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 Background: Malignant melanoma is a class of malignant tumors derived from melanocytes. lncRNAs have been consid-
ered as pro-/anti-tumor factors in progression of cancers. The function of lncRNA TUG1 on growth of melano-
ma was investigated in this study.

 Material/Methods: The TUG1 and miR-129-5p expression were examined via qRT-PCR. The protein expression was investigated 
by Western blotting assay. Luciferase reporter assay was used to assess if lncRNA TUG1 can bind to miR-129-
5p and if miR-129-5p can target AEG1 mRNA. CCK-8 and apoptosis assay were used to detect cell growth and 
apoptosis. The metastasis of melanoma cells was detected by wound-healing and Transwell assays. The effects 
of TUG1 on growth of melanoma in vivo and cell chemoresistance were investigated via xenograft animal ex-
periment and CCK-8 assay.

 Results: The expression of TUG1 and AEG1 was elevated and the miR-129-5p level was decreased in melanoma speci-
mens and cell lines. Downregulation of either TUG1 or AEG1 suppressed cell growth and metastasis. miR-129-
5p can bind directly to AEG1 and TUG1 can directly sponge miR-129-5p. Inhibition of TUG1 expression sup-
pressed the expression of Bcl-2, MMP-9, and cyclin D1, and raised the level of cleaved caspase3 by modulating 
AEG1 level in melanoma cells. Inhibition of TUG1 reduced the growth of tumors in vivo and improved the che-
mosensitivity of A375 cells to cisplatin and 5-FU.

 Conclusions: Reduction of TUG1 level suppressed cell growth and metastasis by regulating AEG1 expression mediated by 
targeting miR-129-5p. Suppression of lnc TUG1 may be a promising therapeutic strategy in the treatment of 
malignant melanoma.
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Background

Malignant melanoma is a malignant tumor originating from 
melanocytes and has a very poor prognosis [1]. Recent research 
shows that its incidence has clearly increased [2]. Although re-
markable advances have been recently achieved in the treat-
ment of tumors, the prognosis of metastatic melanoma remains 
unsatisfactory [3]. Accordingly, investigating novel targets is an 
important challenge in malignant melanoma therapy.

Long noncoding RNAs, a class of transcribed RNA sequence, 
has more than 200 nucleotides [4]. They seem to be mRNAs in 
structure, but do not encode proteins [5]. LncRNAs have been 
considered to exert essential functions in tumorigenesis and 
procession of a few malignant tumors [6]. Taurine-upregulated 
gene1 (TUG1) is a transcript upregulated by taurine [7]. A num-
ber of reports emphasized that long noncoding RNA TUG1 can 
enhance the growth and metastasis of pancreatic cancer cells, 
osteosarcoma cells, and bladder cancer cells [8–10]. However, 
the effects of TUG1 on melanoma development and the un-
derlying mechanism involved are unknown.

MicroRNAs (miRNAs) are a series of 19–25 nucleotides non-
coding RNA molecules [11] and are involved in the initiation 
and progression of a variety of malignant tumors by binding 
directly to the targeted mRNA, leading to translation inhibi-
tion and/or RNA degradation [12]. Some studies have report-
ed that miR-129-5p level is downregulated in many malignant 
tumors [13]. Nevertheless, the expression and action of miR-
129-5p in malignant melanoma are not clearly understood.

Astrocyte-elevated gene-1 (AEG-1) is encoded on chromosome 
8q22 [14], and upregulation of AEG1 was confirmed in various 
malignant tumors [15,16]. In addition, aberrant AEG1 expres-
sion is correlated with a poor clinical prognosis and chemore-
sistance in patients with tumors [17–19]. Increasing evidence 
shows that the level of AEG1 is elevated in malignant melano-
ma, and silencing of AEG1 significantly inhibits the prolifera-
tion and metastasis of melanoma cells [20]. These results in-
dicate that AEG1 has an important role in tumorigenesis and 
progression of malignant melanoma.

In this article, we investigated the TUG1, miR-129-5p, and AEG1 
levels in melanoma specimens and cell lines, and analyzed the 
underlying regulatory mechanism in the development of mel-
anoma. We found that long noncoding RNA TUG1 promotes 
tumor growth and metastasis through the TUG1/miR-129-5p/
AEG1 axis in malignant melanoma.

Material and Methods

Samples and cell lines

A total of 48 patients with melanoma were enrolled. Paired 
melanoma specimens and adjacent normal specimens were 
obtained by surgical resection from Hubei provincial Hospital 
of Traditional Chinese Medicine. The tumor tissues were con-
firmed as malignant melanoma by at least 2 pathologists and 
the tissues were stored in liquid nitrogen until use. The Ethics 
Committee of Hubei provincial Hospital of Traditional Chinese 
Medicine approved the investigation, and written informed con-
sents were obtained from the enrolled patients. A375, WM35, 
SK-MEL-5, and SK-MEL-2 cell lines were obtained from the cell 
bank of Wuhan University, and incubated in DMEM with 10% 
fetal bovine serum, 100 U/mL penicillin, and 100 μg/mL strep-
tomycin (Gibco, USA) in an atmosphere of 5% CO2 at 37°C. 
Human epidermal melanocytes (HEMa-LP) were obtained from 
Cascade Biologists (UK) and were incubated in HMGS-2 medi-
um in the same condition as in melanoma cell lines.

Plasmid construction and transfection

miR-129-5p mimics, miR-129-5p inhibitors, sh-TUG1, pcD-
NA-TUG1, sh-AEG1, and pcDNA-AEG1 were purchased from 
GenePharma (Shanghai, China). PcDNA3.1 was used to gener-
ate the corresponding plasma. Transfection to A375 cells was 
performed with Lipofectamine 2000 reagent (Invitrogen) ac-
cording to the manufacturer’s guidelines.

RNA extraction and quantitative real-time PCR

TRIzol reagent was used to extract total RNA (Thermo Fisher 
Scientific, USA) from tissues and cells. The miR-129-5p cDNA 
was synthesized using the TaqMan miRNA reverse transcrip-
tion kit. The mRNA level of miR-129-5p was quantified by qRT-
PCR using the TaqMan human MiRNA assay kit. The cDNA 
synthesis of TUG1 and AEG1 were performed with the SYBR 
PrimeScript RT-polymerase (TaKaRa), and quantitative PCR 
was performed with the SYBR PrimeScript RT-PCR kit (TaKaRa). 
U6 and b-actin were used as the endogenous control. The 
2-DDCT method was utilized to measure the relative fold dif-
ference. TUG1-F: 5’-CAAGAAACAGCAACACCAGAAG-3’, TUG1-R: 
5’-TAAGGTCCCCATTCAAGTCAGT-3’; miR-129-5p-F: 5-GGGGG 
CTTTTTGCGGTCTGG-3, miR-129-5p-R 5-AGTGCGTGTCG 
TGGAGTC-3; AEG1-F: 5-AAATAGCCAGCCTATCAAGACTC-3, 
AEG1-R: 5-TTCAGACTTGGTCTGTGAAGGAG-3; b-actin-F: 5’-TGG 
ACTTCGAGCAGGAAATGG-3’, b-actin-R: 5’-ACGTCGCACTT 
CATGATCGAG-3’; U6-F: 5-CTCGCTTCGGCAGCACA-3, U6-R: 
5-AACGCTTCACGAATTTGCGT-3.
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Western blot analysis

Tumor tissues and cells were washed with PBS and lysed in 
RIPA buffer, then total proteins were extracted according to 
the manufacturer’s protocol. A BCA protein kit was used to de-
tect the concentration of proteins. The proteins were separated 
using 10% SDS-PAGE assay and moved to a PVDF membrane. 
The membranes were blocked with 5% milk protein in TBST 
and incubated with primary antibodies at 4°C overnight, fol-
lowed by incubation with secondary antibody for 1 h at room 
temperature before being detected by an enhanced chemilu-
minescence system. The following antibodies as primary an-
tibody were applied to detect the targeting proteins expres-
sion: anti-AEG1 (Rabbit 1: 500; MyBioSource, USA), anti-Bcl-2 
(1: 1000; Abcam, UK), anti-MMP-9 (1: 1000; Abcam, UK), anti-
cleaved caspase 3 (1: 500; Abcam, UK), anti-cyclin D1 (1: 2000; 
Abcam, UK) and anti-b-actin (1: 2000; Abcam, UK). The corre-
sponding HRP-conjugated antibody (1: 3000; Abcam, UK) was 
used as the secondary antibody.

CCK-8 assay

Melanoma cell proliferation was examined by CCK-8 assay ac-
cording to the manufacture’s protocol. After transfection, A375 
cells were cultured in 96-well plates with the same conditions. 
At 12, 24, 48, and 72 h, 90 μl of fresh culture media and 10 μl 
CCK-8 solution were added to each sample. Subsequently, trans-
fected A375 cells were cultured at 37°C for 2 h, and the value 
was measured using a microplate reader at 450 nanometers.

Transwell chamber assay

A375 cells were cultured for 48 h after transfection. Transwell 
assay was performed to determine the cell invasion activity. 
The Transwell chamber membrane was coated with matrigel. 
We added 2×105 cells in the upper chamber with serum-free 
medium. DMEM with 10% FBS was put into the lower cham-
ber. After incubating for 48 h, swabs were used to wipe off the 
cells in the upper chamber, and cells in lower chamber were 
fixed and stained with 0.5% crystal violet. Cells counting was 
performed using a microscope.

Wound-healing assay

After transfection, cells were cultured in appropriate condi-
tions for 48 h. Wounds were created using a plastic scriber to 
scratch the cell monolayer. Cells were then washed and cul-
tured in DMEM with 10% FBS for 48 h. The migration activi-
ty was recorded using a microscope at 0 and 48 h, and deter-
mined by subtracting the final wound width from the initial 
wound width.

Flow cytometry

Cells were cultured and washed with PBS. Next, cells were re-
suspended in binding buffer and stained with Annexin V-FITC 
and PI. FACS analysis was performed according to the man-
ufacturer’s guidelines. Cell cycle analysis was performed us-
ing propidium iodide cell cycle detection kits (BD Biosciences).

Luciferase assay

The putative binding sequences of TUG1-WT, TUG1-MUT, AEG1-
WT, and AEG1-MUT were cloned into the pMIR-REPORT vectors. 
miR-129-5p mimics, miR-129-5p mimics+pcDNA-control, and 
miR-129-5p+pcDNA-TUG1 or miR-control were transfected into 
A375 cells with reporter plasmids using Lipofectamine 2000 
(Invitrogen). After 36 h, the luciferase activities were determined 
using the Dual-Luciferase Reporter Assay System (Promega).

Chemosensitivity assay

At 48 h after transfection, A375 cells were incubated in fresh 
medium, and then placed into 96-well plates. Various doses 
of cisplatin or 5-FU were added into the cell culture for 72 h. 
Next, the cell proliferation was checked using CCK-8 assay.

Tumor growth in vivo

After transfection, A375 cells were transplanted into nude mice 
(25–30 g, 6 weeks old, n=6), mice were sacrificed on days 5, 
10, 15, 20, and 25, and the weight and volume of tumor tis-
sues were measured and recorded.

Statistical analysis

SPSS15.0 was used for statistical analyses. The t test was used 
to analyze comparisons between 2 groups, multiple comparisons 
were analyzed by one-way analysis of variance, the Fisher exact 
probability test was used to analyze the relationship of the lnc 
TUG1 and the clinical characteristics, and Kaplan-Meier plots were 
used to evaluate the function of lnc TUG1 in melanoma prog-
nosis. The association between 2 quantitative was assessed by 
Pearson correlation analyses. Data are represented as mean ±SD, 
and P<0.05 was regarded as a statistically significant difference.

Results

The expressions of TUG1 and AEG1 were elevated, but the 
level of miR-129-5p was reduced in melanoma specimens 
and cell lines

The levels of TUG1, miR-129-5p, and AEG1 were determined by 
qRT-PCR and Western blot assay in melanoma tissues and cell 
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lines. The results show that the level of TUG1 and AEG1 was 
elevated compared to paired non-tumor tissues or HEMa-LP 
cells. Moreover, the miR-129-5p level was remarkably reduced 
in melanoma tissues and cell lines (Figure 1A–1H). Patients 
enrolled were divided into a high lnc TUG1 expression group 
(n=24) and a low lnc TUG1 expression group (n=24) according 
to mean level of lnc TUG1. There was no significant associa-
tion between the lnc TUG1 level and age or sex in individuals 
with melanoma, but the overexpression of lnc TUG1 was ob-
viously correlated with the TNM stage and distant migration 
of malignant melanoma (Table 1). Furthermore, the high ex-
pression of lnc TUG1 was closely related with decreased over-
all survival (Figure 1I). Pearson correlation analysis was used 
to confirm the positive association between TUG1 and AEG1. 
The miR-129-5p level was negatively associated with the lev-
el of TUG1 and AEG1 (Figure 2).

Downregulation of TUG1inhibited cells growth and 
metastasis, arrested cell cycle, and enhanced cell 
apoptosis

Sh-TUG1 was transfected into A375 cells for detection of the 
effect of TUG1 on A375 cells. CCK8 assay showed that down-
regulation of TUG1 inhibited cell proliferation. Flow cytometry 
confirmed that low expression of TUG1 promoted cell apop-
tosis and arrested cell cycle at the G0/G1 phase. Wound heal-
ing assay and Transwell chamber assay identified that sh-
TUG1 suppressed the migration and invasion of A375 cells 
(Figures 3, 4). In addition, inhibition of AEG1 expression pro-
duced similar results. Importantly, the overexpression of miR-
129-5p suppressed cell proliferation, invasion, migration, and 
induced cell apoptosis (Figure 5).
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Figure 1.  The relative expression of TUG1, miR-129-5p, and AEG1 in melanoma tissues and cell lines. (A, B). The relative TUG1 level 
was increased in melanoma specimens and cell lines. (C, D). Low expression of miR-129-5p was identified in melanoma 
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Characteristics No. of patients
N=48

lnc TUG1
P value

High expression Low expression

Age (years)

 £40 21 9 12 0.561

 >40 27 15 12

Sex

 Male 23 11 12 1.000

 Female 25 13 12

TNM stage

 I+II 17 2 15 0.000*

 III+IV 31 22 9

Distant metastasis

 No 18 3 15 0.001*

 Yes 30 21 9

Table 1. Relationship between the clinical feature and lnc TUG1 level in patients with melanoma.
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miR-129-5p and AEG1 mediated the function of TUG1 on 
the growth and metastasis of A375 cells

To further investigate the association among miR-129-5p, 
AEG1, and TUG1, we transfected sh-control, sh-TUG1, and sh-
TUG1+miR-129-5p inhibitors into A375 cells, respectively. The 
level of miR-129-5p was elevated in the sh-TUG1 group com-
pared with the sh-control group and sh-TUG1+miR-129-5p in-
hibitors group (Figure 6A). sh-TUG1 suppressed the growth and 
metastasis of A375 cells, and inducing cell apoptosis, where-
as the cotransfection of miR-129-5p inhibitor abrogated the 
suppressive function of sh-TUG1 on the proliferation and me-
tastasis ability of A375 cells (Figure 7B). Similarly, sh-control, 
sh-TUG1, and sh-TUG1+ pcDNA-AEG1 were transfected into 
A375 cells. sh-TUG1 reduced the expression of AEG1 compared 

with the sh-control group (Figure 6E), the cotransfection of sh-
TUG1 with pcDNA-AEG1 partially recovered the expression of 
AEG1, and alleviated the inhibitory ability of sh-TUG1 on the 
growth and metastasis of A375 cells in comparison with sh-
TUG1 group (Figure 7A). Conversely, the transfection of pcDNA-
TUG1 enhanced the growth, invasion, and migration of A375 
cells, but sh-AEG1 and miR-129-5p mimics alleviated the pro-
moting function of pcDNA-TUG1 in A375 cells (Figure 7C, 7D). 
Therefore, the role of TUG1 in growth and metastasis of A375 
cells was mediated, in part at least, by miR-129-5p and AEG1.

TUG1 directly sponged miR-129-5p in A375 cells

Bioinformatics analysis showed miR-129-5p may be a target 
of TUG1. Luciferase assay was performed to ascertain whether 
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TUG1 can regulate miR-129-5p expression by acting as a mo-
lecular sponge, showing that miR-129-5p dramatically allevi-
ated the luciferase activity of TUG1-wt, but had no significant 
effect on that of TUG1-mut (Figure 8A, 8B).

miR-129-5p directly targeted AEG1 in A375 cells

Bioinformatics analysis showed that miR-129-5p can bind 
directly to 3’-UTR-AEG1. Luciferase assay showed that miR-
129-5p obviously suppressed the luciferase activity of AEG1-
wt, but did not significantly affect the luciferase expression 
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of AEG1-mut. Furthermore, the cotransfection of miR-129-5p 
and pcDNA-TUG1 did not have a significant influence on the 
luciferase activity in AEG1-wt and AEG1-mut (Figure 8C, 8D).

TUG1 can modulate AEG1 expression by targeting miR-
129-5p in A375 cells.

The transfection of sh-TUG1 or pcDNA-TUG1 regulated the ex-
pression of miR-129-5p. The upregulation of TUG1 dramatically 
decreased the level of miR-129-5p and promoted AEG1 protein 
expression; however, the downregulation of TUG1 distinct-
ly increased the level of miR-129-5p and inhibited AEG1 pro-
tein expression. Meanwhile, the cotransfection of miR-129-5p 

mimics with pcDNA-TUG1 remarkably abrogated the promo-
tion effect of pcDNA-TUG1 on AEG1 protein expression. The 
cotransfection of miR-129-5p inhibitors with sh-TUG1 clearly 
alleviated the inhibitory function of sh-TUG1 on the expres-
sion of AEG1 (Figure 6).

TUG1 regulated the expression of proteins related with 
the proliferation and metastasis in A375 cells.

Further studies were performed to investigate the reliable 
molecular mechanism of TUG1 in the development of malig-
nant melanoma, the expressions of proteins associated with 
cell proliferation, apoptosis, and metastasis were detected by 
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Figure 6.  The interaction among TUG1, miR-129-5p, and AEG1 in A375 cells. (A, B) Silencing of TUG1 promoted the expression of 
miR-129-5p, but conversely, upregulation of TUG1 depressed the expression of miR-129-5p. (C) The transfection of miR-
129-5p mimics suppressed the expression of AEG1 in A375 cells, but the cotransfection of miR-129-5p mimics and pcDNA-
TUG1 reversed the inhibiting function of miR-129-5p on the expression of AEG1 in A375 cells. (D) High expression of TUG1 
enhanced AEG1 expression, but the cotransfection of miR-129-5p mimics with pcDNA-TUG1 alleviated the promoting 
function of pcDNA-TUG1 on the expression of AEG1 in A375 cells. (E) Silencing of TUG1 distinctly inhibited the expression 
of AEG1, but miR-129-5p inhibitors attenuated the inhibitory function of sh-TUG1 on the expression of AEG1 in A375 cells. 
* p<0.05 compared with NC group and sh-control group. # p<0.05 compared with sh-TUG1 group. $ p<0.05 compared with NC 
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Figure 7.  miR-129-5p and AEG1 mediated the function of TUG1 on the growth and metastasis of A375 cells. (A) The cotransfection of 
sh-TUG1 with pcDNA-AEG1 alleviated the inhibitory ability of sh-TUG1 on the proliferation and metastasis of A375 cells in 
comparison with sh-TUG1 group. (B) The cotransfection of miR-129-5p inhibitor enhanced the proliferation and metastasis 
activity of A375 cells transfected with sh-TUG1 in comparison with sh-TUG1 group. (C, D) miR-129-5p mimics or sh-AEG1 
abrogated the growth, migration, and invasion of A375 cells transfected with pcDNA-TUG1. * p<0.05 compared with 
sh-control group. # p<0.05 compared with sh-TUG1 group. $ p<0.05 compared with pcDNA-control group. & Compared with 
pcDNA-TUG1 group

Western blotting in gain or loss experiments. These data man-
ifested that the high expression of TUG1 distinctly enhanced 
the expression of Bcl-2, MMP-9, cyclin D1 and inhibited the 
expression of cleaved caspase 3 in A375 cells, but inhibition of 
AEG1 alleviated the effect of TUG1 on these protein expression 
(Figure 9A). Inversely, the low expression of TUG1 reduced the 
expression of Bcl-2, MMP-9, cyclin D1 and promoted the ex-
pression of cleaved caspase 3 in A375 cells, whereas the co-
transfection of pcDNA-AEG1 alleviated the effect of sh-TUG1 

on the expressions of Bcl-2, MMP-9, cyclin D1and cleaved cas-
pase 3 (Figure 9B).

Inhibition of TUG1 suppressed melanoma growth in an 
animal experiment and improved chemosensitivity in 
A375 cells

The role of TUG1 in melanoma was identified in nude mice mod-
els. The volume of tumors was clearly reduced in the sh-TUG1 
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Figure 8.  TUG1 regulated the expression of AEG1 via acting as a ceRNA of miR-129-5p. (A) miR-129-5p and its predicted binding 
sequence for WT in TUG1. (B) miR-129-5p inhibited luciferase reporter activities of TUG1 in wild type, but did not affect that 
of TUG1 in mutated type. (C) miR-129-5p and its predicted binding sites for WT in AEG1. (D) The luciferase reporter activities 
were presented in these different conditions. * p<0.05 compared with miR-control group. # p<0.05 compared with miR-129-
5p+pcDNA-TUG1 group.

group in comparison with those in the normal control group 
and sh-control group. The final weight of tumors was distinct-
ly decreased in the sh-TUG1 group compared with the normal 
control group and sh-control group. The reduced AEG1 level 
and the raised miR-129-5p level were identified in the sh-TUG1 
group compared with the NC group and sh-control group by 
Western blot assay and qRT-PCR. Accordingly, the anti-tumor 
function of sh-TUG1 on the melanoma growth was identified 
in vivo, and the transfection of sh-TUG1 reinforced chemosen-
sitivity to cisplatin or 5-FU treatment of A375 cells (Figure 10).

Discussion

Melanoma is very dangerous malignant tumor, developing 
from melanin-producing cells called melanocytes [21]. Many 
reports pointed out that abnormal expression of lncRNAs play 
vital roles in the development of some malignant tumors and 
act as oncogene or anti-tumor roles, such as lncRNA MRCCAT1, 
which strengthened clear cell renal cell carcinoma proliferation 
and metastasis by suppressing the expression of NPR3 [22]. 
Upregulation of lnc CASC2 distinctly suppressed the growth 
of thyroid carcinoma cells [23]. Therefore, it was essential to 
uncover the specific regulation mechanism of lncRNA in mela-
noma to discover a useful therapeutic strategy. Dysregulation 
of TUG1 was found in different tumors; for example, TUG1 en-
hanced growth and metastasis pancreatic cancer by regulating 

the EMT pathway [8] and TUG1 promoted the development of 
osteosarcoma cells by targeting miR-153 [9]. However, some 
researchers found that TUG1 serves an anti-tumor role in gli-
oma by inducing cell apoptosis [24]. At present, the expres-
sion and molecular mechanism of TUG1 in malignant mela-
noma remains unclear.

In this study, our data show that the level of TUG1 was re-
markably increased in melanoma specimens and cell lines, and 
the TUG1 level was positively correlated with poor prognosis. 
Inhibition of TUG1 expression suppressed cell growth, arrest-
ed cell cycle at G0/G1 stage, and induced cell apoptosis. In ad-
dition, further studies showed that the functions of TUG1 on 
the proliferation and metastasis of A375 cells were mediat-
ed by AEG1 and miR-129-5p. These results verified that TUG1 
exerted a pro-tumor function via regulating the miR-129-5p 
and AEG1 levels in melanoma.

Several studies had confirmed that lncRNAs can serve as a 
sponge to competitively target miRNA and regulate the func-
tion of miRNA [25]. Therefore, bioinformatics analysis was ap-
plied for detecting downstream targets, and miR-129-5p was 
considered a probable target of TUG1. Luciferase assay was 
conducted to further identify the correlation between TUG1 
and miR-129-5p. As a result, miR-129-5p significantly inhibit-
ed the luciferase activity of TUG1-wt but did not affect that of 
TUG1-mut. It was confirmed that TUG1 can bind to miR-129-5p 
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Figure 9.  The effect of TUG1 on the expression of proteins involved in cell proliferation, cell cycle, and cell apoptosis via regulating the 
AEG1 level. (A) Upregulation of TUG1 enhanced Bcl-2, MMP-9, and cyclin D1 expression, and depressed the expression of 
cleaved caspase 3. Sh-AEG1 plasmids reversed the function of pcDNA-TUG1 in these protein expressions. (B) Downregulation 
of TUG1 inhibited the expression of Bcl-2, MMP-9, and cyclin D1, and elevated the level of cleaved caspase 3, but the 
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control group. # p<0.05 compared with pcDNA-TUG1 group. $ p<0.05 compared with sh-control group. & p<0.05 compared 
with sh-TUG1 group.

and regulate the function of miR-129-5p. Furthermore, bioin-
formatics analysis suggested that AEG1 may be a binding tar-
get of miR-129-5p. Similarly, it was found that miR-129-5p can 
directly target 3’-UTR-AEG1 by luciferase assay. Functionally, 
upregulation of TUG1 reduced the level of miR-129-5p and 
promoted AEG1 expression, but cotransfection of miR-129-
5p mimics alleviated the promoting effect of TUG1 on AEG1 
expression in A375 cells. Downregulation of TUG1 increased 
the level of miR-129-5p and decreased AEG1 expression, and 
the transfection of miR-129-5p mimics inhibited the protein 
expression of AEG1, but the cotransfection of pcDNA-TUG1 
attenuated the suppressive function of miR-129-5p mimics. 
Together, it was evident that TUG1 regulated the develop-
ment of malignant melanoma through miR-129-5p/AEG1 axis.

The AEG1 factor is highly overexpressed in many types 
of human cancers, including ovarian cancer [16], cervical 

carcinoma [26], hepatocellular carcinoma [27], and breast can-
cer [15]. AEG1 was found to participate in some important sig-
nal pathways, such as the PI3K/AKT signaling pathway [28] 
and the WNT signaling pathway [29]. Our study showed that 
the low expression of AEG1 suppressed the proliferation and 
metastasis of melanoma, which is identical to the results re-
ported by Zhang [20]. To further study the underlying molec-
ular mechanism, we investigated the expression of proteins 
related with cell proliferation and metastasis, cell cycle, and 
cell apoptosis. The data showed that upregulation of TUG1 el-
evated the levels of cyclin D1, MMP-9, and Bcl-2, but inhibit-
ed the activation of caspase 3. The cotransfection of sh-AEG1 
with pcDNA-TUG1 reversed the outcomes induced by pcDNA-
TUG1. On the other hand, downregulation of TUG1 reduced 
the level of cyclin D1, MMP-9, and Bcl-2, but raised the lev-
el of cleaved caspase 3. The pcDNA-AEG1 plasmids abrogat-
ed the effect of sh-TUG1 on these protein expressions. In the 
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following experiments, sh-TUG1 was found to distinctly de-
crease the weight and volume of tumors and reinforced che-
mosensitivity of A375 cells to cisplatin or 5-FU treatment. The 
precise molecular mechanism of TUG1 was further explained 
in the development of melanoma.

Conclusions

The overexpression of TUG1 and AEG1 was identified in mela-
noma, but the level of miR-129-5p was decreased in melanoma 
tissues and cells lines. TUG1 and AEG1 can promote cell growth 

and metastasis, but miR-129-5p induced cell apoptosis and 
suppressed cell proliferation. TUG1 can competitively sponge 
miR-129-5p to modulate AEG1 expression. Downregulation of 
TUG1 inhibited the expression of cyclin D1, MMP-9, and Bcl-2, 
enhanced the activation of caspase 3 by regulating AEG1 lev-
el, strengthened the chemosensitivity of A375 cells to cispl-
atin or 5-FU treatment, and inhibited tumors growth in vivo. 
Collectively, these results show that downregulation of TUG1 
suppressed cell growth, induced cell apoptosis, arrested cell 
cycle, and inhibited cell metastasis by regulating miR-129-5p/
AEG1 axis in melanoma. This may be a potential new thera-
peutic strategy in treating malignant melanoma.

Figure 10.  Inhibition of TUG1 suppressed melanoma growth and improved chemosensitivity in A375 cells. (A) The xenograft tumor 
tissues were represented in different groups at 25 days after inoculation. (B–D) The expression of AEG1 and miR-129-5p 
was detected in xenograft tumor tissues by Western blotting and qRT-PCR, respectively. (E) The transfection of sh-TUG1 
decreased the tumor volume. (F) The transfection of sh-TUG1 reduced the tumor weight. (G, H) The transfection of sh-TUG1 
reinforced chemosensitivity of A375 cells to cisplatin or 5-FU treatment.* p<0.05 compared with sh-control group and NC 
group.
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