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Abstract. – OBJECTIVE: Recent studies have re-
vealed that long noncoding RNAs (lncRNAs) play 
a crucial role in tumor progression. Melanoma is a 
common type of fatal cancer worldwide. The aim of 
this study was to identify the exact role of lncRNA 
SNHG7 in the progression of melanoma and to ex-
plore the possible underlying mechanism.

PATIENTS AND METHODS: SNHG7 expres-
sion in both melanoma cells and tissue samples 
was detected by Real-time quantitative poly-
merase chain reaction (RT-qPCR). The function 
of SNHG7 was identified by transwell assay and 
wound healing assay in vitro, respectively. More-
over, the underlying mechanism was explored 
by RT-qPCR and Western blot assay.

RESULTS: SNHG7 expression in tumor tissues 
was remarkably up-regulated when compared 
with normal tissues. The migration and invasion of 
melanoma cells were significantly inhibited after 
the silence of SNHG7 in vitro. After the silence of 
SNHG7, both the mRNA and protein levels of SOX4 
were significantly down-regulated. Besides, the 
expression of SOX4 in tumor tissues was positive-
ly correlated with the expression of SNHG7.

CONCLUSIONS: Our findings suggested that 
SNHG7 could promote the invasion and migra-
tion of melanoma cells through up-regulating 
SOX4, which might offer a new therapeutic inter-
vention for melanoma patients.
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Introduction

Melanoma, derived from malignant transfor-
mation of melanocytes, is the most aggressive skin 

cancer worldwide. It is estimated that melanoma 
accounts for nearly three-quarters of all skin-can-
cer-related deaths. Since 1981, the morbidity of 
melanoma1,2 has been steadily increasing globally 
every year. Approximately 76,380 new cases were 
diagnosed as melanoma in America by the end of 
2016, with 10,130 deaths (http://www.seer.cancer.
gov/statfacts/.). Meanwhile, the prognosis of mel-
anoma remains poor, particularly for patients at 
advanced stages or with distant metastasis3. Cur-
rently, remarkable advances have been made in 
immunotherapy and molecularly targeted therapy 
for melanoma. However, patients may develop re-
sistance to these managements rapidly. Therefore, 
it’s urgent to uncover the molecular mechanism of 
melanoma tumorigenesis and to find out potential 
biomarkers for early diagnosis. 

Emerging evidence has indicated that long 
noncoding RNAs (lncRNAs) serve as important 
regulators in a variety of pathophysiological pro-
cesses. Previous studies have demonstrated that 
lncRNAs are often dysregulated in tumorigene-
sis. For example, up-regulation of lncRNA FEN-
DRR inhibits the proliferation and malignancy 
of non-small cell lung cancer cells by serving 
as a sponge of miR-7614. LncRNA CDKN2BAS 
promotes the growth and migration of hepato-
cellular carcinoma through miR-153-5p/ARH-
GAP18 signaling pathway5. Through negatively 
regulating the expression of miR-126, lncRNA 
DUXAP8 promotes the progression of renal cell 
cancer6. LncRNA MEG8 enhances epigenetic 
induction of epithelial-mesenchymal transition 
(EMT) in pancreatic cancer cells7. Moreover, 
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over-expression of lncRNA NEAT1 promotes 
the development of prostate cancer by disturbing 
cell cycle and inhibiting prostate cancer cell pro-
liferation8. However, the exact role of lncRNA 
SNHG7 in the development of melanoma as well 
as the possible underlying biological mechanism 
remains unknown. 

In the present study, we revealed that SNHG7 
expression was significantly up-regulated in mel-
anoma tissues and cells. Moreover, functional 
experiments revealed that SNHG7 facilitated the 
invasion and migration of melanoma cells in vitro. 
Furthermore, our results discovered that lncRNA 
SNHG7 played its function in melanoma by reg-
ulating SOX4.

Patients and Methods

Clinical Samples
40 malignant melanoma tissues and 30 mela-

nocytic nevus skin tissues were collected from 
patients who underwent surgery at Shandong Pro-
vincial Hospital Affiliated to Shandong Universi-
ty. All tissues were kept at -80°C for subsequent 
use. Written informed consent was obtained from 
each patient before the surgery. This study was 
approved by the Ethics Committee of Shandong 
Provincial Hospital Affiliated to Shandong Uni-
versity.

Cell Culture
Melanoma cell lines of WM266-4, SK-

MEL-28, A375, and SK-MEL-2 (American Type 
Culture Collection, Manassas, VA, USA), and hu-
man epidermal melanocyte HEMa-LP (Invitro-
gen, Carlsbad, CA, USA) were used in this study. 
All cells were cultured in Dulbecco’s Modified 
Eagle’s Medium (DMEM, Gibco, Rockville, MD, 
USA) containing 10% fetal bovine serum (FBS; 
Gibco, Rockville, MD, USA) and penicillin. Be-
sides, cells were maintained in a humidified incu-
bator with 5% CO2 at 37°C.

Cell Transfection
To obtain SNHG7 silenced melanoma cells, 

WM266-4 and SK-MEL-28 cells were first trans-
fected with SNHG7 shRNAs expression plasmids 
(GenePharma, Shanghai, China). Subsequently, 
transfected cells were selected with neomycin for 
four weeks. Real-time quantitative polymerase 
chain reaction (RT-qPCR) was used to verify the 
transfection efficiency.

RNA Extraction and RT-qPCR
Total RNA in tissues and cells was extracted 

according to the instructions of TRIzol reagent 
(Invitrogen, Carlsbad, CA, USA). After that, 
extracted RNA was reverse-transcribed to com-
plementary deoxyribose nucleic acids (cDNAs) 
using reverse Transcription Kit (TaKaRa Bio-
technology Co., Ltd., Dalian, China). RT-qPCR 
was conducted on ABI 7500 system (Applied Bio-
systems, Foster City, CA, USA) in strict accor-
dance with SYBR Green Real-time PCR. Primers 
used in this study were as follows: LUCAT1, for-
ward 5′-CCTATCCCTTTCTCTAAGAA-3′ and 
reverse 5-ACTTCTGCAAAAACGTGCTG-3′; 
GAPDH, forward 5′-CCAAAATCAGATGGGG-
CAATGCTGG-3′ and reverse 5′-TGATGGCAT-
GGACTGTGGTCATTCA-3′. Specific thermal 
cycle was as follows: 30 s at 95°C, 5 s at 95°C for 
a total of 40 cycles, and 35 s at 60°C.

Wound Healing Assay
Transfected cells were first seeded into 6-well 

plates and cultured in DMEM medium overnight. 
Next, the cells were scratched by a sterile 10 μL 
pipette tip, followed by culture in serum-free 
DMEM. Wound closure was viewed at 0 h and 
24 h. Each assay was repeated in triplicate inde-
pendently.

Transwell Assay
A total of 5 × 104 cells in 200 µL serum-free 

DMEM were transformed to the upper chamber 
of an 8 μm pore size insert (8 μm pore size, Milli-
pore, Billerica, MA, USA) pre-coated with Matri-
gel (50 µg; BD Biosciences, San Jose, CA, USA). 
Meanwhile, the lower chamber was added with 
DMEM and fetal bovine serum (FBS). 48 h lat-
er, cotton swab was used to wipe the top surface 
of chambers. Then, the cells were immersed with 
precooling methanol for 10 min and stained with 
crystal violet for 30 min. Three fields were ran-
domly selected for each sample, and the number 
of invading cells was counted.

Western Blot Analysis
Total protein in cells was extracted by radio-

immunoprecipitation assay (RIPA) Reagent. Sub-
sequently, the concentration of extracted protein 
was quantified by the BCA protein assay kit (Ta-
KaRa Biotechnology Co., Ltd., Dalian, China). 
Target proteins were then separated by sodium 
dodecyl sulphate-polyacrylamide gel electropho-
resis (SDS-PAGE) and transferred onto polyvi-
nylidene difluoride (PVDF) membranes. After 
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that, the membranes were incubated with pri-
mary and corresponding secondary antibodies. 
Cell Signaling Technology (CST, Danvers, MA, 
USA) provided us rabbit anti-GAPDH and rabbit 
anti-SOX4, as well as goat anti-rabbit secondary 
antibody. Image J software was applied for as-
sessment of protein expression.

Statistical Analysis
Statistical Product and Service Solutions 

(SPSS) 19.0 (SPSS Inc., Armonk, NY, USA) was 
utilized for all statistical analysis. Student t-test 
was selected to compare the difference between 
two groups. Experimental data were presented 
by mean ± SD (Standard Deviation). p<0.05 was 
considered statistically significant.

Results

Expression Level of SNHG7 in Melanoma 
Tissues and Cells

First, RT-qPCR was conducted to detect 
SNHG7 expression in 40 malignant melanoma 
tissues, 30 skin tissues with melanocytic ne-
vus and 4 melanoma cells. Results showed that 
SNHG7 was significantly up-regulated in mela-
noma tissues when compared with skin tissues 
with melanocytic nevus (Figure 1A). Compared 
with HEMa-LP cells, SNHG7 level in melanoma 
cells was significantly higher (Figure 1B).

SNHG7 Knockdown Inhibited Cell 
Migration In Vitro

According to SNHG7 expression in mela-
noma cells, WM266-4 and SK-MEL-28 cells 

were chosen for knockdown of SNHG7. SNHG7 
shRNA (sh-SNHG7) and corresponding empty 
vector (sh-NC) were synthetized and transduced 
into WM266-4 and SK-MEL-28 cells. SNHG7 
expression was then determined by RT-qPCR 
(Figure 2A). Subsequent wound healing assay 
found that knockdown of SNHG7 significantly 
inhibited melanoma cell migration (Figure 2B 
and 2C).

SNHG7 Knockdown Inhibited Cell 
Invasion In Vitro

Transwell assay was performed to identify 
the effect of SNHG7 on melanoma cells. Results 
showed that the number of invaded cells was 
obviously promoted after SNHG7 knock down 
(Figure 3).

SNHG7 Promoted Melanoma 
Tumorigenesis via SOX4

RT-qPCR results further demonstrated that the 
mRNA expression of SOX4 in melanoma cells 
transfected with SNHG7 shRNA was significant-
ly down-regulated (Figure 4A). Western blot anal-
ysis further verified that the protein expression 
level of SOX4 protein was remarkably down-reg-
ulated in melanoma cells transfected with SNHG7 
shRNA (Figure 4B). To explore the interaction 
between SNHG7 and SOX4, the expression level 
of SOX4 in melanoma tissues was detected. As 
a result, SOX4 expression in melanoma tissues 
was obviously higher than that of adjacent tissues 
(Figure 4C). Subsequent linear correlation analy-
sis revealed that SOX4 expression was positively 
correlated with SNHG7 expression in melanoma 
tissues (Figure 4D).

Figure 1. Expression level of SNHG7 was increased in melanoma tissues and cells. A, SNHG7 expression was significantly 
increased in 40 malignant melanoma tissues when compared with 30 skin tissues with melanocytic nevus. B, Expression level 
of SNHG7 relative to GAPDH was determined in human melanoma cell lines and human epidermal melanocyte (HEMa-LP) 
by RT-qPCR. Data were presented as mean ± standard error of the mean. *p<0.05.
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Figure 2. Knockdown of SNHG7 repressed melano-
ma cell migration. A, SNHG7 expression in melanoma 
cells transduced with control vector (sh-NC) or SNHG7 
shRNA (sh-SNHG7) was detected by RT-qPCR. GAP-
DH was used as an internal control. B, Representative 
pictures of wound healing assay in SNHG7 shRNA 
(sh-SNHG7) group and empty control (sh-NC) group. C, 
Wound healing assay showed that the migrated ability of 
melanoma cells in SNHG7 shRNA (sh-SNHG7) group 
was significantly decreased when compared with empty 
control (sh-NC) group. The results represented the aver-
age of three independent experiments (mean ± standard 
error of the mean). *p<0.05.

Figure 3. Knockdown of SNHG7 repressed melanoma cell invasion. Transwell assay showed that the number of invaded cells 
in SNHG7 shRNA (sh-SNHG7) group was significantly decreased when compared with empty control (sh-NC) group. The 
results represented the average of three independent experiments (mean ± standard error of the mean). *p<0.05.
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Discussion
Accumulating researches have revealed that 

lncRNAs play crucial roles in the progression of 
melanoma. For instance, up-regulation of PVT1 
promotes the proliferation, cell cycle progression 
and metastasis of melanoma cells. This indicates 
that PVT1 may offer a potential diagnostic mark-
er and target for intervention9. By regulating the 
expression of miR-200b/a/429, silence of lncRNA 
ILF3-AS1 depresses the proliferation, invasion 
and migration of melanoma cells10. Meanwhile, 
over-expression of lncRNA FALEC facilitates the 
proliferation of melanoma cells by silencing p2111. 
Through inhibiting miR-200b/a/429, lncRNA 
HEIH functions as an oncogene in melanoma 
and enhances cell proliferation and invasion12. 
In addition, as a target of miR-224-5p, lncRNA 

FTH1P3 promotes the growth and migration 
of uveal melanoma cells13. Located on chromo-
some 9q34.3, small nucleolar RNA host gene 7 
(SNHG7) functions as an oncogene with 2176 bp 
in length. Emerging researches have indicated 
that SNHG7 is up-regulated in multiple malig-
nancies. For example, targeted by microRNA-186, 
SNHG7 facilitates the proliferation and migration 
of breast cancer cells14. By enhancing miR-193b 
expression and reducing FAIM2 level, SNHG7 
promotes the progression of non-small cell lung 
cancer15. After silence of SNHG7, the growth and 
migration of glioblastoma are significantly inhib-
ited through inhibition of miR-509516. In addition, 
knockdown of SNHG7 suppresses the growth and 
migration of bladder cancer cells by activation 
of Wnt/β-catenin signal pathway17. In the present 
study, SNHG7 was found significantly up-regu-

Figure 4. Interaction between SOX4 and SNHG7 in melanoma. A, The mRNA expression level of SOX4 in sh-SNHG7 
group was significantly decreased when compared with sh-NC group in melanoma cells. B, Protein expression of SOX4 was 
significantly decreased after knockdown of SNHG7 in melanoma cells. C, SOX4 was significantly up-regulated in melanoma 
tissues when compared with skin tissues with melanocytic nevus. D, Linear correlation between the expression level of SOX4 
and SNHG7 in melanoma tissues. The results represented the average of three independent experiments. Data were presented 
as mean ± standard error of the mean. *p<0.05.
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lated in both melanoma tissues and cells. Further-
more, after SNHG7 knock down, cell migration 
and invasion abilities were significantly inhibited. 
These data indicated that SNHG7 functioned as 
an oncogene and enhanced the tumorigenesis of 
melanoma. 

Sex-determining region Y-related high-mo-
bility group box 4 (SOX4), known as a tran-
scription factor, has been identified as an onco-
gene in various cancers. For example, through 
up-regulating SOX4, lncBRM functions as an 
oncogene, which also promotes the prolifera-
tion, migration and invasion of ovarian cancer 
cells18. By targeting EMT, SOX4 promotes cell 
proliferation and migration abilities of pros-
tate cancer. This indicates that SOX4 may of-
fer a potential therapeutic target19. Mediated 
by SOX4, TMEM2 promotes the migration of 
breast cancer, serving as a potential prognos-
tic biomarker20. Meanwhile, microRNA-320 in-
hibits the progression of colorectal cancer via 
targeting SOX421. In addition, lncRNA TUG1 
enhances cell proliferation and inhibits cell 
apoptosis in human osteosarcoma by down-reg-
ulating SOX422. In our study, Western blot 
analysis indicated that SOX4 was significant-
ly down-regulated after SNHG7 was knocked 
down in vitro. Moreover, positive correlation 
was found between SOX4 and SNHG7 expres-
sion in melanoma tissues. The above results re-
vealed that SNHG7 might exert its function via 
regulating SOX4.

Conclusions

We suggest that SNHG7 serves as a new bio-
marker in the development of melanoma. Fur-
thermore, our findings also indicate that lncRNA 
SNHG7 is vital in the carcinogenesis of melano-
ma and can be used as a promising mark for mel-
anoma.
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