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Abstract: Malignant melanoma (MM) is one of the most aggressive types of skin cancer. Long non-coding RNAs 
(lncRNAs) are important regulatory factors in the pathogenesis of various diseases. Here, we found that the ln-
cRNA SLC7A11-AS1 was highly expressed in MM. Therefore, we investigated its regulatory role in the migration 
and invasion of MM cells and the associated mechanism. SLC7A11-AS1 and CTCF levels in MM cell lines were 
detected using RT-qPCR and western blotting, and their regulatory effects on the migratory and invasive abilities 
were determined using CCK-8, EdU, transwell, wound-healing assays and mouse model. RNA pull-down and RIP as-
says were performed to explore the association of SLC7A11-AS1 and CTCF and the correlation between CTCF and 
UBE3A. SLC7A11-AS1 and CTCF were highly expressed in MM cells. The knockdown of SLC7A11-AS1 decreased the 
expression of CTCF. Mechanistically, SLC7A11-AS1 inhibited the degradation of CTCF by inhibiting the ubiquitination 
by UBE3A. The knockdown of both SLC7A11-AS1 and CTCF inhibited the migration and invasion of MM cells and 
attenuated MM-to-lung metastasis in a mouse model. Taken together, SLC7A11-AS1 promoted the invasive and 
migratory abilities of MM cells by inhibiting the UBE3A-regulated ubiquitination of CTCF. Therefore, SLC7A11-AS1 
may be a potential therapeutic target for MM.
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Introduction

Malignant melanoma (MM) is a malignant 
tumor originating from melanocytes. It is the 
most aggressive form of skin cancer having 
stronger invasiveness, higher mortality, and 
poorer prognosis compared with other types of 
skin cancer [1]. Notably, the metastasis of MM 
cells is the main cause of mortality, and the 
5-year survival rate is only 29.5% [2]. Despite 
the recent advances in diagnosis, immunother-
apy, and molecularly targeted therapy, the prog-
nosis of patients with MM remains poor. 
Moreover, patients may develop resistance to 
these treatments [3-6]. The global incidence of 
MM is annually increasing by approximately 3% 
[7], highlighting the need to identify effective 
biomarkers for early diagnosis and potential 
targets for developing new therapeutic stra- 
tegies.

Long non-coding RNAs (lncRNAs) are non-pro-
tein-coding RNA molecules longer than 200 

nucleotides [8]. They play a critical role in the 
treatment and diagnosis of malignant tumors 
by regulating gene expression at transcription-
al, post-transcriptional, and epigenetic levels. 
Moreover, lncRNAs are involved in inducing and 
regulating cell cycle, growth, development, dif-
ferentiation, proliferation, and apoptosis [9]. 
They can act as both promoters and suppres-
sors in many pathophysiologic processes, 
including cancer cell growth, invasion, and 
metastasis. LncRNAs, such as BASP1-As1 and 
HOTAIR, are enriched in melanoma cells and 
can promote metastasis and cell proliferation 
and invasion while resisting apoptosis [10, 11]. 
Although the mechanism by which lncRNAs reg-
ulate tumor growth and metastasis has been 
extensively researched, few studies are avail-
able on MM-related lncRNAs. Screening of 
lncRNAs related to MM progression is essential 
to elucidating the underlying mechanism and 
identifying novel diagnostic, prognostic, and 
therapeutic strategies. LncRNA SLC7A11-AS1, 
a newly discovered lncRNA, is an antisense 
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transcript of the SLC7A11 gene. It is aberrantly 
expressed in multiple cancers, and its expres-
sion correlates with cancer cell metastasis. 
LncRNA SLC7A11-AS1 may play a tumor-pro-
moting role in lung gastric, ovarian, and pan- 
creatic cancers [12, 13]. However, whether 
SLC7A11-AS1 has a role in the development of 
MM remains unknown.

CCCTC binding factor (CTCF) is a chromatin-
binding factor that binds to some specific sites 
of a DNA sequence [14]. It participates in tran-
scriptional regulation by binding to chromatin 
insulators and blocks the interaction between 
promoters and nearby enhancers and silen- 
cers to regulate gene expression [15]. CTCF is 
involved in gene transcription, DNA repair, cell 
proliferation, and other physiologic functions 
[16, 17]. CTCF dysfunction may lead to tumors, 
such as gastric tumors [18-20]. Notably, CTCF 
may play contradictory roles in different tumors, 
and few reports are available on the mecha-
nism by which CTCF affects the progression of 
MM.

Here, we first profiled the expression pattern of 
SLC7A11-AS in MM cell lines and human mela-
nocytes. Subsequently, we investigated the 
role and mechanism by which SLC7A11-AS1 
facilitates the migration and invasion (metasta-
sis cascade) of MM cells. Our findings showed 
that SLC7A11-AS1 stabilizes CTCF by inhibiting 
the UBE3A-mediated ubiquitination to promote 
MM metastasis.

Materials and methods

Cell culture

Human MM cell lines, namely WM-115 (CAS: 
iCell-h225), A2058 (CAS: iCell-h310) and MV3 

(CAS: iCell-h462), were obtained from iCell 
Bioscience Inc. Human MM cell line SK-MEL-5 
(CAS: MZ-0685) was obtained from Ningbo 
Mingzhou Biotechnology Co., Ltd. HEMa-LP cell 
line (CAS: C0245C) was purchased from 
ThermoFisher Scientific. The cells were cul-
tured in DMEM (Invitrogen) supplemented  
with 10% fetal bovine serum (ThermoFisher 
Scientific) and 1% streptomycin (100 mg/mL)/
penicillin (100 U/mL; Invitrogen).

Quantitative PCR (RT-qPCR)

Total RNA was extracted using Trizol (Invitrogen). 
Cytoplasmic and nuclear RNAs were isolated 
using the cytoplasmic & nuclear RNA purifica-
tion kit (Norgen Biotek). RNA was reverse tran-
scribed using the PrimeScript RT Reagent Kit 
(Takara). RT-qPCR was performed using a TB 
Green Fast qPCR Mix Kit (Takara) or a Mir-X 
miRNA First-Strand Synthesis Kit (Takara). 
SLC7A11-AS1 expressions were normalized to 
that of GAPDH. The 2-ΔΔCt method was used to 
quantify the RNA expression levels [21]. The 
primer sequences are listed in Table 1.

Transfection

Oligonucleotides encoding short hairpin RNA 
(shRNA) against SLC7A11-AS1 and CTCF (Table 
1) were inserted into GV298 (GenePharma). 
The lentiviral vectors encoding sh-SLC7A11-
AS1, sh-CTCF, and the respective controls (sh-
NC) were synthesized by GenePharma. Len- 
tiviral vectors were co-transfected with the 
packaging plasmids psPAX2 and pMD2G into 
HEK293T cells. Infectious lentiviruses were 
harvested at 48 h after transfection, follow- 
ed with concentration by ultracentrifugation (2 
h at 120,000 × g). Stable MM cell lines  
were obtained by selection with puromycin. 

Table 1. Oligonucleotide and primer sequences
Gene name Name Sequence (5’-3’)
SLC7A11-AS1 Forward AGCCTGGGTGATAAAGTG

Reverse TAAGCCCTCAATGGATAG
LncRNA Firre Forward CCTGTGACCTCGCTTCACTT

Reverse TTACACCCACTGTTGGCACC
GAPDH Forward CGCGAGAAGATGACCCAGAT

Reverse GGGCATACCCCTCGTAGATG
sh-lncRNA#1 CACCGCTACAGTCTAAATGCATACGCGAACGTATGCATTTAGACTGTAGC
sh-lncRNA#2 CACCGCACAGCACTTACTAGAAACTCGAAAGTTTCTAGTAAGTGCTGTGC
sh-NC CACCCAGCTCCAACCAGCACCTGCGAACAG GTGCTGGTTGGAGCTG
sh-CTCF CACCGCCCATAAACATAGGAGAACTCGAAA GTTCTCCTATGTTTATGGGC
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Transfection efficiency was determined using 
RT-qPCR.

Cell growth assay

Cell Counting Kit-8 (CCK-8; Beyotime) was  
used to determine cell growth. WM-115 and 
SK-MEL-5 cells (1 × 104 cells/well) transfected 
with sh-NC, sh-SLC7A11-AS1 or sh-CTCF were 
seeded into 96-well plates and incubated for 
24, 48, and 72 h. The cells were then incubated 
in the CCK-8 solution for 2 h. Finally, OD values 
were measured at 450 nm using a microplate 
reader (Bio-Rad Laboratories). 

5-Ethynyl-2’-deoxyuridine (EdU) assay

WM-115 and SK-MEL-5 cells (5 × 104 cells/
well) were cultured in a six-well plate and trans-
fected with sh-NC, sh-SLC7A11-AS1 or sh-CTCF. 
Cells were incubated in the Edu dye solution A 
(Invitrogen) for 2 h. The cells were then fixed in 
4% paraformaldehyde for 15 min and gently 
washed twice with 3% BSA. The film was bro-
ken with 0.5% Triton X-100 for 20 min at room 
temperature, saturated with Click-it (provided 
in the EdU kit), and incubated in the dark for 30 
min at room temperature. The cells were then 
washed twice with 3% BSA and stained with 
DAPI for 4 min. Finally, EdU-positive cell in each 
group was counted using Flow cytometry (BD). 

Transwell assay

WM-115 and SK-MEL-5 cells (5 × 104) trans-
fected with sh-NC, sh-SLC7A11-AS1 or sh-CTCF 
were resuspended in a serum-free medium 
(200 µL) and placed into the upper chamber of 
a Transwell plate having 8-μm pore size inserts 
and precoated with 50 µg of Matrigel (Millipore). 
The non-migrated cells were removed with a 
cotton swab after 48 h incubation. The migrat-
ed cells were fixed in 4% paraformaldehyde  
and stained with 0.5% crystal violet. Finally, the 
invading cells were counted and imaged under 
a microscope.

Wound-healing assay

WM-115 and SK-MEL-5 cells transfected with 
sh-NC, sh-SLC7A11-AS1 or sh-CTCF were cul-
tured. A scratch wound was made in each cell 
monolayer using a sterile 10-μL pipette tip. The 
scratched cells were removed by washing with 
PBS, and serum-free DMEM was added to each 
well followed by incubation at 37°C for 48 h. 

Wound closure was imaged using an optical 
microscope (Leica) at 0 and 48 h, and migra-
tion distance was determined using ImageJ. Six 
to eight horizontal lines were randomly drawn 
to calculate the mean distance between cells. 

Western blotting

Western blotting was performed to determine 
the protein expression levels [22]. Total protein 
lysates were lysed in RIPA lysis buffer (SIGMA; 
cat. no. R0278), and 20 µg of the cell lysate 
and 20 µl of conditioned media were separated 
on a 12% tris-glycine gel (Invitrogen, Carlsbad, 
CA), and the separated proteins were trans-
ferred to a PVDF membrane for immunoblotting 
(Millipore, Billerica, MA). The unoccupied sites 
were blocked using 5% skim milk dissolved in  
1 × tris-buffered saline for 1 h at room temper-
ature. The blocked membranes were incubated 
overnight with primary antibodies at 4°C, 
washed with TBST, and incubated with HRP-
conjugated secondary antibodies at room tem-
perature for 1 h. Immunoreactive bands were 
visualized using an ECL kit (ThermoFisher 
Scientific, 32106). The films were scanned 
using a ChemiDoc Touch imaging system (BIO-
red), and the images were analyzed using 
ImageJ. The primary antibodies procured from 
Cell Signaling Technology were anti-GAPDH 
(1:2,000; cat. no. 5174), N-cadherin (1:1,000; 
cat. no. 13116), E-cadherin (1:1,000; cat. no. 
14472), MMP2 (1:1,000; cat. no. 40994), and 
MMP9 (1:1,000; cat. no. 13667). UBE3A 
(1:1,000; cat. no. APREST81436) and CTCF 
(1:1,000; cat. no. AMAB90663) were procured 
from Sigma Aldrich, Inc. HRP-conjugated anti-
rabbit IgG (1:1,000; cat. no. 7074) and anti-
mouse IgG (1:1,000; cat. no. 7076) antibodies 
were procured from Cell Signaling Technology. 

MM-to-lung metastasis model in nude mice

Five-week-old male BALB/c nude mice were 
purchased from Shanghai Jiaotong University 
(SCXK [Shanghai] 2018-0007). The protocols 
involving animals were approved by the 
Medicine Animal Care and Use Committee of 
Shanghai Eighth People’s Hospital. The experi-
ments were performed in strict compliance 
with institutional guidelines. WM-115 cells (2 × 
105) transfected with sh-NC, sh-SLC7A11-AS1 
or sh-CTCF lentivirus were suspended in 100 
μL of PBS and injected into the tail vein of mice. 
The body weight of each mouse was recorded 
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every third day. No deaths occurred after 
implanting tumor cells. The mice were eutha-
nized after 15 days, and the lungs were resect-
ed and fixed in 3.7% formaldehyde. The num-
bers of metastatic nodules in 1-mm-thick 
hematoxylin and eosin (H&E)-stained serial 
lung tissue sections were counted to evaluate 
tumor metastasis [23].

Bioinformatics analysis

RNAlnter (http://rna-society.org/rnainter/) and 
PRIdictor websites (http://bclab.inha.ac.kr/pri-
dictor/pridictor.html) were used to predict the 
putative binding sites between SLC7A11-AS1. 
Lysine modification sites were acquired from 
Protein Lysine Modification Database (PLMD, 
http://plmd.biocuckoo.org/). GEPIA (http://
gepia.cancer-pku.cn/index.html) was used to 
determine the levels of SLC7A11-AS1 in human 
melanoma tissue.

RNA pull-down assay

Biotin-labeled sense and antisense SLC7A11-
AS1, and biotin-CTCF were designed by 
Genechem and transfected into WM-115 and 
SK-MEL-5 cells for two days. Cell lysates 
obtained using Pierce IP Lysis Buffer (cat. no. 
87788; ThermoFisher Scientific) were incubat-
ed with the labeled RNAs for 2 h. Subsequently, 
M-280 streptavidin-coated magnetic beads 
(Invitrogen) were added. The RNA/probe-coat-
ed bead mixtures were washed off and eluted 
using lysis and high-salt buffers. The precipi-
tated components were analyzed using 
RT-qPCR. 

RNA immunoprecipitation (RIP) assays

Approximately 2 × 107 WM-115 and SK-MEL-5 
cells were lysed in RIP lysis buffer and incubat-
ed overnight with anti-CTCF (cat. no. PA5-
41442; ThermoFisher Scientific), or normal 
anti-mouse IgG (cat. no. M4280, Sigma) anti-
bodies at 4°C. Cell lysates were incubated with 
magnetic beads at 4°C for 1 h and then with 
proteinase K for 1 h at 55°C. RNA was subse-
quently extracted and purified, and the levels of 
GAPDH, SLC7A11-AS1 and lncRNA Firre were 
determined using RT-qPCR and normalized to 
the input RNA levels.

Statistical analyses

Data were analyzed using SPSS v.21 (IBM 
Corporation) and presented as means ± SD. 

Differences between the two groups were  
evaluated using the Student’s t-test, whereas 
differences between multiple groups were 
examined using ANOVA followed by Tukey’s 
test. Each experiment was performed in tripli-
cate. P-values of < 0.05 or < 0.01 were consid-
ered statistically significant.

Results

SLC7A11-AS1 enhanced the invasion and mi-
gration of MM cells

SLC7A11-AS1 is one of the most frequently 
upregulated lncRNAs in cancer cells [24]. We 
found that SLC7A11-AS1 levels were markedly 
higher in MM cells compared with normal 
human epidermal melanocytes (all P < 0.01; 
Figure 1A). GEPIA (http://gepia.cancer-pku.cn/
index.html) analysis also showed that the 
expression of SLC7A11-AS1 in the melanoma 
tissues was significantly higher than that in  
the normal tissues (Figure 1B). WM-115 and 
SK-MEL-5 cells were used for subsequent 
experiments because of the higher expression 
of SLC7A11-AS1 in these cells compared with 
other MM cells. 

We first generated WM-115 and SK-MEL-5 cell 
lines stably expressing sh-SLC7A11-AS1 to 
explore the effect of lncRNA SLC7A11-AS1 on 
the invasive and migratory abilities of MM cells. 
Sh-lncRNA#1 or sh-lncRNA#2 lentiviral trans-
fection reduced the expression of SLC7A11-
AS1 by approximately 75% in WM-115 cells  
and 72% in SK-MEL-5 cells compared with the 
corresponding control (sh-NC, P < 0.01) shown 
in Figure 1C. CCK-8 assay was performed  
to investigate the effect of knocking down 
SLC7A11-AS1 on the growth of WM-115 and 
SK-MEL-5 cells. Compared with sh-NC, the sh-
lncRNA#1- and sh-lncRNA#2-mediated knock-
down of SLC7A11-AS1 significantly inhibited the 
viability of WM-115 and SK-MEL-5 cells at 24, 
48, and 72 h (both P < 0.01; Figure 1D, 1E). 
EdU-positive cell counts decreased after the 
knockdown of SLC7A11-AS1 in WM-115 and 
SK-MEL-5 cells in the SLC7A11-AS1 knockdown 
group compared with the sh-NC group (Figure 
1F-I). Similarly, the results of the transwell 
assay showed that the invasive ability of 
WM-115 (P < 0.01; Figure 1J, 1K) and SK-MEL-5 
(P < 0.01; Figure 1L, 1M) cells was reduced 
when SLC7A11-AS1 expression was inhibited. 
In addition, the results of wound-healing assay 
revealed a decrease in the migratory capacity 
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Figure 1. Knockdown of SLC7A11-AS1 inhibits the growth, proliferation, invasion, and migration of human mela-
noma cells. A. Expression of SLC7A11-AS1 in MM cell lines and normal human epidermal melanocytes (HEMa-LP) 
determined using RT-qPCR. B. SLC7A11-AS1 expression in human tissues determined using GEPIA. C. SLC7A11-
AS1 expression determined using RT-qPCR after SLC7A11-AS1 knockdown. D, E. Viability of sh-SLC7A11-AS1-trans-
fected WM-115 and SK-MEL-5 cells was detected using Cell Counting Kit-8 (CCK-8) assay. F-I. Proliferation of sh-
SLC7A11-AS1-transfected WM-115 and SK-MEL-5 cells was detected using Edu staining assay. J-M. Invasive ability 
was examined using transwell assay (Scale bar: 50 μm). N-Q. Migratory ability of sh-SLC7A11-AS1-transfected WM-
115 and SK-MEL-5 cells was determined using wound-healing assay (100 ×). R-W. Levels of E-cadherin, N-cadherin, 
MMP2, and MMP9 were determined using western blotting after SLC7A11-AS1 knockdown. 
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of both cell types after SLC7A11-AS1 knock-
down (both P < 0.01; Figure 1N-Q). Moreover, 
SLC7A11-AS1 knockdown increased E-cadherin 
levels in WM-115 (P < 0.01; Figure 1R, 1T) and 
SK-MEL-5 (P < 0.01; Figure 1S, 1T) cells and 
decreased those expression of N-cadherin, 
MMP2, and MMP9 (all P < 0.01; Figure 1R, 1S, 
1U-W). Overall, the silencing of SLC7A11-AS1 
decreased the proliferative, invasive, and 
migratory potential of MM cells.

SLC7A11-AS1 depletion inhibited MM pulmo-
nary metastasis in a mouse model

The lungs are the most common site of metas-
tasis in patients with MM [23]. Therefore, 
WM-115 cells transfected with sh-SLC7A11-
AS1 or sh-NC were injected into the tail vein of 
BALB/c nude mice to investigate whether 
SLC7A11-AS1 can inhibit the metastasis of MM 
to the lungs (Figure 2A). The number of tumor 
nodules within the lungs of the mice was deter-
mined in H&E-stained lung tissue sections 14 
days after injecting the transfected cells (Fig- 
ure 2B). Mice injected with sh-NC-transfected 
cells had large metastatic lesions, and the 
tumors in the lungs had clear boundaries. In 
contrast, the lungs of mice injected with sh-
lncRNA#1 and sh-lncRNA#2-transfected cells 
displayed small and scattered metastatic 
lesions. Mice in the sh-NC group had 15-25 
nodules in the lung tissues, whereas those in 
the sh-lncRNA#1 and sh-lncRNA#2 groups had 

0-5 nodules (P < 0.01; Figure 2C). The body 
weight of the mice was evaluated every 3 days 
for 15 days, and the weights of the lungs were 
measured after resection. The weights of the 
lungs of mice from the sh-lncRNA#1 and sh-
lncRNA#2 groups were lower than those of 
mice from the sh-NC group (P < 0.01; Figure 
2D); However, no differences in body weight 
were observed among the three groups (Figure 
2E). Overall, these results suggested that 
depleting SLC7A11-AS1 levels can inhibit the 
lung metastasis of MM. 

SLC7A11-AS1 interacted with CTCF and main-
tained its expression in MM cells

Given that the function of SLC7A11-AS1 is 
associated with its subcellular localization [25-
27], we first isolated cytoplasmic and nuclear 
RNA from MM cells to determine its localiza-
tion. The RT-qPCR results showed that approxi-
mately 80% and 75% of SLC7A11-AS1 expres-
sion was localized to the cytoplasm of WM-115 
and SK-MEL-5 cells, respectively. In contrast, 
only approximately 20% and 25% of expression 
was observed in the nucleus of WM-115 and 
SK-MEL-5 cells, respectively (both P < 0.01; 
Figure 3A and 3B). Therefore, SLC7A11-AS1 
was enriched in the cytoplasmic fraction of MM 
cells. The catRAPID, RNAlnter, and miRDB data-
base tools were used to predict the proteins 
and RNAs having putative binding sites for 

Figure 2. Knockdown of SLC7A11-AS1 
inhibits the lung metastasis of MM cells. 
A. SLC7A11-AS1 was knocked down and 
its levels were determined in tumor tis-
sues after 15 days using RT-qPCR. B. 
Images show lung morphology and H&E-
stained lung sections with metastases 
in the sh-NC, sh-lncRNA#1, and sh-ln-
cRNA#2 groups. C. Number of metasta-
ses in the lung tissue sections (n = 10). 
D. Lung weight of model mice (n = 10). 
E. Body weight of model mice (n = 10).
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SLC7A11-AS1 (Figure 3C; Tables S1 and S2). 
We focused on CTCF because it plays a key role 
in the invasion and migration of MM cells [28, 
29]. The binding sites on CTCF and SLC7A11-
AS1 were shown in Figure 3D, 3E. Interestingly, 
CTCF was highly expressed in MM cells (Figure 
3F). Moreover, SLC7A11-AS1 knockdown sig-
nificantly decreased the CTCF protein levels 
(Figure 3G). We performed RNA pull-down 
assays to verify whether CTCF could directly 
bind to SLC7A11-AS1. Biotinylated sense 

SLC7A11-AS1-but not antisense SLC7A11-AS1-
could directly pull down in WM-155 (Figure 3H) 
and SK-MEL-5 (Figure 3I) cells. Furthermore, 
RIP assays were performed to identify CTCF-
interacting RNAs, and the results showed that 
the CTCF antibody precipitated high amounts 
of SLC7A11-AS1 and lncRNA fire in WM-115 
and SK-MEL-5 cells compared with an anti-IgG 
control antibody (Figure 3J, 3K). Overall, these 
results suggested that SLC7A11-AS1 may 
directly and specifically sponge CTCF.

Figure 3. CTCF binds to SLC7A11-AS1 in melanoma cells. (A, B) RT-qPCR data shows that SLC7A11-AS1 was primar-
ily localized in the cytoplasm of WM-115 and SK-MEL-5 cells. (C) Downstream targets of SLC7A11-AS1 predicted 
using bioinformatic analysis. The binding sites of CTCF in SLC7A11-AS1 (D) and the binding sites of SLC7A11-AS1 
in CTCF (E). (F) High expression of CTCF in WM-115 and SK-MEL-5 cells. (G) CTCF expression in WM-115 and SK-
MEL-5 cells after the knockdown of SLC7A11-AS1. (H, I) RNA pull-down assay results showed the interaction be-
tween SLC7A11-AS1 and CTCF in WM-115 and SK-MEL-5 cells. (J, K) RIP assay results showed the enrichment of 
SLC7A11-AS1 and CTCF in WM-115 cells and SK-MEL-5 cells. 

http://www.ajcr.us/files/ajcr0152571suppltab1.xlsx
http://www.ajcr.us/files/ajcr0152571suppltab2.xlsx
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UBE3A promoted the ubiquitination and degra-
dation of CTCF

Ubiquitin and E3 ligase play an important role 
in protein degradation. We screened the lysine 
modification sites and their functions in CTCF 
to determine whether CTCF is ubiquitinated by 
E3 ligase. Numerous ubiquitin modification 

sites were observed in CTCF (Figure 4A). The 
CHX chase assay showed that SLC7A11-AS1 
knockdown showed a shorter CTCF half-life in 
WM-115 and SK-MEL-5 cells compared with 
sh-NC (Figure 4B, 4C). The degradation of CTCF 
was inhibited by MG132, and the inhibitory 
effect of MG132 was ameliorated by SLC7A11-
AS1 knockdown (Figure 4D, 4E). Next, we deter-

Figure 4. UBE3A promotes the ubiquitination and degradation of 
CTCF. A. Lysine modifications and their functions in CTCF. B, C. CHX 
(100 µg/ml) chase assay results indicate that sh-lncRNA promotes 
CTCF degradation. D, E. MG132 (10 μM) treatment reveals that sh-
lncRNA inhibits the expression of CTCF. F, G. LncRNA inhibits the 
ubiquitination of CTCF. H. UBE3A knockdown promotes the expres-
sion of CTCF. I. UBE3A overexpression inhibits the expression of 
CTCF. J, K. Co-IP results reveal that CTCF interacts with UBE3A. 
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mined the E3 ligase of CTCF and the mecha-
nism by which SLC7A11-AS1 regulates CTCF 
degradation. Upregulation of SLC7A11-AS1 sig-
nificantly decreased the ubiquitination of CTCF 
(Figure 4F, 4G). We evaluated UBE3A as an E3 
ligase responsible for the ubiquitination of 
CTCF. UBE3A knockdown increased the CTCF 
protein level (Figure 4H). However, the overex-
pression of UBE3A decreased the level of  
CTCF (Figure 4I). The co-immunoprecipitation 
results showed that SLC7A11-AS1 overexpres-
sion weakened the interaction between UBE3A 
and CTCF (Figure 4J, 4K). Taken together, 
UBE3A promoted the ubiquitination and degra-
dation of CTCF, which were regulated by 
SLC7A11-AS1.

Downregulation of CTCF inhibited the invasive 
and migratory abilities of MM cells

We measured the levels of CTCF in WM-115 
and SK-MEL-5 cells and found that protein lev-
els of CTCF were significantly lower in the sh-
CTCF groups compared with those in the sh-NC 
groups (all P < 0.01; Figure 5A, 5B). Sh-NC and 
sh-CTCF were then transfected into WM-115 
and SK-MEL-5 cells to determine whether dys-
regulated CTCF expression affects the invasive 
and migratory capacity of MM lines. The CCK-8 
assay results confirmed that sh-CTCF transfec-
tion decreased the viability of WM-115 cells at 
24, 48, and 72 h compared with sh-NC trans-
fection (Figure 5C). In addition, a similar effect 
was observed in SK-MEL-5 cells at the three 
time points (all P < 0.01; Figure 5D). EdU-
positive cell counts significantly decreased 
after sh-CTCF transfection in WM-115 and 
SK-MEL-5 cells compared with those after 
sh-NC transfection (all P < 0.01; Figure 5E-H). 
Sh-CTCF suppressed the invasive ability of 
WM-115 cells by approximately 50% (P < 0.01; 
Figure 5I, 5J) and that of SK-MEL-5 cells by 
approximately 40% (P < 0.01; Figure 5K, 5L). A 
corresponding inhibitory effect on cell migra-
tion was observed after sh-CTCF transfection  
in both WM-115 (P < 0.01; Figure 5M, 5N) and 
SK-MEL-5 (P < 0.01; Figure 5O, 5P) cells. 
Moreover, sh-CTCF upregulated the levels of 
E-cadherin in both WM-115 and SK-MEL-5 cells 
(both P < 0.01; Figure 5Q, 5S) and downregu-
lated those of N-cadherin, MMP2, and MMP9 
(P < 0.01 for both cell lines; Figure 5Q, 5R, 
5T-V), indicating that the inhibition of CTCF res-
cued the MM cell invasion and migration.

Downregulation of CTCF inhibited pulmonary 
metastasis of MM in a mouse model

The effect of sh-CTCF on the metastatic ability 
of MM cells was assessed in a lung metastasis 
mouse model generated by injecting sh-CTCF-
transfected (or sh-NC-transfected) WM-115 
cells into the tail vein of mice (Figure 6A). Figure 
6B shows the representative histopathologic 
images. Mice injected with sh-NC-transfected 
MM cells showed large metastatic lesions and 
their lung tumors had clear boundaries. In con-
trast, mice injected with sh-CTCF-transfected 
cells showed relatively small and scattered 
tumor masses in the lungs. Additionally, the 
average number of lung metastatic nodules 
was noticeably lower in mice from the sh-CTCF 
group compared with those from the sh-NC 
group. Mice in the sh-NC group had 18-27 nod-
ules on the lung surface, whereas those in the 
sh-CTCF group had 0-5 nodules (P < 0.01; 
Figure 6C). The lung weight of mice in the sh-
CTCF group was less than that of mice in the 
sh-NC group (Figure 6D). However, body weight 
was not significantly different between the two 
groups (Figure 6E). Overall, the downregulation 
of CTCF inhibited lung metastasis of MM in 
mice.

Discussion

LncRNAs regulate the progression of MM [30-
32]. SLC7A11-AS1 is a sensitive and specific 
biomarker for various types of cancers, includ-
ing pancreatic [25, 33] and lung cancers [24]. 
However, the role of SLC7A11-AS1 in the patho-
genesis of MM remains unknown. Here, we 
found that SLC7A11-AS1 accelerated MM cell 
migration and invasion and promoted lung 
metastasis in a mouse model. Furthermore, we 
showed for the first time that SLC7A11-AS1 
maintained CTCF stability by blocking UBE3A-
mediated ubiquitination. 

LncRNAs are involved in numerous biological 
processes. They may act as the activators of 
distinct transcriptional programs or as scaf-
folds for the ribonucleoprotein complexes. 
Additionally, lncRNAs can regulate the expres-
sion of genes at multiple levels. Therefore, 
investigating the functions of lncRNAs and the 
associated mechanisms will facilitate the 
understanding of the molecular mechanisms 
underlying tumorigenic processes. SLC7A11-
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AS1 plays an oncogenic role in gastric and 
breast cancers [13, 34]. Yang et al. [33] report-
ed that SLC7A11-AS1 expression was increased 

in pancreatic ductal adenocarcinoma (PDAC) 
tissues and gemcitabine-resistant cell lines. 
Additionally, SLC7A11-AS1 inhibition attenuat-

Figure 5. Downregulation of CTCF inhibits the invasive and migratory abilities of MM cell lines. A, B. CTCF protein 
level in WM-115 and SK-MEL-5 cells transfected with sh-CTCF determined using western blotting. C, D. Viability of 
WM-115 and SK-MEL-5 cells transfected with sh-CTCF determined using CCK-8 assay. E-H. Proliferation of sh-CTCF-
transfected WM-115 and SK-MEL-5 cells determined Edu staining assay. I-L. Invasive ability of sh-CTCF transfected 
WM-115 and SK-MEL-5 cells determined using transwell assay (Scale bar: 50 μm). M-P. Migratory ability of sh-CTCF-
transfected WM-115 and SK-MEL-5 cells detected using wound-healing assay (100 ×). Q-V. Levels of E-cadherin, 
N-cadherin, MMP2, and MMP9 in cells transfected with sh-CTCF detected using western blotting. 
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ed PDAC stemness and increased the sensitiv-
ity of PDAC cells to gemcitabine. Liang et al. 
[26] found that SLC7A11-AS1 was closely cor-
related with the metastasis of hepatocellular 
carcinoma. However, whether SLC7A11-AS1 is 
aberrantly expressed in MM or plays a role in 
the pathogenesis of this malignancy remains 
unknown. We found that SLC7A11-AS1 was sig-
nificantly upregulated in MM cell lines com-
pared with normal human melanocytes, indi-
cating the crucial role of SLC7A11-AS1 as an 
oncogene in MM. Liu et al. also reported that 
SLC7A11-AS1 levels increase in lung cancer, 
and it is involved as an oncogene in tumorigen-
esis [24]. In this study, we verified whether this 
lncRNA also exerts oncogenic functions in MM 
as in other tumors, such as PDAC [33] and lung 
cancer [24]. Therefore, we depleted SLC7A11-
AS1 expression and evaluated the effect on the 
invasive and migratory potential of MM cells. 
The knockdown of SLC7A11-AS1 inhibited the 
invasion and migration of MM cells and inhibit-
ed lung metastasis in a mouse model. Taken 
together, SLC7A11-AS1 may function as an 
oncogene in MM.

The molecular mechanism underlying lncRNA 
activity depends on its subcellular localization. 
LncRNAs located in the cytoplasm, which can 
regulate protein expression by modulating pro-

tein ubiquitination [33] or through cis-regulato-
ry mechanisms [34]. Here, we found that 
SLC7A11-AS1 was primarily localized to the 
cytoplasm in MM cells; therefore, we explored 
its function as a potential scaffold. In this study, 
we conducted a bioinformatic analysis and 
found that SLC7A11-AS1 contains a conserved 
target site for CTCF binding. The dysregulation 
of CTCF can exert both tumor-promoting and 
tumor-suppressing effects in various types of 
cancer. For example, high CTCF expression lev-
els promoted the growth of breast cancer [35], 
osteosarcoma [36], and colorectal cancers 
[37], whereas CTCF downregulation inhibited 
cell proliferation and invasion and facilitated 
cell apoptosis [38]. These observations sug-
gested that CTCF may be the downstream tar-
get of SLC7A11-AS1 in MM cells. Our results 
showed that SLC7A11-AS1 forms a complex 
with CTCF. SLC7A11-AS1 and CTCF were highly 
enriched in MM cell lines, providing further evi-
dence that SLC7A11-AS1 regulation of MM 
metastasis is associated with CTCF. Interes- 
tingly, we identified that CTCF interacts with  
the UBE3A, an E3 ligase, by reviewing previous 
research. Additionally, we found that SLC7A11-
AS1 antibody precipitated both CTCF and 
UBE3A, and UBE3A was strongly associated 
with the biotin-labeled CTCF probe in RNA pull-
down assays. Furthermore, sh-UBE3A signifi-

Figure 6. Inhibition of CTCF suppresses the lung metastasis of MM cells. A. CTCF was knocked down, and its levels 
in tumor tissues were determined after 15 days using western blotting. B. Images show the lung morphology and 
H&E-stained lung sections with metastases in the sh-NC and sh-CTCF groups. C. Numbers of metastases in the lung 
tissue sections (n = 10). D. Lung weight of model mice (n = 10). E. Body weight of model mice (n = 10). 
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cantly increased the CTCF protein levels. 
Altogether, SLC7A11-AS1 could regulate CTCF 
by directly inhibiting the binding of CTCF with 
UBE3A. We then explored whether the regula-
tory role of SLC7A11-AS1 in MM metastasis is 
exerted by upregulating CTCF. Sh-CTCF trans-
fection rescued the growth, migration, and 
invasion of MM cells and further confirmed its 
inhibitory effect on mouse lung metastasis. 
These findings suggested that SLC7A11-AS1 
promotes the invasion and migration of MM 
cells by inhibiting the UBE3A-mediated ubiquiti-
nation of CTCF.

However, our study has some limitations. First, 
we did not investigate the mechanisms and 
pathways through which CTCF enhances the 
malignant characteristics of tumor cells. In 
addition, we did not explore the effects of com-
bining CTCF and SLC7A11-AS1 knockdown as a 
rescue experiment. Moreover, we did not deter-
mine whether SLC7A11-AS1 targets miRNAs 
while regulating MM metastasis or CTCF inter-
acts with other proteins.

Conclusion

We found that SLC7A11-AS1 expression is 
upregulated in MM cell lines. SLC7A11-AS1 
enhances the proliferative, invasive, and migra-
tory abilities of MM cells by inhibiting UBE3A-
mediated ubiquitination of CTCF. Our findings 
provide novel insights into the prevention and 
treatment of MM.
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