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Long non-coding RNA (IncRNA) Ewing sarcoma associated transcript 1 (EWSAT1) has been identified as an
oncogene, and its dysregulation is closed corrected with tumor progression in Ewing sarcoma. Recently, high-
through put analysis reveals that EWSAT1 is also highly expressed in human nasopharyngeal carcinoma (NPC).
However, whether the aberrant expression of EWSAT1 in NPC is corrected with malignancy or prognosis has not
been expounded. Herein, we identified that EWSAT1 was up-regulated in NPC tissues and cell lines, and higher
expression of EWSAT1 resulted in a markedly poorer survival time. EWSAT1 over-expression facilitated, while
EWSAT1 silencing impaired cell growth in NPC. In addition, mechanistic analysis demonstrated that EWSAT1 up-
regulated the expression of miR-326/330-5p clusters targeted gene cyclin D1 through acting as a competitive
‘sponge’ of miR-326/330-5p clusters. Collectively, our data revealed that EWSAT1 promotes NPC cell growth in
vitro through up-regulating cyclin D1 partially via ‘spongeing’ miR-326/330-5p clusters.

INTRODUCTION

Nasopharyngeal carcinoma (NPC), derived from the
epithelial cells located in nasopharynx, displays a
significant geographic distribution that with the highest
incidence in Southern China and Southeast Asia [1,2].
Although the advance in radiotherapy techniques and
chemotherapy regimens has markedly improved the
local control of NPC [3], there are still some unknown
reasons to hamper the treatment progress of NPC.

Recently, increasing evidence has revealed that long
non-coding RNAs (IncRNAs) play crucial roles on
several systems and might be critical to various types of
known cancer genes [4-6]. A handle of studies [7-9]
have reported that IncRNAs were crucial players in
cancer biology, especially contributed to aberrant
expression of gene products involved in the progress of
numerous of human tumors [10-12]. Further, IncRNAs
could be also regarded as prognostic or diagnostic
markers  considering their effects in clinical
characteristics of tumor outcomes [8,11,13]. Never-
theless, the clinical significance and biological mecha-

nisms of IncRNAs in NPC progression are still
remaining largely unknown.

Ewing sarcoma associated transcript 1 (EWSATI,
LINCO00277, NR_026949), a kind of IncRNA located on
chromosome 15 between 2 protein-coding genes, NOXS5
and GLCE [7], is found up-expressed and functions an
oncogenic role in Ewing sarcoma [7]. It has been
reported that knockdown of EWSAT1 decreases soft
agar colony growth of Ewing sarcoma cell lines [7],
which indicated that EWSAT]1 exerted an essential role
on the occurrence, development and progression of
malignant tumors. Recently, Yang and his colleagues
has reported that EWSATT is highly expressed in NPC
(6.85-fold than NP tissues) [14], while up to date, there
is no related study elaborating the relevance between
EWSATI1 expression and NPC progression. Hence, the
role of EWSATI1 on NPC and its potential biological
mechanisms still remain to be explored.

In our study, we are committed to explore the
underlying molecular mechanism of EWSAT1 on NPC
progression. We identified EWSATI harbors two
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conserved miR-326/330-5p clusters’s cognate sites as
the results of overlap for miRDB (http://mirdb.org/cgi-
bin/custom_predict/customDetail.cgi) and PITA
software (http://132.77.150.113/pubs/mir07/mir07 _
prediction.html), and then we made an assumption that
EWSATI1 might function as a competing endogenous
RNA (ceRNA) for miR-326/330-5p clusters. Then, we
searched microRNA.org, TargetScan, and PicTar for
underlying targets of miR-326/330-5p that owned
oncogenic characteristics, and found cyclin D1, a
known oncogene, was an underlying target of miR-
326/330-5p clusters. Collectively, we identified
EWSATI1 might be a crucial oncogenic regulator
involved in NPC progression via functioning as a
ceRNA for miR-326/330-5p clusters, and in return
initiating cyclin D1 pathway.

A

RESULTS

EWSATT1 is over-expressed and associated with
prognosis in NPC

To investigate the expression of EWSATI1 in NPC,
gRT-PCR was conducted to examine EWSATI levels
in human NPC tissues and their counterparts. Results
revealed that EWSATTI levels in 108 NPC tissues were
significantly higher than that of in 108 counterparts (P
<0.05) (Fig. 1A). Next, we examined EWSATI
expression in NPC cell lines, and found that EWSATI
was over-expressed in CNE-2, C666-1, HNE-1, CNE-1,
SUNE-1, and HONE-1 cells, compared with that of in
NP69 cells (a normal NP cell lines) (Fig. 1B). Among
the six NPC cell lines, EWSAT1 are much higher ex-
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Figure 1. Relative EWSAT1 expression in NPC tissues and cell lines, and its clinical significance. (A) Relative expression
of EWSAT1 expression in NPC tissues (n = 108) and in paired adjacent normal tissues (n = 108). N represented Normal adjacent
nasopharyngeal tissues, and T represented nasopharyngeal carcinoma tissues. EWSAT1 expression was examined by qPCR and
normalized to GAPDH expression. (shown as ACT). (B) Relative expression of EWSAT1 expression in NPC cell lines and normal NP
epidermal cell. (C) Relative expression of EWSAT1 expression in NPC tissues (n = 108) and in paired adjacent normal tissues (n =
108). EWSAT1 expression was examined by qPCR and normalized to GAPDH expression. (shown as ACT). (D) The Kaplan-Meier
survival analysis indicated that EWSAT1 high expression (red line, n=76) has a worse overall survival compared to the low
expression subgroup (green line, n=32). ¥*P < 0.05. Means + SEM are shown. Statistical analysis was conducted by student t-test.
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pressed in CNE-1 and SUNE-1 cells, thus, CNE-1 and
SUNE-1 cells were chose to conduct the following
experiments. Then, NPC patients were divided into a
high group (>2.36-fold, n=76) and a low group (<2.36-
fold, n=32) on the basis of the cutoff value of EWSAT1
expression (Fig. 1C). Moreover, Kaplan-Meier analysis
indicated that high EWSAT] expression was related to
a poorer OS (log-rank test, P =0.0014, Fig. 2D). These
results demonstrated that high EWSATI expression was
related to poor prognosis, and over-expression of
EWSATI1 might be essential in NPC progression.

EWSAT1 promotes growth of NPC cells

Having known EWSAT]1 is up-regulated and associated
with poor prognosis in NPC. We then explore the onco-
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genic properties and roles of EWSAT1 on NPC. Firstly,
we established NPC cell lines (CNE-1 and SUNE-1)
with EWSATI1 stable over-expression or transient
knockdown (Using RNAi). And then, trypan blue
staining, colony formation as well as CCKS8 assay were
conducted to explore the role of EWSATI1 on NPC cell
growth, and results demonstrated silence of EWSATI
induced a reduction in the cell growth of CNE-1 and
SUNE-1 cells than that of in their blank counterparts
(Fig. 2A-C, D and F). However, overexpression of
EWSATI1 exhibited a significant increase in the cell
growth of CNE-1 and SUNE-1 cells than their blank
counterparts (Fig. 2A-C, E and G).These results clearly
demonstrate that EWSAT1 significantly facilitates cell
growth in NPC cells.
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Figure 2. EWSAT1 promotes tumor NPC cell growth in vitro. (A-B) Statistical analysis of trypan blue staining. (C) Shown is
representative photomicrograph of colony formation assay after transfection for fourteen days. (D-G) CCK8 assays of CNE-1 and SUNE-1
cells after transfection. Assays were performed in triplicate. *P < 0.05. Means * SEM are shown. Statistical analysis was conducted using

student t-test.
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Figure 3. EWSAT1 is a direct target of miR-326/330-5p. (A) Screen of the candidate miRNAs that target EWSAT1
predicted by miRDB and PITA. (B) Sequence alignment of miR-326/330-5p with the putative binding sites within the
wild-type regions of EWSAT1. (C-D) Detection of miR-326/330-5p using gRT-PCR in the sample pulled down by
biotinylated EWSAT1 probe. (E-F) Up-regulated miR-326/330-5p in CNE-1 and SUNE-1 cells, which stably over-expressed
EWSATL, largely reversed the favorable effects of EWSAT1 on cell proliferation. Assays were performed in triplicate.
*P< 0.05. Means + SEM are shown. Statistical analysis was conducted using student t-test.

EWSAT]1 functions as a ceRNA of miR-326/330-5p ing the biological functions of miRNA. To find
clusters in NPC miRNAs interacted with EWSATI1, we analyzed the

overlap from results of miRDB (http://mirdb.org/cgi-
Increasing of publications reported IncRNA might bin/custom_predict/customDetail.cgi) and PITA
function as a ceRNA or a molecular sponge in regulat- software (http://132.77.150.113/pubs/mir07/mir07 _
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prediction.html) to predict potential miRNAs (results
were shown in Table S1 and Table S2. In miRDB,
miRNAs with target score>50 were selected, and in
PITA, miRNAs with target score target score AAG=<-10

kcal/mol were selected, then intersection was conducted
in the selected miRNAs in miRDB and PITA, and miR-
326 and miR-330-5p were got as the candidate miRNAs
(Table S1-2). To further verify whether miR-326/330-
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Figure 4. EWSAT1's oncogenic activity is in part through negative regulation of miR-326/330-5p, and then activation of
cyclin D1 in NPC cells. (A) Up-regulated EWSAT1 in miR-326/330-5p treated CNE-1 and SUNE-1 cells, significantly reversed the growth-
inhibitory role of miR-326/330-5p in NPC cells. (B) The 3'-UTR of cyclin D1 harbors two miR-326/330-5p cognate sites. (C) Relative
luciferase activity of reporter plasmids carrying wild-type or mutant cyclin D1 3'-UTR in CNE-1 and SUNE-1 cells co-transfected with
negative control (NC) or miR-326/330-5p mimic. (D) Statistical analysis of trypan blue staining. (E-F) Protein expression of cyclin D1 in miR-
330-5p, miR-330-5p+EWSAT1, miR-326, miR-326+ewsat1, si-CCND1, EWSAT1, or EWSAT1+si-CCND1 treated CNE-1 and SUNE-1 cells. Assays
were performed in triplicate. *P < 0.05. Means + SEM are shown. Statistical analysis was conducted using student One-Way ANOVA test.
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S5p were enrichment in EWSATI, we applied a pull-
down assay by a biotin-labeled specific EWSATI1
probe. And biotin-NC probe was used as a negative
control. qRT-PCR was conducted after precipitate.
Results revealed that miR-326/330-5p were much richer
in precipitate of EWSATI probe than that of in NC
probe (Fig. 3C-D). These results reveal that miR-
326/330-5p directly bind to EWSAT1 at the recognitive
sites. Moreover, up-regulated miR-326/330-5p in CNE-
1 and SUNE-1 cells, which stably over-expressed
EWSATI, significantly reversed the favorable roles of
EWSATI on cell growth in NPC cells (Fig. 4A-B).
These data indicated that EWSATI1 facilitated cell
growth through binding miR-326/330-5p on NPC cells.

EWSAT1’s oncogenic roles are partially via
spongeing miR-326/330-5p, and then activating
cyclin D1

Having verified EWSAT]1 was a target of miR-326/330-
5p, the mechanism of miR-326/330-5p in EWSATI-
induced inhibition on NPC cells was still unknown.
Both miR-326 and miR-330-5p repressed cell growth in
NPC cell lines, while over-expressed EWSATI in miR-
326 or miR-330-5p treated cells, significantly reversed
the growth-inhibitory role of miR-326/330-5p in CNE-
1 and SUNE-1 cells (Fig. 4A-B). These results
confirmed that miR-326/330-5p made sense in
EWSATI1-induced inhibitory roles on NPC cells.
Having verified EWSAT1 could reversely regulate
miR-326/330-5p expression, we then investigate its
functional roles. To explore the function of miR-
326/330-5p on NPC, we screen Targetscan, miRanda,
PicTar to select potential predicted targets of miR-
326/330-5p. We identified the top 100 potential targets,
and among these genes, we found a well-known
oncogene, cyclin D1, which was up-regulated in a large
number of malignancies (Fig. 4B). These revealed that
cyclin D1 could be a direct target of miR-326/330-5p in
NPC. Next, we used luciferase reporter assays to verify
whether cyclin D1 expression are really regulated by
miR-326/330-5p, and results demonstrate that miR-
326/330-5p inhibits luciferase activity in CNE-1 cells
and SUNE-1 cells at the reporter plasmid with a WT
cyclin D1 3°-UTR, but no significant inhibition was
observed at the reporter plasmid with a mutant cyclin
D1 3’-UTR (Fig. 4C). We next investigated the
mechanism of miR-326/330-5p on NPC cell growth.
Results of Trypan blue staining demonstrated both miR-
326/330-5p and si-CCNDI1 treatment decreased cell
growth of CNE-1 and SUNE-1 cells in comparison to
that of in their blank counterparts (Fig. 4D), However,
when treated CNE-1 and SUNE-1 cells with EWSATI
plus si-CCND1, the favorable role of EWSATI1 on cell
growth was inhibited by cyclin D1 knockdown, and the
negative effect of si-CCND1 was alleviated by

EWSATI1 over-expression (Fig. 4D). Additionally, we
next investigated the effect of EWSAT] and miR-
326/330-5p on the protein expression of cyclin DI1.
Results revealed that both miR-326/330-5p and si-
CCND1 treatment inhibited protein expression of cyclin
D1, while EWSATI treatment significantly increased
protein expression of cyclin D1 in CNE-1 and SUNE-1
cells (Fig. 4E-F), respectively. However, when treated
CNE-1 and SUNE-1 cells with EWSATI1 plus si-
CCND1, the favorable role of EWSAT1 on protein
expression of cyclin D1 was inhibited by cyclin D1
knockdown, and the negative effect of si-CCND1 was
alleviated by EWSATI1 over-expression (Fig. 4E-F).
Our results reveal that miR-326/330-5p targets human
cyclin D1 by directly binding to the predicted sites in
3’-UTR of cyclin DI mRNA, and demonstrate that
EWSAT1’s oncogenic functions are partially through
negative regulation of miR-326 /330-5p clusters, and
then activation of cyclin D1.

DISCUSSION

Recent studies have provided insights into the
molecular mechanisms by which IncRNAs function in a
variety of human tumors [36-38]. Marques et al
reported EWSAT1-mediated gene repression facilitates
Ewing sarcoma oncogenesis [7]. However, the roles and
mechanisms of EWSATI1 in NPC have not been well
elaborated. Yang and his colleagues have reported that
EWSAT1 (LINC00277) is highly expressed in NPC
(6.85-fold than NP tissues) [14]. Our present study
added new evidence that over-expression of EWSATI1
owned oncogenic roles in NPC. EWSAT]1 was revealed
as a direct target of miR-326/330-5p clusters, and there
was an interactive suppression between them.
EWSATT!’s function as an oncogene to facilitate tumor
progression was partially attributed to its ability to
acting as a ceRNA for miR-326/330-5p clusters, and
subsequent to activating of the cyclin D1 signaling
pathway in NPC. Thus, our study contributes to an
increasing of literatures supporting the importance of
non-annotated IncRNA species in the field of cancer
research.

This report is the first time to directly explore the
association between EWSATI expression and NPC.
Herein, we found EWSAT1 expression in NPC tissues
was significantly higher than that of in NP tissues. Our
study also revealed a correction between EWSATI
levels and NPC prognosis or therapeutic outcome. A
strong correction of high EWSATI1 expression in
tumors with poor survival was confirmed in 108 NPC
samples, revealing that EWSAT1 expression levels
could be as a useful prognostic biomarker to help
identify patients who are at a higher risk of NPC
progression. In addition, EWSATI1 overexpression
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significantly increased NPC cell viability and growth in
vitro, while EWSATI1 knockdown reversed it. In
conclusion, our data indicate that EWSATI may
function as an oncogene and play a critical effect in
NPC development and progression.

Although EWSAT1 has been suggested to act as an
oncogene, the underlying mechanism by which
EWSATI-mediated gene expression participates in
tumorigenesis remains to be clarified. Marques et al
reported EWSAT1 controlled gene expression partially
through an interaction with HNRNPK, and functioned
as an oncogene through regulating gene expression
downstream of EWS-FLI1 in Ewing sarcoma [7]. In our
present study, we aimed to discover another underlying
molecular mechanism of EWSATI on NPC
progression, namely, functioning as “molecular
sponges” to regulate microRNAs. It was reported that
LncRNAs played a crucial effect in multiple processes
in cells through acting as ceRNAs to regulate
microRNAs [39]. A handle of IncRNAs have been
evaluated, including GASS [40,41], NEAT1 [8], and
CCATI1 [42] and so on. In our study, we investigated
the effect of EWSAT1 in NPC cell lines and discovered
that EWSATI involved in the ceRNA regulatory
network and functioned as endogenous miRNA sponges
to bind to miR-326/330-5p and regulated its function.
Recent studies indicated miR-326/330-5p showed tumor
suppressive role on lung cancer [43-46], breast cancer
[47], malignant melanoma [48], colorectal cancer [49],
and glioblastoma [50,51], while their role on NPC had
not been investigated. In our present study, miR-
326/330-5p inhibited growth in NPC cell lines. More-
over, biotin-avidin pull-down system demonstrated
EWSATI could pull down miR-326/330-5p. In
addition, our study also revealed that miR-326/330-5p
could reverse the favorable roles of EWSATI on cell
growth in NPC cell lines, which demonstrated
EWSATTI played its favorable role on NPC progression,
at least in part, through inhibiting miR-326/330-5p
clusters.

Having shown the critical role of miR-326/330-5p on
suppressing NPC progression, we searched for the
potential gene effectors involved in its function. MiR-
326/330-5p can regulate numerous of target genes.
Recent study indicated that miR-330-5p inhibits
proliferation and migration of keratinocytes by targeting
Pdia3 expression [52], and regulates tyrosinase and
PDIA3 expression and suppresses cell proliferation and
invasion in cutaneous malignant melanoma [48]. MiR-
326 reverses chemoresistance in human lung adeno-
carcinoma cells by targeting specificity protein 1 [53],
and regulates cell proliferation and migration in lung
cancer by targeting phox2a and is regulated by
HOTAIR [54]. But among all of the predicted target

genes for miR-326/330-5p clusters, we found that cyclin
D1 acted as a crucial effector of miR-326/330-5p.
Aberrant cyclin D1 expression has been associated to
several types of cancers [44,55-62]. Using bio-
informatics, we verified cyclin D1 as a direct target of
miR-326/330-5p, and luciferase reporter assays
confirmed that miR-326/330-5p targeted cyclin D1
mRNA at its 3’-UTR. Moreover, our results also
demonstrated miR-326/330-5p clusters exerted its
tumor suppressive role on NPC through targeting cyclin
D1. Interesting, we found that when treated CNE-1 and
SUNE-1 cells with EWSAT1 plus si-CCNDI1, the
negative effect of si-CCND1 was alleviated by
EWSAT1 over-expression. In addition, EWSATI
facilitated NPC cell growth through up-regulated the
expression of cyclin D1. Those effects could be
partially attributed to EWSAT]1 functioning as a ceRNA
for miR-326/330-3p. Another possible mechanism for
them may be due to the possibility that EWSATI
increased CCND1 mRNA through directly or indirectly
binding at the CCND1 promoter, and then activating its
transcription.

In conclusion, our data reveal that high-expressed
EWSATI is an oncogenic IncRNA that facilitates the
oncogenisis and progression of NPC through miR-
326/330-5p-cyclin D1 axis. EWSAT1 may also function
as a prognostic factor in NPC. The present results
elucidate an underlying mechanism of the oncogenic
role for EWSATI1 in NPC, and imply that EWSATI
could be used as a marker and potential therapeutic
target in NPC.

MATERIALS AND METHODS
Ethics statement

For the analyzed tissue specimens, all patients gave
informed consent to use excess pathological specimens
for research purposes. The protocols employed in this
Subjects Committee. The use of human tissues was
approved by the institutional review board of the
Wuhan University and conformed to the Helsinki
Declaration and to the local legislation. Patients offering
samples for the study signed informed consent forms.

Tissue collection

108 cases of fresh NPC tissues and 108 non-cancerous
nasopharyngitis (NP) tissues were snap-frozen and
stored in liquid nitrogen until further use for qRT-PCR
assay. Elective surgery was carried out on these patients
at ZhongNan Hospital of Wuhan University (Wuhan,
China). The use of tissues for this study has been
approved by the ethics committee of ZhongNan
Hospital of Wuhan University. Before using these
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clinical materials for research purposes, all the patients
signed the informed consent. None of these patients
received any pre-operative chemotherapy or radio-
therapy.

Cell culture and transfection

The human NPC cell lines, namely, SUNE-1, CNE-1,
HNE-1, CNE-2, C666-1 and HONE-1 were all
purchased from Cell bank of Chinese academy of
sciences, and were cultured in RPMI-1640 (Invitrogen,
Carlsbad, CA, USA) supplemented with 10%. fetal
bovine serum (FBS). The human immortalized
nasopharyngeal epithelial cell line NP69 (from Cell
bank of Chinese academy of sciences) was cultured in
keratinocyte/serum-free medium (Invitrogen)
supplemented with bovine pituitary extract. pcDNA3.1-
CT-GFP-EWSAT1 (NR 026949), si-EWSAT1, miR-
326 (MIMATO0000756), miR-330-5p
(MIMATO0000751), or si-CCND1 (NM_053056), were
purchased from GenePharma Co.,Ltd. (Shanghai,
China). Complete medium without antibiotics was used
to culture the cells at least twenty-four hours prior to
transfection. The cells were washed with 1x PBS
(pH7.4) and then transiently transfected with 100 nM
NC or pcDNA3.1-CT-GFP-EWSATI1, si-EWSATI,
miR-326, miR-330-5p, or si-CCNDI1, using
Lipofectamine™ 2000 (Invitrogen, Carlsbad, CA, USA)
according to the manufacturer's instructions.

Cell transfection and stable cell lines

Cells were transfected with DNA plasmids using
transfast transfection reagent lipofectamineR 2000
(Invitrogen) according to manufacturer's instructions
[15-17]. For screening stable cell lines, forty-eight
hours after transfection, cells were plated in the
selective medium containing G418 (10002000 pg/ml,
Invitrogen, Ltd., U.K) for the next 4 weeks or so, and
the selective media were replaced every 3 days.

Western blot analysis

Total proteins were extracted from cultured cells using
RIPA buffer containing PMSF and quantified using
BCA protein assay kit (Beyotime, Haimen, China)[18-
22]. Protein lysates were subjected to SDS-PAGE and
transferred onto polyvinylidenedifluoride (PVDF)
membrane (Millipore, Billerica, MA) followed by
incubating with a primary antibody, and then a
secondary antibody. The signals were detected with
KeyGEN Enhanced ECL detection kit according to the
manufacturer’s instructions (KeyGEN, NanJing, China).
Rabbit polyclonal antibody against human cyclin D1
and GAPDH were purchased from Abcam.

qRT-PCR

Total RNA was extracted with TRIzol reagent in
accordance with the manufacturer’s instructions
(Invitrogen, CA, USA)[23-27]. cDNA was synthesised
with the PrimeScript RT reagent Kit (Promega,
Madison, WI, USA). Real-time PCR was carried out in
a total volume of 10 pl, including 8 pl of TagMan
Power SYBR Green PCR Mix (Invitrogen), 0.5 pl of
each primer at 25 pM, and 1 pl of cDNA. The
quantitative RT-PCR was carried out on the Roche
LightCycler® 96 (LC96) real-time PCR platform using
the 2T method. Gene expression results were
normalized by internal control GAPDH. Each sample
was tested in triplicate.

Colony formation assay

CNE-1 and SUNE-1 cells and their control cells were
placed in six-well plate (300 cells/well) and cultured for
2 weeks. Colonies were fixed with methanol and stained
with 0.1% crystal violet in 20% methanol for 15 min.
Colonies larger than 0.1 mm diameter were scored. The
experiment was performed in triplicate for each cell
line.

Luciferase reporter assays

Oligonucleotides containing the wild-type (WT) or
mutant (MT) puptative miR-330-5p or miR-326 binding
sites of the 3’-untranslated regions (3’-UTR) of the
CCND1 mRNA were ligated into the pMIR-REPORT
luciferase  reporter  plasmid vector (see in
https://www.addgene.org/browse/sequence vdb/3582/) ,
respectively. Restriction enzymes Notl and Xhol were
adopted and the sticky ends were GCGGCCGC,
CTCGAG. The primers for 3’-UTR CCND1 (1620-
2390) were: F: 5’-AATGCGGCCGCCACAAAGACAT
TGATTCAGC-3’; R: 5’-GGCGGCTCGAGGCAGGGA
AGAGAAGAGGGAC-3". 4x10* cells per well were
seeded in 24-well plates in triplicate. 24 h later, 100 ng
firefly luciferase construct was co-transfected with 10
ng pRL-TK renilla plasmid into cells using
Lipofectamine 2000 reagent (Invitrogen) in the presence
of microRNA mimics or corresponding negative
control. Media were replaced at 6 h, and the luciferase
and renilla signals were measured 48 h after transfection
using the Dual Luciferase Reporter Assay Kit
(Promega), according to the manufacturer’s protocol.
The experiments were performed independently in
triplicate.

CCKS assay

CCK8 Assay was carried out using the protocol
described previously [28-35]. Briefly, cell growth was

WWWw.aging-us.com 2955

AGING (Albany NY)



measured using the cell proliferation reagent WST-8
(Roche Biochemicals, Mannheim, Germany). After
plating cells in 96-well microtiter plates (Corning
Costar, Corning, NY) at 1.0x 10° /well, 10 pL of CCK8
was added to each well at the time of harvest, according
to the manufacturer’s instructions. One hour after adding
CCKS, cellular viability was determined by measuring
the absorbance of the converted dye at 450 nm.

Trypan blue staining

Cell viability was assessed using the trypan blue
(Lonza, Basel, Switzerland) exclusion method. The
CNE-1 and SUNE-1 cells were seeded in 24-well
culture plates at a density of 3 x 10° cells per well, and
the cells were then transfected with Vector, miR-326,
miR-330-5p, pcDNA3.1-CT-GFP-EWSAT1, miR-326
plus pcDNA3.1-CT-GFP-EWSATI1, or miR-330-5p
plus pcDNA3.1-CT-GFP-EWSATI1. Each cell sus-
pension was mixed with an equal volume of 0.4%
trypan blue solution, and the living cells were quantified
using a hemocytometer. The cells were also counted
using a microscope. The data are representative of
three independent experiments performed on different
days.

RNA pull-down assays

EWSATTI transcripts were transcribed using T7 RNA
polymerase (Ambio life) in vitro, then by using the
RNeasy Plus Mini Kit (Qiagen) and treated with DNase
I (Qiagen). Purified RNAs were biotin-labeled with the
Biotin RNA Labeling Mix (Ambio life). Positive
control, negative control and Biotinylated RNAs were
mixed and incubated with CNE-1 and SUNE-1 cell
lysates. Then, magnetic beads were added to each
binding reaction, and incubated at room temperature.
Finally, the beads were washed, and the eluted proteins
were detected by western blot analysis.

Statistical analysis

All experiments were repeated for three times
independently. Results were shown as the means +
standard error mean (SEM). Two independent sample t-
test or One-Way Analysis of Variance (ANOVA) was
performed using SPSS 20.0 software to assess
significant differences in measured variables among
groups. A value of P <0.05 was considered to indicate a
statistically significant difference.
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SUPPLEMENTARY MATERIAL

Table S1. Predicted results using miRDB (target score=50)

Target Detail Target Rank Target Score
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Please browse the Full Text version of this manuscript
to see Table S2. Predicted results using PITA (target
score<-20).

miRNA Name
92 hsa-miR-4296
87 hsa-miR-4291
81 hsa-miR-3168
79 hsa-miR-5004-5p
78 hsa-miR-1224-5p
76 hsa-miR-4322
76 hsa-miR-4265
76 hsa-miR-3713
75 hsa-miR-4516
71 hsa-miR-497-3p
69 hsa-miR-27a-5p
69 hsa-miR-3192-5p
69 hsa-miR-6825-5p
66 hsa-miR-8065
65 hsa-miR-4793-5p
64 hsa-miR-6875-5p
64 hsa-miR-3126-5p
64 hsa-miR-4534
62 hsa-miR-4459
61 hsa-miR-4316
60 hsa-miR-922
60 hsa-miR-6891-5p
58 hsa-miR-330-5p
58 hsa-miR-326
57 hsa-miR-4426
56 hsa-miR-5195-3p
55 hsa-miR-4293
55 hsa-miR-6868-5p
55 hsa-miR-1296-3p
54 hsa-miR-3187-3p
54 hsa-miR-4779
53 hsa-miR-581
53 hsa-miR-4685-3p
53 hsa-miR-4287
52 hsa-miR-3120-3p
51 hsa-miR-6765-3p
50 hsa-miR-4802-5p
50 hsa-miR-4483
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