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Long non-coding RNAs (lncRNAs) have been demonstrated to act as essential regulators in the growth and progres-
sion of neuroblastoma. In the present research, the high expression of lncRNA small nucleolar RNA host gene 4 (SNHG4) 
in neuroblastoma was tested via quantitative reverse transcription-polymerase chain reaction (qRT-PCR), and then the 
function of SNHG4 was explored and verified by CCK-8 assay, EdU assay, cell cycle assay, cell apoptosis test, wound healing 
test, and invasion test in neuroblastoma cell lines. It was discovered that lncRNA SNHG4 exhibited high expression in neuro-
blastoma tissues and cell lines, and the expression of SNHG4 was associated with the survival of neuroblastoma patients. 
Additionally, SNHG4 decrement markedly repressed neuroblastoma cells to proliferate and stimulate their apoptosis in vivo 
and in vitro. Moreover, SNHG4 decrement impeded the abilities of SH-SY5Y and IMR-32 cells to migrate and invade as 
well as epithelial-mesenchymal transition (EMT). In mechanism, we found that SNHG4 acted as a competing endogenous 
RNA to sponge miR-377-3p, which was downregulated in neuroblastomas and inhibited cell proliferation and invasion. The 
findings manifested that SNHG4 was inversely associated with miR-377-3p expression in neuroblastoma cases. Collectively, 
we revealed the functions of SNHG4 and miR-377-3p in neuroblastoma.
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As a heterogeneous tumor, neuroblastoma originates from 
neural crest progenitor cells. It is the most frequently seen 
solid neoplasm in children, taking up roughly 10% of all 
childhood cancers [1]. Its etiology is that neuronal precursor 
cells in the sympathetic nervous system unconventionally 
differentiate [2]. Neuroblastoma arises most frequently in 
the adrenal medulla, and also occurs in sympathetic ganglia 
of the sympathetic trunk and abdominal organs [3], featured 
with a wide range of clinical manifestations. Some patients 
with benign tumors undergo spontaneous regression 
without chemotherapy; others with metastatic disease are 
resistant to even intensive therapy [4, 5]. Even after intensive 
treatment, the survival rate of the most aggressive neuroblas-
toma patients is below 40% [6–8]. In recent decades, great 
endeavors have been made to inquire about the molec-
ular modulating mechanisms of neuroblastoma. There is 
increasing evidence that lncRNAs exert crucial impacts on 
the growth and evolution of neuroblastoma [9, 10], but the 
effects of most lncRNAs in neuroblastoma are still elusive.

LncRNAs are a novel kind of RNA transcripts that are 
over 200 nt long and not able to encode proteins [11]. In 

spite of the former definition of transcriptional “noise”, there 
are huge amounts of evidence that lncRNAs display mainstay 
effects in different cells and tissues [12, 13]. They have the 
ability to modulate cell pathophysiological activities at the 
epigenetic, transcriptional, or posttranscriptional levels 
[14–16]. New evidence suggests that lncRNAs have impacts 
in various human cancers, such as neuroblastoma, thyroid 
cancer, lung cancer, hepatocellular carcinoma [17–20]. For 
instance, MEG3, linc01105, and HCN3 affect the prolifera-
tion and apoptosis of neuroblastoma cells through p53 and 
HIF-1α pathways [21]. LncRNA H19 impedes cell viability, 
invasion, and migration through IRS-1 decrement in 
thyroid cancer cells [22]. Hence, it is crucial to identify vital 
oncogenic lncRNAs for tumor diagnosis and treatment.

LncRNA SNHG4 is 1100 bp long and located in chromo-
some 5q31.2. It is commonly raised in cancers and modulates 
cancer cells’ malignant behaviors [23–25]. However, the role 
of SNHG4 in neuroblastoma is unclear. In this research study, 
SNHG4 evidently went up in neuroblastoma tissues relative to 
normal tissues. Subsequently, a train of experiments in vitro 
was executed to investigate the possible role of SNHG4 in the 
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growth of neuroblastoma. To sum up, this research revealed 
the vital effect of the SNHG4/miR-377-3p axis in neuroblas-
toma, offering novel ideas for treating neuroblastoma.

Materials and methods

Clinical samples and cell lines. 30 neuroblastoma samples 
were harvested from the Jingzhou Central Hospital of Hubei 
Province and were verified by histopathological examina-
tion after the operation. Primary cancer tissues and paired 
adjacent non-cancerous tissues were immediately frozen in 
liquid nitrogen subsequent to resection and then stored at 
–80 °C prior to the extraction of RNAs. These 30 primary 
cancer tissues and another 30 paired adjacent non-cancerous 
tissues were harvested as clinical samples. This research 
gained the approval of the Ethics Committee of Jingzhou 
Central Hospital of Hubei Province.

Human neuroblastoma cell lines (SH-SY5Y, CHP-212, 
SK-N-FI, and IMR-32) and a human normal cell line (293T) 
were bought from the Type Culture Collection of Chinese 
Academy of Sciences (China) and American Type Culture 
Collection (Rockville, MD). Cell lines were authenticated by 
the provider, applied within 6 months after resuscitation of 
frozen aliquots, and cultured in RPMI 1640 medium (Life 
Technologies, MD) supplemented with 10% fetal bovine 
serum from the same company, penicillin (100 U/ml), and 
streptomycin (100 mg/ml). Cells were incubated in serum-
free RPMI 1640 for 4 h and treatment with PJ34 (Sigma, MO) 
or ATRA (Sigma) complying with instructions.

RNA interference. siRNAs of SNHG4 and siRNA-NC 
were provided by Sigma-Aldrich (USA). miR-377-3p mimics 
and NC were bought from RiboBio (China). Cells received 
treatment with Lipofectamine 2000 (Invitrogen) as indicated.

Cell proliferation test. CCK-8 (U-sea Biotech, China) 
was adopted for the examination of cell proliferation. Cells 
grew in 96-well plate at the density of 1×104 cells/well and 
underwent an incubation with 5% CO2 at 37 °C until the 
fusion degree attained 70%. Subsequent to 48 h of plasmid 
treatment, the cells received continuous incubation for 1, 2, 
3, 4, and 5 days, and to each well 10 µl of CCK-8 solution was 
added. SUNRISE Microplate Reader from Tecan (Switzer-
land) was utilized to measure the absorbance at 450 nm.

Apoptosis test. Flow cytometry was executed for the cell 
apoptosis measurement on a FACSAria flow cytometer (BD 
Biosciences, USA) as indicated in the protocol of the Annexin 
V-FITC/PI apoptosis detection kit (KeyGEN, China).

Wound healing assay and invasion experiment. Prior 
to the scratching of the monolayers with a pipette tip (200 
μl), the cells were grown until the fusion reached 80% in the 
six-well plate, rinsed with PBS, and cultured in the medium 
with no FBS. A microscope was utilized to observe wounds, 
followed by photographing at 0 and 24 h.

Invasion abilities were tested with the use of the Boyden 
Chamber (pore size: 8 μm, BD Biosciences, USA). Then 
the cells were placed onto BD BioCoat Matrigel Invasion 

Chambers (pore size: 8 µm; BD Biosciences), and 700 µl 
media supplemented with 20% FBS was added to the lower 
chamber. Transwell membranes were fixed and stained using 
crystal violet after a specified time. The cells adhering to the 
lower surface of the membrane were counted under a light 
microscope (Olympus).

Reverse transcription and real-time PCR. Total 
RNAs were extracted from the incubated cells using Trizol 
reagent (Invitrogen, USA) complying with the manufac-
turer’s regimen to synthesize cDNAs with a PrimerScript RT 
Reagent kit (Takara, Japan). miRNAs from total RNAs under-
went RT using the Prime-Script miRNA cDNA Synthesis 
Kit (TaKaRa). SYBR green Premix Ex Taq II (Takara) was 
employed for real-time PCR on Step One Plus Real-Time 
PCR System (Applied Biosystems, USA). The expression 
level of mRNAs was detected with GAPDH as the endog-
enous control and miRNA expression was analyzed with U6 
as the endogenous control.

In vivo test. Athymic four weeks old BALB/c nude mice 
were kept under specific conditions free of pathogens. Then, 
SH-SY5Y cells were obtained and rinsed with PBS. Next, the 
ventral side of each mouse was subcutaneously injected with 
1×107 cells for tumor formation experiment, and the tumor 
volume was checked every 7 days and calculated. The experi-
ment gained the approval of the Animal Experiment Ethics 
Committee of Jingzhou Central Hospital of Hubei Province. 
Animal experiments took place in SPF Animal Laboratory at 
the Yangtze University Health Science Center.

In vivo lung-colonization experiment. 1.5×106 of 
SH-SY5Y cells were injected into the tail vein of nude mice. 
After that, the lungs were harvested at week 9 and fixed in 
10% formalin, and metastatic colonies on the lung surface 
were quantified with the use of a dissection microscope. 
All animal assays gained the approval of the Animal Care 
Committee of Jingzhou Central Hospital of Hubei Province 
and Yangtze University Health Science Center.

Luciferase reporter test. pmirGLO vector (Promega, 
USA) was inserted with the SNHG4 sequence with a supposed 
miR-377-3p binding site that was cloned. Then cells under-
went inoculation in ninety-six-well plates and the treat-
ment with empty pmirGLO vector/recombinant plasmids 
and miR-377-3p mimics/NC. Subsequently, the dual lucif-
erase reporter assay system (Promega) was employed to test 
the luciferase activity one day after treatment. In addition, 
Renilla luciferase activity was used as a normalizing control 
for the firefly luciferase activity detection.

Western blotting. Total proteins were extracted via RIPA, 
and SDS-PAGE gel with the appropriate concentration was 
selected based on the molecular weight of these proteins. 
Thereafter, they were transferred to a PVDF membrane 
followed by immunostaining. Primary antibodies (Abcam, 
Cambridge, MA, USA) anti-PCNA (1:1000, ab92552), anti-
cyclin D1 (1:200, ab16663), anti-vimentin (1:1000, ab92547), 
anti-E-cadherin (1:500, ab76055) and anti-GAPDH (1:500, 
ab8245) were added to the membrane and incubated at 4 °C 
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overnight. Next, secondary antibodies (A0208 and A0216, 
Beyotime, Nantong, China) at the dilution ratio of 1:1000 
were employed for 2 h of incubation at 37 °C, and enhanced 
chemiluminescence was carried out. Eventually, color devel-
opment and photographing were executed.

Statistical analysis. SPSS 20.0 (IBM, SPSS, USA) and 
GraphPad Prism were utilized for all statistical processing, 
and the statistical significance in the difference between 
two groups or among multiple groups was detected using 
the Student’s t-test and one-way ANOVA. Besides, correla-
tions were determined via Pearson’s correlation coefficient 
analysis, and the overall survival curves were plotted with the 
Kaplan-Meier method and were analyzed via the log-rank 
test. A p-value <0.05 reflected that the difference was statisti-
cally significant.

Results

SNHG4 displays a high expression in neuroblastoma 
tissues and cell lines. qRT-PCR analysis confirmed that the 
expression of SNHG4 was notably elevated in neuroblas-
toma tissues relative to adjacent normal tissues (Figure 1A). 
Identically, the higher SNHG4 expression was ascertained 
in neuroblastoma cell lines (Figure 1B). Thereafter, these 
samples were separated into SNHG4 low-expression group 
and SNHG4 high-expression group, with the median as the 
cutoff value. Then the survival was tested via Kaplan-Meier 
analysis, the findings of which validated that neuroblastoma 
patients with higher SNHG4 expression exhibited more 
unfavorable survival (Figure 1C).

SNHG4 knockdown significantly inhibits cell prolifera-
tion and induces apoptosis in neuroblastoma in vitro and 
in vivo. SNHG4 in IMR-32 and SH-SY5Y cells was reduced 
via si-NC and si-SNHG4 treatment, thus inquiring the physi-
ological roles of SNHG4 in neuroblastoma (Figure  2A). 

Afterward, CCK-8 and EdU assays were implemented to 
determine the influence of SNHG4 reduction on prolifera-
tion. It was discovered that SNHG4 decrement pronouncedly 
impeded cells to proliferate after treatment (Figures 2B, 2C). 
Flow cytometry analysis (FACS) unraveled that si-SNHG4 
treatment reduced the entry of SH-SY5Y and IMR-32 cells 
into the S phase (Figure 2D). Further, Annexin V/PI staining 
was implemented to examine the impacts of SNHG4 depres-
sion on cell apoptosis, the findings of which unraveled that 
the SNHG4 reduction markedly elevated the apoptosis rate 
of IMR-32 and SH-SY5Y cells (Figure 2E).

Assays for tumor xenografts were carried out in nude 
mice, so as to ascertain the role of SNHG4 in on tumor 
growth in vivo. The tumor volume was measured every 
other week, and it revealed that SNHG4 decrement strik-
ingly delayed tumor growth in vivo (Figures 3A, 3B). Then 
the tumor weight was examined at the end of assays, and it 
was found that the tumor weight was pronouncedly lower in 
the si-SNHG4 group than in the si-NC group (Figure 3C). 
In addition, the protein levels of markers associated with 
apoptosis and proliferation in nude mice were tested through 
western blotting. According to the results, SNHG4 decre-
ment predominantly repressed the expression of markers 
correlated with proliferation including PCNA and Cyclin D1 
but elevated the expression of proteins stimulating apoptosis 
such as Bax and cleaved caspase-3 (Figure 3D). Summarily, 
SNHG4 decrement strikingly blocked cells to proliferate but 
triggered their apoptosis in vivo and in vitro.

SNHG4 regulates neuroblastoma cell migration and 
invasion in vitro and in vivo. To further determine the 
effects of SNHG4 on tumor migration and invasion, we 
conducted wound healing and Transwell invasion assays. 
Results showed that the SNHG4 knockdown significantly 
impaired the abilities of cell migration and invasion of 
SH-SY5Y and IMR-32 cells (Figures 4A, 4B). Furthermore, 

Figure 1. SNHG4 displays a high expression in neuroblastoma tissues and cell lines. A) Relative SNHG4 expression was checked by qRT-PCR in neu-
roblastoma tissues and adjacent normal tissues. B) SNHG4 expression was tested by qRT-PCR in neuroblastoma cell lines. C) Kaplan-Meier survival 
curve based on SNHG4 expression levels. All data obtained from three individual assays are reflected as mean ± SD. *p<0.05; **p<0.01; ***p<0.001
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of MMP2, MMP9, SNAI1, vimentin but higher expression 
of E-Cadherin (Figure 4D). Furthermore, we examined the 
effects of SNHG4 on lung metastasis by injecting SNHG4 
knockdown cells into nude mice via the lateral tail vein. After 
9 weeks, we measured the nodules in the lung and found that 
the SNHG4 knockdown significantly reduced the nodule 
number (Figure 4E). Collectively, the SNHG4 knockdown 
impaired the ability of cell migration and invasion in vitro 
and in vivo.

the knockdown of SNHG4 can repress vimentin expression, 
while enhancing the E-cadherin expression in SH-SY5Y 
and IMR-32 cells (Figure 4C), which indicated that SNHG4 
knockdown might inhibit epithelial-mesenchymal transi-
tion in neuroblastoma. Then we checked the protein levels 
of tumor migration-related and invasion-related proteins 
(MMP2, MMP9, vimentin, SNAI1, and E-cadherin) in the 
formed tumor tissues of nude mice. As shown, tumor tissues 
derived from SNHG4-depleted cells had lower expression 

Figure 2. SNHG4 decrement significantly inhibits cell proliferation and induces apoptosis in neuroblastoma in vitro. A) SNHG4 expression in SH-SY5Y 
and IMR-32 cells treated with si-NC or si-SNHG4 was examined by qRT-PCR. B) The function of SNHG4 decrement in SH-SY5Y and IMR-32 cell pro-
liferation was tested by the CCK-8 test. C) The EdU test ascertained the functions of SNHG4 reduction on SH-SY5Y and IMR-32 cell proliferation. D) 
FACS test showed that SNHG4 decrement reduces the cells in the S phase. E) The impact of SNHG4 reduction on SH-SY5Y and IMR-32 cell apoptosis 
was checked by Annexin V/PI staining. All data obtained from three individual assays are reflected as mean ± SD. *p<0.05; **p<0.01; ***p<0.001
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SNHG4 promotes neuroblastoma cell proliferation, 
migration, and invasion by sponging miR-377-3p. It 
has been ascertained by new evidence that lncRNAs act as 
ceRNAs to exert their regulatory impacts [26, 27]. An online 
tool (http://mirdb.org/miRDB/index.html) was adopted for 
the prediction to continuously check the possible molec-
ular function mechanism of SNHG4 in neuroblastoma. The 
results unraveled that miR-377-3p was likely to be a target 
of SNHG4, and a possible binding site existed between 
miR-377-3p and SNHG4 (Figure 5A). Subsequently, dual 
luciferase reporter experiments were implemented to 
corroborate this, and it was revealed that co-treatment with 
SNHG4 WT and miR-377-3p evidently reduced 293T cell 
luciferase activity, and miR-377-3p mimics were not able to 
modulate the luciferase activity in the case of the mutation 
of the binding site (Figure 5B), prompting that miR-377-3p 
binds to SNHG4 in a direct way. Additionally, qRT-PCR 
manifested that SNHG4 expression in SH-SY5Y and IMR-32 
cells was remarkably lowered by the miR-377-3p overexpres-
sion and vice versa (Figure 5C). And miR-377-3p expression 

was pronouncedly stamped down in neuroblastoma tissues 
(Figure 5D). What’s more, an inverse relationship was found 
between SNHG4 expression and miR-377-3p expression in 
neuroblastoma tissues (Figure 5E). Thereafter, SNHG4 was 
stamped down and miR-377-3p was blocked in SH-SY5Y and 
IMR-32 cells for inquiring whether SNHG4 pushed forward 
neuroblastoma cells to proliferate, migrate, and invade by 
inversely modulating miR-377-3p. EdU, CCK-8, flow cytom-
etry, Transwell invasion, and wound healing experiments 
corroborated that SNHG4 reduction notably suppressed 
cells to migrate, proliferate, and invade but boosted their 
apoptosis, which were impaired by miR-377-3p suppression 
(Figures 5F–5K).

Discussion

Neuroblastoma is the most common tumor in children, 
with a very poor prognosis [28]. Nevertheless, the possible 
mechanism of modulating neuroblastoma growth is essen-
tially not clear. Advancing new molecular biomarkers for 

Figure 3. SNHG4 decrement strikingly represses neuroblastoma cell proliferation and triggers apoptosis in vivo. A) Xenograft photos. B) Tumor vol-
ume was detected every other week. SNHG4 reduction slowed down tumor growth. C) Tumor weight was determined at the end of assays. D) SNHG4 
reduction repressed PCNA and Cyclin D1 expressions but elevated cleaved caspase-3 and Bax expressions. All data obtained from three individual 
assays are reflected as mean ± SD. ***p<0.001
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the diagnosis and prognosis of neuroblastoma is a pressing 
need. This research displayed that SNHG4 was pronouncedly 
raised in neuroblastoma and it is key to neuroblastoma cell 
migration, proliferation, and invasion, denoting that SNHG4 
is likely to be a novel biomarker for neuroblastoma. Never-
theless, given the relatively big difference in SNHG4 expres-
sion levels in IMR-32 and SH-SY5Y cells, it is intriguing that 
some si-NC/miR-NC control data in these two cell lines are 
quite similar, for example, the cell viability. This phenom-
enon means that there are some other factors involved in cell 
migration, proliferation, and invasion of different neuroblas-
toma cell lines. In the future study, we would further explore 
these factors.

Previous evidence corroborated that lncRNAs sponged 
miRNAs as ceRNAs [29, 30]. In the present research, specu-
lation was made to continuously inquire about the possible 

molecular regulatory mechanism of SNHG4 in neuro-
blastoma, and the findings unraveled that miR-377-3p 
was an underlying candidate. It has been ascertained that 
miR-377-3p functions in different cancer cells. For example, 
LINC00339 promotes gastric cancer evolution by raising 
DCP1A expression via miR-377-3p repression [31]. Besides, 
miR-377-3p represses growth and invasion through sponging 
JAG1 in ovarian cancer [32]. The research above denotes 
that miR-377-3p is likely to be a tumor suppressor. But 
miR-377-3p’s role in neuroblastoma is still unclear currently. 
In the present research, miR-377-3p was stamped down 
in neuroblastoma tissues. Luciferase reporter experiment 
corroborated that SNHG4 binds to miR-377-3p in a direct 
way. Additionally, EdU, CCK-8, flow cytometry, Transwell 
invasion, and wound healing experiments were excised to 
continuously check whether SNHG4 booted cells to migrate, 

Figure 4. SNHG4 regulates neuroblastoma cell migration and invasion in vitro and in vivo. A) Wound healing assay confirmed that SNHG4 knockdown 
inhibited the migration of SH-SY5Y and IMR-32 cells. B) Transwell invasion test displayed that SNHG4 reduction repressed SH-SY5Y and IMR-32 cell 
invasion. C) E-cadherin protein expression in SH-SY5Y and IMR-32 cells was raised but vimentin was lowered in both cells after SNHG4 reduction. D) 
SNHG4 decrement weakened cell invasion and migration capacities in vivo. E) Pulmonary nodules at week 9. All data obtained from three individual 
assays are reflected as mean ± SD. *p<0.05; **p<0.01
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Figure 5. SNHG4 promotes neuroblastoma cell proliferation, migration, and invasion by sponging miR-377-3p. A) Bioinformatics analysis was execut-
ed to forecast the miR-377-3p binding sites in SNHG4. B) Luciferase reporter tests were implemented using 293T cells co-treated with the miR-377-3p 
mimics/miR-NC and SNHG4-WT/Mut reporter plasmid. C) Relative qRT-PCR assessment unraveled that miR-377-3p overexpression notably lowered 
SNHG4 level in SH-SY5Y and IMR-32 cells and vice versa. D) miR-377-3p expression level was checked via qRT-PCR in neuroblastoma and paired ad-
jacent non-cancerous tissues. E) The inverse relationship between SNHG4 and miR-377-3p expression levels was measured in 30 neuroblastoma tissues. 
F, G) CCK-8 and EdU tests manifested that SNHG4 decrement blocked SH-SY5Y and IMR-32 cells to proliferate, which was reversed by the miR-377-3p 
repression. H) SNHG4 knockdown inhibited cell cycle whereas miR-377-3p repression in the meantime reversed it. I) SNHG4 reduction stimulated cell 
apoptosis while miR-377-3p repression reversed it. J, K) Wound healing assay and Transwell invasion experiment suggested that SNHG4 decrement 
blocks SH-SY5Y and IMR-32 cells to migrate and invade, which was reversed by miR-377-3p repression. All data obtained from three individual assays 
are reflected as mean ± SD. *p<0.05; **p<0.01; ***p<0.001
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proliferate, and invade through miR-377-3p repression. The 
findings ascertained that functions of SNHG4 decrement in 
cell migration, proliferation, and invasion were turned down 
by miR-377-3p repression.

To sum up, research findings displayed that the oncogene 
SNHG4 contributed to the evolution of neuroblastoma by 
inverse modulation on miR-377-3p that repressed the tumor. 
Besides, SNHG4/miR-377-3p is likely to function as a new 
target for treating neuroblastoma.
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