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Abstract
Background: Non-small-cell lung cancer (NSCLC) is the most lethal type of
cancer. Long non-coding RNAs (lncRNAs) and microRNAs (miRNAs) have
been identified as crucial regulators in the development of NSCLC. The aim of
our study was to explore the molecular mechanism of SNHG1 to enable better
treatment for NSCLC patients.
Methods: Quantitative real-time polymerase chain reaction (qRT-PCR) was per-
formed to detect the expression of Small nucleolar RNA host gene 1 (SNHG1),
miR-361-3p and frequently rearranged in advanced T-cell lymphomas 1 (FRAT1).
The protein level of FRAT1 was measured by western blot assay. Cell prolifera-
tion was evaluated by methyl thiazolyl tetrazolium (MTT) assay. Cell apoptosis
was assessed by flow cytometry assay. The number of migrated and invaded cells
were counted by transwell assay. The relationship between miR-361-3p and
SNHG1 or FRAT1 was confirmed by dual-luciferase reporter assay.
Results: Our results indicated that SNHG1 and FRAT1 were highly expressed in
NSCLC tissues and cells. SNHG1 silencing inhibited proliferation, induced apo-
ptosis and blocked migration and invasion of NSCLC cells. Also, FRAT1 down-
regulation suppressed proliferation, promoted apoptosis and hindered migration
and invasion of NSCLC cells. Further, FRAT1 could recover the effects of
SNHG1 silencing on proliferation, apoptosis, migration and invasion of NSCLC
cells. SNHG1 sponged miR-361-3p and negatively regulated miR-361-3p expres-
sion. Meanwhile, miR-361-3p targeted FRAT1 and inversely modulated FRAT1
expression. In addition, miR-361-3p inhibition abated the effect of SNHG1
knockdown on FRAT1 expression.
Conclusion: In conclusion, LncRNA SNHG1 promoted the proliferation,
repressed apoptosis and enhanced migration and invasion of NSCLC cells by reg-
ulating FRAT1 expression via sponging miR-361-3p.

Introduction

As the leading cause of cancer-related deaths, lung cancer
remains the greatest problem to global public health.1 Non-
small-cell lung cancer (NSCLC) accounts for approximately
85% of all patients with lung cancer worldwide.2 Until
recently, due to a lack of therapeutic targets for NSCLC,
patients are usually diagnosed at an advanced stage of dis-
ease when they are illeligible to receive the standard

treatment.3 Although there have been new therapeutic

methods applied in clinical settings, the overall survival rate

of NSCLC patients remains at 15%.4 Therefore, a better

understanding of the underlying pathogenesis of NSCLC is

urgently required in order to develop an effective therapeu-

tic strategy to improve the survival rate of NSCLC patients.
Long noncoding RNAs (lncRNAs) play important roles

in cancer and have been widely reported in the literature.

Thoracic Cancer 11 (2020) 295–304 © 2019 The Authors. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd 295
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any medium,
provided the original work is properly cited and is not used for commercial purposes.

Thoracic Cancer ISSN 1759-7706

https://orcid.org/0000-0003-4304-6394
http://creativecommons.org/licenses/by-nc/4.0/


They are transcripts longer than 200 nucleotides that are
not translated into proteins. They act as important regula-
tors in many human cancers, such as prostate cancer, blad-
der cancer and cervical cancer.5–7 Small nucleolar RNA
host gene 1 (SNHG1) located at the region of chromosome
11 has been identified to be associated with the occurrence
of multiple human cancers, including NSCLC.8–10 Zhang
et al. discovered that SNHG1 might be an oncogene which
promotes cell metastasis in lung squamous cell carci-
noma.11 Also, Lu et al. proved the oncogenic role of
SNHG1 in lung cancer, and found that SNHG1 sponged
miR-145-5p to enhance cell progression in NSCLC.12 How-
ever, more research on the mechanism of SNHG1 is neces-
sary to fully understand the role of SNHG1 in NSCLC.
Since the first microRNA (miRNA) was discovered in

1993, the research on the miRNA has attracted the atten-
tion of many scientists worldwide.13,14 MiRNAs are small
RNAs which exert their functions by targeting the 30-
untranslated region (30-UTR) of mRNAs. MiRNAs can
regulate a variety of cellular processes and signaling path-
ways.15,16 Emerging studies have reported that the aberrant
expression of miRNAs is related to the initiation and pro-
gression of NSCLC.17,18 Furthermore, a previous study has
indicated that miR-361-3p is involved in the regulation of
several human cancers, including NSCLC.19 Chen et al.
found that the oncogene circRNA 100 146 promoted cell
progression of NSCLC by targeting miR-361-3p.20 How-
ever, the mechanism of SNHG1 regulating miR-361-3p in
NSCLC remains unclear.
Frequently rearranged in advanced T-cell lymphomas

1 (FRAT1) is transcribed from chromosome 10, and has
been demonstrated to play a promotional role in the regu-
lation of Wnt/β-catenin signaling.21 several studies have
determined that FRAT1 participates in the cell progression
of diverse human cancers. For example, Fan et al. reported
that FRAT1 knockdown hindered hypoxia-induced cell
migration and invasion through suppression of the Wnt/β-
catenin pathway in hepatocellular carcinoma.22 However,
the role of FRAT1 and the regulatory network of SNHG1/
miR-361-3p/FRAT1 axis need to be confirmed.
In this study, we explored the expression and role of

SNHG1 in NSCLC and discovered the underlying mecha-
nism of SNHG1/miR-361-3p/FRAT1 axis in the develop-
ment of NSCLC. These results indicate that SNHG1 might
serve as a potential therapeutic target for the treatment of
NSCLC.

Methods

Patients and cell culture

All patients (n = 40) were recruited from the hospital of
The First People’s Hospital of Lianyungang. Prior to

surgical resection, all patients had completed signed
informed written consent for inclusion into the study. The
procedure was conducted in our hospital and tissues
immediately stored at −8�C following surgery. The sample
tissue was located at least 5 cm away from the NSCLC site
and were defined as normal. All experiments and protocols
were approved by the Ethics Committee of The First Peo-
ple’s Hospital of Lianyungang. The clinicopathological
characteristics and SNHG1 expression in NSCLC patients
are shown in Table 1.
Human bronchial epithelial cell line (BEAS-2B) and

NSCLC cell line (H23) were provided by American Tissue
Culture Collection (ATCC, Manassas, VA, USA). The
H1299 cell line was purchased from the West China Hos-
pital of Sichuan University (Chengdu, China). All cells
were plated on Dulbecco modified Eagle medium (DMEM;
Gibco, Carlsbad, CA, USA), which was added to 10% fetal
bovine serum (FBS; Hyclone, Logan, UT, USA). The plates
were placed in an incubator at 37�C

Cell transfection

Small interference RNA against SNHG1 and FRAT (si-
SNHG1 and si-FRAT1), the negative control (si-NC), miR-
361-3p mimics (miR-361-3p), negative control mimics
(miR-NC), miR-361-3p inhibitor (anti-miR-361-3p) and
its negative control (anti-miR-NC) were synthesized by
Genepharma Co., Ltd. (Shanghai, China). The empty vec-
tor (pcDNA) and FRAT1 overexpression vector (FRAT1)
were obtained from RIBOBIO Co., Ltd. (Guangzhou,
China). Lipofectamine 2000 transfection reagent, pur-
chased from Invitrogen (Carlsbad, CA, USA), was then

Table 1 The clinicopathological characteristics and lncRNA SNHG1
expression in NSCLC patients

Parameters Group Total

LncRNA
SNHG1

P-
valueLow High

Gender Male 22 12 10 0.267
Female 18 8 10

Age (years) ≥55 24 11 13 0.512
<55 16 9 7

Tumor size (cm) <3 cm 14 9 5 0.051
≥3 cm 26 11 15

Histology Adenoma 17 9 8 0.241
Squamous 23 11 12

Differentiation Well 13 8 5 0.082
Moderate-poor 27 12 15

TNM stage I 15 10 5 0.003*
II–III 25 10 15

Lymph node
metastasis

Absence 23 14 9 0.004*
Presence 17 6 11

*P < 0.05.

296 Thoracic Cancer 11 (2020) 295–304 © 2019 The Authors. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd

Effect of SNHG1 in NSCLC X. Li & H. Zheng



used to transfect all oligonucleotides and vectors into H23
and H1299 cells. The transfected cells were incubated at
37�C to enable analysis.

Quantitative real-time polymerase chain
reaction (qRT-PCR)

NSCLC tissues and normal tissues were digested with tryp-
sin and were then added to a TRIzol reagent (Invitrogen).
NSCLC cells were harvested and mixed with TRIzol
reagent based on the standard protocol. The quality of total
RNA was detected by measuring the OD value (A260/
A280) using Nanodrop 2000 (Thermo Scientific; Waltham,
MA, USA). Subsequently, two reverse transcription kits,
All-in-OneTM miRNA First stand cDNA Synthesis Kit
(GeneCopoeia, Rockville, MD, USA) and M-MLV reverse
transcriptase kit (Invitrogen), were selected for expression
detection. SYBR green (Applied Biosystems, Foster City,
CA, USA) was used to perform the qRT-PCR experiment.
U6 was regarded as the internal control of miRNAs, and
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was
used as the internal control of lncRNAs and mRNAs. All
qRT-PCR data was normalized using the 2-ΔΔCt method.
All primers were obtained from Sangon Biotech Co., Ltd.
(Shanghai, China), and the primers sequences for SNHG1,
miR-361-3p, FRAT1, GAPDH and U6 are listed as follows:
SNHG1, 50-CCGCTCGAGATTTAGGTGACACTATAG
AAGTTCTCATTTTTCTACTGCTCG-30 (Forward) and
50-ATAGTTTAGCGGCCGCTTTTTTTTTTTTTTTTATG
TAATCAATCATTTTAT-30 (Reverse); miR-361-3p,
50-ACACTCCAGCTGGGTCCCCCAGGTGTGATTC-30

(Forward) and 50-CTCAACTGGTGTCGTGGAGTCGG
CAATTCAGTTGAGAAATCAGA-30 (Reverse); FRAT1,
50-GCCCTGTCTAAAGTGTATTTTCAG-30 (Forward) and
50-CGCTTGAGTAGGACTGCAGAG-30 (Reverse); GAPDH,
50-CGGAGTCAACGGATTTGGTCGT-30 (Forward) and 50-
GGGAAGGATCTGTCTCTGACC-30 (Reverse); U6, 50-CT
CGCTTCGGCAGCACA-30 (Forward), 50-AACGCTTCA
CGAATTTGCGT-30 (Reverse).

Western blot assay

Total protein extraction was performed by using a radio-
immunoprecipitation assay buffer (RIPA; Beyotime, Shang-
hai, China). The extracted proteins were quantified by
BCA protein assay kit (Beyotime). Equal amount of pro-
teins were then loaded into each lane of freshly prepared
sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) gel. After two hour-electrophoresis, proteins
in the gel were transferred onto polyvinylidene difluoride
membranes (Millipore, Billerica, MA, USA). Subsequently,
the blocking experiment was carried out with 5% nonfat
milk for one hour incubation at room temperature. Next,

the antibody I against FRAT1 (ab137391; 1/500; Abcam,
Cambridge, MA, USA) or GAPDH (ab181602; 1/10000;
Abcam) was added into membranes for overnight incuba-
tion at 4�C. The following day, the antibody II (ab6721;
1/2000; Abcam) was added into membranes for another
two hours. GAPDH was considered to be the internal con-
trol. Finally, the proteins on the membranes were exam-
ined by Image Laboratory software (Bio-Rad, Hercules,
CA, USA).

Methyl thiazolyl tetrazolium (MTT) assay

Transfected H23 and H1299 cells were placed into 96-well
plates, and put into an incubator at 37�C with 5% CO2.
After 24 hour, 48 hour, and 72 hour cultivation, all cells
were harvested and interacted with 20 μL MTT solution
(Sigma, St. Louis, MO, USA). Following another 4 hour
incubation, blue-violet radial crystallizations (formazan)
were observed and dissolved with 100 μL Dimethyl sulfox-
ide (DMSO; Sigma). A microplate reader (Bio-Rad) at
490 nm was employed to measure the absorbance.

Flow cytometry assay

After 48-hour cultivation in an incubator, transfected H23
and H1299 cells were collected and resuspended with
1 × binding buffer. An Annexin V-fluorescein isothiocya-
nate/propidium iodide (FITC/PI) apoptosis detection kit
(Solarbio, Beijing, China) was selected to evaluate the apo-
ptosis of H23 and H1299 cells. The cell suspension was then
added to Annexin V-FITC and PI solution for 10-minutes
incubation. A flow cytometer (BD Biosciences, San Jose, CA,
USA) was then used to analyze the apoptotic cells.

Transwell assay

For cell migration detection, transfected H23 and H1299
cells were placed into the upper chambers (Coring,
New York, NY, USA). DMEM medium containing serum
was added to the lower chambers. The chambers were then
maintained in an incubator at 37�C with 5% CO2. Cells in
the upper layers of upper chambers were gently wiped with
a cotton bud, and cells through the membranes were inter-
acted with 0.5% crystal violet (Sigma). Finally, a micro-
scope (Olympus, Tokyo, Japan) was used to detect the
migrated cells with at least three random views.
For cell invasion detection, upper chambers were firstly

covered with Matrigel (Becton Dickinson, Franklin Lakes,
NJ, USA), and then transfected H23 and H1299 cells were
seeded into upper chambers. The subsequent protocols
were the same as that of cell migration detection. Finally,
the invaded cells were counted with a microscope
(Olympus) with at least three random fields.
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Dual-luciferase reporter assay

StarBase online tool was used to predict the potential targets
of SNHG1 and miR-361-3p. The partial sequences of
SNHG1 and FRAT1 30-UTR containing the specific binding
site with miR-361-3p were then amplified and cloned into
the downstream of pGL3 luciferase vector (Promega, Madi-
son, WI, USA), called WT-SNHG1 and FRAT1 30-UTR-
WT. The mutant sequences of SNHG1 and FRAT1 30-UTR
were also designed and cloned into pGL3 vector, called
MUT-SNHG1 and FRAT1 30-UTR-MUT. The fusion vec-
tors described above were then cotransfected into H23 and
H1299 cells with miR-361-3p or miR-NC. The vector (pRL-
TK) (Promega) expressing renilla luciferase was also trans-
ferred into H23 and H1299 cells as an internal reference to
normalize firely luciferase activity. At 48 hours post-trans-
fection, the luciferase activities of H23 and H1299 cells were
measured by luciferase reporter assay kit (Promega).

Statistical analysis

Statistical analysis was carried out using GraphPad Prism
7 (GraphPad Inc., La Jolla, CA, USA). All data is presented
as mean � standard deviation (SD) from three indepen-
dent experiments. The differences between two groups

were analyzed by student’s t-test, and one-way analysis of
variance (ANOVA) was performed to analyze the differ-
ences among more than two groups. A P-value less than
0.05 was regarded as a statistically significant difference.

Results

Expression of SNHG1 and FRAT1 were
increased in NSCLC tissues and cells

First, qRT-PCR and western blot assays were performed to
detect the expression of SNHG1 and FRAT1 in NSCLC tis-
sues and cells. The results showed that SNHG1 expression
was elevated in NSCLC tissues (n = 40) compared with
normal tissues (n = 40) (Fig 1a). Also, SNHG1 expression
was upregulated in H23 and H1299 cells relative to BEAS-
2B cells (Fig 1b). Similarly, mRNA and protein expression
of FRAT1were greatly enhanced in OSCLC tissues (n = 40)
in comparison with normal tissues (n = 40) (Fig 1c,d). In
addition, a higher expression of FRAT1 was found in H23
and H1299 cells than in BEAS-2B cells (Fig 1e,f). These
results suggested that SNHG1 and FRAT1 were abnormally
expressed in NSCLC tissues and cells, and they might be
associated with the development of NSCLC.

Figure 1 SNHG1 and FRAT1 expression were upregulated in NSCLC tissues and cells. (a) SNHG1 expression was detected by qRT-PCR assay in
NSCLC tissues (n = 40) and normal tissues (n = 40). (b) SNHG1 expression was measured by qRT-PCR assay in BEAS-2B, H23 and H1299 cells. (c)
FRAT1 mRNA expression was examined by qRT-PCR assay in NSCLC tissues and normal tissues. (d) FRAT1 protein level was detected by western blot
assay in NSCLC tissues (n = 40) and normal tissues (n = 40). (e) FRAT1 expression was measured by qRT-PCR assay in BEAS-2B, H23 and H1299 cells.
(f) FRAT1 protein expression was examined by western blot assay in BEAS-2B, H23 and H1299 cells. *P < 0.05.

298 Thoracic Cancer 11 (2020) 295–304 © 2019 The Authors. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd

Effect of SNHG1 in NSCLC X. Li & H. Zheng



SNHG1 silencing repressed proliferation,
induced apoptosis and suppressed
migration and invasion of NSCLC cells

To explore the role of SNHG1 in NSCLC, qRT-PCR assay
was conducted to measure SNHG1 expression. The results
determined that SNHG1 expression was sharply reduced in
H23 and H1299 cells by SNHG1 knockdown (Fig 2a).
MTT assay showed that the proliferation of H23 and
H1299 cells was inhibited by SNHG1 silencing (Fig 2b,c).
Further, flow cytometry assay indicated that silenced
SNHG1 triggered the apoptosis of H23 and H1299 cells
(Fig 2d). Also, both cell migration and invasion were
blocked by transfection with si-SNHG1 (Fig 2e,f). These

data implied that SNHG1 knockdown hindered progres-
sion of NSCLC cells.

FRAT1 downregulation inhibited
proliferation, enhanced apoptosis and
impeded migration and invasion of NSCLC
cells

To further explore the role of FRAT1 in NSCLC, H23 and
H1299 cells were transfected with si-FRAT1. QRT-PCR
and western blot assays confirmed that both mRNA and
protein expression of FRAT1 were prominently decreased
in H23 and H1299 cells by FRAT1 silencing (Fig 3a,b).

Figure 2 Silenced SNHG1 restrained the proliferation, induced apoptosis and hindered migration and invasion of NSCLC cells. (a) SNHG1 expression
was measured by qRT-PCR assay in H23 and H1299 cells transfected with si-NC or si-SNHG1. (b and c) The proliferation of transfected H23 and
H1299 cells was detected by MTT assay. (d) The apoptosis of transfected H23 and H1299 cells was evaluated by flow cytometry assay. (e and f) The
migration and invasion of transfected H23 and H1299 cells were assessed using transwell assay. *P < 0.05.
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MTT assay confirmed that the proliferation of H23 and
H1299 cells was restrained by transfection with si-FRAT1
(Fig 3c,d). The apoptosis of H23 and H1299 cells was also
promoted by silenced FRAT1 (Fig 3e). In addition, the
number of both migrated and invaded cells was reduced by
FRAT1 knockdown (Fig 3f,g). All the above results demon-
strated that FRAT1 knockdown suppressed progression of
NSCLC cells.

FRAT1 attenuated the effects of SNHG1
silencing in proliferation, apoptosis,
migration and invasion of NSCLC cells

Based on the Pearson analysis, there was a positive correla-
tion between SNHG1 expression and FRAT1 expression in
NSCLC (Fig 4a). To illuminate the interaction between
SNHG1 and FRAT1, we detected the expression of FRAT1
in si-SNHG1 transfected NSCLC cells. QRT-PCR and
western blot assays revealed that both mRNA and protein
levels of FRAT1 were largely reduced in H23 and H1299
cells transfected with si-SNHG1 (Fig 4b,c). MTT assay then
displayed that the proliferation of H23 and H1299 cells
was repressed by SNHG1 silencing, and then FRAT1 over-
expression promoted cell proliferation of H23 and H1299
cells transfected with si-SNHG1 (Fig 4d,e). Moreover, the
apoptosis of H23 and H1299 cells was enhanced by
silenced SNHG1, which was abated by transfection with
FRAT1 (Fig 4f,g). Transwell assay indicated that cell
migration and invasion of H23 and H1299 cells were
blocked by SNHG1 knockdown, while FRAT1 upregulation
weakened the effects of SNHG1 knockdown (Fig 4h–k). In

total, FRAT overexpression recovered SNHG1 silencing-
mediated antiproliferation, proapoptosis, antimigration
and anti-invasion effects of NSCLC cells.

SNHG1 sponged miR-361-3p and reversely
regulated miR-361-3p expression

SNHG1 was predicted by the starBase online tool to search
for its target. Interestingly, SNHG1 was able to bind to
miR-361-3p (Fig 5a). Dual-luciferase reporter assay was
then performed to confirm the prediction. The results indi-
cated that luciferase activities of H23 and H1299 cells were
largely reduced by cotransfection with miR-361-3p and
WT-SNHG1, while there was no change of luciferase activ-
ities in MUT-SNHG1 group (Fig 5b,c). Also, qRT-PCR
assay revealed that miR-361-3p expression was decreased
in NSCLC tissues (n = 40) and cells (Fig 5d,e). Pearson
analysis determined that SNHG1 expression was negatively
correlated with miR-361-3p expression in NSCLC. Besides,
miR-361-3p expression was elevated in H23 and H1299
cells transfected with si-SNHG1 (Fig 5g). Totally, SNHG1
directly bound to miR-361-3p and negatively modulated
miR-361-3p expression.

MiR-361-3p targeted FRAT1 and repressed
FRAT1 expression

To determine the relationship between miR-361-3p and
FRAT1, starBase online tool was utilized to predict the
binding sites (Fig 6a). Dual-luciferase reporter assay was
carried out to verify their combination. The results

Figure 3 FRAT1 downregulation repressed proliferation, promoted apoptosis and suppressed migration and invasion of NSCLC cells. (a) FRAT1
mRNA expression was detected by qRT-PCR assay in H23 and H1299 cells transfected with si-NC or si-FRAT1. (b) FRAT1 protein expression was mea-
sured by western blot assay in transfected H23 and H1299 cells. (c and d) The proliferation of transfected H23 and H1299 cells was evaluated by
MTT assay. (e) The apoptosis of transfected H23 and H1299 cells was assessed by flow cytometry assay. (f and g) The migration and invasion of
transfected H23 and H1299 cells were examined by transwell assay. *P < 0.05.

300 Thoracic Cancer 11 (2020) 295–304 © 2019 The Authors. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd

Effect of SNHG1 in NSCLC X. Li & H. Zheng



demonstrated that miR-361-3p remarkably reduced lucifer-
ase activities of H23 and H1299 cells relative to miR-NC in
FRAT1 30-UTR-WT group, while in FRAT1 30-UTR-MUT
group, luciferase activities remained unchanged when cells
were transfected with miR-NC or miR-361-3p (Fig 6b,c).
Moreover, miR-361-3p expression was inversely correlated
with FRAT1 expression (Fig 6d). QRT-PCR assay showed
that miR-361-3p mimics enhanced miR-361-3p expression,
and miR-361-3p overexpression inhibited FRAT1 expres-
sion (Fig 6e,f). Western blot assay also indicated that
FRAT1 protein expression was reduced by miR-361-3p
overexpression (Fig 6g). In summary, miR-361-3p
targetedly regulated FRAT1 expression.

SNHG1 knockdown decreased FRAT1
expression by miR-361-3p

To elucidate the influence of SNHG1/miR-361-3p axis on
FRAT1 expression, qRT-PCR and western blot assays were

performed to measure the expression of FRAT1. The
results displayed that both mRNA and protein levels of
FRAT1 were blocked by SNHG1 silencing in H23 and
H1299 cells, which were reversed by transfection with anti-
miR-361-3p (Fig 7a–d). All the above data indicated that
SNHG1 modulated FRAT1 expression by sponging miR-
361-3p.

Discussion

NSCLC is a common malignant tumor worldwide and a
serious threat to human health. Patients with NSCLC have
a very low survival rate because they usually have advanced
disease at the time of diagnosis and there is a shortage of
effective therapeutic targets. Many studies have shown that
the dysregulation of lncRNAs is closely related to the
occurrence and development of multiple human cancers,
including NSCLC. Therefore, it is essential to investigate

Figure 4 SNHG1 knockdown regulated proliferation, apoptosis, migration and invasion of NSCLC cells by modulating FRAT1 expression. (a) The cor-
relation between SNHG1 expression and FRAT1 expression was determined by Pearson analysis. (b) FRAT1 mRNA expression was measured by qRT-
PCR assay in H23 and H1299 cells transfected with si-NC or si-SNHG1. (c) FRAT1 protein expression was detected by western blot assay in H23 and
H1299 cells transfected with si-NC or si-SNHG1. (d and e) MTT assay was conducted to evaluate the proliferation of H23 and H1299 cells trans-
fected with si-NC, si-SNHG1, si-SNHG1 + pcDNA or si-SNHG1 + FRAT1. (f and g) The apoptosis of transfected H23 and H1299 cells was assessed by
flow cytometry assay. (h–j) The migration and invasion of transfected H23 and H1299 cells were examined by transwell assay. *P < 0.05.
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the molecular basis of lncRNAs to improve the survival
rate of NSCLC patients.
Previous studies implicated that SNHG1 was

upregulated in NSCLC tissues and cells, and SNHG1

knockdown inhibited NSCLC cell proliferation, migration
and invasion.12,23,24 Consistent with these results, the
expression of SNHG1 in NSCLC tissues was increased rela-
tive to that in normal tissues. Also, the higher expression

Figure 5 SNHG1 directly targeted miR-361-3p and reversely regulated miR-361-3p expression. (a) The binding sites between SNHG1 and miR-
361-3p and the mutant sequences of SNHG1 were shown. (b and c) Dual-luciferase reporter assay was conducted to detect the luciferase activities
of H23 and H1299 cells transfected with miR-NC or miR-361-3p and WT-SNHG1 or MUT-SNHG1. (d) The expression of miR-361-3p was measured
by qRT-PCR assay in NSCLC tissues (n = 40) and normal tissues (n = 40). (e) MiR-361-3p expression was examined by qRT-PCR assay in BEAS-2B,
H23 and H1299 cells. (f) The correlation between SNHG1 expression and miR-361-3p expression was determined by Pearson analysis. (g) The expres-
sion of miR-361-3p was detected by qRT-PCR assay in H23 and H1299 cells transfected with si-NC or si-SNHG1. *P < 0.05.

Figure 6 FRAT1 was a target of miR-361-3p. (a) The putative binding sequences between miR-361-3p and FRAT1 and the mutant sequences of
FRAT1 were exhibited. (b and c) Dual-luciferase reporter assay was conducted to detect the luciferase activities of H23 and H1299 cells transfected
with miR-NC or miR-361-3p and FRAT1 30-UTR-WT or FRAT1 30-UTR-MUT. (d) The correlation between miR-361-3p expression and FRAT1 expression
was determined by Pearson analysis. (e and f) The expression levels of miR-361-3p and FRAT1 were measured by qRT-PCR assay in H23 and H1299
cells transfected with miR-NC mimics or miR-361-3p mimics. (g) FRAT1 protein expression was examined by western blot assay in transfected H23
and H1299 cells. *P < 0.05.
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of SNHG1 was found in NSCLC cells. These data implied
that SNHG1 exerted vital roles in NSCLC development.
Furthermore, in our study, we explored the functional
effects of SNHG1 and found that SNHG1 silencing led to
inhibition of cell proliferation, migration and invasion, and
promotion of apoptosis in NSCLC cells. Therefore SNHG1
might play an oncogenic role in NSCLC development. It
has been determined that lncRNAs functioned as compet-
ing endogenous RNAs (ceRNAs) to sponge miRNAs.25 To
search for the downstream targets of SNHG1, we used the
starBase website tool. Among these miRNAs, miR-361-3p
attracted our attention because its expression and function
had been mentioned in previous research. Moreover, dual-
luciferase reporter assay proved the relationship between
SNHG1 and miR-361-3p. Interestingly, Chen et al.
reported that miR-361-3p expression was decreased in
NSCLC tissues and cells, and repressed NSCLC tumor cell
proliferation and metastasis.26 In our study, the down-
regulation of miR-361-3p was found in NSCLC tissues and
cells, which was in accordance with the previous study. In
summary, SNHG1 sponged miR-361-3p to modulate the
expression of miR-361-3p.
Further, the targets of miR-361-3p were predicted by

starBase, and FRAT1 contained the binding sites of miR-
361-3p. Meanwhile, this prediction was verified by dual-

luciferase reporter assay. Furthermore, the expression of
FRAT1 was surprisingly negatively correlated with miR-
361-3p expression. Therefore, FRAT1 was a target of miR-
361-3p and used for further investigation. FRAT1 has been
reported to be highly expressed in NSCLC, and FRAT1
downregulation restrained the invasion of NSCLC cells.27

In the present study, we also measured the expression of
FRAT in NSCLC tissues and cells and discovered that
FRAT1 expression was elevated in NSCLC tissues com-
pared with that in nontumor tissues. Furthermore, silenced
FRAT1 suppressed proliferation, facilitated apoptosis, and
inhibited migration and invasion of NSCLC cells. The
above data also supported the results of Zhang et al. and
provided new evidence to elucidate the role of FRAT1 in
NSCLC. SNHG1 and FRAT1 were highly expressed in
NSCLC tissues and cells, while miR-361-3p was down-
regulated. SNHG1 downregulation inhibited proliferation,
promoted apoptosis and repressed migration and invasion
of NSCLC cells. Moreover, SNHG1 exerted its role in
NSCLC cells by modulating FRAT1 expression via spong-
ing miR-361-3p. However, all experiments in this study
were conducted in vitro, and there is no in vivo data to
support these results. Hence, further studies of SNHG1 in
mice models need to be carried out. In summary, the
results of our study highlights the existence of a novel

Figure 7 SNHG1 knockdown reduced
FRAT1 expression by targeting miR-
361-4p. (a and b) FRAT1 mRNA
expression was detected by qRT-PCR
assay in H23 and H1299 cells
transfected with si-NC, si-SNHG1,
si-SNHG1 + anti-miR-NC or si-SNHG1
+ anti-miR-361-3p. (c and d) FRAT1
protein expression was measured by
western blot assay in transfected H23
and H1299 cells. *P < 0.05.
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regulatory mechanism of SNHG1 in NSCLC, which shows
that SNHG1 might serve as a therapeutic target for the
treatment of NSCLC.
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