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1 | INTRODUCTION

| Hongxia Sun® | Weiluo Du*

Abstract

Long noncoding RNAs (IncRNAs) have been demonstrated to be frequently involved
in the development of cancers, whereas only a few of them was investigated in naso-
pharyngeal carcinoma (NPC). Here, we found that LINCO1116 was highly expressed
in NPC cell lines, and inhibition of LINCO1116 notably restrained cell viability,
proliferation, and migration in NPC cells. Besides, we unveiled that LINCO1116
was mainly distributed in the cytoplasm of NPC cells. Surprisingly, the cytoplas-
mic LINCO1116 could directly interact with the 5'UTR of MYC mRNA, whereas
such interaction had no influence on MYC mRNA expression, but facilitated MYC
mRNA translation so as to enhance MYC protein level in NPC cells. Moreover,
LINCO1116 per se had no impact on the transcription of MYC targets but affected
their expression through MYC-dependent manner. Furthermore, MYC overexpres-
sion offset the suppression of LINC01116 silence on NPC development. In turn, we
discovered that MYC could also serve as the transcriptional activator of LINCO1116
in NPC cells. By and large, our findings elucidated a LINCO1116/MYC feedback
loop in accelerating the tumorigenesis of NPC, revealing a promising target to estab-

lish novel biomarkers for NPC patients.
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involving oncogene activation and tumor suppressor silenc-
ing.}5 Despite extensive discoveries on genetic and epigene-

Nasopharyngeal carcinoma (NPC) is a highly aggressive ma-
lignancy which usually occurs in South Asia, North Africa,
and Southern China.' NPC is possessed with quite different
features compared to other head and neck cancers in several
aspects, such as risk factors, pathogenesis, clinical behaviors,
and therapeutic strategies.2 Similar to many other human
cancers, the development of NPC is also a multistep process

tic alterations in NPC,° the understanding of the pathogenesis
and progression of NPC remain unclear. Hence, it is import-
ant to figure out the precise mechanism underlying NPC
development for the development of effective therapeutic
strategies for NPC.

Recently, dysregulated LncRNAs have been largely rec-
ognized as crucial contributors in tumorigenesis of diverse
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human cancers,’ mainly due to their transcriptional and post-
transcriptional regulation on gene expressions.® Also, some
IncRNAs have been proved to be implicated in NPC, such as
n326322,” HOTAIR,'” AFAP1-AS1,” and so on. Long inter-
genic nonprotein coding RNA 1116 (LINCO01116) is a newly
recognized IncRNA that locates in 2q31.1. Previously, stud-
ies demonstrated that LINCO1116 is a carcinogene in several
cancers.' "1 However, its role in NPC has never been inves-
tigated yet.

In this study, we aimed to explore the role and potential
mechanism of LINCO1116 in NPC development.

2 | MATERIALS AND METHODS

2.1 |

Human nasal epithelial cell (HNEpC), human embryonic
kidney cell (HEK-293T), and the NPC cells (HONE1, CNEI,
CNE2, and 5-8F) were all purchased from the Shanghai Cell
Bank of the Chinese Academy of Sciences (China). All cells,
except that HEK-293T cells were cultured in Dulbecco's
Modified Eagle Medium (DMEM; Gibco), were maintained
in RPMI 1640 medium (Thermo Fisher Scientific) containing
10% fetal bovine serum (FBS; Thermo Fisher Scientific) and
1% antibiotics (penicillin/streptomycin; HyClone). Cell cul-
ture was conducted at 37°C in 5% CO,, along with the change
of medium every three days.

Cell culture

2.2 | Cell transfection

The shRNAs against LINCO1116 (shLINCO1116#1 and sh-
LINCO1116#2) or MYC (shMYC) and their corresponding
NC (shCtrl), which were obtained from Genechem, were
separately transfected into CNE2 or 5-8F cells. Moreover,
the pcDNA3.1 vectors (Genechem) containing LINC01116
or MYC was, respectively, used to enhance the expression
of LINCO1116 or MYC, whereas the empty vector served as
negative control. Cell transfection with Lipotransfectamine
3000 (Thermo Fisher Scientific) lasted 48 hours.

2.3 | Quantitative real-time polymerase
chain reaction (QRT-PCR)

TRIzol reagent from Invitrogen was utilized to isolate total
RNAs from cultured NPC cells. Reverse transcription of
RNA into cDNA was achieved by RevertAid First Strand
cDNA Synthesis Kit (Thermo Fisher Scientific). SYBR®
Premix Ex Taq™ II from Takara and Tagman Universal
Master Mix II (Life Technologies Corporation) were applied
on ABI PRISM 7300 Sequence Detection system (Applied
Biosystems) for qRT-PCR analyses. The 2725 method was
utilized to calculate the relative expression level of target
gene in the experiment group and the control group.

24 |

Cell Counting Kit-8 (CCK-8; Sigma-Aldrich) was applied
for detecting proliferative ability of cells in accordance with
instructions. Cells were placed into 96-well plates (5 X 10°
cells in each well) at 37°C all night, and then treated with
various transfection plasmids for 48 hours. Later on, 10 pL of
CCK-8 reagent was used to incubate cells for another 1 hour.
The optical density (OD) value at 450 nm was monitored by
a microplate reader. For EdU staining, the transfected NPC
cells were subjected to EAU Alexa Fluor™ 555 staining
(Thermo Fisher Scientific) as per the protocol. Nuclei were
stained with DAPI. All experiments were run in triplicate.

Cell proliferation assays

2.5 | Cell migration assay

Transwell migration assay (Corning) was utilized to assess
migratory capacity of indicated NPC cells following the
standard method. The cells were first planted into 12-well
plates with the density of 1 X 10° cells/well. The serum-free
culture medium was used in the upper chamber and medium
with 10% FBS in the lower chamber. Cells were cultured
under 5% CO, at 37°C for 72 hours, fixed in 70% ethanol for
10 minutes and stained with 0.5% crystal violet. Migrating
cells were observed under an inverted microscope.

2.6 |

CNE?2 and 5-8F cells were rinsed in pre-chilled PBS solution
and then cultured in 0.1% NP40 with protease inhibitor cocktail
(Roche) and 10 mmol/L of Ribonucleoside Vanadyl Complex
(New England BioLabs). Following centrifugation for 2 min-
utes, cell supernatant was reaped as cell cytoplasm, the remain-
ing pellet was collected as the cell nuclei after washing in PBS.

Nuclear-cytoplasmic fractionation

27 |

In vitro biotin-labeled LINCO1116 and its antisense RNA
were obtained by transcription with the biotin RNA labe-
ling mix (Roche) and T7 RNA polymerase (Roche) treated
with RNase-free DNase I (Promega). Following purification
with RNeasy Mini Kit (QIAGEN), the biotinylated RNA was
treated with cell lysates and finally pulled down by strepta-
vidin agarose beads (Sigma-Aldrich). The bound RNAs were
collected for qRT-PCR analysis.

RNA pull-down assay

2.8 |

Cells lysed in RIPA buffer (Beyotime) were subjected to BCA
protein assay kit II (BIO-RAD). After separation by 10%
SDS-PAGE gel, protein samples were transferred onto nitro-
cellulose membranes (Invitrogen) and incubated with rabbit-
anti-human MYC (ab9106; Abcam) and rabbit-anti-human

Western blot assay
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GAPDH (ab9485; Abcam) antibodies overnight at 4°C.
Horseradish peroxidase (HRP)-conjugated secondary an-
tibodies were subsequently used to incubate samples for
1 hour. The final blot signals on the protein samples were
observed by ECL reagents (Millipore).

29 |

HEK-293T cells were put into the 24-well plates for 24 hours
of culturing. Artificially synthesized pGL3-CDK4 promoter,
pGL3-CCND?2 promoter, pGL3-BMII promoter, and pGL3-
LINCO1116 promoter were acquired commercially from
RiboBio. The aforementioned reporter vectors were sepa-
rately co-transfected with indicated transfection plasmids
into cells using Lipotransfectamine3000. Luciferase intensity
was tested at 48 hours after transfection by Dual Luciferase
Reporter Assay System (Promega).

Luciferase reporter assay

2.10 |
(ChIP)

To prepare ChIP assay, CNE2 and 5-8F cells were culti-
vated in formaldehyde for 10 minutes to acquire DNA-
protein cross-links. Afterward, lysates were sonicated to
obtain DNA fragments of 200-500 base pairs in length,
followed by immunoprecipitation with anti-c-MYC and
anti-IgG as control. At length, the precipitated chromatin
DNA was retrieved and analyzed with qRT-PCR method,
whereas the amplified DNA was further identified via aga-
rose gel electrophoresis (AGE).

Chromatin immunoprecipitation

211 |

Experimental data of at least three independent samples were
analyzed by GraphPad Prism 6.0 Software (GraphPad Inc)
or SPSS 22.0 system (SPSS, Inc). Both Student's ¢ test and
one-way ANOVA were applied for difference comparison
statistically with the significant level of P < .05.

Statistical analyses

3 | RESULTS
3.1 | LINCO01116 promotes NPC cell
proliferation and migration

To understand the role of LINC01116 in the development
of NPC, we first detected its expression pattern in NPC cell
lines and normal controls. Consequently, it was uncovered
that the expression of LINCO1116 was notably enhanced in
NPC cells compared to that in the human nasal epithelial
cell line HNEpc (Figure 1A). Subsequently, loss-of-func-
tion assays were conducted in CNE2 and 5-8F cells which
expressed relatively higher level of LINCO1116. As proved
by qRT-PCR, the expression level of LINCO1116 was
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overtly silenced in both CNE2 and 5-8F cells responding
to the transfection of shLINCO1116#1 or shLINCO1116#2
(Figure 1B). In addition, we revealed that the viability of
NPC cells was markedly confined under LINCO1116 in-
hibition, whereas the shLINCO1116#1-transfected cells
showed a better knockdown efficiency (Figure 1C).
Moreover, it turned out that depletion of LINCO1116 led
to restrained proliferative ability and migratory capacity
in both CNE2 and 5-8F cells (Figure 1D,E). On the con-
trary, gain of LINCO1116 function resulted in strength-
ened viability, proliferative ability, and migratory capacity
in HONEI1 and CNEI1 cells (Figure S1). Taken together,
LINCO1116 serves a tumor facilitator in NPC.

3.2 | LINCO01116 interacts with myc mRNA
in the cytoplasm of NPC cells

Given that the function of IncRNAs varies according to their
subcellular 1ocalization,13 we wondered where in which
part of NPC cells LINCO1116 located in. As predicted by
IncLocator (http://www.csbio.sjtu.edu.cn/bioinf/IncLocator/
), LINCO1116 was mainly distributed in the cytoplasm
(Figure 2A). Meanwhile, subcellular separation followed by
gRT-PCR indicated an apparent result that LINCO1116 was
concentrated mainly in the cytoplasm of NPC cells (Figure
2B). Previously, a recent report demonstrated that IncRNAs
could modulate mRNA translation through interacting with
the 5" untranslated region (5'UTR) region of such mRNA.™
Here, we predicted that there was a potential interaction be-
tween LINCO1116 and MYC 5'UTR through applying the
online tool IntaRNA (http://rna.informatik.uni-freiburg.de/
IntaRNA/Input.jsp) (Figure 2C). Furthermore, RNA pull
down assay unveiled that MYC mRNA was mostly har-
vested by LINCO1116 but not its antisense in both CNE2
and 5-8F cells (Figure 2D). Jointly, these data uncovered
that cytoplasmic LINCO1116 interacts with MYC mRNA in
NPC cells.

3.3 | LINCO01116 modulates myc activity
through upregulating MYC protein

Furtherly, we wondered the impact of LINC01116 on MYC.
First of all, it was demonstrated that LINC01116 had no in-
fluence on the mRNA expression of MYC (Figure 3A).
Surprisingly, knockdown of LINCO01116 gave rise to obvious
reduction on MYC protein in both CNE2 and 5-8F cells (Figure
3B). More importantly, we observed that MYC protein was re-
duced in LINCO1116-silenced NPC cells due to hindered inter-
action between LINCO1116 and MYC mRNA (Figure S2A,B);
conversely, such interactivity was encouraged and therefore
MYC protein expression elevated in HONE1 and CNE]1 cells
under LINCO1116 overexpression (Figure S2C,D), suggesting
LINCO1116 affected MYC protein through its interaction with
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FIGURE 1 Inhibition of LINCO1116 suppressed cell proliferation and migration in NPC cells. A, qRT-PCR result of LINCO1116 expression

in NPC cell lines and the normal HNEpC cells. B, qRT-PCR result of LINCO1116 expression in CNE2 and 5-8F cells under the transfection of
shCtrl or two shRNAs against LINCO1116. C, CCK-8 assay was performed to evaluate cell viability in above cells. D, Cell proliferation was

examined by EdU assay. E, Transwell assay for the assessment of cell migration in NPC cells with or without LINCO1116 inhibition. *P < .05,

P < .01

MYC mRNA. Recently, studies have proposed that antisense
transcripts can facilitate the translation of selected mRNA in
a cap-dependent manner."” In this situation, we supposed that
LINCO1116 interacted with MYC mRNA to facilitate MYC
translation. Previously, researchers demonstrated that tran-
sient rapamycin treatment can suppress cap-dependent transla-
tion.'® As anticipated, it was testified that the promotion effect
of LINCO1116 overexpression on MYC protein expression
was abrogated in the presence of rapamycin (Figure S2E). In
other words, LINC01116 boosts MYC protein through accel-
erating MYC translation.

Subsequently, we aimed to evaluate the influence of
LINCO1116 on c-MYC activity. On this basis, we inves-
tigated whether silencing LINCO1116 had an effect on the
transcription of several identified c-MYC targets, such as
CDK4,17 CCND2, 18 and BMIL." As a result, the lucifer-
ase activities of all the three targets were enhanced in re-
sponse to MYC overexpression, whereas such enhancement
was then countervailed under the condition of LINCO1116
suppression (Figure 3C). Importantly, the expression lev-
els of CDK4, CCND2, and BMI1 were all decreased in
LINCO1116-silenced CNE2 and 5-8F cells (Figure 3D,E),
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FIGURE 2 LINCO01116 mainly located in the cytoplasm of NPC cells and interacted with the 5'UTR of MYC mRNA. A, LINCO1116 was
predicted by IncLocator as a cytoplasmic IncRNA. B, Subcellular fractionation plus qRT-PCR validated that LINCO1116 was mainly distributed in
the cytoplasm of NPC cells. C, The online IntaRNA tool suggested that LINCO1116 could bind to the 5UTR of MYC mRNA. D, The interaction
between LINCO1116 and MYC mRNA in CNE2 and 5-8F cells was confirmed by RNA pull down assay. **P < .01

although LINCO01116 per se had no observable influence on
their transcription (Figure 3F). On the basis of these results,
we concluded that LINC01116 enhances MYC activity in
NPC through enhancing c-MYC.

3.4 | Overexpression of MYC offset
LINCO01116 depletion-controlled NPC
development

In order to confirm whether MYC was involved in
LINCO1116-contributed NPC development, the rescue as-
says were performed in 5-8F cells. As displayed in Figure
4A, both the mRNA and protein levels of MYC were dra-
matically prompted in LINCO1116-silenced 5-8F cells in the
context of MYC upregulation. Subsequently, we discovered
that enforced expression of MYC resulted in a remarkable
recovery on LINCO1116 knockdown-suppressed viability
of 5-8F cells (Figure 4B). Accordantly, the confined cell
proliferation was also normalized in LINCO1116-inhibited

NPC cells responding to the cotransfection of pcDNA3.1/
MYC (Figure 4C). Similarly, MYC upregulation also coun-
teracted the suppression of LINC01116 silence on the migra-
tion process of 5-8F cells (Figure 4D). Therefore, we came
to a conclusion that LINCO1116 aggravates NPC progression
through upregulating MYC.

3.5 | LINCO01116 is a direct target of c-MYC

In the meantime, the UCSC suggested that LINCO1116 might
be regulated by c-MYC at transcriptional level. In this basis,
we wondered whether MYC could affect LINCO1116 expres-
sion in turn. As a consequence, we illustrated that LINCO1116
was positively regulated by c-MYC in NPC cells, evidenced
by sharply reduced LINCO1116 level in face of MYC si-
lence but considerably stimulated LINCO1116 level under
MYC overexpression (Figure 5A-D). Furtherly, the results
of ChIP assay plus AGE analysis showed that LINCO1116
promoter was noticeably harvested by anti-c-MYC in both
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CNE2 and 5-8F cells (Figure SE), indicating the direct bind-
ing affinity of ¢-MYC and LINCO1116 promoter in NPC
cells. Additionally, we revealed that the luciferase activity of
LINCO1116 promoter in CNE2 cells was significantly abro-
gated by MYC inhibition but was robustly encouraged under
MYC upregulation (Figure 5F), whereas a similar phenom-
enon was also observed in 5-8F cells (Figure 5G). By and
large, we demonstrated that LINCO1116 is transactivated by
¢c-MYC in NPC.

4 | DISCUSSION

In recent years, reports have revealed that aberrant expres-
sion of IncRNAs can modulate cell proliferation and migra-
tion in various tumors.”’ The implication of IncRNAs in
NPC, a common malignancy with high death rate, has also
been demonstrated.”! For instance, DANCR plays a metas-
tasis-promoting role in NPC.** ANRIL activated by SOX2
facilitates cell growth in NPC.”> NEATI affects NPC cell
migration through targeting miR-101-3p.** In this study,
we investigated a novel IncRNA LINCO01116 in the devel-
opment of NPC. LINCO1116 was previously uncovered to
be upregulated and act as an oncogene in several cancers,
including osteosarcoma,'' prostate cancer.'? Consistent with

these findings, we proved in this study that LINCO1116 was
highly expressed in NPC cells and its suppression hindered
NPC cell proliferation and migration.

It is known that the role of IncRNAs is closely associ-
ated with their localization in cells."® For example, the cyto-
plasmic NF-xB interacting long noncoding RNA (NKILA)
inhibits metastasis in breast cancer.”’ Zhang et al revealed
that CCAT1 could serve as a scaffold in nucleus and as a
molecular decoy for miR-7 in cytoplasm in esophageal squa-
mous cell carcinoma cells.*® Currently, we figured out that
LINCO1116 was predominantly distributed in the cytoplasm
of NPC cells.

Considering that cytoplasm-distributed IncRNAs can reg-
ulate the expression and/or localization of RNAs and/or pro-
teins via directly interacting with them,””*® we then probed
certain RNA or protein which interacted with LINC01116
in NPC. Previously, Su et al discovered that NPCCAT1 en-
hances YY1 activity in NPC cells through interacting with
YY1 mRNA.' Herein, we uncovered that LINCO1116 in the
cytoplasm could interact with MYC mRNA in a similar way.
More intriguingly, it was unveiled that LINCO1116 accel-
erated MYC translation through its interaction with 5’UTR
of MYC mRNA via the complementary sequences, simi-
lar to previous findings that IncRNAs can enhance protein

translation via interacting with their antisense mRNAs.'>%
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FIGURE 5 MYC activated LINCO1116 at transcriptional level in NPC. A-D, The expression of MYC or LINC01116 in indicated CNE2 and
5-8F cells was tested by qRT-PCR. E, ChIP assay and AGE analysis verified the binding of MYC protein to LINCO1116 promoter. F,G, Luciferase
reporter assay confirmed that LINCO1116 was transcriptionally activated by MYC in both CNE2 and 5-8F cells. *P < .05, **P < .01

C-MYC is a protumor transcription factor that triggers un-
limited cell growth and metastasis in cancer through activat-
ing or repressing the transcription of its target genes.”™! In
this study, we discovered that LINCO1116 promoted NPC
tumorigenesis through elevating c-MYC protein so as to en-
hance c-MYC transcriptional activity and upregulate c-MYC
targets like CDK4,"” CCND2, '* and BMI1."” Meanwhile,
it was also identified that LINCO1116 was transcriptionally
activated by c-MYC in NPC cells.

On the whole, our study unveiled a LINCO1116-MYC
feedback loop in promoting NPC progression, thus indi-
cating LINCO1116 as a new biology marker for the treat-
ment of patients with NPC. Nevertheless, the clinical value
of LINCO1116 in NPC therapy is still poor now, and more
studies regarding the findings in this study are badly needed.

ACKNOWLEDGMENT

The authors thank all the contributors of this study.

CONFLICT OF INTEREST

None.

AUTHOR CONTRIBUTIONS

Haijie Xing, Hongxia Sun and Weiluo Du: project adminis-
tration, investigation, article writing and review, experiment,

data curation, figures. All authors gave valuable suggestions
and all authors contribute equally.

ORCID

Haijie Xing = https://orcid.org/0000-0002-6178-7113

DATA AVAILABILITY STATEMENT
Research Data are not shared.

REFERENCES

1. Yoshizaki T, Ito M, Murono S, Wakisaka N, Kondo S, Endo K.
Current understanding and management of nasopharyngeal carci-
noma. Auris Nasus Larynx. 2012;39(2):137-144.

2. Wei WI, Sham J. Nasopharyngeal carcinoma. The Lancet.
2005;365(9476):2041-2054.

3. Bo H, Gong Z, Zhang W, et al. Upregulated long non-coding
RNA AFAPI-AS1 expression is associated with progression
and poor prognosis of nasopharyngeal carcinoma. Oncotarget.
2015;6(24):20404-20418.

4. Liao Q, Zeng Z, Guo X, et al. LPLUNCI suppresses IL-6-induced
nasopharyngeal carcinoma cell proliferation via inhibiting the
Stat3 activation. Oncogene. 2013;33:2098.

5. Lin D-C, Meng X, Hazawa M, et al. The genomic landscape of
nasopharyngeal carcinoma. Nat Genet. 2014;46:866.

6. Zeng Z, Huang H, Zhang W, et al. Nasopharyngeal carcinoma:
advances in genomics and molecular genetics. Sci China Life Sci.
2011;54(10):966-975.


https://orcid.org/0000-0002-6178-7113
https://orcid.org/0000-0002-6178-7113

XING ET AL.

.. 277
Cancer Medicine _ —WI LEYJ—

11.

12.

13.

15.

16.

17.

19.

20.

21.

22.

Gong Z, Zhang S, Zhang W, et al. Long non-coding RNAs in can-
cer. Sci China Life Sci. 2012;55(12):1120-1124.

Marchese FP, Raimondi I, Huarte M. The multidimensional
mechanisms of long noncoding RNA function. Genome Biol.
2017;18(1):206.

Du M, Huang T, Wu J, et al. Long non-coding RNA n326322 pro-
motes the proliferation and invasion in nasopharyngeal carcinoma.
Oncotarget. 2017;9(2):1843-1851.

Fu W-M, Lu Y-F, Hu B-G, et al. Long noncoding RNA Hotair
mediated angiogenesis in nasopharyngeal carcinoma by direct and
indirect signaling pathways. Oncotarget. 2015;7(4):4712-4723.
Zhang B, Yu L, Han N, et al. LINCO1116 targets miR-520a-3p
and affects IL6R to promote the proliferation and migration of os-
teosarcoma cells through the Jak-stat signaling pathway. Biomed
Pharmacother. 2018;107:270-282.

Beaver LM, Kuintzle R, Buchanan A, et al. Long noncoding RNAs
and sulforaphane: a target for chemoprevention and suppression of
prostate cancer. J Nutr Biochem. 2017;42:72-83.

Sun M, From K. Discovery to function: the expanding roles of
long non-coding RNAs in physiology and disease. Endocr Rev.
2015;36(1):25-64.

Su H, Liu L, Zhang Y, Wang J, Zhao Y. Long noncoding RNA
NPCCAT1 promotes nasopharyngeal carcinoma progression via
upregulating YY 1. Biochimie. 2019;157:184-194.

Tran N-T, Su H, Khodadadi-Jamayran A, et al. The AS-RBM15 In-
cRNA enhances RBM15 protein translation during megakaryocyte
differentiation. EMBO Rep. 2016;17(6):887-900.

Beretta L, Gingras AC, Svitkin YV, Hall MN, Sonenberg N.
Rapamycin blocks the phosphorylation of 4E-BP1 and inhibits cap-
dependent initiation of translation. EMBO J. 1996;15(3):658-664.
Hermeking H, Rago C, Schuhmacher M, et al. Identification
of CDK4 as a target of ¢c-MYC. Proc Natl Acad Sci USA.
2000;97(5):2229-2234.

Bouchard C, Dittrich O, Kiermaier A, et al. Regulation of cyclin
D2 gene expression by the Myc/Max/Mad network: Myc-depen-
dent TRRAP recruitment and histone acetylation at the cyclin D2
promoter. Genes Dev. 2001;15(16):2042-2047.

Wang HB, Liu GH, Zhang H, et al. Spl and c-Myc regulate
transcription of BMI1 in nasopharyngeal carcinoma. FEBS J.
2013;280(12):2929-2944.

Prensner JR, Chinnaiyan AM. The emergence of IncRNAs in can-
cer biology. Cancer Discov. 2011;1(5):391-407.

Wu J, Hann SS. Functions and roles of long-non-coding RNAs
in human nasopharyngeal carcinoma. Cell Physiol Biochem.
2018;45(3):1191-1204.

Wen X, Liu XU, Mao Y-P, et al. Long non-coding RNA DANCR
stabilizes HIF-lo and promotes metastasis by interacting with

23.

24.

25.

26.

27.

28.

29.

30.

31.

NF90/NF45 complex in nasopharyngeal carcinoma. Theranostics.
2018;8(20):5676-5689.

Wu J-H, Tang J-M, LiJ, Li X-W. Upregulation of SOX2-activated
IncRNA ANRIL promotes nasopharyngeal carcinoma cell growth.
Sci Rep. 2018;8(1):3333.

Wang Y, Wang C, Chen C, et al. Long non-coding RNA NEAT1
regulates epithelial membrane protein 2 expression to repress
nasopharyngeal carcinoma migration and irradiation-resistance
through miR-101-3p as a competing endogenous RNA mechanism.
Oncotarget. 2017;8(41):70156-70171.

Liu B, Sun L, Liu Q, et al. A Cytoplasmic NF-«B interacting long
noncoding RNA blocks IkB phosphorylation and suppresses breast
cancer metastasis. Cancer Cell. 2015;27(3):370-381.

Zhang E, Han L, Yin D, et al. H3K27 acetylation activated-long
non-coding RNA CCAT1 affects cell proliferation and migration
by regulating SPRY4 and HOXB 13 expression in esophageal squa-
mous cell carcinoma. Nucleic Acids Res. 2017;45(6):3086-3101.
Atianand MK, Caffrey DR, Fitzgerald KA. Immunobiology of long
noncoding RNAs. Annu Rev Immunol. 2017;35:177-198.

McHugh CA, Chen C-K, Chow A, et al. The Xist IncRNA inter-
acts directly with SHARP to silence transcription through HDAC3.
Nature. 2015;521(7551):232-236.

Carrieri C, Cimatti L, Biagioli M, et al. Long non-coding antisense
RNA controls Uchll translation through an embedded SINEB2 re-
peat. Nature. 2012;491:454.

Cole MD, Cowling VH. Transcription-independent functions of
MYC: regulation of translation and DNA replication. Nat Rev Mol
Cell Biol. 2008;9(10):810-815.

Walz S, Lorenzin F, Morton J, et al. Activation and repression by
oncogenic MYC shape tumour-specific gene expression profiles.
Nature. 2014;511:483.

SUPPORTING INFORMATION

Additional supporting information may be found online in
the Supporting Information section.

How to cite this article: Xing H, Sun H, Du W.
LINCO1116 accelerates nasopharyngeal carcinoma
progression based on its enhancement on MYC
transcription activity. Cancer Med. 2020;9:269-2717.
https://doi.org/10.1002/cam4.2624



https://doi.org/10.1002/cam4.2624
https://doi.org/10.1002/cam4.2624

