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ABSTRACT
◥

Frontier evidence suggests that dysregulation of long noncod-
ing RNAs (lncRNA) is ubiquitous in all human tumors, indi-
cating that lncRNAs might have essential roles in tumorigenesis.
Therefore, an in-depth study of the roles of lncRNA in naso-
pharyngeal carcinoma (NPC) carcinogenesis might be helpful to
provide novel therapeutic targets. Here we report that lncRNA
TINCR was significantly upregulated in NPC and was associated
positively with poor survival. Silencing TINCR inhibited NPC
progression and cisplatin resistance. Mechanistically, TINCR
bound ACLY and protected it from ubiquitin degradation to
maintain total cellular acetyl-CoA levels. Accumulation of cel-
lular acetyl-CoA promoted de novo lipid biosynthesis and histone
H3K27 acetylation, which ultimately regulated the peptidyl

arginine deiminase 1 (PADI1)–MAPK–MMP2/9 pathway. In
addition, insulin-like growth factor 2 mRNA-binding protein
3 interacted with TINCR and slowed its decay, which partially
accounted for TINCR upregulation in NPC. These findings
demonstrate that TINCR acts as a crucial driver of NPC pro-
gression and chemoresistance and highlights the newly identified
TINCR–ACLY–PADI1–MAPK–MMP2/9 axis as a potential
therapeutic target in NPC.

Significance: TINCR-mediated regulation of a PADI1–MAPK–
MMP2/9 signaling pathway plays a critical role in NPC progression
and chemoresistance, marking TINCR as a viable therapeutic target
in this disease.

Introduction
Nasopharyngeal carcinoma (NPC), one of the most common

cancers originating in the nasopharynx, is particularly prevalent in
Southeastern Asia and North Africa (1). With the development of
intensity-modulated radiotherapy and cisplatin-based concurrent
chemotherapy, locoregional control of NPC has improved greatly (2).
Distant metastasis, however, dominates the treatment failure of this
disease. Recently, we reconfirmed the effectiveness of cisplatin-based
induction chemotherapy in controlling distant failure and improving
survival (3); however, patients with stable disease after induction
chemotherapy, indicating resistance to this cisplatin-based therapy,

were still at a high risk of distant recurrence (4). Thus, there is an urgent
need to learn more about mechanisms of NPC metastasis and che-
motherapy resistance to identify effective prognostic biomarkers and
therapeutic strategies for NPC.

Recent high-profile reports have rekindled an interest in energy
metabolism in cancer. The reprogramming of cellular energy metab-
olism, which fuels the metastasis and chemotherapy resistance of
cancer cells, is regarded as a hallmark of cancer (5). Compared with
nonmalignant cells, cancer cells not only show dysregulation of
carbohydrates, but also have alterations related to lipidmetabolism (6).
Lipids are a class of metabolites that support cancer cell proliferation
andmetastasis, and have the ability to fight stress by providing energy,
aiding the synthesis of macromolecules in membranes, and trans-
ducing lipid signals (7). Lipid biosynthesis from acetyl-CoA is themost
common mechanism of lipid provision in neoplastic cells (8). Acetyl-
CoA, located in both cytosol and nucleus, can directly link mitochon-
drial metabolism with nuclear and cytosolic processes, such as histone
acetylation and lipid biosynthesis (9). However, it remains largely
unknown how NPC cells reprogram lipid metabolism to support their
malignant phenotypes.

To date, research has primarily focused on protein-coding genes to
identify oncogenes or tumor suppressors that can be used as biomar-
kers and therapeutic targets for patients with NPC. However, protein-
coding sequences account for less than 2% of the human genome.
Among the various types of nonprotein-coding transcripts, a class
referred to as long noncoding RNAs (lncRNA) has attracted increasing
attention. Numerous lncRNAs are dysregulated in cancer cells that are
resistant to chemotherapy, radiotherapy, and immunotherapy (10–12).
However, the exact function and biological relevance of the vast
majority of lncRNAs remain enigmatic. In recent years, several
lncRNAs have been demonstrated to regulate cancer progression via
participating in the cellular metabolism process. For example, lncRNA
EPB41L4A-AS1 was reported to suppress tumorigenesis by regulating
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glycolysis and glutamine metabolism (13). Moreover, LNMICC

promotes cervical cancer metastasis via reprogramming fatty acid
metabolism (14). This strong evidence inspired us to explore the
role of lncRNAs in the link between cell lipid metabolism and
tumorigenesis in NPC.

In this study, by reanalyzing the lncRNA expression profile
(GSE95166), we identified an oncogenic lncRNA, TINCR, which is
markedly overexpressed in NPC and is associated with poor patient
prognosis. Further study demonstrated that TINCR could promote
NPC proliferation, metastasis, and cisplatin resistance by protecting
ATP citrate lyase (ACLY) from ubiquitin degradation, upregulating
acetyl-CoA levels, and ultimately promoting lipid biosynthesis via
regulation of the peptidyl arginine deiminase 1 (PADI1)–MAPK–
matrix metalloproteinase (MMP)2/9 pathway. In addition, we iden-
tified an oncofetal protein, insulin-like growth factor 2mRNA-binding
protein 3 (IGF2BP3), which could bind with TINCR and inhibit its
RNA decay, which partially accounted for the elevated TINCR expres-
sion in NPC.

Materials and Methods
Clinical specimens

This study was approved by the Institutional Ethical Review Board
of the Sun Yat-sen University Cancer Center (Guangzhou, China,
GZR2020-134), and written informed consent was obtained from all
patients. Twenty freshly frozen NPC and 16 normal nasopharynx
tissues were obtained from Sun Yat-sen University Cancer Center
(Guangzhou, China). NPC paraffin-embedded biopsy tissues (n ¼

216) were obtained from patients with detailed clinical characteristics
and long-term follow-up data from January 2006 to December 2009.

Cell culture

The human immortalized nasopharyngeal epithelial cell lines NP69
and N2Tert were cultured in keratinocyte serum-free medium (Invi-
trogen) supplemented with bovine pituitary extract (BD Biosciences).
The human NPC cell lines (CNE-1, CNE-2, HONE-1, SUNE-1, HNE-
1, 5-8F, 6-10B, S18, S26, HK-1, and C666-1) were maintained in
RPMI1640 (Invitrogen) or DMEM (Invitrogen) supplemented with
10% FBS (Gibco). All the cell lines had been authenticated and were
generously provided by M. Zeng (Sun Yat-sen University Cancer
Center, Guangzhou, China).

RNA extraction, reverse transcription, and quantitative PCR

Total RNA was isolated using TRIzol (Invitrogen), and the cDNA
was synthesized using HiScript III RT SuperMix (Vazyme). Platinum
SYBR Green qPCR SuperMix-UDG reagents (Invitrogen) were used
for qRT-PCR analysis with the Bio-Rad CFX96 Touch sequence
detection system (Bio-Rad Laboratories Inc.). The primers used for
PCR are shown in Supplementary Table S1. The relative expression
level was compared with that ofGAPDH (encoding GAPDH) and fold
changes were calculated using the 2�DDCt method.

Oligonucleotide transfection and generation of stably

transfected cell lines

Lipofectamine 3000, RNAiMAX, or Opti-MEM I reagents (Invitro-
gen) were used for transient transfection. The siRNAs targeting
TINCR, ACLY, or IGF2BP3 were designed and synthesized by Gene-
Pharma (Supplementary Table S2). The short hairpin RNA plasmids
against TINCR were synthesized according to the sequences shown in
Supplementary Table S3. The sequence of TINCR and antisense-
TINCR were synthesized by GENEWIZ and cloned into vectors

pcDNA3.1(�) and pcDNA3.1(þ), respectively (Addgene). The pEN-
TER-ACLY, pENTER-PADI1, and pENTER-vector plasmids were
purchased from Vigene Biosciences. The TINCR and HA-ACLY
truncation expression constructs were constructed by cloning the
truncated TINCR and ACLY cDNAs into vector pcDNA3.1(�); the
primers used are listed in Supplementary Table S4.

To generate stably transfected cell lines, shTINCR 2# was inserted
into vector pLKO.1, and cotransfected into 293T cells with the psPAX2
packaging plasmid (Addgene) and pCMV-VSV-G plasmid (Addgene)
using polyethyleneimine (Polysciences). After 24 hours, the cell super-
natants were harvested to infect SUNE-1 cells, and the stable cell line
was selected using puromycin and validated using qRT-PCR.

RNA sequencing and bioinformatic analysis

Total RNA of HONE-1 cells transfected with siRNAs against
TINCR or ACLY was isolated to perform RNA sequencing (RNA-
seq), which was carried out by BGI Genomics. The differentially
expressed genes were subjected to Kyoto Encyclopedia of Genes
and Genomes (KEGG) pathway analysis using the DAVID software.
We also performed gene set enrichment analysis (GSEA) to identify
biological functions enriched in NPC with TINCR knockdown.
A threshold of P < 0.05 and a FDR ≤ 0.25 were used to select
significant items.

Cell proliferation assay and cisplatin treatment

Transfected cells (1 � 103) were seeded in 96-well plates and cell
viability was detected every 24 hours for 5 days using a Cell Counting
Kit-8 (CCK-8) assay (Dojindo). For the colony formation assay,
transfected cells were seeded in 6-well plates at a density of 400 cells
per well, and incubated for approximately 10 days. The cells were then
fixed, stained, and counted. In addition, 1 � 103 cells were incubated
with cisplatin (0, 0.625, 1.25, 2.5, 5, and 10 mg/mL) for 72 hours and
then subjected to a CCK-8 assay. For the clonogenic survival assay, 800
cells were treated with cisplatin (0, 4, and 8 mmol/L) for 2 hours and
then cultured for approximately 10 days.

In vitro migration and invasion assays

Cell migration and invasion assays were carried out in Transwell
chambers (Corning) coatedwithout orwithmatrigel (BDBiosciences).
Cells (5 � 104/1 � 105) suspended in 200 mL of serum-free medium
were seeded in the upper chamber, and medium supplemented with
10% FBS was added to the lower chamber. After 12/24 hours, the cells
that migrated/invaded to the lower surface of the membrane were
fixed, stained, and observed.

RNA pull-down assay and mass spectrometry analysis

Full-length sense and antisense sequences of TINCR RNA and its
fragments (1–876, 877–3733, 1–1815, 1816–3733, 1–3086, and 3087–
3733) were transcribed in vitro using a MEGAscript T7 Transcription
Kit (Thermo Fisher Scientific). The transcribed RNA was purified and
labeled with biotin using a Pierce RNA30 EndDesthiobiotinylation Kit
(Thermo Fisher Scientific). The biotinylated RNAs were then incu-
bated with cell lysates for a pull-down assay using a Pierce Magnetic
RNA-Protein Pull-Down Kit (Thermo Fisher Scientific). The pulled
down proteins were used for mass spectrometry (Huijun Biotechnol-
ogy) or Western blotting analysis.

Western blotting

Total protein was extracted, separated, and transferred to poly-
vinylidenefluoridemembranes (Millipore). Themembraneswere then
blocked and incubated with primary antibodies against ACLY
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(Abcam), b-actin (Abcam), HA-tag (Proteintech), acetyl-histone
H3 (Lys27; Cell Signaling Technology), histone H3 (CST), PADI1
(Biorbyt), IGF2BP3 (Abcam), P38MAPK (Cell Signaling Technology),
phospho-P38 MAPK (Cell Signaling Technology), P44/42 MAPK
(ERK1/2; Cell Signaling Technology), phospho-P44/42 MAPK
(ERK1/2; Cell Signaling Technology), MMP2 (Bosterbio), and MMP9
(Bosterbio). After incubation with secondary antibodies, the bands
were detected using chemiluminescence with the ChemiDoc MP
Imaging System (Bio-Rad).

RNA immunoprecipitation assay

RNA immunoprecipitation (RIP) assays were performed using an
EZ-Magna RIP Kit (Millipore). Briefly, cells were lysed and incubated
with magnetic beads conjugated with anti-ACLY (Abcam; 5 mg), anti-
IGF2BP3 (Proteintech; 5 mg), or anti-IgG (Millipore; 5 mg) antibodies
for 6–8 hours at 4�C. Then, the beads with specific RNA-protein
complex were collected and washes with RIP wash buffer. The
coprecipitated RNAs were isolated by resuspending beads in TRIzol
regent according to manufacturer’s instructions and finally subjected
to qRT-PCR.

FISH and immunofluorescence

FISH and immunofluorescence (IF) were performed to detect the
colocalization of TINCR and ACLY or IGF2BP3. Briefly, cells were
grown for 24 hours on glass slides. After fixation and permeabiliza-
tion, the cells were incubated with TINCR-FISH Probe Mix (Ribo-
Bio), followed by anti-ACLY (Abcam; 1:20) or anti-IGF2BP3 anti-
bodies (Abcam; 1:50). Thereafter, nuclei were stained with 40,6-
diamidino-2-phenylindole (DAPI; Sigma), and fluorescence images
were obtained using a confocal scanning microscope (Olympus
FV1000).

RNA electrophoretic mobility shift assay

RNA electrophoretic mobility shift assay (RNA-EMSA) was per-
formed to study the binding region of the lncRNA with the target
proteins (15). The biotin-labeled andnonlabeled probes that contained
core structural area of TINCR (1–876 nt) were designed and synthe-
sized by KeyGEN BioTECH. The human recombinant ACLY full-
length protein was purchased from Abcam. RNA-EMSA was per-
formed using a Chemiluminescent EMSA Detection Kit (KeyGEN
BioTECH). Briefly, the probes were incubated with ACLY proteins
only or ACLY proteins together with anti-ACLY antibodies. Then, the
RNA-protein complexes were resolved on 5%native gels and subjected
to autoradiography.

ELISA

ELISA was performed to determine the absolute molecular number
of ACLY proteins in NPC cells. NPC cells with equal amount were
harvested and lysed with RIPA buffer. Then, the absolute molecular
number of ACLY proteins was detected by Human ACLY ELISA Kit
(FineTest) in accordance with the manufacture’s instruction.

In vivo ubiquitination and immunoprecipitation assay

Immunoprecipitation (IP) was performed to detect the ubiquiti-
nated ACLY under native or denaturating condition in accordance
with the previously reported protocols (16, 17). Briefly, cells were
cotransfected with HA-labeled ubiquitin, pENTER-ACLY, and siR-
NAs targeting TINCR or its scrambled control. After 48 hours, the
transfected cells were treatedwithMG132 (10mmol/L) for 6 hours and
then lysed with ice-cold IP lysis buffer with (Native-IP) or without
(Denaturing-IP) 1% SDS. For Denaturing-IP, the cells lysates were

denatured at 95�C for 5minutes. A portion of cell lysates (�10%) were
saved for immunoblot analysis to detect the expression of target
proteins, and the rest was diluted with 1 mL lysis buffer and sent for
IP using anti-ACLY antibodies (Abcam; 5 mg) overnight at 4�C. Then,
protein A/G Magnetic Beads (Thermo Fisher Scientific) were used to
recover the immune complexes, which were washed with ice-cold IP
buffer and heated at 95�C for 7 minutes for subsequent Western
blotting analysis.

Metabolite measurements

Cells were seeded and then harvested using PIPA buffer (Millipore).
Cell lysates were deproteinized using perchloric acid/KOH (BioVision,
Milpitas), and used to determine the acetyl-CoA concentration using
an acetyl-CoA Assay Kit (BioVision). For cholesterol measurement,
cells were treated with chloroform: isopropanol:NP-40 (7:11:0.1), and
the organic phase was separated, dried, and dissolved in Cholesterol
Assay Buffer (BioVision). The total cholesterol levels were then
determined using a Total Cholesterol and Cholesteryl Ester Assay Kit
(BioVision). To measure free fatty acids, cells were treated with
chloroform-Triton X-100 (1% Triton X-100 in pure chloroform), and
the organic phase was separated, dried, and dissolved in Fatty Acid
Assay Buffer (BioVision). The cellular free fatty acid levels were then
determined using a Free Fatty Acid Quantification Colorimetric/
Fluorometric Kit (BioVision).

UV-crosslinking immunoprecipitation sequencing

Crosslinking immunoprecipitation (CLIP) assay was performed in
accordance with other protocols (18–21). Briefly, cells were irradiated
once with 400 mJ/cm2 and lysed in 500 mL cell lysis buffer and
treated with Turbo DNase (5 mL; Life Technologies) and RNase T1
(20 mL; 1/50 for high RNase dilutions and 1/500 for low RNase
dilutions). For IP, cell lysates were incubated with anti-IgG or anti-
ACLY specific antibodies for 1 hour at room temperature, and then
washed three times with high-salt wash buffer and once with PNK
buffer. The IPed RNA was pre-treated with PNK reaction mixture
(PNK-buffer, ATP, PNK and RNaseIn) and then labeled with
biotinylated ADP using T4 RNA-ligation system (T4 RNA-ligase
buffer, ATP, PEG 8000, biotinylated-ADP, and RNaseIn). Finally,
the IPed RNA-protein complexes were eluted for RNA visualiza-
tion, and the area of interest from the gel was eluted and sent for
deep sequencing by RiboBio Corporation.

Chromatin immunoprecipitation

A chromatin immunoprecipitation (ChIP) assay was performed
using a Pierce Magnetic ChIP Kit (Thermo Fisher Scientific).
Briefly, cells were cross-linked with 1% formaldehyde, and
quenched with 125 mmol/L glycine. The cells were then lysed,
sonicated to yield 150–250 bp DNA fragments, and then immu-
noprecipitated with anti-acetyl-histone H3 (Lys27) antibodies (Cell
Signaling Technology; 5 mg) or IgG. DNA was then isolated to
perform ChIP sequencing (ChIP-seq), which was carried out by LC
Science or for quantitative PCR. The input DNA and IgG were
used for normalization and the primers are listed in Supplementary
Table S5.

Zymography assay

Zymography assay was performed to test the proteolytic activity of
MMP2 and MMP9 using a Gelatin Zymogram Analysis Kit (Wanlei-
Bio). Briefly, conditionedmedium (CM) standardized for cells number
was mixed with an equal volume of nonreducing sample buffer and
separated on 10%Novex Zymogram gel containing 0.1% gelatin. After
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renaturation, the clear bands corresponding to proteolytic activity
were detected by densitometry.

In vivo tumor growth and metastasis models

All animal procedures were approved by the Institutional Animal
Care and Use Committee of Sun Yat-sen University Cancer Center
(Guangzhou,China, L102012019030K). BALB/cnudemice (4–5weeks
old, female) were obtained from the Charles River Laboratories. For
the tumor growth model, 1 � 106 SUNE-1 cells stably silenced for
TINCR or control cells were injected into the armpits ofmice. Once the
tumor nodes became palpable (�100 mm3), the mice were randomly
divided into four groups (n ¼ 6/group) and intraperitoneally injected
with normal saline or cisplatin (DDP; 4 mg/kg) every 3 days. On day
30, the mice were sacrificed, and tumors were dissected and weighted.
For the tumor metastasis model, 2� 106 SUNE-1 cells stably silenced
for TINCR or control cells were injected into the footpads of mice (n¼
8/group). After 6 weeks, the mice were sacrificed, and their footpad
tumors and inguinal lymph nodes were detached.

ISH

ISH was performed using an in situ hybridization detection Kit
(Boster Biological Technology). The sequences of the probes against
TINCR are listed in Supplementary Table S6. After digestion and
prehybridization, sections were incubated with TINCR-specific probes
for 16 hours at 37�C, and then incubated with rabbit antibodies against
digoxin and biotinylated goat anti-rabbit secondary antibodies. Then,
the sections were stained using streptavidin horseradish peroxidase,
and visualized with 3,30-diaminobenzidine.

IHC

Sections were deparaffinized, rehydrated, inactivated for endoge-
nous peroxidase activity, subjected to antigen retrieval, blocked for
nonspecific binding, and incubated with anti-ACLY (Abcam) or anti-
pan-cytokeratin antibodies (Thermo Fisher Scientific) overnight at
4�C. IHC staining was visualized using the DAKO REAL EnVision
Inspection System (DAKO).

Luciferase reporter assays

The sequence of full-length TINCR was amplified and cloned into
vector pmir-GLO (Promega). Briefly, cells were plated in 6-well plate
and cotransfected with pmirGLO-TINCR or its empty vector), togeth-
er with siRNA targeting IGF2BP3 or its scrambled control using
Lipofectamine 3000. The firefly luciferase activity in each well was
measured with a Dual-Luciferase Reporter Assay System (Promega);
the Renilla luciferase activity was used for normalization according to
the manufacturer’s protocol.

Statistical analysis

Student t test was used to compare groups. Comparisons among
categorical variables were performed using x2 or Fisher exact tests.
Survival curves were plotted using the Kaplan–Meier method and
compared using log-rank tests. The significance of various variables
for survival was analyzed using univariate and multivariate
Cox regression analyses. Data are presented as the mean � SD or
the mean � SEM. SPSS 22.0 (IBM Corp.) or GraphPad Prism
(version 8.0, GraphPad Software, Inc.) were used for the statistical
analyses. P values of < 0.05 were considered statistically significant.
The sequencing data (RNA-seq, ChIP-seq, and CLIP sequencing)
have been deposited in the National Center for Biotechnology
Information’s Gene Expression Omnibus (GEO; accession number
GSE137977).

Results
TINCR is upregulated in NPC and correlateswith poor prognosis

Reanalysis of theGEOdataset (GSE95166) revealed thatTINCRwas
significantly upregulated inNPC tissues compared with that in normal
tissues (Fig. 1A, P < 0.01). To verify this, we detected TINCR

expression in 20 NPC and 16 normal nasopharynx tissues using
qRT-PCR. As shown in Fig. 1B, TINCR expression was elevated in
tumor tissues compared with that in normal tissues. In additional, we
found that TINCR expression was much higher in 11 NPC cell lines
than in NP69 and N2Tert cells (Fig. 1C). On the basis of The Cancer
Genome Atlas (TCGA) database, we found that TINCR was upregu-
lated in six other cancer types (Supplementary Fig. S1). These results
indicated that TINCR might be an oncogene in multiple tumor types,
including NPC.

We then investigated the prognostic value of TINCR with 216
paraffin-embedded NPC tissues using qRT-PCR. Stratifying
patients withNPC according to themedian expression value ofTINCR
(high-TINCR group ¼ 108 and low-TINCR group ¼ 108; Fig. 1D)
produced Kaplan–Meier curves with significant differences in overall,
disease-free, and distant-metastasis survival (Fig. 1E–G, all P < 0.01).
Furthermore, highTINCR expression was significantly associated with
a patient’s locoregional failure, distant metastasis, and death. In
addition, TINCR expression and tumor–node–metastasis (TNM)
stage were independent indicators of prognosis (Supplementary
Tables S7 and S8).

We further constructed a prognostic model with the combination of
TINCR expression and TNM stage, and then classified patients into
three separate groups: A low-risk group (low TINCR expression and
early TNM stage, n ¼ 73), an intermediate-risk group (high TINCR

expression or advanced TNM stage, n ¼ 97), and a high-risk group
(high TINCR expression and advanced TNM stage, n ¼ 46). Unsur-
prisingly, the overall, disease-free, and distant-metastasis survival rates
were significantly different among the three groups (Fig. 1H–J, all P <

0.01). These results indicated that TINCR expression combined with
clinical stage is a promising biomarker for NPC.

Silencing TINCR inhibits NPC proliferation, metastasis, and

cisplatin resistance in vitro

To gain an insight into the function of TINCR, we first conducted
RNA-seq in HONE-1 cells transfected with scrambled control or si-
TINCR. Using three independent biological replicates, we identified
3,327 unique transcripts (|log2 fold-change| > 1.5 and P < 0.01),
including 1,719 upregulated and 1,680 downregulated mRNAs
(Fig. 2A and B). KEGG analysis indicated that these genes were
enriched in cancer-related pathways (Fig. 2C). GSEA further revealed
that the gene sets related to tumorigenesis, proliferation, metastasis,
and cisplatin resistance were significantly positively correlated with
TINCR expression (Fig. 2D; Supplementary Fig. S2).

To confirm these results, we conducted CCK-8 assays and found
that compared with those transfected with the scrambled control,
SUNE-1 andHONE-1 cells silenced for TINCR showed a substantially
impaired proliferative capacity (Fig. 2E, all P < 0.01). Transwell
migration and invasion assays showed markedly fewer migratory or
invasive cells in theTINCR silencing group compared with those in the
scrambled control group (Fig. 2F, all P < 0.05). Then, to assess the
effect of TINCR on cisplatin (DDP) sensitivity, we exposed SUNE-1
and HONE-1 cells to a series of concentrations of DDP. CCK-8 and
colony formation assays revealed that silencing TINCR increased the
sensitivity of NPC cells to DDP (Fig. 2G and H, all P < 0.05). The
opposite results were obtained when exogenously overexpressing
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Figure 1.

TINCR is especially upregulated in NPC and correlates with poor prognosis. A, TINCR expression in three paired NPC and normal tissues based on microarray data

(GSE95166). B, TINCR expression detected using qRT-PCR in normal nasopharynx (n¼ 16) and NPC (n¼ 20) tissues. C, TINCR expression in NPC cell lines and NP69

and N2Tert cells. D, TINCR expression in 216 paraffin-embedded NPC tissues. Patients with NPCs were divided into high (n¼ 108) or low (n¼ 108) TINCR expression

groups according to the median expression level of TINCR. E–G, Kaplan–Meier curves for overall (E), disease-free (F), and distant metastasis-free survival (G)

according to high or low TINCR expression. H–J, Kaplan–Meier analysis of overall (H), disease-free (I), and distant metastasis-free survival (J) according to the

prognostic predictionmodel in patientswith low (TINCR low expression and early TNM stage, n¼ 73), intermediate (TINCRhigh expression or advanced TNMstage, n

¼ 97), and high (TINCR high expression and advanced TNM stage, n ¼ 46) risk groups. Data are presented as the mean � SEM. �� , P < 0.01. The experiments were

repeated independently at least three times.
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Figure 2.

Silencing TINCR inhibits NPC proliferation, metastasis, and cisplatin resistance in vitro. A and B, Heatmap (A) and volcano plot (B) illustrating the differently

expressed genes in HONE-1 cells transfected with si-TINCR or the scrambled control. C, KEGG pathway analysis of genes regulated by TINCR in HONE-1 cells. Fatty

acid metabolism, cancer, and protein ubiquitin degradation–related terms were among the significant pathways. D, The item “Tumorigenesis-related biological

function” was enriched using GSEA in HONE-1 cells transfected with si-TINCR or the scrambled control. E, CCK-8 assays in SUNE-1 and HONE-1 cells transfected

with si-TINCRs or the scrambled control. F, Representative images (left) and number (right) of migratory or invasive cells transfected with si-TINCRs or the

scrambled control. G, CCK-8 assays determining the sensitivities of SUNE-1 and HONE-1 cells transfected with si-TINCRs or the scrambled control exposed to

the indicated doses of cisplatin.H, Representative images (left) and number (right) of colonies formed in SUNE-1 and HONE-1 cells transfected with si-TINCRs or the

scrambled control and treatedwith0, 4, or 8mmol/L cisplatin for 2 hours. Data are presented as themean�SD. � ,P<0.05; �� ,P<0.01. The experimentswere repeated

independently at least three times.
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TINCR (Supplementary Fig. S3A–S3E, all P < 0.05), and the phenotype
induced by TINCR silencing could be rescued by restoring TINCR

expression (Supplementary Fig. S4A–S4C, all P < 0.05). These findings
indicated thatTINCR promotes NPC proliferation andmetastasis, and
confers DDP chemoresistance on NPC cells.

TINCR directly interacts with ACLY

Recent studies report that certain lncRNAs exert their biological
functions by interacting with proteins (22, 23). We performed
an RNA pull-down assay followed by mass spectrometry and
Western blot analysis (Fig. 3A), and identified ACLY as the
most-enriched TINCR-interacting protein (Supplementary Tables
S9 and S10; Fig. 3B). We then confirmed that the interaction
of TINCR and ACLY was dose-dependent using biotin-TINCR
pull-down lysates (Fig. 3C). Furthermore, we validated the asso-
ciation of TINCR with ACLY using RIP assay and found marked
enrichment of TINCR using anti-ACLY antibodies rather than IgG
(Fig. 3D, P < 0.01). FISH combined with IF staining revealed that
the endogenous TINCR mainly colocalized with ACLY in the
cytoplasm (Fig. 3E). These results suggested that TINCR could
directly interact with ACLY.

To determine the specific region of TINCR that is responsible for its
interaction with ACLY, we first predicted the secondary structure of
TINCR using online software RNAfold (Fig. 3F). Then, we constructed
different deletion transcripts of TINCR to perform RNA pull-down
assays, and found that the binding efficiency of TINCR 1–876 nt to
ACLY was the same as that of full-length TINCR. Further mapping of
this region indicated that the 1–876 nt region was required for the
TINCR–ACLY interaction (Fig. 3G), which was confirmed using an
RNA-EMSA assay (Fig. 3H and I).

Moreover, to identify the domains of ACLY that interact with
TINCR, we constructed four HA-tagged deletion mutants of ACLY
(Fig. 3J; ref. 24). RNA pull-down assays showed that the A1 domain
of ACLY, which contains the ATP-binding, citrate-binding, and
CoA-binding regions, was required for TINCR binding (Fig. 3K),
which was confirmed using RIP assay (Fig. 3L, P < 0.01). In addition,
qRT-PCR and ELISA assays showed that there were about 700–800
TINCR RNAs per cell versus 4,500–6,000 ACLY proteins per cell
in SUNE-1 and HONE-1 cells (Supplementary Fig. S5A–S5C), con-
vincingly indicating the stoichiometric interaction of TINCR with
ACLY. Taken together, these results suggest that the A1 (1–621 aa)
domain of ACLY and nucleotides 1–876 nt of TINCR are critical for
the TINCR–ACLY interaction.

TINCR inhibits ACLY ubiquitination degradation and regulates

acetyl-CoA metabolism

An interesting point that arose from the experiment was that the
protein level of ACLY decreased when TINCR was silenced, and
increased in TINCR overexpression NPC cells (Fig. 4A). However,
silencing or overexpression of TINCR had no impact on the tran-
scription level of ACLY (Fig. 4B). LncRNAs have been reported to
maintain the stability of their binding proteins by inhibiting their
ubiquitination-mediated degradation (25–27); therefore, we treated
SUNE-1 and HONE-1 cells with cycloheximide (a de novo protein
synthesis inhibitor) and MG132 (a potent reversible cell-permeable
proteasome inhibitor), respectively. The results showed that silencing
TINCR led to a robust decrease in the ACLY protein level (Fig. 4C),
and this reduction was rescued usingMG132 (Fig. 4D), indicating that
TINCR could protect ACLY fromproteasome-dependent degradation.
In agreement with this, we observed higherACLYubiquitination levels
in TINCR knockdown cells (Fig. 4E; Supplementary Fig. S5D). These

findings suggested that TINCR could maintain ACLY protein stability
by inhibiting its ubiquitination-mediated degradation.

ACLY is a cytosolic homotetrameric enzyme that catalyzes theATP-
dependent conversion of citrate and CoA to oxaloacetate and acetyl-
CoA, which is a precursor for lipid biosynthesis, including cholesterol,
free fatty acids, and phospholipids (28–30). Meanwhile, the cellular
acetyl-CoA pool is required for acetylation reactions in protein
modification processes, such as histone acetylation (Fig. 4F). To
investigate the biological impact of TINCR-mediated ACLY stabili-
zation in NPC, we tested the TINCR-dependent changes in the cellular
acetyl-CoA level. As expected, TINCR silencing led to corresponding
decreases in the cellular acetyl-CoA level (Fig. 4G, P < 0.01), accom-
panied by decreased total cholesterol and free fatty acid levels (Fig. 4H
and I, P < 0.01). Moreover, silencing TINCR led to a dramatic decrease
in the global H3K27ac level without obviously affecting the expression
of histone acetyltransferases KAT3A and KAT3B that was mainly
responsible for H3K27ac (Fig. 4J; Supplementary Fig. S6A and S6B;
ref. 31). These results indicated that TINCR-mediated ACLY stabili-
zation could increase the cellular acetyl-CoA level to promote lipid
synthesis and histone acetylation.

To further identify the specificmotifs that are responsible for ACLY
binding, we also conducted UV- CLIP sequencing. Consistent with the
previous findings, we identified the 1-876nt of TINCR as the main
region responsible for binding ACLY protein, with the short sequence
motif CUGKR (K corresponds to G or U; R corresponds to G or A) at
the end of this fragment (Supplementary Fig. S7A and S7B). In
addition, we performed rescue experiments by overexpressing wild-
type TINCR (TINCR-WT), ACLY-binding motifs mutant or deletion
TINCR (TINCR-Mut/TINCR-Del) in HONE-1 cells with TINCR
knockdown. Western blot analysis and metabolic molecule analysis
revealed that silencing TINCR significantly inhibited ACLY protein
expression and cellular lipid synthesis levels, which could be partially
restored by exogenous add-back of full-length TINCR transcripts
(TINCR-WT), but not themotifs deficient TINCR transcripts (mutant
or deletion; Supplementary Fig. S7C and S7D). These results revealed
the functional and molecular importance of CUGKR motif for
TINCR–ACLY interaction.

Acetyl-CoA is responsible for TINCR-mediatedNPCprogression

and chemoresistance

To determine whether an increased acetyl-CoA level is required for
TINCR-mediated NPC progression and chemoresistance, we per-
formed rescue experiments by increasing the cellular acetyl-CoA level
using acetate, because acetyl-CoA is a membrane-impermeant mol-
ecule (32, 33). As expected, the reduction in cellular acetyl-CoA,
cholesterol, and free fatty acid levels induced by TINCR silencing was
reversed after acetate supplementation, in a dose-dependent manner
(Supplementary Fig. S8A, P < 0.05). Moreover, H3K27ac levels were
dramatically decreased when treated with C646 (a histone acetyltrans-
ferase inhibitor), which becamemore obvious under TINCR silencing.
This phenomenon was rescued by supplementation with acetate
(Supplementary Fig. S8B). Meanwhile, acetate supplementation sig-
nificantly reversed the suppression of proliferation, metastasis, and
chemoresistance induced by TINCR silencing (Supplementary
Fig. S8C–S8F, P < 0.01). These results indicated that an increase in
acetyl-CoA levels is required for the oncogenic role of TINCR in NPC.

TINCR leads to epigenetic activation of PADI1 expression

To identify the downstream genes involved in TINCR–ACLY–
acetyl-CoA–mediated histone acetylation modification, we performed
RNA-seq in HONE-1 cells, with or without TINCR orACLY silencing,
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Figure 3.

TINCR directly interacts with ACLY. A, Schematic diagram of the RNA pull-down assay used to identify the proteins that bound to TINCR. B, Silver staining of

biotinylated TINCR-associated proteins, and the specific bands that were excised for mass spectrometry (top) and Western blot (bottom) analysis. The arrows

indicate ACLY (red) and IGF2BP3 (blue) proteins as the unique bands for TINCR. C,Western blotting analysis of the interaction of ACLY and TINCR from the RNA

pull-down assay. D, RIP assay was performed using anti-ACLY antibodies to detect TINCR enrichment in the immunoprecipitated complexes. E, FISH and IF assays

showing that TINCR (Cy3; red) and ACLY (green) are mainly colocalized in the cytoplasm. Nuclei, blue (DAPI). F, The predicted secondary structure (left) and

mountain plot (right) representing the MFE (red), thermodynamic ensemble of RNA (green), and centroid (blue) structures of TINCR. G, Deletion mapping of the

ACLY-binding domain in TINCR. Top, diagrams of full-length TINCR and its deletion fragments. Bottom,Western blotting analysis for ACLY pulled down by different

TINCR constructs.H,Different concentrations of ACLY protein incubatedwith biotin-labeled TINCR (1–876 nt) probes for an EMSA assay. I, Schematic representation

(left) and respective image (right) of the EMSA assay, showing that ACLY could bind to TINCR 1–876 nt. J, Schematic representation of plasmids-expressing HA-

taggedwild-type or deletionmutants ofACLY.K,Western blotting analysis of the HA-taggedwild-type or deletionmutants of ACLY retrieved by in vitro-transcribed

biotin-labeled TINCR. L, RIP assay was performed to detect TINCR's association with the ACLY domain. Data are presented as the mean � SD. �� , P < 0.01. The

experiments were repeated independently at least three times.
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Figure 4.

TINCR inhibits ACLY ubiquitination degradation and regulates acetyl-CoAmetabolism. A and B,Western blotting (A) and qRT-PCR (B) analysis of ACLY and TINCR

expression levels in SUNE-1 and HONE-1 cells transfected as indicated. C, Representative images (top) and statistical analysis (bottom) of ACLY protein levels

in SUNE-1 and HONE-1 cells transfected with si-TINCR 2# or the scrambled control under treatment with 50 mg/mL cycloheximide (CHX) for the indicated times.

D, Representative images (top) and statistical analysis (bottom) of ACLY protein levels in SUNE-1 and HONE-1 cells transfected with si-TINCR 2# or the scrambled

control under treatment, with or without proteasome inhibitor MG132 (10 mmol/L). E, The effects of silencing TINCR on the ubiquitination of ACLY in SUNE-1 cells.

Immunoprecipitated ACLYwas compared under native (IP lysis buffer) and denaturing (IP lysis buffer containing 1% SDS) lysis conditions. F,Metabolism diagram of
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were repeated independently at least three times.
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as well as H3K27ac ChIP-seq in HONE-1 cells, with or without ACLY
silencing. Taking the intersection, we found two potential downstream
genes, CYB5R2 (encoding cytochrome b5 reductase 2) and PADI1

(encoding peptidyl arginine deiminase 1; Fig. 5A). qRT-PCR con-
firmed the reduction of CYB5R2 and PADI1 after TINCR knockdown,
with PADI1 showing a more obvious decrease (Fig. 5B). In addition, a
positive correlation between TINCR and PADI1 expression was found
in 20 frozen NPC tissues (Fig. 5C; Pearson r¼ 0.656, P < 0.01), which
was also found in 16 other types of cancers, based on TCGA database
analysis (Supplementary Fig. S9, P< 0.01). Furthermore, we found that
the recruitment of H3K27ac to the PADI1 promoter decreased dra-
matically when TINCR was silenced (Fig. 5D, P < 0.01). These results
indicated that TINCR could upregulate PADI1 by promoting the
H3K27ac level at the PADI1 promoter region.

PADI1 was reported to promote cancer metastasis via the MAPK–
MMP2/9 pathway (34); therefore, we assessed the expression levels of
PADI1, MMP2, and MMP9 in SUNE1 and HONE1 cells with TINCR
silencing and observed that they were decreased. These inhibitory
effects could be abolished by restoring ACLY expression. Meanwhile,
the phosphorylation levels of P38 MAPK and ERK1/2 that were
induced by TINCR silencing were abolished by restoring ACLY

expression (Fig. 5E). In addition, silencing TINCR decreased the
proteolytic activities of MMP2/9 in CM of NPC cells, but had no
effects on H3K27ac levels at MMP2/9 promoters (Supplementary
Fig. S10A–S10C). More importantly, the suppressive effects on NPC
proliferation andmetastasis, and chemoresistance induced by TINCR-
silencing were partially rescued by restoration of PADI1 (Fig. 5F–I).
These results demonstrated that PADI1 is a functional mediator of
TINCR in NPC.

Silencing TINCR impairs NPC proliferation, metastasis, and

cisplatin resistances in vivo

To characterize the oncogenic function of TINCR in vivo, we
inoculated SUNE-1 cells with or without TINCR silencing into the
armpit of nudemice to construct a xenograft mousemodel. The tumor
size, volume, and weight in TINCR-silenced group were dramatically
reduced compared with those in the control group. Moreover, the
tumors in TINCR-silenced group were much more sensitive to cis-
platin treatment (Fig. 6A–C, P < 0.01). Further analysis showed that
knockdown of TINCR resulted in a reduction in ACLY expression and
acetyl-CoA levels (Fig. 6D–F, P < 0.05). In addition, we built an
inguinal lymph node metastatic model (Fig. 6G) as reported previ-
ously (35), and found that both the volumes of the primary foot pad
tumors and metastatic inguinal lymph nodes were smaller in the
TINCR-silenced group than in the control group (Fig. 6H). Tumors
in the TINCR-silenced group had a less aggressive phenotype with
invasion toward the muscle (Fig. 6I). The inguinal lymph node
metastasis ratio was markedly lower in TINCR-silenced group
(Fig. 6J and K, P < 0.05). These data implied that TINCR could
promote NPC cell proliferation, metastasis, and cisplatin resistance
in vivo.

IGF2BP3 interacts with TINCR and slows down its RNA decay

To further explore the upstreammechanism ofTINCR upregulation
in NPC, we reanalyzed our RNA pull-down results and found that
TINCR might also interact with IGF2BP3(Fig. 3B), a well-known
RNA-binding protein reported to regulate the translation, localization,
or stability of its target RNAs (36–38). The interaction of TINCR and
IGF2BP3 was confirmed using biotin-TINCR pull-down samples
(Fig. 7A). RIP assay implied that the enrichment of TINCR in
complexes precipitated with anti-IGF2BP3 antibodies was much

higher than that gained using IgG (Fig. 7B; P < 0.01). TINCR and
IGF2BP3 are mainly colocalized in the cytoplasm (Fig. 7C). These
results suggested that TINCR could interact with IGF2BP3.

Furthermore, we found that interference with TINCR expression
had no effect on IGF2BP3 expression (Supplementary Fig. S11A).
However, knockdown of IGF2BP3 led to a dramatic decrease inTINCR
levels (Fig. 7D and E, P < 0.01). IGF2BP3was significantly upregulated
in NPC tissues, which was verified in the GEO dataset (GSE12452;
Supplementary Fig. S11B and S11C, P < 0.01). More importantly, a
positive correlation between IGF2BP3 and TINCR expression was
observed (Fig. 7F). Then, we specifically blocked RNA Polymerase II
transcription using a-amanitin (50 mmol/L) as described previous-
ly (39), and found that silencing IGF2BP3 promoted TINCR degra-
dation (Fig. 7G, all P < 0.01). Luciferase reporter assays showed that
silencing IGF2BP3 led to a dramatic decrease of luciferase activity in
cells transfected with the full-length TINCR plasmid (Fig. 7H, P <

0.01). These results revealed that IGF2BP3 slows down TINCR RNA
decay, which may partially account for TINCR’s upregulation in NPC.

Taken together, we proposed a model in which IGF2BP3 stabilizes
TINCR to protect ACLY from ubiquitin degradation, which upregu-
lates acetyl-CoA levels, and promotes lipid biosynthesis and histone
acetylation by activating the PADI1–MAPK–MMP2/9 pathway, ulti-
mately promoting NPC proliferation, metastasis, and cisplatin resis-
tance (Fig. 7I).

Discussion
To understand the mechanisms underlying NPC carcinogenesis

and chemoresistance, a large number of genetic and epigenetic pro-
filing studies have been conducted in recent years (40). Among them,
lncRNAs have attracted attention because of their participation in
several cancer-associated processes, including epigenetic regulation,
DNA damage, cell-cycle regulation, cell survival, cell metabolism, and
signal transduction pathways (41). However, the clinical significance
of lncRNAs and their regulatory mechanisms in NPC remain unclear.
In this study, we identified an oncogenic lncRNA TINCR, which was
first identified to regulate differentiation genes in epidermal tissue (42).
Subsequently, TINCR was reported to promote carcinogenesis in
gastric and colorectal (43, 44), indicating that TINCR might play an
essential role in the occurrence and development of various tumors.
We found subsequently that TINCR promotes NPC cell proliferation,
metastasis, and cisplatin resistance by maintaining ACLY protein
levels and regulating the cellular acetyl-CoA level.

Energy and macromolecules are necessary for cancer cells to
maintain their high proliferation rates (45). ACLY is a cytosolic
enzyme responsible for acetyl-CoA synthesis in the de novo lipogenesis
pathway, and has been reported to be aberrantly upregulated in cancer
cells (46). Acetyl-CoA is a precursor for both lipids and themevalonate
synthesis pathways (47), where lipids are responsible for energy
supply, highly active membrane biosynthesis, and signaling (48),
thereby promoting carcinogenesis and cancer development. In con-
trast, acetyl-CoA is required for acetylation reactions, especially
histone acetylation in the nucleus. Histone acetylation–modified
proteins are critical for regulating global chromatin architecture and
gene transcription (49). As such, ACLY-mediated energy metabolism
and histone acetylation provide supporting for cancer tumorigenesis
and development. ACLYwas identified as a potential anticancer target
in 2005, through inhibiting itsmetabolic activity by geneticmethods or
using a chemical inhibitor SB-204990 (50). To the best of our knowl-
edge, TINCR represents the first lncRNA that links acetyl-CoAmetab-
olism to NPC carcinogenesis.
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Figure 5.

TINCR leads to epigenetic activation of PADI1 expression.A,Overall analysis of RNA-seq andChIP-seq data in the indicated cell lines. Overlapping gene sets identified

among thedownregulatedgenes after silencing ofTINCR (left) orACLY (right) and less enrichedgenes in theH3K27acChIP assayof HONE-1 cellswithACLY silencing.

B, qRT-PCR analysis of PADI1 andCYB5R2 expression in SUNE-1 andHONE-1 cells, with orwithout TINCR silencing.C,Pearson correlation analysis of TINCR andPADI1

expression in 20 NPC tissues.D, Statistical analysis results (left) and representative images of DNA electrophoresis (right) for anti-H3K27ac ChIP-PCR in SUNE-1 and

HONE-1 cells, with or without TINCR silencing. E, Western blotting analysis of PADI1, P38 MAPK, p-P38 MAPK, ERK1/2, p-ERK1/2, MMP2, and MMP9 in SUNE1

and HONE1 cells cotransfected with si-TINCR or the scrambled control, together with PENTER-ACLY or empty vector. F and G, CCK-8 assays to evaluate the

proliferative ability (F) or cisplatin sensitivity (G) of SUNE-1 and HONE-1 cells cotransfected with si-TINCR or the scrambled control, together with PENTER-ACLY

or empty vector. H and I, Representative images of migratory (H) or invasive (I) cells cotransfected with si-TINCR or the scrambled control, together with PENTER-

ACLY or empty vector. Data are presented as the mean � SD. �� , P < 0.01. The experiments were repeated independently at least three times.
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Accumulating evidence links the PAD enzyme family with carci-
nogenesis and tumor progression (51). The PAD gene family consists
of five members (PAD1–4, 6), which are located within a highly
organized gene cluster at 1p36.13, where tumorigenesis-related pro-
teins are predicted to be located (52). In recent years, the PAD enzyme

family has gathered increasing attention because of its pivotal role in
various cancers. For example, PADI4 mediates citrullination of
GSK3b, thereby regulating its nuclear localization and maintaining
an epithelial phenotype in breast cancer (53). PADI2 silencing led to
the accumulation of RNAP2 at transcription start sites, thereby
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Silencing TINCR impairs NPC proliferation, metastasis, and cisplatin resistances in vivo. A–F, SUNE-1 cells with or without TINCR silencing were transplanted into

the axilla of nude mice to construct a tumor growth model. Once the tumor nodes became palpable (�100 mm3), the mice were randomly divided into four groups

(n ¼ 6/group) and intraperitoneally injected with normal saline or DDP (4 mg/kg) every 3 days. Representative images (A), tumor volume growth curves (B), and

weight (C) of the transplantation tumors. TINCR and ACLY expression levels in the above-mentioned tumors were detected using qRT-PCR (D), ISH and IHC (E). The
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suppressing target gene expression and inhibiting cell prolifera-
tion (54). Moreover, PADI1 promotes epithelial–mesenchymal tran-
sition and metastasis via the MAPK–MMP2/9 signaling pathway in
breast cancer. Thus, it is conceivable that overexpression of TINCR
promotes histone acetylation, upregulates PADI1 expression and

promotes NPC progression and cisplatin resistance by regulating the
MAPK–MMP2/9 pathway.

Until now, little was known about the general role of RNA decay in
the context of cancer. While miRNAs are identified to bind to their
target mRNAs andmark them for degradation, we still have a long way
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Figure 7.

IGF2BP3 interacts with TINCR and slows down its RNA decay. A,Western blotting analysis of the interaction of IGF2BP3 and TINCR from an RNA pull-down assay

using biotin-labeled TINCR. B, RIP assay was performed using anti-IGF2BP3 antibodies to detect TINCR enrichment in the immunoprecipitated complexes. C, FISH

and IF assays showing that TINCR (Cy3; red) and IGF2BP3 (green) are mainly colocalized in the cytoplasm. Nuclei, blue (DAPI). D, Quantitative qRT-PCR (left) and

Western blotting (right) analysis of IGF2BP3 expression in SUNE-1 and HONE-1 cells transfected with si IGF2BP3s or the scrambled control. E, Expression of TINCR in

SUNE-1 and HONE-1 cells transfected with siIGF2BP3s or the scrambled control. F, Pearson correlation analysis of IGF2BP3 and TINCRmRNA expression in 20 NPC

tissues, determined using qRT-PCR.G, The remaining TINCRRNAafter blocking newRNA synthesis usinga-amanitin (50mmol/L) and normalizing to the 18S rRNA (a

product of RNA polymerase I that is unchanged by a-amanitin). H, The luciferase activities in SUNE1 cells transfected with the full-length TINCR plasmid or empty

vector together with siIGF2BP3s or the scrambled control. I, Proposed model for the mechanism of TINCR in promoting NPC proliferation, metastasis, and DDP

resistance. Data are presented as the mean � SD. �� , P < 0.01. The experiments were repeated independently at least three times.
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to go before we fully understand the network that controls the stability
of a single RNA. In this study, we identified one distinct RBP family
gene, IGF2BP3, which can interactwithTINCR and slowdown its RNA
decay. Human IGF2BP3, initially termed KOC and identified because
of its high abundance in pancreatic cancer (55), is proposed to control
the translation or turnover of various candidate target transcripts (56).
As an oncofetal protein, IGF2BP3 is reported to promote cancer cell
proliferation, invasion, and chemoresistance probably by enhancing
RNA stability (57). Consistent with previous studies, we found that
IGF2BP3 was upregulated in NPC. Silencing IGF2BP3 led to acceler-
ated decay of TINCR, indicating that the upregulation of TINCR in
NPC might partially result from the RNA stability function of
IGF2BP3. However, to promote our understanding of the oncogenic
role of IGF2BP3, future studies should focus on how IGF2BP3
enhances a malignant tumor cell phenotype in NPC.
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