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Abstract
Background: LncRNA TSIX has been observed to be abnormally expressed in many human cancers.
However, its roles in nasopharyngeal carcinoma (NPC) remains unclear, and this study aims to explore
the functions of TSIX in NPC.

Methods: The expression of TSIX and miR-342-3p in NPC tissues and corresponding cell lines was
detected by qRT-PCR. Bioinformatics analysis and luciferase activity assay and RIP assay were applied to
determine the interaction between TSIX, miR-342-3p, and AGR2. The roles of TSIX, miR-342-3p and AGR2
in the proliferation, apoptosis, migration and invasion of NPC cells were explored both in vitro and in vivo.
In addition, the rescue experiments were used to con�rm the functions of TSIX, miR-342-3p, and AGR2 in
NPC progression.

Results: Our study �rstly found that TSIX was signi�cantly upregulated in NPC tissues and corresponding
cell lines. Moreover, upregulation of TSIX obviously exacerbated the NPC progression including the
proliferation, apoptosis, migration and invasion, while downregulation of TSIX e�ciently attenuated the
development of NPC. Further, our results demonstrated that TSIX could increase the expression of AGR2,
which was directly targeted by miR-342-3p, and then lead to the facilitated development of NPC cells.

Conclusion: In summary, our study revealed that lncRNA TSIX promoted the progression of NPC through
targeting miR-342-3p/AGR2 axis, suggested that it might be a potential therapeutic target for NPC.

Background
Nasopharyngeal carcinoma (NPC) is an umbrella term for a group of malignant epithelial tumors, and
some of which have a dramatically skewed geographical and ethnic distribution and exhibits virtually
100% association with Epstein Barr virus(1). Although NPC is uncommon in the United States with only
0.2 to 0.5 cases per 100,00 people, the incidence is 25 to 50 per 100,000 people in southern China and
Hong Kong(2). Epidemiological trends of previous studies have shown that its incidence has declined
gradually but progressively and mortality has been reduced substantially(3). Moreover, the prognosis of
NPC patients has improved signi�cantly over the past three decades due to advances in disease
management, diagnostic imaging, radiotherapy technology, and broader application of systemic
therapy(4). Hence, the study of molecular mechanisms in NPC is still urgent and may help to identify
e�cient therapeutic and diagnostic targets(5–7).

Long non-coding RNAs (lncRNAs) are a class of non-protein coding RNAs with approximately with greater
than 200 nucleotides(8). A large number of studies have revealed that lncRNAs are closely involved in the
progression of human diseases, including growth, proliferation, invasion and migration(9–11). LncRNA
TSIX has been identi�ed to play crucial regulatory functions or serves as potential biomarkers in human
cancers. For instance, TSIX promotes osteoblast apoptosis in particle-induced osteolysis via sponging
and downregulating the expression of miR-30a-5(12). It was reported that TSIX was signi�cantly
upregulated in scleroderma dermal �broblasts and regulated the stabilization of collagen mRNA(13).



Page 4/24

Inhibition of TSIX can accelerate tibia fraction healing through binding and positively regulating the SOX6
expression(14). One previous study revealed that the panel of three RNAs including TSIX, miR-548-a-3p
and SOGA1-based signatures show a higher speci�city and sensitivity to separate HCC patients from
control subjects, con�rming its important diagnostic values(15). Despite these above, the roles of TSIX in
NPC has not been reported and attracted to investigate its underlying mechanism in vitro and in vivo.

MicroRNAs (miRNAs) are a group of short non-coding RNAs approximately 20 nucleotides that always
post-transcriptionally modulate gene expression through binding to the 3′-UTR of target mRNAs(16).
MicroRNA-342-3p has been found to be frequently dysregulated in human cancers including NPC. The
downregulation of miR-342-3p can exacerbate the aggressive phenotype in NPC cells by directly targeting
Forkhead box 1 (FOXQ1)(17). In addition, miR-342-3p inhibits the progression of NPC cells by targeting
and downregulating Cdc42 expression(18). However, the speci�c mechanism of miR-342-3p in NPC is
lack and needed to be explored in detail.

Anterior Gradient 2 (AGR2) is a member of protein disul�de isomerase family and recent studies have
revealed its varying oncogenic roles in cancer biology(19–21). In breast cancer (BC), high expression of
AGR2 has an unfavorable impact on overall survival of patients with BC(22). Meanwhile, upregulation of
AGR2 can attenuate the sensitivity of BC cells to fulvestrant and epirubicin(23, 24). In NPC, AGR2 has
been found obviously increased in the serum of tumor patients, and suggested that AGR2 can potentially
serves as a potential marker for the diagnose and prognosis of NPC(25). In addition, N, N' -
dinitrosopiperazine-mediated AGR2 has been identi�ed to be closely associated with the metastasis of
NPC(26). These studies all con�rmed the oncogenic roles of AGR2 in human cancers including NPC.

Here, we �rstly found that TSIX was markedly upregulated in NPC tissues compared with matched
normal tissues. Further, our results demonstrated that TSIX promoted the progression of NPC through
upregulating AGR2 expression by sponging miR-342-3p, suggesting that TSIX might be a potential
therapeutic target for NPC.

Methods

Tissues specimens
A total of 55 NPC tissues samples and 48 matched adjacent tissues samples were obtained by surgery
from patients who suffered NPC and underwent the biopsy of the nasopharynx at The First A�liated
Hospital, Jinan University from March 2015 to March 2017. The diagnosis of NPC patients was
pathologically con�rmed according to the criteria of World Health Organization (WHO), and all chosen
patients were informed with consent before surgery. The available samples were immediately snap
frozen in liquid nitrogen and then stored at 80°C. This study was approved by the human Ethics
Committee of National Engineering Research Center of Genetic Medicine.

Cell culture
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Human NPC cell lines including SUNE1, HK1, CNE1 and CNE2 cells and normal nasopharyngeal epithelial
cell NP69 cells were purchased from the Cell Bank of the Chinese Academy of Sciences. Cell were
cultured with RPMI 1640 medium containing 10% FBS, 1% penicillin/streptomycin with 5% CO2 at 37˚C.

Cell transfection
Cell transfection was performed in SUNE1 or HK1 cells by using Lipofectamine 3000 kit. Of which, sh-
TSIX, sh-NC, miR-342-3p mimics, miR-NC, miR-inhibitor, inhibitor NC and sh-AGR2 were purchased from
GenePharma Co., Ltd. Suzhou. In addition, to overexpress TSIX, the entire TSIX sequence was ampli�ed
and cloned into the pcDNA3.1 vector (GenePharma) to generate the overexpressing vector pc-TSIX, with
empty vector pcDNA3.1 as the negative control. The sequences as follows: sh-TSIX: 5'-
CAATCTCGCAAGATC CGGTG-3'; sh-AGR2: 5'-AGA GAT ACC ACAGTC AAA CC-3'; sh-NC (AGR2): 5'-AAC
AGT CGC GTT TGC GAC TGG-3'.

miR-342-3p mimics and inhibitors were obtained from Gene-Pharma (Suzhou, China) (mimic: 5-
UCUCACACAGAAAUCGCACCCGU-3’; inhibitor:5-ACGGGUGCGAUUUCUGUGUGAGA-30) The NC sequence is
5′-ACAAAGUUCUGUGAUGCACUGA-3′ and 5′-ACAAAGUUCUGUGAUGCACUGA-3′

Luciferase reporter assay
The wile type (WT) or mutant type (MUT) fragments of TSIS or AGR2 containing the putative binding
sites of miR-342-3p was obtained by PCR from human genome, and cloned into the pmirGLO
Dual‐Luciferase miRNA Target Expression Vector (Promega Corp., Fitchburg, WI, USA). Then SUNE1 cells
were co-transfected with WT or MUT TSIX/AGR2 and miR-342-3p mimics or miR-NC by using the
Lipofectamine 3000 kit. After transfection for 48 h, cells were collected, lysed and the relative luciferase
activity was detected by using the Dual‐Luciferase Assay system (Promega).

RNA isolation and qRT-PCR
Total RNA from tissues and cultured cells was extracted by TRIzol reagent (Invitrogen) according to the
manufacturer's instructions. Reverse transcription was carried out by using the M-MLV reverse
transcriptase kit (Promega, Madison, USA). The quantitative real-time PCR (qRT-PCR) was performed
using the Bio-Rad CFX96 Touch sequence detection system (Bio-Rad Laboratories Inc., Hercules, CA, USA)
based on the Platinum SYBR Green qPCR SuperMix-UDG reagents (Invitrogen), with GAPDH and U6 was
considered as the internal reference. The relative fold changes of targets were analyzed by using 2-ΔΔCt

method(27). All primers using in this study as follows: AGR2 forward: 5'-TGATGGCCAGTATGTCCC-3',
reverse: 5'-CAGTCTTCAGCAACTTGAG-3'; GAPDH forward: 5'-GAGTCAACG-GATTTGGTCGT -3', reverse: 5'-
TTGATTTTGGAGGGATCTCG -3'; miR-342-3p forward: 5′-GGGTCTCACACAGAAATCGC-3′, reverse: 5′-
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CAGTGCGTGTCGTGGAGT-3′; U6 forward: 5′-CGCGCTTCGGCAGCACATATACT-3′, reverse: 5′-
ACGCTTCACGAATTTGCGTGTC-3′.

Western blot
Total protein of tissues or cultured cells was isolated by using RIPA lysis buffer (Beyotime Biotechnology,
Shanghai, China) according to the manufacturer’s instructions. Approximately equal amounts of protein
were separated by 12% SDS-PAGE and then transferred nitrocellulose membrane based on the wet
transfer method. After blocking with 3% skim milk, the membranes were incubated with primary
antibodies against AGR2 (1:1000, ab209224, abcam) and internal reference GAPDH (1:2000, ab37168,
abcam) 4°C overnight. On the following day, the membranes were incubated with goat anti-rabbit IgG
(1:1000, ab6721, abcam) for 1 h which was diluted with 5% skim milk. After washing, the membranes
were exposed to ECL solution followed by imaging by a Bio-Rad gel imaging system (MG8600; Thmorgan
Biotechnology, Beijing, China). The gray values of target proteins were quanti�ed by IPP7.0 software.

RIP assay
To determine the interaction between TSIX and miR-342-3p, RIP assay was performed by using the EZ-
Magna RIP kit according to the manufacturer’s instructions. In brief, cells were harvested, and the
extraction was incubated with Ago2 antibody (5 μg/sample; Abcam, Cambridge, UK) with IgG was the
negative control. Then co-precipitated RNAs were puri�ed by using TRIzol reagent and the expression of
TSIX or miR-342-3p was detected by qRT-PCR.

CCK-8 assay
Cell viability was evaluated by using Cell Counting Kit-8 (Dojindo, Kyushu, Japan). Brie�y, approximately
1 × 103 cells were plated into 96-well plates for different times including 24h, 48h, 72h and 96h.
Subsequently, 10 μl of CCK-8 solution was added into each well and incubated at 37°C for 2 h, then the
absorbance was recorded at 450 nm to determine the cell viability.

Transwell assay
The Transwell assay was performed as previous described(28). Brie�y, 3×104 cells with different
treatments were added in the upper uncoated (migration) or 8.0-μm-pore Matrigel™-coated membranes
(for invasion) with serum-free medium. Simultaneously, the lower chamber was �lled with medium
supplemented with 10% FBS. The chamber was cultured for 48 h to perform the migration assay and
extracellular matrix gel was used for the cell invasion assay. Finally, cells were �xed by 4%
paraformaldehyde and stained with crystal violet, then the cells were observed under the phase contrast
microscope (×100 magni�cation) (Nikon) in 10 randomly �elds.
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Apoptosis analysis
Cell apoptosis was evaluated by using the Annexin V-FITC Apoptosis Detection Kit (Sangon Biotech).
Brie�y, cells with different treatments were re-suspended with 100 μL binding buffer. Then cells were
double stained by Annexin V for 15 min and propidium iodide (PI) for 10 min. Afterwards, the apoptotic
rate was evaluated by using BD LSRII Flow Cytometer System (BD Biosciences) and the data was
quantitated with the FACSDiva Software.

EdU staining assay
To evaluate the proliferation of NPC cells with different treatments, Edu staining assay was performed
using Cell-Light EdU Apollo 567 In Vitro Imaging Kit (Ribobio) as previously described(29). In brief,
approximately 4 × 103 cells with different treatments in logarithmic phase were plated into 96-well plates.
After 24 h, 100 μl medium containing 50 μM EdU was added into each well and incubated for 2 h at 37
°C. Then cells were �xed with 4% paraformaldehyde, and stained with Hoechst 33,342 and Apollp
reaction cocktail. Images were captured by using a confocal LSM 710 (Carl Zeiss Microimaging, Jena,
Germany) (×100 magni�cation) and EdU-positive cells were counted within each �eld by using ImageJ
software.

Animal model
All male BALB/C nude mice (approximately 16-28g, 5-6 weeks) were purchased from The First A�liated
Hospital, Jinan University Laboratory Animal Technology Co., Ltd. and kept in a pathogen-free facility.
Mice were anaesthetized with 0.1 ml/100 g pentobarbital sodium through intramuscular injection, and
approximately 5 × 106 cells with different treatments were subcutaneously inoculated into the dorsal of
the nude mice for in vivo xenograft assay. All mice were randomly divided into three groups: sh-NC group,
sh-TSIX group, sh-TSIX + miR-342-3p inhibitor group. Tumor volume of different mice were calculated
every 7 days for 28 days by the formula: volume = (length x width x width)/2. After kept 28 days, mice
were sacri�ced by cervical dislocation. Xenograft tumors from different groups were removed and
weighted, meanwhile, the representative images of xenograft tumors were captured by a microscope. All
animal producers were approved by the animal Ethics Committee of National Engineering Research
Center of Genetic Medicine.

Immunohistochemistry
Para�n-embedded tissues were depara�nized, hydrated in ethyl alcohol and incubated with 0.3% H2O2

for elimination of endogenous peroxidase activity. After rupture of nuclear membrane with 0.1% Triton X-
100 for 30 min and blockage with 5% normal donkey serum, tissue slides were incubated with primary
antibody anti-Ki67 (abcam, Cambridge MA) at 4°C overnight and corresponding secondary antibody at
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room temperature for 1 h. Immunohistochemistry results were captured using Olympus BX 41
Microscope (Olympus Corporation, Japan) (× 200 magni�cation).

Statistical analysis
All data were presented as mean ± SD which were derived from at least three independent experiments.
Difference between two groups was determined by Student's t‐test and difference among multiple groups
was determined by one‐way ANOVA. P < 0.05 was considered to be the signi�cant threshold.

Results

LncRNA TSIX was signi�cantly upregulated in NPC tissues
and cell lines
To explore the roles of TSIX in NPC, the expression of TSIX in NPC tissues of patients with different
clinicopathological features and corresponding cell lines was evaluated and the results showed that TSIX
was signi�cantly upregulated both in NPC tissues of patients with I + II stage (p < 0.05) and that with III +
III stage (p < 0.01) compared with that in the adjacent tissues, and the increased expression of TSIX was
positively associated with the pathological stage of NPC (Fig. 1A). To determine the effect of TSIX, we
also evaluated its expression in NPC cell lines, and the results indicated that the expression of TSIX was
also upregulated in several cell lines including SUNE1 (p < 0.01), HK1(p < 0.01), CNE1 (p < 0.05) and CNE2
cells (p < 0.05) compared with normal nasopharyngeal epithelial cell NP69 cells (Fig. 1B). Meanwhile, it
showed the highest expression of TSIX in SUNE1 and HK1 cells (Fig. 1B), so SUNE1 and HK1 cells were
selected for the subsequent experiments. These results indicated that TSIX might be positively related to
the progression of NPC.

Downregulation of TSIX e�ciently inhibited NPC
progression
To explore the function of TSIX in NPC, pc-TSIX (overexpression of TSIX) or negative control pcDNA3.1
and sh-TSIX (silencing of TSIX) or negative control sh-NC was transfected into SUN1 and HK1 cells. qRT-
PCR assay showed that pc-TSIX signi�cantly increased the expression of TSIX both in SUN1 and HK1
cells compared with pcDNA3.1 control (p < 0.05), while sh-TSIX markedly decreased the expression of
TSIX both in SUN1 and HK1 cells compared with sh-NC control (p < 0.05) (Fig. 2A), suggesting that pc-
TSIX and sh-TSIX could be used for the subsequent experiments. The results of CCK-8 assay indicated
that overexpression of TSIX signi�cantly promoted the cell viability of SUN1 and HK1 cells compared
with pcDNA3.1 control (p < 0.01), while downregulation of TSIX signi�cantly inhibit the cell viability of
SUN1 and HK1 cells compared with sh-NC group (p < 0.05) (Fig. 2B). For cell apoptosis, silencing of TSIX
signi�cantly promoted the apoptosis of both SUN1 and HK1 cells (p < 0.01), while no obvious effect in
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the pc-TSIX group both in SUN1 and HK1 cells (Fig. 2C). Meanwhile, EdU staining assay showed that
overexpression of TSIX signi�cantly increased the EdU positive cells of both SUN1 and HK1 cells
compared with pcDNA3.1 control group (p < 0.05), while silencing of TSIX markedly decreased the
numbers of EdU positive cells of both SUN1 and HK1 cells compare with sh-NC group (p < 0.05) (Fig. 2D).
In addition, our results also showed that overexpression of TSIX signi�cantly promoted the invasion (p <
0.05) and migration (p < 0.05) of SUN1 and HK1 cells compared with pcDNA3.1 control group, while
silencing of TSIX obviously inhibited the invasion (p < 0.05) and migration (p < 0.05) of SUN1 and HK1
cells compared with sh-NC group (Fig. 2E). These results indicated that downregulation of TSIX could
inhibit the development of NPC which was characterized by decreased cell viability, proliferation, invasion
and migration of NPC cells, while upregulation of TSIX oppositely exacerbated NPC progression.

TSIX acted as a ceRNA of miR-342-3p
To explore the speci�c mechanism of TSIX in NPC, StarBase v2.0 was used to predicted the potential
targets of TSIX, and the results showed that there was a putative binding site between TSIX and miR-342-
3p (Fig. 3E), suggesting that TSIX might act as a ceRNA of miR-342-3p. To determine the interaction
between TSIX and miR-342-3p, SUN1 cells was transfected with pc-TSIX, pcDNA3.1, sh-TSIX or sh-NC,
and qRT-PCR assay showed that overexpression of TSIX signi�cantly decreased the expression of miR-
342-3p compared with pcDNA3.1 group (p < 0.05), while silencing of TSIX dramatically increased miR-
342-3p expression compared with sh-NC group (p < 0.05) (Fig. 3A). Moreover, we found that miR-342-3p
was signi�cantly downregulated in NPC tissues of patients with I + II stage (p < 0.05) and that with III + III
stage (p < 0.01) compared with that in the adjacent tissues (Fig. 3B). Meanwhile, miR-342-3p was also
downregulated in SUNE1 (p < 0.01), HK1(p < 0.01), CNE1 (p < 0.05) and CNE2 cells (p < 0.05) compared
with NP69 cells (Fig. 3C). Besides, Pearson correlation analysis showed that there was an obvious
negative correlation between TSIX and miR-342-3p in NPC tissues (R2 = 0.56, p <. 001) (Fig. 3D). To
further con�rm their relationship, the WT or MUT type TSIX against miR-342-3p (Fig. 3E) was co-
transfected with miR-342-3p mimics or miR-NC into SUN1 cells and the luciferase reporter assay was
performed. The results showed that miR-342-3p mimics signi�cantly decreased the relative luciferase
activity of WT TSIX (p < 0.05), while exhibited no obvious change in MUT TSIX (Fig. 3F). In addition, the
results of RIP assay revealed that the relative expression level of TSIX or miR-342-3p was all signi�cantly
increased in anti-Ago2 group compared with IgG group (p < 0.001) (Fig. 3G). These data suggested that
TSIX play its crucial roles in NPC through sponging miR-342-3p.

MiR-342-3p inhibitor reversed sh-TSIX induced inhibitory
effect in NPC progression
To determine whether the inhibitory effect of sh-TSIX was mediated by miR-342-3p, SUN1 cells were
transfected with sh-TSIX, sh-NC, or co-transfected with sh-TSIX and miR-342-3p inhibitor. We �rstly
evaluated the transfection e�ciency of miR-342-3p inhibitor and the results showed that miR-342-3p
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inhibitor signi�cantly decreased the expression of miR-342-3p (p < 0.01). Further, miR-342-3p inhibitor
signi�cantly reversed sh-TSIX induced inhibitory effect in cell viability of SUN1 cells compared with sh-
TSIX group (p < 0.01) (Fig. 4B). Additional miR-342-3p inhibitor obviously inhibited sh-TSIX induced
apoptosis of SUN1 cells compared with sh-TSIX group (p < 0.05) (Fig. 4C). Meanwhile, co-transfection sh-
TSIX and miR-342-3p inhibitor also signi�cantly reversed sh-TSIX induced inhibitory effect on the
numbers of EdU positive cells in SUN1 cells compared with sh-TSIX group (p < 0.05) (Fig. 4D). In addition,
the results of transwell assay showed that miR-342-3p inhibitor signi�cantly reversed sh-TSIX induced
inhibitory effect on the invasion (p < 0.05) and migration (p < 0.05) of SUN1 cells compared with sh-TSIX
group (Fig. 4E). These results revealed that downregulation of miR-342-3p could e�ciently reversed sh-
TSIX induced inhibitory effect in NPC progression.

AGR2 was a target of miR-342-3p
Next, Targetscan ATG14 (http://www.targetscan.org/cgi-bin/targetscan/vert_71/) was applied to
predicted the potential targets of miR-342-3p, and the results showed that AGR2 might be a potential
target of miR-342-3p (Fig. 5A). To determine this prediction, the WT or MUT AGR2 fragments containing
putative binding site of miR-342-3p was cloned into luciferase reporter vector and the luciferase assay
indicated that overexpression of miR-342-3p signi�cantly decreased the relative luciferase activity of WT
type AGR2 (p < 0.05), while showed no obvious change in MUT AGR2 (Fig. 5B). Further, SUN1 cells were
transfected with miR-342-3p mimics, miR-NC, miR-342-3p inhibitor, or inhibitor NC, and the expression of
AGR2 was evaluated by western blot. The results showed that miR-342-3p mimics signi�cantly decreased
the protein expression of AGR2 compared with miR-NC group (p < 0.05), while miR-342-3p inhibitor
obviously increased AGR2 expression (p < 0.05) (Fig. 5C). Meanwhile, SUN1 cells were then transfected
with pc-TSIX, pcDNA3.1, sh-TSIX or sh-NC, and the protein expression of AGR2 was also evaluated by
western blot. The results indicated that overexpression of TSIX signi�cantly increased the protein level of
AGR2 compared with pcDNA3.1 control (p < 0.05), while silencing of TSIX decreased the AGR2 expression
(p < 0.05) (Fig. 5D). In addition, we also explore whether downregulation of AGR2 could reversed the
effect of miR-342-3p inhibitor in NPC progression. Hence, SUN1 cells were transfected with sh-AGR2 or
sh-NC (AGR2), and qRT-PCR assay revealed that sh-AGR2 could signi�cantly decreased the mRNA
expression of AGR2 compared with sh-NC group (p < 0.01). Moreover, downregulation of AGR2 could
markedly inhibited the cell viability (p < 0.05) (Fig. 5F) and proliferation (p < 0.05) (Fig. 5G) of SUN1 cells
induced by miR-342-3p inhibitor compared with sh-NC group. These results demonstrated that the effect
of miR-342-3p in NPC was mediated by AGR2.

Downregulation of TSIX inhibited tumor development in
vivo through targeting miR-342-3p/AGR2 axis
Finally, the tumor xenograft mice model of NPC in vivo was established to con�rm the role of TSIX. The
results indicated that sh-TSIX e�ciently decreased the tumor volume of xenograft tumor in mice
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compared with sh-NC group (p < 0.05), while miR-342-3p inhibitor obviously reversed the inhibitory effect
of sh-TSIX (p < 0.01) (Fig. 6A). Meanwhile, sh-TSIX e�ciently decreased the tumor weight of xenograft
tumor in mice (p < 0.01), while downregulation of miR-342-3p could obviously reversed sh-TSIX induced
protective effect (p < 0.05) (Fig. 6B). The representative images of xenograft tumor from different groups
were shown in Fig. 6C. As expected, the results of Ki-67 staining assay in tumor tissues showed that sh-
TSIX could signi�cantly reduce the proliferation of NPC cells compared with sh-NC group, while miR-342-
3p inhibitor obviously reversed the inhibitory effect of sh-TSIX (Fig. 6D). Moreover, the protein expression
of AGR2 in tumor tissues was evaluated, and the results indicated that sh-TSIX signi�cantly decreased
the protein expression of AGR2 compared with sh-NC group (p < 0.05), while co-transfection of sh-TSIX
and miR-342-3p inhibitor obviously reversed the inhibitory effect of sh-TSIX on AGR2 expression (p <
0.05) (Fig. 6E). These results indicated that downregulation of TSIX could e�ciently inhibit tumor
development in vivo through targeting miR-342-3p/AGR2 axis.

Discussion
Increasing evidences indicated that most NPC-caused death are due to its recurrence or metastasis(30).
Therefore, it is essential to understand the speci�c mechanisms during NPC development. Recently, a
series of lncRNAs have been identi�ed to exert vital biological functions in NPC, which might be
considered as potential biomarkers. LncRNA NKILA suppresses the carcinogenesis and metastasis of
NPC through inactivating the NF-κB signaling pathway(31). LncRNA THOR has been found that can
attenuate cisplatin sensitivity of NPC cells via enhancing cells stemness(32). LncRNA HOTAIR
contributes to the tumorigenesis of NPC via targeting and upregulating FASN expression(33). LncRNA
DANCR can stabilizes HIF-1α and exacerbate the metastasis in NPC through directly targeting
NF90/NF45 axis(34). Liu et al. have demonstrated that increased expression of lncRNA SNHG12
potentially predicts a poor prognosis of NPC and promotes the development of NPC via modulating
Notch signal pathway(35). LncRNA ROR can promote proliferation, migration and chemoresistance of
NPC cells, and suggested it might be regarded as a therapeutic target and potentially reduce
chemoresistance of NPC(36). Although lncRNA TSIX has been revealed to act as crucial roles in various
cancers, its function in NPC remains unclear. Here, we found that TSIX was markedly upregulated in NPC
tissues with different clinicopathological features and several NPC cell lines. Moreover, silencing of TSIX
could e�ciently inhibit the viability, growth, invasion, migration, and induce apoptosis of NPC cells, while
overexpression of TSIX signi�cantly exacerbated NPC progression. These data suggested that TSIX
might play a potential oncogenic role in NPC.

It has been reported that lncRNAs always play their important roles by directly sponging miRNAs in the
development and progression of human cancers including NCP(37, 38). In NPC, several lncRNAs have
been identi�ed to directly sponge miRNAs to promote or inhibit the progression of NPC. For example,
LINC00210 can sponge miR-328-5p to promote NPC tumorigenesis through activating NOTCH3 signaling
pathway(39). Knockdown of lncRNA ZFAS1 can e�ciently suppress the progression of NPC through
sponging miR-135a(40). Silencing of lncRNA ANRIL signi�cantly inhibit the proliferation, induces
apoptosis, and promotes the radiosensitivity in NPC cells by directly targeting miR-125a and then
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upregulating its expression(41). In addition, upregulation of lncRNA HAGLROS can e�ciently promote the
development of NPC by modulating PI3K/AKT/mTOR signaling pathways through targeting miR-
100/ATG14 axis(42). Here, to explore the speci�c mechanisms of TSIX in NPC, Starbase v2.0 database
was used to predicted the potential targets of TSIX, and showed that there was a putative binding site
between TSIX and miR-342-3p, suggesting that miR-342-2p might be a target of TSIX. Further, luciferase
reporter assay and RIP assay all con�rmed the negative correlation between TSIX and miR-342-3p.
Meanwhile, downregulation of miR-342-3p could signi�cantly reverse sh-TSIX induced inhibitory effect in
NPC development including cell viability, proliferation, invasion, migration and apoptosis.

MiRNAs have also been identi�ed to play crucial roles in the progression of cancer through directly
binding to the 3′UTR of targets mRNA(43, 44). To perfect the regulatory network of TSIX/miR-342-3p axis
in NPC, Targetscan was applied to search for the potential targets of miR-342-3p, and the results
suggested that miR-342-3p might directly bind to the 3′UTR of AGR2. Meanwhile, the luciferase assay
showed that overexpression of miR-342-3p could obviously decrease the relative luciferase activity of WT
type AGR2, while showed no obvious change in MUT AGR2. In addition, miR-342-3p mimics signi�cantly
decreased the expression of AGR2, while miR-342-3p inhibitor obviously increased AGR2 expression in
SUN1 cells; Overexpression of TSIX signi�cantly increased the expression of AGR2, while silencing of
TSIX decreased the AGR2 expression. These data suggested that miR-342-3p could negatively regulate
AGR2 by directly binding to the 3′UTR of AGR2. Based on previous studies of AGR2 in NPC that, the
expression of AGR2 was signi�cantly overexpressed and high AGR2 expression was associated with NPC
metastasis(26). The in vivo experiments in xenograft mice model was performed and the results
indicated that sh-TSIX signi�cantly decreased the protein expression of AGR2 compared with sh-NC
group in tumor tissues, while co-transfection of sh-TSIX and miR-342-3p inhibitor obviously reversed the
inhibitory effect of sh-TSIX on AGR2 expression. Moreover, downregulation of TSIX e�ciently inhibit the
tumor development in mice, and this inhibitory effect was obviously reversed by miR-342-3p inhibitor. All
these results suggested that downregulation of TSIX could e�ciently attenuate NPC progression through
targeting miR-342-3p/AGR2 axis.

However, whether the effect of TSIX or miR-342-3p in NPC could be affected by AGR2 should be
con�rmed in the subsequent experiments in the future.

Conclusion
In this study, we discovered a novel mechanism of lncRNA TSIX in NPC progression, that was, TSIX
promoted the development of NPC through upregulating AGR2 expression by directly sponging miR-342-
3p, providing a potential therapeutic target for NPC.
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Figure 1

TSIX was signi�cantly upregulated in NPC tissues and cell lines. (A) The mRNA level of TSIX in NPC
tissues of patients different clinicopathological features and matched adjacent tissues was evaluated by
qRT-PCR (adjacent tissues n = 48, stage I + II n = 26, stage III + III n = 29). (B) The mRNA expression of
TSIX in NPC cell lines and normal nasopharyngeal epithelial cell NP69 was evaluated by qRT-PCR (n = 4).
* p < 0.05, ** p < 0.01.
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Figure 2

Downregulation of TSIX e�ciently inhibited NPC progression. SUN1 and HK1 cells were transfected with
pc-TSIX, pcDNA3.1, sh-TSIX or sh-NC. (A) The mRNA level of TSIX was evaluated by qRT-PCR. (B) Cell
viability was detected by CCK-8 assay. (C) Cell apoptosis rate was evaluated by �ow cytometry. (D) Cell
proliferation was evaluated by EdU staining assay. Images were merged with green channel and blue
channel. And the multiple supporting �elds of cells were shown in Supplementary Figure 1. × 100
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magni�cation, scale bar = 100 μm. (E) The cell numbers of invasion and migration was evaluated by
Transwell assay. × 100 magni�cation, scale bar = 20 μm. N = 4, * p < 0.05, ** p < 0.01.

Figure 3

TSIX acted as a ceRNA of miR-342-3p. (A) SUN1 cells were transfected with pc-TSIX, pcDNA3.1, sh-TSIX
or sh-N, and the mRNA expression of miR-342-3p was evaluated by qRT-PCR (n = 4). (B) The mRNA level
of miR-342-3p in NPC tissues of patients different clinicopathological features and matched adjacent
tissues was evaluated by qRT-PCR (adjacent tissues n = 48, stage I + II, n = 26, stage III + III, n = 29). (C)
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The mRNA level of miR-342-3p in NPC cell lines and normal NP69 cells was evaluated by qRT-PCR (n = 4).
(D) Pearson correlation analysis between the expression of TSIX and miR-342-3p (n = 55). (E) The
potential targets of TSIX was predicted by StarBase v2.0. (F) The relative activity of WT or MUT TSIX was
evaluated by luciferase reporter assay (n = 4). (G) The enrichment fold of TSIX or miR-342-3p was
evaluated by RIP assay (n = 4). * p < 0.05, ** p < 0.01.

Figure 4
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MiR-342-3p inhibitor reversed sh-TSIX induced inhibitory effect in NPC progression. (A) SUN1 cells were
transfected with miR-342-3p inhibitor or inhibitor NC, and the mRNA level of miR-342-3p was evaluated by
qRT-PCR. (B-E) SUN1 cells were transfected with sh-TSIX, sh-NC, or co-transfected with sh-TSIX and miR-
342-3p inhibitor. (B) Cell viability was evaluated by CCK-8 assay. (C) Cell apoptosis rate was evaluated by
�ow cytometry. (D) Cell proliferation was evaluated by EdU staining assay. Images were merged with
green channel and blue channel. And the multiple supporting �elds of cells were shown in Supplementary
Figure 2. × 100 magni�cation, scale bar = 100 μm. (E) The cell numbers of invasion and migration was
evaluated by Transwell assay. × 100 magni�cation, scale bar = 20 μm. N = 4, * p < 0.05, ** p < 0.01.
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Figure 5

AGR2 was a target of miR-342-3p. (A) The putative binding site between miR-342-3p and AGR2 was
predicted by Targetscan. (B) The WT or MUT type AGR2 was co-transfected with miR-342-3p mimics or
miR-NC into SUN1 cells, and the relative luciferase activity was evaluated by dual luciferase reporter
system (n = 4). (C) SUN1 cells were transfected with miR-342-3p mimics, miR-NC, miR-342-3p inhibitor, or
inhibitor NC, and the protein level of AGR2 was evaluated by western blot. Full-length blots/gels are
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presented in Supplementary Figure 3. (D) SUN1 cells were also transfected with pc-TSIX, pcDNA3.1, sh-
TSIX or sh-NC, and the protein expression of AGR2 was evaluated by western blot. Full-length blots/gels
are presented in Supplementary Figure 4. (E) SUN1 cells were transfected with sh-AGR2 or sh-NC, and the
mRNA expression of AGR2 was evaluated by qRT-PCR. (F and G) SUN1 cells were transfected with miR-
342-3p inhibitor, inhibitor NC, or co-transfected with miR-342-3p inhibitor and sh-AGR2. (F) Cell viability
was evaluated by CCK-8 assay. (G) Cell proliferation was evaluated by EdU staining assay. N= 4, * p <
0.05.

Figure 6

Downregulation of TSIX inhibited tumor development in vivo through targeting miR-342-3p/AGR2 axis.
(A) Tumor volume of xenograft mice was evaluated every 7 days for 28 days. (B) Tumor weight of
xenograft mice was evaluated at day 28. (C) The representative images of xenograft tumor from different
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groups. (D) Cell proliferation in tumor tissues was evaluated by Ki-67 staining assay. × 200 magni�cation,
scale bar = 100 μm. (E) The protein expression of AGR2 in tumor tissues from different groups was
evaluated by western blot. Full-length blots/gels are presented in Supplementary Figure 5. N = 6, * p <
0.05.
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