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Abstract: Recently, long non-coding RNAs (IncRNAs) have been reported as the vital regulators of various cancers in-
cluding nasopharyngeal carcinoma (NPC). An increasing number of studies have suggested that IncRNA LINCO1133
is dysregulated and involved in human carcinogenesis. However, the roles of LINCO1133 in NPC remain largely
unknown. In this work, we demonstrated that LINCO1133 was significantly downregulated in NPC tissues and cell
lines. Loss and gain of function experiments provided evidence that LINCO1133 inhibited NPC cell proliferation,
invasion and migration both in vitro and in vivo. Besides, Fluorescence in situ hybridization (FISH) assay was per-
formed to determine the localization of LINCO1133 and LINC01133 was observed mainly distributed in the nucleus.
Importantly, RNA pull-down and RIP assays showed that LINCO1133 directly combined with YBX1, and YBX1 can
partly reverse the repression of NPC cell proliferation, migration, and invasion caused by LINCO1133. Collectively,
our exploration indicate that LINCO1133 inhibits the malignant-biological behavior of NPC cells by binding to YBX1,

thereby suggesting a novel biomarker for the NPC prognosis and treatment.
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Introduction

Nasopharyngeal carcinoma (NPC) is a preva-
lent malignancy with geographic features and
different etiopathogenesis in Southeast Asia
and North Africa [1]. Although intensity-modu-
lated radiation therapy and other combining
treatments provide locoregional control for
most NPCs, tumor relapse and distant metas-
tasis remain a huge problem to patient survival
[2, 3]. Thus, elucidating the molecular mecha-
nisms and developing effective therapeutic tar-
gets for these patients are necessary.

Long non-coding RNAs (IncRNAs) are the RNA
transcripts that are > 200 nucleotides in leng-
th with limited protein coding potential [4].
Increasing evidence has indicated that IncRNAs
can play significant roles in a wide variety of
cancer pathogenesis [5-7]. The aberrant ex-
pression of IncRNAs can also contribute to
tumor initiation and progression by different

mechanisms, ranging from chromatin modifica-
tion, transcriptional and post-transcriptional
regulation [8]. Although several IncRNAs, includ-
ing HOTAIR, MALATZ, and ANRIL are involved in
NPC [9-11], the clinical significance and func-
tions of most dysregulated IncRNAs in NPC are
not well characterized.

The IncRNA LINC01133, which is located in
chromosome 1023.2, is downregulated in
colorectal cancer and suppress epithelial-mes-
enchymal transition (EMT) and metastasis
through interaction with SRSF6 [12]. Similarly,
LINC01133 shows low expression in oral squa-
mous cell carcinoma and gastric cancer [13,
14]. However, studies on other malignant tu-
mors indicate opposite oncogenic roles and dif-
ferent molecular mechanisms of LINCO1133,
thereby suggesting the tissue-specific regula-
tion of LINCO1133 expression [15-17]. Neve-
rtheless, information on the role of LINCO1133
in NPC progression is scarce.
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In this work, we focused on exploring LIN-
C01133, which was downregulated in NPC
tumor tissues and cell lines. Several attempts
were carried out to investigate whether LIN-
C01133 can repress NPC cell proliferation,
invasion and migration in vitro and in vivo. We
demonstrated that the LINCO1133 function
was also partly mediated by binding to Y-box
binding protein 1 (YBX1). Overall, this study pro-
vided an insight into the biological function and
potential mechanisms exerted by LINCO1133
in NPC development and progression.

Materials and methods
Cell culture and clinical specimens

The human immortalized nasopharyngeal epi-
thelial cell line (NP69) was cultured in keratino-
cyte/serum-free medium covered in growth fac-
tors (Gibco, Grand Island, NY, USA). Five human
NPC cell lines (i.e., CNE-1, CNE-2, 5-8F, 6-10B,
and SUNE-1) were grown in RPMI-1640 (Co-
rning, Manassas, VA, USA) supplemented with
5% FBS (Gibco, Grand Island, USA) in the pres-
ence of 5% CO, at 37°C. Fifteen frozen NPC tis-
sues and six normal nasopharyngeal epitheli-
um tissues were obtained from Jiangsu Cancer
Hospital (Nanjing, China). All tissue samples
were confirmed by pathologists. This study was
approved by the Institutional Ethical Review
Board of Jiangsu Cancer Hospital, and each
patient provided written informed consent. The
expression profiles of LINCO1133 were also
detected in NPC samples provided by Gene
Expression Omnibus (GEO, http://www.ncbi.
nim.nih.gov/geo).

RNA extraction and quantitative real-time PCR
(QRT-PCR)

The total RNA from NPC cells or clinical sam-
ples was isolated using TRIzol reagent (Invi-
trogen) following the manufacturer’s instruc-
tions. SYBR Green PCR Master Mix was used to
perform gRT-PCR reactions on an ABI7300
real-time PCR machine (Applied Biosystems).
U6 and B-actin were used as normalized con-
trols, and the sequences of specific primers
used are listed in Table S1.

Western blot analysis

Proteins were extracted from the transfected
cell lines by using modified RIPA buffer and
PMSF (Beyotime, Shanghai, China) following
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the manufacturer’s protocols. BCA protein
assay kit (Beyotime, Shanghai, China) was used
to quantify the protein concentration. The pro-
teins from each sample were separated by
sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) and then trans-
ferred into a special nitrocellulose membrane.
After being blocked with bovine serum albumin,
all membranes were incubated with specific
antibodies for B-actin (Cell Signaling Technology,
USA), YBX1 (Abcam, Hong Kong, China), E-ca-
dherin (Cell Signaling Technology), N-cadherin
(Cell Signaling Technology), Vimentin (Cell
Signaling Technology), or Snail (Cell Signaling
Technology). ECL detection reagent (Millipore,
Billerica, MA, USA) was used to detect immuno-
reactive bands.

LINC01133 overexpression and RNA interfer-
ence

For LINCO1133 overexpression experiments,
CNE-1 and CNE-2 cells were infected with lenti-
virus containing the LINCO1133-GV367 plas-
mid synthesized by GeneChem (Shanghai,
China). Smart Silencer-LINCO1133 and Smart
Silencer-NC were obtained from RiboBio (Gu-
angzhou, China). Three specific siRNA targeting
human YBX1 along with control-siRNA were
purchased from RiboBio (Guangzhou, Guang-
dong, China). All transfections were conducted
using Lipofectamine 2000 (Invitrogen) follow-
ing the manufacturer’s instructions, and the
SsiRNA sequences are listed in Table S1.

Colony formation assay

To measure the colony-forming activity, were
seeded the CNE-1, CNE-2 and SUNE-1 cells in
six-well plates (1x10°3 cells/well) after transfec-
tion and then incubated for 10 days. After being
fixed with paraformaldehyde and stained with
0.1% crystal violet, the number of colonies was
counted under an inverted microscope.

Cell Counting Kit-8 (CCK8) assay

Cell proliferation was measured via CCK8 assay
(Promega) every 24 h. After transfection, the
cells were seeded in 96-well plates (3000
cells/well). Then, the CCK8 solution was added
into these cultured cells. Each well was detect-
ed spectrophotometrically at 450 nm after
being cultured for 2 h. This experiment included
three independent replications, and the results
were all averaged.
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Wound healing assay

Wound healing assays were performed to
detect the migration capacity of NPC cells.
Transfected CNE-1, CNE-2 and SUNE-1 cells
were placed in six-well plates and cultured with
serum starvation for 24 h. A wound was creat-
ed artificially by a 200-uL pipette tube. Cell
migration was measured under an optical
microscope at O and 24 h.

Transwell migration and invasion assay

To evaluate the cell invasion potential, we used
Transwell chambers (Corning, NY, USA) covered
with Matrigel (BD Biosciences). The transfected
cells were collected after being cultured for 48
h. Then, these cells were resuspended (2x10*
cells per well) in 200 yL of serum-free media
and plated in the upper chamber. The lower
compartment was added with 20% FBS and
500 uL of RPMI-1640. After 36 h of incubation,
the membranes were fixed and stained. An
inverted microscope was used to count the
invaded cells. Transwell migration assays were
performed similarly without the Matrigel cover-
ing the upper chamber.

Subcellular fractionation location

The nuclear and cytosolic fractions were sepa-
rated using the PARIS Kit (Invitrogen) according
to the manufacturer’s instructions.

Fluorescence in situ hybridization (FISH)

SUNE-1 cells were fixed in 4% formaldehyde for
20 min and subsequently permeabilized with
Triton X-100. Cells were incubated with hybrid-
ization buffer supplemented with FISH probe
and washed with 2x saline-sodium citrate.
Horseradish peroxidase conjugated anti-DIG
secondary antibodies (Jackson, West Grove,
PA, USA) were used to detect the signals, and
DAPI was applied to stain the nuclei.
Representative pictures were taken using an
Olympus confocal laser scanning microscope.

RNA pull-down assay

LINCO1133 RNAs were transcribed in vitro and
biotin-labeled with Biotin RNA Labeling Mix
(Roche). Biotinylated RNAs were incubated with
protein extracted from SUNE-1 cells. Each bind-
ing reaction was mixed with magnetic beads
and then washed with washing buffer. The
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IncRNA-interacting proteins were separated by
SDS-PAGE. Afterward, the gels were silver
stained, and the proteins were identified by
mass spectrometry (MS) or Western blot
analysis.

RNA immunoprecipitation (RIP)

RIP assay was conducted using a Magna RIP
Kit (Cat. 17-701, Millipore, USA) according to
the manufacturer’s instructions. YBX1 antibod-
ies were purchased from Abcam (Hong Kong,
China).

In vivo tumor growth and metastasis assays

Six-week-old immunodeficient male BALB/c nu-
de mice were obtained from Nanjing Univer-
sity (Nanjing, China). For the in vivo tumor
growth assay, 2x10° CNE-1 cells in 20 L of cell
suspension were separately subcutaneously
injected into the nude mice. The cells men-
tioned above were infected with lentivirus con-
taining LINCO1133 expression vector or empty
vector. The volume of tumor was measured and
recorded every 3-4 days. At 6 weeks after injec-
tion, all mice were sacrificed and dissected.
Afterward, these xenograft tumors were
weighed. Tumor metastasis experiment was
performed similarly except that the infected
cells were injected into the plantar of each
mouse. After 6 weeks, all mice were euthanized
and the presence of popliteal and groin lymph
node metastasis was observed. All mouse
experiments were carried out under the approv-
al of the Animal Committee of Nanjing Origin
Biosciences, China.

Statistical analysis

All statistical analysis was carried out by SPSS
23.0. Student’s t-test was conducted to analyze
the significance of mean values between the
two groups. P values < 0.05 was considered
significant (*P < 0.05, **P < 0.01, and ***P <
0.001). The results are presented as mean *
standard deviation from at least three separate
experiments.

Results

LINC01133 downregulation in NPC cell lines
and tissues

The relative LINCO1133 expression was evalu-
ated by qPCR in both clinical samples and NPC
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Figure 1. LINC01133 is downregulated in NPC cell lines and tissue samples.
A. Relative LINCO1133 expression in NP69 and NPC cell lines analyzed by
real-time PCR and normalized to B-actin expression. B. Relative LINC01133
expression in NPC tissues (n = 15) compared with normal tissues (n = 6).
C. LINCO1133 expression profile in 31 NPC and 10 normal nasopharyn-
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NPC(n=31) S1A). As shown in Figures 2
and S1, exotic expression of
LINCO1133 significantly sup-
pressed NPC cell prolifera-
tion, invasion and migration
in vitro. In addition, the co-
lony formation ability of CNE-1
and CNE-2 was markedly
decreased compared with the
control groups (Figures 2C
and S1C). However, LINCO1-
133 silencing increased the
proliferation, invasion, and
migration abilities of SUNE1
cells, as well as colony forma-
tion (Figure 2A-E).

geal epithelial samples by GEO datasets GSE 12452. D, E. The LINCO1133

expression in stable CNE-1 cell clones infected with lentiviruses encoding
LINCO1133. Relative levels of LINCO1133 in the SUNE-1 cells after trans-
fection with siRNA pool against LINCO1133. Each experiment was indepen-

Tumor growth and metastasis
regulation by LINCO1133 in
NPC in vivo

dently repeated for at least three times. Values are represented as mean *

standard deviation (n = 3). **P < 0.01 and ***P < 0.001.

cell lines. Our data showed that LINCO1133
expression was significantly downregulated
in NPC tissues as compared with normal na-
sopharyngeal epithelial tissues (Figure 1B, P <
0.01). LINCO1133 expression was also de-
creased in NPC cell lines compared with NP-
69, which was the immortalized nasopharyn-
geal epithelial cell line [18] (Figure 41A).
Moreover, the GEO database confirmed that
LINC01133 showed lower expression in NPC
(n = 31) than the normal nasopharyngeal
samples (n = 10, GSE12452, Figure 1C, P =
0.0375). These results suggested that LIN-
C01133 may perform tumor suppressor func-
tion in NPC.
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To investigate whether LIN-

C01133 affects NPC cell pro-
liferation in vivo, we subcutaneously injected
LINCO1133-overexpressed or control CNE-1
cells into nude mice. At 16 days after tumor for-
mation, the tumors formed in the LINCO1133-
overexpressed group were substantially small-
er than those in the control group (Figure 3A
and 3B). Meanwhile, a new model of spon-
taneous lymph node metastasis was also
established using CNE-1 cells. LINC01133
expression vector or control vector was inject-
ed into the plantar of each mouse twice a week.
After six weeks of injection, the mice were sac-
rificed, and popliteal and groin lymph node
metastasis was observed after necropsy. The
nude mouse in the control vector group showed
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Figure 2. LINCO1133 inhibits NPC cell proliferation, invasion and migration in vitro. A, B. The proliferation capacities
of CNE-1 and SUNE-1 cells revealed by Cell Counting Kit-8 assay. C. Colony formation ability of CNE-1 and SUNE-1
cells as evaluated by Colony formation assay. D, E. Representative images for wound healing assay and Transwell
migration and invasion assay reflecting migratory and invasive capacities of NPC cells, respectively. **P < 0.01
compared with the control.
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Figure 3. LINCO1133 inhibits NPC cell tumorigenesis in vivo. A. CNE-1 cells stably overexpressing LINCO1133
(LINCO1133) or negative control (vector) were subcutaneously injected into flank of each nude mouse (n = 6). B.
The volumes of all tumors were detected every 3 days. Data are presented as mean + S.D.; *P < 0.05 compared
with the vector group via the Student’s t-test. C, D. CNE-1 cells stably overexpressing LINCO1133 (LINC0O1133) or
negative control (vector) were subcutaneously injected into the plantar of each mouse (n = 5), and the formation of
popliteal lymph node metastasis was assessed under a fluoroscope after 6 weeks. One mouse was dead in each
group without any metastasis. E. SUNE-1 cell Fractionation demonstrated nuclear expression of LINC0O1133. U6
RNA served as an internal control for nuclear gene expression. F. Nuclear localization of LINCO1133 was detected
by RNA FISH in SUNE-1 cells. Scale bar, 50 ym.

the presence of popliteal lymph node metasta- group did not show any lymph node metasta-
sis, whereas the LINC01133-overexpressed sis (Figure 3C and 3D). Hence, these in vivo
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Figure 4. LINC0O1133 interaction with YBX1. A. LINCO1133-interacting proteins were separated by SDS-PAGE gel.
The circled region was submitted for mass spectrometry identifying YBX1 as the band to LINCO1133. B. RNA immu-
noprecipitation (RIP) experiments were performed using the YBX1 antibody, and snRNP70 was used as the positive
control, while IgG was utilized as the negative control. C. Relative expression of E-cadherin, N-cadherin, Vimentin,
Snail, YBX1 and B-actin was detected by Western blot analysis. D. SUNE-1 cells were transfected with YBX1-specifc
siRNAs (siRNA1, siRNA2, and siRNA3) and control siRNA (NC-siRNA). The YBX1 mRNA levels were assessed by qRT-
PCR. Values represent the mean + S.D. *P < 0.05 versus control, **P < 0.01 versus control by the Student’s t-test.

data indicated the functional significance of
LINCO1133 in NPC cells.

Interaction of LINCO1133 with YBX1

To explore the possible mechanism underlying
the biological function of LINCO1133, we per-
formed subcellular fractionation location as-
say. Then, LINC01133 showed substantial
expression in the nucleus versus the cytosol,
also confirmed by FISH (Figure 3E and 3F).
These data indicated that LINC0O1133 may play
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a regulatory function in interacting with nucleus
proteins or molecules at the transcriptional
level. Considering that several studies have
demonstrated that many IncRNAs are involved
in diverse regulation pathways through their
association with proteins [19-21], we carried
out RNA pull-down assays to identify whether
LINCO1133 may affect cellular function in a
similar manner. The bands specific to LIN-
C01133 was subjected to MS. As a result,
EEF1A1P5, HNRNPF, and YBX1 were the repre-
sentative proteins detected by MS (Figure 4A

Am J Cancer Res 2019;9(4):779-790
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and Table S2). Among these primary proteins,
YBX1, which is a well-known RNA and DNA bind-
ing protein, caught our attention. Existing stud-
ies have indicated the specific roles performed
by YBX1 in the IncRNA-mediated biological reg-
ulation [22, 23]. Therefore, we chose YBX1 for
follow-up study, and RIP assay with a YBX1 spe-
cific antibody showed that LINCO1133 could
bind to YBX1 protein (Figure 4B). However,
change in the protein level of YBX1 in
LINCO1133-overexpressed CNE-1 cells and
LINCO1133-depleted SUNE-1 cells was insig-
nificant (Figure 4C). These results suggested
that LINCO1133 can bind to YBX1 but cannot
change the protein expression of YBX1.

EMT process inhibition by LINCO1133 via
YBX1

YBX1 plays pro-oncogenic roles in a variety of
cancers, including NPC [24-26]. In addition,
YBX1 activates Snail mRNA translation directly
and induce EMT [27]. To explore whether the
interaction between LINCO1133 and YBX1
affects the YBX1 modulation on Snail, we con-
ducted Western blot analysis. As shown in
Figure 4C, the exotic LINCO1133 expression
decreased the protein level of Snail and
N-cadherin, and upregulated the protein level
of E-cadherin. By contrast, LINC0O1133 deple-
tion provided exactly the opposite protein trend.
Interestingly, YBX1 knockdown relieved the
upregulation in Snail and N-cadherin protein
level caused by the depletion of LINCO1133
(Figure 5E). Collectively, these findings revealed
that LINC0O1133 inhibit the translation of Snail
and the EMT process by regulating YBX1 in NPC
cells.

Partial reversion of the tumor promoting ef-
fects caused by the LINC0O1133 depletion via
the knockdown of YBX1

Further researches were conducted to demon-
strate that LINCO1133 could mediate the bio-
logical function of NPC cells by binding to YBX1.
We co-transfected LINCO1133-siRNA and
YBX1-siRNA into SUNE1 cells, and the transfec-
tion efficiency of YBX1 was detected by gRT-
PCR (Figure 4D). Knockdown of YBX1 partially
reversed the depletion of LINCO1133-mediated
promotion of cell proliferation and colony for-
mation ability (Figure 5A-D). YBX1 knockdown
also antagonized the up-regulation of cell
migration and invasion in vitro modulated by
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the depletion of LINCO1133 (Figure 5E). These
results confirmed that LINCO1133 mediated
NPC tumorigenesis by inhibiting YBX1.

Discussion

LncRNAs are vital regulators in nasopharyngeal
carcinoma. For instance, as a well-known
IncRNA, AFAP1-AS1 can promote the invasive
and metastatic potential of NPC cells via stress
filament integrity modulation by altering the
AFAP1 protein levels [28]. LncRNA MEG3 also
exerts tumor suppression effect in NPC cells,
while CCAT1, NEAT1, and ROR perform onco-
genic function in NPC [29-34]. In this work, we
reported that expression level of LINCO1133
was notably reduced in NPC tissues and cell
lines, verified by analyzing the GEO datasets.
Furthermore, our data provided evidence that
LINC01133 restrained tumor growth, metasta-
sis, and the process of EMT both in vitro and in
vivo. Although LINCO1133 may work as a tumor
suppressor in NPC, existing studies indicated
the opposite oncogenic roles of LINCO1133 in
other malignancies [16, 17]. Therefore, mecha-
nism underlying the effect of LINCO1133 on
NPC development should be explored.

LncRNAs can regulate tumor initiation and pro-
gression at diverse levels, including chromatin
modification, transcription, and post-transcrip-
tional processing. Accumulating evidence has
highlighted that the potential functions of
IncRNAs rely largely on their subcellular local-
ization [35]. Xie et al. [36] showed that IncRNA
HCAL is mainly located in the cytoplasm, there-
by possibly regulating miRNA expression at the
post-transcriptional levels. Not surprisingly,
Liang et al. [37] reported that IncRNA CASC9,
which is distributed in the nucleus, increases
LAMC2 expression at the transcriptional levels
in Esophageal squamous cell carcinoma by
binding directly to the transcriptional coactiva-
tor CBP. Here, we carried out the subcellular
fractionation location and FISH assays to deter-
mine the localization of LINCO1133. It was
observed that LINC01133 mainly distributed in
the nucleus. Thus, LINCO1133 may perform its
cellular function by interacting with nucleus
proteins or molecules at the transcriptional
level. Our RNA pull-down assays along with
MS exhibited that the bands specific to
LINCO1133 were EEF1A1P5, HNRNPF, YBX1
and some other structural proteins. Among
these proteins, EEF1A1P5 is mainly associated

Am J Cancer Res 2019;9(4):779-790
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Figure 5. Knockdown of YBX1 partly reverses the tumor promotion effects caused by the LINCO1133 depletion.
SUNE-1 cells were cotransfected with either Smart Silencer- LINCO1133 or negative control (si-LINCO1133 or si-NC)
and either YBX1-specifc siRNA (siRNA3) or control siRNA (NC-siRNA). (A-D) Knockdown of YBX1 relieved the promo-
tion on cell proliferation, migration, and invasion by LINCO1133 depletion. The representative results of the Cell
Counting Kit-8 assays (A), colony formation assay (B), wounding healing assay (C), and Transwell migration and inva-
sion assay (D). (E) Relative expression of E-cadherin, N-cadherin, Snail, YBX1 and B-actin was detected by Western
blot analysis. Data are presented as mean + SD; *P < 0.05 and **P < 0.01. Each experiment was independently
repeated at least three times.

with translational elongation, and HNRNPF is known RNA binding protein YBX1, which is
involved in modulating the pre-mRNA alterna- associated with NPC poor prognosis and
tive splicing [38, 39]. We focused on the well- enhance the invasion and migration of NPC
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cells [26]. Subsequently, RIP experiments also
identified the directly interaction between
LINC01133 and YBX1 protein.

YBX1 is involved in the action mechanisms of
IncRNAs. Li et al. [40] revealed that IncRNA
HULC accelerates the phosphorylation of YBX1
by acting as a scaffold of YBX1 and ERK to pro-
mote hepatocarcinogenesis. Zhang et al. [41]
also found that IncRNA HOXC-AS3 plays an
important role in the tumor progression of gas-
tric cancer, and the activated effect of HOXC-
AS3 is mediated partly by its interaction with
YBX1. YBX1 activates Snail mRNA translation
and induces EMT in breast cancer [27]. Thus,
we hypothesized that LINCO1133 may work in
a similar manner. Our further study showed
that by interacting with YBX1, exotic LINCO1133
expression suppressed the Snail translation
and the EMT process in NPC cells. The effects
of LINC01133 on Snail were dependent in part
on YBX1 because YBX1 knockdown partly
reversed the effects of LINCO1133. The inter-
action between LINC0O1133 and YBX1 did not
alter the protein levels of YBX1, but relatively
changed its structure and functions. However,
further investigation is needed to explore the
concrete combinations of LINCO1133 and
YBX1 and determine the mechanism underly-
ing the effect of specific DNAs or RNAs that
directly bind to YBX1. Moreover, LINCO1133
mediated the biological function of NPC cells
by inhibiting YBX1 since knockdown of YBX1
partly reversed the tumor promotion effects
due to the depletion of LINCO1133. Overall, the
specific combination between LINCO1133 and
YBX1 can alleviate the effects of YBX1 on the
translation of Snail, and the cancer-promoting
roles of YBX1 in NPC progression.

In conclusion, LINC01133, which is frequently
downregulated in NPC, can inhibit the proli-
feration, invasion, and migration abilities of
NPC cells by interacting with YBX1. Along
with further investigation, LINCO1133 may
serve as a new indicator for NPC treatment and
prognosis.
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Table S1. A list of oligos used in this study

Oligos Sequence
LINCO1133-primer-F TTTTGGTTTGAGGGCATAGGG
LINCO1133-primer-R CAACAGCATTGACGAGACACATTT
U6-primer-F CTCGCTTCGGCAGCACA
U6-primer-R AACGCTTCACGAATTTGCGT
B-actin-primer-F GGACTTCGAGCAAGAGATGG
B-actin -primer-R AGACTGTGTTGGCGTACAG
YBX1-primer-F CCGCCAAAGGTCCAATGAG
YBX1-primer-R CTGGCCAGTGGTACTGTCAATCT
Smart Silencer-LINCO1133 GGAGGTAAAGAGTAGAAGA
GGAACCTCAAGTCTATGCA
CAACATGACCGGGAAGATT
ACTGGAGGAGCCATTAACAA
GAACAACATGACCGGGAAGA
CAGTATCAAGAATCCAGAGC
si-YBX1_001 CCAATAGAAGCTAGGGATT
si-YBX1_002 GCCAAAGGTCCAATGAGAA
si-YBX1_003 GGACGGCAATGAAGAAGAT

F, Primer forward; R, Primer reverse.
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Figure S1. LINCO1133 inhibits NPC cell proliferation, invasion and migration in vitro. A. The LINCO1133 expression
in stable CNE-2 cell clones infected with lentiviruses encoding LINCO1133. Each experiment was independently
repeated for at least three times. Values are represented as mean * standard deviation (n = 3). ***P < 0.001. B.
The proliferation capacities of CNE-2 cells revealed by Cell Counting Kit-8 assay. C. Colony formation ability of CNE-2
cells as evaluated by Colony formation assay. D, E. Representative images for wound healing assay and Transwell
migration and invasion assay reflecting migratory and invasive capacities of NPC cells, respectively. *P < 0.05, **P
< 0.01 compared with the control.

Table S2. Representative proteins binding to LINCO1133 identified by MS
Hits Protein Mass (Da) No.of Peptide Sequence Header
1 50495.29 6 HUMAN Putative elongation factor 1-alpha-like 3 (EF1A3)

2 45984.96 5 HUMAN Heterogeneous nuclear ribonucleoprotein F (HNRPF)
3 28751.09 5 HUMAN Protease serine 4 isoform B (Q7Z5F4)

4 35902.68 3 HUMAN Nuclease-sensitive element-binding protein 1 (YBX1)
5 53605.9 2 HUMAN G-rich sequence factor 1 (GRSF1)




