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Background: The overexpression of sphingosine kinase 1 (SPHK1) is responsible for the progress 

of many cancers. However, the role of SPHK1 in the development and progression of neuroblas-

toma (NB) remain largely unknown. Here in this study, we explored whether silencing SPHK1 

by lentivirus-mediated siRNA could be employed as a potential therapeutic target for NB.

Materials and methods: Lentivirus was adopted to load SPHK1 siRNA. The results were 

obtained using RT-qPCR, Western blot, cell proliferation assay, transwell cell migration/invasion 

assays as well as in vivo xenograft tumor models in nude mice.

Results: Our results demonstrated that SPHK1 mRNA was upregulated in SH-SY5Y and SK-

N-SH cells as well as in human NB tissues. SPHK1 knockdown by siRNA resulted in impaired 

proliferation, increased apoptosis, as well as impaired migration and invasion of SH-SY5Y and 

SK-N-SH cells. In addition, the in vivo study suggested that SPHK1 knockdown significantly 

reduced the tumorigenesis of SH-SY5Y xenograft model. Furthermore, intratumorally admin-

istered lentivirus-SPHK1 siRNA could significantly inhibit tumor growth in an SH-SY5Y 

xenograft mice model. Intensive investigations on mechanism revealed that these effects were 

achieved through the deactivation of STAT3 pathways.

Conclusion: These data suggest that SPHK1 inhibition via downregulation of STAT3 pathways 

by lentivirus-mediated siRNA knockdown can significantly suppress NB progression, which 

could be a promising target for future gene therapy of NB.

Keywords: lentivirus, siRNA, SPHK1, STAT3, neuroblastoma

Introduction
Neuroblastoma (NB) is one of the most common cancers in babies as well as the third most 

frequent cancer in children.1 It is usually rare in adults, but frequently occurs in children 

under 5 years of age and accounts for about 90% of total cases. It poses a great threat to 

the survival of children and is responsible for about 15% of cancer deaths of children.2 

Although NB treatments include a variety of approaches from observation, surgery, radia-

tion, and chemotherapy to even stem cell transplantation.3 However, chances of long-term 

survival in some high-risk cases are ,40% even after aggressive treatment.1 As a result, 

accurate and objective understanding toward the tumorigenesis and aggressiveness of NB 

is desperately in need for optimizing the subsequent individual therapy, which requires the 

identification of the exact molecular markers for postoperative prognostication of NB.

The sphingosine kinase 1 (SPHK1) is a novel lipid messenger with both intracellular 

and extracellular functions that plays a critical role in the regulation of cellular develop-

ment and differentiation via affecting multiple downstream pathways.4,5 Recent evidences 

have demonstrated that the increased risk in the development of various cancers is 
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associated with SPHK1 overexpression.6,7 Furthermore, SPHK1 

expression and activation is also suggested to help evaluate can-

cer resistance to chemotherapy as well as radiotherapy.8,9 These 

studies open new windows for cancer treatment by targeting 

SPHK1. In contrast, the role of SPHK1 in the development and 

progression of NB remains largely unknown. Previous research 

has been focused on depth works on the underlying molecular 

mechanisms of small molecular drugs, such as amyloid-β 

peptide10 and endotoxin,11 on the suppression of the prolifera-

tion of different cancers. Nonetheless, the application of gene 

inhibitors, such as siRNA targeting SPHK1 for the gene therapy 

of NB, still remains largely unexplored.

RNA interference (RNAi) is a dsRNA capable of silenc-

ing the expression of a specific gene as it shares homologous 

sequence with the dsRNA.12 It is recognized as a milestone in 

modern biotechnology that RNAi offers a convenient approach 

to observe the function of specific genes in mammalian cells.13 

As a result, it provides a powerful tool for gene mechanism stud-

ies and gene therapy in various diseases, including cancers.14–16 

In our study, we prepared a lentiviral vector containing siRNA 

against SPHK1 gene to explore the role of SPHK1 in the pro-

gression of NB and to test the feasibility of in vitro and in vivo 

NB treatment via SPHK1 knockdown using siRNA.

Materials and methods
Cell culture and tissue samples
SH-SY5Y, SK-N-SH, human umbilical vein endothelial 

cell (HUVEC), and 293T cell lines purchased from Ameri-

can Type Culture Collection (Manassas, VA, USA) were 

cultured in Dulbecco’s Modified Eagle’s Medium (Thermo 

Fisher Scientific, Carlsbad, CA, USA) supplemented with 

10% fetal bovine serum (Thermo Fisher Scientific) in an 

incubator maintained at 37°C with humidified atmosphere 

containing 5% CO
2
.

This study was approved by the ethics committee of 

Affiliated Hospital of Jining Medical University. A total 

of 29 patients who were diagnosed as having NB and went 

through surgical resection at Affiliated Hospital of Jining 

Medical University between April 2012 and June 2016 were 

enrolled in this study. Written informed consent was obtained 

from all the participating patients. Twenty nine pairs of NB 

tumor tissues and adjacent normal tissues were immediately 

snap-frozen in liquid nitrogen after surgical resection.

Preparation of lentiviral siRNA vector 
targeting SPHK1
The siRNA (#1: 5′-GAG CUG CAA GGC CUU GCC CUU 

GCC G -3′ and #2: 5′-GUGCACCCAAACUACUUCUTT-3′) 

targeting human SPHK1 gene (GenePharma, Shanghai, 

People’s Republic of China) was selected to prepare the 

lentiviral siRNA vector. These target sequences and universal 

blank sequence were cloned into the lentiviral vector pLVX-

shRNA2 (Clontech, Mountain view, CA, USA) and named 

as SPHK1 siRNA and negative control, respectively.

Lentivirus amplification and transfection
The lentiviral vectors were amplified by transfection into the 

293 T cells with Lenti-X™ HTX Packaging System (Clon-

tech) following the manufacturer’s protocol. The amplified 

lentiviruses were collected at 48 hours posttransfection. 

Afterwards, SH-SY5Y and SK-N-SH cells were seeded 

in 24-well plates (Corning, New York, NY, USA, density: 

2×105/mL) and the lentiviral particles were added. Flow 

cytometry (FACS Calibur, BD Biosciences, San Jose, CA, 

USA) with FITC filter was employed to sort transfected 

cells.

Quantitative real time (RT)-qPCR
RT-qPCR was employed to determine the mRNA expression 

level of SPHK1 using the BeyoFast™ SYBR Green qPCR Mix 

Kit (Beyotime, Haimen, Jiangsu, People’s Republic of China) 

at an ABI 7300 Real-Time PCR System (Applied Biosystems, 

Life Technologies GmbH, Darmstadt, Germany). The following 

PCR reaction was used: step 1: 95°C for 10 minutes, 1 cycle; 

step 2: 95°C for 15 seconds, 60°C for 1 minute, 40 cycles. 

The primer used for the PCR was as follows: for SPHK1, 

forward 5′-CCT TCC TCC TTC CCT AGG G-3′; reverse 

5′-TAG AAG GCC TTA CAT AGG CAG C-3′; for STAT3, 

forward 5′-CAGCAGCTTGACACACGGTA-3′ and reverse 

5′-AAACACCAAAGTGGCATGTGA-3′. All samples were 

run in triplicate, and samples were normalized against an endog-

enous internal control, β-actin. Levels of SPHK1 and STAT3 

mRNA were quantified using 2−ΔΔCq method.17

Western blot
Total protein was extracted from the tissues and cell 

lines using the RIPA buffer consisting of 50 mM Tris 

pH 7.4, 150  mM NaCl, 1 % NP-40, 0.5% sodium 

deoxycholic acid, and 0.1% sodium dodecyl sulfate, as 

reported previously.17 The protein sample was quantified 

using the Bradford Protein Concentration Determination Kit 

(Beyotime). The same amount of protein sample was sepa-

rated using a 10% SDS-PAGE and transferred to a polyvi-

nylidene difluoride membrane (Merck Millipore, Burlington, 

MA, USA). The membrane was blocked with fat-free milk 

at 4°C for 1 hour, following incubation with the primary 

antibodies against SPHK1, STAT3, and GAPDH (Abcam, 
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Cambridge, MA, USA). On the next day, the membrane was 

washed with TBS-T three times and incubated with second-

ary antibody (ab97023, Abcam) for 2 hours. To visualize 

the protein bands, a BeyoECL Plus Kit (Beyotime) was 

employed, and the intensity was quantified using the Tanon 

Automatic Chemiluminescence Western blot Imaging sys-

tem (Tanon, Shanghai, People’s Republic of China).

Cell proliferation assay
The rate of cell proliferation was determined using the Cell 

Counting Kit-8 (CCK-8) assay following the protocols pro-

vided by the supplier (Beyotime). Briefly, cells were seeded 

into 96-well plate (density of 2×103 cells/well) and allowed 

to culture in the aforementioned conditions. Subsequently, 

20 µL of CCK-8 solution was added to the each well at 

predetermined time points and the plates were returned to 

the incubator for another 4 hours. The absorbance was deter-

mined at 490 nm using an Epoch microplate reader (BioTek 

Instruments Inc., Winooski, VT, USA).18,19 For each sample, 

the experiment was repeated in triplicate.

Cell apoptosis analysis
After 48 hours of culture, cells were harvested and resus-

pended in PBS. Annexin V/fluorescein isothiocyanate 

(Beyotime) was applied to determine the apoptosis profile 

according to according to the manufacturer’s instructions.

Cell migration/invasion assays using 
Transwell
The cell migration/invasion assays were performed in line 

with previous report.20 In brief, Matrigel (BD Biosciences, 

Franklin Lakes, NJ, USA) was added into the upper chamber of 

Transwell (Corning). Afterward, the wells were returned to the 

incubator for 2 hours and the Matrigel was allowed to solidify. 

The cells were seeded in the upper chamber of Transwell with 

or without Matrigel coating. After incubation for 24 hours, 

crystal violet was employed to stain the lower chamber. Each 

sample in every assay was repeated in triplicates.

Therapeutic effects on human NB 
xenograft mice models
Animal experiments were carried out to investigate the anti-

tumor effect of SPHK1 regulation on NB. Male BALB/c 

nude mice (weight 18–22 g, 6–8 weeks) were purchased 

from Shanghai Laboratory Animal Center (Suzhou, Jiangsu, 

People’s Republic of China) and maintained at 22°C±2°C with 

access to food and water ad libitum. BALB/c nude mice were 

randomly divided into the three groups (n=10). The mice were 

subcutaneously injected (right flank) with 5×106 SH-SY5Y 

cells with different treatments (SPHK1 siRNA, negative control 

and untreated), respectively. In addition, 5×106 untreated SH-

SY5Y cells were subcutaneously administered to nude mice 

and allowed to grow into solid tumor.18 Once tumor volume 

reached around 200 mm3, the mice were randomly divided into 

the 3 groups (n=8) and intratumorally injected with about 6×107 

copies of lentivirus with SPHK1 siRNA or negative control, 

respectively. About 30 µL PBS was injected into the third group 

as control. The tumor volume of all mice was monitored every 

other day. Tumor sizes were measured using a Vernier caliper, 

and tumor volumes were calculated as V = a2 × b/2 mm3 (a: 

minor axis; b: major axis). All animal experiments were con-

ducted in compliance with NIH guidelines for care and use of 

research animals and approved by the animal ethics committee 

of Affiliated Hospital of Jining Medical University.

Statistical analysis
All data were analyzed using SPSS 19.0 statistical software 

package (SPSS Inc., Chicago, IL, USA). One-way ANOVA 

and Tukey post hoc test was performed to analyze the differ-

ence among three or above groups. P,0.05 was considered 

statistically significant.

Results and discussion
SPHK1 mRNA is upregulated in NB cells 
and human NB tissues
SPHK1 regulates multiple cellular processes, such as cell 

cycle, metabolism, proliferation, migration, as well as 

survival, via mediating various signaling pathways. Many 

previous reports have demonstrated that elevated expression 

of SPHK1 is observed in multiple types of human cancers.8,21 

Suppression of SPHK1 activity has been proven to induce 

cell cycle arrest, growth inhibition, and even apoptosis in 

many cancer cells.22,23 As a result, SPHK1 has been identi-

fied as a promising target in cancer treatment.24 To examine 

the role of SPHK1 in NB, we measured the level of SPHK1 

mRNA in two NB cell lines (SH-SY5Y and SK-N-SH cells), 

as well as in 29 human NB tissues and matched adjacent 

nontumorous tissues using quantitative RT-qPCR. Our 

results clearly revealed that compared with HUVEC and 

matched adjacent nontumorous tissue, SPHK1 mRNA was 

significantly upregulated in both SH-SY5Y and SK-N-SH 

cells (Figure 1A) as well as NB tissues (Figure 1B).

RNAi significantly suppresses both SPHK1 
mRNA and protein expression in NB cells
The inhibition of SPHK1 could be achieved in different ways, 

including the application of monoclonal antibody, antisense 
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Figure 1 SPHK1 mRNA overexpression in NB cells and human NB tissues.
Notes: (A) SPHK1 mRNA expression was detected in NB cells. The SPHK1 mRNA level was significantly upregulated in SH-SY5Y and SK-N-SH cells compared with HUVEC 
cells. **P,0.01 vs HUVEC cells. (B) SPHK1 mRNA expression was detected in 29 human NB tissues and MANT. The SPHK1 mRNA level was significantly upregulated in 
NB tissues compared with MANT. **P,0.01 vs MANT.
Abbreviations: HUVEC, human umbilical vein endothelial cells; MANT, matched adjacent nontumorous tissues; NB, neuroblastoma; SPHK1, sphingosine kinase 1.

oligonucleotides, as well as small molecule kinase inhibi-

tors. Many previous studies have been performed to show 

certain efficacy.25,26 However, their clinical potential is still 

controversial. RNAi as a new technology to cure diseases 

via gene knockdown holds great potential to be adopted in a 

variety of novel therapeutic approaches. Lentiviral vectors 

can efficiently deliver gene to achieve stable transfection of 

loaded cargos with minimal immunogenicity and no adverse 

events.27,28 As a result, transfection of siRNA using lentivirus 

might be a promising strategy for effective gene therapy 

of NB. In our study, lentiviral siRNA vector targeting the 

SPHK1 gene was successfully constructed and employed as 

an investigation tool. SH-SY5Y and SK-N-SH cells were first 

infected with the vector to obtain SPHK1 siRNA/negative 

control stably expressing cell lines. RT-qPCR showed that 

compared with the negative control or blank control (the 

untreated cells), the level of SPHK1 mRNA in SPHK1 stably 

expressed SH-SY5Y and SK-N-SH cells was reduced by 

around 65.3% and 81.9%, respectively, (Figure 2A and B). 

Moreover, Western blot results suggested that compared 

to other groups, the SPHK1 protein level in SPHK1 stably 

expressed SH-SY5Y and SK-N-SH cells was greatly 

decreased (Figure 2C), which indicated that the siRNA tar-

geting SPHK1 delivered by lentivirus can efficiently silence 

SPHK1 expression in both SH-SY5Y and SK-N-SH cells.

Knockdown of SPHK1 inhibits proliferation 
and induces apoptosis of NB cells
A CCK-8 assay was carried out to evaluate the results of 

siRNA-mediated SPHK1 downregulation on the antiprolif-

eration effect of NB cells. As shown in Figure 3A and B, the 

SPHK1 knockdown in both SH-SY5Y and SK-N-SH cells 

resulted inhibition of cell growth in a time-dependent man-

ner, that is, longer transfection time positively related with 

higher inhibition rate. In contrast, no evident inhibition was 

obtained in negative control or blank control. These results 

suggested that the proliferation of NB cells is significantly 

associated with SPHK1 and knockdown of SPHK1 signifi-

cantly inhibits the progression of NB cells.

The influence of downregulation of SPHK1 expression 

on NB cell apoptosis was investigated by flow cytometry. 

As shown in Figure 4, silencing of SPHK1 dramatically 

increased both early and late apoptosis in SH-SY5Y 

(Figure 4A) and SK-N-SH (Figure 4B) cells as compared 

to other two groups. It was suggested that knockdown of 

SPHK1 promotes the apoptosis of NB cells.

Knockdown of SPHK1 inhibits both 
migration and invasion of NB cells
We further performed Transwell assays to investigate if 

knockdown of SPHK1 expression could influence the migra-

tion and invasion of NB cells. Compared with negative 

control or blank control, both SH-SY5Y (Figure 5A and C) 

and SK-N-SH (Figure 5B and D) cells with SPHK1 knock-

down showed remarkably decreased migration (Figure 5A 

and B) and invasion (Figure 5C and D). These results clearly 

indicated that knockdown of SPHK1 inhibits both migration 

and invasion of NB cells.

Knockdown of SPHK1 suppresses 
tumorigenesis in SH-SY5Y xenograft 
nude mice
To further investigate whether the in vivo tumorigenicity 

of SH-SY5Y cells could be regulated by SPHK1 silencing, 
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Figure 2 Effect of SPHK1 knockdown by siRNA on SPHK1 expression in SH-SY5Y and SK-N-SH cells. 
Notes: SPHK1 mRNA level was significantly reduced in SH-SY5Y (A) and SK-N-SH (B) cells with SPHK1 knockdown compared with the negative control or blank control. 
(C) Representative Western blot results of SPHK1 protein expression in SH-SY5Y and SK-N-SH cells with SPHK1 knockdown and in the negative control or blank control 
group. **P,0.01 vs negative control or blank control group.
Abbreviation: SPHK1, sphingosine kinase 1.

Figure 3 Effect of SPHK1 knockdown by siRNA on the proliferation of SH-SY5Y and SK-N-SH cells. Cell proliferation was evaluated by MTT, and the results of cell growth 
are expressed as absorbance at 490 nm.
Notes: (A and B) The proliferation inhibition of SH-SY5Y and SK-N-SH cells with SPHK1 knockdown was observed compared with negative control and blank control at 
24 hours, 48 hours, and 72 hours. *P,0.05, **P,0.01 vs negative control or blank control group.
Abbreviation: SPHK1, sphingosine kinase 1.

different SH-SY5Y cells were subcutaneously inoculated 

into nude mice (n=10). As shown in Figure 6A, the tumors 

volume in the SPHK1 siRNA-expressing cells inoculated 

mice increased much slower than other groups. These results 

suggested that knockdown of SPHK1 inhibits SH-SY5Y 

xenograft tumorigenesis in vivo.

Therapeutic effect of knockdown of 
SPHK1 on tumor-bearing nude mice
An SH-SY5Y xenograft model was established in nude 

mice using untreated SH-SY5Y cells in order to evaluate the 

in vivo antitumor efficacy of lentivirus particles containing 

SPHK1 siRNA. As demonstrated in Figure 6B, mice treated 
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Figure 4 Effect of SPHK1 knockdown by siRNA on the apoptosis of SH-SY5Y and SK-N-SH cells.
Notes: The percentage of both early and late apoptosis was higher in SH-SY5Y (A) and SK-N-SH (B) cells with SPHK1 knockdown than that in negative control or blank 
control cells. **P,0.01 vs negative control or blank control group.
Abbreviation: SPHK1, sphingosine kinase 1.

Figure 5 Effect of SPHK1 knockdown by siRNA on the migration and invasion of SH-SY5Y and SK-N-SH cells. Analysis of migration capability of SH-SY5Y (A) and SK-N-SH 
(B) cells. Analysis of invasion capability of SH-SY5Y (C) and SK-N-SH (D) cells.
Notes: Both the migrated and invaded number of SH-SY5Y and SK-N-SH cells with SPHK1 knockdown was significantly decreased compared with negative control or blank 
control. **P,0.01 vs negative control or blank control group.
Abbreviation: SPHK1, sphingosine kinase 1.
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Figure 6 The antitumor effect of SPHK1 silencing on NB in nude mice models.
Notes: (A) Tumor volume curve of SH-SY5Y cells with different treatments (SPHK1 siRNA, negative control, and untreated). There were significant differences between 
SPHK1 siRNA and negative control or blank control groups (n=10) (P,0.05) for each week from week 4 to week 5. (B) Tumor volume curve of SH-SY5Y tumor treated 
with saline (blank control), lentivirus with SPHK1 siRNA, or negative control. There were significant differences between SPHK1 siRNA and negative control or blank control 
group, (n=8) (P,0.05). Insets show Western blotting assay results regarding the SPHK1 expression in tumor tissues after treatment with different samples.
Abbreviations: NB, neiroblastoma; SPHK1, sphingosine kinase 1.

with blank control gene and PBS showed almost no antitumor 

effects on NB tumors with rapidly increased tumor volume 

until the end of the test. In contrast, the tumor volume of mice 

treated with SPHK1 siRNA was significantly smaller, with 

preferable antitumor efficacy (Figure 7B). These observations 

indicated that SPK1 knockdown by SPHK1 targeting siRNA-

loaded lentivirus results in a powerful in vivo antineoplastic 

activity on NB tumors.

Inhibition of SPHK1 suppresses NB 
progression through downregulation of 
STAT3 expression
The underlying mechanisms responsible for the inhibition of 

NB progression caused by SPHK1 suppression was further 

investigated. STAT3, a 13-kDa small heparin-binding growth 

factor, is a factor in the downstream pathway of SPHK1 and 

Figure 7 Effect of SPHK1 knockdown by siRNA in terms of STAT3 expression in SH-SY5Y cells and tumor tissues of nude mice.
Notes: (A) STAT3 mRNA level was significantly reduced in SH-SY5Y cells and tumor tissues of nude mice with SPHK1 knockdown compared with the negative control or 
blank control. (B) STAT3 protein level was lower in SH-SY5Y cells and tumor tissues of nude mice with SPHK1 knockdown than that in the negative control or blank control 
group. **P,0.01 vs negative control or blank control groups.
Abbreviation: SPHK1, sphingosine kinase 1.
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Figure 8 Ectopic overexpression of STAT3 rescued inhibition of SH-SY5Y cell proliferation, migration, and invasion by SPHK1 knockdown. SH-SY5Y cells with SPHK1 knockdown 
were transfected with 1 µg STAT3 expression vector pcDNA3.1 (+)-STAT3 (SPHK1 siRNA+ STAT3) or empty vector pcDNA3.1 (+) only (SPHK1 siRNA+ Empty).
Notes: (A) The protein expression of pcDNA3.1 (+)-STAT3 vector was confirm by Western blot. Ectopic overexpression of STAT3 rescued inhibition of SH-SY5Y cell 
proliferation (B), migration (C), and invasion (D) by SPHK1 knockdown. **P,0.01 vs SPHK1 siRNA or SPHK1 siRNA+ Empty group; *P.0.05 vs blank control group.
Abbreviation: SPHK1, sphingosine kinase 1.

has been shown to be involved in the development of multiple 

cancer-related processes.29,30 Moreover, it has been recognized 

that STAT3 overexpression is seen in many cancers includ-

ing colorectal cancer,31 breast cancer,32 lung cancer,33 as well 

as NB.34 As a result, STAT3 was selected as a target protein 

for intensive study. Both the in vitro and in vivo mRNA and 

protein expression levels of STAT3 were first determined. 

As illustrated in Figure 7A and B, in SH-SY5Y cells (stably 

expressing SPHK1 siRNA) and tumor tissues from lentivirus 

(loaded with SPHK1 siRNA)-treated nude mice, reduced 

STAT3 expression was observed compared other control 

groups. With the aim to identify the role of STAT3 in suppres-

sion of NB progression via SPHK1 down regulation, we first 

transfected STAT3 expression vector (pcDNA3.1 (+)-STAT3) 

into SH-SY5Y cells (stably expressing SPHK1 siRNA), which 

helped us evaluate the STAT3 expression level in these cells 

to almost the same level of blank control (SPHK1 siRNA 

untreated cells) (Figure  8A). Interestingly, we found that 

ectopic overexpression of STAT3 could reverse the inhibition 

effect caused by SPHK1 siRNA expression in SH-SY5Y 

cells. The proliferation (Figure 8B), migration (Figure 8C), 

and invasion (Figure 8D) of SH-SY5Y cells (stably express-

ing SPHK1 siRNA) were restored to the same level of blank 

control, which suggested that the inhibition effect of SPHK1 

downregulation on the progression of NB cells is, at least, in 

part, associated with reduced STAT3 expression.

Conclusion
In conclusion, our overall results suggested that lentivirus-

delivered siRNA targeting SPHK1 could significantly 

suppress the progression of NB, which possibly act via the 

downregulation of SPHK1 and its downstream expression 

of STAT3. Our findings offer solid evidence that reveal 

the role of SPHK1 in the progression of NB. In addition, 
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we also illuminate the potential mechanism responsible for 

the antitumor effects of SPHK1 suppression, which provides 

additional information for SPHK1 to be a novel target in 

effective gene therapy of NB.
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