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Introduction

Neuroblastoma is a very common extracranial tumor 
in infants and young children with high malignancy, ac-
counting for 8-10% of the incidence of malignant tumors 
in children (1). Benign neuroblastoma can be cured, but 
malignant neuroblastoma progresses rapidly and is prone 
to metastases, which is not easy to treat. For children 
with severe pathogenetic conditions, the survival rate is 
relatively low. According to research statistics, the deaths 
caused by neuroblastoma are about 15% of all malignant 
tumors in children (2). Therefore, it is very important to 
explore the analytical markers that affect the developmen-
tal mechanisms of neuroblastoma proliferation, invasion, 
and migration for the treatment clinically.

Studies have found that long non-coding ribonucleic 
acid (RNA) (lncRNAs) are closely related to the deve-
lopment of various malignant tumors (3). As non-co-
ding RNAs with lengths between 200 and 100,000 nt, 
lncRNAs play a certain role in regulating the cell cycle, 
cell differentiation, epigenetics, and other life activities 
(4). For example, large intergenic noncoding RNA 0196 
(LINC0196) has been proven to promote the migration 
and invasion of gastric cancer, colon cancer, cholangiocar-
cinoma, and other cancer cells (5-7). When the LINC0196 

gene is up-regulated, the ability of cancer cells to proli-
ferate, invade, and migrate will be enhanced. In addition, 
many studies have proposed that micro-RNA (miRNA) is 
also involved in the differentiation process of various ma-
lignant tumor cells (8,9). miRNAs are non-coding short-
chain small RNAs that can regulate gene expression after 
transcription. Through comprehensive analysis, some stu-
dies have discovered that miR-584-5p and miR-34a-5p 
can inhibit the proliferation, migration, and stemness of 
glioma cells and also affect the prognosis of patients (10). 
Both lncRNA and miRNA are involved in and are of great 
significance in the occurrence and development of tumor 
diseases. Some studies have suggested that lncRNA and 
miRNA are involved in the immunosuppressive process, 
oxidative stress response, angiogenesis, cell proliferation, 
metastasis, and metabolism of hepatocellular carcinoma 
(11). Tripartite motif 59 (TRIM 59) is a member of the 
TRIM protein family and has a wide range of biological 
functions. The roles of different species and types of TRIM 
are different in tumors, including promoting tumor deve-
lopment and inhibiting tumorigenesis (12). Studies have 
found that TRIM 59 can promote the proliferation of solid 
tumor cells of gastric cancer, bone cancer, lung cancer, 
and so on (13). However, TRIM 59 has different mecha-
nisms for promoting cancer cell proliferation in different 
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tumor diseases, some by regulating the ubiquitination of 
p53 protein and some by up-regulating the expression of 
cell cycle-related proteins (14). LncRNA, miRNA, and 
messenger RNA (mRNA) have certain application value 
in controlling the development and treatment of tumor 
diseases. LncRNAs can exist as precursors of miRNAs, 
which can regulate the progression of tumor diseases by 
affecting miRNAs, and then indirectly regulate the expres-
sion of mRNAs corresponding to downstream target genes 
(15). However, there is a lack of current researches on 
the effects of LINC0196, miR-584-5p, miR-34a-5p, and 
TRIM 59 on the biological function of pediatric neuro-
blastoma. Thus, further researches are needed.

To sum up, the regulatory mechanism of LINC0196, 
miR-584-5p, miR-34a-5p, and TRIM 59 on neuroblas-
toma will be explored in this work. The interaction of 
LINC0196, miR-584-5p, miR-34a-5p, and TRIM 59 was 
also analyzed to provide a research basis for the clinical 
treatment of neuroblastoma at the molecular level. It was 
expected to raise more effective treatment methods for 
patients clinically.

Materials and Methods

Research materials and their sources
Human neuroblastoma cell line SK-N-SH cells were 

purchased from the American Type Culture Collection 
(ATCC) Center. Minimum Essential Medium (MEM), 
10% fetal bovine serum, 1% penicillin/streptomycin, and 
Lipofectamine 3000 transfection reagents were purchased 
from Invitrogen Corporation, the United States. Rabbit an-
ti-human TRIM59 antibody and rabbit anti-human phos-
phorylated TRIM59 were purchased from Cell Signaling 
Technology, Inc., the United States. small interfering- (si-) 
LINC0196, pcDNA-LINC0196, miR-584-5p/miR-34a-5p, 
and miR-584-5p/miR-34a-5p inhibitors were from Beijing 
Zhong Shan -Golden Bridge Biological Technology CO., 
LTD. CCK-8 cell proliferation detection kits and related 
detection kits of real-time quantitative polymerase chain 
reaction (RT-qPCR) were of LightCycler 480 products, 
Roche Molecular Systems, Inc., Switzerland. The lucife-
rase reporter vectors were bought from MedChemExpress 
LLC, the United States; the Annexin V-FITC/PI apoptosis 
detection kits were purchased from Jiangsu KeyGEN Bio-
TECH Co., Ltd.

Cell culture and transfection
Human umbilical vein endothelial cells (HUVECs) 

were placed in a MEM medium containing 10% fetal bo-
vine serum and cultured in an incubator with 5% carbon 
dioxide at 37 ℃. The medium was changed 2-3 times per 
week, and the cells were passaged according to the ratio 
of 1:3. SK-N-SH cells in the logarithmic growth phase 
were selected and seeded in a 6-well plate, with 2.5 × 
105 cells per well. 24 h later, si-LINC0196, miR-584-5p/
miR-34a-5p, miR-584-5p/miR-34a-5p inhibitor, and their 
respective negative controls of SK-N-SH cells were trans-
fected, respectively according to the instructions of Lipo-
fectamine 3000. The cells were collected and detected 96 
h after transfection.

Grouping
According to the transfection method, the human 

neuroblastoma cell line SK-N-SH cells were grouped. 

In the control group, none of the transfection as well as 
any other treatment was performed. In the si-LINC0196 
group, si-LINC0196 transfection was performed. In the 
si-LINC0196-negative control (NC) group, the cells were 
transfected with the LINC0196 negative control vector. 
In the miR-584-5p group, miR-584-5p mimic transfec-
tion was made. In the miR-584-5p-NC group, miR-584-
5p inhibitor negative control transfection was made. In 
the miR-34a-5p group, the cells were transfected with 
miR-34a-5p mimic. In the miR-34a-5p-NC group, the 
cells were transfected with miR-34a-5p inhibitor nega-
tive control. The proliferation, migration, and apoptosis of 
SK-N-SH cells were detected, analyzed, and compared to 
evaluate the effects of LINC0196, miR-584-5p, miR-34a-
5p, and TRIM59. Normal spinal cord dorsal root ganglion 
cells were collected (Wuhan Third Hospital) for compara-
tive analysis.

Cell proliferation activity experiment
In this work, the CCK-8 kit was used to detect the pro-

liferation of SK-N-SH cells. SK-N-SH cells were seeded 
into a 96-well plate (5 × 103 cells/well), and the cells were 
grouped after 24 h. According to CCK-8 kit instructions, 
the working solution was prepared. The ratio of culture 
medium to CCK-8 in each well was 10:1. That was, 10 μL 
of CCK-8 was added to 100 μL of culture medium. The 
working solution was added to each well. Then the cells 
were cultured at 37 ℃ for 1 h. The optical density (OD) of 
the cells in each well was detected by a microplate reader 
at a wavelength of 450 nm, and the proliferation activity of 
the cells was calculated and analyzed.

Flow cytometry detection
The Annexin V-FITC/PI apoptosis detection kit was 

utilized for staining SK-N-SH cells and detecting the 
apoptosis of cells. The SK-N-SH cultured cells were 
placed in a centrifuge tube, fixed with pre-cooled ethanol 
(75% concentration), and placed overnight at -20 ℃. 2 mL 
of buffer was added on the next day, then the cells were 
centrifuged for 5 min, and the step was repeated again. 
After centrifugation, SK-N-SH cells were collected (1 × 
105 cells), and added with 500 μL buffer to resuspend the 
cells. Then 5 μL Annexin V-FITC and 5 μL PI staining 
solution were added successively to stain the cells. After 
mixing well, the cells were allowed to react in the dark at 
room temperature for 20 min. The cells were finally placed 
in flow cytometry to measure cell apoptosis.

Western blot experiment
The total protein in SK-N-SH cells was extracted by 

RIPA lysate, and the total concentration was measured by 
the bicinchoninic acid (BCA) method. 30 μg of protein 
samples were taken out and separated by 10% SDS-PAGE 
electrophoresis. Then the separation solution was transfer-
red to the PVDF membrane. 5% nonfat dry milk was used 
for blocking overnight at room temperature of 4 ℃ with 
TRIM59, G1/S-specific cyclin-D1 (Cyclin D1), prolifera-
ting cell nuclear antigen (PCNA), cyclin-dependent kinase 
2 (CDK2) primary antibodies. On the next day, the pri-
mary antibodies were washed off with Tris Buffered Saline 
Tween, and the secondary antibodies were added for incu-
bation. After 2 h, Tris Buffered Saline Tween was utilized 
for rinsing. The color of the target protein bands was deve-
loped according to the instructions of the electrogenerated 
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MEM medium containing 10% fetal bovine serum was 
added to the lower chamber. The cells were incubated at 
room temperature of 37 ℃. On the next day, the cham-
bers were taken out and washed with buffer solution. After 
that, 4% paraformaldehyde was added to fix the cells, and 
crystal violet staining solution (0.1%) was added to stain 
the cells. After 10 min, the cells were washed with buffer 
solution. The number of transmembrane cells was counted 
under the microscope, and 3 fields of view were randomly 
selected from each group; the average value was taken.

Dual-luciferase reporter assay
The relationship among targets of LINC0196, miR-

584-5p, miR-34a-5p, and TRIM59 was detected by 
dual-luciferase reporter assay. The TargetScan 7.2 data-
base was utilized to predict the existence of binding 
sites among LINC0196, miR-584-5p, miR-34a-5p, and 
TRIM59. LINC0196 contained complementary nucleo-
tide sequences to miR-584-5p and miR-34a-5p, and miR-
584-5p and miR-34a-5p may be able to regulate TRIM59. 
Dual-luciferase reporter gene assay was performed to 
verify the results of the bioinformatics analysis. miR-584-
5p, miR-34a-5p, and non-coding regions containing bin-
ding sites/mutation sites in LINC0196 and TRIM59 were 
amplified. These were then inserted into the pmirGLO 
vector to obtain wild-type (WT) plasmids WT-LINC0196, 
WT-miR-584-5p, WT-miR-34a-5p, and WT-TRIM59. 
SK-N-SH cells were seeded into a 24-well plate and co-
transfected with LINC0196, miR-584-5p, miR-34a-5p, 
and TRIM59 and WT or recombinant mutant vector using 
Lipofectamine 3000 reagent. The activity of the reporter 
genes was measured by the dual-luciferase reporter gene 
detection system at 48 h.

Statistical methods
The data of this work were analyzed by SPSS 22.0, and 

all results were expressed in the mean ± standard devia-
tion (x(_);x± s). The t-test was used to compare the data 
between two groups, the one-way analysis of variance 
was used for comparing the data among multiple groups, 
and the SNK-q test was adopted for multiple comparisons 
between/among groups. P < 0.05 indicated that the diffe-
rence was of statistical significance.

chemiluminescence detection kit. The target protein bands 
were analyzed. The gray value of β-actin was taken as the 
internal reference, and the expression levels of the target 
proteins were calculated.

Scratch test
SK-N-SH cells were seeded into a 6-well plate, and 

after the cells adhered, it was scratched in each well with 
the tip of a pipette. The separated cells were rinsed with 
buffer. The original medium was removed and replaced 
with a medium containing 2% fetal bovine serum for re-
cultivation. Under an inverted microscope, scratch healing 
was observed at 0 h and 48 h. The scratch healing rate (%) 
was calculated as [(1 – 48 h scratch width / 0 h scratch 
width) × 100%], which was to evaluate the cell migration 
rate. The calculation was repeated 3 times, and the average 
value was taken.

RT-qPCR detection
RT-qPCR was adopted to detect the expressions of 

LINC0196, miR-584-5p, miR-34a-5p, and TRIM59 in 
SK-N-SH cells. The RNA in the tissue was extracted by 
the TRIZOL method and reverse transcribed into com-
plementary RNA. The expression levels of LINC0196, 
miR-584-5p, miR-34a-5p, and TRIM59 in cells were de-
tected according to the instructions in the RT-qPCR kit. 
The reduced glyceraldehyde-phosphate dehydrogenase 
(GAPDH) or U6 was set as the internal reference gene, 
and the reaction process was set as follows. Denaturation 
was at 94 ℃ for 30 s, followed by annealing at 55 ℃ for 
30 s, and extension at 72 ℃ for 80 s. Quantification was 
performed using the 2-ΔΔCt method with GAPDH or U6 as 
endogenous controls. The primers required for the experi-
ment are listed in Table 1.

In vitro invasion (Transwell) assay
Transwell chamber detection was adopted for detecting 

the invasiveness of SK-N-SH cells. The diluted Matrigel 
was placed in the Transwell upper chamber and cultured 
until the Matrigel was completely fused. The transfected 
SK-N-SH cells were collected, and the cell concentration 
was adjusted to 2.5 × 104 cells/mL. 200 μL of the cell sus-
pension was transferred to the Transwell upper chamber 
containing Matrigel but without serum, while 600 μL of 

Genes Primer sequence (5'→3')

LINC0196 F: 5'-CGACAAAGGGCTATGAAAGC-3'
R: 5'-GACTATGC-CTTCCCCAGTGT-3'

miR-584-5p F: 5'-TCGGGTTAATATCGGACAAC-3'
R: 5'-CGTGCTGGGTTTGAGGTATT-3'

miR-34a-5p F: 5'-TCAAATTAATATCGGACAAC-3'
R: 5'-CGTTTAGGGTCCGAGGTATT-3'

TRIM59 F: 5'-CTCCTCAAAGGTTCGCTGTA-3'
R: 5'-TCAGTGACCACAAAACGACT-3'

U6 F: 5'-CTTACCAAAGCATCGGACGA-3'
R: 5'-GGACAACGCATTGTTTCCTCG-3'

GAPDH F: 5'-TATAGGCATCAATGGATTTGG-3'
R: 5'-GCCAGATGTATTCCGGGTCAA-3'

Table 1. Primer information for the RT-qPCR.
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Results

Expressions of LINC0196, miR-584-5p, miR-34a-5p, 
and TRIM59 in normal tissues and SK-N-SH cells

With RT-qPCR, the expressions of LINC0196, miR-
584-5p, miR-34a-5p, and TRIM59 in normal spinal cord 
dorsal root ganglion cell specimens and neuroblastoma cell 
line SK-N-SH cells were detected, respectively. Compared 
to normal spinal dorsal root ganglion tissue, the expression 
levels of LINC0196 and TRIM59 in neuroblastoma cell 
line SK-N-SH cells highly increased, while the expression 
levels of miR-584-5p and miR-34a-5p notably decreased 
(P < 0.05), as shown in Figure 1.

Expressions of LINC0196, miR-584-5p, miR-34a-5p, 
and TRIM59 in SK-N-SH cells in each group

RT-qPCR was utilized for detecting the expression le-
vels of LINC0196, miR-584-5p, miR-34a-5p, and TRIM59 
in SK-N-SH cells in the control group, si-LINC0196, si-
LINC0196-NC, miR-584-5p, miR-584-5p-NC, miR-34a-
5p, and miR-34a-5p-NC groups. As displayed in Figure 2, 
these expression levels were compared. In contrast to the 
control group, the levels of miR-584-5p and miR-34a-5p 
in the si-LINC0196-NC, miR-584-5p-NC, and miR-34a-
5p-NC groups were remarkably lower (P < 0.05); there 
was no significant change in LINC0196 and TRIM59 (P> 
0.05). LINC0196 and TRIM59 in si-LINC0196, miR-584-
5p, and miR-34a-5p groups were significantly decreased 
(P< 0.05); no significant change was observed in miR-
584-5p and miR-34a-5p (P> 0.05). The comparative 
results among si-LINC0196, miR-584-5p, and miR-34a-
5p groups were not significantly different from those of 
si-LINC0196-NC, miR-584-5p-NC, and miR-34a-5p-NC 
groups (P> 0.05).

Compared to the control group, the levels of miR-
584-5p and miR-34a-5p in the NC groups were marked-
ly decreased (P< 0.05). LINC0196 and TRIM59 in si-
LINC0196, miR-584-5p, and miR-34a-5p groups highly 
decreased (P< 0.05) as well.

Effects of LINC0196, miR-584-5p, miR-34a-5p, and 
TRIM59 on the proliferation of SK-N-SH cells

The proliferation of SK-N-SH cells in each group 
was detected and analyzed using CCK-8, as the speci-
fic results are shown in Figure 3. In comparison with the 

control group, the proliferation rates of SK-N-SH cells in 
si-LINC0196, miR-584-5p, and miR-34a-5p groups were 
greatly lower (P< 0.05). In contrast, the proliferation rates 
of SK-N-SH cells in si-LINC0196-NC, miR-584-5p-NC, 
and miR-34a-5p-NC groups were highly increased (P < 
0.05).

Effects of LINC0196, miR-584-5p, miR-34a-5p, and 
TRIM59 on apoptosis of SK-N-SH cells

The apoptosis of SK-N-SH cells in each group was 

Figure 2. Comparison of the expressions of LINC0196, miR-584-5p, 
miR-34a-5p, and TRIM59 in SK-N-SH cells in each group.

Figure 1. Expression of LINC0196, miR-584-5p, miR-34a-5p, and 
TRIM59 in normal tissues and SK-N-SH cells.

Figure 4. Comparison of apoptosis rates of SK-N-SH cells in each 
group.

Figure 3. Comparison of the proliferation rates of SK-N-SH cells in 
each group.
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detected by flow cytometry, and the specific results were 
presented in Figure 4. In contrast with the control group, 
there was not a significant difference in the apoptosis rate 
of SK-N-SH cells among si-LINC0196-NC, miR-584-5p-
NC, and miR-34a-5p-NC groups. While in si-LINC0196, 
miR-584-5p, and miR-34a-5p groups, the apoptosis of 
SK-N-SH cells was greatly increased (P< 0.05).

Effects of LINC0196, miR-584-5p, miR-34a-5p, and 
TRIM59 expressions on the migration of SK-N-SH 
cells

In the scratch test, the migration rate of SK-N-SH 
cells in each group was detected as displayed in Figure 
5. Compared to the control group, none of the significant 
difference was shown in the migration rates of SK-N-SH 
cells in si-LINC0196-NC, miR-584-5p-NC, and miR-34a-
5p-NC groups (P> 0.05). The migration rates of SK-N-
SH cells in si-LINC0196, miR-584-5p, and miR-34a-5p 
groups were remarkably decreased (P< 0.05).

Effects of LINC0196, miR-584-5p, miR-34a-5p, 
TRIM59 expressions on SK-N-SH cell invasion

A Transwell chamber test was adopted to detect the 
number of invasive cells among the SK-N-SH cells in 
each group, as shown in Figure 6. In contrast to the control 
group, the number of invasive cells in si-LINC0196-NC, 
miR-584-5p-NC, and miR-34a-5p-NC groups increased, 
but these were not significantly different (P> 0.05). At the 
same time, the number of invasive cells in si-LINC0196, 
miR-584-5p, and miR-34a-5p groups notably decreased 
(P< 0.05).

Effects of LINC0196, miR-584-5p, miR-34a-5p expres-
sions on the expression of TRIM59, Cyclin D1, PCNA, 
and CDK2

The protein expression levels of TRIM59, Cyclin D1, 
PCNA, and CDK2 in SK-N-SH cells in each group were 
detected by Western blot assay, which was displayed in Fi-
gure 7. In comparison with the control group, the expres-
sions of TRIM59, Cyclin D1, PCNA, and CDK2 in SK-N-
SH cells increased in si-LINC0196-NC, miR-584-5p-NC, 
and miR-34a-5p-NC groups (P< 0.05). Meanwhile, the 
protein expression levels in SK-N-SH cells decreased in 
si-LINC0196, miR-584-5p, and miR-34a-5p groups (P< 
0.05).

Validation of the targeted relationship of LINC0196, 
miR-584-5p, miR-34a-5p, and TRIM59 to SK-N-SH 
cells

The TargetScan 7.2 database was utilized to predict the 
binding sites between LINC0196 and miR-584-5p as well 
as miR-34a-5p and those between miR-584-5p, miR-34a-
5p and TRIM59. Through dual luciferase reporter genes, 
the detection results of the above genes were worked out 
to show the relationship among them. The relative activi-
ties of WT-LINC0196 and WT-TRIM59 dual luciferases 
were observably inhibited after WT-LINC0196 and WT-
TRIM59 were transfected with miR-584-5p and miR-34a-
5p (P< 0.05), which was presented in Figure 8.

Discussion

Neuroblastoma is embryonal cancer that mainly occurs 
in the sympathetic nervous system. It is more common in 

Figure 5. Comparison of SK-N-SH cell migration rates in each group.

Figure 6. Comparison of the SK-N-SH invasive cell count in each 
group.

Figure 7. Detection results of target protein expression levels in SK-
N-SH cells in each group.

Figure 8. The detection results of dual luciferase reporter genes.
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infants within 1 year of birth and in children under the age 
of 15. Neuroblastoma has serious adverse effects on child-
ren and their families, but its pathogenesis is still unclear. 
In recent years, some experts have proposed that lncR-
NAs and miRNAs play important roles in tumorigenesis 
(16,17). Clinical studies have also found that lncRNA can 
regulate mRNA expression by adsorbing miRNA, the-
reby regulating the development of tumor diseases (18). 
In this work, the relative activities of WT-LINC0196 and 
WT-TRIM59 dual luciferases were considerably inhibited 
after being transfected with miR-584-5p and miR-34a-5p, 
which confirmed the conclusion above. However, there are 
relatively fewer researches on its role in neuroblastoma.

This work was conducted to explore its role in neu-
roblastoma. The expression levels of LINC0196 and 
TRIM59 in neuroblastoma cell line SK-N-SH cells signifi-
cantly increased, while the expressions of miR-584-5p and 
miR-34a-5p obviously decreased (P< 0.05). This indicated 
that the occurrence of neuroblastoma was related to the 
increased expression of lncRNA LINC0196 and TRIM59. 
Wang et al. (2019) (19) found that patients with overex-
pression of LINC0196 in neuroblastoma had shorter ove-
rall survival than those with low expression. Therefore, 
LINC01296 was associated with the prognostic predictors 
of neuroblastoma. Chen et al. (2019) (20) concluded that 
overexpression of TRIM59 increased cell proliferation and 
promoted cancer development. In this work, the levels of 
miR-584-5p and miR-34a-5p in si-LINC0196-NC, miR-
584-5p-NC, and miR-34a-5p-NC groups were compared 
with those in the control group. This further supported that 
LINC0196 and TRIM59 had certain cancer-promoting 
effects, while miR-584-5p and miR-34a-5p could inhibit 
the development of cancer. This was consistent with the 
research results of Xiao et al. (2022) (21) and Kern et al. 
(2021) (22), suggesting that this work had a certain accu-
racy. Then CCK-8 detection, flow cytometry, scratch test, 
Transwell chamber, etc. were utilized to evaluate the effects 
of LINC0196, miR-584-5p, miR-34a-5p, and TRIM59 on 
proliferation, migration, apoptosis, and invasion of neu-
roblastoma cell line SK-N-SH cells. The results revealed 
that miR-584-5p and miR-34a-5p could inhibit the prolife-
ration, migration, and invasion of SK-N-SH cells and pro-
mote the apoptosis of SK-N-SH cells. Nevertheless, the 
effects of LINC0196 and TRIM59 were opposite. It was 
suggested that miR-584-5p and miR-34a-5p could inhibit 
the development of cancer, while LINC0196 and TRIM59 
could be used for prognosis prediction of neuroblastoma.

Later, Western Blot was also adopted to detect the 
expression of cell proliferation-related Cyclin D1 and 
PCNA, as well as the expression activity of migration 
and invasion-related protein CDK2. The expressions of 
TRIM59, Cyclin D1, PCNA, and CDK2 in SK-N-SH 
cells in si-LINC0196-NC, miR-584-5p-NC, and miR-34a-
5p-NC groups increased (P< 0.05). Such a finding indi-
cated that up-regulated miR-584-5p and miR-34a-5p and 
down-regulated LINC0196 inhibited the development of 
neuroblastoma by inhibiting the expression of Cyclin D1, 
PCNA, and CDK2. Montalto and De Amicis (2020) (23) 
also proposed that Cyclin D1 could regulate the expression 
of specific miRNAs, but a related study was not conducted 
in this work, which required additional research. Feng et 
al. (2019) (24) put forward that lncRNA could regulate the 
proliferation of PCNA-enhanced cells. Aguennouz et al. 
(2021) (25) raised that miRNA could inhibit the expres-

sion of CDK2 protein and reduce the differentiation of 
cancer cells. The above studies all provided support for 
this work. It was indicated that TRIM59 could be regu-
lated by LINC0196 via regulating miR-584-5p and miR-
34a-5p, thereby indirectly regulating the expression of 
SK-N-SH cells.

The regulatory mechanism of LINC0196, miR-584-5p, 
miR-34a-5p, and TRIM 59 on neuroblastoma was studied, 
and the interaction among them was analyzed. Thus, it was 
concluded that TRIM59 could be regulated by LINC0196, 
as miR-584-5p and miR-34a-5p were regulated by it. 
Thereby, the cell proliferation, apoptosis, migration, and 
invasion of SK-N-SH cells could be indirectly regulated. 
However, this work lacked clinical application research, 
and the clinical application value needed further explora-
tion. It was of great significance to explore the pathogene-
sis of neuroblastoma and to provide a reference for finding 
new therapeutic targets.
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