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Background: Aberrant long non-coding RNA (IncRNA) expression contributes cancer
development and resistance to therapy. This study first assessed expression of IncRNA
LINCO00958 in a variety of human cancers using GEPIA database data and then asso-
ciated it with prognosis of head and neck squamous cell carcinoma (HNSCC) and
investigated LINC00958 interaction with c-Myc and the c-Myc-related gene interplay
in HNSCC cells.

Materials and methods: A cohort of 48 HNSCC vs normal tissues was collected for qRT-
PCR analysis of LINC00958 and c-Myc expression and statistical analyses. HNSCC cell
lines were subjected to transfection with LINC00958 and c-Myc siRNAs or cDNA and their
negative control siRNA or empty vector for qRT-PCR, Western blot, cell viability, colony
formation, luciferase reporter, chromatin immunoprecipitation, and RNA immunoprecipita-
tion assays.

Results: The data showed that LINC00958 expression was upregulated in HNSCC
tissues and cell lines, upregulation of which was associated with poor tumor differentia-
tion, advanced tumor stage, and shorter overall survival of patients. In vitro, LINC00958
expression induced HNSCC cell viability and colony formation, whereas knockdown of
LINCO00958 expression enhanced HNSCC cell sensitivity to ionizing radiation and cis-
platin treatment. Mechanistically, LINC00958 is a direct target of c-Myc and can enhance
the transcriptional activity of c-Myc, thus to form a positive feedback gene network in
HNSCC cells, and in turn to modulate HNSCC cell resistance to chemo- and
radiotherapy.

Conclusion: This study demonstrated the LINC00958 interplay with c-Myc as a feedback
loop facilitated HNSCC development and resistance to chemo- and radiotherapy. Targeting
of such a network could be further evaluated as a novel therapeutic strategy for HNSCC
patients.

Keywords: head and neck squamous cell carcinoma, LINC00958, c-Myc, chemo- and
radiotherapy

Introduction

Head and neck squamous cell carcinoma (HNSCC) accounts for the sixth most
common malignancy in the world and the third most common cancer in develop-
ing countries' and the eighth leading cause of cancer deaths in the world.”
HNSCC risk factors include tobacco smoking, alcohol consumption, infection of
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Epstein-Barr virus (EBV), human papilloma virus (HPV),
or consumption of salted fish and meats.>> These risk
factors induce genetic instability® and alter expression of
different genes to activate oncogenes, but inactivate
tumor suppressor genes to transform normal HN epithe-
lium to tumor cells.””® To date, concurrent chemora-
diotherapy is a standard treatment option in the
management of locally advanced HNSCC,’ although
numbers of HNSCC patients showed eventual resistance
to chemotherapy and radiotherapy, which leads to dismal
treatment response and relapse and poor prognosis.'’
Thus, search and identification of the molecular mechan-
isms of HNSCC carcinogenesis could provide us to better
understand HNSCC pathogenesis and novel strategies to
effectively control HNSCC clinically.

Towards this end, long noncoding RNAs (IncRNAs),
a class of non-protein coding transcripts with more than
200 nucleotides in length, function biologically in cell to
regulate expression of miRNAs and protein-coding
genes.!'!? Altered expression of IncRNAs was reported
to promote human carcinogenesis.'*'® For example,
LncRNA CRNDE increased the growth of non-small
cell lung cancer cells by activation of the PI3K/AKT
signaling,'” while IncRNA CCAT2 could regulate the
TGEF-p signaling pathway in breast cancer'® and Inc34a
induced colorectal cancer cell proliferation by silencing
of miR-34a expression.'” LncRNA LINC00958 has been
reported to play as an oncogene in bladder cancer,?
glioma®' and pancreatic cancer’” as well as associated
with metastasis and poor prognosis in gastric cancer.”
However, the expression pattern, clinical significance,
biological function and molecular mechanism of
LINCO00958 in HNSCC are still unknown. We performed
a bioinformatical analysis of LINCO00958 alteration in
HNSCC or other human cancers and found that
LINCO00958 expression was upregulated in various
human cancers, including HNSCC. Thus, in this study,
we first assessed the expression of IncRNA LINC00958
in a variety of human cancers using GEPIA database data
and then associated LINCO00958 expression with prog-
nosis of HNSCC. After that, we performed a bioinfor-
matic analysis to identify LINC00958-related gene and
selected c-Myc for further investigation for their
LINCO00958 interaction in the regulation of HNSCC cell
sensitivity to chemo- and radiotherapy in HNSCC cell
lines. We expected to provide novel insightful informa-
tion regarding targeting of the LINC00958-c-Myc signal-
ing as a novel strategy in future control of HNSCC.

Materials and methods

Patient samples

This study prospectively collected 48 cases of paired
HNSCC and adjacent normal tissues from The First
Affiliated Hospital of Nanchang University (Nanchang,
China) between January 2017 and July 2018. These
patients were histologically diagnosed with HNSCC and
underwent surgical tumor resection and they didn’t receive
any chemoradiotherapy prior to surgery. The study was
conducted in accordance with the Declaration of Helsinki.
All patients provided written consent for the use of their
specimens and disease information for future investigation
according to the Ethics Committee of the First Affiliated
Hospital, Nanchang University. The fresh tissue samples
were then collected from the surgery room, snap-frozen
and stored in liquid nitrogen until use, while our experi-
enced pathologists confirmed HNSCC diagnosis using the
H&E stained tissue sections. Clinicopathological data
from these 48 patients were retrieved from their medical
record (Table 1) and statistically analyzed.

RNA isolation and quantitative reverse
transcriptase-polymerase chain reaction
(gRT-PCR)

Total cellular RNA was isolated from frozen tissue sam-
ples and cell lines using a Trizol reagent (Invitrogen,
Carlsbad, CA, USA) and reversely transcribed into
SYBR Green PCR kit
(Invitrogen, Carlsbad, CA, USA) according to the manu-

cDNA using a miScript

facturers’ instructions. qPCR was then conducted in an
ABI 7500 real-time PCR system (Applied Biosystems,
Foster City, CA, USA) with the STBR Green Mix from
Applied Biosystems according to the kit’s provided proto-
col and the primer-instructed annealing temperature. The
gPCR conditions were an initial 95 °C for 2 min and 40
cycles of 95 °C for 10 s, 60 °C for 10 s, and 72 °C for 40 s.
The primer sequences were CDK2, 5'-GCTAGCAGACT
TTGGACTAGCCAG-3' and 5-GCTCGGTACCACAGG
GTCA-3'; CDK4, 5'-CTGGTGTTTGAGCATGTAGACC-
3" and 5-AAACTGGCGCATCAGATCCTT-3'; CDC25B,
5'-TCCAGGGAGAGAAGGTGTCT-3' and 5-TGTCCAC
AAATCCGTCATCT-3"; CDC45, 5-TGGACTGCACACG
GATCT-3’ and 5-AACCTGGCTGCGGTATAG-3'; CDC2
0, 5'-GGCACCAGTGATCGACACATTCGCAT-3' and 5'-
GCCATAGCCTCAGGGTCTCATCTGCT-3'; CyclinA2,
5'-CTGCATTTGGCTGTGAACTAC-3' and 5'-ACAAAC
TCTGCTACTTCTGGG-3'; GAPDH, 5'-GGCATCCTGG
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Table | Relationship between LINC00958 expression and clinicopathological variables (n=48)
Variables Number LINCO00958 expression P-value
High Low

Gender 0.391
Male 30 18(60%) 12(40%)
Female 18 13(72.2%) 5(27.8%)

Age* 0.575
>56 28 19(67.8%) 9(32.2%)
<56 20 12(60%) 8(40%)

Drinker 0.658
Yes 21 8(38%) 13(62%)
No 27 12(44.4%) 15(55.6%)

Smoker 0.525
Yes 34 18(52.9%) 16(47.1%)
No 14 8(57.1%) 6(42.9%)

LNM 0.489
Yes 25 10(40%) 15(60%)
No 23 7(30.4%) 16(69.6%)

Differentiation 0.001
Low/undifferentiated 30 24(80%) 6(20%)
High/moderate 18 6(33.3%) 12(66.7%)

AJCC stage 0.003
1] 24 9(37.5%) 15(62.5%)
11V1\% 24 19(79.2%) 5(20.8%)

Note: Age* = mean age. The bold text represent the P-values are meaningful.

Abbreviations: LNM, lymph node metastasis; AJCC, American Joint Committee on Cancer.

GCTACACTGA-3" and 5-GAGTGGGTGTCGCTGTTG
AA-3'; LINC00958, 5-AGAAGGAGGAGAAGCAA-3’
and 5-TGTGAAGTGCAGGGAGGA-3'; U6, 5-GCTT
CGGCAGCAGCACATATACTAAAAT-3" and 5'-CGCTT
CACGAATTTGCGTGTCAT-3". The relative level of
mRNA expression was calculated using the comparative
2-AACt method according to a previous study.”* The
experiments were in duplicate and repeated three times.

Cell lines and culture

Human HNSCC cell lines (Detroit 562, Cal27, SCC-9,
SCC-15, and Fadu) and a normal oral epithelial cell line
(HOK) were obtained from American Type Culture
Collection (ATCC, Manassas, VA, USA). HEK-293T cell
line was obtained from the Shanghai Institute of Life
Science, Chinese Academy of Sciences (Shanghai,
China). Detroit 562 and Fadu cell lines were grown in
the Eagle’s Minimum Essential Medium (EMEM) supple-
mented with 10% fetal bovine serum (FBS; Thermo Fisher
Scientific, Inc., Waltham, MA, USA), penicillin and

streptomycin and SCC-9 and SCC-15 cells were cultured
in F12/Dulbecco’s Modified Eagle’s Medium (DMEM;
Thermo Fisher Scientific, Inc.) supplemented with 10%
FBS, penicillin and streptomycin, while Cal27 and HEK-
293T cells were maintained in DMEM supplemented with
10% FBS, penicillin and streptomycin. HOK cells were
cultured in Oral Keratinocyte Medium (iXCells
Biotechnologies, California, USA). All the cell lines
were cultured in a humidified incubator with 5% CO, at
37 °C.

siRNA and cell transfection

LINCO00958 siRNA (si-LINC00958 #1 and si-LINC00958
#2), c-Myc siRNA (si-c-Myc #1 and si-c-Myc #2), nega-
tive control siRNA (si-NT), pcDNA3.1-MYC carrying c-
Myc cDNA, pcDNA3.1-LINC00958 carrying LINC00958
cDNA, and a control vector pcDNA3.1 were all purchased
from GenePharma Corporation (Shanghai, China). The
oligonucleotide sequences targeting si-LINC00958 #1
were 5-GTGACTAGCTTAAACTAAATT-3'; targeting
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si-LINC00958 #2, 5-GAGGTACCCAATAGTTTCATT-
3'; si-c-Myc #1, 5-TACGGAACTCTTGTGCGTAAGC-
3'; and si-c-Myc #2, 5-GCTTCACCAACAGGAACTA
TGC-3'. For cell transfection, various cell lines were
grown and transiently transfected with each siRNA or
plasmid using Lipofectamine 2000 (Invitrogen) according
to the manufacturer’s instructions and analyzed.

Western blot

Cells with or without gene transfection were lysed using
a radioimmunoprecipitation assay buffer (RIPA) contain-
(Roche,
Switzerland). The protein concentrations were assessed

ing a protease inhibitors cocktail Basel,
using the bicinchoninic acid (BCA) protein assay kit
(Beyotime Biotechnology, Haimen, China) according to
the manufacturer’s protocol and equal amount of these
protein samples were separated in sodium dodecyl sul-
fate-polyacrylamide gel electrophoresis gels and trans-
ferred onto polyvinylidene fluoride (PVDF) membranes
(Millipore Corp., Bedford, MA, USA). The Western blot-
ting was performed as described previously? using an
anti-CDK4 (1:1000, Cell Signaling, Beverly, MA, USA),
c-Myc (1:1000, Santa Cruz Biotechnology, Santa Cruz,
CA, USA), or GAPDH (1:1000,

Biotechnology) antibody.

Santa Cruz

Cell viability CCK-8 assay

Changed cell viability was assayed using a cell counting
kit-8 (CCK-8) kit (Beyotime Biotechnology). In brief,
Fadu and Detroit 562 cells were grown and transiently
transfected with indicated siRNA and/or plasmid for
48 h, and then re-seeded into 96-well plates at a density
of 2x10* cells/well and exposed to various doses of
ionizing radiation (0-10 Gy) or treated with different
doses of cisplatin (0-25 uM) for 48 h. At the end of
each experiment, cell culture was added with 10 uL of
the CCK-8 reagent and cells were further cultured for
4 h and the optical density of cell culture was then
measured at 450 nm with a spectrophotometer
(BioTEK, Winooski, USA). Cell viability was deter-
mined in terms of the proportion of cell survival, com-
pared with control.

Colony formation assay

For colony formation assay, cells were grown and tran-
siently transfected with indicated siRNA and/or plasmid
for 48 h, and then re-seeded into 6-well plates (500 cells
in each well) and exposed to 2 Gy ionizing radiation

each or 5 uM cisplatin for 2 weeks. The cell growth
medium was refreshed every three days. After that, the
cells were fixed in 100% methanol and subsequently
with  0.4%
Biotechnology) and cell colonies with 50 cells or more

stained crystal  violet (Beyotime
were counted under an inverted microscope (Olympus,

NY, USA).

Chromatin immunoprecipitation (ChlP)

assay
The ChIP assay was performed using the EZ ChIP™
Chromatin Immunoprecipitation Kit from Millipore
according to the manufacturer’s instructions. Briefly, after
cells underwent gene transfection and treatment, cells were
subjected to cross-linking of the chromatin, sonication and
then immunoprecipitation of DNA-protein complex using
an anti-c-Myc antibody (Santa Cruz Biotechnology)
according to the kit’s protocol. After that, the immunopre-
cipitated DNA-protein complex was extracted for DNA
and amplified using qPCR according to a standard qPCR

protocol.*®

Luciferase reporter assay

In this study, we performed two different sets of lucifer-
ase reporter assays, ie, 1). To assess whether LINC00958
modulates c¢-Myc transcriptional activity, we first
obtained the c-Myc-responsive 4x-Ebox reporter con-
struct from GenePharma and then grew HNSCC cells
for co-transfection with this c-Myc responsive luciferase
reporter and indicated siRNAs/cDNA; and 2). To confirm
LINCO0958 is a transcriptional target of c-Myc, we con-
structed the LINC00958 sequences containing a putative
MYC-binding site or mutated site and inserted into a
luciferase reporter vector. We then grew HEK293T cells
for co-transfection with pGL3-LINC00958 or pGL3-
LINC00958 mutant and indicated siRNAs. After that,
we performed the luciferase reporter assays using a
Dual-Luciferase Reporter Assay System (Promega,
Madison, WI, USA) according to the manufacturer’s

protocol.

RNA immunoprecipitation (RIP) assay

We performed the RIP assay to assess protein-RNA inter-
action in the cells using the Magna RIP RNA-Binding
Protein Immunoprecipitation Kit (Millipore) following
the manufacturer’s protocol with an anti-c-Myc antibody
and normal IgG (as a negative control; both from Santa
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Cruz Biotechnology). Gene transfected and treated HEK-
293T cells were subjected to immunoprecipitation with the
kit reagents and the co-precipitated RNA samples were
subjected to qRT-PCR analysis of different mRNAs (see
gqRT-PCR section) to identify these gene involvements in
the immune-complex.

Statistical analysis
In this study, all experiments were performed in triplicate
and repeated three times and the data were then summar-
ized as the mean + standard deviation (SD; n=3) and
statistically analyzed by using SPSS version 18.0 soft-
ware (SPSS, Inc., Chicago, II, USA). Difference between
two groups of samples was assessed by Student’s ¢-test or
one-way analysis of variance (ANOVA). A P-value equal
than 0.05 was considered

to or less statistically

significant.
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Results
LINCO00958 expression is upregulated
and associated with poor prognosis of

HNSCC patients

In this study, we first searched the GEPIA database and
identified aberrant expression of tumor-related IncRNAs
and found that LINC00958 expression was significantly
higher in different tumor tissues compared with that of
non-tumor tissues (Figure 1A). We then analyzed the level
of LINCO00958 expression in our HNSCC tissue samples
and found that LINC00958 expression was higher in our
HNSCC tissues than the paired non-HNSCC normal tissues
from 48 patients (Figure 1B). Furthermore, we associated
LINCO00958 expression with clinicopathological data from
these 48 HNSCC patients by dividing patients into high and
low LINC00958 expression based on the median value. Our
data showed that high LINCO00958 expression was
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Figure | Upregulation of LINC00958 expression in HNSCC tissues and association with poor HNSCC prognosis. (A) Analysis of GEPIA database data. The relative
expression of LINC00958 in tumor vs normal tissues was compared in different types of human cancer. The height of the bar represents the median expression of tumors
(red) or normal tissues (black). (B) qRT-PCR. Relative expression of LINC00958 was assessed in 48 pairs of HNSCC and normal tissues. (C-D) Kaplan-Meier curves and log-
rank test. The GEPIA database (C) and Kaplan-Meier plotter website data were subjected to Kaplan-Meier curve analysis and the log-rank test (D).

Abbreviations: BLCA, bladder urothelial carcinoma; CESC, cervical squamous cell carcinoma and endocervical adenocarcinaoma; LUSC, lung squamous cell carcinoma;

OV, ovarian serous cystadenocarcinoma. T, tumor; N, normal.
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associated with poor tumor differentiation (P=0.001) and
advanced tumor American Joint Committee on Cancer
(AJCC) stage (P=0.003; Table 1). Survival analysis of
patients using the GEPIA database (http://gepia.cancer-
pku.cn/) (Figure 1C) and Kaplan-Meier plotter website
data (http://kmplot.com/analysis/index.php?p=service&can
cer=pancancer_rnaseq) (Figure 1D) showed that patients
with low LINC00958 expressed HNSCC had better overall
survival vs high LINC00958 expressed one.

LINCO00958 induces HNSCC cell viability,
colony formation, and decreases HNSCC
cell sensitivity to ionizing radiation or
cisplatin

We then performed in vitro experiments to confirm the
tumorigenic effects of LINC00958 in HNSCC cell by first
measured LINC00958 levels in various HNSCC cell lines
and an immortalized oral epithelial cell line (HOK). Our
data showed that upregulation of LINCO00958 expression
in HNSCC vs HOK cells (Figure 2A). We then selected
HNSCC Detroit 562 cells with relative low LINC00958
expression for overexpression of LINC00958 and Fadu
cells to knockdown of LINCO00958 expression (Figure
2B). Next, we assessed the changed cell viability in these
two cell lines and found that LINC00958 overexpression
induced Detroit 562 cell viability, whereas knockdown of
LINCO00958 expression reduced Fadu cell viability (Figure
2C). Moreover, we have subjected these cell lines to radio-
therapy or chemotherapy and found that compared to the
controls, LINC00958 silenced Fadu cells were more sen-
sitive and had a dose-dependent inhibitory effect on cell
viability after the treatment with ionizing radiation or
cisplatin (Figure 2D-F). The colony formation assays
showed that, in the presence of ionizing radiation or cis-
platin, Fadu cells formed less colonies after transfected
with LINC00958 siRNAs (Figure 2E-G).

LINCO00958 is a downstream gene of c-Myc
in HNSCC cells

We then performed a bioinformatical analysis and identi-
fied that c-Myc could target LINC00958. Indeed, c-Myc is
an oncogene and alteration of the IncRNA-MYC network
has been observed in different human cancer.>”*® We then
first confirmed their association in our HNSCC tissue
samples showing a positive co-expression in tumor tissues
(Figure 3A). After that, we knocked down c-Myc expres-
sion using c-Myc siRNA in Fadu cells and found that

expression of c-Myc-downstream CDK4 and LINC00958
was decreased by c-Myc siRNAs, while overpressing c-
Myc by transfecting c-Myc plasmid in Detroit cells
increased the expression of CDK4 and LINC00958, indi-
cating that LINC00958 indeed, a potential c-Myc target
(Figure 3B). To further confirm it, we analyzed the geno-
mic sequences of LINC00958 ¢cDNA using the JASPAR
database and identified a putative MYC binding site in the
upstream region of LINC00958 gene (Figure 3C). We then
conducted a ChIP assay to assess their binding and found
that endogenous c-Myc was able to bind to the
LINCO00958 promoter, but not to a negative control
(Figure 3D). In addition, we constructed luciferase repor-
ter plasmids by cloning a wild-type or mutant LINC00958
promoter region (without putative c-Myc binding site) into
pGL3 vector (Figure 3E). Luciferase reporter assay
showed that c-Myc siRNAs significantly decreased the
luciferase activity of wild-type pGL3-LINCO00958 com-
pared to the mutant control (Figure 3F). Taken together,
our current data demonstrated that LINC00958 is a direct
target of c-Myc, and the Myc-binding site cluster is
responsible for c-Myc-induced LINC00958 transcription.

LINCO00958 activates the transcriptional
activity of c-Myc to form a positive

feedback loop

To further investigate the interaction of LINC00958 with
c-Myc, we performed the RIP assay to first pull down c-
Myec protein from HEK293T cells and then isolated RNA
from the immunoprecipitated complex for qRT-PCR ana-
lysis of LINC00958. Our data showed that LINC00958
was highly enriched in c-Myc complex (Figure 4A). Our
luciferase reporter assay further showed that ectopic
expression of LINC00958 induced luciferase activity of
the c-Myc responsive construct, whereas knockdown of
LINCO00958 expression had an inverse effect in HNSCC
cells (Figure 4B). Furthermore, LINC00958-overexpres-
sing Detroit cells had higher levels of c-Myc-downstream
CDK4, CDC45, and CyclinA2 mRNAs, whereas low
LINC00958-expressed Fadu cells showed reduced levels
of these transcripts (Figure 4C). In addition, our ChIP
assay data further verified these observations showing
that the ectopic LINCO00958 expression in Detroit562
cells significantly enhanced the c-Myc occupancy in
three c-Myc-targeting gene promoters (CDK4, CDCA45,
and CyclinA2), whereas low LINC00958-expressed Fadu
cells showed the inverse data (Figure 4D). These findings
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Figure 3 Suppression of c-Myc mRNA expression after knockdown of LINC00958 expression in HNSCC. (A) Bioinformatical analysis of LINC00958 and MYC expression
using the starBase v3.0 Pan-Cancer Analysis and Networks Platform data. (B) qRT-PCR and Western blot. Fadu and Detroit cells were grown and subjected to c-Myc siRNA
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suggest that c-Myc could induce LINC00958 expression,
while LINC00958 expression further promoted the tran-
scriptional activity of c-Myc and the expression of c-Myc-
downstream genes; therefore, to form a positive feedback
loop.

LINCO00958 induction of HNSCC cell
chemo- and radiation resistance is

modulated by interplay with c-Myc

So far, we demonstrated the interaction of LINC00958
with ¢-Myc in HNSCC cells and then explored whether
such an interaction could modulate HNSCC cell chemo-
and radiation sensitivity in vitro. We transfected
LINCO00958 silenced Fadu cells with c-Myc ¢cDNA and
then assessed the changed tumor cell phenotypes, like cell
viability and colony formation. The transfection efficiency
was checked by performing Western blot analysis (Figure
5A). And we found that HNSCC cells were regained the
resistance to ionizing radiation (Figure 5B and C) and
cisplatin (Figure 5D and E) after c-Myc overexpression
compared to those of LINC00958-knocked down Fadu
cells. This piece of data indicates that LINC00958-c-Myc
is the mechanism of LINC00958-related
HNSCC cell resistance to chemo- and radiotherapy.

interaction

Discussion

Dysregulation of IncRNA expression has been shown to
contribute to cancer development and detection of their
expression could be useful as therapeutic and/or prognos-
tic biomarkers for different human cancers.”>** In this
study, we first assessed expression of IncRNA
LINCO00958 in a variety of human cancers using GEPIA
database data and then associated LINC00958 upregula-
tion with clinicopathological features and prognosis of
head and neck squamous cell carcinoma (HNSCC). We
then investigated LINC00958 interaction with c-Myc and
their interplay in regulation of HNSCC cell sensitivity to
found that
LINCO00958 expression was upregulated in various
in HNSCC and upregulated
LINCO00958 expression was associated with poor tumor

chemo- and radiotherapy in vitro. We

human cancers and
differentiation and advanced tumor AJCC stage as well
as shorter survival of HNSCC patients. Moreover,
LINCO00958 expression was associated with HNSCC cell
resistance to ionizing radiation or cisplatin, whereas
knockdown of LINCO00958 expression reduced HNSCC
cell viability and colony formation and enhanced tumor
cell sensitivity to ionizing radiation or cisplatin. At the
gene level, LINC00958 is a downstream target of c-Myc in
HNSCC cells and LINC00958 enhances the transcriptional
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Figure 4 LINCO00958 participation of c-Myc gene network. (A) The RIP assay. HEK293T cells were grown and subjected to immunoprecipitation with an anti-c-Myc
antibody and then RNA isolation and qRT-PCR analysis of LINC00958 level. (B) Luciferase reporter assay. HNSCC cells were grown and subjected to transfection with c-
Myc responsive luciferase reporters and LINC00958 siRNAs, nonsense siRNA, LINC00958 cDNA or vector-only and then luciferase reporter assay. (C) qRT-PCR. Fadu and
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analysis of CDK2, CDC25B, CDC45, CDK4, CyclinA2, and CDC20 mRNA. (D) ChIP assay. HNSCC cells were grown and transfected with indicated siRNAs or plasmids
and then subjected to immunoprecipitation with an anti-c-Myc antibody and DNA extraction and qPCR analysis. The data are means * SD (n=3). *p<0.05 and **p<0.01 by

two-tailed Student’s t-test.

activity of c-Myc and the expression of c-Myc transcripts
to form a positive feedback loop. This positive feedback
loop induced HNSCC cell chemo- and radiation resistance
in vitro. In conclusion, the data from our current study
revealed a novel mechanism by which LINC00958 inter-
plays with c-Myc to form a feedback loop to promote

HNSCC progression and resistance to chemo- and radio-
therapy. Future study will further evaluate this network as
a novel therapeutic strategy for HNSCC patients.

To date, there are only a few studies reporting the role
of LINCO00958
LINCO00958 was shown to be upregulated in gastric cancer

in human cancers; for example,
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and glioma tissues and associated with tumor metastasis
and unfavorable prognosis of patients®""** and LINC00958
expression was significantly upregulated in lymph node-
metastatic bladder cancer and LINC00958 overexpression
induced lymphangiogenesis and lymph node metastasis in
both bladder cancer cell lines and mouse models,>!
whereas silencing of LINCO00958 expression suppressed
pancreatic cancer progression in vitro.”?> Our current
study surely confirmed these data showing that
LINCO00958 expression was upregulated and LINC00958
upregulation was associated with poor prognosis of
HNSCC patients, whereas knockdown of LINC00958
expression induced sensitivity of HNSCC cell to chemo-
and radiotherapy.

Furthermore, c-Myc, as a transcription factor, is a
proto-oncogene and in human cancers, c-Myc is frequently
constitutively expressed, which results in enhanced
expression of various cell growth-related and apoptosis-
resistant genes to promote carcinogenesis.”> Previous stu-
dies showed that a remarkable association of aberrant
IncRNA expression with c-Myc.”**2* 3 These publica-
tions demonstrated that c-Myc promoted normal cells to
neoplastic transformation by affecting a drastic change in
the number and the type of gene expression, including
various IncRNAs in different human cancers.”® Many of
IncRNAs affecting tumor cell viability and proliferation

can be found differentially regulated by MYC.*® For
example, IncRNA NEATI, essential to form the nuclear
body paraspeckles, was transcriptionally regulated by
c-Myc and played a crucial role in imatinib-induced apop-
tosis in chronic myeloid leukemia cells.® Transcriptional
suppression of c-Myc-altered LncRNA CCAT1 expression
contributed to tumorigenesis and metastasis of pancreatic
cancer.® Besides, c-Myc-repressed IncRNA IDHI1-ASI
links the function of c-Myc and HIFla to regulate the
Warburg effect in cancer cells.>” However, to date, there
is no report showing the interplay of LINC00958 with c-
Myc in HNSCC. Our current study is the first to demon-
strate that c-Myc promoted LINC00958 expression and
LINCO00958 promoted the transcriptional activity of c-
Myc to form a positive feedback loop in HNSCC and
that such network promoted HNSCC resistance to
chemo- and radiotherapy.

Based on the concept showing that IncRNA molecules
are able to fold into a tridimensional structure and serve as
a protein-binding domain to regulate expression of various
genes in cells.”®*”® And IncRNA can bind to chromatin
modifying factors or other transcriptional factors.'®?’
Previous studies revealed that different IncRNAs are able
to directly bind to c-Myc and affect c-Myc transcriptional
activity.”*%¥3-** For instance, IncRNA MINCR was shown

to bind and affect c-Myc transcriptional activity by
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recruiting an MYC co-activator to c-Myc-targeted gene
promoters for activation of their transcription in cells,*
while IncRNA PDIA3P*® and PCGEM1*’ showed to bind
to c-Myc to induce gene expression. Other studies
revealed IncRNAs can bind to mRNAs and then, in turn,
regulate expression of protein-coding genes.''™'* In our
current study, we performed the RIP assay and found
that LINC00958 level was highly enriched in c-Myc pro-
tein-RNA complex, while our luciferase assay data
revealed that LINC00958 affected c-Myc transcriptional
activity by showing that LINC00958-knocked down Fadu
cells had a lower c-Myc responsive luciferase reporter
activity, whereas LINC00958-overexpressed Detroit 562
cells exhibited a high c-Myec responsive luciferase reporter
activity. However, future study is needed to validate
whether LINC00958 oncogenic activity in HNSCC solely
depends the c-Myc signaling or other genes and gene
pathways are also involved in. To date, as we know,
c-Myc plays an important role in the mediation of chemor-
adiation resistance and increase in c-Myc expression pro-
moted the activity of poly(ADP-ribose) polymerase
(PARP)-dependent DNA repair pathways and contributed
to chemoresistance.*' c-Myc also induced expression of
CHK1 and CHK2 to
DNA-damage-checkpoint response in radioresistance of

subsequently activate the
nasopharyngeal carcinoma cells,** whereas knockdown
of c-Myc expression induced Fas-mediated apoptosis to
sensitize lung cancer cells to radiation® Thus, in any
events, targeting of the LINC00958-c-Myc network could
induce sensitivity of HNSCC cells to cisplatin and ionizing
radiation.

In conclusion, our current study assessed and validated
the oncogenic activity of IncRNA LINC00958 in HNSCC
and identified the novel LINC00958-c-Myc positive feed-
back loop in the mediation of HNSCC progression and
resistance to chemo- and radiotherapy. This finding could
provide a novel molecular therapeutic target for future
treatment of HNSCC.
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