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Abstract. – OBJECTIVE: Long noncoding 
RNAs (lncRNAs) have drawn increasing atten-
tion due to their critical roles in various diseas-
es, including melanoma. In this study, we aimed 
to explore the potential roles and underlying 
mechanisms of Small nucleolar RNA host gene 
17 (SNHG17) in the modulation of melanoma pro-
gression. 

PATIENTS AND METHODS: The levels of SN-
HG17 in melanoma tissues and cells were deter-
mined using RT-PCR. The clinical significance 
of SNHG17 in melanoma patients was analyzed 
using Chi-square tests, Kaplan-Meier methods, 
and multivariate assays. MTT assays, transwell 
assay, and flow cytometry were carried out to ex-
plore the biological functions of SNHG17. The bi-
ological mechanism underlying up-regulation of 
SNHG17 was explored using ChIP analysis and 
luciferase reporter assays. The related proteins 
of the PI3K-AKT pathway were determined by 
Western blot. 

RESULTS: High expressions of SNHG17 were 
observed in both melanoma tissues and cells. 
Up-regulation of SNHG17 in melanoma patients 
was associated with lymph node metastasis and 
tumor stage. Survival assays revealed that those 
patients with high SNHG17 expression had sig-
nificantly shorter survival time. SNHG17 was 
also confirmed to be independently associat-
ed with overall survival of melanoma patients. 
Functional studies confirmed that the prolifera-
tion, migration, and invasion of melanoma cells 
were noticeably reduced by the down-regulation 
of SNHG17. Mechanistically, the up-regulation of 
SNHG17 was induced by STAT3. We also found 
that knockdown of SNHG17 resulted in the re-
markable diminution in the phosphorylation lev-
els of PI3K and AKT, suggesting that the activity 
of the PI3K-AKT pathway was suppressed. 

CONCLUSIONS: STAT3-induced upregulation 
of SNHG17 contributed to the progression of mel-
anoma by promoting the PI3K-AKT signaling.
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Introduction

Melanoma is one of the most aggressive forms 
of cutaneous malignancy, with more than 81,500 
new cases and 9,700 deaths in the United States 
in 20151. The incidence of melanoma in the USA 
and China has continually increased during the 
past ten years. Melanoma is characterized by ag-
gressive invasion, frequent local and distant me-
tastasis, and resistance to clinical radiotherapy 
and chemotherapy2,3. Despite the treatments have 
been improved significantly over the past de-
cades, for most patients diagnosed at an advanced 
stage, the long-term overall survival remains very 
poor4,5. It is, therefore, urgent to delve into the po-
tential mechanisms of melanoma progression and 
metastasis, and to build a valuable clinical system 
of intervention for the improvement of the clinical 
outcome of melanoma. 

Long noncoding RNAs (lncRNAs), > 200 nu-
cleotides length, are a type of non-coding RNAs 
characterized by non-protein coding potential6. 
Growing studies7,8 have confirmed that lncRNAs, 
especially several critical lncRNAs, exhibit the 
vital and extensive effects in regulating mRNAs, 
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which makes them the kernel of epigenetic reg-
ulations. The important roles of lncRNAs in a 
wide range of biological processes have been also 
confirmed in various cells experiments. In re-
cent years, since lncRNAs act as crucial players 
in the modulation of tumor-related genes, espe-
cially some apoptosis and metastasis-related pro-
teins, lncRNAs become novel hot spot of tumor 
research9,10. More and more evidence suggests 
that lncRNAs influence the progression of almost 
various tumors by acting as tumor promoters or 
anti-oncogenes, which were frequently demon-
strated by many gain-of-functions and lost-of-
functions assays11,12. The imperative roles of ln-
cRNAs and their abnormal expressions in various 
tumors make them novel biomarkers for diagno-
sis, prognosis, and drug responses13,14. Although a 
great number of lncRNAs have been identified by 
microarray analysis, their biological functions in 
tumors remain largely unclear. 

Recently, LncRNA Small nucleolar RNA host 
gene 17 (SNHG17), a newly discovered lncRNA, 
was reported to be dysregulated in several tu-
mors and manipulate several key steps of metas-
tasis like migration and EMT progress15-17. This 
new lncRNA locates on human chromosome 20 
and its biological function in the tumor remained 
largely unknown. In this study, our group demon-
strated for the first time that the overexpression 
of SNHG17 in melanoma, which was consistent 
with the results previously reported in other tu-
mors. Then, the functional and mechanistic inves-
tigations were performed. Our findings revealed 
SPRY4-IT1 as a novel oncogene in melanoma 
progression.

Patients and Methods

Patient Tissues
One hundred and forty-eight resected melano-

ma tissues samples were collected from June 2010 
to May 2013 in the Tongren Hospital of Wuhan 
University. In addition, the matched normal spec-
imens were also collected from all patients. All 
tissues were frozen and stored in liquid nitrogen 
for subsequent experiments. All the patients were 
diagnosed with melanoma by two specialized 
doctors from the Department of Pathology and 
did not receive any pre-operative chemotherapy 
or radiotherapy prior to surgery. There were no 
serious perioperative complications. For the col-
lection of survival data, the life-long follow-up 
was available by abnormal reviews or by direct 

telephone interview. All participants provided 
informed consent, and all experiments and pro-
cedures were approved by the Clinical Research 
Ethics Committee of the Tongren Hospital of Wu-
han University.

Cell Culture and Transfection
The melanoma cell lines A375, A865, CHL-1, 

SK-MEL-2, and melanocyte cell line HEMa-LP 
were kindly obtained from Dr. Wang Dong (Ton-
gren Hospital of Wuhan University). HT144 was 
purchased from American Type Culture Collec-
tion (ATCC; Manassas, VA, USA). Cells were 
grown in Dulbecco’s Modified Eagle’s Medium 
(DMEM; Kunming, Yunan, China) with 10% 
fetal bovine serum (FBS; Kesimai Technology, 
Yuzhong, Chongqing, China), 80 U/mL penicillin 
(Kesimai Technology, Yuzhong, Chongqing, Chi-
na), and 80 μg/mL streptomycin (Boaosen, Tong-
zhou, China). All cells were incubated at 37°C 
with 5% CO2.

For the knockdown of SNHG17, Small inter-
fering RNA targeting SNHG17(si-lnc#1 and si-
lnc#2) and control siRNA (si-NC) were synthe-
tized and purchased from Jima Gene (Pudong, 
Shanghai, China). Small interference RNA (si-
STAT3) targeting STAT3 was purchased from 
Aidelai Technology (Haidian, Beijing, China). 
For up-regulation of STAT3, STAT3 cDNA was 
cloned into pCDNA3.1 vector (Invitrogen, Carls-
bad, CA, USA). The Lipofectamine 2000 reagent 
(Life Technologies Corporation, Tongzhou, Bei-
jing, China) was used for the cell’s transfection 
based on the user guide. After being incubated for 
48 h, the cells were harvested. 

Quantitative Real-Time PCR (RT-qPCR)
Total RNA was isolated from melanoma spec-

imens, cell lines, and normal control tissues and 
cell lines using TRIzol reagent (Invitrogen, Carls-
bad, CA, USA). Random primers were used for the 
synthesis of First-strand cDNA by the use of the 
First Strand cDNA Synthesis kit. The expression 
levels of SNHG17 and STAT3 were determined 
using the RT-PCR, which was performed by the 
use of a standard SYBR Green PCR kit (Thermo 
Fisher Scientific, Pudong, Shanghai, China). The 
circular reactions were conducted on an ABI 7300 
Real-Time PCR machine (Applied Biosystems, 
Foster City, CA, USA). Glyceraldehyde-3-phos-
phate dehydrogenase (GAPDH) was employed as 
the internal control for both SNHG17 and STAT3. 
The primer sequences which were obtained from 
Life Technology (Tongzhou, Beijing, China) are 
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shown in Table I. All experiments data were an-
alyzed as threshold cycle values (ΔCt) and then 
converted to fold changes by the use of the 2−ΔΔCt 
methods. All assays were performed in triplicate.

Cell Proliferation Assays
Cells were plated in 48-well plates in medium 

containing 10% FBS. Then, MTT assays were 
performed for the examination of cells viability. 
Briefly, 20 μl MTT (10 mg/ml; Sigma, Haidian, 
China) was added to each well, and the prolifera-
tions were detected at 0, 24, 48 or 72 h after trans-
fection. After incubation for 4 h, the mediums 
which were incubated for 8 h were then removed 
and 200 μL dimethyl sulfoxide (DMSO; Sig-
ma, Haidian, Beijing, China) was added for the 
suspension of the reactions. A microplate read-
er set at 450 nM was used for the assessment of 
the absorbances. EdU incorporation assays were 
performed using the EdU kit (Roche, Pudong, 
Shanghai, China) based on the user’s operations. 
The experiment data were collected and quanti-
fied by the use of a Micro Demo fluorescence mi-
croscope and Image-Pro plus 6.0 software.

Next, the colony formation assays were further 
performed. Cells were seeded in 6-well plates at a 
density of 400 cells per well and cultured in Dul-
becco’s Modified Eagle’s Medium (DMEM) me-
dium containing 10% FBS for fourteen days. Col-
onies were fixed with formaldehyde and stained 
with 0.1% crystal violet (1 mg/ml). Images were 
arrested digitally and colonies were counted. 

Flow Cytometry
A375 and CHL-1 cells were transfected with 

si-SNHG17 or pcDNA3.1-STAT3 and their controls 
were selected using blasticidins for stable expres-
sions. Then, double staining with FITC-Annexin 
V/propidium iodide (PI) was performed by the use 
of the FITC Annexin V Apoptosis Detection Kit 
(Aosen Technology, Haidian, Beijing, China) based 
on the users’ operation. After the supplement of 10 
μl Annexin V-FITC (Aosen Technology, Haidian, 

Beijing, China) and 5 μl propidium iodide (Aodelai, 
Tongzhou, Beijing, China), stained cells were im-
mediately analyzed using FACS (BD Biosciences, 
Franklin Lakes, NJ, USA). 

Wound Healing Assay
For wound healing assays, cells after transfec-

tion were incubated with normal cell growth me-
dium in 12-well plate and cultured at 36°C for 24 
h. Then, a 15 μl sterile pipette tip was used to cre-
ate wounds when cultures reached 80% conver-
gence. Separated cells were then washed out us-
ing phosphate-buffered solution (PBS) to remove 
cellular detritus. Then, the cells were cultured 
in medium with 1% FBS. Photographs of cellu-
lar migration toward the scratched area in three 
observed fields were randomly captured, and the 
percentage of the open area was examined. 

Invasion Assays
Transwell experiments were performed for 

the determination of invasion ability of cells. 6 
× 105 cells (A375 and CHL-1) were transferred 
on the top of Matrigel-coated invasion cham-
bers (24-well insert, BD Biosciences, Haidian, 
Beijing, China) in serum-free DMEM (Thermo 
Fisher Scientific, Tongzhou, Beijing, China) 
and incubated at 37°C for 2 h. The lower cham-
bers were filled with 600 μl of Roswell Park 
Memorial Institute-1640 (RPMI-1640) medium 
(#22310 Gibco, Grand Island, NY, USA) which 
contained 5% FBS. After incubation under 5% 
(v/v) CO2 for 24 h, the upper surface of the 
membrane which contained non-filtered cells 
was wiped with a cotton swab and cells in the 
lower surface (the migrated cells) were stained 
with crystal violet. Then, PBS was used to wash 
the migrated cells twice. Cells were randomly 
selected in five fields and an inverted micro-
scope was used for the count. Each experiment 
was repeated at least three times.

Luciferase Reporter Assays
An online predicted software JASPAR was 

used for the identification of the STAT3 binding 
motif in the promoter region of SNHG17. The al-
tered fragment sequences were synthesized by 
Jima Technology (Pudong, Shanghai, China) and 
then inserted into a pcDNA.31 vector (Promega, 
Pudong, Shanghai, China). After the demonstra-
tion of sequencing, the Luciferase activities were 
examined using the Dual-Luciferase reporter as-
says system (Promega, Madison, WI, USA). Re-
nilla was used as an internal control. 

Table I. The sequences of primers for RT-PCR.

Names Sequences (5’-3’)

SNHG17 (forward) TGCTTGTAAGGCAGGGTCTC
SNHG17 (reverse) ACAGCCACTGAAAGCATGTG
STAT3 (forward) CAGCAGCTTGACACACGGTA
STAT3 (forward) AAACACCAAAGTGGCATGTGA
GAPDH (forward) CTGGGCTACACTGAGCACC
GAPDH (forward) AAGTGGTCGTTGAGGGCAATG
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ChIP Assays
For the demonstration of STAT3 occupancy in 

the SNHG17 promoter regions, ChIP Assays were 
performed in A375 and CHL-1 cells. Briefly, the 
cells cultured in DMEM (Invitrogen, Carlsbad, 
CA, USA) and then fixed with 4% paraformal-
dehyde (Fumei Technology, Zhengzhou, Henan, 
China). For realizing DNA-proteins cross-links, 
collected cells were further incubated with glycine 
(CA#2231, Tongzhou, Beijing, China) for 30 min. 
Then, the cells were lysed and sonicated to gener-
ate chromatin fragments of 300-500 bp. The neg-
ative control, normal IgG, and antibodies against 
STAT3, EZH2, and H3K27me3 were bond with 
magnetic beads. Above proteins used in this ex-
periment were purchased from Fumei Technology 
(Zhengzhou, Henan, China). RT-PCR was per-
formed to recover the precipitated chromatin DNA. 

Western Blot Analysis
The transfected cells from each group were 

lysed in ice-cold radio immunoprecipitation assay 
(RIPA) buffer (Solarbio; Haidian, Beijing, China) 
for collecting total proteins. The concentration 
of collected proteins was quantified by the use of 
a bicinchoninic acid (BCA) proteins assays kit. 
Then, equal amounts of proteins were separat-
ed on 10 to 20% sodium dodecyl sulphate-poly-
acrylamide gels (SDS-PAGE) and transferred to a 
polyvinylidene difluoride (PVDF) membrane. Af-
ter blocked in 5% powdered milk for 60 min, the 
membrane was incubated with rabbit anti-PI3K, 
anti AKT, and anti-GAPDH antibodies over-
night at 4°C. All proteins were purchased from 
Boaosen (Tongzhou, Beijing, China). Then, a 
secondary antibody that was conjugated to horse-
radish peroxidase (HRP) was used to incubate the 
membrane handled by primary antibodies for two 
hours. The immune bonds were tested by chemi-
luminescence. 

Statistical Analysis
All statistical analyses were performed us-

ing SPSS 18.0 software (SPSS Inc., Chicago, IL, 
USA). Differences between groups were com-
pared using independent-samples t-test. Statistical 
assays were carried out using ANOVA followed 
by the Student-Newman-Keuls test for data in-
volving > two groups. Overall survival rates were 
calculated using Kaplan-Meier methods (log-rank 
tests). The further explorations of significance of 
survival factors were demonstrated by perform-
ing Cox regression assays. p < 0.05 was consid-
ered as statistically significant.

Results

Upregulation of SNHG17 in Melanoma 
Tissues and Cell Lines

For the primary identification of functional 
lncRNAs in melanoma progression, we down-
loaded microarray data of lncRNAs detection 
from GSE3189 datasets. The results by statis-
tically analyzing microarray data showed that 
443 up-regulated lncRNAs and 239 down-regu-
lated lncRNAs in melanoma were displayed us-
ing volcano plots (Figure 1A). Of note, SNHG17 
was found to be distinctly overexpressed in 
melanoma (Figure 1B). Then, 148 pairs of mel-
anoma specimens and matched normal tissues 
were collected, and RT-PCR was performed 
for the demonstration of the overexpressed 
SNHG17. As shown in Figure 1C, we showed 
that SNHG17 levels were significantly upregu-
lated in melanoma tissues compared with those 
in paired adjacent specimens (p < 0.01). In ad-
dition, the expressing trend of SNHG17 in mel-
anoma cells was also explored using RT-PCR 
and the results revealed that higher levels of 
SNHG17 were observed in five melanoma cell 
lines than in the normal skin cells (HEMa-LP). 
Overall, our findings from our above experi-
ments confirmed that SNHG17 was a dysregu-
lated lncRNA in melanoma and its overexpres-
sion may be involved in the progression of this 
disease. 

SNHG17 Upregulation Associates with 
Poor Prognosis in Patients with Human 
Melanoma

For the investigations of the clinical value of 
SNHG17 expressions in melanoma patients, our 
group chose the mean of fold increase of SNHG17 
expressions in melanoma specimens as the cut-
off point for the grouping (High group and Low 
group). Then, Chi-square tests were performed and 
we showed that high levels of SNHG17 were asso-
ciated with lymph node metastasis (p = 0.012) and 
tumor stage (p = 0.006) (Table II). Moreover, the 
prognostic value of SNHG17 in melanoma patients 
was analyzed using Kaplan-Meier methods. As 
shown in Figure 1E, we found that low-SNHG17 
group had a significantly improved overall survival 
compared to the high-SNHG17 group (p = 0.0027). 
Then, univariate analysis was used for the determi-
nation of potential factors which may be related to 
the survival of patients and the results revealed that 
lymph node metastasis, tumor stage, and SNHG17 
expression were associated with the overall surviv-
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al of melanoma patients. Moreover, the above fac-
tors were further examined in multivariate assays. 
As shown in Table III, the results demonstrated 
that higher level of SNHG17(HR=2.856, 95% CI: 

1.138-4.327, p =0.007), together with lymph node 
metastasis and tumor stage, was an independent 
prognostic factor in predicting the overall survival 
of melanoma patients. 

Figure 1. SNHG17 levels were upregulated in melanoma and its potential clinical significance was analyzed. A, Volcano plot 
shows that the dysregulated lncRNAs in melanoma tissues by analyzing the microarray data for GSE3189. B, Expression of 
SNHG17 was found to be upregulated in melanoma from GSE3189. C, qPCR analysis of SNHG17 expressions in melanoma 
tissues and matched normal tissues. D, Levels of SNHG17 in five melanoma cells lines and HEMa-LP were determined using 
RT-PCR. E, Survival analysis of 148 melanoma patients by Kaplan-Meier method based on the mean expression of SNHG17. 
**p < 0.01, *p < 0.05. 

Table II. Clinicopathological features and SNHG17 expression in melanoma.

 SNHG17 expression
 
Variable No. High Low p-value

Age    0.248
  ≤55 72 32 40 
  >55 76 41 35 
Sex    0.362
  Male 96 50 46 
  Female 52 23 29 
Tumor thickness (mm)    0.134
  ≤2.0 96 43 53 
  >2.0 52 30 22 
Lymph node metastasis    0.012
  Negative 109 47 62 
  Positive 39 26 13 
Tumor stage    0.006
  I/II 99 41 58 
  III/IV 49 32 17 
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Downregulation of SNHG17 Suppressed 
Proliferation and Promoted Apoptosis in 
Melanoma

To examine the functions of SNHG17 in the 
cellular ability of melanoma, the down-regulation 
of SNHG17 was carried out in A375 and CHL-1 
cells by introducing with si-SNHG17 and the ef-
fects were confirmed using RT-PCR (Figure 1A). 
Next, MTT assays were used to explore the roles 
of SNHG17 in melanoma cells and the results re-
vealed that compared with si-NC group, A375, and 
CHL-1 cells transfected with si-lnc#1 and si-lnc#2 
had a significant decrease in cell viability (Fig-
ure 2B). In addition, our group further performed 
EdU assays to explore whether SNHG17 have a 
functional effect in SNHG17 promotion on DNA 
synthesis during cells proliferation. As shown in 
Figures 2C and 2D, we showed that EdU-positive 
cells were decreased in si-SNHG17 treated groups, 
indicating that decreased DNA synthetic activities 
resulted from the suppression of SNHG17. Further-
more, the results of colony formation assays also 
demonstrated that SNHG17 knockdown distinctly 
suppressed the proliferative capacity of A375 and 
CHL-1 cells (Figure 2E). Apoptosis analysis was 
performed to determine the effect of SNHG17 
suppression on apoptosis melanoma cells and 
the results suggested that A375 and CHL-1 cells 
showed a distinct enhancement of apoptosis abil-
ity in response to si-SNHG17 transfection (Figure 
2F). For the exploration of the mechanism involved 
in the promotion of apoptosis mediated by knock-
down of SNHG17, the Caspase 3/9 activity assays 
were studied and we found that down-regulation 
of SNHG17 suppressed the activity of caspase 3/9. 
Overall, our findings suggested that up-regulation 
of SNHG17 expressions may contribute to melano-
ma cell growth. 

SNHG17 Elicited the Migration 
and Invasion of Melanoma Cells

Since up-regulation of SNHG17 expressions 
has been confirmed in melanoma and clinical 

assays also suggested the positive association 
between SNHG17 and the metastasis of melano-
ma patients, our group performed loss-of-func-
tion experiments to explore whether SNHG17 
was involved in the regulation of migration and 
invasion of melanoma cells. As shown in Figure 
3A and 3B, the results of transwell experiments 
revealed that the invasive abilities of A375 and 
CHL-1 cells were distinctly reduced upon the 
suppression of SNHG17 compared with control 
cells. In addition, using wound healing assays, 
we also observed that knockdown of SNHG17 
decreased the wound closure of A375 and CHL-
1 cells, which revealed that the suppression 
of migrative abilities of melanoma cells was 
caused by SNHG17 knockdown (Figures 3C 
and 3D). Overall, our findings highlighted the 
positive roles of SNHG17 in metastasis of mel-
anoma cells. 

STAT3 Induced SNHG17 Expression by 
Serving as a Transcription Activator

To explore the mechanism underlying the 
up-regulation of SNHG17 in melanoma, our 
attention focused on the possible transcription 
factors, which may be involved in the modu-
lation of SNHG17 expressions. Previously, 
STAT3 as a modulator had been reported to 
regulate the expressions of lncRNAs in sever-
al tumors. In addition, this gene was also con-
firmed to act as a tumor promoter in various 
tumors18,19. We analyzed data from GSE3189, 
finding that STAT3 expression was upregulated 
in melanoma (Figures 4A and 4B), which was 
consistent with previous studies on the dysreg-
ulated STAT3 in melanoma. Using JASPAR 
software, two binding sites of STAT3 to the 
SNHG17 promoter were primarily predicted, 
and Figure 3D showed the schematic diagram 
of binding sites. Then, we further explored 
whether STAT3 may contribute to the expres-
sion of SNHG17. In our cells experiments by 
increasing or decreasing the expressions of 

Table III. Univariate and multivariate Cox proportional hazard model analysis of overall survival in melanoma patients..

 Univariate analyses Multivariate analyses

Factors HR 95% CI p HR 95% CI p

Age 1.328 0.582-1.994 0.148 - - -
Sex 1.522 0.837-2.371 0.129 - - -
Tumor thickness 1.138 0.519-2.347 0.118 - - -
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Figure 2. SNHG17 promoted the aggressiveness of melanoma cells. A, Levels of SNHG17 in CHL-1 and A375 cells were 
distinctly increased by transfection of si-lnc#1 and si-lnc#2. B, Representative results of MTT cell proliferation assays. C, 
D, Representative photomicrographs of EdU staining in CHL-1 and A375 cells after transfection (magnification: 100×). E, 
Down-regulation of SNHG17 suppressed colony formation as determined by colony formation assays in melanoma cells 
(magnification: 10×). F, Data of apoptosis assays indicated that down-regulation of SNHG17 can distinctly induce apoptosis of 
CHL-1 and A375 cells. G, Activation analysis of Caspase 3/9 determined in OD 450 nm. **p < 0.01, *p < 0.05. 
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STAT3 which was showed using RT-PCR as-
says, we found that overexpression of STAT3 
resulted in increased expression of SNHG17 in 
melanoma cells, while silencing STAT3 had an 
opposite result (Figures 4E and 4F). Moreover, 
the results of ChIP assays also directly revealed 
that STAT3 could directly bind to the promoter 
region of SNHG17 in A375 cells (Figure 4G). In 
addition, the promoter region of SNHG17 was 
inserted into a pcDNA.3.1 vector, and Dual-Lu-
ciferase Reporter assays were performed. As 
shown in Figure 2H, we observed that STAT3 
activated luciferase (Figure 2H). Taken togeth-
er, the above data indicated that overexpression 

of SNHG17 in melanoma cells may be induced 
by STAT3. 

Knockdown of SNHG17 Represses 
PI3K/Akt Signaling

The phosphatidylinositol-3-kinase (PI3K)/Akt 
is crucial to many physiological and pathological 
conditions and plays a critical role in the progres-
sion of various tumors20. To further explore the 
potential mechanism by which SNHG17 promot-
ed melanoma progression, we performed West-
ern blot assays to determine the influence of the 
suppression of SNHG17 on the activity of PI3K/
Akt signaling. As shown in Figure 5, our results 

Figure 3. Knockdown of SNHG17 suppressed the motility and invasiveness of melanoma cells. Quantitative data of transwell 
results in CHL-1 A, and A375 B, cells transfected with si-SNHG17 (magnification: 40×). Wound scratch assays were carried out to 
analyze the migration efficiencies of si-SNHG17-transfected HL-1 C, and A375 D, cells (magnification: 10×). **p < 0.01, *p < 0.05.
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revealed that the levels of p-PI3K and p-Akt were 
down-regulated in si-lnc#1 and si-lnc#2 transfect-
ed A375 and CHL-1 cells. Those results indicated 
that SNHG17 may act as a positive regulator in 
the modulation of the activation of the PI3K/Akt 
signaling.

Discussion

Tang et al21 have suggested that lncRNAs, 
whose expressions displayed a difference in tu-
mors, may act as positive regulators in onco-
genesis. However, the functional influence and 

Figure 4. The transcription factor STAT3 is involved in overexpression of SNHG17. A, Clustering of lncRNA expression 
profiling of 45 melanoma cases and 7 non-tumor cases from GSE3189. B, The levels of STAT3 in melanoma tissues from 
GSE3189. C, RT-PCR assays of STAT3 in 148 pair of melanoma tissues and matched normal tissues. D, JASPER was used for 
the prediction of the binding sites between the promoter region of SNHG17 and STAT3. E, Levels of STAT3 was determined 
in CHL-1 and A375 after transfection of pcDNA3.1-STAT3 or si-STAT3 by the use of RT-PCR. F, RT-PCR assays of SNHG17 
levels in HL-1 and A375 after transfection of pcDNA3.1-STAT3 or si-STAT3. G, ChIP assays were performed for the determi-
nation of the affinity of STAT3 to SNHG17 promoter. H, Luciferase activities of the vector containing the SNHG17 promoter 
were detected for the response of down-regulation of STAT3. **p < 0.01, *p < 0.05.

Figure 5. Western blots analysis of the PI3K/Akt pathway-related proteins in the CHL-1 and A375 cells transfected with si-
lnc#1 and si-lnc#2. **p < 0.01, *p < 0.05.
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potential mechanisms of lncRNAs on melanoma 
oncogenesis and progression remain extensively 
unclear. In this study, our group identified a tu-
mor-related lncRNA SNHG17 in melanoma. Our 
experiments and clinical assays revealed that 
SNHG17 expressions were distinctly increased in 
melanoma and its high levels were associated with 
lymph node metastasis and poorer clinical out-
come. Multivariate study indicated that SNHG17 
expression was an independent poor prognostic 
factor in this tumor. Our findings suggested that 
SNHG17 could play a functional role in the pro-
gression of melanoma.

Previously Wu et al22 have revealed that the 
dysregulation of lncRNAs could be induced by 
several transcript factors. For instance, overex-
pression of lncRNA UCA1 was partly induced 
by SP123. LncRNA HOXA10-AS upregulation 
was promoted by ELK124. In this study, we also 
showed that SNHG17 expressions can also be 
modulated by another transcript factor STAT3 in 
melanoma cells. STAT3 has been reported to ex-
hibit extensive regulatory effects in expressions 
of several lncRNAs. For instance, upregulation 
of lncRNA HOXD-AS1 was mediated by STAT3 
in liver cancer. A similar situation was also ob-
served between lncRNA HAGLROS and STAT3 
in gastric cancer. However, whether some ln-
cRNAs could be regulated by STAT3 in melano-
ma was still largely unclear. Our current findings 
provided important evidence for filling a gap in 
this field. 

Recently, the expression pattern and functional 
assays of SNHG17 have been explored in several 
studies. First, SNHG17 was identified as a high-
ly expressed lncRNA in colorectal cancer by Ma 
et al16. They also showed that SNHG17 was asso-
ciated with prognosis of tumor patients, and its 
knockdown displayed a negative role in colorectal 
cancer by suppressing cells proliferation via mod-
ulating P57. In gastric cancer, the higher levels and 
tumor-promotive roles of SNHG17 were also con-
firmed. Of note, mechanistic investigations also 
demonstrated the regulated association between 
SNHG17 and P57 in gastric cancer, which suggest-
ed that SNHG17 may receive wide modulation of 
P5717. Afterwards, Chen et al15 provided clinical 
evidence that SNHG17 could act as an unfavor-
able prognostic factor in gastric cancer. Thus, we 
wondered whether SNHG17 also served as an on-
cogene in melanoma. Just as expected, a functional 
study by knocking down SNHG17 indicated that 
down-regulation of SNHG17 suppressed prolifer-
ation, migration and invasion, and induced apop-

tosis in melanoma. These results highlighted that 
SNHG17 contributes to the progression of melano-
ma. However, the lack of in vivo assays was one of 
the main limitations of this study. 

PI3K/Akt signaling pathway is aberrant in a 
wide variety of cancers, and its roles in tumor 
pathogenesis have been thoroughly examined in 
recent years25,26. In addition, many clinical drugs 
targeting this pathway are under rapid develop-
ments27. Thus, for the improvement of specific 
targeting therapies targeting this pathway, the 
studies on the potential molecular mechanisms 
by which PI3K/Akt signaling was abnormally ex-
pressed in tumors were urgently required. Above 
findings have detected SNHG17 as a tumor pro-
moter in melanoma. Then, we further explored 
whether SNHG17 showed its functional effects by 
the modulation of PI3K/Akt signaling. In our cells 
experiments, the results of Western blot showed 
that knockdown of SNHG17 resulted in the sup-
pression of p-PI3K and p-AKT, which suggested 
that the activity of PI3K/Akt signaling was inhib-
ited. Further studies with in vitro and in vivo are 
under way to describe whether SNHG17 could 
modulate other signaling pathways. 

Conclusions

STAT3-induced SNHG17 upregulation pre-
dicted shorter overall survival of melanoma pa-
tients and resulted in the promotion of melanoma 
progression via activation of PI3K/Akt signaling. 
Those data in the current research may help to 
provide novel prognostic biomarker and therapeu-
tic target for this tumor. 
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