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LncRNA TUG1 promotes Ewing’s sarcoma cell proliferation, migration, and 
invasion via the miR-199a-3p-MSI2 signaling pathway 
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The aim of this study was to investigate the roles and potential mechanisms of long non-coding RNA (lncRNA) taurine 
upregulated gene 1 (TUG1) in the proliferation, migration, and invasion of Ewing’s sarcoma cells. RT-qPCR was used to 
detect the expression of TUG1, microRNA-199a-3p (miR-199a-3p), and musashi2 (MSI2) in Ewing’s sarcoma tissues and 
cell lines. Kaplan-Meier overall survival curves showed the survival rates of Ewing’s sarcoma patients with high and low 
expression of TUG1. The association between the expressions of TUG1/MSI2 and miR-199a-3p in Ewing’s sarcoma tissues 
was assessed by Pearson’s correlation analysis. Cell proliferation, migration, and invasion were detected by CCK-8 assay and 
Transwell assay, respectively. The protein level of MSI2 was determined using western blotting. The interaction between 
TUG1/MSI2 and miR-199a-3p was validated by the dual-luciferase reporter assay. The levels of TUG1 and MSI2 were 
increased, while the level of miR-199a-3p was decreased in Ewing’s sarcoma tissues and cells. High expression of TUG1 or 
MSI2 indicated a decreased overall survival rate of Ewing’s sarcoma patients. TUG1/MSI2 level was negatively correlated 
with miR-199a-3p level. While TUG1 level was positively correlated with MSI2 level. In Ewing’s sarcoma cells, knockdown 
of TUG1/MSI2 or overexpression of miR-199a-3p inhibited cell proliferation, migration, and invasion, whereas the overex-
pression of TUG1/MSI2 presented the opposite results. TUG1 functioned as a competing endogenous RNA to regulate 
MSI2 expression by sponging miR-199a-3p. Finally, miR-199a-3p inhibitor or MSI2 overexpression counteracted the TUG1 
knockdown-mediated inhibitory effect on Ewing’s sarcoma cell proliferation, migration, and invasion. TUG1 promotes 
proliferation, migration, and invasion of Ewing’s sarcoma cells via sequestering miR-199a-3p to enhance the MSI2 expres-
sion, suggesting that TUG1 might be a potential target for treating Ewing’s sarcoma. 
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Ewing’s sarcoma is a malignant bone or soft tissue tumor 
that mostly affects children and young people [1]. It is a 
small round cell sarcoma with distinct pathological molec-
ular features (different levels of neuroectodermal differenti-
ation). Currently, surgical resection, local radiotherapy, and 
intensive multidrug chemotherapy are the main treatments 
[2, 3]. Due to a pathognomonic chromosomal translocation, 
the fusion of two genes, EWS and FLI1 occur in Ewing’s 
sarcoma [4]. The fusion protein product EWS-FLI1 plays 
crucial role in transcription and splicing, which contributes 
to tumor maintenance [5]. Currently, EWS-FLI1 has been 
recognized as a potential therapeutic target for Ewing’s 
sarcoma [5]. According to statistics, about 25% of patients 
experienced clinically detectable metastases at the time of 
initial diagnosis, and almost all patients might have the 
possibility of micro-metastasis during the treatment [6]. 
Even worse, about 20–25% of patients with metastasis are 
usually resistant to intensive multidrug chemotherapy [1]. 

The long-term survival rate of patients with the metastatic 
or recurrent disease remains unacceptably low [1, 6, 7]. 
Even for patients who are cured, the morbidity is substan-
tial after long-term treatment with cytotoxic drugs, so it is 
extremely necessary to explore new therapeutic strategies 
for this disease [8].

Musashi2 (MSI2), as a translational regulator, partici-
pates in the regulation of hematopoietic stem cell function, 
self‐renewal, and asymmetric cell division, and so on [9–11]. 
The abnormal high expression of MSI2 has been confirmed 
in multiple tumors, such as gastric cancer [12], glioblastoma 
[13], cervical cancer [14], esophageal squamous cell carci-
noma [15], etc., which functions as the oncogenic factor 
driving the initiation and progression of these tumors. 
Yang et al. showed in vitro and in vivo evidence that MSI2 
silencing repressed metastasis of malignant peripheral nerve 
sheath tumor [16]. Besides, the ablation of MSI2 restrained 
migration and invasive abilities of bladder cancer cells 
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[17]. However, the expression and role of MSI2 in Ewing’s 
sarcoma remains ambiguous.

Long non-coding RNAs (lncRNAs) are a group of 
transcribed non-coding RNAs that are more than 200 
nt in length and do not encode any protein [18, 19]. It is 
well established that a 7.1 kb long lncRNA taurine upreg-
ulated gene 1 (TUG1) is a direct transcriptional target of 
p53, which is activated by p53 response elements in its 
promoter region [20]. It has been reported that TUG1 
was significantly increased in cancer, and TUG1 knock-
down suppressed cell proliferation and promoted apoptosis 
[20]. TUG1 has been considered to be a biomarker and 
novel therapeutic target for the diagnosis and prognosis 
of different types of cancers [21–23]. However, the expres-
sion and biological functions of TUG1 in Ewing’s sarcoma 
have not been reported. LncRNAs have been verified to 
crosstalk with functional proteins via sponging microRNAs 
(miRNAs) [24]. miRNAs are a new class of small regula-
tory RNAs [25] and also potential biomarkers for cancer 
diagnosis. There are different miRNA profiles in various 
tumors, which can be used as molecular biomarkers for 
tumor prediction, diagnosis, and prognosis [26–28]. A 
recent study showed that miR-199a-3p functioned as a 
tumor suppressor to reverse Ewing’s sarcoma malignancy 
[29]. Importantly, miR-199a-3p was predicted to bind to 
both TUG1 and MSI2. Therefore, we speculated that TUG1 
might affect the malignant phenotypes of Ewing’s sarcoma 
cells via regulating the miR-199a-3p/MSI2 axis.

To understand the key roles of the lncRNA-miRNA-
mRNA functional network in Ewing’s sarcoma, in this study 
we intended to explore whether TUG1 regulated growth, 
migration, and invasion of Ewing’s sarcoma cells through the 
miR-199a-3p/MSI2 axis. These novel findings might help to 
uncover the underlying mechanism and provide the poten-
tial targets for the treatment of Ewing’s sarcoma.

Patients and methods

Human tissue specimens and cell lines. A total of 52 
paired Ewing’s sarcoma tissues and adjacent non-tumorous 
tissues were collected from patients of the First Affiliated 
Hospital of Nanchang University. The diagnosis was based 
on EWS-FLI1/ERG classic clinical, radiological, cytopatho-
logical, and histopathological findings. The protocol has been 
approved by the First Affiliated Hospital of Nanchang Univer-
sity. All patients received written consent from the First Affil-
iated Hospital of Nanchang University ethics committee (No. 
2017-03-12). Human normal osteoblast cell line hFOB 1.19 
and human Ewing’s sarcoma cell line A673 were cultured in 
Dulbecco’s Modified Eagle Medium (DMEM; HyClone; GE 
Healthcare, Logan, UT, USA) supplemented with 10% fetal 
calf serum (FBS; Gibco; Thermo Fisher Scientific). Human 
Ewing’s sarcoma cell lines RD-ES, SK-ES-1, SK-N-MC, and 
WE-68 were cultured in RPMI-1640 medium (HyClone) 
supplemented with 15% FBS. All cell lines were purchased 

from ATCC (Manassas, VA) and maintained at 37 °C in a 
humidified chamber containing 5% CO2.

Cell transfection. The miR-199a-3p mimics, miR-199a-3p 
inhibitor, TUG1-short hairpin RNA (shRNA), MSI2-shRNA, 
and negative control (NC) shRNA were synthesized by 
Shanghai GenePharma (Shanghai, China). TUG1 and 
MSI2-overexpression plasmids and empty vector were 
purchased from Sangon (Shanghai, China). After 24 h of 
inoculation, RD-ES and SK-ES-1 cells were transfected with 
miR-199a-3p mimics, miR-199a-3p inhibitor, TUG1-shRNA, 
or MSI2-shRNA complexed with Lipofectamine 2000 (Invit-
rogen) according to the manufacturer’s instructions. Cell 
lysates were harvested after 48 h.

Reverse transcription quantitative real-time polymerase 
chain reaction (RT-qPCR). To analyze the expression of 
TUG1, MSI2, and miR-199a-3p in Ewing’s sarcoma, total RNA 
was isolated from cells and surgical specimens according to 
the protocol of the Total RNA Isolation Kit (Ambion, Austin, 
TX, USA). After gel electrophoresis verification of RNA 
integrity, total RNA was reverse-transcribed using the First-
Strand cDNA Synthesis kit (Invitrogen, Carlsbad, CA, USA) 
with the specific primers. qPCR was then performed on 
the ABI PRISM 7900 Sequence Detection System (Applied 
Biosystems, Carlsbad, Calif., USA) using the Quanti-Tect 
SYBR Green RT-PCR mix to quantify the relative expression 
of TUG1, MSI2, and miR-199a-3p. GAPDH and U6 snRNA 
were chosen as a reference for normalizing expression levels, 
respectively. Primer sequences were as follows: TUG1: 
forward primer: ACGACTGAGCAAGCACTACC; reverse 
primer: CTCAGCAATCAGGAGGCACA. miR-199a-3p: 
forward primer: GGAGGTTTGTTTGTAAGCATGAA; 
reverse primer: AATGAAGAGAGCACCTATGACAA. 
MSI2: forward primer: ACGACTCCCAGCACGACC; 
reverse primer: GCCAGCTCAGTCCACCGTA. GAPDH: 
forward primer: CTGACTTCAACAGCGACACC; reverse 
primer: GTGGTCCAGGGGTCTTACTC. U6: forward 
primer: CTCGCTTCGGCAGCACA; reverse primer: 
AACGCTTCACGAATTTGCGT.

Cell counting kit-8 (CCK-8) for cell viability. The cells 
were seeded into 96-well plates in an amount of 1×103/well. 
After culturing the cells for 0 h, 24 h, 48 h, and 72 h, 10 μl 
of CCK-8 (Dojindo Laboratories, Kumamoto, Japan) reagent 
was added to each well. The optical density value at a 
wavelength of 490 nm was measured using a microplate 
reader after 2 h.

Transwell assay. Transwell assay was performed using 
a Transwell chamber (Corning Inc., Corning, NY, USA) 
with or without Matrigel (BD Biosciences, Bedford, MA, 
USA). At 24 h after the transfection, cells in culture medium 
without FBS (1×104/well) were added to the upper compart-
ment (Millipore, Billerica, MA, USA), while a medium with 
10% FBS was added to the bottom chamber. The cells in 
the upper compartment were cleared after 24 h of incuba-
tion in the incubator. The migrated or invaded cells were 
fixed with methanol, stained with 0.5% crystal violet, and 
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digitally photographed and counted under a microscope 
(IX71, Olympus, Tokyo, Japan). Each sample was assayed in 
triplicate.

Western blotting. After 48 h of transfection, the samples 
were collected in ice-cold PBS, and total protein was extracted 
from the cells using RIPA buffer. The protein concentra-
tion of whole-cell lysates was quantified using a BCA assay 
kit (Beyotime, Jiangsu, China). Proteins (20–30 μg) were 
separated by SDS-polyacrylamide gel electrophoresis. The 
separated protein was subsequently transferred to a polyvi-
nylidene fluoride membrane (Millipore). The membrane was 
then blocked with 5% skim milk and MSI2 (bsm-52487R; 
1:1,000; Bioss, Beijing, China) and GAPDH (TA-O8; 1:2,000, 
ZSGB-BIO, Beijing, China) antibodies were incubated 
overnight at 4 °C. After washing in Tris-buffered saline-Tween 
20, membranes were incubated with horseradish peroxidase-
conjugated goat anti-rabbit IgG antibody (bs-0295G-HRP, 
1:2,000; Bioss). Proteins were visualized by a Chemilumines-
cence kit (Millipore) according to the manufacturer‘s recom-
mendations. GAPDH was used as a control.

Dual-luciferase reporter assay. The wild-type TUG1 
sequences and MSI2 3’ UTR sequences containing the 
predicted binding sites for miR-199a-3p, or mutated TUG1 
sequences and MSI2 3’ UTR sequences without miR-199a-3p 
binding sites were synthesized. The above sequences were 
inserted into pGL3-Basic Vector (Promega, Madison, 
WI, USA) and named as pGL3-TUG1-WT, pGL3-MSI2 
3’ UTR-WT, pGL3-TUG1-MUT, and pGL3-MSI2 3’ 
UTR-MUT, respectively. 293T cells were seeded in 96-well 

plates and then co-transfected with the constructed recom-
binant luciferase vectors and miR-199a-3p mimic or mimic 
NC using Lipofectamine 2000 (Invitrogen). Luciferase 
activity was measured with the Dual-Luciferase Reporter 
Assay System (Promega) 48 h after transfection.

Statistical analysis. Data are expressed as mean ± 
standard deviation of at least three independent experiments. 
Statistical analysis was made using Student’s t-test, one-way 
ANOVA with Bonferroni post hoc analysis, Kaplan-Meier 
with log-rank methods, and Pearson’s correlation using SPSS 
22 .0 software (SPSS Inc., Chicago, IL, USA). A p-value <0.05 
was considered to be significantly significant.

Results

TUG1 and MSI2 were upregulated but miR-199a-3p 
was downregulated in Ewing’s sarcoma tissues. We 
determined the expression level of TUG1 in Ewing’s 
sarcoma tissues compared with corresponding adjacent 
non-tumorous tissues. The expression level of TUG1 was 
significantly increased in tumor tissues obtained from 52 
patients diagnosed with Ewing’s sarcoma compared with 
the adjacent non-tumorous tissues (p<0.01, Figure  1A). 
Kaplan-Meier analysis and log-rank test showed that 
Ewing’s sarcoma patients with a high expression of TUG1 
had a decreased overall survival rate (p<0.05, Figure 1B). 
Whereas, the expression level of miR-199a-3p was signifi-
cantly decreased in Ewing’s sarcoma tissues compared with 
the adjacent non-tumorous tissues (p<0.01, Figure 1C). 
The results of Pearson correlation analysis revealed that the 
miR-199a-3p level was found to be negatively correlated with 
the TUG1 level (Figure 1D). Further correlation analysis 
confirmed that expression of lncRNA TUG1 was closely 
correlated with the clinical stage and distant metastasis 
(p<0.05), but not with gender, age, tumor size, and anatomic 
location (p>0.05, Table 1). Moreover, we found an increased 
expression of MSI2 in Ewing’s sarcoma tissues (p<0.01), 
which was negatively correlated with miR-199a-3p expres-
sion (Figures 1E, 1F). As shown in Figure 1G, high expres-
sion of MSI2 indicated a lower overall survival rate of Ewing’s 
sarcoma patients (p<0.01). There was a positive correlation 
between TUG1 and MSI2 expression (Figure 1H).

TUG1 affected proliferation, migration, and invasion of 
Ewing’s sarcoma cells. Then, we determined the functional 
roles of TUG1 in the malignant phenotypes of Ewing’s 
sarcoma cells. As assessed by RT-qPCR, the expression level 
of TUG1 in Ewing’s sarcoma cell lines RD-ES, WE-68, A673, 
SK-N-MC, and SK-ES-1 was significantly higher than that 
in normal osteoblast cell line hFOB 1.19 (Figure 2A). To 
further investigate the effect of TUG1 on Ewing’s sarcoma 
cell proliferation, migration, and invasion, three sh-RNAs 
targeting TUG1 (1#TUG1 shRNA, 2#TUG1 shRNA, and 
3#TUG1 shRNA) and one negative control (non-specific 
shRNA) were designed, synthesized, and transfected into 
RD-ES and SK-ES-1 cells with higher TUG1 level. RT-qPCR 

Table 1. Association of TUG1 expression with clinicopathological fea-
tures of Ewing’s sarcoma.

Features Number of 
cases

TUG1
p-value*

High Low
Age at diagnosis

<18 26 12 14 0.614
≥18 26 11 15

Gender
Female 22 15 7 0.783
Male 30 18 12

Clinical stage
I+IIA 24 13 11 0.039
IIB/III 28 22 6

Distant metastasis
Absent 21 10 11 0.012
Present 31 22 9

Tumor size (cm)
<5 29 16 13 0.591
≥5 23 16 7

Anatomic location
Tibia/femur 19 11 8 0.624
Elsewhere 33 17 16

Note: *p-value obtained from Pearson χ2-test or Fisher’s exact test
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miR-199a-3p overexpression suppressed proliferation, 
migration, and invasion of Ewing’s sarcoma cells. First, 
the expression of miR-199a-3p in various Ewing’s sarcoma 
cells was examined. As shown in Figure 3A, the expression 
of miR-199a-3p in Ewing’s sarcoma cell lines was signifi-
cantly lower than that in hFOB1.19 cells. To further evaluate 
the biological roles of miR-199a-3p in Ewing’s sarcoma 
cells, miR-199a-3p was overexpressed by transfection with 
miR-199a-3p mimics in RD-ES and SK-ES-1 cells (p<0.01, 
Figure 3B). Subsequently, the results of the CCK-8 assay 
indicated that the overexpression of miR-199a-3p remark-
ably inhibited cell proliferation (Figure 3C). Besides, the 
results of the Transwell assay indicated that miR-199a-3p 
mimics obviously repressed the migration and invasion of 
RD-ES and SK-ES-1 cells (Figures 3D, 3E). Western blotting 
analysis further showed that overexpression of miR-199a-3p 
downregulated MSI2 protein expression level (Figure 3F). 

result showed that all these three shRNAs effectively inhib-
ited TUG1 expression in RD-ES and SK-ES-1 cells, among 
which #1TUG1 shRNA showed the strongest inhibitory 
effect and therefore was selected for subsequent experi-
ments (Figure  2B). In addition, RD-ES and SK-ES-1 cells 
transfected with sh-TUG1 displayed significantly lower 
proliferation capacity compared with those transfected with 
sh-NC (Figure 2C). As shown in Figures 2D and 2E, knock-
down of TUG1 resulted in the weakened migration and 
invasive abilities in RD-ES and SK-ES-1 cells. Furthermore, 
the protein level of MSI2 was also significantly reduced after 
TUG1 knockdown (Figure 2F). On the contrary, overex-
pression of TUG1 promoted the proliferation, migration, 
invasion, and upregulated MSI2 protein level in RD-ES 
cells (Figures  2G–2J). These findings revealed that TUG1 
affected the proliferation, migration, and invasion of Ewing’s 
sarcoma cells.

Figure 1. Upregulation of TUG1 and MSI2, while downregulation of miR-199a-3p in Ewing’s sarcoma tissues. A) RT-qPCR was used to detect the 
expression of TUG1 in Ewing’s sarcoma tissues and paired non-tumorous tissues (n = 52). B) Kaplan-Meier overall survival curves of Ewing’s sarcoma 
patients with high and low expression of TUG1. C) RT-qPCR for detecting the expression of miR-199a-3p in Ewing’s sarcoma tissues and paired non-
cancerous tissue. D) The association between the expressions of TUG1 and miR-199a-3p was assessed by Pearson’s correlation analysis. E) RT-qPCR 
for determining the expression of MSI2 in Ewing’s sarcoma tissues and paired non-cancerous tissue. F) Pearson’s correlation analysis for the correla-
tion between miR-199a-3p and MSI2 expression. G) Kaplan-Meier overall survival curves of Ewing’s sarcoma patients with high and low expression of 
MSI2. H) Pearson’s correlation analysis for the correlation between TUG1 and MSI2 expression. Data are shown as mean ± SD from three independent 
experiments. **p<0.01
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Figure 2. TUG1 knockdown affected proliferation, migration, and invasion of Ewing’s sarcoma cells. A) Expression of TUG1 in Ewing’s sarcoma cell 
lines and human normal osteoblast line hFOB1.19 was detected by RT-qPCR. B) RT-qPCR was used to detect TUG1 expression in RD-ES and SK-
ES-1 cells transfected with sh-TUG1 or sh-NC. C) CCK-8 was performed to determine the proliferation of RD-ES and SK-ES-1 cells transfected with 
sh-TUG1 or sh-NC. D, E) Transwell assay was used to measure migration and invasion abilities of RD-ES and SK-ES-1 cells transfected with sh-TUG1 
or sh-NC. F) The protein level of MSI2 in RD-ES and SK-ES-1 cells after transfection with sh-TUG1 or sh-NC was determined by western blotting. G) 
RT-qPCR for measuring TUG1 level in RD-ES cells. H) CCK-8 for determining the proliferation of RD-ES cells. I) The migration and invasion abilities 
of RD-ES cells were detected by Transwell assay. J) Western blotting for MSI2 protein level in RD-ES cells. Data are expressed as mean ± SD from three 
independent experiments. *p<0.05, **p<0.01, ***p<0.001
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These data indicated that miR-199a overexpression inhibited 
proliferation, migration, and invasion of Ewing’s sarcoma 
cells.

MSI2 regulated the proliferation, migration, and 
invasion of Ewing’s sarcoma cells. Accordingly, upregula-
tion of MSI2 level in multiple Ewing’s sarcoma cells compared 
with hFOB1.19 cells was confirmed by western blotting 

(Figure 4A). In addition, MSI2-shRNA-mediated silencing 
of MSI2 in RD-ES and SK-ES-1 cells was verified by western 
blotting (p<0.01, Figure 4B). Moreover, the proliferation, 
migration, and invasion of RD-ES and SK-ES-1 cells were 
evidently repressed after MSI2 was knocked down (p<0.05 or 
p<0.01, Figures 4C–4E). However, MSI2 overexpression led 
to enhanced proliferation, migration, and invasion in RD-ES 

Figure 3. miR-199a-3p overexpression suppressed proliferation, migration, and invasion of Ewing’s sarcoma cells. A) Expression of miR-199a-3p in 
Ewing’s tumor cell lines and human normal osteoblast cell line hFOB1.19 was detected by RT-qPCR. B) Expression of miR-199a-3p in RD-ES and SK-
ES-1 cells transfected with miR-199a-3p mimics or mimics-NC was detected by RT-qPCR. C) CCK-8 was performed to evaluate the proliferation of 
RD-ES and SK-ES-1 cells transfected with miR-199a-3p mimics or mimics-NC. D, E) Transwell assay was used to determine the migration and invasion 
of RD-ES and SK-ES-1 cells. F) Western blotting for measuring the protein levels of MSI2 in RD-ES and SK-ES-1 cells. Data are expressed as mean ± 
SD from three independent experiments, *p<0.05, **p<0.01, ***p<0.001
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Figure 4. MSI2 regulated proliferation, migration, and invasion of Ewing’s sarcoma cells. A) MSI2 protein expression in various Ewing’s tumor cell 
lines and human normal osteoblast cell line hFOB1.19 was assessed by western blotting. B) The protein level of MSI2 in RD-ES and SK-ES-1 cells after 
transfection with sh-MSI2 or sh-NC was determined by western blotting. C) CCK-8 for detecting the proliferation of RD-ES and SK-ES-1 cells. D, E) 
The migration and invasive abilities of RD-ES and SK-ES-1 cells were assessed by Transwell assay. F) Western blotting for evaluating the protein level 
of MSI2 in RD-ES cells. G) The proliferation of RD-ES cells was assessed by CCK-8. H) Transwell assay for determining the migration and invasive 
abilities of RD-ES cells. Data are expressed as mean ± SD from three independent experiments, *p<0.05, **p<0.01, ***p<0.001
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cells (p<0.05 or p<0.01, Figures 4F–4H). These observations 
suggested that MSI2 regulated the malignant growth, migra-
tion, and invasion of Ewing’s sarcoma cells.

TUG1 promoted MSI2 expression by sponging 
miR-199a-3p. Next, we investigated the potential regula-
tory mechanisms of TUG1 underlying the malignancy of 
Ewing’s sarcoma cells. As shown in Figure 5A, overexpres-
sion of miR-199a-3p strikingly reduced MSI2 mRNA expres-
sion (p<0.05), and depletion of TUG1 resulted in a signifi-
cant increase in miR-199a-3p expression (p<0.01), while 
a decrease in MSI2 mRNA expression (p<0.05, Figure 5B). 
Additionally, bioinformatics analysis revealed that TUG1 
and the 3’UTR region of MSI2 contained binding sites for 
miR-199a-3p (Figure 5C). Then, we used a dual-luciferase 
reporter assay to confirm the direct interaction between 
TUG1/MSI2 and miR-199a-3p. The results demonstrated 
that co-transfection with pGL3-TUG1-WT or pGL3-MSI2 
3’UTR-WT and miR-199a-3p mimics resulted in an obvious 
suppression of luciferase activity (p<0.01), while this suppres-
sion was not found in the pGL3-TUG1-MUT or pGL3-MSI2 
3’UTR-MUT (p>0.05, Figure 5D) group. Collectively, these 
data demonstrated the TUG1 promoted MSI2 expression by 
sponging miR-199a-3p.

TUG1 contributed to Ewing’s sarcoma cell proliferation, 
migration, and invasion via targeting the miR-199a-3p/
MSI2 axis. Finally, we sought to evaluate whether TUG1 

affected the biological behaviors of Ewing’s sarcoma cells 
via regulating the miR-199a-3p/MSI2 axis. The results of the 
CCK-8 assay showed that TUG1 knockdown significantly 
inhibited the proliferation of RD-ES and SK-ES-1 cells, 
however, miR-199a-3p inhibitor could reverse this inhibitory 
effect (p<0.01 or p<0.001, Figure 6A). Similarly, Transwell 
assay showed that downregulation of TUG1 significantly 
reduced the migration and invasive capacities of RD-ES 
and SK-ES-1 cells, which were remarkably counteracted 
by a miR-199a-3p inhibitor (p<0.05 or p<0.01, Figures 6B, 
6C). Furthermore, western blotting analysis suggested that 
TUG1 knockdown-mediated decrease in MSI2 protein level 
was partly reversed by the transfection with miR-100a-3p 
inhibitor (p<0.05 or p<0.01, Figure 6D). Accordingly, TUG1 
knockdown-mediated inhibition of proliferation, migration, 
and invasion was significantly abolished by MSI2 overex-
pression (p<0.01, Figures 6E, 6F). These data indicated that 
TUG1 promoted Ewing’s sarcoma cell proliferation, migra-
tion, and invasion via miR-199a-3p-mediated regulation of 
the MSI2 signaling pathway.

Discussion

Ewing’s sarcoma, commonly located in the middle 
portion or in soft tissue of long bones, is the second most 
common bone malignancy mainly occurring in children 

Figure 5. TUG1 promoted MSI2 expression by sponging miR-199a-3p. A) RT-qPCR for detecting the expression of MSI2 after transfection with miR-
199a-3p mimics or mimics-NC. B) RT-qPCR was used to detect the expression of miR-199a-3p and MSI2 after transfection with sh-TUG1. C) The 
predicted binding sites between miR-199a-3p and TUG1/MSI2 3’UTR. D) Dual-luciferase reporter assay was carried out to determine the interaction 
between miR-199a-3p and TUG1/MSI2. Data are expressed as the mean ± SD from three independent experiments, *p<0.05, **p<0.01
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Figure 6. TUG1 contributed to Ewing’s sarcoma cell proliferation, migration, and invasion via miR-199a-3p mediated regulation of MSI2. A) CCK-8 
was used to determine the proliferation of RD-ES and SK-ES-1 cells from different groups. B, C) Transwell assay was used to determine the migration 
and invasion of RD-ES and SK-ES-1 cells with various treatments. D) The protein level of MSI2 from various treatment groups was evaluated by west-
ern blotting. E) CCK-8 for assessing the proliferation of RD-ES cells from different groups. F) Transwell assay for determining the migration and inva-
sion of RD-ES cells with various treatments. Data are expressed as the mean ± SD from three independent experiment, *p<0.05; **p<0.01, ***p<0.001
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and adolescents [30]. In the past decades, the survival rate 
of Ewing’s sarcoma patients has improved, which depends 
to a large extent on the development of multimodal therapy 
and supportive care [31]. However, the long-term prognosis 
of patients with metastatic or recurrent Ewing’s sarcoma is 
still not optimistic [1]. Therefore, uncovering the patho-
genesis to identify novel therapeutic measures for Ewing’s 
sarcoma is urgently needed. In the present study, we firstly 
explored the tumorigenic role of lncRNA TUG1 in Ewing’s 
sarcoma. Our data showed that the interference of TUG1 
restrained proliferation, migration, and invasion of Ewing’s 
sarcoma cells. The potential molecular mechanism of TUG1 
may be the promotion of the MSI2 expression via sponging 
miR-199a-3p.

Numerous studies have shown that the dysregulation of 
lncRNAs may be related to the pathological processes of 
some human diseases, such as cancer, cardiovascular disease, 
and central nervous system disease [19, 32]. However, studies 
on the roles and mechanisms of lncRNAs in Ewing’s sarcoma 
are very limited. LncRNA TUG1 was originally detected in 
a genomic screen for genes in response to taurine treatment 
of developing mouse retinal cells [33]. TUG1 has been found 
to play a crucial regulatory role in various cancer-related 
biological processes and may provide a new therapeutic 
regimen in cancer treatment. The results of two previous 
meta-analyses have shown that increased TUG1 expression 
is a negative factor in improving human cancer survival, and 
it is closely related to increased tumor size, pathological stage 
progression, and distant metastasis [34, 35]. In this study, our 
research indicated that TUG1 was overexpressed in Ewing’s 
sarcoma tissues and cell lines. On the other hand, inhibition 
of TUG1 expression reduced Ewing’s sarcoma cell prolifera-
tion, migration, and invasion, suggesting the pivotal roles of 
TUG1 in the progression of Ewing’s sarcoma.

miR-199a-3p has been widely recognized as a tumor 
suppressor in multiple types of human cancers. A recent 
study suggested that miR-199a-3p overexpression halted 
the carcinogenesis process of esophageal squamous cell 
carcinoma [36]. In non-small cell lung cancer, miR-199a-3p 
was found to inhibit stemness and induce mitochon-
dria dysfunction-mediated apoptosis of A549 cells via 
targeting ZEB1 [37]. Similarly, this study found that 
the expression level of miR-199a-3p in Ewing’s sarcoma 
tissues and cell lines was significantly lower than that in 
adjacent non-tumorous tissues and human normal osteo-
blast cell line, and overexpression of miR-199a-3p could 
inhibit Ewing’s sarcoma cell proliferation, migration, and 
invasion. MSI2 belongs to the Musashi gene family and is 
a well-characterized tumor-driver in the tumorigenesis of 
some human cancers. For instance, in cervical cancer, the 
aberrant upregulation of MSI2 promoted the aggressive 
phenotypes of cervical cancer cells [38]. Li et al. found that 
MSI2 promoted the proliferation and epithelial-mesen-
chymal transition of esophageal squamous cell carcinoma 
cells [15]. In the present study, the upregulation of MSI2 

was demonstrated in Ewing’s sarcoma tissues and cells and 
contributed to the proliferation, migration, and invasion of 
cancer cells. More importantly, our data showed that the 
protein level of MSI2 was reduced by miR-199a-3p mimics 
in Ewing’s sarcoma cells. Further dual-luciferase reporter 
assay revealed that MSI2 was a target gene of miR-199a-3p. 
Therefore, the miR-199a-3p/MSI2 axis participated in the 
pathogenesis of Ewing’s sarcoma.

Mounting evidence has demonstrated that lncRNAs 
weaken the inhibitory effect of miRNA on its target mRNA by 
acting as a miRNA sponge, and thus play a role in regulating 
tumor cell proliferation, apoptosis, migration, and invasion 
[39]. TUG1 has been documented to regulate the develop-
ment of cancer via affecting target gene expression through 
sponging miRNA [23]. Wang et al. reported that TUG1 facil-
itated the proliferation, migration, and invasion of hepato-
cellular carcinoma cells through upregulation of COL1A1 
via sequestering miR-29c-3p [40]. A study by Zhang et al. 
showed that depletion of TUG1 abated cisplatin resistance 
of tongue squamous cell carcinoma cells via targeting the 
miR-133b/CXCR4 axis [41]. In this study, a negative corre-
lation between TUG1/MSI2 and miR-199a-3p in Ewing’s 
sarcoma patient samples was observed. In addition, knock-
down of TUG1 led to the increased miR-199a-3p expres-
sion, while decreased MSI2 expression in Ewing’s sarcoma 
cells. As expected, the bioinformatic analysis showed that 
miR-199a-3p could bind to TUG1 and MSI2 3’UTR. Subse-
quently, the direct interaction between miR-199a-3p and 
TUG1/MSI2 was demonstrated by luciferase reporter assay. 
Moreover, the regulatory functions of TUG1 silencing in 
Ewing’s sarcoma cells were abolished by miR-199a-3p inhib-
itor. Therefore, TUG1 inhibition restrained the proliferation, 
migration, and invasion of Ewing’s sarcoma cells through 
targeting the miR-199a-3p/MSI2 axis.

In summary, our study demonstrates that TUG1 contrib-
utes to the proliferation, migration, and invasion of Ewing’s 
sarcoma cells. Mechanistically, TUG1 sponges miR-199a-3p 
to increase the MSI2 expression. These findings provide 
clues to further explore the mechanisms of lncRNAs in the 
development and progression of Ewing’s sarcoma. This novel 
TUG1-miR-199a-3p-MSI2 network helps to understand the 
underlying pathogenesis of Ewing’s sarcoma, which may 
identify useful therapeutic targets for Ewing’s sarcoma in the 
future.
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