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Background: Long noncoding RNAs (lncRNAs) are related to the development and treat-
ment of neuroblastoma. The lncRNA LINC00839 is dysregulated in neuroblastoma, while its 
function and mechanism in neuroblastoma development remain largely unclear.
Methods: The tumor and adjacent noncancerous tissues were collected from 48 neuroblas-
toma patients. LINC00839, glucose transporter 1 (GLUT1) and microRNA-338-3p (miR- 
338-3p) abundances were examined via quantitative reverse transcription polymerase chain 
reaction or Western blot. Cell proliferation, apoptosis, migration, invasion and glycolysis 
were assessed via Cell Counting Kit-8, colony formation, flow cytometry, wound healing, 
transwell, glucose uptake and lactate production. The target relationship of miR-338-3p and 
LINC00839 or GLUT1 was tested via dual-luciferase reporter analysis and RNA immuno-
precipitation. The function of LINC00839 on neuroblastoma cell growth in vivo was tested 
via a xenograft model.
Results: LINC00839 and GLUT1 abundances were increased in neuroblastoma tissues and 
cell lines. The high expression of LINC00839 and GLUT1 indicated the lower overall 
survival. LINC00839 interference constrained neuroblastoma cell proliferation, migration, 
invasion and glycolysis, and facilitated apoptosis. GLUT1 overexpression or miR-338-3p 
knockdown could mitigate the influence of LINC00839 silence on neuroblastoma cell 
processes. LINC00839 could regulate GLUT1 expression via miR-338-3p. LINC00839 
knockdown reduced neuroblastoma cell growth in xenograft model.
Conclusion: LINC00839 silence repressed neuroblastoma cell proliferation, migration, 
invasion and glycolysis and promoted apoptosis via regulating miR-338-3p/GLUT1 axis.
Keywords: neuroblastoma, LINC00839, GLUT1, miR-338-3p

Introduction
Neuroblastoma is a common malignant tumor in childhood.1 Neuroblastoma is the 
peripheral sympathetic nervous system cancer usually found in the adrenal 
medulla.2 Improvements have been gained on the treatment of neuroblastoma, but 
the outcome of patients remains poor with a low long-term survival (<50%).3 Thus, 
it is necessary to explore novel strategy for treatment of neuroblastoma.

Long noncoding RNAs (lncRNAs) are a group of >200-nucleotide RNAs with-
out capacity of encoding proteins, which are implicated in the development of 
human cancers.4 Moreover, the dysregulated lncRNAs are related to the progression 
and treatment of neuroblastoma.5 For instance, lncRNA distal-less homeobox 6 
antisense 1 (DLX6-AS1) could promote neuroblastoma cell proliferation, migration 
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and invasion via modulating microRNA-107 and brain- 
derived neurotrophic factor (BDNF).6 Furthermore, 
linc01105 could facilitate neuroblastoma cell proliferation, 
migration and invasion via regulating microRNA-6769b- 
5p and vascular endothelial growth factor A (VEGFA).7 

An emerging evidence suggests that LINC00839 is a high- 
risk lncRNA in neuroblastoma, and it indicates a bad 
prognosis of patients.8 Nevertheless, the function and 
mechanism of LINC00839 in neuroblastoma development 
are poorly understood.

MicroRNAs (miRNAs) are a class of non-protein coding 
RNAs with ~22 nucleotides, which play important roles in 
childhood cancers, including neuroblastoma.9,10 Previous 
studies report miR-338-3p might exhibit a tumor- 
suppressive effect via repressing cancer cell growth, metas-
tasis and glycolysis in multiple cancers, such as hepatocel-
lular carcinoma and glioma.11,12 Furthermore, miR-338-3p 
represses cell proliferation, migration and invasion in neuro-
blastoma via regulating Phosphatidylinositol-3,4,5-trispho-
sphate-dependent Rac exchange factor 2a (PREX2a) and 
phosphate and tensin homolog detected on chromosome 10 
(PTEN).13 Nevertheless, whether miR-338-3p is relevant to 
LINC00839-mediated regulation in neuroblastoma is 
uncertain.

Glycolysis is a key process associated with tumorigen-
esis in cancers, including neuroblastoma.14,15 Glucose 
transporter 1 (GLUT1) is an important upstream protein 
of glycolysis, which participates in cancer energy 
metabolism.16 Previous evidences suggest that GLUT1 
could promote cancer development via facilitating cell 
proliferation, migration and glycolysis.17,18 Moreover, 
GLUT1 is reported to be associated with the malignancy 
of neuroblastoma.19 However, whether GLUT1 is regu-
lated via LINC00839 in neuroblastoma remains unclear.

In this research, we explored LINC00839 level in 
neuroblastoma tissues and cells. Moreover, we analyzed 
the function of LINC00839 in neuroblastoma cell devel-
opment. Additionally, we explored whether it was asso-
ciated with the regulatory axis of miR-338-3p/GLUT1.

Materials and Methods
Patient Tissue Collection
The matched tumor and adjacent noncancerous tissues 
were harvested from 48 neuroblastoma patients in the 
First People’s Hospital of Jingmen Affiliated to Hubei 
Minzu University between 2011 and 2015. All tissues 
were maintained at −80°C. Based on a 5-year follow-up, 

the overall survival of patients was analyzed. All patients 
signed the written informed consent. The research was 
performed under the approval of the ethics committee of 
the First People’s Hospital of Jingmen Affiliated to Hubei 
Minzu University and in line with the guidelines of the 
Helsinki Declaration.

Cell Culture
Human neuroblastoma cell lines (IMR-32 and SK-N-SH) 
and human embryonic kidney 293 (HEK293) cells were 
provided via Procell (Wuhan, China) and maintained in 
DMEM (Procell) plus 10% fetal bovine serum (Procell) 
and 1% penicillin/streptomycin (Beyotime, Shanghai, 
China) at 37°C and 5% CO2.

Quantitative Reverse Transcription 
Polymerase Chain Reaction (qRT-PCR)
Total RNA was extracted using Trizol (Applygen, Beijing, 
China) based on the procedures in previous study.20 The 
RNA in cytoplasm or nucleus was extracted with the 
Cytoplasmic & Nuclear RNA Purification kit (Norgen 
Biotek, Thorold, Canada) following the instruction of the 
manufacturer. 800 ng RNA was applied to cDNA synthesis 
through the specific reverse transcription kit (Thermo Fisher, 
Waltham, MA, USA). The synthesized cDNA was mixed 
with SYBR (Solarbio, Beijing, China) and specific primers 
(GenScript, Nanjing, China) for qRT-PCR with the following 
amplification protocol: 95oC for 5 min, 40 cycles of 95oC for 
20 s, and 60oC for 1 min. The primer sequences were shown 
as: LINC00839 (sense, 5ʹ-GCCCATACGGACCTACTGC 
-3ʹ; antisense, 5ʹ-CAATCTGGGCCTGAACTGTG-3ʹ), 
GLUT1 (sense, 5ʹ-GTGACAAGACACCCGAGGAG-3ʹ; 
antisense, 5ʹ-CCTGGAGCCGTTAAGTCCTG-3ʹ), miR- 
338-3p (sense, 5ʹ-GCCGAGTCCAGCATCAGTGCATT-3ʹ; 
antisense, 5ʹ-CAGTGCGTGTCGTGGAGT-3ʹ), 18S rRNA 
(sense, 5ʹ-CAGCCACCCGAGATTGAGCA-3ʹ; antisense, 
5ʹ-TAGTAGCGACGGGCGGTGTG-3ʹ), U6 (sense, 5ʹ- 
ATTGGAACGATACAGAGAAGATT-3ʹ; antisense, 5ʹ- 
GGAACGCTTCACGAATTTG-3ʹ), and β-actin (sense, 5ʹ-A 
TAGCACAGCCTGGATAGCAACGTAC-3ʹ; antisense, 5ʹ- 
CACCTTCTACAATGAGCTGCGTGTG-3ʹ). Using U6 or 
β-actin as housekeeping gene, the relative RNA expression 
was calculated via 2−ΔΔCt method.21 Every sample was pre-
pared in quadruplicate, and this experiment was conducted 3 
times.
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Western Blot
After treatment of RIPA buffer (Solarbio) with 1% pro-
tease inhibitor, total protein was extracted after centrifu-
gation. The protein concentration was detected via a BCA 
kit (Sigma, St. Louis, MO, USA). The protein samples 
(20 μg) were separated via SDS-PAGE and transferred 
onto polyvinylidene fluoride membranes (Solarbio). 
Following blocking in 5% non-fat milk, the membranes 
were interacted with antibody for GLUT1 (Cat. 
No. 21829-1-AP, 1:1000 dilution, Proteintech, 
Rosemont, IL, USA) or β-actin (Cat. No. 20536-1-AP, 
1:3000 dilution, Proteintech) overnight and IgG conju-
gated via HRP (Cat. No. SA00001-2, 1:10,000 dilution, 
Proteintech) for 2 h. β-actin was employed as a reference. 
The blots were visualized by ECL reagent (Thermo 
Fisher), and then analyzed via Image J software (NIH, 
Bethesda, MD, USA). The relative protein expression was 
normalized to the control group. Each sample was pro-
vided in quadruplicate, and this experiment was per-
formed 3 times.

Cell Transfection
The GLUT1 (NM_006516.4) overexpression vector (oe- 
GLUT1) was generated via cloning GLUT1sequence into 
pcDNA3.1 vector (Thermo Fisher), and the pcDNA3.1 
vector alone served as negative control (Vector). The 
shRNA for LINC00839 (sh-LINC00839-1/-2), miR-338- 
3p mimic, miR-338-3p inhibitor, and their negative con-
trols (sh-NC, miR-NC or anti-NC) were generated via 
Ribobio (Guangzhou, China). IMR-32 and SK-N-SH 
cells were transfected with the above-mentioned vectors 
(600 ng) or oligonucleotides (20 nM). The transfection 
efficacy was analyzed via qRT-PCR or Western blot after 
24 h post-transfection.

Cell Counting Kit-8 (CCK-8) and Colony 
Formation Analyses
Cell proliferation was detected via CCK-8 and colony 
formation analyses. 1×104 IMR-32 and SK-N-SH cells 
were placed into 96-well plates in quadruplicate, and incu-
bated for 24, 48 or 72 h, followed via interacting with 10 
μL CCK-8 reagent (Beyotime) for 3 h. The optical density 
(OD) value was examined through a microplate reader 
(Molecular Devices, San Jose, CA, USA) with 
a wavelength of 450 nm. This experiment was conducted 
3 times.

For colony formation analysis, IMR-32 and SK-N-SH 
cells were added into 12-well plates, and then maintained 
for 10 days. The colony was fixed and dyed with 0.2% 
crystal violet (Beyotime), followed via an observation 
under a microscope (Olympus, Tokyo, Japan). This experi-
ment was performed 3 times with 4 replicates.

Flow Cytometry
Cell apoptosis was examined with Annexin V-FITC apop-
tosis kit (Sigma). 2×105 IMR-32 and SK-N-SH cells were 
added in 6-well plates with 4 replicates and then incubated 
for 72 h. Subsequently, cells were harvested and interacted 
with Annexin V binding buffer. Next, cells were dyed with 
Annexin V-FITC and Propidium Iodide, followed via 
detection of a flow cytometer (Agilent, Hangzhou, 
China). The apoptotic rate of cells represented the ratio 
of cells in right lower and upper quadrants. The experi-
ments were carried out 3 times.

Wound Healing Analysis
The migrated ability of IMR-32 and SK-N-SH cells was 
analyzed via wound healing analysis. 1×105 IMR-32 and 
SK-N-SH cells were seeded into 12-well plates in quad-
ruplicate. When reaching >95% confluence, a straight 
scratch was made using a 200 μL pipette tip. After 24 h, 
cells were observed. The wound was photographed under 
a microscope (magnification ×100) at 0 and 24 h. The 
migrated ability was revealed via the wound healing rate. 
This experiment was repeated 3 times.

Transwell Analysis
The transwell chamber (BD, Franklin Lakes, NJ, USA) 
with polycarbonate membrane insert was used for cell 
migration and invasion analyses. For migration analysis, 
1×105 IMR-32 and SK-N-SH cells in serum-free medium 
were placed into the upper chambers; for invasion analy-
sis, the chamber was precoated with Matrigel (Solarbio), 
and 5×105 IMR-32 and SK-N-SH cells in medium without 
serum were added into the upper chambers. The low 
chambers were filled with 500 μL DMEM plus 10% 
serum. After 24 h, cells were dyed with 0.2% crystal 
violet. The migrated or invasive cells were observed 
under a microscope (magnification ×100) with 4 random 
fields. The relative migrated or invasive ability was nor-
malized to the control group (100%). This experiment was 
conducted 3 times.
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Glucose Uptake and Lactate Production 
Analyses
Glycolysis was analyzed via glucose uptake and lactate 
production with the specific glucose or lactate assay kit 
(Abcam, Cambridge, MA, USA). 2×106 IMR-32 and SK- 
N-SH cells were collected and homogenized in the assay 
buffer. Next, the lysates were used for detection of the 
amounts of glucose and lactate according to the procedures 
of th manufacturer. The relative glucose uptake and lactate 
production levels were normalized to total protein and 
control group (100%). 4 replicates were prepared and 
this experiment was repeated 3 times.

Dual-Luciferase Reporter Analysis and 
RNA Immunoprecipitation (RIP)
The relationship of miR-338-3p and LINC00839 or 
GLUT1 was predicted via starBase (http://starbase.sysu. 
edu.cn/).22 The luciferase reporter vectors containing wild- 
type binding sequence of miR-338-3p (WT LINC00839 
and GLUT1 3ʹUTR) or mutant sequence (MUT 
LINC00839 and GLUT1 3ʹUTR) were generated via clon-
ing the corresponding sequence of LINC00839 or GLUT1 
3ʹUTR into the pMIR-REPORT vectors (Thermo Fisher). 
IMR-32 and SK-N-SH cells were transfected with these 
constructs, control vectors and miR-338-3p mimic or miR- 
NC. The luciferase activity was examined via dual- 
luciferase analysis system (Thermo Fisher) after 24 h post- 
transfection.

RIP analysis was performed using a Magna RIP kit 
(Millipore, Billerica, MA, USA). 1×107 IMR-32 and SK- 
N-SH cells were lysed, and the lysates were incubated 
with magnetic beads conjugated via anti-Ago2 or IgG. 
IgG served as a negative control. LINC00839, miR-338- 
3p and GLUT1 levels enriched via the beads were mea-
sured via qRT-PCR.

Animal Experiment
BALB/c athymic mice (male, 5-week-old) were provided 
via Charles River (Beijing, China). 2×106 SK-N-SH cells 
stably transfected with sh-NC or sh-LINC00839-1 were 
subcutaneously injected into the right flank of mice, 
respectively (n=7/group). The tumor volume was exam-
ined every 3 days from 7 days after cell injection using 
length × width2/2. After 28 days, mice were euthanized 
using 5% isoflurane. Tumor tissues were weighed, and 
harvested for detection of lactate production, LINC00839, 
miR-338-3p and GLUT1 levels. For survival analysis, 

mice were subcutaneously injected with 2×106 SK-N-SH 
cells stably transfected with sh-NC or sh-LINC00839-1 
(n=10/group). The survival time of mice was monitored in 
each group. Animal experiment was approved via the 
Laboratory Animal Care and Use Committee of the First 
People’s Hospital of Jingmen Affiliated to Hubei Minzu 
University and performed according to the Guide for the 
Care and Use of Laboratory Animals.

Statistical Analysis
The results were presented as mean ± SD from 3 repeats. 
Statistical analysis was processed via GraphPad Prism 7 
(GraphPad Inc., La Jolla, CA, USA). The linear correla-
tion between LINC00839 and GLUT1 abundance in neu-
roblastoma tissues was analyzed via Pearson correlation 
test. The survival curve of patients or mice was tested via 
Kaplan–Meier’s method and the log-rank test. The differ-
ence was analyzed via Student’s t-test or ANOVA fol-
lowed via Tukey test. P<0.05 indicated the significant 
difference.

Results
LINC00839 and GLUT1 Levels are 
Enhanced in Neuroblastoma Tissues and 
Cells
To explore whether LINC00839 and GLUT1 were relevant 
to neuroblastoma development, their expression was 
detected in neuroblastoma tissues. Comparing to the nor-
mal samples, LINC00839 and GLUT1 abundances were 
evidently up-regulated in tumor tissues (n = 48) 
(Figure 1A and B). Moreover, the patients were divided 
into high or low expression of LINC00839 or GLUT1 
group according to the median value. As shown in 
Figure 1C and D, high expression of LINC00839 and 
GLUT1 indicated the lower overall survival of patients 
(P<0.01). GLUT1 mRNA expression was positively 
related with LINC00839 level (r=0.45, P<0.01) 
(Figure 1E). In addition, GLUT1 protein level was 
obviously enhanced in neuroblastoma tissues in compar-
ison to normal samples (Figure 1F). Furthermore, 
LINC00839 and GLUT1 levels were detected in neuro-
blastoma cell lines. As displayed in Figure 1G and H, 
LINC00839 and GLUT1 abundances were markedly ele-
vated in IMR-32 and SK-N-SH cells when compared to 
HEK293 cells. These results suggested that the increased 
LINC00839 and GLUT1 might be involved in neuroblas-
toma development.
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LINC00839 Knockdown Inhibits Cell 
Proliferation, Migration, Invasion and 
Glycolysis and Promotes Apoptosis in 
Neuroblastoma Cells
To analyze the function of LINC00839 on neuroblastoma 
development in vitro, IMR-32 and SK-N-SH cells were 
transfected with sh-LINC00839-1, sh-LINC00839-2 or sh- 
NC. The transfection of sh-LINC00839-1 and sh- 
LINC00839-2 effectively reduced LINC00839 abundance 
in the two cell lines (Figure 2A). Functional analysis 
showed that LINC00839 knockdown evidently decreased 

cell proliferation, revealed via the reduced cell viability 
and colony ability (Figure 2B-D). Moreover, flow cytome-
try analysis displayed that LINC00839 silence markedly 
promoted cell apoptosis of IMR-32 and SK-N-SH cells 
(Figure 2E). In addition, the data of wound healing and 
transwell analyses exhibited that LINC00839 interference 
significantly repressed cell migration and invasion 
(Figure 3A-C). Besides, the influence of LINC00839 on 
glycolysis in neuroblastoma cells was assessed. As shown 
in Figure 4A and B, LINC00839 knockdown evidently 
declined the abundance of GLUT1, a major glucose trans-
porter driving the glucose uptake. Furthermore, 

Figure 1 LINC00839 and GLUT1 expression in neuroblastoma tissues and cells. (A and B) LINC00839 and GLUT1 abundances were measured via qRT-PCR in 
neuroblastoma and adjacent noncancerous tissues (n=48). Difference was tested via Student’s t-test. (C and D) The overall survival of neuroblastoma patients was analyzed 
in low or high expression of LINC00839 or GLUT1 group. The survival curve was tested via Kaplan–Meier’s method and the log-rank test. (E) LINC00839 and GLUT1 
expression correlation in neuroblastoma tissues. The correlation was analyzed via Pearson correlation test. (F) GLUT1 protein abundance was examined via Western blot in 
neuroblastoma and adjacent noncancerous tissues. Difference was tested via Student’s t-test. (G and H) LINC00839 and GLUT1 levels were detected via qRT-PCR and 
Western blot in neuroblastoma cell lines (IMR-32 and SK-N-SH) and HEK293 cells. Difference was tested via ANOVA followed via Tukey test. The data were displayed as 
mean ± SD. **P<0.01.
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LINC00839 down-regulation obviously declined glucose 
uptake and lactate production in IMR-32 and SK-N-SH 
cells (Figure 4C and D). These data indicated that 
LINC00839 knockdown repressed neuroblastoma develop-
ment in vitro. sh-LINC00839-1 with relative higher effect 
was chosen for further experiments.

GLUT1 Overexpression Reverses the 
Influence of LINC00839 Silence on Cell 
Proliferation, Apoptosis, Migration, 
Invasion and Glycolysis in Neuroblastoma 
Cells
To analyze whether GLUT1 was implicated in 
LINC00839-mediated neuroblastoma development 
in vitro, IMR-32 and SK-N-SH cells were transfected 
with sh-NC, sh-LINC00839-1, sh-LINC00839-1 + Vector 
or oe-GLUT1. The transfection efficacy of oe-GLUT1 is 
identified in Figure 5A and B. Also, we confirmed that 
LINC00839 knockdown markedly reduced GLUT1 
expression, and this effect could be reversed by GLUT1 
overexpression vector (Supplementary Figure 1). 
Furthermore, GLUT1 overexpression mitigated silence of 

LINC00839-mediated proliferation reduction via restoring 
cell viability and colony ability (Figure 5C-E and 
Supplementary Figure 2A). Additionally, GLUT1 up- 
regulation weakened knockdown of LINC00839-induced 
apoptosis (Figure 5F and Supplementary Figure 2B). 
Moreover, GLUT1 overexpression attenuated silence of 
LINC00839-mediated inhibition of migration and invasion 
(Figure 5G-I and Supplementary Figure 2C-E). Besides, 
GLUT1 overexpression alleviated knockdown of 
LINC00839-mediated suppression of glucose uptake and 
lactate production (Figure 5J and K). These results sug-
gested that LINC00839 might modulate neuroblastoma 
development in vitro via GLUT1.

LINC00839 Targets GLUT1 via Sponging 
miR-338-3p
To analyze how LINC00839 modulated GLUT1, the 
expression distribution of LINC00839 was detected. As 
shown in Figure 6A and B, LINC00839 was mainly 
located in cytoplasm, with 18S rRNA or U6 as reference 
for cytoplasm or nucleus. Moreover, starBase online pre-
dicted that LINC00839 and GLUT1 had the similar bind-
ing sites (UGCUGG) of miR-338-3p (Figure 6C). To 

Figure 2 The influence of LINC00839 on cell proliferation and apoptosis in neuroblastoma cells. IMR-32 and SK-N-SH cells were transfected with sh-NC, sh-LINC00839-1 
or sh-LINC00839-2. (A) LINC00839 expression was measured via qRT-PCR in cells with the indicated transfection. (B and C) Cell viability was detected via CCK-8 at 24, 48 
or 72 h. (D) Colony formation was analyzed in cells with the indicated transfection. (E) Cell apoptosis was examined via flow cytometry in cells with the indicated 
transfection. Difference was tested via ANOVA followed via Tukey test. The data were displayed as mean ± SD. *P<0.05, **P<0.01.
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Figure 3 The influence of LINC00839 on cell migration and invasion in neuroblastoma cells. IMR-32 and SK-N-SH cells were transfected with sh-NC, sh-LINC00839-1 or 
sh-LINC00839-2. (A and B) The migrated ability was detected via wound healing and transwell analyses in cells with the indicated transfection. (C) The invasive ability was 
analyzed via transwell analysis in cells with the indicated transfection. Difference was tested via ANOVA followed via Tukey test. The data were displayed as mean ± SD. 
**P<0.01.

Figure 4 The influence of LINC00839 on GLUT1 expression and glycolysis in neuroblastoma cells. IMR-32 and SK-N-SH cells were transfected with sh-NC, sh-LINC00839 
-1 or sh-LINC00839-2. (A and B) GLUT1 expression was examined via qRT-PCR and Western blot in cells with the indicated transfection. (C and D) Glucose uptake and 
lactate production were examined in cells with the indicated transfection. Difference was tested via ANOVA followed via Tukey test. The data were displayed as mean ± SD. 
**P<0.01.
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Figure 5 The influence of GLUT1 on LINC00839-mediated processes in neuroblastoma cells. IMR-32 and SK-N-SH cells were transfected with Vector or oe-GLUT1. 
(A and B) GLUT1 abundance was examined via qRT-PCR and Western blot. Difference was tested via Student’s t-test. IMR-32 and SK-N-SH cells were transfected with sh- 
NC, sh-LINC00839-1, sh-LINC00839-1 + Vector or oe-GLUT1. Cell viability (C and D), colony formation (E), apoptosis (F), migration and invasion (G-I), glucose uptake 
and lactate production (J and K) were examined in cells with the indicated transfection. Difference was analyzed via ANOVA followed via Tukey test. The data were displayed 
as mean ± SD. **P<0.01.
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identify the target relationship between miR-338-3p and 
LINC00839 or GLUT1, the WT and MUT luciferase 
reporter vectors were constructed. As displayed in 
Figure 6D-G, miR-338-3p overexpression evidently 
declined the luciferase activity of WT LINC00839 and 
GLUT1 3ʹUTR vectors, but it had little influence on the 
luciferase activity of MUT LINC00839 and GLUT1 
3ʹUTR vectors. Furthermore, there were amounts of 
LINC00839, miR-338-3p and GLUT1 enriched via Ago2 
RIP (Figure 6H and I). In addition, miR-338-3p abundance 
was evidently declined via LINC00839 silence (Figure 6J), 
and GLUT1 abundance was markedly reduced via miR- 
338-3p overexpression (Figure 6K and L). Besides, 
whether LINC00839 could regulate GLUT1 via miR- 
338-3p was analyzed in IMR-32 and SK-N-SH cells with 
transfection of sh-NC, sh-LINC00839-1, sh-LINC00839-1 
+ anti-NC or anti-miR-338-3p. The transfection efficacy of 
anti-miR-338-3p is confirmed in Figure 6M. GLUT1 abun-
dance was evidently decreased via LINC00839 silence, 
which was restored via miR-338-3p knockdown 
(Figure 6N and O). These data indicated that LINC00839 
could modulate GLUT1 expression via binding with miR- 
338-3p.

miR-338-3p Knockdown Mitigates the 
Influence of LINC00839 Silence on Cell 
Proliferation, Apoptosis, Migration, 
Invasion and Glycolysis in Neuroblastoma 
Cells
To test whether miR-338-3p was required for LINC00839- 
mediated neuroblastoma development in vitro, IMR-32 
and SK-N-SH cells were transfected with sh-NC, sh- 
LINC00839-1, sh-LINC00839-1 + anti-NC or anti-miR 
-338-3p. miR-338-3p knockdown attenuated silence of 
LINC00839-mediated proliferation reduction via increas-
ing cell viability and colony ability (Figure 7A-C and 
Supplementary Figure 3A). Moreover, miR-338-3p down- 
regulation mitigated knockdown of LINC00839-caused 
apoptosis (Figure 7D and Supplementary Figure 3B). In 
addition, miR-338-3p abrogation abolished the inhibitive 
influence of LINC00839 silence on migration and invasion 
(Figure 7E-G and Supplementary Figure 3C-E). 
Furthermore, miR-338-3p knockdown reversed the inhibi-
tive effect of LINC00839 silence on glucose uptake and 
lactate production (Figure 7H and I). These results showed 
that LINC00839 might regulate neuroblastoma develop-
ment in vitro via miR-338-3p.

LINC00839 Knockdown Reduces 
Neuroblastoma Cell Growth in 
Xenograft Model
To test the function of LINC00839 on regulate neuroblas-
toma development in vivo, SK-N-SH cells with transfec-
tion of sh-NC or sh-LINC00839-1 were applied to 
establish the xenograft model. Tumor volume and weight 
were evidently declined in sh-LINC00839-1 group in com-
parison to sh-NC group (Figure 8A and B). Moreover, the 
lactate production was markedly inhibited in sh- 
LINC00839-1 group in comparison to sh-NC group 
(Figure 8C). Additionally, LINC00839 and GLUT1 abun-
dances were evidently decreased in sh-LINC00839-1 
group, while miR-338-3p expression was elevated 
(Figure 8D-G). Besides, the mice in sh-LINC00839-1 
group had the longer survival time than those in sh-NC 
group (Figure 8H). These data suggested that LINC00839 
silence inhibited neuroblastoma development in vivo.

Discussion
Neuroblastoma is a malignant solid tumor with poor prog-
nosis in pediatrics.23 Lots of lncRNAs are relevant to 
neuroblastoma development.24 Our study aimed to explore 
the function and mechanism of LINC00839 in neuroblas-
toma development in vitro and in vivo. The schematic 
diagram of our study is shown in Figure 9. LINC00839 
could target miR-338-3p/GLUT1 axis to promote neuro-
blastoma cell proliferation, migration, invasion and glyco-
lysis and inhibit apoptosis.

Sahu et al and Meng et al reported that LINC00839 
was highly expressed and associated with poor survival of 
neuroblastoma patients.8,25 Similarly, we also found 
LINC00839 expression was enhanced in neuroblastoma, 
and high expression of LINC00839 indicated the lower 
overall survival, implying the increased LINC00839 might 
be associated the malignancy of neuroblastoma. Here, we 
mainly assessed the function of LINC00839 in vitro. In 
this research, we found that LINC00839 level was ele-
vated in neuroblastoma cells, and then we performed the 
loss-of-function experiments. The proliferation, migration 
and invasion are the main malignancies of 
neuroblastoma.26 Here we found that LINC00839 silence 
repressed neuroblastoma cell proliferation, migration and 
invasion. Glycolysis is a key type of energy metabolism in 
support of cancer cell proliferation and metastasis, and 
glucose and lactate are two key metabolic drivers in cancer 
cell glycolysis.27,28 By detecting glucose uptake and 
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Figure 6 The interaction among LINC00839, miR-338-3p and GLUT1 in neuroblastoma cells. (A and B) LINC00839 expression in cytoplasm and nucleus was detected via 
qRT-PCR with 18S rRNA or U6 as control. (C) The targeted sequence of miR-338-3p and LINC00839 or GLUT1 predicted via starBase. (D-G) Luciferase activity was 
detected in IMR-32 and SK-N-SH cells with transfection of miR-338-3p mimic or miR-NC and WT or MUT luciferase reporter vectors. (H and I) LINC00839, miR-338-3p 
and GLUT1 levels were measured after RIP. (J) miR-338-3p abundance was examined in IMR-32 and SK-N-SH cells with transfection of sh-NC or sh-LINC00839-1. (K and L) 
GLUT1 expression was examined in IMR-32 and SK-N-SH cells with transfection of miR-338-3p mimic or miR-NC. (M) miR-338-3p level was measured in IMR-32 and SK- 
N-SH cells with transfection of anti-miR-338-3p or anti-NC. (N and O) GLUT1 abundance was detected in IMR-32 and SK-N-SH cells with transfection of sh-NC, sh- 
LINC00839-1, sh-LINC00839-1 + anti-NC or anti-miR-338-3p. Difference was analyzed via ANOVA followed via Tukey test. The data were displayed as mean ± SD. 
**P<0.01.
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lactate production, we found that LINC00839 silence 
inhibited glycolysis in neuroblastoma. Besides, we con-
firmed the anti-growth function of LINC00839 silence in 
neuroblastoma using a xenograft model. Collectively, 
LINC00839 inhibition might play an anti-neuroblastoma 
role.

GLUT1 is a key protein modulating glucose uptake in 
cancers.29 Previous study suggested that GLUT1 expres-
sion was enhanced in neuroblastoma, and associated with 
the worse outcome of patients.19 Similarly, our study also 
confirmed these findings. Moreover, inhibition of GLUT1 
via inhibitor promoted neuroblastoma cell apoptosis and 
inhibited cell proliferation.30,31 These indicated the 

oncogenic role of GLUT1 in neuroblastoma. In our 
study, GLUT1 overexpression reversed knockdown of 
LINC00839-mediated inhibition of neuroblastoma devel-
opment via restoring cell proliferation, migration, invasion 
and glycolysis, which was consistent with that in many 
cancers, such as colorectal cancer, bladder cancer, breast 
cancer and oral squamous cell carcinoma.17,18,32,33 These 
results suggested that LINC00839 could target GLUT1 to 
regulate neuroblastoma development.

Next, we explored how LINC00839 would target 
GLUT1. miRNAs could act as a cross talk between 
lncRNAs and mRNAs.34 Here we were the first to identify 
LINC00839 could sponge miR-338-3p to target GLUT1. 

Figure 7 The influence of miR-338-3p on LINC00839-mediated processes in neuroblastoma cells. IMR-32 and SK-N-SH cells were transfected with sh-NC, sh-LINC00839 
-1, sh-LINC00839-1 + anti-NC or anti-miR-338-3p. Cell viability (A and B), colony formation (C), apoptosis (D), migration and invasion (E-G), glucose uptake and lactate 
production (H and I) were detected in cells with the indicated transfection. Difference was analyzed via ANOVA followed by Tukey test. The data were displayed as mean ± 
SD. **P<0.01.
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Previous studies reported that miR-338-3p repressed cell 
proliferation, migration and invasion in neuroblastoma via 
targeting PREX2a or polo-like kinase 4 (PLK4), suggest-
ing the anti-cancer role of miR-338-3p in 
neuroblastoma.13,35 In our study, miR-338-3p knockdown 
mitigated the anti-cancer role of LINC00839 silence in 
neuroblastoma. Thus, we concluded that LINC00839 

could target GLUT1 via miR-338-3p to participate in 
neuroblastoma development.

In conclusion, LINC00839 knockdown restrained cell 
proliferation, migration, invasion and glycolysis and 
increased apoptosis in neuroblastoma, possibly via regu-
lating miR-338-3p/GLUT1 axis. This study provided 
a new insight into the development of neuroblastoma.

Figure 8 The influence of LINC00839 on neuroblastoma cell growth in vivo. SK-N-SH cells with transfection of sh-NC or sh-LINC00839-1 were subcutaneously injected 
into mice to induce xenograft model. (A) Tumor volume was measured every 3 days from 7 days after cell injection. (B) Tumor weight was detected. (C) Lactate production 
was analyzed in each group. (D-G) LINC00839, miR-338-3p and GLUT1 abundances were examined in each group. (H) Survival rate of mice in each group was analyzed. 
Survival curve was tested via Kaplan–Meier’s method and the log-rank test. Difference was tested via Student’s t-test. The data were displayed as mean ± SD. **P<0.01.
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