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carcinoma by targeting Rsf-1 and modulating the Ras-MAPK pathway
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ABSTRACT
The long non-coding RNA nuclear paraspeckle assembly transcript 1 (NEAT1) was reported to be
upregulated and be involved in oncogenic growth and drug resistance in nasopharyngeal carcinoma
(NPC). However, the exact roles of NEAT1 and its underlying mechanisms in the drug resistance of NPC
remain largely unclear. In this study, the expressions of NEAT1, let-72-5p and Rsf-1 mRNA were detected
by reverse transcription-quantitative polymerase chain reaction (RT-qPCR). The effects of NEAT1 and let-
72-5p on cell proliferation and cisplatin resistance of NPC cells were investigated by 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) assay and 5-ethynyl-20-deoxyuridine (EdU)
assay. Western blot analysis was performed to detect the protein levels of Rsf-1, Ras, p-Raf1, Raf1, p-MEK1,
MEK1, p-ERK1/2 and ERK1/2. Xenograft tumor assay was done to elucidate the role of NEAT1 involved in
NPC tumor growth in vivo. We found that NEAT1 was upregulated and let-7a-5p was downregulated in
NPC tissues, as well as NPC cell lines. Inhibition of NEAT1 markedly repressed the cisplatin resistance
of NPC cells. NEAT1 was demonstrated to interact with let-7a-5p. Besides, a negative correlation between
NEAT1 and let-7a-5p expression was observed in NPC tissues. Rsf-1 was confirmed as a target of let-7a-5p.
NEAT1 remarkably reversed the inhibitory effect of let-7q-5p on the cisplatin resistance of NPC cells in
vitro. Additionally, NEAT1 knockdown inhibited the Ras-MAPK pathway in NPC cells. NEAT1 knockdown
suppressed tumor growth in the presence of cisplatin in vivo. Overall, these findings suggest that NEAT1/
let-7a-5p axis regulates the cisplatin resistance in NPC by targeting Rsf-1 and modulating the Ras-MAPK
signaling pathway.
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Introduction

Nasopharyngeal carcinoma (NPC) is one of the most common
cancers the head and neck and is a leading cause of cancer-
related death around the world. Despite substantial improve-
ments in treatment in the last decades, the prognosis for
advanced NPC remains quite poor with a 5-year survival rate
range from 50% to 70%.1,2 Platinum-based chemotherapy is a
widely used modality of treatment of NPC. Cisplatin, one of
the common platinum-based compounds, has been proven to
be effective in treating cancers.3 However, many patients
relapse after chemotherapy due to the emergence of drug resis-
tance. Therefore, expanding our knowledge of the molecular
mechanisms involved in the emergence of cisplatin resistance is
vital for improving the prognosis of patients with NPC.

Generally, non-coding RNAs (ncRNAs) can be divided
into two major groups depending on the transcript size: small
ncRNAs and long ncRNAs (lncRNAs).4 MicroRNAs (miR-
NAs) are a class of small ncRNAs with 20»22 nucleotides in
length, while lncRNAs are longer than 200 nucleotides in
length and without protein-coding capacity. LncRNAs have
been reported to implicated in regulation of gene expression
at various levels, including the epigenetic, modification, trans-
lational, transcriptional, as well as post-transcriptional levels.5

Previous studies have revealed that lncRNAs may function as
miRNA sponges to suppress miRNAs expression, thereby

reversing the inhibition of miRNA on the corresponding
mRNA expression.6 Dysregulation of lncRNAs has been
documented to lead to cancer cell dysfunction and disruption
of cell processes, including cell growth, apoptosis and differ-
entiation. Notably, there is a growing evidence to suggest that
lncRNAs contribute to the drug resistance in cancers, includ-
ing NPC.7 The nuclear paraspeckle assembly transcript 1
(NEAT1) is a newly identified nuclear-restricted lncRNA,
which has been reported to be highly expressed in diverse
cancers, such as prostate cancer,8 colorectal cancer,9 breast
cancer,10 and hepatocellular carcinoma.11 In acute promyelo-
cytic leukemia cells, NEAT1 was demonstrated to be downre-
gulated and act as a tumor suppressor by promoting leucocyte
differentiation.12 Also, NEAT1 knockdown repressed the cell
proliferation, migration and invasion by reversing the epithe-
lial-to-mesenchymal transition phenotype, and increased the
sensitivity of renal cell carcinoma to sorafenib in vitro.13 In
addition, NEAT1 was upregulated in NPC and reduction of
NEAT1 reversed epithelial to mesenchymal transition pheno-
type and sensitized NPC cells to radiation by modulating
miR-204/ZEB1 axis.14 However, the function of NEAT1 and
its underlying mechanisms in NPC chemoresistance remain
poorly understood.

let-7a-5p, the firstly identified tumor repressing miRNA, can
modulate a large number of oncogenes to suppress tumor
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progression by binding the 30-untranslated region (30-UTR) of
the target mRNAs, including Ras, MYC and HMGA2.15-17 let-
7a-5p was reported to be poorly expressed in colorectal cancer,
which could be utilized to predict lymph node metastasis and
the disease prognosis.18 In breast cancer, let-7a-5p was downre-
gulated. Moreover, let-7a-5p repressed mammosphere forma-
tion capacity and reduced the mammosphere-size via Ras/NF-
kB and Ras/MAPK/ERK pathway, respectively.17 let-7a-5p was
also underexpressed in NPC and induction of let-7a-5p led to
suppression of cell proliferation by downregulating c-Myc
expression.19 In addition, let-7a has been proposed to be impli-
cated in the drug resistance.20,21 However, the precise regula-
tory mechanisms of let-7a-5p in cisplatin resistance in NPC
remain unlear.

In this study, we determined the expression of NEAT1
and let-7a-5p in NPC tissues and cells. The effect of
NEAT1 and let-7a-5p on the course of NPC and the cis-
platin resistance and its underlying molecular mechanism
were further explored in vitro and in vivo. Our results sug-
gest that NEAT1/let-7a-5p axis may be a potential promis-
ing strategy for overcoming cisplatin resistance in the
treatment of NPC.

Results

NEAT1 is upregulated and let-7a-5p is downregulated
in NPC tissues and NPC cell lines

Firstly, reverse transcription-quantitative polymerase chain
reaction (RT-qPCR) assay was conducted to analyze the
expression of NEAT1 and let-7a-5p in NPC tissues and
paired adjacent normal tissues. As displayed in Fig. 1A

and 1B, the expression level of NEAT1 was higher in NPC
tissues than that in paired adjacent normal tissues. Con-
versely, let-7a-5p was aberrantly downregulated in NPC
tissues in comparison with that in paired adjacent normal
tissues. In addition, NEAT1 was obviously upregulated
and let-7a-5p was markedly downregulated in NPC cell
lines including CNE-1, S18, 5–8F, HK-1 cells compared
with NPE cell line NP-69 (Fig. 1C and 1D). S18 and 5–8F
cells were chosen for the following experiment.

Knockdown of NEAT1 attenuates cisplatin resistance
of NPC cells

To investigate the biological effects of NEAT1, we performed
loss-of-function studies in S18 and 5–8F cells by transfecting
with short-hairpin RNA specific for NEAT (sh-NEAT1) or
negative control (sh-NC). As shown in Fig. 2A and 2B, the
transfection efficiency was identified by RT-qPCR, and the
expression level of NEAT1 was dramatically decreased com-
pared with the sh-NC group. 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyl tetrazolium bromide (MTT) assay was used to
explore the effect of NEAT1 knockdown on cell viability
after administration of 10 mg/ml of cisplatin. Results
revealed that NEAT1 knockdown prominently repressed cell
viability in the presence of cisplatin in S18 (Fig. 2C) and 5–
8F (Fig. 2D) cells in comparison with that in sh-NC group.
Simultaneously, 5-ethynyl-20-deoxyuridine (EdU) assay was
carried out in S18 and 5–8F cells transfected with sh-NEAT1
or sh-NC, following exposure to 10 mg/ml cisplatin for 48 h
(Fig. 2E and 2F). Cell proliferation was reduced by cisplatin
treatment in S18 and 5–8F cells, which was dramatically
aggravated by NEAT1 knockdown (Fig. 2G and 2H). Thus,

Figure 1. The expression levels of NEAT1 and let-7a-5p in NPC tissues and cells. RT-qPCR analysis of expression of NEAT1 (A) and let-7a-5p (B) in 24 paired of NPC tissues
and corresponding normal tissues. RT-qPCR analysis of NEAT1 (C) and let-7a-5p (D) expression in NPC cell lines (CNE-1, S18, 5–8F, HK-1) and NPE cell line NP-69. �P <

0.05, ��P < 0.01, and ���P < 0.001.
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we speculated that knockdown of NEAT1 attenuated cis-
platin resistance of NPC cells.

NEAT1 directly interacts with let-7a-5p

Bioinformatics prediction results showed that the NEAT1
sequence harbors a putative let-7a-5p binding region (Fig. 3A).
To identify whether NEAT1 is a bona fide target of let-7a-5p,
the wild type sequence of NEAT1 (Wt-NEAT1) or the mutant

(Mut-NEAT1) with a 9-base mutation in the putative let-7a-5p
recognition sequence was subcloned into the pMIR luciferase
reporter, and then transfected in 5–8F cells together with miR-
NC, let-7a-5p, anta-NC or anta-let-7a-5p. The relative lucifer-
ase activity of the pMIR-NEAT1-Wt was obviously decreased
when let-7a-5p was co-transfected into 5–8F cells. Downregula-
tion of let-7a-5p led to an increase in the luciferase activity of
the pMIR-Wt-NEAT1 in 5–8F cells. However, the luciferase
activity of the pMIR-NEAT1-Mut was unaffected (Fig. 3B).

Figure 2. NEAT1 knockdown in hibited cisplatin resistance of NPC cells. The expression level of NEAT1 in S18 (A) and 5–8F (B) cells was obviously downregulated by trans-
fecting with sh-NEAT1. Cell viability was determined by MTT assay in S18 (C) and 5–8F (D) cells after transfection with sh-NEAT1 or sh-NC, following exposing to 10 mg/ml
of cisplatin. The representative fluorescent images of EdU assay in S18 (E) and 5–8F (F) cells were shown. EdU assay showed that downregulation of NEAT1 inhibited cell
proliferation ability in S18 (G) and 5–8F (H) cells in the presence of 10 mg/ml of cisplatin. �P < 0.05, ��P < 0.01, and ���P < 0.001.
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Furthermore, we investigated the correlation between the
expression of NEAT1 and let-7a-5p. NEAT1 expression was
upregulated by transfection with pcDNA-NEAT1 (Fig. 3C).
We found that upregulation of NEAT1 decreased let-7a-5p
expression, whereas NEAT1 knockdown increased let-7a-5p
expression (Fig. 3D). Interestingly, a significantly negative cor-
relation was noted between NEAT1 and let-7a-5p expression in
NPC tissues (Fig. 3E), which further consolidated our findings
in vitro.

NEAT1 downregulates the expression of Rsf-1 through
let-7a-5p (Rsf-1 is a direct let-7a-5p target)

The predicted targeting sites of let-7a-5p and Rsf-1 were shown
in Fig. 4A. For validation, we fused the wild type sequence of
Rsf-1 (Wt-Rsf-1) or the mutant (Mut-Rsf-1) into the pMIR
luciferase reporter. Wt-Rsf-1 or Mut-Rsf-1 plasmid and let-7a-
5p or negative control (miR-NC) were co-transfected into 5–8F
cells. Results of luciferase report assay showed that let-7a-5p

Figure 3. Verification of NEAT1 as a direct target of let-7a-5p. (A) The sequence of the predicted let-7a-5p targeting site within NEAT1 30-UTR and the mutated sites were
shown. (B) After co-transfection with pMIR-report plasmid and let-71-5p, anta-let-7a-5p or matched controls, the relative luciferase activity of pMIR-report plasmid con-
taining Wt or Mut NEAT1 were evaluated in 5–8F cells. (C) The effect of pcDNA-NEAT1 on NEAT1 expression was validated by RT-qPCR. (D) RT-qPCR analysis of let-7a-5p
expression in 5–8F cells transfected with pcDNA-NEAT1, sh-NEAT1 or matched controls. (E) The correlation analysis showed that let-7a-5p was negatively associated with
NEAT1 in NPC tissues. ��P < 0.01, and ���P < 0.001.

Figure 4. Rsf-1 was a direct target of let-7a-5p. (A) The predicted let-7a-5p complementary site within the Rsf-1 30-UTR and the mutated sites were shown. (B) let-7a-5p
obviously repressed the luciferase activity of the pMIR-Rsf-1-Wt but not that of pMIR-Rsf-1-Mut. Upregulation of let-7a-5p decreased, but anta-let-7a-5p increased, the
Rsf-1 mRNA level (C) and protein level (D) in 5–8F cells. ���P < 0.001.
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markedly reduced the relative luciferase activity of the pMIR-
Rsf-1-Wt instead of the pMIR-Rsf-1-Mut (Fig. 4B). In addition,
we found that transfection with let-7a-5p mimic reduced, but
anta-let-7a-5p increased the Rsf-1 mRNA level and protein
level in 5–8F cells (Fig. 4C and 4D). These findings suggested
that Rsf-1 was a direct target of let-7a-5p.

NEAT1 reverses the inhibitory effect of let-7a-5p
on the cisplatin resistance of NPC cells

To explore the roles of NEAT1 and let-7a-5p in the develop-
ment of cisplatin resistance of NPC cells, S18 and 5–8F cells
were transfected with let-7a-5p, pcDNA-NEAT1 or matched
controls. Upregulation of let-7a-5p reduced cell viability in S18
and 5–8F cells in the presence of 10 mg/ml cisplatin, which was
reversed by upregulation of NEAT1 (Fig. 5A and 5B). In paral-
lel, it was found that cell proliferation was inhibited after
administration of cisplatin in S18 and 5–8F cells, which was
exaggerated by overexpressing let-7a-5p. However, overexpres-
sion of NEAT1 partially reversed the inhibitory effect of let-7a-
5p on cell proliferation (Fig. 5C and 5D). Accordingly, we con-
cluded that NEAT1 reversed the inhibitory effect of let-7a-5p
on the cisplatin resistance of NPC cells.

Knockdown of NEAT1 inhibits Ras-MAPK pathway

Previous studies have reported that let-7 is complementary to
multiple sequences in the 30-UTR of human Ras genes, and

modulates the Ras-MAPK signaling pathway.22 Therefore, we
investigated the impact of NEAT1 knockdown on the Ras-
MAPK pathway by measuring protein levels of Ras, p-Raf1,
Raf1, p-MEK1, MEK1, p-ERK1/2 and ERK1/2 using western
blot. As a result, inhibition of NEAT1 in S18 and 5–8F cells
markedly decreased protein levels of Ras, p-Raf1, p-MEK1 and
p-ERK1/2 instead of Raf1, MEK1 and ERK1/2 (Fig. 6). These
data indicated that inhibition of NEAT1 repressed Ras-MAPK
pathway in NPC cells.

Knockdown of NEAT1 suppresses NPC tumor growth in
vivo

Given the function of NEAT1 in vitro, we further characterized
whether NEAT1 loss could suppressed the NPC tumor growth
in vivo. NPC cells stably expressing sh-NEAT1 or sh-NC were
subcutaneously injected into nude mice. Subsequently, the
mice were treated with cisplatin or phosphate buffered saline
and tumor size was monitored every week using calipers. As a
result, xenograft tumors from sh-NEAT1-transfected NPC cells
grew obviously slower than the tumors from sh-NC-transfected
NPC cells in the presence of cisplatin (Fig. 7A). At 5th weeks
after injection, the mice were sacrificed and the tumor was
resected. The tumor size and weight were strikingly lower in
sh-NEAT1-treated group than that in the sh-NC group in the
presence of cisplatin (Fig. 7B). As except, the expression level
of NEAT1 remarkably reduced in xenograft tumors from sh-
NEAT1-transfected NPC cells than tumors from sh-NC-

Figure 5. NEAT1 reversed the inhibitory effect of let-7a-5p on the cisplatin resistance of NPC cells. MTT assay was used to assess cell viability in S18 (A) and 5–8F (B) cells
stably transfected with let-7a-5p alone or combined with pcDNA-NEAT1, following exposure to 10 mg/ml cisplatin for 48 h. EdU assay was performed to detect the cell
proliferation in S18 (C) and 5–8F (D) cells transfected with let-7a-5p or pcDNA-NEAT1, following treatment with 10 mg/ml cisplatin for 48 h. �P < 0.05, ��P < 0.01, and
���P < 0.001.
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transfected NPC cells (Fig. 7C). Taken together, these findings
suggested that NEAT1 knockdown repressed the cisplatin resis-
tance and tumor growth in vivo.

Discussion

Chemoresistance is a main obstacle to the effective treatment of
NPC in clinical settings, which is associated with poor progno-
sis and high mortality in patients with advanced NPC. There-
fore, clarifying the exact mechanism of cisplatin resistance in
NPC is an urgent problem. Recently, a growing body of evi-
dence shows that lncRNAs play a critical role in regulating
drug resistance of NPC. For instance, upregulation of colon
cancer associated transcript-1 (CCAT1) resulted in repression
of paclitaxel sensitivity in NPC cells due to its regulatory effect
on CPEB2 expression by targeting miR-181a.23 Additionally,
n375709, a newly identified lncRNA, was documented to be
highly expressed in NPC cells and implicated in the regulation

of NPC paclitaxel resistance.24 However, the roles of NEAT1
and its underlying mechanisms in cisplatin resistance remain
unclear. In our study, we confirmed the upregulation of
NEAT1 in NPC tissues and cells. As expected, functional analy-
ses proved that inhibition of NEAT1 enhanced the sensitivity of
NPC cells to cisplatin. Consistently, in vivo experiments further
confirmed that NEAT1 knockdown suppressed tumor growth
in the presence of cisplatin.

Rsf-1, located on chromosome 11p13.5–14, was highly
expressed in many cancers, such as prostate cancer, breast can-
cer and colon cancer.25-27 Previously, there were several litera-
tures elucidating the involvement of Rsf-1 in the emergence of
drug resistance in cancers. For example, upregulation of Rsf-1
obviously repressed paclitaxel sensitivity in ovarian cancer
cells.28,29 Besides, elevated expression of Rsf-1 promoted tumor
progression, aggressiveness and radioresistance of NPC, which
predicted poor therapeutic response and worse survival.30 Fur-
thermore, Rsf-1 inhibition potentiated NPC cells to be sensitive
to paclitaxel by modulating the NF-kB signaling pathway.31 In
the present study, we found that let-7a-5p was downregulated
in NPC tissues, as well as NPC cells. Besides, a negative correla-
tion between NEAT1 and let-7a-5p expression was observed in
NPC tissues. In addition, Rsf-1 was confirmed as a direct target
of let-7a-5p. Thus, we speculated that NEAT1 might downre-
gulated the expression of Rsf-1 through direct interaction with
let-7a-5p.

Ras–mitogen activated protein kinase (MAPK) pathway
is a vital intracellular signaling pathway that modulates
multiple cellular progresses including proliferation, apopto-
sis, transcription, differentiation and cell cycle arrest. Ras,
the most frequented mutated oncogene, belongs to the
superfamily of small GTPases and is the first intracellular
effector of the Ras-MAPK signaling pathway. Activation of
Ras is triggered by various extracellular stimuli, which alter
the status of Ras from a GDP-bound inactivated form to a
GTP-bound activated form, and recruit the Raf-1 kinase to
the plasma membrane.32 Activated Raf-1 induces phosphor-
ylation of MEK 1 and MEK 2 (p-MEK 1 and p-MEK 2),
which in turn phosphorylates and activates ERK 1/2. p-ERK
is then translocated into the nucleus and participates in cell
cycle progression or other cellular processes.33 Deregulation
of the Ras–MAPK pathway is an early event in diverse

Figure 7. Knockdown of NEAT1 suppresses NPC tumor growth in vivo. The xenograft tumor model was established by subcutaneously injecting with 5–8F cells stably
expressing sh-NEAT1 or sh-NC, following administration with cisplatin or phosphate buffered saline every three days. (A) The tumor size was monitored through measur-
ing the length and width every week. (B) RT-qPCR analysis of NEAT1 expression in xenografted tumors. (C) Mice were sacrificed at 5 weeks after injection and tumors
were excised, pictured and weighed. Scale bar: 1 mm. ��P < 0.01 and ���P < 0.001.

Figure 6. Knockdown of NEAT1 inhibited the Ras-MAPK pathway. Western blot
analysis was conducted to measure protein levels of Ras, p-Raf1, Raf1, p-MEK1,
MEK1, p-ERK1/2 and ERK1/2 in S18 (A) and 5–8F (B) cells transfected with sh-
NEAT1 or sh-NC.
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cancers and functions as an important contributor to che-
moresistance.34 In basal cell carcinoma, activation of the
RAS/MAPK signaling pathway repressed Shh signaling and
reduced the sensitivity of basal cell carcinoma cells to
smoothened inhibitor.35 In the present study, NEAT1 was
demonstrated to interact with let-7a-5p. NEAT1 knockdown
inhibited the Ras-MAPK signaling in both S18 and 5–8F
NPC cells. Moreover, NEAT1 reversed the inhibitory effect
of let-7q-5p on the cisplatin resistance of NPC cells in vitro.

In general, our study suggested that NEAT1 was upregulated
and let-7a-5p was downregulated in NPC tissues, as well as
NPC cells. Functional and mechanistic analyses suggested that
NEAT1 knockdown enhanced sensitivity of NPC cells to cis-
platin by modulating Rsf-1 expression and the Ras-MAPK
pathway through inhibiting let-7a-5p. Thus, targeting NEAT1/
let-7a-5p axis might have important therapeutic implications
for overcoming cisplatin resistance in NPC.

Material and methods

Cell culture and transfection

Four NPC cell lines HK-1 (from the China Center for Type Cul-
ture Collection, Wuhan, China), CNE-1, CNE-2 subclone S18
(from the Chinese Academy of Sciences, Shanghai, China) and
SUNE1 subclone 5–8F (from the Cancer Research Institute of
Sun Yatsen University, Guangzhou, China) were cultured in
RPMI-1640 medium (Invitrogen, Grand Island, NY, USA) with
10% fetal bovine serum (FBS; Thermo Fisher Scientific, Inc.,
Carlsbad, CA, USA). A nasopharyngeal epithelial (NPE) cell line
NP-69 (from the Chinese Academy of Medical Sciences, Beijing,
China) was cultured in keratinocyte/serum-free medium (Invitro-
gen) supplemented with bovine pituitary extract at 37�C in a
humidified incubator with 5% CO2.

To overexpress NEAT1, full NEAT1 sequence was amplified
and cloned into pcDNA-3.1 vector. Then pcDNA- NEAT1
plasmid was transfected into NPC cells. To knockdown
NEAT1, shRNA oligonucleotide of NEAT1 and its correspond-
ing control sequence were fused into the pGPU6/GFP/Neo vec-
tors (GenePharma, Shanghai, China), respectively.

To overexpress or silence let-7a-5p, let-7a-5p mimic, anta-
let-7a-5p, miR-NC and antagomir control (anta-NC) were
designed and synthesized by Sangon Biotech (Shanghai,
China), and transfected into NPC cells. Cell transfection was
performed using Lipofectamine 2000 reagent (Invitrogen). At
48 h after transfection, cells were collected for further study.

Clinical tissues and RNA isolation

Twenty-four NPC tissues and paired corresponding normal tis-
sues were obtained from NPC patients who did not receive
radiotherapy and chemotherapy Henan Provincial People’s
Hospital from 2013 to 2016. All tissues were confirmed by
pathological evaluation. NPC tissues and paired corresponding
normal tissues were snap-frozen in liquid nitrogen and stored
at ¡80�C for further experiments. The project protocols were
approved by the Institutional Review Board of Henan Provin-
cial People’s Hospital and patients were given informed consent
before participating in this project.

RT-qPCR

Total RNA from tissues and cells were isolated using Trizol
reagent (Invitrogen) and reverse transcribed to generate
cDNA with the use of PrimeScript RT reagent kit (Takara
Bio, Shiga, Japan), according to the manufacturer’s instruc-
tion. qPCR analysis was performed using SYBR Green PCR
Kit (Takara) on the ABI prism 7900 sequence detection sys-
tem (Life Technologies, Carlsbad, CA, USA). All reactions
were performed in triplicate. b-actin was used as a reference
for NEAT1 and Rsf-1 mRNA. U6 was employed as an
endogenous control for let-7a-5p. Relative gene expression
levels were quantified using the 2¡DDCt method. Gene-spe-
cific RT-qPCR primers were as follows: NEAT1 forward,
50-GTA CGC GGG CAG ACT AAC AC-30 and reverse,
50-TGC GTC TAG ACA CCA CAA CC-30; Rsf-1 forward,
50-TCC CAG ATG GAG AAT GGT TC-30 and reverse, 50-
AGT CTG GCT CTT GTG GAG GA-30; b-actin forward,
50-TGA GCG CGG CTA CAG CTT-30 and reverse, 50-TCC
TTA ATG TCA CGC ACG ATT T-30. let-7a-5p forward,
50-CGA TTC AGT GAG GTA GTA GGT TGT-30 and
reverse, 50-TAT GGT TGT TCT GCT CTC TGT CTC-30;
U6 forward, 50-CTC GCT TCG GCA GCA CA-30 and
reverse, 50-AAC GCT TCA CGA ATT TGC GT-30.

Luciferase report assay

The 30-UTR of Rsf-1 or let-7a-5p was amplified and subcloned
into the pMIR luciferase reporter vector. Similarly, the frag-
ment of mutant Rsf-1 30-UTR or let-7a-5p was inserted into
the pMIR luciferase reporter vector. The luciferase report vec-
tor (carrying NEAT1-Wt or NEAT1-Mut) was transfected into
5–8F cells together with let-7a-5p, anta-let-7a-5p or matched
controls. The luciferase report vector (carrying Rsf-1-Wt or
Rsf-1-Mut) was co-transfected into 5–8F cells with let-7a-5p or
miR-NC. The relative luciferase activity of NEAT1 or Rsf-1 was
determined at 48 h post-transfection using a luciferase assay kit
(Pharmingen, San Diego, CA, USA).

Western blot analysis

Cells were lysed with ice-cold RIPA buffer containing protease
inhibitor (Roche, Mannheim, Germany). The protein concen-
tration was measured with a BCA Protein Assay Kit (Pierce,
Rockford, IL, USA). A total of 30 mg protein lysate was sepa-
rated by 10% sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis gels and then transferred onto polyvinylidene
fluoride membranes (Millipore Corporation, Billerica, MA,
USA). Following blocking with a 5% skim milk solution, mem-
branes were incubated at 4�C overnight with specific antibodies
against Rsf-1 (Abcam, Cambridge, MA, USA), Ras (Cell Signal-
ing Technology, Inc., Beverly, MA, USA), p-Raf1 (Abcam),
Raf1 (Abcam), p-MEK1 (Cell Signaling Technology), MEK1
(Cell Signaling Technology), p-ERK1/2 (Santa Cruz Biotech-
nology, Santa Cruz, CA, USA) and ERK1/2 (Santa Cruz). Sub-
sequently, membranes were incubated with the horseradish
peroxidase (HRP)-conjugated antibody (Santa Cruz) for 1 h at
room temperature. Signal detection was performed using a
chemiluminescence detection kit (Pierce, Rockford, IL, USA).
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Detection of cell viability and proliferative capacity

Cell viability was measured with a MTT kit (Sigma-Aldrich).
The transfected cells were seeded in 96-well plates and treated
with indicated concentrations 10 mg/ml of cisplatin (Sigma).
Following 48 h of incubation, 20 ml of MTT (2 mg/ml) was
added to each well and cultured for 4 h in a humidified atmo-
sphere containing 5% CO2. MTT solution was replaced with
DMSO. At 5 min after incubation, plates were analyzed using a
microplate reader at 570 nm wavelength.

EdU assay were performed to evaluate cell proliferation. For
the EdU assay, the transfected cells were incubated in EdU
solution (50 nmol/l) for 2 h and then visualized. Pictures were
captured using a fluorescence microscope and analyzed by
Image J software.

Tumor xenograft model in nude mice

Male BALB/c nude mice (5-weeks old; 18–20 g) were purchased
from the Beijing Vital River Laboratory Animal Technology Co.,
Ltd. (Beijing, China) and acclimated for 1 week under standard
conditions of temperature, relative humidity and light. 1 £ 106

5–8F cells stably transfected with sh-NEAT1 or sh-NC were
injected subcutaneously into the posterior fossa of nude mice
(n D 8 per group). After 5 d, when average tumor volume was
about 50 mm3, mice were intraperitoneally injected with cis-
platin (3.5 mg/kg body weight) or phosphate buffered saline
every three days. The tumor size was measured every week by
using calipers [(length £ width2)/2]. Mice were sacrificed at 5th

week after injection and tumors were removed, weighed and
analyzed by RT-qPCR. All the experimental procedures and pro-
tocols used in this study were reviewed and approved by the
Institutional Animal Ethics Committee of Henan Provincial Peo-
ple’s Hospital.

Statistical analysis

SPSS 20.0 software (IBM, SPSS, Chicago, IL, USA) was applied
for the general statistical. Measurement data are presented as
mean § SEM from at least three independent experiments and
analyzed for statistical significance by the Student’s t test or
One-Way Analysis of Variance followed by Newman-Keuls
post hoc test. A value of P < 0.05 was considered significant.
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