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Abstract. The present study aimed to investigate the potential 
role of the long non‑coding RNA (lncRNA) Pvt1 oncogene 
(non‑protein coding) (PVT1) in the progression and metastasis 
of malignant melanoma, and to reveal its possible molecular 
mechanisms. The expression of lncRNA PVT1 in melanoma 
tissues and adjacent normal skin from patients with melanoma, 
and in the melanoma A‑375 and sk‑mel‑5 cell lines, was analyzed 
using reverse transcription‑quantitative polymerase chain reac-
tion and western blot analyses. The effects of PVT1 expression 
on cell proliferation, the cell cycle, cell migration and cell inva-
sion were analyzed using MTT assay, flow cytometry, Transwell 
and scratch assays, respectively. The interaction between PVT1 
and enhancer of zeste homolog 2 (EZH2) in melanoma cells 
was analyzed using RNA immunoprecipitation (RIP) assay. 
The effect of PVT1 on microRNA‑200c (miR‑200c) expres-
sion was analyzed by chromatin immunoprecipitation (ChIP) 
assay. PVT1 was highly expressed in the melanoma tissues 
and cells. Silencing of PVT1 significantly inhibited cell prolif-
eration, migration and invasion, and arrested the cell cycle at 
the G0/G1 stage. Additionally, PVT1 silencing significantly 
decreased the cyclin D1 expression in the melanoma cells. 
The expression of E‑cadherin was significantly increased and 
the expression of N‑cadherin and vimentin was significantly 
decreased in the PVT1‑silenced group. The RIP assay found 
that endogenous PVT1 was highly enriched by EZH2 RIP 
compared with that of the negative control. The ChIP assay 
revealed that the expression of miR‑200c was decreased signifi-
cantly in the PVT1‑silenced group compared with the controls. 

Overall, the present study demonstrated that the lncRNA PVT1 
may contribute to the tumorigenesis and metastasis of mela-
noma through binding to EZH2 and regulating the expression 
of miR‑200c. lncRNA PVT1 may serve as a potential target for 
the therapy of melanoma.

Introduction

Malignant melanoma is the most dangerous type of skin cancer 
that develops from the melanocyte pigment cells  (1). The 
worldwide incidence of this disease is increasing yearly (2) and 
~68,480 associated mortalities occur in the United States each 
year. This disease has the proclivity to metastasize, therefore, it 
usually progresses into an aggressive invasive disease in ~20% 
of patients (3). Metastatic melanoma has a poor prognosis, with 
a median survival time of 6‑9 months and a 5‑year survival 
rate of 5‑10% (4). However, the mechanisms of its invasion 
and metastasis have not been clearly understood. Therefore, it 
is necessary to investigate melanoma biology to facilitate the 
development of therapeutic strategies in melanoma.

Non‑coding RNAs  (ncRNAs) are emerging as novel 
regulators in the cancer paradigm (5). Recent studies show 
a particular focus on long ncRNAs (lncRNAs), which are 
>200 nucleotides in length without protein‑coding capacity (6). 
lncRNAs have been demonstrated to serve an important role in 
tumorigenesis (7,8). Particularly, several lncRNAs, including 
long intergenic non‑protein coding RNA 673, BRAF‑activated 
non‑protein coding RNA and HOX transcript antisense RNA, 
have been reported to be involved in the tumorgenesis, inva-
sion and metastasis of melanoma via complicated regulatory 
mechanisms (5,9,10). The lncRNA Pvt1 oncogene (non‑protein 
coding) (PVT1) is an oncogene that is located at 8q24.21, a 
well‑known cancer risk region (11). PVT1 has been found to 
be overexpressed in numerous human cancer types, including 
ovarian, breast and non‑small cell lung cancer  (12‑14). 
However, to the best of our knowledge, the possible roles 
and mechanisms of PVT1 in regulating cell proliferation and 
metastasis in melanoma has not been reported.

The present study investigated the expression of PVT1 
in melanoma and investigated the potential effects of PVT1 
expression on the proliferation and metastasis of melanoma 
cells. The study aimed to elucidate the underlying mechanism 
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of melanoma and to provide novel insights into the treatment 
of this disease.

Materials and methods

Patients and samples. Between January 2014 and February 2016, 
37 patients who were diagnosed with melanoma in the Shandong 
Provincial Hospital Affiliated to Shandong University (Jinan, 
Shandong, China) were enrolled in the present study. The mela-
noma diagnosis was pathologically confirmed. Tumor tissues 
and their adjacent (3‑5 cm away) normal skin were obtained from 
clinically ongoing surgical specimens. All patients provided 
written informed consent prior to the study. All procedures in 
this study were approved by the Human Ethics Committee of the 
Shandong Provincial Hospital Affiliated to Shandong University.

Cell culture and small interfering RNA (siRNA) transfection. 
The human melanoma A‑375 and sk‑mel‑5 cell lines and normal 
epiderma melanocytes PIG1 cell line were purchased from the 
American Type Culture Collection (ATCC; Manassas, VA, USA) 
to use in this study. The A‑375 cells and PIG1 cells (control) 
were cultured in RPMI‑1640 medium (Gibco; Thermo Fisher 
Scientific, I nc., Waltham, MA, USA) and the sk‑mel‑5 cells 
were cultured in Dulbecco's modified Eagle's medium (Gibco; 
Thermo Fisher Scientific, Inc.). The media were supplemented 
with 10% fetal bovine serum (FBS) (Gibco; Thermo Fisher 
Scientific, Inc.), 100 U/ml penicillin and 100 µg/ml streptomycin 
(both Invitrogen; Thermo Fisher Scientific, Inc.) in an atmosphere 
of 5% CO2 at 37̊C. Culture medium was changed every 2 days.

For cell transfection, a total of 100 nM silenced vector of 
PVT1 (Sangon Biotech Co., Ltd., Shanghai, China) was trans-
fected into the cells using Lipofectamine 2000® (Invitrogen; 
Thermo Fisher Scientific, Inc.). The target sequences for PVT1 
were as follows: Sense, 5'‑GCUUGGAGGCUGAGGAGU 
UTT‑3' and antisense, 5'‑AACUCCUCAGCCUCCAAG 
CTT‑3'. siRNA vector without silenced PVT1 sequence was 
transfected into the cells as a control.

3‑(4,5‑Dimethylthiazol‑2‑yl)‑2,5‑diphenyltetrazolium bromide 
(MTT) assay. Cell proliferation was detected using an MTT assay 
as previously described (15). Briefly, after 24 h of cell transfection, 
cells were plated into 96‑well plates at a density of 5x103 cells/well. 
After cultivation for 24 h, the supernatant was discarded, and 
20 µl MTT was added for another 4 h incubation in RPMI‑1640 
supplemented with 10% FBS. Next, 150 µl dimethyl sulfoxide was 
mixed with the cells for 10 min. Absorbance of cells in each well 
was observed at 570 nm under an absorption spectrophotometer 
(Olympus, Tokyo, Japan) for the cell number calculation.

Clonogenic assay. A clonogenic assay was performed with 
a modification of a previous method (16). In brief, following 
siRNA transfection for 48 h, cells were plated into the 60‑mm 
tissue culture dishes in triplicate at a density of 100 cells/dish. 
The cells were then grown in RPMI‑1640 medium containing 
10% FBS at 37˚C for 14 days. Following this, the cells were 
fixed and stained with Diff‑Quick (Medion Diagnostics, 
Dudingen, Switzerland) according to manufacturer's protocol, 
followed by air drying. Finally, colonies were counted under 
an inverted microscope (IX83; Olympus), and the cell number 
of each colony was at least 30 cells.

Cell cycle assay. Subsequent to 48  h of siRNA transfec-
tion, the cells were seeded into 6‑well plates and cultured 
for 48 h to reach 75-80% culture confluency. Thereafter the 
cells were collected and fixed in 70% ethanol, washed with 
phosphate‑buffered saline (PBS), and resuspended in 200 µl 
PBS containing 0.5 mg/ml RNase, 0.05% Triton X‑100 and 
10  µg/ml propidium iodide (Merck KGaA, Darmstadt, 
Germany). Following incubation for 1 h at 37̊C in the dark, 
the cells were analyzed immediately using a flow cytometer 
(BD Biosciences, San Jose, CA, USA) for cell cycle analysis. 
The experiment was performed in triplicates.

Migration assay. For cell migration assay, a Transwell insert 
was used. Subsequent to 48 h of siRNA transfection, the cells 
were incubated for 24 h in serum‑free RPMI‑1640 medium 
containing 0.01% bovine serum albumin  (BSA) (Merck 
KGaA). The upper layer of the Transwell was enveloped with 
serum‑free RPMI‑1640 medium, then air‑dried at 4̊C. After 
suctioning out the medium, 50 µl fresh serum‑free medium 
that contained 10 g/l BSA was added. After being cultured 
at 37̊C for 30 min, the Transwell was put into the 24‑well 
plates and cultured with RPMI‑1640 medium mixed with 
10% FBS. Cells in the Transwell insert were suspended with 
serum‑free RPMI‑1640 medium for 48 h. The Transwell insert 
was then washed with PBS to remove the upper cells on the 
microporous membrane and fixed in ice‑cold alcohol. Finally, 
the Transwell insert was stained with 0.1% crystal violet at 
room temperature for 30 min, and decolorized with 33% acetic 
acid to exclude the false positive staining.

Invasion assay. For the assessment of cell invasion, a scratch 
assay was used. Briefly, cells in each group were cultured in 
6‑well plates at a density of 5x105/well. A wound was made 
across the well with a 200‑µl pipette tip. Images of the wound 
were captured immediately and then the cellular invasion of 
cells across the wound was documented using images captured 
under an inverted microscope (x10 magnification). The width 
of the gap was detected in 5 different fields and the average 
width was calculated.

Reverse transcription-quantitative polymerase chain reac‑
tion (RT‑qPCR). Total RNA from cancer tissues and cells was 
extracted using TRIzol reagent (Invitrogen; Thermo Fisher 
Scientific, Inc.) and then treated with RNase‑free DNase I 
(Promega, Madison, WI, USA). The concentration and purity 
of the isolated RNA were detected using SMA 400 UV‑VIS 
(Merinton Instrument, Ltd., Shanghai, China). Next, 0.5 µg/ml 
purified RNA that was mixed with nuclease‑free water was used 
for cDNA synthesis with the PrimerScript 1st Strand cDNA 
Synthesis kit (Invitrogen; Thermo Fisher Scientific, Inc.). The 
expression of the targets in the tissues or cells was measured 
in an Eppendorf Mastercycler (Brinkmann Instruments, Inc., 
Westbury, NY, USA) using the SYBR ExScript qRT‑PCR kit 
(Takara Biotechnology Co., Ltd., Dalian, China) at a final 
volume of 20 µl using the standard protocol, which was as 
follows: 95˚C for 3 min, 40 cycles of 95˚C for 10 sec and 
60˚C for 30 sec. Each reaction was performed in triplicate, 
and the 2‑ΔΔCq method (17) was used to determine the relative 
gene expression levels. The melting curve of the amplification 
products was analyzed at the end of each PCR to confirm that 
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only one product was amplified and detected. Glyceraldehyde 
3‑phosphate dehydrogenase (GAPDH) was chosen as the 
internal control for mRNA or lncRNAs. Primers used for 
targets amplification are shown in Table I.

Western blotting. The cells were cultured for 48 h after transfec-
tion, then they were lysed with RIPA lysis and extraction buffer 
(Sangon Biotech Co., Ltd.). The supernatant was collected for 
the measurement of protein concentrations using a bicincho-
ninic acid protein assay kit (Pierce; Thermo Fisher Scientific.). 
Next, 20 µg protein was subjected to a 10% sodium dodecyl 
sulfate‑polyacrylamide gel electrophoresis and then transferred 
to polyvinylidene fluoride membrane (EMD Millipore, Billerica, 
MA, USA). Subsequent to being blocked with Tris‑buffered saline 
Tween‑20 (TBST) containing 5% skimmed milk at room temper-
ature for 1 h, the membrane was incubated with rabbit anti-human 
primary antibodies against cyclin D1 (cat. no. 2978), cyclin E1 
(cat. no. 20808) and cyclin A1 (cat. no. PA5-16519), E‑cadherin 
(cat. no. 3195), N‑cadherin (cat. no. 13116), vimentin (cat. no. 5741), 
and GAPDH (cat. no. 5174) (all 1:1,000 dilution) at 4̊C overnight. 
Following this, the membrane was washed with 1X TBST 3 times 
and then incubated with horseradish peroxidase‑labeled goat 
anti‑rabbit secondary antibody (1:1,000 dilution; cat. no. 14708) 
at room temperature for 1 h. All antibodies were purchased from 
Santa Cruz Biotechnology, Inc. (Dallas, TX, USA), except for 
cyclin A1 that was purchased from Thermo Fisher Scientific, Inc. 
Detection was conducted using the development of X‑ray after 
the addition of a chromogenic substrate with an enhanced chemi-
luminescence method (EMD Millipore). GAPDH served as the 
internal control. Qualification of protein bands were determined 
using the Adobe Photoshop CS5 (Adobe, San Jose, CA, USA).

Chromatin immunoprecipitation  (ChIP) assay. The 
ChIP assay was conducted with an EZ ChIP Chromatin 
Immunoprecipitation kit (EMD M illipore) according to 
the manufacturer's protocols. Cross‑linked chromatin 
was sonicated into 200‑1,000‑bp fragments. The chro-
matin was immunoprecipitated using anti‑c‑Myc antibody 
(cat.  no. 611451; 1:200 dilution; BD Biosciences). Normal 
mouse immunoglobulin G (IgG; cat. no. 554002; 1:200 dilu-
tion; BD Biosciences) was chosen as the negative control. 
RT‑qPCR was conducted using SYBR‑Green Mix (Roche 
Diagnostics, Indianapolis, IN, USA) as aforementioned.

RNA immunoprecipitation (RIP) assay. The RIP assay was 
performed using the Magna RIP RNA‑Binding Protein 
Immunoprecipitation kit (EMD Millipore) according 
to the manufacturer's protocols. Anti‑enhancer of zeste 
homolog 2 (EZH2) antibody and IgG (control) were used for 
RIP (Cell Signaling Technology, Inc., Danvers, MA, USA). 
Co‑precipitated RNAs were detected by qRT‑PCR analysis. 
Total RNAs (input controls) and isotype controls were detected 
simultaneously to demonstrate that the detected signals were 
the results of RNAs specifically binding to E‑box.

Statistical analysis. Data are expressed as the mean ± standard 
deviation and were analyzed using GraphPrism 5.0 software 
(GraphPad Software, Inc., La Jolla, CA, USA). Statistical analyses 
were performed using SPSS 19.0 statistical software (IBM Corp., 
Armonk, NY, USA). An independent samples t‑test was used for 
the paired data significance calculation. Analysis of variance was 
used to calculate the significance for >2 groups, with Tukey's post-
hoc test used to calculate the difference among groups. P<0.05 
was considered to indicate a statistically significant difference.

Results

PVT1 is upregulated in melanoma tissue and cells. To investigate 
the role of PVT1 in melanoma, the expression levels of PVT1 in 
37 paired melanoma tissues and adjacent normal skin were deter-
mined by RT‑qPCR and normalization to GAPDH. Additionally, 
the expression levels of PVT1 in 3 melanoma cell lines were 
detected. The relative expression level of PVT1 was significantly 
higher in melanoma tissues and cells compared with that in the 
adjacent normal tissues and control cells (P<0.01). PVT1 exhib-
ited the highest expression levels in the sk‑mel‑5 cells (P<0.01). 
These results suggested that melanoma progression is associated 
with the abnormal expression of PVT1 (Fig. 1).

Silenced PVT1 inhibits cell proliferation and arrests the cell 
cycle at the G0/G1 stage. As PVT1 exhibited the highest 
expression levels in sk‑mel‑5 cells, these cells were selected for 
cell transfection and the subsequent experiments. As shown in 
Fig. 2A, after sk‑mel‑5 cells were transfected with siRNA‑PVT1, 
the expression of PVT1 decreased significantly (P<0.01). MTT 
and clonogenic assays found that silenced PVT1 could inhibit 
cell proliferation significantly (P<0.01; Fig. 2B‑D).

Table I. Primers used for target amplification.

Name	F orward primers (5'-3')	R everse primers (5'-3')

PVT1	T GAGAACTGTCCTTACGTGACC	A GAGCACCAAGACTGGCTCT
Cyclin D1	CAAAT GGAGCTGCTCCTGGTG	CTTC GATCTGCTCCTGGCAGG
Cyclin E1	 GCCAGCCTTGGGACAATAATG	 GCCAGCCTTGGGACAATAATG
Cyclin A1	CAA GGTCCTGATGCTTGTCA	CCCAT GGTCAGAGAGCACTT
E‑cadherin	T GTAGTTACGTATTTATTTTTAGTGGCGTC	C GAATACGATCGAATCGAACCG
N‑cadherin	AACTCCA GGGGACCTTTTC	CAAAT GAAACCGGGCTATC
Vimentin	TCCAA GTTGCTGACCTCTC	TCAAC GGCAAAGTTCTCTTC
GAPDH	TTC GACAGTCAGCCGCATCTT	ATCC GTTGACTCCGACCTTCA

PVT1, Pvt1 oncogene (non‑protein coding); GAPDH, glyceraldehyde 3‑phosphate dehydrogenase.
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Figure 2. Effects of lncRNA PVT1 expression on cell proliferation and the cell cycle. (A) The expression of lncRNA PVT1 in melanoma cells following 
transfection with si‑PVT1. (B) Silenced lncRNA PVT1 significantly inhibited melanoma cell proliferation, as assessed by MTT assay. (C and D) Silenced 
lncRNA PVT1 significantly decreased the number of melanoma cell colonies, as assessed by clonogenic assay. (E) Silenced lncRNA PVT1 significantly 
increased the percentage of cells in the G0/G1 stage. Silenced lncRNA PVT1 significantly decreased cyclin D1 expression, but had no significant effects on 
cyclin E1 and A1 expression in the melanoma cells, as assessed by (F) reverse transcription-quantitative polymerasae chain reaction and (G) western blot 
analysis. *P<0.05 and **P<0.01 compared with the control. PVT1, Pvt1 oncogene (non‑protein coding); lncRNA, long non‑coding RNA; si, small interfering; 
OD, optical density; GAPDH, glyceraldehyde 3‑phosphate dehydrogenase.

Figure 1. (A) Expression of long non‑coding RNA PVT1 in melanoma tissues and (B) cell lines assayed by reverse transcription-quantitative polymerasae 
chain reaction. *P<0.05 and **P<0.01 compared with the control/adjacent tissues. PVT1, Pvt1 oncogene (non‑protein coding).
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Additionally, the cell cycle assay revealed that silenced 
PVT1 significantly increased the percentage of cells at the 
G0/G1 stage (P<0.05), suggesting that the cells were arrested 
in the G0/G1 stage (Fig. 2E). To further verify these find-
ings, the expression levels of cell cycle‑related proteins 
(cyclin D1, E1 and A1) were detected. The results showed that 
the relative expression level of cyclin D1 decreased significantly 
in siRNA‑PVT1 group compared with that in the control group 

(P<0.05), while the expression of cyclin A1 and E1 did not 
change significantly between the two groups (Fig. 2F and G).

Silenced PVT1 suppresses cell migration and invasion by 
inhibiting epithelial‑mesenchymal transition  (EMT). To 
investigate the role of PVT1 in melanoma cell migration and 
invasion, Transwell and scratch assays were performed. The 
results showed that silenced PVT1 significantly inhibited the 

Figure 3. Effects of lncRNA PVT1 suppression on melanoma cell migration and invasion. (A and B) Transwell assays showed that silenced lncRNA PVT1 sig-
nificantly decreased the number of migrated cells. (C and D) Scratch assay showed that silenced lncRNA PVT1 significantly decreased the number of invading 
cells. (E) Reverse transcription-quantitative polymerasae chain reaction and (F) western blot analysis showed that silenced lncRNA PVT1 significantly 
increased E‑cadherin expression, and decreased N‑cadherin and vimentin expression. *P<0.05 and **P<0.01 compared with the control. PVT1, Pvt1 oncogene 
(non‑protein coding); lncRNA, long non‑coding RNA; si, small interfering; GAPDH, glyceraldehyde 3‑phosphate dehydrogenase.

Figure 4. Effects of lncRNA PVT1 expression on miR‑200c expression. (A) The expression of miR‑200c in melanoma and adjacent tissues, as detected by 
RT‑qPCR. (B) Silenced lncRNA PVT1 significantly decreased the miR‑200c expression in melanoma cells detected by RT‑qPCR. **P<0.01 compared with 
the control/adjacent tissue. PVT1, Pvt1 oncogene (non‑protein coding); lncRNA, long non‑coding RNA; si, small interfering; RT-qPCR, reverse transcription-
quantitative polymerasae chain reaction; miR-200, microRNA-200.
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migration and invasion of sk‑mel‑5 cells compared with that in 
the control (P<0.01; Fig. 3A‑D). It has been reported that EMT 
plays an important role in the progression of primary tumors 
toward metastasis (18). Therefore, the expression levels of EMT 
associated biomarkers, including E‑cadherin, N‑cadherin and 
vimentin, were investigated in the present study. As shown 
in Fig. 3E and F, the expression of E‑cadherin increased signifi-
cantly in the PVT1‑silenced group compared with that in the 
control group (P<0.01). By contrast, the expressions of N‑cadherin 
and vimentin decreased significantly in the PVT1‑silenced group 
(P<0.05). These results suggested that silenced PVT1 may inhibit 
cell migration and invasion by inhibiting EMT.

Effects of PVT1 suppression on miR‑200c expression. 
MicroRNA (miRNA/miR)‑200 family members have been 
found to play a key role in tumor development (19). miR‑200c, a 
member of the miR‑200 family, has been reported to be down-
regulated in melanoma (20). The present study investigated 
the association between miR‑200c and PVT1 in melanoma. In 
accordance with the aforementioned previous study, the present 
study also found that miR‑200c was downregulated in melanoma 
tissue compared with the adjacent tissue (P<0.01; Fig. 4A). 
Additionally, the results showed that miR‑200c expression 
decreased significantly when sk‑mel‑5 cells were transfected 
with siRNA‑PVT1 (P<0.01), which suggested that silenced 
PVT1 may reduce the miR‑200c expression (Fig. 4B).

PVT1 expression is associated with EZH2 and regulates 
cell metastasis. A previous study found that EZH2 often 

functions as an inhibitor in cancer suppressor genes, and 
that lncRNAs could modulate tumor cells growth and metas-
tasis via binding to EZH2 (21). Therefore, the present study 
analyzed the interactions between PVT1 and EZH2 using an 
RIP assay in melanoma cells. As shown in Fig. 5A, endog-
enous PVT1 was highly enriched by EZH2 RIP compared 
with the negative control (IgG RIP), implying that PVT1 may 
bind to EZH2. Additionally, a ChIP assay was performed 
to determine if silenced PVT1 affected the expression of 
miR‑200c. As shown in Fig. 5B, the expression of miR‑200c 
decreased significantly in the PVT1‑silenced group compared 
with that in the control in the sk‑mel‑5 cells, which suggested 
that silenced PVT1 may alter the expression of miR‑200c 
by targeting the promoter of miR‑200c  (Fig.  5C). Taken 
together, these results suggested that PVT1 silencing may 
inhibit the expression of miR‑200c to inhibit the metastasis 
of melanoma via binding to EZH2.

Discussion

The present study examined the expression of PVT1 in mela-
noma tissues and cell lines. The results showed that PVT1 was 
overexpressed in melanoma tissues and cell lines compared 
with that in controls. Silenced PVT1 significantly inhibited 
cell proliferation, migration and invasion, and arrested the 
cell cycle at the G0/G1 stage. Furthermore, silenced PVT1 
affected the expression of cell cycle‑related proteins and 
EMT‑associated biomarkers. Silenced PVT1 also significantly 
reduced the expression of miR‑200c by binding to EZH2.

Figure 5. Effects of lncRNA PVT1 expression on cell metastasis were mediated by EZH2 and the regulation of miR‑200c. (A) RNA immunoprecipitation 
assay showed that lncRNA PVT1 was significantly enriched in the EZH2 group compared with that in the IgG group. (B) Chromatin immunoprecipitation 
assay showed that miR‑200c expression was significantly decreased in the lncRNA PVT1‑silenced group compared with that in the control. (C) The regulatory 
mechanism of lncRNA PVT1 in melanoma. PVT1, Pvt1 oncogene (non‑protein coding); lncRNA, long non‑coding RNA; si, small interfering; EZH2, enhancer 
of zeste homolog 2; miR-200, microRNA-200; IgG, immunoglobulin G; EMT, epithelial-mesenchymal transition ; PRC2, polycomb repressive complex-2.
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An increasing number of studies have determined a role for 
lncRNAs in cancer (7,22). In particular, an increasing amount 
of evidence has shown that PVT1 plays an important role in the 
progression of cancer, since it resides in the well‑known cancer 
risk region (11,23). For instance, Takahashi et al (24) reported 
that overexpression of PVT1 is involved in the prognosis of 
colorectal cancer by regulating cell apoptosis. Wang et al (25) 
found that upregulated PVT1 promotes stem cell proliferation 
in hepatocellular carcinoma. In accordance with these find-
ings, the present study found that PVT1 was overexpressed in 
melanoma tissues and cell lines compared with that in controls, 
which suggested the potential role of PVT1 in melanoma.

To demonstrate the role of PVT1 in melanoma, siRNA‑medi-
ated gene silencing was used to suppress the expression of 
PVT1 in melanoma cells, and then the effect of silenced PVT1 
on cell proliferation was investigated. The results showed that 
silenced PVT1 significantly inhibited cell proliferation, which 
was in agreement with other studies. Kong et al (26) found 
that PVT1‑knockdown significantly inhibits gastric cancer cell 
proliferation in vitro and in vivo. Yang et al (14) also found that 
knockdown of PVT1 inhibited cell proliferation in non‑small 
cell lung cancer. As cell proliferation is closely associated with 
the cell cycle, accordingly, the effects of PVT1 expression on 
the melanoma cell cycle and cell cycle‑associated protein 
expression were analyzed. It was found that the silencing of 
PVT1 arrested the melanoma cell cycle at the G0/G1 stage, 
and that the expression of cyclin D1 decreased significantly. 
Cyclin D1 serves a vital role in promoting cancer cell prolif-
eration (27), and has been considered as a pivotal element of 
malignant transformation in human cancer (28). A previous 
study also found that cyclin D1 was downregulated by silenced 
PVT1 in thyroid cancer (29). Taken together, these results indi-
cated that downregulated cyclin D1 may be associated with the 
suppression of melanoma cell proliferation via the arrest of the 
cell cycle at the G0/G1 stage.

As aforementioned, melanoma has a proclivity to metas-
tasize and invade (3). EMT is an biological process that gives 
rise to the dissemination of single carcinoma cells from the 
sites of the primary tumors, contributing to the progression 
of primary tumors toward metastasis (18). Various carcinoma 
cell lines undergo partial or complete EMT (30). Therefore, 
the present study investigated the effect of PVT1 expression 
on melanoma cell migration and invasion, and the expression 
of EMT‑associated biomarkers. The data showed that silenced 
PVT1 significantly inhibited melanoma cell migration and inva-
sion, increased the expression of E‑cadherin and decreased the 
expression of N‑cadherin and vimentin significantly. During 
melanoma development, loss of functional E‑cadherin accom-
panies the gain of expression of N‑cadherin (31). E‑cadherin is a 
tumor/invasion suppressor that has been found to be downregu-
lated in various human carcinomas, including melanoma (32). 
Disruption of E‑cadherin‑mediated homotypic cell adhesion 
facilitates tumor invasion (33). Additionally, one previous study 
also found that overexpression of vimentin in primary melanoma 
tissues may cause a high risk of hematogenous metastasis (34). 
We speculate that silenced PVT1 may inhibit melanoma cell 
migration and invasion by regulating EMT.

miR‑200c belongs to the miR‑200 family, which has been 
found to be involved in cancer progression (35). Particularly, 
the miR‑200 family has been shown to regulate EMT and cell 

migration in cancer cell lines (36). Importantly, miR‑200c has 
been reported to be downregulated in melanoma (20). In the 
present study, it was found that silenced PVT1 reduced the 
expression of miR‑200c, indicating that silencing PVT1 may 
suppress the development of melanoma by downregulating 
miR‑200c expression.

Recently, the histone methyltransferase EZH2 has attracted 
considerable attention due to its dysregulation in human cancer (37). 
Notably, PVT1 was reported to promote cell proliferation in 
gastric cancer by the recruitment of EZH2 (26). Thus, the interac-
tion between EZH2 and PVT1 in melanoma was investigated in 
the present study and PVT1 was found to be enriched by EZH2, 
indicating the interaction between PVT1 and EZH2 in melanoma. 
Moreover, Ning et al (38) found that EZH2‑mediated methylation 
inhibits the expression of miR‑200 and promotes tumor progres-
sion. Therefore, a ChIP assay was performed in the present study 
to investigate whether silenced PVT1 affected the expression of 
miR‑200c, and the resultant data found that the expression of 
miR‑200c was decreased significantly by the silencing of PVT1 in 
EZH2‑treated melanoma cell lines, suggesting that PVT1 suppres-
sion may decrease miR‑200c level and that PVT1 may be required 
for EZH2 binding to the miR‑200c promoter. Taken together, 
these results led to the hypothesis that silenced PVT1 may inhibit 
miR‑200c expression via binding to EZH2.

In conclusion, the present study indicates that PVT1 over-
expression plays an acceleratory role in the development of 
melanoma. Downregulation of PVT1 may inhibit melanoma cell 
proliferation by regulating the cell cycle, and may inhibit cell 
migration and invasion through the regulation of EMT, which 
may be achieved by inhibiting the expression of miR‑200c via 
the binding of PVT1 to EZH2. Therefore, lncRNA PVT1 may 
serve as an important target in the treatment of melanoma.
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