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Nasopharyngeal carcinoma (NPC) is one of the most predom-
inant cancers occurring in China with high morbidity. Lately,
large quantities of long non-coding RNAs (lncRNAs) have
been highlighted to regulate the biological activities in multi-
ple tumors, including NPC. Our study centered on whether
TTN-AS1 was involved in NPC and how it modulated the pro-
gression of NPC. Here, qRT-PCR data uncovered that TTN-
AS1 expression was conspicuously high in NPC cells. Based
on the results of functional assays, TTN-AS1 silence hampered
the proliferative, migratory, and invasive abilities but stimu-
lated the apoptotic capability of NPC cells. After a series of
mechanism assays, TTN-AS1 was found to competitively
bind with miR-876-5p and recruit UPF1 to enhance NETO2
expression. In addition, TTN-AS1 could be transcriptionally
activated by YY1 in NPC cells. It was also found that miR-
876-5p overexpression or NETO2 downregulation had inhibi-
tory effects on cell proliferation, migration, and invasion in
NPC. Moreover, NETO2 upregulation could restore the sup-
pressive impacts of TTN-AS1 depletion on NPC cell and
tumor growth. In conclusion, YY1-activated TTN-AS1 inter-
acted with both miR-876-5p and UPF1 to upregulate
NETO2, thus strengthening NPC cell malignant behaviors,
which might provide more useful information for people to
develop effective NPC treatments.

INTRODUCTION
Nasopharyngeal carcinoma (NPC) is a typical cancer with distinct
geographical features. It is widespread in south China and Southeast
Asia.1 Multiple factors can lead to NPC occurrence, such as hereditary
factors, environmental factors, and Epstein-Barr virus infection,
among which the environmental factors are rather crucial.2,3 With
the appliance of radiotherapy and chemotherapy as well as the com-
bined therapy, the results of treatment have a great improvement.4,5

Meanwhile, the distant metastasis has become the primary barrier
in treating NPC patients at middle and advanced stages.6 Hence, it
is necessary to have a deep comprehension of NPC mechanism for
developing probable biomarkers or targets for NPC.

With the development of molecular biology, a host of non-coding
RNAs (ncRNAs), which have limited protein-coding capabilities,
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have been identified and illustrated to have crucial functions in
the progression of cancers. Long non-coding RNAs (lncRNAs) are
a class of ncRNAs of no less than 200 nt in length,7 and their impor-
tance has already been reported in cancers, including NPC. For
example, DANCR accelerates NPC metastasis by stabilizing HIF-
1a and interacting with NF90/NF45.8 HOTAIR prompts cell inva-
sion and migration in NPC through targeting miR-101/COX-2.9

AFAP1-AS1 promotes the progression of NPC via modulation of
the Rho/Rac pathway.10 Nonetheless, most lncRNAs have not
been studied in NPC. TTN-AS1 has been reported to have oncogenic
functions in cervical cancer by targeting miR-573/E2F3.11 TTN-AS1
influences osteosarcoma cell apoptosis and drug resistance through
the modulation of the miR-134-5p/MBTD1 axis.12 TTN-AS1
competitively binds with miR-376a-3p to push colorectal cancer
progression via upregulating KLF15.13 The TTN-AS1/miR133b/
FSCN1 regulatory axis has been uncovered to be a bona fide target
for anti-esophageal squamous cell carcinoma therapies.14 However,
there is still insufficient research focusing on the link between
TTN-AS1 and NPC.

LncRNAs have been identified to function as the sponges of micro-
RNAs (miRNAs) so that the bound mRNAs are released to exert their
functions. This mechanism is defined as the competing endogenous
RNA (ceRNA) network.15 For example, LINC00641 suppresses
bladder cancer cell growth via targeting the miR-197-3p/KLF10/
PTENPI3K/AKT pathway.16 RMRP boosts the progression of gastric
cancer via acting as the sponge of miR-206.17 In our study, we
analyzed whether TTN-AS1 functioned in NPC via a ceRNA
network.

RNA-protein interaction plays a vital role in modulating biological
processes,18 especially the interplay between RNAs and RNA binding
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proteins (RBPs). For example, OTUB2 stabilizes U2AF2 to benefit the
development of non-small cell lung cancer.19 In this study, we also
wondered whether certain RBP was implicated in TTN-AS1-regu-
lated NPC development.

The primary target of our study was to figure out the role of TTN-AS1
in NPC cells and make clear how TTN-AS1 affected NPC cell func-
tions, which might provide novel promising targets to treat patients
with NPC.

RESULTS
TTN-AS1 is upregulated in NPC cells compared with NP69 cells

and expedites the growth, migration, and invasion of NPC cells

To thoroughly understand the impact of TTN-AS1 in NPC cells, we
first measured the expression of TTN-AS1. Data of quantitative
reverse-transcription polymerase chain reaction (qRT-PCR) attested
that the expression of TTN-AS1 was aberrantly high in NPC cell lines
(13-9B, 5-8F, C17, and C666-1) in comparison with normal NP69 cells,
particularly in C17 and C666-1 cells (Figure 1A). Thus, we chose C17
and C666-1 cells for the following research. Next, we delved into the
function of TTN-AS1 in NPC cells through testing the changes on
cell behaviors when silencing TTN-AS1. As proved by qRT-PCR,
TTN-AS1 expression was conspicuously suppressed by transfecting
short hairpin (sh)/TTN-AS1#1/2 intoC17 andC666-1 cells (Figure 1B).
The results of colony formation and cell counting kit-8 (CCK-8) assays
then revealed that the proliferative capacities of NPC cells were in-
hibited in response to the downregulation of TTN-AS1 (Figures 1C
and 1D). Likewise, the migratory and invasive abilities were also weak-
ened when TTN-AS1 was downregulated in NPC cells (Figures 1E and
1F). On the contrary, the apoptosis rate of these two cells was increased
due to TTN-AS1 knockdown, based on the outcomes of flow cytometry
analysis and a terminal deoxynucleotidyl transferase-mediated dUTP
nick end labeling (TUNEL) assay (Figures 1G and 1H). In brief,
TTN-AS1 is upregulated in NPC cells compared with NP69 cells and
it promotes the oncogenic process of NPC cells.

MiR-876-5p represses the malignant behaviors of NPC cells

To find out the cellular mechanism of TTN-AS1 in NPC cells, we
then detected the localization of TTN-AS1 in NPC cells. The
outcome of a fluorescence in situ hybridization (FISH) assay un-
veiled that TTN-AS1 was primarily accumulated in the cytoplasm
rather than in the nucleus of both C17 and C666-1 cells (Figure 2A),
which indicated the possibility for TTN-AS1 to participate in post-
transcriptional regulation. Then, through jointly analyzing DIANA
(http://carolina.imis.athena-innovation.gr/diana_tools/web/index.
php) and starBase (http://starbase.sysu.edu.cn), we discovered five
common miRNAs that could bind with TTN-AS1 (Figure 2B).
The expression of the five miRNAs was detected in NPC cells
and NP69 cells. The results manifested that only miR-876-5p was
obviously poorly expressed in NPC cells compared with normal
cells (Figure 2C). According to bioinformatics prediction, we found
an alignment between miR-876-5p and TTN-AS1 (Figure 2D). As
revealed by RNA pull-down assays, TTN-AS1 was substantially
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precipitated by biotinylated wild-type miR-876-5p (Bio-miR-876-
5p-Wt) (Figure 2E), which suggested that miR-876-5p bound
with TTN-AS1 at the indicated sites. Afterward, we overexpressed
miR-876-5p via transfecting miR-876-5p mimics into NPC cells
(Figure 2F). Luciferase reporter assays showed that miR-876-5p
augmentation reduced the luciferase activity of TTN-AS1-Wt, while
it had little impact on that of mutant TTN-AS1 (TTN-AS1-Mut)
(Figure 2G), which reconfirmed the binding between TTN-AS1
and miR-876-5p on the putative sites. Next, we studied the influ-
ences of miR-876-5p on NPC cells. It was indicated that the prolif-
erative capability of C17 and C666-1 cells was inhibited by miR-
876-5p upregulation (Figures 2H and 2I). Similarly, elevation of
miR-876-5p suppressed the migratory and invasive abilities of
NPC cells (Figures 2J and 2K). Conversely, the NPC cell apoptosis
rate was elevated owing to overexpression of miR-876-5p (Figures
2L and 2M). To conclude, the tumor-repressive miR-876-5p is
sponged by TTN-AS1 in NPC cells.

NETO2 targeted by miR-876-5p promotes the proliferative,

migratory, and invasive capabilities of NPC cells but restrains

cell apoptosis

StarBase predicted that there were five mRNAs possessing binding
sites on miR-876-5p (CLIP data R 5, Degradome data R 3 or 4
cancer types). Next, after transfecting miR-876-5p mimics, we
found that only the expression of NETO2 was diminished promi-
nently while no changes in that of other mRNAs were observed
(Figure 3A). We also performed qRT-PCR and western blot assays
to detect expression of NETO2 in NP69 and NPC cells. As shown in
Figure S1A, NETO2 was expressed at a higher level in NPC cells, in
contrast to NP69 cells. Bioinformatics tools were employed to proj-
ect the underlying binding sites between miR-876-5p and NETO2
(Figure 3B). Then, RNA pull-down results illustrated that miR-
876-5p bound with NETO2 in C666-1 and C17 cells at the pre-
dicted sites (Figure 3C). Afterward, luciferase reporter assays recon-
firmed the binding of miR-876-5p to NETO2 at the indicated sites
(Figure 3D). Later, the outcomes of RNA binding protein immuno-
precipitation (RIP) assays showed that TTN-AS1, miR-876-5p, and
NETO2 were all enriched in Argonaute 2 (Ago2) antibody but not
in immunoglobulin G (IgG) antibody (Figure 3E), which signified
the interactive relationship of miR-876-5p with TTN-AS1 and
NETO2 in RNA-induced silencing complexes (RISCs). As seen
from Figure 3F, TTN-AS1 was overexpressed in C666-1 and C17
cells by transfection of pcDNA3.1/TTN-AS1. In response to
TTN-AS1 augmentation, the enrichment of NETO2 was lessened
in the RISC complex, indicating that the binding of NETO2 and
miR-876-5p declined in NPC cells (Figure S1B). Subsequently, the
collected data from qRT-PCR and western blots showed that
NETO2 expression was reduced by upregulation of miR-876-5p
and then recovered by overexpression of TTN-AS1 (Figures 3G
and S1C). Afterward, we explored the effects of NETO2 on NPC
cells. Prior to that, we performed qRT-PCR and Western blot as-
says, finding that the expression of NETO2 in NPC cells was low-
ered by transfecting sh/NETO2#1/2 (Figures 3H and S1D). Next,
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Figure 1. TTN-AS1 is upregulated in NPC cells relative to NP69 cells and promotes NPC cell growth

(A) TTN-AS1 expression was detected in NPC cell lines (13-9B, 5-8F, C17, and C666-1) and normal human nasopharyngeal epithelial cells (NP69). (B) The expression of TTN-

AS1 in C17 and C666-1 cells transfected with sh-TTN-AS1#1/2 was displayed. (C and D) Proliferation of C17 and C666-1 cells with or without TTN-AS1 deficiency was

evaluated. (E and F) Migration and invasion of C17 and C666-1 cells were detected before and after TTN-AS1 knockdown Scale bar = 200mm, Scale bar = 200mm. (G and H)

Apoptosis rate of C17 and C666-1 cells was analyzed before and after TTN-AS1 depletion Scale bar = 100mm. Data obtained from three or more than three independent

experimental results were shown as mean±SD.*p < 0.05, **p < 0.01.
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we discovered that downregulating NETO2 overtly hampered cell
proliferation (Figures 3I and 3J), migration, and invasion (Figures
3K and 3L), while enhancing cell apoptosis (Figures 3M and 3N).
In summary, NETO2 is targeted by miR-876-5p and contributes
to NPC cell growth.
TTN-AS1 depends on NETO2 to work as a tumor-facilitator in

NPC cells

The rescue assays were designed to attest the function of the TTN-
AS1/NETO2 axis in NPC cells. In the beginning, we overexpressed
NETO2 by transfecting pcDNA3.1/NETO2 into NPC cells (Figures
Molecular Therapy: Oncolytics Vol. 24 March 2022 537
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Figure 2. MiR-876-5p represses the malignant behaviors of NPC cells

(A) The location of TTN-AS1 in C17 and C666-1 cells was displayed Scale bar = 10mm. (B) StarBase and DIANA were utilized to predict miRNAs which had binding sites with

TTN-AS1. (C) Expressions of five miRNAs were tested in NPC cell lines relative to NP69 cells. (D) Bioinformatics tools were applied to predict the binding sites between miR-

876-5p and TTN-AS1. (E) The binding affinity between miR-876-5p and TTN-AS1 in C17 and C666-1 cells was assessed. (F) MiR-876-5p expression was quantified in C17

and C666-1 cells with or without transfection of miR-876-5p mimics. (G) Relative luciferase activity was detected to assess the interactive relation between miR-876-5p and

TTN-AS1. (H–M) The effects of miR-876-5p on NPC cell proliferation, migration, invasion, and apoptosis were evaluated in NPC cells transfected with miR-876-5p mimics

and NC mimics Scale bar = 200mm, Scale bar = 200mm, Scale bar = 100mm. Data obtained from three or more than three independent experimental results were shown as

mean±SD. **p < 0.01; n.s., not significant.
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Figure 3. NETO2 prompts the proliferation, migration and invasion of NPC cells but inhibits cell apoptosis

(A) The expression of 5 mRNAs was examined in C17 and C666-1 cells with or without miR-876-5p augmentation. (B) Binding sites between miR-876-5p and NETO2 were

predicted. (C) The enrichment of NETO2 in Bio-NC, Bio-miR-876-5p-Wt/Mut was quantified. (D) The binding affinity between miR-876-5p and NETO2 was appraised based

on the luciferase activity of NETO2-Wt/Mut in C17 and C666-1 cells transfected with miR-876-5p mimics. (E) The enrichment of NETO2, TTN-AS1, andmiR-876-5p in RISCs

was examined. (F) TTN-AS1 expression was assessed in C17 and C666-1 cells transfected with pcDNA3.1/TTN-AS1. (G) NETO2 expression was detected in C17 and

(legend continued on next page)
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4A and S1E). Through conducting colony formation and CCK-8 as-
says, we noticed that the suppressive cell proliferation caused by
TTN-AS1 silencing was recovered after NETO2 upregulation (Fig-
ures 4B and 4C). Furthermore, the inhibition on migration and in-
vasion imposed by TTN-AS1 knockdown was offset by augmenta-
tion of NETO2 (Figures 4D and 4E). In contrast, the increased
apoptosis rate mediated by TTN-AS1 deficiency was reversed by
upregulated NETO2 (Figures 4F and 4G). To summarize, TTN-
AS1 could improve the proliferative, migratory, and invasive capa-
bilities but inhibit apoptotic ability of NPC cells by regulating
NETO2.

TTN-AS1 mediates the in vivo NPC tumorigenesis via regulating

NETO2

Subsequently, we planned to elucidate the influence of TTN-AS1 on
NPC tumorigenesis in vivo. As manifested in Figure S2A, TTN-AS1
reduction restricted in vivo tumor growth, while such inhibition
was counteracted upon further elevation of NETO2. Moreover,
the volume and weight of excised xenograft tumors were much
smaller due to reduced TTN-AS1 levels, while such reduction was
counteracted by NETO2 upregulation (Figures S2B and S2C). In
sum, TTN-AS1 facilitates NPC tumorigenesis via upregulating
NETO2.

YY1 accelerates the transcription of TTN-AS1 in NPC cells

After investigating the downstream targets of TTN-AS1, we explored
its upstream factors. UCSC (http://genome.ucsc.edu/) and JASPAR
(http://jaspar.genereg.net/analysis) predicted YY1 as the candidate
transcription factor of TTN-AS1. Referring to previous literature,
YY1 has already been identified to be a transcription activator in mul-
tiple cancer-linked researches.20,21 Hence, we wondered whether YY1
could activate TTN-AS1 in NPC cells. The DNAmotif of YY1 was ac-
quired from JASPAR, through which we also found two YY1 binding
sites in the TTN-AS1 promoter region (Figure 5A). First, qRT-PCR
and western blot assays were performed to detect the expression of
YY1 in NP69 and NPC cells. The collected data demonstrated that
YY1 expression was higher in NPC cells than NP69 cells (Figure S3A).
Moreover, qRT-PCR and western blot results validated the reduced or
enhanced expression of YY1 after sh-YY1#1/2 or pcDNA3.1/YY1 was
respectively transfected in C17 and C666-1 cells (Figures 5B and S3B).
Next, we found TTN-AS1 expression was reduced by YY1 knock-
down and augmented by upregulation of YY1 (Figure 5C). Data
from chromatin immunoprecipitation (ChIP) assays revealed that
YY1 could bind with TTN-AS1 promoter-Wt rather than TTN-AS1
promoter-Mut (Figure 5D). Moreover, data obtained from luciferase
reporter assays disclosed that overexpression of YY1 could increase
the luciferase activity of TTN-AS1 promoter-Wt remarkably, while
such promotion was partly abated when one YY1 binding site in
the TTN-AS1 promoter was mutated, and no changes could be
C666-1 cells respectively co-transfected with NC mimics, miR-876-5p mimics, or miR-8

and C666-1 cells with NETO2 knockdown. (I–N) The effects of NETO2 depletion on cell

examined in C17 and C666-1 cells successfully transfected with sh-NC or sh-NETO2#1

three or more than three independent experimental results were shown as mean±SD.
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seen when both sites were mutated (Figure 5E). Based on these facts,
we deduced that both sites 1 and 2 were effective binding sites of YY1
on TTN-AS1 promoter. To conclude, the transcription factor YY1
facilitates TTN-AS1 transcription in NPC cells.
TTN-AS1 recruits UPF1 to enhance NETO2 expression

Various articles have reported that lncRNAs could bind to RBPs to
affect the stability of mRNAs.22–24 Thus, we guessed that some RBPs
binding with TTN-AS1 might participate in TTN-AS1-mediated func-
tions inNPC cells. Asmanifested in Figure 6A, the results ofmass spec-
trometry revealed that certain proteins had strong affinities with TTN-
AS1. Previous research has reported that UPF1 can make a difference
to cancer progression by stabilization or destabilization of RNA.25,26

Therefore, we further performed western blot assays. The collected
western blots indicated that UPF1 was pulled down by TTN-AS1,
rather than by TTN-AS1 antisense, for which we chose UPF1 for the
following analysis. Subsequently, the outcomes of RIP assays corrobo-
rated that TTN-AS1 was noticeably enriched in anti-UPF1 (Figure 6B).
Next, the results of RNA protein pull-down and RIP assays indicated
the interaction of NETO2 with UPF1 in NPC cells as well (Figures
6C and 6D). The subsequent RIP assay verified that NETO2 enrich-
ment was decreased in the anti-UPF1 group after knockdown of
TTN-AS1 (Figure 6E), which indicated that TTN-AS1 facilitated the
interaction of UPF1 with NETO2. In addition, we examined the effi-
cient knockdown of sh-UPF1#1/2 in C17 and C666-1 cells through
qRT-PCR and western blot assays (Figure S3C). Taken together,
TTN-AS1 recruits UPF1 to stabilize NETO2.
DISCUSSION
Since the discovery of a large number of ncRNAs, targeted therapy
has become a hotspot in the treatment of diseases. Increasing essays
explore the function of lncRNAs in cancers. For example, lncRNA
PVT1 modulates NPC cell proliferative ability through activating
the KAT2A acetyltransferase and enhancing HIF-1a stability.27

NKILA restricts NPC carcinogenesis and metastasis via inhibiting
the nuclear factor kB pathway.28 Moreover, lncRNA H19 boosts
NPC proliferation and metastasis in a let-7-dependent manner.29

Recently, TTN-AS1 has been found to facilitate the progression of
gastric cancer via binding with miR-376b-3p.30 TTN-AS1 enhances
the invasive and migratory abilities of lung adenocarcinoma cells by
regulating the miR-4677-3p/ZEB1 axis.31 Also, a former study has
corroborated that TTN-AS1 facilitated cell proliferative, migratory,
and invasive abilities in prostate cancer.32 In this study, we
confirmed that TTN-AS1 was highly expressed in NPC cells. Next,
the loss-of-function assays showed that TTN-AS1 silencing sup-
pressed cell proliferative, migratory, and invasive process but pro-
moted NPC cell apoptosis. We revealed that TTN-AS1 worked as
a tumor-facilitator in NPC cells, which was consistent with its
76-5p mimics + pcDNA3.1/TTN-AS1. (H) NETO2 expression was evaluated in C17

proliferative, migratory, and invasive capabilities as well as the apoptotic ability were

/2 Scale bar = 200mm, Scale bar = 200mm, Scale bar = 100mm. Data obtained from

**p < 0.01; n.s., not significant.
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Figure 4. TTN-AS1 depends on NETO2 to function in NPC cells

(A) NETO2 expression was assessed in C17 and C666-1 cells after transfection with pcDNA3.1/NETO2. (B–G) The rescue assays were carried out to investigate the

proliferation, migration, invasion, and apoptosis of C17 and C666-1 cells in response to different treatments, including sh-NC, sh-TTN-AS1#1, and sh-TTN-AS1#1 +

pcDNA3.1/NETO2 Scale bar = 200mm, Scale bar = 200mm, Scale bar = 100mm. Data obtained from three or more than three independent experimental results were shown

as mean±SD. **p < 0.01.

www.moleculartherapy.org

Molecular Therapy: Oncolytics Vol. 24 March 2022 541

http://www.moleculartherapy.org


Figure 5. YY1 accelerates transcription of TTN-AS1 in NPC cells

(A) Binding sites between TTN-AS1 promoter region and YY1 were presented. (B) The expression of YY1 was detected in C17 and C666-1 cells with YY1 depletion or YY1

augmentation. (C) TTN-AS1 expression was detected after sh-YY1#1/2 and pcDNA3.1/YY1 were transfected into C17 and C666-1 cells. (D) The binding affinity between

YY1 protein and TTN-AS1 promoter was assessed. (E) The predicted binding sites of YY1 and TTN-AS1 promoter were examined in C17 and C666-1 cells. **p < 0.01; n.s.,

not significant.
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function described previously in gastric cancer, lung adenocarci-
noma, and prostate cancer.

LncRNAs could work as sponges of miRNAs to exert functions in
the ceRNA system. For example, FAM225A contributes to NPC
tumorigenesis and metastasis via serving as ceRNA to competi-
tively bind with miR-590-3p/miR-1275 and enhance ITGB3 expres-
sion.33 LncRNA HCG18 boosts NPC progression via the modula-
tion of miR-140/CCND1 and the Hedgehog signaling pathway.34

TTN-AS1 has been discovered to play an oncogenic role in colo-
rectal cancer by regulating KLF15.35 In our study, we suggested
the ceRNA model of TTN-AS1 by localizing its place in the cyto-
plasm. Then, miR-876-5p, which was proved to be poorly ex-
pressed among NPC cell lines, was selected as the downstream of
TTN-AS1 in NPC cell lines. Subsequently, augmentation of miR-
876-5p was revealed to repress the malignant behaviors of NPC
cells. The former study has validated that miR-876-5p inhibits
breast cancer progression via modulating TFAP2A,36 which was
in line with our discovery. Furthermore, we showed that NETO2
was the downstream target of miR-876-5p. A previous study has
found that NETO2 boosts cell invasion and migration by targeting
the PI3K/AKT/NF-KB/snail axis and could act as a biomarker in
gastric cancer.37 In our study, we discovered that NETO2 had
oncogenic functions in NPC cells. In addition, the rescue assays
manifested that overexpression of NETO2 could counteract the in-
fluence of TTN-AS1 knockdown on NPC cells. Furthermore, in vivo
assays verified that NETO2 also participated in TTN-AS1-pro-
moted in vivo tumorigenesis of NPC. In accordance with the
abovementioned literature, we also found that NETO2 played an
oncogenic role in NPC. On the whole, TTN-AS1 enhanced
542 Molecular Therapy: Oncolytics Vol. 24 March 2022
NETO2 expression to facilitate the malignant behaviors of NPC
cells via sequestering miR-876-5p.

Moreover, we found that UPF1 could bind to TTN-AS1 in NPC cells.
UPF1 has been reported to accelerate the decay of RNA.38 However, a
recent report has also suggested the RNA stabilization role of UPF1
in glioblastoma cells.26 In this study, we identified UPF1 as the mo-
lecular chaperone of TTN-AS1, and that it also interacted with
NETO2 mRNA in NPC cells. More importantly, the binding of
UPF1 to NETO2 was hindered when TTN-AS1 was silenced in
NPC cells. In other words, TTN-AS1 recruited UPF1 to stabilize
NETO2 mRNA, so as to upregulate NETO2 expression in NPC cells.
As mentioned above, UPF1 has been identified to strengthen the sta-
bility of RNA in glioblastoma cells, which was in tune with our find-
ings here.

In conclusion, our study found that YY1-activated TTN-AS1 could
expedite the progression of NPC via targeting miR-876-5p/UPF1/
NETO2 signaling. Targeting TTN-AS1 could be a potential method
to improve the treatment of NPC. Further studies are needed to
analyze the appliance of TTN-AS1 in clinic practice in the future.

MATERIALS AND METHODS
Cell culture

Human NPC cell lines (13-9B, 5-8F, C17, and C666-1) and normal
human nasopharyngeal epithelial cells (NP69) were procured from
the American Type Culture Collection (Rockville, MD). All cells
were allowed to grow with 10% fetal bovine serum (FBS) and 1%
Pen/Strep in DMEM (Invitrogen, Carlsbad, CA) under 37�C and
5% CO2.



Figure 6. TTN-AS1 strengthens the binding of UPF1 and NETO2 in NPC cells

(A) The binding relationship of UPF1 and TTN-AS1 was detected. (B) The interaction of TTN-AS1 and UPF1 was evaluated in C17 and C666-1 cells. (C and D) The affinity

between NETO2 and UPF1 in C17 and C666-1 cells was examined. (E) NETO2 precipitated by IgG or UPF1 antibody was quantified in sh-NC and sh-TTN-AS1#1 groups.

**p < 0.01; n.s., not significant.
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qRT-PCR

Total RNA extraction in cell samples was achieved by TRIzol reagent
(Invitrogen). The extracted RNA was then subjected to reverse tran-
scription using the PrimeScript RT reagent kit (TaKaRa, Shiga, Japan)
as required. SYBR Premix Ex Taq II (TaKaRa) was applied to evaluate
gene expression. The 2�DDCt method was utilized to calculate the
results of qRT-PCR. GAPDH or U6 was defined as the internal
reference. The primers were as followed:

50-GGGAGAAGCTGAGTCATGGG-30 (GAPDH-forward),

50-TCCCGGTGACATTTACAGCC-30 (GAPDH-reverse),

50-CGCGATATGGTTTTGGCAGG-30 (U6-forward),

50-TGGACGTATTCGATCAGCCG-30 (U6-reverse),

50-AGTGGATTTCTTTGTGAA-30 (miR-876-5p-forward),

50-CTCAACTGGTGTCGTGGA-30 (miR-876-5p-reverse),

50-GGTTTTGTGGAGGGCGTAGA-30 (TTN-AS1-forward),

50-ATGTCAACAGAGGGCGACAG-30 (TTN-AS1-reverse),
50-ACGGCTTCGAGGATCAGATTC-30 (YY1-forward),

50-TGACCAGCGTTTGTTCAATGT-30 (YY1-reverse),

50-AGATGGGCCATTTGGTTTCTC-30 (NETO2-forward),

50-TGCTCGAAATCCCAGTCCTTC-30 (NETO2-reverse).

Western blot

Cells were lysed using RIPA buffer (R0278, Sigma-Aldrich, St. Louis,
MO, USA). Extracted proteins separated by SDS-PAGE (1610174,
Bio-Rad Laboratories, Shanghai, China) were moved to PVDF mem-
brane (IPVH00010, Millipore, Bedford, MA, USA). After membranes
were sealed with 5% nonfat milk, primary antibodies including Anti-
NETO2 (ab109288, Abcam, Cambridge, MA, UK), Anti-YY1
(ab109228, Abcam), Anti-UPF1 (9435, Cell Signaling Technology,
Danvers, MA, USA), and Anti-GAPDH (ab8245, Abcam) were added
for incubation overnight at 4�C. GAPDH was used as an internal
reference. Later, the membranes were incubated with secondary anti-
body at room temperature for 1 h. The western blots were finally sub-
ject to enhanced chemiluminescence detection.

Plasmid transfection

The designed shRNAs (Ribobio, Guangzhou, China) and negative
control (sh-NC) for TTN-AS1, NETO2, or YY1 were co-transfected
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into C666-1 and C17 cells using Lipofectamine (2000) (Invitrogen).
The pcDNA3.1/TTN-AS1, pcDNA3.1/NETO2, pcDNA3.1/YY1,
and the empty pcDNA3.1, along with miR-876-5p mimics and NC
mimics, were designed by GenePharma (Shanghai, China). Trans-
fected cells were collected after 48 h.

Colony formation assay

Clonogenic C666-1 and C17 cells were plated in 6-well plates with 500
cells each well for a 14-day culture. Colonies were then treated with
4% paraformaldehyde for fixation and 0.1% crystal violet for staining.
The colonies were then counted manually.

CCK-8 assay

Transfected C666-1 and C17 cells were placed on 96-well plates at 2�
104 cells/well, and then cell viability was assessed every 24 h using
CCK-8 kit as instructed by the supplier (Dojindo, Kumamoto, Japan).
Absorbance at 450 nm was examined by means of microplate reader.

Transwell assay

The upper chamber of transwell inserts (Corning, Corning, NY) was
added with transfected cell samples in serum-free medium for cell
migration assay, and the lower chamber was filled with complete cul-
ture medium, which contained 10% FBS. Matrigel (Clontech, Madi-
son, WI) was applied to pre-coat the upper chamber for cell invasion
assay. After 24 h of cultivation, cells migrated or invaded to the bot-
tom were fixed with methanol, and treated with 0.1% crystal violet.
Finally, cells were observed in five random fields with a light
microscope.

Flow cytometry analysis

The processed cell samples (2 � 105) were collected and rinsed in
precooled PBS, and then the cells were stained using an Annexin
V-FITC/PI Apoptosis kit (BD Biosciences, San Jose, CA) as in-
structed. Cells were incubated at room temperature for 15 min, and
finally analyzed using a flow cytometer (BD Biosciences).

TUNEL assay

C17 and C666-1 cells on coverslips were fixed for 10 min. Then, the
samples were rinsed in cold PBS, followed by permeabilization in
0.1% Triton X-100. We used an In Situ Cell Apoptosis Detection
Kit (Roche, Basel, Switzerland) for the detection of cell apoptosis.
Following the staining of cell nuclei with DAPI dye, cells were
observed using a fluorescence microscope (Nikon, Tokyo, Japan).

FISH

RNA FISH probes designed for TTN-AS1 were obtained from Ribo-
bio and utilized in line with the user manual. After fixation, the dehy-
drated cell samples were air dried for hybridization with a TTN-AS1
probe. Samples were then dyed in Hoechst solution, and the staining
was finally visualized using a fluorescence microscope.

RNA pull-down assay

For the RNA pull-down assay, we used a Pierce Magnetic RNA-Pro-
tein Pull-Down Kit (Thermo Fisher Scientific, Waltham, MA). Cell
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extracts were mixed with the biotin-labeled probes for miR-876-5p
(Bio-NC, Bio-miR-876-5p-Wt, and Bio-miR-876-5p-Mut), TTN-
AS1 (sense and antisense), or NETO2 (sense and antisense). After
magnetic beads were added, the enriched RNAs and proteins were
examined using qRT-PCR or western blot assays as needed.

Luciferase reporter assay

TTN-AS1 or NETO2 fragments covering miR-876-5p target se-
quences (Wt and Mut) were inserted into pmirGLO luciferase vector,
termed TTN-AS1-Wt/Mut and NETO2-Wt/Mut. Mutated binding
sites were acquired via mutating the nucleotides on TTN-AS1 or
NETO2 that were complementary to miR-876-5p. Then the recombi-
nant reporters were co-transfected with miR-876-5p mimics or NC
mimics into C666-1 and C17 cells. Moreover, cells in 24-well plates
were co-transfected with pGL3-basic vector covering the TTN-AS1
promoter and pcDNA3.1/YY1 or empty pcDNA3.1. The luciferase
activity was finally measured using a Luciferase Reporter Assay Sys-
tem (Promega, Fitchburg, WI).

RIP

Tumor cells were first lysed in RIP lysis buffer, and the collected cell
lysates were conjugated with human anti-Ago2 antibody or UPF1
antibody in magnetic beads. Normal mouse IgG antibody was applied
for the control groups. All antibodies were acquired from Millipore
(Billerica, MA). The precipitates were examined using qRT-PCR.

ChIP

ChIP assay was implemented in C666-1 and C17 cells in line with
the user guidebook for the EZ-ChIP Kit (Millipore). The crosslinked
chromatin was prepared, sonicated, and then immunoprecipitated
with anti-YY1, anti-RNA polymerase II, or anti-IgG antibody con-
jugated with magnetic beads. qPCR was carried out to detect the
enrichment of DNA fragments in ChIP products. An RNA poly-
merase II-GAPDH promoter group served as positive control in
this assay.

Tumor xenograft model

BALB/c nude mice (4- to 5-week-old, 18–20 g) were obtained from
Shanghai SLAC Laboratory Animal Co. Ltd. (Shanghai, China).
C17 cells (1 � 106 per injection) that were respectively transfected
with sh-NC, sh-TTN-AS1#1, or sh-TTN-AS1#1 + pcDNA3.1/
NETO2 were inoculated into the right flank of mice via subcutaneous
injection. Tumor growth was monitored every 4 days and a caliper
was utilized to measure tumor size. Tumor size was calculated after
tumors could be apparently observed based on the following formula:
volume = (length � width2)/2. Tumor weights were measured using
electronic scales. After 4 weeks, all mice were sacrificed via cervical
dislocation. The animal experiments were approved by the Animal
Care and Use Committee of Hainan Hospital affiliated to Hainan
Medical College.

Statistical analyses

All experiments were bio-repeated individually in triplicate. Results
were presented as mean ± standard deviation (SD) after being
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processed by PRISM 6 (GraphPad, San Diego, CA). The threshold of
statistical significance was set as p value below 0.05, which was
analyzed by Student’s t test, one-way analysis of variance (ANOVA),
or two-way ANOVA.
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