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ABSTRACT
Our previous studies have elucidated a possible connection between long intergenic non-protein 
coding RNA 2570 (LINC02570) and nasopharyngeal carcinoma (NPC). However, the precise 
mechanism by which LINC02570 promotes NPC remains unknown. We used quantitative poly-
merase chain reaction (qPCR) to detect LINC02570 expression in nasopharyngeal cell lines, NPC 
tissues, and chronic rhinitis tissues. Subcellular LINC02570 localization was confirmed by fluores-
cence in situ hybridization (FISH). The effects of LINC02570 stable knockdown and overexpression 
on viabillity, proliferation, migration, and invasion were analyzed using 3-(4,5-Dimethyl- 
2-Thiazolyl)-2,5-Diphenyl-2-H-Tetrazolium bromide (MTT), a colorimetric focus-formation assay, 
a wound healing assay, and transwell assays. RNA crosstalk analysis in silico predicted 
microRNA-4649-3p (miR-4649-3p) binding to LINC02570 or sterol regulatory element binding 
transcription factor 1 (SREBF1). A dual luciferase reporter assay was used to confirm potential 
interactions. Sterol regulatory element binding protein 1 (SREBP1) and fatty acid synthase (FASN) 
expression were detected by western blotting. The results suggest that LINC02570 is upregulated 
in late clinical stage NPC patients, and promotes NPC progression by adsorbing miR-4649-3p to 
up-regulate SREBP1 and FASN. This study elucidates a potential chemotherapeutic target involved 
in lipid metabolism in NPC.
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Introduction

Nasopharyngeal carcinoma (NPC) occurs with 
a high incidence rate in East and Southeast Asia, 
especially in southern China, including 
Guangdong, Guangxi, and Hong Kong [1–3]. 
Some NPC patients are difficult to diagnose in 
early clinical stages, because they show no obvious 
symptoms. Unfortunately, NPC patients can suffer 
tremendous pain due to metastatic foci. High 
recurrence and metastasis are the main causes of 
poor prognosis and death in NPC patients [4]. 
Epstein-Barr virus (EBV) infects nasopharyngeal 
epithelial cells, and plays an important role in 
NPC progression [5]. Plasma EBV DNA is 

screened for in early stages of NPC by quantitative 
polymerase chain reaction (qPCR) and sequencing 
analysis [6,7]. Some candidate biomarkers, such as 
anti-EBV antibodies and microRNAs (miRNAs), 
are also detected in early stages of NPC [8]. 
Biomarkers have been shown to be useful for diag-
nosis, and for assessing NPC prognosis and pro-
gression [9–12].

Long noncoding RNAs (lncRNAs) comprise at 
least 200 nucleotides, and mediate important func-
tions involved in regulating chromatin dynamics, 
gene expression, cell growth, and development 
[13]. Some putative lncRNAs encode small pro-
teins or peptides [14]. Increasing evidence 
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supports close associations between lncRNAs and 
NPC progression [15–17]. Mechanistically, 
lncRNAs mainly regulate target gene expression 
by adsorbing miRNAs. For instance, LINC00667 
promotes NPC progression by adsorbing miR- 
4319, increasing levels of forkhead box Q1 
(FOXQ1) [18]. MSC antisense RNA 1 (MSC- 
AS1) exacerbated NPC progression by adsorbing 
miR-524-5p to upregulate nuclear receptor sub-
family 4 group A member 2 (NR4A2) [19].

In previous studies, we found that zinc finger 
and BTB domain containing 7A (ZBTB7A) has 
complex functions in NPC progression [20–23]. 
High expression of the proto-oncogene ZBTB7A 
enhanced the viability, migration, and invasion 
abilities of stably transfected NPC cells [23]. 
Nevertheless, tumorigenicity is maintained in sta-
bly transfected NPC cells expressing ZBTB7A at 
low levels [22]. To elucidate mechanisms by which 
ZBTB7A could maintain NPC tumorigenicity, 
1501 differentially expressed lncRNAs and 1276 
messenger RNAs (mRNAs) were identified by 
microarray-based screening comparing cells stably 
transfected with a short hairpin RNA (shRNA) 
targeting ZBTB7A with cells stably transfected 
with empty vector. We found that stable reduction 
of ZBTB7A upregulated some oncogenes through 
an lncRNA microarray [23]. Compensatory 
mechanisms may explain why a few late clinical 
stage NPC patients exhibited low ZBTB7A 
expression.

Some differentially expressed mRNAs and 
lncRNAs have been validated by qPCR in NPC 
and chronic rhinitis tissues. Two lncRNAs 
(ENST00000442852, NR_047538) and two 
mRNAs (ZBTB7A, fatty acid synthase [FASN]) 
display higher levels in NPC tissues than in con-
trol tissues. We also found that sterol regulatory 
element binding transcription factor 1 (SREBF1), 
the gene encoding sterol regulatory element bind-
ing protein 1 (SREBP1), was upregulated in cells 
with stable knockdown of ZBTB7A [23]. It is well 
known that FASN is upregulated by SREBP1. Both 
of these proteins are key factors in lipid metabo-
lism [24]. NR_047538, which is downregulated in 
cells with stable knockdown of ZBTB7A, promotes 
NPC progression [25]. By contrast, the function of 
ENST00000442852 (gene symbol: XXbac- 
BPG27H4.8), also known as long intergenic non- 

protein coding RNA 2570 (LINC02570) in NPC 
remains unknown. Based on increased LINC02570 
expression in NPC relative to control cells [23], we 
hypothesized that it may play a positive role in 
NPC progression. To validate this hypothesis, we 
explored possible mechanisms of LINC02570 in 
NPC through in vitro studies and clinical and 
bioinformatic analyses.

Materials and methods

Tissue samples

These studies were approved by the Ethics 
Committee of the People’s Hospital of Guangxi 
Zhuang Autonomous Region. Sixty NPC and 20 
chronic rhinitis tissues were acquired [23]. To 
confirm a functional relationship between miR- 
4649-3p and NPC, 20 additional NPC and chronic 
rhinitis tissues each were collected from 
March 2019 to July 2019. Tumors were staged 
based on the Union for International Cancer 
Control (UICC, 2010, 7th edition) staging system 
for NPC. All specimens were collected from 
patients prior to therapy. Informed consent was 
obtained from all patients before the study.

Bioinformatic analyses

Binding sequences within LINC02570, unknown 
miRNAs, and SREBF1 were analyzed using 
TargetScan (http://www.targetscan.org/vert_72/) 
and DIANA (http://carol ina. imis .athena- 
innovation.gr/diana_tools/web/index.php) [26]. 
These analyses indicated that miR-4649-3p binds 
to LINC02570 and SREBF1. Coincidentally, miR- 
4649-3p suppresses NPC proliferation [27].

Cell culture

NPC cell lines HK1, C666-1, SUNE-1, 5–8 F, 6– 
10B, and CNE3 were cultured in Roswell Park 
Memorial Institute 1640 medium supplemented 
with 10% fetal bovine serum (Gibco, Thermo 
Fisher Scientific, Waltham, USA). The immorta-
lized nasopharyngeal epithelial cell line NP69 was 
cultured in keratinocyte-serum-free medium with 
5% bovine pituitary extract and recombinant epi-
dermal growth factor (Gibco) [22,23].
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Cell transfection

Lentiviruses overexpressing (OE) or knocking 
down (KD-1#, KD-2#, and KD-3#) LINC02570 
were purchased from Shanghai Research & 
Science Biotechnology (Shanghai, China). 
Lentivirus empty vectors were used as negative 
controls (NCs). NPC cell lines were seeded in 
6-well plates and grown to 50% confluence. 
Transfections were performed according to the 
manufacturer’s instructions. Stably transfected 
cells were selected for using blasticidin (Solarbio, 
Beijing, China), continuously passaged, and 
checked by qPCR. After 10 passages, we consid-
ered sublines to be stably transfected with the 
lentiviruses. The miR-4649-3p mimic, inhibitor, 
and NC were purchased from Guangzhou 
RiboBio (Guangzhou, China), and were transiently 
transfected into NPC cells using Lipofectamine 
3000 (Invitrogen, Carlsbad, USA) [27].

qPCR

Total RNA was extracted from tissues and cells 
using TRIzol reagent (Invitrogen). Reverse tran-
scription and qPCR were performed on RNA 
from 80 tissues [23], to assess expression of 
genes including SREBF1 (Supplementary 
Materials, Figure S1). ZBTB7A expression corre-
lated negatively with SREBF1 expression 
(Supplementary Materials, Figure S2). Total 
RNA from cell lines was reverse transcribed 
using a RevertAid First Strand cDNA Synthesis 
Kit (Fermentas, Thermo Fisher Scientific). 
miRNAs from the cell lines and 40 additional 
tissues were extracted using a miRcute miRNA 
Isolation Kit (Tiangen, Beijing, China), and 
reverse transcribed using a miRcute Plus miRNA 
First-Strand cDNA Kit (Tiangen). qPCR reactions 
were performed using Fast Start Universal SYBR 
Green Master mix (Roche, Basel, Switzerland) or 
a miRcute Plus miRNA qPCR Kit (Tiangen) in 
a 7500 real-time PCR system (Applied 
Biosystems, Thermo Fisher Scientific). Relative 
RNA expression was calculated using the 2−ΔΔCt 

method, and normalized to human beta actin 
(hACTB) or U6 [28]. The following primers 
were used for qPCR reactions: LINC02570, 

forward: 5ʹ-TGTGAGTACGCCTGGCTTTT-3ʹ, 
reverse: 5ʹ-CCTTTCTCCTGGTCATTTGTTC-3ʹ; 
SREBF1, forward: 5ʹ-GCTGTTGGTGCTCGT 
CTCCTTG-3ʹ, reverse: 5ʹ-GCTTGCGATGCCTC 
CAGAAGTAC-3ʹ; FASN, forward: 5ʹ- 
TCCGAGTCTCCTGACCACTACCT-3ʹ, reverse: 
5ʹ-GCAGCACCACATCCTCAAACA-3ʹ; hACTB, 
forward: 5ʹ-GCACCCAGCACAATGAAGA-3ʹ, 
reverse: 5ʹ-AATAAAGCCATGCCAATCTCA-3ʹ; 
miR-4649-3p: forward: 5ʹ-ACACTCCAGCTGG 
GTCTGAGGCCTGCCTC-3ʹ, reverse: 5ʹ- 
CTCAACTGGTGTCGTGGAGTCGGCAATTC-
AGTTGAGTGGGGA-3ʹ; U6, forward: 5ʹ- 
CTTCGGCAGCACATATAC-3ʹ, reverse: 5ʹ- 
GGCCATGCTAATCTTCTC-3ʹ.

RNA fluorescence in situ hybridization (FISH) 
assay

Cy3-labeled LINC02570 probe was acquired from 
Guangzhou RiboBio. Subcellular localization of 
LINC02570 was investigated using a FISH Kit 
(RiboBio). NPC cells were seeded onto cell culture 
slides in 24-well plates at a density of 5 × 104 cells/ 
well and grown to 60% confluence. Cells were 
fixed in 4% paraformaldehyde for 10 min at 
room temperature, prehybridized for 30 min at 
37°C after permeabilization, then hybridized over-
night at 37°C with a mixture of 100 μL hybridiza-
tion solution and 2.5 μL 20 μM Cy3-labeled 
LINC02570 probe. Cell nuclei were stained with 
4,6-diamidino-2-phenylindole (DAPI) for 10 min 
at room temperature. Fluorescent images were 
acquired using a TCS SP8 laser scanning confocal 
microscope (Leica, Wetzlar, Germany) [29].

3-(4,5-Dimethyl-2-Thiazolyl)-2,5-Diphenyl- 
2-H-Tetrazolium Bromide (MTT) assay

Cell sublines were seeded into 96-well plates at 
a density of 1500 cells/well, and incubated with 
0.5% MTT (Sigma-Aldrich, Saint Louis, USA) for 
4 h. Cells were then lysed with dimethyl sulfoxide 
(DMSO, Sigma-Aldrich) and absorbance was mea-
sured using a Synergy H1 microplate reader 
(BioTek Instruments, Winooski, USA) [22].
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Colorimetric focus-formation assay

Cell sublines were seeded into 6-well plates at 
a density of 100 cells/well and fixed with 100% 
methanol after 2 weeks. They were then stained 
with 5% crystal violet (Amresco, Houston, USA) 
in 100% methanol [22].

Wound healing assay

To exclude cell proliferation effects, cell sublines 
were incubated in serum-free medium for 24 h 
before assay. They were then seeded into 6-well 
plates at a density of 106 cells/well. Gaps were 
made by manually scraping cell monolayers with 
a 200 μL sterile pipette tip. Cell migration was 
observed at 0 and 24 h. Five microscopic fields 
were randomly selected and analyzed. Images were 
acquired using an IX71 fluorescence microscope 
(Olympus, Tokyo, Japan). Cell-covered areas 
within scrape zones were measured at different 
time points [22].

Transwell migration and invasion assays

Cell sublines were incubated in serum-free med-
ium for 24 h, then seeded into 6.5 mm transwell 
chambers in 24-well plates (pore size: 8 μm, 
Costar, Corning, NY 14831, USA) at a density of 
5 × 104 cells/well (migration) or 105 cells/well 
(invasion). For invasion assays, the upper chamber 
surface was covered with a mixture of 17.5 μL 
Matrigel basement membrane matrix (BD 
Biosciences, San Jose, USA) and 52.5 μL serum- 
free 1640 medium. Non-migratory and noninva-
sive cells on the upper surface of the filters were 
completely removed using cotton swabs after 24 h. 
Migratory and invasive cells on the lower surface 
of the filters were washed with phosphate buffered 
saline (PBS), fixed with methanol, and stained 
with 1% crystal violet. Migratory and invasive 
cells were quantitated using a BX51 microscope 
(Olympus) [22].

Western blotting

Cells were lysed using radioimmunoprecipitation 
buffer (Beyotime, Shanghai, China). Total protein 
(20 μg) was separated by 8% sodium dodecyl sulfate- 

polyacrylamide gel electrophoresis and transferred 
onto 0.45 μm polyvinylidene fluoride membranes 
(Millipore, Billerica, USA) using a Mini-Protean 
System (Bio-Rad, Hercules, USA). Membranes 
were incubated with primary antibody (1:500 dilu-
tion, catalog no. ABS1508, anti-SREBP1 antibody 
from Sigma-Aldrich; 1:500 dilution, catalog 
no. 3189S, anti-FASN antibody from Cell Signaling, 
Danvers, USA; 1:1 200 dilution, catalog no. AA128, 
anti-ACTB antibody from Beyotime) overnight at 
4°C, then incubated with horseradish peroxidase- 
conjugated anti-rabbit antibody from Beyotime (1:8 
000 dilution, catalog no. A0208) or anti-mouse anti-
body from Beyotime (1:12,000 dilution, catalog no. 
A0216) for 2 h at 37°C. Enhanced chemilumines-
cence (Beyotime) was added to the membranes, 
which were detected using an Odyssey Fc Imaging 
System (Li-Cor, Lincoln, USA) [22].

Dual Luciferase Reporter Assay

LINC02570 wild-type (WT)/mutant (Mut) and 
SREBF1 WT/Mut were co-transfected with miR- 
4649-3p mimic and mimic NC into NPC cells. 
Relative luciferase activity was detected using 
a Dual-Luciferase® Reporter Assay System 
(Promega, Madison, USA) according to the man-
ufacturer’s instructions [27].

Statistical analyses

All assays were executed independently in tripli-
cate. All data were calculated as means ± standard 
deviation (SD), except for the median from the 
unregular distribution of LINC02570 in NPC tis-
sues. Two-tailed Student’s t-tests were used to 
compare two independent groups. One-way 
ANOVA was used to compare multiple groups. 
Otherwise, unpaired Student’s t-test or Fisher’s 
exact test was used for statistical analyses appro-
priate to experimental conditions. The Mann 
Whitney test was used to assess scatter plots of 
NPC tissues analyzed by qPCR if variances based 
on the F test were significantly different. Kaplan– 
Meier survival curves were used for univariate 
survival analyses. The log-rank test was performed 
to compare survival curves between two groups. In 
these studies, statistical significance was set at p 
< 0.05 [23].
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Results

LINC02570 is upregulated in late clinical stage 
NPC patients

To explore the role of LINC02570 in NPC pro-
gression, its mRNA levels were detected by 
qPCR in control and NPC tissues, and survival 
data for NPC patients were analyzed. In 
a previous study, LINC02570 expression in 60 
NPC tissues was higher than that in 20 chronic 
rhinitis tissues [23]. Fifty-five NPC patients 
were followed up after definite diagnoses in 
our hospital, while five patients were not. 
LINC02570 expression was higher in late-stage 
(III–IV) than in early stage (I–II) NPC 
(Figure 1(a)). However, there was no obvious 
difference between elementary N stage (N0-1) 
and advanced N stage (N 2–3) NPC (Figure 1 
(b)). The 55 patients were assigned to high 
(n = 26, LINC02570 > 2.5) and low (n = 29, 
LINC02570 ≤ 2.5) expression groups. The med-
ian of all LINC02570 results was 2.5. Obvious 
differences in overall survival (OS) between 
groups were not observed (Figure 1(c)). 

However, patients with high LINC02570 
expression showed poorer prognosis for dis-
ease-free survival (DFS) than those with low 
expression (Figure 1(d)).

Stable knockdown/overexpression and location 
of LINC02570 in NPC cell lines

To explore the association between changes in 
LINC02570 expression and NPC progression, cell 
sublines with stable knockdown or overexpression 
of LNC02570 were constructed by lentiviral trans-
fection and selection for stable transformants. The 
location of LINC02570 in NPC cells was detected 
by FISH assay. LINC02570 expression was higher 
in the 5 NPC cell lines than in the NP69 nasophar-
yngeal epithelial cell line (Figure 2(a)). Two NPC 
cell lines were chosen and transfected using lenti-
viral constructs for knockdown or overexpression. 
The chosen cell lines displayed the highest (5–8 F) 
or lowest (6–10B) LINC02570 expression. These 
cell lines were transiently transfected with the len-
tiviruses. Stably transfected cell lines were then 
selected for over 10 passages. LINC02570 

Figure 1. LINC02570 is upregulated in late clinical stage NPC patients. (a) LINC02570 expression in NPC patients in early or late 
clinical stages. *p < 0.05. (b) LINC02570 expression in NPC patients with non-advanced or advanced lymph node metastatic disease. 
(c) Kaplan-Meier analysis of overall survival (OS) among NPC patients with high or low LINC02570 expression. (d) Kaplan-Meier 
analysis of disease-free survival (DFS) among NPC patients with high or low LINC02570 expression. *p < 0.05.
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expression was effectively elevated or decreased in 
different sublines stably transfected with lenti-
viruses (Figure 2(b), 2(c) and 2(d)). They were 
named OE-6-10B and KD-5-8 F, respectively.

Sublines with lentiviral empty vectors were used 
as negative controls, and named NC-6-10B and 
NC-5-8 F. To detect LINC02570 subcellular loca-
lization in NPC cells, 5–8 F was selected for FISH 
assay due to its highest expression of LINC02570 
among the NPC cell lines. The amount of 
LINC02570 in the cytoplasm was obviously higher 
than that in the nucleus. The results showed that 
LINC02570 is mainly located in the cytoplasm 
(Figure 2(e)).

Stable knockdown of LINC02570 suppressed NPC 
progression

To explore the association between stably low 
LINC02570 expression and NPC progression, the 
oncogenic characteristics of NPC cells were 

assayed in vitro. By colorimetric focus-formation, 
wound healing, transwell assays, and MTT assays, 
proliferation, migration, invasion, and viability of 
KD-5-8 F were weaker than those of NC-5-8 F 
(Figure 3).

Stable LINC02570 overexpression promotes NPC 
progression

To explore the association between stable high 
LINC02570 expression and NPC progression, the 
oncogenic characteristics of NPC cells were 
assessed in vitro. Proliferation, migration, inva-
sion, and viability of OE-6-10B cells were stronger 
than those of NC-6-10B (Figure 4).

LINC02570 regulates the SREBP1-FASN signaling 
pathway in NPC
To explore the possible mechanism by which 
LINC02570 regulates NPC progression, we 
assessed expression of important genes involved 

Figure 2. Stable overexpression/knockdown, and LINC02570 location in NPC cell lines. (a) LINC02570 expression in NPC cell lines and 
a nasopharyngeal epithelial cell line. NP69 was a noncancerous control for NPC cell lines. (b) LINC02570 expression was stably up- 
regulated. 6–10B and NC-6-10B were controls relative to OE-6-10B. (c) LINC02570 was transiently knocked down in 5–8 F. 5–8 F and 
5–8 F NC were considered control samples for 5–8 F KD-1#, 2# and 3#. (d) LINC02570 was stably knocked down. 5–8 F and NC-5-8 F 
were control samples for KD-5-8 F. (e) LINC02570 was mainly located in cytoplasm (magnification: 400x). **p < 0.01, ***p < 0.001.
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Figure 3. Stable LINC02570 knockdown attenuated proliferation, migration, invasion and viability of NPC cells. (a) Proliferation of 
NC-5-8 F and KD-5-8 F cells was detected by colorimetric focus-formation assay. (b) Migration of NC-5-8 F and KD-5-8 F cells was 
detected by wound healing assay (magnification: 40x). Stably transfected cells displayed green fluorescence. (c) Migration and 
invasion of NC-5-8 F and KD-5-8 F were detected by transwell assays (magnification: 200x). (d) NC-5-8 F and KD-5-8 F cell viability 
was detected by MTT. *p < 0.05, **p < 0.01, ***p < 0.001.
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Figure 4. Stable LINC02570 overexpression enhanced NPC cell proliferation, migration, invasion and viability. (a) Proliferation of NC- 
6-10B and OE-6-10B cells was detected by colorimetric focus-formation assay. (b) Migration of NC-6-10B and OE-6-10B cells was 
detected by wound healing assay (magnification: 40x). Stably transfected cells didn’t show any fluorescence. (c) NC-6-10B and OE- 
6-10B cell migration and invasion were detected by transwell assays (magnification: 200x). (d) NC-6-10B and OE-6-10B cell viability 
was detected by MTT. *p < 0.05, **p < 0.01, ***p < 0.001.
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in lipid metabolism in vitro. SREBP1 and FASN 
expression was lower in KD-5-8 F than in NC- 
5-8 F according to qPCR and western blotting. 
However, SREBP1 and FASN expression was 
higher in OE-6-10B than in NC-6-10B (Figure 5).

LINC02570 promotes NPC cell progression by 
adsorbing miR-4649-3p to upregulate SREBP1- 
FASN

To explore the specific mechanism by which 
LINC02570 regulates NPC progression via lipid bio-
synthesis pathways, connections between 
LINC02570 and some miRNAs were predicted and 
confirmed by bioinformatics and dual luciferase 
reporter assays. Interaction between LINC02570 
and miR-4649-3p was confirmed in vitro. 
Bioinformatics analysis revealed that miR-4649-3p 
potentially bound to LINC02570 and SREBF1 
(Figure 6(a)). Moreover, LINC02570-WT signifi-
cantly inhibited luciferase activity in 5–8 F expres-
sing the miR-4649-3p mimic (Figure 6(b)). miR- 
4649-3p obviously inhibited luciferase activity in 5– 
8 F expressing the SREBF1-WT plasmid (Figure 6 
(c)). Furthermore, LINC02570-WT promoted 
SREBP1 and FASN expression by adsorbing miR- 
4649-3p (Figure 6(d) and (e)). As a result, viability 

and migration of KD-5-8 F were enhanced by inhi-
biting miR-4649-3p (Figure 6 (f) and (g)).

Discussion

lncRNAs play complex roles in NPC. Some of 
them promote NPC progression [30,31], while 
others suppress NPC [32,33]. Because of the func-
tional correlation between LINC02570 and NPC 
[23], we explored potential regulatory mechan-
isms. We have found through loss and gain of 
function assays that high LINC02570 expression 
obviously enhances NPC cell viability, prolifera-
tion, migration, and invasion. Moreover, elevated 
LINC02570 expression upregulated SREBP1 and 
FASN expression. Both are oncogenes in NPC 
[34]. Immediate early response 3 (IER3) is an 
mRNA encoding near neighbor of LINC02570 
[23]. However, no obvious differences were 
observed between OE-6-10B and NC-6-10B, and 
negative result appeared between KD-5-8 F and 
NC-5-8 F (Supplementary Materials, Figure S3).

5–8 F and 6–10B are sublines of the NPC cell 
line SUNE-1. The tumorigenic and metastatic 
potentials of 5–8 F were stronger than those of 

Figure 5. SREBP1 and FASN expression in stably transfected 6–10B and 5–8 F cells. (a) SREBF1 and FASN mRNA levels were detected 
by qPCR. (b) and (c) SREBP1 and FASN protein levels were detected by western-blot. SREBF1 refers to the transcript encoding 
SREBP1. 6–10B and NC-6-10B were control samples for OE-6-10B. 5–8 F and NC-5-8 F were control samples for KD-5-8 F. **p < 0.01, 
***p < 0.001.

7116 F. LIU ET AL.



6–10B [35]. However, the invasiveness of OE- 
6-10B was stronger than that of NC-5-8 F. We 
found that SREBP1 and FASN protein levels were 
higher in OE-6-10B than in NC-5-8 F, indicating 
that a lipid biosynthesis pathway may promote 
NPC progression by enhancing LINC02570 
expression.

miR-4649-3p suppresses NPC cell proliferation 
by binding to SHP-1, which is a SH2 domain 
containing protein tyrosine phosphatase [27]. We 
also confirmed that the relative expression of miR- 
4649-3p in NP69 cells was higher than that in NPC 
cell lines (Supplementary Materials, Figure S4). 
Furthermore, miR-4649-3p expression in rhinitis 

was higher than that in NPC tissues 
(Supplementary Materials, Figure S5). miR-4649- 
3p plays a suppressive role in NPC progression, 
acting as a bridge between LINC02570 and 
SREBP1/FASN. LINC02570 upregulated SREBP1/ 
FASN expression and promoted NPC progression 
by absorbing miR-4649-3p.

Conclusion

LINC02570 promotes NPC progression by modu-
lating the miR-4649-3p/SREBP1/FASN axis. This 
study provides a potential chemotherapeutic target 
for lipid metabolism.

Figure 6. LINC02570 promotes NPC progression through the miR-4649-3p/SREBP1/FASN axis. (a) Bioinformatics analysis predicted 
miR-4649-3p binding sites on LINC02570 and SREBF1. (b) Luciferase activities of 5–8 F cells co-transfected with LINC02570 wild-type 
(WT)/mutant (Mut) or SREBF1 WT/Mut +miR-4649-3p mimic or mimic NC were respectively analyzed by dual luciferase reporter 
assay. (c) SREBP1 and FASN protein levels were detected by western blotting. (d) and (e) Viability and migration were detected by 
MTT and transwell assays. *p < 0.05, **p < 0.01, ***p < 0.001.
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Article highlights

(1) LINC02570 is frequently overexpressed in 
late stage NPC, and is associated with poor 
prognosis.

(2) LINC02570 promotes NPC cell progression.
(3) LINC02570 adsorbs and sequesters miR- 

4649-3p.
(4) LINC02570 regulates the miR-4649-3p/ 

SREBP1/FASN axis.

Acknowledgements

We are grateful to Professor Sai-Wah Tsao from University 
of Hong Kong for generously providing the cell lines HK1, 
C666-1, and NP69, and To Professor Musheng Zeng from 
Sun Yat-Sen University for kindly providing SUNE-1, 5-8F, 
and 6-10B, respectively. This study was supported by the 
National Natural Science Foundation of China (81960493), 
Natural Science Foundation of Guangxi Province 
(2015GXNSFAA139166, 2016GXNSFBA380144), Guangxi 
Science and Technology Base and Talent Project (Guangxi 
Nasopharyngeal Carcinoma Clinical Medicine Research 
Center, 2020AC03005), Guangxi Multidisciplinary 
Collaboration Health Management Talent Small Highland 
and Construction Project (Guizu-tongzi-2019-85-9), Self 
Foundation of the Health Department of Guangxi 
(Z20190671).

Disclosure statement

The authors have no conflicts of interests to declare.

Funding

This work was supported by the National Natural Science 
Foundation of China [81960493]; Natural Science 
Foundation of Guangxi Province [2016GXNSFBA380144]; 
Natural Science Foundation of Guangxi Province 
[2015GXNSFAA139166]; Guangxi Multidisciplinary 
Collaboration Health Management Talent Small Highland 
and Construction Project [Guizu-tongzi-2019-85-9]; 
Guangxi Science and Technology Base and Talent Project 
[2020AC03005]; Self Foundation of the Health Department 
of Guangxi [Z20190671].

References

[1] Chen YP, Chan ATC, Le QT, et al. Nasopharyngeal 
carcinoma. Lancet. 2019;394(10192):64–80.

[2] Chen YF, Chang ET, Liu ZW, et al. Residence char-
acteristics and risk of nasopharyngeal carcinoma in 

southern China: a population-based case-control 
study. Environ Int. 2021;151:106455.

[3] Zhang ZN, Zhang YL, Qiu YL, et al. Human/eukaryotic 
ribosomal protein L14 (RPL14/eL14) overexpression 
represses proliferation, migration, invasion and EMT 
process in nasopharyngeal carcinoma. Bioengineered. 
2021;12(1):2175–2186.

[4] Peng L, Liu JQ, Xu C, et al. The prolonged interval 
between induction chemotherapy and radiotherapy is 
associated with poor prognosis in patients with naso-
pharyngeal carcinoma. Radiat Oncol. 2019;14(1):9.

[5] Tsao SW, Tsang CM, Lo KW. Epstein–Barr virus infec-
tion and nasopharyngeal carcinoma. Philos Trans 
R Soc Lond B Biol Sci. 2017;372(1732):28893937.

[6] KCA C, JKS W, King A, et al. Analysis of plasma 
Epstein–Barr virus DNA to screen for nasopharyngeal 
cancer. N Engl J Med. 2017;377(6):513–522.

[7] Lam WKJ, Jiang P, Chan KCA, et al. Sequencing-based 
counting and size profiling of plasma Epstein–Barr 
virus DNA enhance population screening of nasophar-
yngeal carcinoma. Proc Natl Acad Sci U S A. 2018;115 
(22):E5115–E5124.

[8] Tan LP, Tan GW, Sivanesan VM, et al. Systematic 
comparison of plasma EBV DNA, anti-EBV antibodies 
and miRNA levels for early detection and prognosis of 
nasopharyngeal carcinoma. Int J Cancer. 2020;146 
(8):2336–2347.

[9] Han B, Yang X, Zhang P, et al. DNA methylation 
biomarkers for nasopharyngeal carcinoma. PLOS 
ONE. 2020;15(4):e0230524.

[10] Zou X, Zhu D, Zhang H, et al. MicroRNA expression 
profiling analysis in serum for nasopharyngeal carci-
noma diagnosis. Gene. 2020;727:144243.

[11] Zhang JZ, Wu ZH, Cheng Q. Screening and identifica-
tion of key biomarkers in nasopharyngeal carcinoma: 
evidence from bioinformatic analysis. Med (Baltim). 
2019;98(48):e17997.

[12] Wei JZ, Ye JX, Luo Y, et al. EB virus promotes meta-
static potential by boosting STIM1-dependent Ca2+ 
signaling in nasopharyngeal carcinoma cells. Cancer 
Lett. 2020;478:122–132.

[13] Kopp F, Mendell JT. Functional classification and 
experimental dissection of long noncoding RNAs. 
Cell. 2018;172(3):393–407.

[14] Anderson DM, Anderson KM, Chang CL, et al. 
A micropeptide encoded by a putative long noncoding 
RNA regulates muscle performance. Cell. 2015;160 
(4):595–606.

[15] Wang XQ, Xu H, Wang CH, et al. Long non-coding 
RNA GNAS-AS1 promotes cell migration and invasion 
via regulating Wnt/β-catenin pathway in nasopharyn-
geal carcinoma. Eur Rev Med Pharmacol Sci. 2020;24 
(6):3077–3084.

[16] Xue MY, Cao HX. LINC01551 promotes metastasis of 
nasopharyngeal carcinoma through targeting 
microRNA-132-5p. Eur Rev Med Pharmacol Sci. 
2020;24(7):3724–3733.

7118 F. LIU ET AL.



[17] Li L, Zhang F. Novel long noncoding RNA LINC01385 
promotes nasopharyngeal carcinoma proliferation via 
the miR-140-3p/Twist1 signaling pathway. Cell Cycle. 
2020;19(11):1352–1362.

[18] Liao B, Yi Y, Zeng L, et al. LINC00667 sponges 
miR-4319 to promote the development of nasopharyn-
geal carcinoma by increasing FOXQ1 expression. Front 
Oncol. 2020;10:632813.

[19] Yao H, Yang L, Tian L, et al. LncRNA MSC-AS1 
aggravates nasopharyngeal carcinoma progression by 
targeting miR-524-5p/nuclear receptor subfamily 4 
group A member 2 (NR4A2). Cancer Cell Int. 
2020;20:138.

[20] Jiao W, Liu F, Tang FZ, et al. Expression of the 
Pokemon proto-oncogene in nasopharyngeal carci-
noma cell lines and tissues. Asian Pac J Cancer Prev. 
2013;14(11):6315–6319.

[21] Liu F, Lan J, Jiao W, et al. Differences in Zbtb7a 
expression cause heterogeneous changes in human 
nasopharyngeal carcinoma CNE3 sublines. Oncol 
Lett. 2017;14(3):2669–2676.

[22] Liu F, Tang F, Lan J, et al. Stable knockdown of 
ZBTB7A promotes cell proliferation and progression 
in nasopharyngeal carcinoma. Tumori. 2018;104 
(1):37–42.

[23] Liu F, Wei JZ, Hao YR, et al. Long noncoding RNAs 
and messenger RNAs expression profiles potentially 
regulated by ZBTB7A in nasopharyngeal carcinoma. 
BioMed Res Int. 2019;2019:7246491.

[24] Guo D, Bell EH, Mischel P, et al. Targeting 
SREBP-1-driven lipid metabolism to treat cancer. 
Curr Pharm Des. 2014;20(15):2619–2626.

[25] Zou ZW, Ma C, Medoro L, et al. LncRNA ANRIL is 
up-regulated in nasopharyngeal carcinoma and pro-
motes the cancer progression via increasing prolifera-
tion, reprograming cell glucose metabolism and 
inducing side-population stem-like cancer cells. 
Oncotarget. 2016;7(38):61741–61754.

[26] ÁL R-C, Riquelme I, Brebi-Mieville P. Tools for 
sequence-based miRNA target prediction: what to 
choose?. Int J Mol Sci. 2016;17(12):1987.

[27] Pan XF, Peng G, Liu S, et al. MicroRNA-4649-3p 
inhibits cell proliferation by targeting protein tyrosine 
phosphatase SHP-1 in nasopharyngeal carcinoma cells. 
Int J Mol Med. 2015;36(2):559–564.

[28] Livak KJ, Schmittgen TD. Analysis of relative gene 
expression data using real-time quantitative PCR and 
the 2(-Delta Delta C(T)) method. Methods. 2001;25 
(4):402–408.

[29] Pan J, Zhao LX. Long non-coding RNA histone deace-
tylase 4 antisense RNA 1 (HDAC4-AS1) inhibits 
HDAC4 expression in human ARPE-19 cells with 
hypoxic stress. Bioengineered. 2021;12(1):2228–2237.

[30] Hou J, Yan J, Ren XY, et al. Long noncoding RNA 
ROR1-AS1 induces tumor metastasis and 
epithelial-mesenchymal transition by sponging 
miR-375 in nasopharyngeal carcinoma. Eur Rev Med 
Pharmacol Sci. 2020;24(1):174–180.

[31] Hu W, Li H, LncRNA WS. SNHG7 promotes the 
proliferation of nasopharyngeal carcinoma by 
miR-514a-5p/ELAVL1 axis. BMC Cancer. 2020;20 
(1):376.

[32] Chen X, Huang Y, Shi D, et al. LncRNA ZNF667-AS1 
promotes ABLIM1 expression by adsorbing 
microRNA-1290 to suppress nasopharyngeal carci-
noma cell progression. Onco Targets Ther. 
2020;13:4397–4409.

[33] Chen L, Sun L, Dong L, et al. The role of long non-
coding RNA-LET in cell proliferation and invasion of 
nasopharyngeal carcinoma and its mechanism. Onco 
Targets Ther. 2017;10:2769–2778.

[34] Lo AK, Lung RW, Dawson CW, et al. Activation of 
sterol regulatory element-binding protein 1 
(SREBP1)-mediated lipogenesis by the Epstein– 
Barr virus-encoded latent membrane protein 1 
(LMP1) promotes cell proliferation and progression 
of nasopharyngeal carcinoma. J Pathol. 2018;246 
(2):180–190.

[35] Song LB, Wang HM, Zeng MS, et al. Study on the 
tumor heterogeneity of nasopharyngeal carcinoma cell 
line (SUNE-1). Ai Zheng. 1998;17(5):324–327. in 
Chinese.

BIOENGINEERED 7119


	Abstract
	Introduction
	Materials and methods
	Tissue samples
	Bioinformatic analyses
	Cell culture
	Cell transfection
	qPCR
	RNA fluorescence insitu hybridization (FISH) assay
	3-(4,5-Dimethyl-2-Thiazolyl)-2,5-Diphenyl-2-H-Tetrazolium Bromide (MTT) assay
	Colorimetric focus-formation assay
	Wound healing assay
	Transwell migration and invasion assays
	Western blotting
	Dual Luciferase Reporter Assay
	Statistical analyses

	Results
	LINC02570 is upregulated in late clinical stage NPC patients
	Stable knockdown/overexpression and location of LINC02570 in NPC cell lines
	Stable knockdown of LINC02570 suppressed NPC progression
	Stable LINC02570 overexpression promotes NPC progression
	LINC02570 regulates the SREBP1-FASN signaling pathway in NPC


	Discussion
	Conclusion
	Article highlights
	Acknowledgements
	Disclosure statement
	Funding
	References

