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Abstract: Non-small-cell lung cancer (NSCLC) is estimated to make up 75-80% of all lung cancers and has high 
invasiveness and high mortality rates. Long noncoding RNA taurine upregulated 1 (TUG1) has been shown to be 
involved in NSCLC malignancies. In this research, the qRT-PCR assay results indicated that TUG1 is downregulated 
and the expression of miR-31-5p is increased in NSCLC tissues and cells. TUG1 overexpression leads to the sup-
pression of cell viability, migration, and invasion but results in the promotion of cell apoptosis, as shown by CCK-8 
and Transwell assays and flow cytometry analyses. Similarly, TUG1 upregulation also inhibits tumor growth in vivo. 
Starbase v.2.0, TargetScan, and dual-luciferase reporter assays indicated that TUG1 regulates the miR-31-5p ex-
pression levels directly, and meanwhile, miR-31-5p directly targets CDIP1. MiR-31-5p upregulation is able to antago-
nize the inhibiting effect on NSCLC progression induced by the TUG1 overexpression. Moreover, upregulated TUG1 
inhibits CDIP1 expression by sponging miR-31-5p and further regulating the TNF-α pathway. In conclusion, TUG1 
suppresses tumorigenesis through the miR-31-5p/CDIP1 axis via the TNF-α pathway, providing a theoretical basis 
for NSCLC clinical therapy. 
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Introduction

Lung cancer is an advanced cancer which 
greatly endangers people’s lives [1], and 4/5  
of all lung cancers are non-small-cell lung can-
cer (NSCLC). Moreover, in the absence of ef- 
fective treatment, NSCLC patients have a low 
five-year survival rate [2]. Previous studies give 
evidence of the many factors and regulatory 
mechanisms involved in the occurrence and 
development of NSCLC [3, 4].

Long noncoding RNAs (lncRNAs) are a novel 
class of transcription genes without a protein-
coding function [5]. Recently, accumulating evi-
dence has indicated that lncRNAs play crucial 
roles in the progression and initiation of multi-
ple tumors [6]. The long noncoding RNA taurine 
upregulated 1 (TUG1), which has 7.1 thousand 

bases, is involved in the development of vari-
ous malignancies, such as NSCLC [7], hepato-
cellular carcinoma [8], and oral squamous cell 
carcinoma [9]. In addition, TUG1 is overexpres- 
sed in urothelial carcinoma [10]. Unfavorable 
prognoses and disease statuses in osteosar-
coma are closely related to the upregulation of 
TUG1 [11]. These previous studies proved that 
TUG1 plays a vital role in the carcinogenesis 
process, so we thoroughly investigated the role 
and its underlying molecular mechanism in 
NSCLC.

Over the past decades, a large number of stu- 
dies uncovered the functions of microRNAs 
(miRNAs), which serve as carcinogens or tumor 
suppressor genes in the procession and initia-
tion of NSCLC [12, 13]. Recently, multiple stu- 
dies have reported that miRNA expression is 
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involved in the progression of cancer [14, 15]. 
For example, miR-145 inhibits cell proliferation 
in NSCLC [16] and acts as a metastasis sup-
pressor in lung cancer [17]. Moreover, miR-101 
is involved in human breast carcinogenesis 
[18]. In colorectal cancer, miR-31-5p partici-
pates in the regulation of cell growth, migra-
tion, and invasion [19]. However, the role of 
miR-31-5p in tumorigenesis needs further in- 
vestigation. Here, we aimed to investigate how 
and whether miR-31-5p plays a part in the pro-
gression of NSCLC. 

The extrinsic and the intrinsic pathways are  
two separate apoptotic pathways. In response 
to stress conditions, such as the exposure to 
DNA damage, the intrinsic pathway is initiated, 
and the extrinsic pathway is initiated by acti- 
vating the death receptors [20, 21]. Cell death-
inducing p53-target protein 1 (CDIP1) is con-
firmed as a new p53 target gene, and it is a 
crucial downstream regulator of p53-depen-
dent apoptosis, and p53-mediated apoptosis 
has been proved to be dependent on the in- 
trinsic cell death pathway [22]. Moreover, the 
TNF-α family of cytokines was confirmed to be 
involved in the extrinsic death pathway by its 
binding to cognate receptors [23]. Lauren 
Brown and his colleagues reported that TNF-α 
participates in CDIP-dependent apoptosis [24]. 
Moreover, CDIP1 is positively correlated with 
tumorigenesis and tumor progression. CDIP1 
can regulate the balance of organism metabo-
lism [25]. However, the functional effects of 
CDIP1 on NSCCL progression remain unclear.

The present research discovered the underly-
ing mechanisms of TUG1 and found that, in 
NSCLC tissues and cell lines, TUG1 has a low- 
er expression level. The overexpression of 
TUG1 stimulates apoptosis, blocked cell viabil-
ity, migration, and invasion in NSCLC cells. 
Additionally, we confirmed that miR-31-5p can 
regulate CDIP1 directly and can bind to TUG1. 
All our findings indicate that TUG1 regulates 
tumorigenesis through the miR-31-5p/CDIP1 
axis via the TNF-α signal pathway in NSCLC.

Materials and methods

Acquisition of tissue samples and cell culture

Twenty-eight samples of NSCLC and paracan-
cerous tissues were obtained from the First 
People’s Hospital of Baiyin through surgical 

resection. We stored all the samples at -80°C 
immediately. This research was approved by 
the Ethics Committee of the First People’s 
Hospital of Baiyin. All the participants provided 
written informed consent prior to the surgery.

From the American Tissue Culture Collection 
(Manassas, VA, USA), we purchased four NS- 
CLC cell lines (A549, H1650, H1299, and 
H1975). The human bronchial epithelial cells 
(HBE) we used were obtained from the BeNa 
culture collection (Beijing China). A549, H1650, 
and HBE cells were proliferated in 10% fetal 
bovine serum (FBS) (Gibco) complemented with 
Dulbecco’s modified eagle medium (DMEM) 
(Gibco, Carlsbad, CA, USA) and antibiotics (100 
U/mL penicillin and 100 μg/mL streptomycin) 
(Hyclone, Logan, UT, USA), while H1299 and 
H1975 cells were incubated in Roswell Park 
Memorial Institute-1640 (RPMI-1640) (Thermo 
Fisher Scientific) complemented with 10% FBS 
and antibiotics. We cultivated the cells in a 
37°C carbon dioxide incubator with 5% CO2.

Transient transfection

Genepharma (Shanghai, China) provided the 
products we needed, such as small interfering 
RNA (siRNA) targeting TUG1 (si-TUG1) and its 
corresponding control (si-NC), and the over-
expression of TUG1 (pcDNA-TUG1) vectors. The 
miR-31-5p mimics, the miR-31-5p inhibitors, 
and their matched controls were provided by 
RIBOBIO (Guangzhou, China). 5 × 104 cells/ 
well of NSCLC cells were inoculated in six-well 
plates and cultivated overnight before the 
transfection. Then, the siRNA or over-expres-
sion vectors were transfected into A549 and 
H1650 using LipofectamineTM2000 (Thermo 
Fisher Scientific, Rockford, IL, USA). After the 
cells were transfected for 24 h, we collected 
the cells for further experiments.

Quantitative real-time polymerase chain reac-
tion (qRT-PCR)

The total RNA was made from the tumors and 
cells and extracted using Trizol (Thermo Fisher 
Scientific). An All-in-One™ miRNA First-Strand 
cDNA Synthesis Kit (GeneCopoeia, Rockville, 
MD, USA) was used to process the RNA in- 
verse transcription and the PCR was imple-
mented with iQ™ SYBR® Green Supermix (Bio-
Rad, Hercules, CA), using GAPDH as the inter-
nal control. With the purpose of calculating the 
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relative expressions of these genes, the 2-ΔΔCt 
method was used after normalization to GAP- 
DH. Special primers were synthesized in Ge- 
nepharma (Shanghai, China) as below: TUG1 
(Forward, 5’-GACAGAGGCGACAGGAACGACG-3’; 
Reverse, 5’-CACCATGCAACATCGAACCG-3’), CD- 
IP1 (Forward, 5’-TCAAACCTCATGGGTTCTCC-3’; 
Reverse, 5’-GTGTCATCCAACGTGGTCAG-3’) miR-
31-5p (Forward, 5’-TCGATACGGTCGTAGAACG- 
GA-3’; Reverse, 5’-GTCGTATCCAGTGCGTGTCG- 
TG-3’) GAPDH (Forward, 5’-ATTCCATGGCACCG- 
TCAAGGCTGA-3’; Reverse, 5’-TTCTCCATGGTGG- 
TGAAGACGCCA-3’).

Cell viability 

We used cell counting kit-8 (CCK-8) kits (Sig- 
ma, Santa Clara, CA) to determine the cell  
viability. After the transfection, the cells were 
incubated for 48 h. Then, eWST-8 reagent 
(Sigma) was added following the manufactur-
er’s instructions and incubated for 2 h. Sub- 
sequently, we used a multiscan spectrum (Bio-
Rad) to read the plate at 450 nm.

Flow cytometry analysis of the apoptosis

We used an FITC Annexin V Apoptosis Dete- 
ction Kit I (BD Biosciences, San Jose, CA, USA) 
in conjunction with propidium iodide (PI) to 
measure the cell apoptosis. We stained the 
resuspended cells with FITC Annexin V and 
Propidium iodide (PI) according to the protocol. 
Then, a flow cytometer (BD Biosciences) was 
used to measure the apoptotic cells. Three  
replicating holes were needed in the assay.

Western blot analysis

A RIPA lysis buffer was applied to extract the 
total proteins derived from the tissues or cells. 
We used a BCA Protein Assay Kit (Beyotime, 
Shanghai, China) to identify the protein con- 
centrations, and then the protein was dena-
tured in boiling water for 5-10 min. In order to 
separate the different molecular weight pro-
teins, we used SDS-PAGE gels to separate the 
quantitative proteins, and diverted them onto 
polyvinylidene difluoride membranes (PVDF) 
(Millipore, Billerica, MA, USA). 5% (w/v) albumin 
from bovine serum (BSA) (Solarbio, Beijing, 
China) was used to block the nonspecific anti-
genic determinants in the membranes for 2  
h at room temperature. Then we blotted the 
membranes with the indicated primary anti- 

bodies such as CDIP1 (Thermo Fisher Scienti- 
fic, PA5-20697, 1:2000), TNF-α (Cell Signaling 
Technologies, 3707, 1:1000) and GAPDH (Ab- 
cam, Cambridge, MA, USA, ab9485, 1:2500) 
overnight at 4°C and incubated them with a 
second antibody (Abcam, ab6721, 1:2000) for 
40 min at room temperature. After washing 
with TBST four times, 5 min/time, the signals 
were measured using a commercial enhan- 
ced chemiluminescence chromogenic sub-
strate (Millipore) and quantified using Image 
Lab software (Bio-Rad, Hercules, CA, USA).

Transwell migration and invasion assays

The cell migration of the A549 and H1650  
cells was measured using Transwell chambers 
(8 µm pore; Corning, Inc. Corning, NY, USA). 1 × 
106 cells were seeded in the upper chamber 
not enveloped with Matrigel (BD Biosciences). 
Then, the medium was placed into the low 
chamber and cultured for 24 h. Subsequently, 
we stained the migrating cells with crystal vio-
let and counted them using an inverted micro-
scope. The upper chamber was covered with 
Matrigel for the invasion assay. 

Dual-luciferase reporter assay

The partial fragments of the TUG1 containing 
miR-31-5p were calculated using Starbase 
v.2.0, and the prediction of binding sites 
between CDIP1 and miR-31-5p was done  
using TargetScan (http://www.targetscan.org/
vert_72/). Subsequently, the wild-type (wt) 
sequences of TUG1 or CDIP1 and the mutant 
type (mut) sequences of TUG1 or CDIP1, whi- 
ch target the miR-31-5p binding sites were 
mutated, and then they were designed and  
synthesized respectively. Then these genetic 
fragments were recombined to the pmirGLO 
vectors (Promega, Madison, WI, USA) and then 
inserted into the luciferase genes down- 
stream, and then we constructed the wt-TUG1, 
mut-TUG1, wt-CDIP1, or mut-CDIP1 vectors. Af- 
ter that, the luciferase activity was measured 
using a dual-luciferase assay kit (Promega) 
using THERMO Varioskan Flash (Thermo Fish- 
er Scientific). 

Animal experiments

BALB/c male nude mice were used to measure 
the tumorigenesis in the present study. The ani-
mal experiments were licensed by the Animal 
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Care and Use Committee of the First People’s 
Hospital of Baiyin. PcDNA-TUG1 and pcDNA- 
NC were stably transfected into the A549 cells 
respectively, and then we injected the steady 
transfer cells into the left flank of the nude 
mice, and then the mice were divided into  
three groups: the control group (n=10), the  
pcDNA-NC (n=10) group, and the pcDNA-TUG1 
group (n=10). Subsequently, the tumors’ leng- 
ths and widths were determined every 4 days, 
and we calculated the tumor volumes as fol- 
low: volume = (length × width)2/2. All the mice 
were euthanized after 28 days, and the tumor 
weights were determined, and the tumor tis-
sues were collected. 

Statistical analysis

All the experimental values are presented as 
the mean ± standard deviation (mean ± SD) of 
the experiments, which were done in triplicate. 
We used SPSS Graduate Pack, version 19.0 
(IBM Corp., Armonk, NY, USA) to analyze the 
data. Statistically significant differences were 
evaluated using Student’s t-tests for the pair- 
ed comparisons. The multiple-group compari-
sons were performed using one-way analyses 
of variance with Tukey’s post hoc tests. The  
correlational analyses between the different 
genes were conducted using Spearman corre-
lation analyses. P<0.05 indicated a significant 
difference.

Results

The down-regulation of TUG1 in the NSCLC tis-
sues and cell lines

In order to explore the function of TUG1 in NS- 
CLC, the TUG1 expression levels were measur- 
ed in the NSCLC tissues and in the paracan- 
cerous tissues, as well as in the NSCLC and 

and invasion in the NSCLC cells

To further explore the function of TUG1 in NS- 
CLC, functional assays were performed. pcD-
NA-NC or pcDNA-TUG1 were transfected into 
the A549 and H1650 cells, respectively. The 
TUG1 overexpression significantly increased 
the expression of TUG1 in both the A549 and 
H1650 cells (Figure 2A). TUG1 overexpression 
notably suppressed the cell viability of the 
A549 and H1650 cells (Figure 2B). Flow cy- 
tometry was used to determine the apoptotic 
rate of the NSCLC cells, and the data demon-
strated that the TUG1 upregulation increased 
cell apoptosis (Figure 2C). Moreover, the cell 
migration (Figure 2D) and invasion (Figure 2E) 
were prominently decreased by the pcDNA-
TUG1 in the NSCLC cells.

TUG1 overexpression suppressed tumor 
growth in vivo

Abnormal versions of TUG1 occur in NSCLC  
tissues and cells, indicating that TUG1 is 
involved in the development of NSCLC. Thus, 
we constructed pcDNA-TUG1 and transfected  
it into A549 cells to establish a cell line. This 
stable A549 cell line was injected into the  
nude mice. The results proved that the tumor 
volume (Figure 3A) and weight (Figure 3B) we- 
re apparently suppressed by the TUG1 upregu-
lation. Also, the TUG1 levels were also increas- 
ed in the tumor tissues isolated from the nude 
mice (Figure 3C). These results indicate that 
TUG1 plays a critical role in the progression of 
NSCLC.

MiR-31-5p is negatively regulated by TUG1 in 
NSCLC

The binding sites between miR-31-5p and  
TUG1 were predicted by Starbase v.2.0 (Figure 

Figure 1. Low expressions of TUG1 in NSCLC tissues and cell lines. The ex-
pressions of TUG1 in the NSCLC tissues (A) and cell lines (B) were measured 
using qRT-PCR. *P<0.05.

HBE cells. TUG1 was signifi-
cantly downregulated in the 
NSCLC tissues, compared to 
the normal tissues (Figure 
1A). Moreover, a decrease in 
the TUG1 expressions also 
occurred in the NSCLC cell 
lines (A549, H1299, H1650, 
and H1975) compared with 
the HBE cells (Figure 1B). 

TUG1 overexpression promot-
ed apoptosis and suppressed 
cell proliferation, migration, 
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Figure 2. The overexpression of TUG1 promotes apoptosis and suppresses proliferation, migration, and invasion in 
NSCLC cells. (A-E) A549 and H1650 cells were transfected with pcDNA-NC or pcDNA-TUG1. (A) The measurement of 
TUG1 with qRT-PCR. The cell viability (B), apoptosis (C), migration (D), and invasion (E) were measured using CCK-8, 
flow cytometry, and Transwell assays, respectively. *P<0.05.

5A). Research findings indicate that the miR-
31-5p expression levels were remarkably bo- 
osted in the NSCLC tissues (Figure 4A) and 
cells (Figure 4B). Then, we performed a dual-
luciferase reporter assay to verify the previous 
results. These results demonstrated that com-

pared with the control, the luciferase activity 
was dramatically repressed in the HSCLC cells 
co-transfected with the wt-TUG1 and miR-31-
5p mimics, but the luciferase activity of cells 
with mut TUG1 and miR-31-5p co-transfection 
was not affected (Figure 5B and 5C), meaning 
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that the TUG1 function in NSCLC targeted miR-
31-5p. Moreover, the upregulation of TUG1 
attenuated the miR-31-5p expression level in 
NSCLC (Figure 5D), but the knockdown of TUG1 
enhanced the miR-31-5p expression (Figure 
5E). In addition, the miR-31-5p was significantly 
inversely correlated with TUG1 (Figure 5F).

The miR-31-5p mimic recovered the effect of 
TUG1 overexpression on cell viability, apopto-
sis, migration, and invasion

The overexpression of miR-31-5p eliminated 
the suppressive effect of the TUG1-induced 
expression increase of miR-31-5p (Figure 6A).  
A flow cytometry analysis demonstrated that 
miR-31-5p regained the promotion effect of  
the TUG1 overexpression on cell apoptosis 
(Figure 6C). Meanwhile, the attenuated cell 
viability (Figure 6B), migration (Figure 6D) and 
invasion (Figure 6E) induced by TUG1 upregu- 
lation were evidently enhanced by the miR31-
5p mimic. Therefore, the miR-31-5p mimic re- 
stored the effects of the TUG1 upregulation  
on cell viability, apoptosis, migration, and inva- 
sion.

5p mimic group, the luciferase activity was sig-
nificantly increased, but there was no signifi-
cant change in the mut-CDIP1 group (Figure 
7B, 7C). The CDIP1 expression level, which was 
measured using western blot, was suppressed 
by the miR-31-5p mimic (Figure 7D) but was 
increased by the miR-31-5p inhibitor (Figure 
7E).

TUG1 regulates the TNF-α pathway by affect-
ing the CDIP1 expression

As shown in Figure 8A, 8B, TUG1 overexpres-
sion raises the CDIP1 protein level significant- 
ly, which was abolished by the miR-31-5p 
upregulation, suggesting that TUG1 regulates 
CDIP1 by sponging miR-31-5p. However, the 
downstream molecular mechanism is unclear. 
Thus, we investigated the regulatory effect of 
TUG1 on the TNF-α pathway. Our data showed 
that the TNF-α levels were enhanced by the 
upregulation of TUG1 (Figure 8A), while the 
miR-31-5p mimic restored the TUG1-induced 
higher expression of TNF-α (Figure 8B). The re- 
sults indicated that TUG1 regulates the TNF-α 

Figure 3. The overexpression of TUG1 suppresses tumor growth in NSCLC. (A-C) The injection of cells transfected 
with pcDNA-NC or pcDNA-TUG1 was involved in tumorigenesis. The tumor volumes (mm3) (A) and tumor weights (g) 
(B) were measured. The TUG1 levels were determined using qRT-PCR (C) after the tumorigenesis. n=10, *P<0.05. 

Figure 4. High expressions of miR-31-5P in the NSCLC tissues and cell lines. 
Measurement of miR-31-5p in the NSCLC tissues (A) and cell lines (B) using 
qRT-PCR. *P<0.05.

CDIP1 is a target gene of miR-
31-5p

Bioinformatics revealed the 
binding sites among miR-31-
5p and CDIP1 3’UTR through 
the Targetscan online website 
(Figure 7A), enabling us to 
make further explorations of 
the effect of miR-31-5p in 
NSCLC. A dual-luciferase re- 
porter assay revealed that, in 
the NSCLC cells co-transfect-
ed with wt-CDIP1 and miR-31-
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signal pathway by mediating the miR-31-5p/
CDIP1 axis. 

Discussion

Recently, plenty of evidence has appeared re- 
vealing the underlying mechanisms of lncRNA 
in tumor development and initiation [26, 27]. 
Multiple lncRNAs have been shown to be invol- 
ved in various cancers, including NSCLC [28-
31]. A growing number of studies have proved 
that TUG1 is closely related to tumorigenesis 
[32, 33]. Li et al. showed that TUG1 expression 
is increased in tongue squamous cell carcino-
ma tissues compared with normal tissue sam-
ples [34]. Lin et al. revealed that TUG1 is down-
regulated in NSCLC tumor tissues [30]. The 
research results from Zhang et al. demonstrat-
ed that TUG1 inhibits the NSCLC carcinogene-
sis process [32]. We observed that the expres-
sion of TUG1 was consistently and significant- 
ly downregulated in NSCLC. Also, upregulated 
TUG1 suppresses cell growth and metastasis 
but facilitates cell apoptosis. However, further 
research needs to be performed to confirm the 
underlying role of TUG1 in the progression of 
NSCLC. 

More and more studies have proved that mi- 
RNA participates in the progression of carcino-

mas [35-37], including NSCLC [38]. For exam-
ple, miR-221 was reported to function as an 
oncogene in NSCLC [39]. MiR-31 is involved in 
the oncogenic effects of KRAS on lung carcino-
genesis [40]. Moreover, miR-31-5p has been 
shown to participate in the mediation of the  
cell cycle in human cancer [41]. Additionally, 
miR-31-5p is strongly related to the progres- 
sion of wild-type RAS metastatic colorectal  
cancer [42]. Unfortunately, the mode of action 
and the role miR-31-5p plays in NSCLC remain 
elusive. In our study, the data revealed that 
miR-31-5p expression is up-regulated in NSC- 
LC tissues and cells.

A growing number of studies are revealing the 
molecular mechanisms that take place bet- 
ween miRNA and TUG1. Chen et al. reported 
that TUG1 promotes neuronal apoptosis throu- 
gh miRNA-9 [43]. TUG1 functions as a nega- 
tive regulating factor to enhance cell prolifera-
tion and metastasis in gallbladder carcinoma 
[44]. Additionally, TUG1 has been shown to 
induce osteosarcoma cell metastasis through 
its targeting of miR-143-5p [45]. Moreover, 
Zhou et al. showed that TUG1 mediates cancer 
progression by sponging miRNA [46]. In this 
study, we focused on the relationship between 
TUG1 and miR-31-5p in NSCLC. The Targets- 
can online network was used to predict the 

Figure 5. MiR-31-5p was a direct target of TUG1. (A) The putative binding sites between TUG1 and miR-31-5p. (B and 
C) The luciferase activity in the A549 and H1650 cells co-transfected with luciferase reporter plasmids (wt-TUG1 or 
mut-TUG1) and miR-31-5p or the corresponding control. The effects of TUG1 overexpression (D) or knockdown (E) 
on the expression of miR-31-5p. (F) An analysis of the correlation between TUG1 and miR-31-5p. *P<0.05.
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binding sites. Our results demonstrated that 
miR-143-5p is a target of TUG1, and TUG1 re- 
gulates the development of NSCLC by spong- 
ing miR-143-5p. 

CDIP, a target gene of p53, plays a consider-
able role in tumorigenesis. Additionally, CDIP 
has been shown to be correlated with TNFα-
induced apoptosis in cancer cells [47]. We as- 
sumed that miR-31-5p mediates tumorigene- 
sis through CDIP1 via the TNF-α signal path- 
way. The possibility of miR-31-5p binding to 

CDIP1 was predicted by the online network.  
The CDIP1 and TNF-α levels are regulated by 
TUG1 and the miR-31-5p mimic in the A549 
and H1650 cells. CDIP1 turned out to be a 
direct target of miR-31-5p. Additionally, TUG1 
can regulate CDIP1 expression by targeting 
miR-31-5p to mediate the TNF-α pathway, sug-
gesting that CDIP has a regulatory role in NS- 
CLC. 

Generally, the development of NSCLC is a com-
plicated process. Meanwhile, our research pro- 

Figure 6. The miR-31-5p mimic recovered the effects of TUG1 overexpression on cell viability, apoptosis, migration, 
and invasion. (A-E) A549 and H1650 cells were transfected with a control, pcDNA-TUG1+scramble, and the pcDNA-
TUG1+miR-31-5p mimic. The miR-31-5p level was measured using qRT-PCR (A). The cell viability (B), apoptosis 
(C), migration (D), and invasion (E) were measured using CCK-8, flow cytometry and Transwell assays, respectively. 
*P<0.05.
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ved that TUG1 acts as an oncogene; otherwise, 
it is downregulated in NSCLC tissues and regu-
lates the tumorigenesis of NSCLC through the 

TUG1/miR-31-5p/CDIP1 axis via the TNF-α sig-
nal pathway. However, the molecular mecha-
nisms need further study. Hence, further clini-

Figure 7. CDIP1 is a target gene of miR-31-5p. A. The predicted binding sites between CDIP1 and miR-31-5p. B and 
C. The luciferase activity was determined in the A549 and H1650 cells co-transfected with luciferase reporter plas-
mids (wt-CDIP1 or mut-CDIP1) and miR-31-5p or the corresponding control. D and E. Determination of the CDIP1 
protein expressions in the NSCLC cells transfected with the miR-31-5p mimic or the miR-31-5p inhibitor. *P<0.05.

Figure 8. TUG1 regulates the TNF-α pathway by affecting the CDIP1 expression. A549 (A) and H1650 (B) were 
transfected with a control, pcDNA-NC, pcDNA-TUG1, pcDNA-TUG1+scramble, or pcDNA-TUG1+miR-31-5p, and we 
determined the CDIP1 and TNF-α expressions using western blot. *P<0.05.
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cal or pre-clinical assays should be investigat-
ed using patient samples or animal models in 
future. 

Conclusion

TUG1 is aberrantly brought down in NSCLC tis-
sues and cells. The increased expression of 
TUG1 induces apoptosis and blocks cell prolif-
eration, migration, and invasion. Additionally, 
TUG1 can bind to miR-31-5p, thus regulating 
the CDIP1 expression. The overexpression of 
miR-31-5p abolishes the effects of TUG1 up- 
regulation on the cell proliferation, apoptosis, 
migration, and invasion in NSCLC cells. Furth- 
ermore, the overexpression of TUG1 promotes 
the TNF-α pathway by affecting the expression 
of CDIP1. Moreover, our data demonstrate th- 
at upregulating TUG1 promotes apoptosis and 
suppresses cell proliferation, migration and 
invasion through the TUG1/miR-31-5p/CDIP1 
axis via the TNF-α pathway in NSCLC cells,  
providing a theoretical basis for the treatment 
of NSCLC.

Acknowledgements

The present study was approved by the ethical 
review committee of the First People’s Hospital 
of Baiyin.

Disclosure of conflict of interest

None.

Address correspondence to: Leilei Qu, The First 
Department of Respiratory and Critical Care Medi- 
cine, The First People’s Hospital of Baiyin, No. 222 
Silong Road, Baiyin District, Baiyin, Gansu, China. 
Tel: +86-13893095721; E-mail: zyttce@163.com 

References

[1]	 Silverberg E and Holleb AI. Cancer statistics, 
1974--worldwide epidemiology. CA Cancer J 
Clin 1974; 24: 2-21.

[2]	 Verdecchia A, Francisci S, Brenner H, Gatta G, 
Micheli A, Mangone L and Kunkler I; EURO-
CARE-4 Working Group. Recent cancer survival 
in Europe: a 2000-02 period analysis of EURO-
CARE-4 data. Lancet Oncol 2007; 8: 784-796.

[3]	 Zhang YJ, Xu F, Zhang YJ, Li HB, Han JC and Li 
L. miR-206 inhibits non small cell lung can- 
cer cell proliferation and invasion by targeting 
SOX9. Int J Clin Exp Med 2015; 8: 9107-9113.

[4]	 Ricciuti B, Mencaroni C, Paglialunga L, Paciullo 
F, Crinò L, Chiari R and Metro G. Long noncod-

ing RNAs: new insights into non-small cell lung 
cancer biology, diagnosis and therapy. Med 
Oncol 2016; 33: 18.

[5]	 Johnsson P, Lipovich L, Grandér D and Morris 
KV. Evolutionary conservation of long non-cod-
ing RNAs; sequence, structure, function. Bio-
chim Biophys Acta 2014; 1840: 1063-1071.

[6]	 Adams BD, Parsons C, Walker L, Zhang WC 
and Slack FJ. Targeting noncoding RNAs in  
disease. J Clin Invest 2017; 127: 761-771.

[7]	 Esfandi F, Taheri M, Omrani MD, Shadmehr 
MB, Arsang-Jang S, Shams R and Ghafouri-
Fard S. Expression of long non-coding RNAs 
(lncRNAs) has been dysregulated in non-small 
cell lung cancer tissues. BMC Cancer 2019; 
19: 222.

[8]	 Huang MD, Chen WM, Qi FZ, Xia R, Sun M, Xu 
TP, Yin L, Zhang EB, De W and Shu YQ. Long 
non-coding RNA ANRIL is upregulated in hepa-
tocellular carcinoma and regulates cell apop-
tosis by epigenetic silencing of KLF2. J Hema-
tol Oncol 2015; 8: 57.

[9]	 Yan G, Wang X, Yang M, Lu L and Zhou Q. Long 
non-coding RNA TUG1 promotes progression 
of oral squamous cell carcinoma through up-
regulating FMNL2 by sponging miR-219. Am J 
Cancer Res 2017; 7: 1899-1912.

[10]	 Han Y, Liu Y, Gui Y and Cai Z. Long intergenic 
non-coding RNA TUG1 is overexpressed in uro-
thelial carcinoma of the bladder. J Surg Oncol 
2013; 107: 555-559.

[11]	 Ma B, Li M, Zhang L, Huang M, Lei JB, Fu GH, 
Liu CX, Lai QW, Chen QQ and Wang YL. Upregu-
lation of long non-coding RNA TUG1 correlates 
with poor prognosis and disease status in os-
teosarcoma. Tumour Biol 2015; 37: 4445-
4455.

[12]	 Lan D, Zhang X, He R, Tang R, Li P, He Q and 
Chen G. MiR-133a is downregulated in non-
small cell lung cancer: a study of clinical sig-
nificance. Eur J Med Res 2015; 20: 50.

[13]	 Huang H, Jiang Y, Wang Y, Chen T, Yang L, He H, 
Lin Z, Liu T, Yang T, Kamp DW, Wu B and Liu G. 
miR-5100 promotes tumor growth in lung can-
cer by targeting Rab6. Cancer Lett 2015; 362: 
15-24.

[14]	 Croce CM and Calin A. miRNAs, cancer, and 
stem cell division. Cell 2005; 122: 6-7.

[15]	 Hu Z, Chen J, Tian T, Zhou X, Gu H, Xu L, Zeng 
Y, Miao R, Jin G, Ma H, Chen Y and Shen H. 
Genetic variants of miRNA sequences and 
non-small cell lung cancer survival. J Clin In-
vest 2008; 6: 2600-2608.

[16]	 Chen Z, Zeng H, Guo Y, Liu P, Pan H, Deng A 
and Hu J. miRNA-145 inhibits non-small cell 
lung cancer cell proliferation by targeting c-
Myc. J Exp Clin Cancer Res 2010; 29: 151.

[17]	 Wang M, Wang J, Deng J, Li X, Long W and 
Chang Y. MiR-145 acts as a metastasis sup-



The inhibitory effect of lncRNA TUG1 on non-small-cell lung cancer

9278	 Int J Clin Exp Med 2020;13(12):9268-9279

pressor by targeting metadherin in lung can-
cer. Med Oncol 2015; 32: 344.

[18]	 Wang R, Wang HB, Hao CJ, Cui Y, Han XC, Hu  
Y, Li FF, Xia HF and Ma X. MiR-101 is involved 
in human breast carcinogenesis by targeting 
Stathmin1. PLoS One 2012; 7: e46173.

[19]	 Peng H, Wang L, Su Q, Yi K, Du J and Wang Z. 
MiR-31-5p promotes the cell growth, migration 
and invasion of colorectal cancer cells by tar-
geting NUMB. Biomed Pharmacother 2019; 
109: 208-216.

[20]	 Peter ME and Krammer PH. The CD95(APO-1/
Fas) DISC and beyond. Cell Death Differ 2003; 
10: 26-35.

[21]	 Lowe SW, Cepero E and Evan G. Intrinsic tu-
mour suppression. Nature 2004; 432: 307-
315.

[22]	 Schuler M, Bossy-Wetzel E, Goldstein JC, Fitz- 
gerald P and Green DR. p53 induces apopto- 
sis by caspase activation through mitochon-
drial cytochrome C release. J Biol Chem 2000; 
275: 7337-7342.

[23]	 Chen G and Goeddel DV. TNF-R1 signaling: a 
beautiful pathway. Science 2002; 296: 1634-
1635.

[24]	 Brown L, Ongusaha PP, Kim HG, Nuti S, Mandi-
nova A, Lee JW, Khosravi-Far R, Aaronson SA 
and Lee SW. CDIP, a novel pro-apoptotic gene, 
regulates TNFalpha-mediated apoptosis in a 
p53-dependent manner. EMBO J 2014; 26: 
3410-3422.

[25]	 Namba T, Tian F, Chu K, Hwang S Y, Yoon K W, 
Byun S, Hiraki M, Mandinova A and Lee SW. 
CDIP1-BAP31 complex transduces apoptotic 
signals from endoplasmic reticulum to mito-
chondria under endoplasmic reticulum stress. 
Cell Rep 2013; 5: 331-339.

[26]	 Loewen G, Jayawickramarajah J, Zhuo Y and 
Shan B. Functions of lncRNA HOTAIR in lung 
cancer. J Hematol Oncol 2014; 7: 90.

[27]	 Arunoday B and Mandal SS. LncRNA HOTAIR: a 
master regulator of chromatin dynamics and 
cancer. Biochim Biophys Acta 2015; 1856: 
151-164.

[28]	 Lin L, Gu ZT, Chen WH and Cao KJ. Increased 
expression of the long non-coding RNA ANRIL 
promotes lung cancer cell metastasis and cor-
relates with poor prognosis. Diag Pathol 2015; 
10: 14.

[29]	 Nie FQ, Sun M, Yang JS, Xie M, Xu TP, Xia R, Liu 
YW, Liu XH, Zhang EB, Lu KH and Shu YQ. Long 
noncoding RNA ANRIL promotes non-small cell 
lung cancer cell proliferation and inhibits apop-
tosis by silencing KLF2 and P21 expression. 
Mol Cancer Ther 2015; 14: 268-277.

[30]	 Lin PC, Huang HD, Chang CC, Chang YS, Yen 
JC, Lee CC, Chang WH, Liu TC and Chang JG. 
Long noncoding RNA TUG1 is downregulated 
in non-small cell lung cancer and can regulate 

CELF1 on binding to PRC2. BMC Cancer 2016; 
16: 583.

[31]	 Li Z, Shen J, Chan MT and Wu WK. TUG1: a 
pivotal oncogenic long non-coding RNA of hu-
man cancers. Cell Prolif 2016; 49: 471-475.

[32]	 Zhang EB, Yin DD, Sun M, Kong R, Liu XH, You 
LH, Han L, Xia R, Wang KM, Yang JS, De W, Shu 
YQ and Wang ZX. P53-regulated long non-cod-
ing RNA TUG1 affects cell proliferation in hu-
man non-small cell lung cancer, partly through 
epigenetically regulating HOXB7 expression. 
Cell Death Dis 2014; 5: e1243.

[33]	 Zhang E, He X, Yin D, Han L, Qiu M, Xu T, Xia R, 
Xu L, Yin R and De W. Increased expression of 
long noncoding RNA TUG1 predicts a poor 
prognosis of gastric cancer and regulates cell 
proliferation by epigenetically silencing of p57. 
Cell Death Dis 2016; 7: e2109.

[34]	 Li ZQ, Zou R, Ouyang KX and Ai WJ. An in vitro 
study of the long non-coding RNA TUG1 in 
tongue squamous cell carcinoma. J Oral Pathol 
Med 2017; 46: 956-960.

[35]	 Arab A, Karimipoor M, Irani S, Kiani A, Zeinali 
S, Tafsiri E and Sheikhy K. Potential circulating 
miRNA signature for early detection of NSCLC. 
Cancer Genet 2017; 216-217: 150-158.

[36]	 Wang K, Chen M and Wu W. Analysis of microR-
NA (miRNA) expression profiles reveals 11 key 
biomarkers associated with non-small cell lung 
cancer. World J Surg Oncol 2017; 15: 175.

[37]	 Igarashi H, Kurihara H, Mitsuhashi K, Ito M, 
Okuda H, Kanno S, Naito T, Yoshii S, Takahashi 
H, Kusumi T, Hasegawa T, Sukawa Y, Adachi Y, 
Okita K, Hirata K, Imamura Y, Baba Y, Imai K, 
Suzuki H, Yamamoto H, Nosho K and Shino-
mura Y. Association of microRNA-31-5p with 
clinical efficacy of anti-EGFR therapy in pa-
tients with metastatic colorectal cancer. Annal 
Surg Oncol 2015; 22: 2640-2648.

[38]	 Zhan B, Lu D, Luo P and Wang B. Prognostic 
Value of expression of MicroRNAs in non-small 
cell lung cancer: a systematic review and me-
ta-analysis. Clin Lab 2016; 62: 2203-2211.

[39]	 Yin Z, Xu M and Li P. miRNA-221 acts as an 
oncogenic role by directly targeting TIMP2 in 
non-small-cell lung carcinoma. Gene 2017; 
620: 46-53.

[40]	 Okudela K, Suzuki T, Umeda S, Tateishi Y, Mit-
sui H, Miyagi Y and Ohashi K. A comprehensive 
search for microRNAs with expression profiles 
modulated by oncogenic KRAS: potential in-
volvement of miR-31 in lung carcinogenesis. 
Oncol Rep 2014; 32: 1374-1384.

[41]	 Zhong Z, Dong Z, Yang L, Chen X and Gong Z. 
MicroRNA-31-5p modulates cell cycle by tar-
geting human mutL homolog 1 in human can-
cer cells. Tumour Biol 2013; 34: 1959-1965.

[42]	 Mlcochova J, Faltejskova-Vychytilova P, Ferra-
cin M, Zagatti B, Radova L, Svoboda M, Nem-



The inhibitory effect of lncRNA TUG1 on non-small-cell lung cancer

9279	 Int J Clin Exp Med 2020;13(12):9268-9279

ecek R, John S, Kiss I, Vyzula R, Negrini M and 
Slaby O. MicroRNA expression profiling identi-
fies miR-31-5p/3p as associated with time to 
progression in wild-type RAS metastatic co- 
lorectal cancer treated with cetuximab. Onco-
target 2015; 6: 38695-38704.

[43]	 Chen S, Wang M, Yang H, Mao L, He Q, Jin H,  
Ye ZM, Luo XY, Xia YP and Hu B. LncRNA TUG1 
sponges microRNA-9 to promote neurons ap- 
optosis by up-regulated Bcl2l11 under isch-
emia. Biochem Biophys Res Commun 2017; 
485: 167-173.

[44]	 Ma F, Wang SH, Cai Q, Jin LY, Zhou D, Ding  
J and Quan ZW. Long non-coding RNA TUG1 
promotes cell proliferation and metastasis by 
negatively regulating miR-300 in gallbladder 
carcinoma. Biomed Pharmacother 2017; 88: 
863-869.

[45]	 Yu X, Hu L, Li S, Shen J, Wang D, Xu R and Yang 
H. Long non-coding RNA Taurine upregulated 
gene 1 promotes osteosarcoma cell metasta-
sis by mediating HIF-1α via miR-143-5p. Cell 
Death Dis 2019; 10: 280.

[46]	 Zhou H, Gao Z and Wan F. Taurine-upregula- 
ted gene 1 contributes to cancers through 
sponging microRNA. Acta Biochim Biophys Sin 
(Shanghai) 2019; 51: 123-130.

[47]	 Brown-Endres L, Schoenfeld D, Tian F, Kim HG, 
Namba T, Muñoz-Fontela C, Mandinova A, Aar-
onson SA and Lee SW. Expression of the p53 
target CDIP correlates with sensitivity to TNFα-
induced apoptosis in cancer cells. Cancer Res 
2012; 72: 2373-2382.


