24 h. Then, 20 ml MTT (Sigma) was added to the culture
medium for 4 h, and the supernatant was removed followed by the
addition of 150 ml DMSO (Sigma). Finally, absorbance was
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