
RESEARCH PAPER

Novel long noncoding RNA LINC01385 promotes nasopharyngeal carcinoma
proliferation via the miR-140-3p/Twist1 signaling pathway
Lu Li and Feng Zhang

Department of Otology, The First Affiliated Hospital of Zhengzhou University, Zhengzhou, Henan, China

ABSTRACT
Long non-coding RNAs (lncRNAs) have been verified as a keymodulator in tumor progression. However,
the functions of lncRNAs in nasopharyngeal carcinoma (NPC) remain unclear. In the present study, we
explored lncRNAs expression patterns in NPC tissues by GEO dataset and selected the high expression
lncRNA (LINC01385) to further study. Our data showed that LINC01385 expression was significantly
increased NPC and correlated with advanced clinical features and poor prognosis. Function assays
showed that knockdown of LINC01385 expression reduced the proliferation and invasion abilities of
NPC cells in vitro. In mechanism, LINC01385 acted as a molecular sponge of miR-140-3p in NPC cells,
Twist1 mRNA was validated as a direct target of miR-140-3p in NPC cells. The effects of the LINC01385
knockdown on malignant characteristics of NPC cells were greatly attenuated by miR-140-3p inhibition
or Twist1 overexpression. Thus, we illustrated that LINC01385 aggravated the progression of NPC by
sponging miR-140-3p and upregulating Twist1 expression, which implied LINC01385 might serve as
a new potential therapeutic target for NPC treatment.
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Introduction

Nasopharyngeal carcinoma (NPC) is one of the
major subtypes of head and neck cancers and exhi-
bits a major cause of cancer-related death worldwide
[1,2]. Despite novel improvements in NPC treat-
ment in several aspects, the 5-year survival rate of
NPC patients with distant metastases and drug resis-
tance is still poor [3,4]. Therefore, it is an urgent
need to identify the mechanism underlying NPC and
develop new novel diagnostic and therapeutic stra-
tegies for the treatment of NPC.

Long non-coding RNA (lncRNA), a newly dis-
covered type of RNA transcripts that are longer
than 200 nucleotides (nt) without ability to encode
protein [5,6]. Accumulating evidence demon-
strated that lncRNAs play critical biological roles
in diverse cellular processes, such as apoptosis,
differentiation, invasion, and meiotic entry [7–9].
For example, Zhang et al found that MALAT1 was
upregulated and promoted the proliferation and
invasion of renal cancer cells [10]. Chen et al
showed that lncRNA CCAT1 promoted multiple
myeloma cells proliferation through regulating the
miR-181a-5p/HOXA1 axis [11]. Gao et al found
that lncRNA SBF2-AS1/miR-361-5p/FOXM1 axis

could promote cervical cancer cells proliferation
and invasion [12]. However, the roles and under-
lying mechanisms of lncRNAs in tumorigenesis
are still largely unclear.

MicroRNA (miRNA), a category of non-coding
short RNA, could promote or inhibit cell progress
through binding to target mRNAs at the 3ʹ-UTR
[13,14]. Emerging evidence revealed that miR-140-
3p was related to tumor progression. For example,
Zhou et al showed that miR-140-3p was downregu-
lated in breast cancer and inhibited proliferation and
migration by targeting TRIM28 [15]. Zhang et al
revealed that miR-140-3p reduced hepatocellular car-
cinoma cells progression by inactivation of theMAPK
axis [16]. However, the roles and underlying mechan-
isms of miR-140-3p in NPC progression are still
unclear.

In our study, we determined lncRNA expression
patterns of NPC tissues by a published GEO data-
set. Next, we explored the roles and underlying
mechanisms of LINC01385 in NPC progression.
Our results showed that LINC01385 was obviously
increased and promoted NPC cells proliferation
and invasion through regulating the miR-140-3p/
Twist1 axis.
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Materials and methods

Patient samples

NPC tissue samples and adjacent nontumor tissue
samples were collected from 35 patients who under-
went surgery at The First Affiliated Hospital of
Zhengzhou University between June 2014 and
June 2016. None of the patients had received che-
motherapy or radiation therapy before surgery.
Informed consents were obtained from all patients
in a written format. This study was carried out with
the approval of the Ethics Committees of The First
Affiliated Hospital of Zhengzhou University and in
accordance with the Declaration of Helsinki.

Cell culture and transfection

The human NPC cell lines (HNE1, 5–8 F, SUNE1,
HK1) and nasopharyngeal epithelial cell line
(NP69) were all provided by from Cell Bank of
Type Culture Collection of Chinese Academy of
Science (Shanghai, China). All cells were cultured
as previous reports [17,18].

The small interfering RNA (siRNA) specific to
LINC01385 (si-LINC01385), miR-140-3p mimics,
miR-140-3p inhibitors and negative control (NC)
were synthesized by RiboBio (Guangzhou, China).
A plasmid encoding Twist1 (pcDNA3.1-Twist1) and
the empty pcDNA3.1 vector were designed and con-
structed by GenePharma Technology (Shanghai,
China). The transfections were carried out using
Lipofectamine 3000 reagent (Invitrogen, CA, USA).

RNA extraction and quantitative real-time PCR

We extracted total RNA from cells and tissues using
Trizol reagent (Invitrogen, CA, USA) and detected
expressions of miRNA using Hairpin-itTM miRNAs
qPCR kit (Genepharma, Shanghai). The U6 expres-
sion was used as a control. We detected LINC01385
and Twist1 expression through the SYBR green
qPCR assay (Takara, Dalian). The GAPDH expres-
sion was used as a control. Relative gene expression
was analyzed by the 2−ΔΔCT method.

Western blot assay

Cells were lysed in RIPA lysis Buffer containing
PMSF (Sigma, MO, USA). 10% SDS-PAGE was

employed to separate equal amounts of proteins
and followed the proteins transferred PVDF mem-
branes (Millipore, MA, USA). Subsequently, pri-
mary antibodies were used to incubate the
membranes at 4°C overnight. Then the corre-
sponding secondary antibody was used for 1 h at
room temperature. Protein bands were quantified
by ECL Kit (Bio-Rad, Hercules, CA, USA).

MTT assay

Transfected cells were inoculated into a 96-well
plate (5 × 103 cells/well) in a total of 200 μl. To
test cellular proliferation, 20 μl MTT solution was
added to each well after indicated times. After 4 h,
the medium was replaced by 150 μl DMSO. The
absorbance at 450 nm wavelength was measured
on a microplate reader (BioTek, VT, USA).

EdU assay

Cell proliferation was assessed by EdU assay kit
(Ribobio, Guangzhou China). Transfected cells in
96-well plates were mixed with EdU medium dilu-
ent for 3 h, then with DAPI solution for nuclear
staining. Proliferative cells were monitored by
a fluorescent microscope (Leica, Wetzlar,
Germany).

Colony formation assay

Cells were plated into 6-well plate at 500 cells per
well for two weeks to form colonies. Crystal violet
was used to stain colonies, and dissolved by 10%
acetic acid, the colony was seen with naked eyes.

Wound healing assay

Cells were seeded in a 6-well culture plates to grow
into a monolayer, and then scraped using 200uL
pipette. The cells were further cultured in the
medium for 24 h and closure of scratch was
observed using a microscope at 40x magnification.

Transwell assay

Transwell chambers were coated with basement
membrane Matrigel (BD Biosciences, CA, USA).
1 × 105 transfected cells were seeded into upper

CELL CYCLE 1353



chamber with 200 μl serum-free medium. The lower
chamber was supplemented with 750 μl medium con-
taining 10% FBS. Following incubation for 24 h at 37°
C, cells were fixed with 4% polyoxymethylene and
stained with 0.5% crystal violet. Then stained cells
were observed and counted under a microscope.

Dual luciferase reporter assay

The luciferase reporter vectors LINC01385-WT
and Twist1-WT were formed via cloning the pre-
dictive miR-140-5p binding sites into the
pmirGLO Dual-Luciferase Vector. The vectors
LINC01385-Mut and Twist1-Mut were generated
using point mutations of miR-140-3p binding
sites. Cells were co-transfected with luciferase vec-
tors and indicated transfection plasmids for 48 h,
finally analyzed by Dual-Luciferase Reporter Assay
System (Promega, Fitchburg, WI, USA).

Statistical analysis

Statistical analysis was performed by the SPSS21.0
software, and all data were presented as the mean
±SD. Comparison of the data between two groups
was carried out by Student’s t test, whereas one-way
analysis of variance along with Tukey’s post hoc test
was performed to evaluate the statistical significance of
differences amongmultiple groups. P < 0.05 expressed
for a statistically significant difference.

Results

LINC01385 is a novel lncRNA in NPC progression

To explore the important lncRNAs involved in NPC
progression, we first systematically analyzed the up-
regulated lncRNAs in NPC tissues compared to adja-
cent normal tissues by using the online datasets
(GSE12452), and LINC01385 is the most upregulated
among all candidate lncRNA (Figure 1(a)). Then, gene
ontology (GO) analysis suggested that these differen-
tially expressed lncRNAs are relevant to several vital
physiological processes, and molecular functions
(Figure 1(b–e)). Next, TCGA database results showed
that LINC01385 expression was significantly increased
NPC patients and associated with advanced tumor
stage and metastasis (Figure 1(f–h)). Kaplan-Meier ana-
lysis revealed that high LINC01385 expression was

significantly associated with poor overall survival (OS)
and disease-free survival (DFS) in NPC patients (Figure
1(i,j)). These results demonstrated that LINC01385
might play critical roles in NPC tumorigenesis.

LINC01385 is upregulated in NPC

To assess the roles LINC01385 inNPC, 35 pairedNPC
tissues and adjacent non-tumor tissues specimens
were collected. QRT-PCR showed that LINC01385
expression was significantly increased in NPC tissues
compared to adjacent non-tumor tissues (Figure 2(a)).
High LINC01385 expression was associated with
advanced tumor stage, metastasis and poor overall
survival in NPC patients (Figure 2(b–d)).
Subsequently, qRT-PCR showed that LINC01385
expression was increased in NPC cell lines compared
with NP69 cells (Figure 2(e)). Furthermore, si-
LINC01385 was transfected into SUNE1 and HK-1
cells, which showed the highest LINC01385 expres-
sion among the four NPC cell lines (Figure 2(f,g)).

LINC01385 knockdown reduces NPC cells
proliferation and invasion in vitro

To evaluate the effects of LINC01385 on NPC cells
viability, MTT and EdU assays were applied. Results
showed that decreased LINC01385 expression notably
attenuated the proliferation of SUNE1 and HK-1 cells
(Figure 3(a–d)). Colony formation assay showed that
LINC01385 inhibition significantly reduced NPC cell
colony numbers (Figure 3(e,f)).

Furthermore, Wound healing and Transwell inva-
sion assays were carried out to test the effects of
LINC01385 on NPC cells metastasis. Results showed
that the migration and invasion abilities in the si-
LINC01385 group were significantly reduced compared
to si-NC group (Figure 4(a–d)). The epithelial-
mesenchymal transition (EMT) process plays an
important role in tumor invasion and metastasis.
Thus, we explored the effects of LINC01385 on EMT
process, western blot showed that LINC01385 inhibi-
tion significantly reduced the expression of Twist1,
Snail1, N-cadherin in NPC cells (Figure 4(e,f)).

LINC01385 acts as a sponge for miR-140-3p

To further explore the underlying mechanism of
LINC01385, bioinformatics prediction was used to
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predict the interaction between LINC01385 and
miRNA, and miR-140-3p ranked top among all
potential targets (Figure 5(a–d)). Next, we
explored miR-140-3p expression in NPC tissues.
QRT-PCR showed that low miR-140-3p expres-
sion was associated with advanced tumor stage,
metastasis, and poor overall survival in NPC
patients (Figure 5(e–g)). Subsequently, dual luci-
ferase reporter assay showed that miR-140-3p

mimics significantly reduced the luciferase activity
of LINC01385-Wt group compared to
LINC01385-Mut group (Figure 5(h)). LINC01385
inhibition induced miR-140-3p expression in
SUNE1 and HK-1 cells (Figure 5(i)).
Furthermore, correlation analysis showed that
LINC01385 expression was negatively correlated
with miR-140-3p expression in NPC tissues
(Figure 5(j)). These findings suggested that

Figure 1. Dysregulated expression profiles of lncRNAs in NPC. (a) Aberrantly expression of lncRNAs was evaluated in GSE12452. (b, c)
The top 10 upregulated and downregulated GO functions of the cellular component (CC) domain. (d, e) The top 10 upregulated and
downregulated GO functions of the molecular function (MF) domains. (f) LINC01385 expression was increased in NPC tissues from
TCGA dataset. (g, h) High LINC01385 expression was associated with advanced tumor stage and metastasis. (i, j) High LINC01385
expression was associated with poor OS and DFS in NPC patients. *P < 0.05.
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LINC01385 might act as a sponge for miR-140-3p
in NPC.

Twist1 is a target gene of miR-140-3p

Next, the target gene of miR-140-3p was calculated
by the Targetscan, miRwalk and miRTar. The
results testified a target binding site between
miR-140-3p and Twist1 (Figure 6(a,b)). Dual luci-
ferase reporter assay showed miR-140-3p mimics
reduced the luciferase activity of Twist1-Wt group
compared to Twist1-Mut group (Figure 6(c)).
Results showed that miR-140-3p mimics signifi-
cantly reduced Twist1 expression in HK-1 cells,
while Twist1 overexpression abolished the effects
(Figure 6(d,e)). Next, we explored Twist1

expression in NPC tissues. Results showed that
Twist1 expression was upregulated in NPC
patients with metastasis (Figure 6(f)). Kaplan-
Meier analysis showed that high Twist1 expression
was associated with poor overall survival and dis-
ease-free survival in NPC patients (Figure 6(g,h)).
These data suggested that Twist1 could act as
a target of miR-140-3p in NPC.

LINC01385 promotes NPC progression through
miR-140-3p/Twist1 axis

Next, we explored the LINC01385/miR-140-3p/Twist1
axis in NPC progression. We found that LINC01385
knockdown significantly reduced Twist1 expression
both in mRNA and protein levels, while miR-140-3p

Figure 2. LINC01385 is upregulated in NPC. (a) LINC01385 expression was upregulated in NPC tissues. (b, c) High LINC01385
expression was associated with advanced tumor stage and metastasis. (d) LINC01385 expression was associated with poor OS in NPC
patients. (e) LINC01385 was significantly increased in NPC cell lines compared with NP69 cells. (f, g) LINC01385 expression was
measured in NPC cells transfected with si-LINC01385 or si-NC by qRT-PCR. *P < 0.05.
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inhibitors rescued the effects (Figure 7(a–c)). Colony
formation assay showed that LINC01385 suppression
reduced SUNE1 cells colony numbers, while the effects
could be reversed by miR-140-3p inhibitors (Figure 7
(d)). Similarly, transwell assay showed that Twist1 over-
expression promoted NPC cells invasion abilities, while
LINC01385 inhibition abolished the effects (Figure 7
(e)). In addition, western blot showed that miR-140-3p
mimics significantly reduced ERK/MAPK pathway-
related gene expression (SMAD4, p-ERK, ZEB1, and
N-cadherin) expression in SUNE1 cells (Figure 7(f)).
Thus, our data suggested that LINC01385 promoted
the proliferation and metastasis of NPC by regulating
miR-140-3p/Twist1/MAPK pathway (Figure 7(g))

Discussion

Nasopharyngeal carcinoma (NPC) was a human
malignancy tumor with atypical early symptoms
to metastasis and the 5-year survival rate remains
disappointing [19]. Thus, it is necessary to find
novel biomarkers and therapeutic targets for NPC
early diagnosis and treatment. Recently, accumu-
lating evidence suggested that lncRNAs play criti-
cal roles in NPC development. For example, Jia

et al showed that lncRNA PXN-AS1-L promoted
NPC progression through regulating the expres-
sion of SAPCD2 [20]. Zhang et al suggested that
lncRNA SOX2-OT promoted the growth and
metastasis of NPC cells by regulating the miR-
146b-5p/HNRNPA2B1 axis [21]. Wen et al found
that lncRNA DANCR stabilized HIF-1α and upre-
gulated NPC metastasis ability through interacting
with the NF90/NF45 complex [22].

In our study, we identified a new lncRNA named
LINC01385 which never been reported before. We
confirmed that LINC01385 was significantly upre-
gulated in NPC tissues and cell lines. High
LINC01385 expression was associated with
advanced tumor stage and metastasis in NPC
patients. Kaplan-Meier analysis revealed that high
LINC01385 expression was associated with poor
overall survival rate and disease-free survival rate in
NPC patients. In addition, we showed that silencing
of LINC01385 restrained the proliferation and inva-
sion of NPC cells in vitro. Thus, we demonstrated
that LINC01385 might serve as an important regu-
lator in NPC progression.

Accumulating studies showed that lncRNAs might
act as miRNA sponges to influence the post

Figure 3. LINC01385 knockdown reduces NPC cells proliferation. (a, b) MTT assay was used to explore the proliferation of SUNE1 and
HK-1 cells transfected with si-LINC01385 or si-NC. (c, d) EdU assay was used to determine SUNE1 and HK-1 cells viability in vitro. (e, f)
Colony formation assays were explored to test the effects of si-LINC01385 on NPC cells colony formation ability. *P < 0.05.
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transcription of miRNA [23–25]. In the present study,
bioinformatics prediction showed that miR-140-3p was
able to bind with LINC01385. And the results were
further confirmed by dual-luciferase reporter assay.
Subsequently, qRT-PCR showed that low miR-140-3p
expression was significantly associated with advanced

tumor stage, metastasis, and poor overall survival in
NPC patients. Furthermore, rescue assay showed that
the effects of LINC01385 suppression on SUNE-1 cells
colony numbers could be reversed by miR-140-3p
inhibitors. Thus, we suggested that LINC01385 might
act as a miR-140-3p sponge in NPC progression.

Figure 4. LINC01385 knockdown reduced NPC cells metastasis in vitro. (a, b) Wound healing assay was used to explore the migration
ability of SUNE1 and HK-1 cells transfected with si-LINC01385 or si-NC. (c, d) Transwell invasion assay was used to explore the
invasion ability of SUNE1 and HK-1 cells transfected with si-LINC01385 or si-NC. (e, f) The effects of si-LINC01385 on Twist1, Snail1
and N-cadherin expression levels were determined by Western blot. *P < 0.05.
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Twist1, a member of the basic helix-loop-helix
transcription factor family, is one of the master tran-
scription factors that induce cell invasion and EMT
during tumor progression [26]. For example, Xu et al

showed that Twist1 promoted the metastasis ability
by reducing Foxa1 expression in breast cancer [27].
Shen et al found that miR-203 reduced the prolifera-
tion of bladder cancer cells by targeting Twist1 [28].

Figure 5. LINC01385 acts as a sponge for miR-140-3p. (a, b) The information about LINC01385. (c) Venn diagrams showed the
potential targets of LINC01385. (d) The predicted complementary binding sites between LINC01385 and miR-140-3p. (e-g) Low miR-
140-3p expression was significantly associated with advanced tumor stage, metastasis, and poor overall survival rate in NPC patients.
(h) Luciferase reporter assay for the luciferase activity in LINC01385-Wt and LINC01385Mut. (i) LINC01385 inhibition induced miR-
140-3p expression in NPC cells. (j) LINC01385 expression was negatively correlated with miR-140-3p expression in NPC tissues.
*P < 0.05.
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Li et al showed that lncRNA ATB promoted EMT
process in breast cancer cells through regulating the
miR-200 c/Twist1 axis [29]. In our study, bioinfor-
matic prediction and experimental verification
showed that Twist1 could act as a direct target of
miR-140-3p in NPC. High Twist1 expression was
associated with metastasis and poor prognosis in
NPC patients. Moreover, transwell assay showed
that Twist1 overexpression promoted NPC cells
invasion abilities, while LINC01385 inhibition abol-
ished the effects. Therefore, we demonstrated that

LINC01385 might promote NPC progression
through targeting miR-140-3p/Twist1 pathway.

Conclusions

The present study demonstrated that LINC01385/
miR-140-3p/Twist1 axis could promote cell prolif-
eration, migration, invasion in NPC cells. Thus, we
suggested that LINC01385 may be a potential ther-
apeutic target in NPC treatment.

Figure 6. Twist1 is a target gene of miR-140-3p. (a-b) Predicted binding sites for miR-140-3p in the 3ʹUTR of Twist1. (c) The relative
luciferase activity was reduced in Twist1-Wt group compared to Twist1-Mut group. (d, e) miR-140-3p mimics significantly reduced
Twist1 expression (mRNA and protein levels) in HK1 cells, while Twist1 overexpression abolished the effects. (f) Twist1 expression
was upregulated in NPC patients with metastasis by IHC. (g, h) High Twist1 expression was associated with poor OS and DFS in NPC
patients. *P < 0.05.
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