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LINC00511 promotes lung squamous cell carcinoma proliferation
and migration via inhibiting miR-150-5p and activating TADA1
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Background: Recently, accumulating data have supported that long non-coding RNAs (IncRNAs) may
contribute to tumorigenesis. LncRNA LINC00511 (LINC00511) has been proved to serve as an oncogene
in several tumors. However, as a novel IncRNA, the crucial role and potential mechanism of LINCO00511 in
LUSC is largely unknown.

Methods: Here, we performed a differential gene expression analysis of the LINC00511 in LUSC using
data from TCGA database. Loss-of-functional assays were used to gain further insights into the latter
function of LINCO00511 on the malignant phenotypes iz vitro. Meanwhile, QRT-PCR, western blot, dual-
luciferase reporter, and RIP assays were utilized to highlight the molecular basis of LINC00511 in LUSC.
Results: LINC00511 was upregulated in LUSC tissues in TCGA database compared to adjacent non-
tumor counterparts, and its expression level was strongly associated with tumor stage. LINC00511 deficiency
significantly suppressed LUSC cell proliferation and migration. Furthermore, mechanistic investigation
demonstrated that LINC00511 accelerated LUSC progression partially through its up-regulation of TADAI
via targeting miR-150-5p.

Conclusions: our study highlights that LINC00511 facilitates LUSC progression via sequestering miR-
150-5p and targeting TADALI, suggesting a need for development of a strategy for therapeutic targeting of
LINCO00511 in LUSC.
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Introduction disease progression and tumor metastasis, which are the

Lung cancer is by far the largest contributor to cancer death underlying leading cause of death in LUSC. Therefore,

with a 5-year relative survival rate of only 19%, and lung clucidating the molecular basis underlying LUSC

squamous cell carcinoma (LUSC) is the second common
form of lung cancer (1,2). The current treatment for LUSC
patients diagnosed at an early stage is surgical resection
followed by the administration of adjuvant chemotherapy.
However, majority of the patients will ultimately develop
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progression may provide crucial information to achieve a
better outcome for LUSC.

Recent Advances in next-generation sequencing and
bioinformatics analysis have resulted in the discovery of the
significant roles of long non-coding RNAs (IncRNAs) (3).
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LncRNAs refer to the non-coding RNAs >200 nt with
little or no protein-coding potential (4). LncRNAs often
exhibit spatio-temporal, and tissue- and cell-type expression
patterns (5). To date, IncRNAs have been identified as a
crucial modulator, involving in numerous cellular processes
that include chromatin modification, signaling pathways,
cancer stem cells and regulation of target gene transcription
(6-9). More importantly, subsequent studies suggest
that IncRNAs could contribute to cancer development
and progression acting as potential oncogenes or tumor
suppressors (10,11). For instance, MALAT'1 regulates gene
expression at the level of transcription, post-transcription,
as well as epigenetics and serves as an oncogene in several
tumors (12-14). We observed that overexpression of GASS5-
AS1 inhibited expression of a serious of mesenchymal
gene markers in NSCLC cells (15). Nevertheless, the
physiological functions and potential molecular basis of
dysregulated IncRNAs in LUSC have not been elucidated in
detail. In this regard, identifying LUSC-associated IncRNAs
may gain a better understanding of LUSC development and
progression at molecular level.

Also known as onco-LncRNA-12, LINCO00511 is located
on chromosomel7 and has a transcript length of 2,265 nt
(https://www.ncbi.nlm.nih.gov/gene/?term=LINC00511).
LINCO00511 has been previously implicated in breast cancer
oncogenesis (16,17). LINC00511 also mediated oncogenic
effects through modulating VEGFA expression by sponging
hsa-miR-29b-3p in pancreatic ductal adenocarcinoma
(PDAC) (18). In agreement with these findings, Sun et 4l
have recently shown that high levels of LINC00511
expression promote cell growth, cell migration and invasion
in NSCLC (19). They also proved that LINC00511
functioned as an oncogene via directly binding with EZH?2
to epigenetically silence of the target genes. However,
the functional experiments and mechanistical study were
performed in the lung adenocarcinoma SPC-Al and A549
cells. Thus, the oncogenic role and mechanism of governing
the role of LINCO00511 in LUSC need further exploration.

Here, we showed that LINC00511 was upregulated
in LUSC tissues in TCGA compared with that in non-
LUSC samples, and the level of LINC00511 expression
was conspicuously associated with TNM stage. Thus, we
chose LINCO00511 to be the research focus. Functional
assays were carried out to determine the role of
LINCO00511 in mediating LUSC cell proliferation and
migration. Bioinformatics analysis followed by mechanism
assays revealed the downstream miRNA/mRNA axis of
LINCO00511 in LUSC. Thus, our study focused on a novel
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molecular pathway in LUSC, thus finding functional
molecules in LUSC initiation and progression.

Methods
Public data and tools

The Gene Expression Profiling Interactive Analysis
(GEPIA) is a web tool based on the TCGA data, which
are computed by a standard pipeline (20). The expression
profile of LINC00511 in LUSC tissue samples was obtained
from TCGA database (http://gepia.cancer-pku.cn/index.
html). The potential miRNAs of LINC00511 and gene
expression correlation analysis were obtained from Starbase
(http://starbase.sysu.edu.cn/), along with the possible
binding sites of miR-150-5p to LINC00511 sequence.
The putative mRNAs of miR-150-5p were screened out
using microT, miRmap, TargetScan, PicTar and miRanda.
The interacting sequence of miR-150-5p to TADAL was
acquired from Starbase.

Cell lines and culture conditions

Human LUSC cell lines (SK-MES-1, H226) and the 16-
HBE (Human bronchial epidermal cells) were provided
by Shanghai Institute of Biochemistry and Cell Biology.
Those cells were adapted to RPMI1640 medium contained
10% fetal bovine serum (FBS). The purity of all cell
lines was routinely tested for mycoplasma contamination
(MycoAlert™ Mycoplasma Detection Kit, Lonza Group
Ltd.). All cell culture incubations were performed at 37 °C
with 5% CO, in a humidified chamber.

Extraction of RNA and qualitative analyses of RNA

The extracted total RNA derived from cell lines was
extracted by TRIZOL reagent (Invitrogen, Shanghai,
China) by TRIzol method principle. The cDNA synthesis
was conducted using the PrimeScript RT reagent Kit
(TaKaRa, Dalian, China). Quantitative reverse transcriptase
polymerase chain reaction analyses (QRT-PCR) was
carried out using the Roche FastStart Universal SYBR
Green Master (Rox) in an Applied Biosystems 7900 Real
Time PCR machine (Applied Biosystems, Foster City,
CA). We used GAPDH and U6 to normalize the levels
of expression of target genes. The primers used in qRT-
PCR experiments were list as follows: GAPDH forward
5'-CCACCTGGTGCTCAGTGTAG-3", reverse
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5'-CCACCTGGTGCTCAGTGTAG-3"; LINC00511 forward
5'-GCCCTCGGAACACTAAAGCT-3", LINCO00511
reverse 5'-TGGTGGAGGAGGAAGTGGA-3'.

Cell transfection

Short hairpin RNAs (shRINAs) directed against LINC00511
(sh/LINCO00511#1, sh/LINC00511#2) were designed to
silence linc00511 into the vector. Non-targeted shRNA
(sh-Ctrl) was used as the negative control. According to
the manufacturer’s instructions, cells were transfected with
siRNAs using Invitrogen Lipofectamine 2000 Reagent on
six-well plates. MiR-150-5p mimics and negative control
(miRNA NC) were synthesized to upregulate miR-150-5p.
The whole sequence of TADAI was cloned into pcDNA3.1
vector to overexpress TADAL in LUSC cells. Empty vector
was transfected as the negative control. All the plasmids
and synthetic vectors were purchased from Genepharma
(Genepharma, Shanghai, China).

Cell proliferation assay

The quantification of cell growth and viability was
measured by Cell Proliferation Reagent Kit I (MTT; Roche
Applied Science) and then confirmed by an EdU assay
kit (Life Technologies). All the procedure followed the

manufacturer’s protocol.

Wound bealing migration assay

Cells were seeded at 1.0x10° cells/well in 6-well culture
plates. After they had grown to at least 95% of confluence,
monolayer cells were washed with PBS and scraped with a
pipette tip to create a scratch, and then incubated with the
FBS-free medium. The scratch areas were photographed by
microscopy at 0 or 48 hours’ time points.

Western blot analysis

After transfection, H226 and SK-MES-1 were harvested
and lysed in a lysis RIPA buffer containing 1 mM PMSF
and a protease inhibitor cocktail (Roche, IN, USA). The
concentrations of protein were measured with the BCA
method. Proteins were separated by 10% SDS-PAGE,
transferred to 0.22 pm NC membranes (Sigma-Aldrich)
and then incubated with specific antibodies including
TADAL (1:1,000, Cell Signaling Technology, Inc), GAPDH
(1:1,000). Last, the immunoreactive protein bands were
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visualized by an enhanced chemiluminescence (ECL) Kit
(Pierce, Thermo Fisher Scientific, IL, USA).

Subcellular fractionation assay

Nucleus-cytoplasm separation in H226 cells was performed
by use of Cytoplasmic and Nuclear RNA Purification Kit
(Norgenbiotek Corporation, Thorold, ON, Canada). qRT-

PCR was applied to explore the levels of LINC00511, U6
(nuclear control) and GAPDH (cytoplasmic control).

Fluorescence in situ bybridization (FISH) assay

LINCO00511 subcellular localization was examined using
a FISH Kit (Roche, Basel, Switzerland). Cells were added
with 4% paraformaldehyde (PFA; Solarbio, Beijing,
China) for fixation, incubated with hybridization solution
containing LINC00511 probe (Sigma Aldrich, Saint-
Louis, Missouri, USA). DAPI (Sigma-Aldrich) was applied
for staining nucleus for 10 min. Laser confocal scanning
microscopy (Olympus, Tokyo, Japan) was used for obtaining
the fluorescence images.

RNA protein immunoprecipitation (RIP) assay

RIP assay was carried out by the utilization of EZ-
Magna RIP RNA-Binding Protein Immunoprecipitation
Kit (Millipore, Bedford, MA, USA). LUSC cells were
lysed using RNA lysis buffer containing magnetic beads
conjugated with human Ago2 antibody or negative control
IgG (Millipore). qRT-PCR was used to analyze the
coprecipitated RNAs of LINC00511, miR-150-5p and
TADALI after overnight incubation.

Luciferase reporter assay

The pmirGLO dual-luciferase vector (Promega, Madison,
WI, USA) containing LINCO00511 sequence or TADA1
3'-UTR was co-transfected with miRNNA mimic into 293T
or H226 cells. Then the constructed LINC00511-Wt/
Mut or TADA1-W¢/Mut vectors were co-transfected with
miR-150-5p mimics or miRNA NC. The activities of the
luciferases were quantified via the Dual Luciferase Reporter
Assay System (Promega, Mannheim, Germany).

RNA pull-down assay
The 3'end biotinylated miR-150-5p-Wt, miR-150-5p-mut
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or negative control (NC) was transfected into H226 cells.
The biotinylated RNA was co-incubated with cell lysis
buffer overnight and then magnetic beads were added. After
purification, RNA complex was evaluated by qRT-PCR.

Statistical analysis

Statistical analysis was performed using the SPSS package,
version 22 for Windows (Chicago, IL, USA). Statistical
significance between experimental groups was assessed

using ANOVA or Student’s 7-test (two-tailed). A P value of
less than 0.05 shall be regarded as indicative of significance.

Results

LINC00511 is upregulated in buman LUSC tissues and
cell lines and enbances LUSC development

To uncover the functions of LINCO00511 in LUSC, we
first determined the expression of LINC00511 through
TCGA database. As shown in Figure 14, LINC00511
manifested remarkable higher expression in LUSC tissues.
Next, we accessed the association of LINC00511 expression
with tumor stages in LUSC from TCGA database. It
was discovered that the expression of LINC00511 was
intimately correlated with tumor stages in LUSC patients
(Figure 1B). Moreover, QRT-PCR results demonstrated
that the expression of LINC00511 was evidently
augmented in H226 and SK-MES-1 than in HBE cells
(Figure 1C). To investigate the biological functions of
LINCO00511 in LUSC, H226 and SK-MES-1 cells were
stably transfected with LINCO00511-specific shRNAs (sh-
LINCO00511#1/2) and control shRNA (sh-NC) (Figure 1D).
Satisfactory transfection efficiency was obtained at
48 h post-transfection. Compared to negative control,
LINCO00511 depletion resulted in an evident decrease in
cell proliferative abilities of H226 and SK-MES-1 cells,
as monitored by MTT assay (Figure 1E). These results
were further confirmed by EdU assay, which indicated that
silence of LINCO00511 impaired cell proliferation in LUSC
(Figure 1F). Moreover, wound healing assay reflected a
considerable inhibition in cell migration in sh-LINCO00511
groups. Clearly, H226 cell migration was decreased by
44.7% and 33.4% in sh-LINCO00511#1-transfected cells
and sh-LINCO00511#2-transfected cells, respectively
(Figure 1G). Consequently, these findings support that
LINCO00511 knockdown exerts suppressive effects on cell
proliferative and migratory abilities of LUSC cells.
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LINCO00511 suppresses expression of miR-150-5p

To clarify the molecular mechanism of LINCO00511 in
LUSC, subcellular fractionation and FISH assays were
carried out to determine the localization of LINCO00511.
And the results indicated that LINC00511 was chiefly
occupied in cytoplasm (Figure 2A4,B). LINC00511-mediated
ceRNA mechanism has been demonstrated in cancer. The
candidate miRNAs targeted by LINCO00511 consist of
miR-765, miR-185-3p and miR-29b-3p (11,13,15-19). To
search for specific target miRNA of LINC00511 in LUSC
cells, starBase website was utilized. A cohort of 6 potential
miRNAs was spot may be able to bind with LINC00511,
among which miR-150-5p expression was most inversely
correlated with LINCO00511 expression (Figure 2C,D).
To move on, the level of miR-150-5p in LUSC cells was
quantified by qRT-PCR. It was detected that miR-150-5p
expression was considerably low in H226 and SK-MES-1
cells (Figure 2E). As expected, the expression level of miR-
150-5p was significantly elevated in the LINC00511
knockdown group, suggesting that miR-150-5p can be
modulated by LINCO00511 (Figure 2F). Furthermore, RIP
assay revealed that LINC00511 and miR-150-5p coexisted
in RISC (Figure 2G). To verify the binding between
LINCO00511 and miR-150-5p, we next analyzed the
potential binding sites between LINC00511 and miR-150-
5p by starBase website (Figure 2H). Subsequently, luciferase
reporter assay pointed out that enforced expression of
miR-150-5p could attenuate the luciferase activity of
LINCO00511-Wt reporter rather than LINC00511-Mut
reporter, implying that LINCO00511 could bind with miR-
150-5p (Figure 2I). Taken together, miR-150-5p serves as a
direct downstream target of LINC00511.

TADAI functions as a direct target of miR-150-5p

To determine potential target genes of miR-150-5p,
we interrogated and analyzed via starBase websites
(Figure 34,B), of which TADAL level was most inversely
correlated with miR-150-5p level (Figure 3C). Then, gRT-
PCR analyses demonstrated that only the mRNA level of
TADAI was markedly suppressed by LINCO00511 silencing
(Figure 3D). Besides, it was observed in western blot
assay that absence of LINCO00511 significantly lowered
the protein level of TADA1 (Figure 3E). Furthermore, it
was detected by RIP assay that TADA1 and miR-150-5p
coexisted in RISC (Figure 3F). To move on, the binding
sites between TADA1 and miR-150-5p were obtained
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Figure 1 LINCO00511 is upregulated in human LUSC tissues and cell lines and enhances LUSC development. (A) The expression of
LINCO00511 in LUSC tissues was figured out in TCGA database. (B) The correlation between LINC00511 expression and TNM stages
was analyzed by Pearson’s correlation analysis. (C) qRT-PCR measured the expression of LINC00511 in LUSC cells. (D) The knockdown
efficiency of LINC00511 was quantified by qRT-PCR analysis. (E,F) MTT and EdU assays were performed to reflect cell proliferation
in cells transfected with sh-LINCO00511#1/2. (G) The influences of LINC00511 deficiency on cell migration were investigated by wound
healing assay. *P<0.05, **P<0.01.
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Figure 4 TADAL is involved in LINC00511-mediated LUSC progression. (A) Protein level of TADA1 decreased by LINC00511
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and luciferase reporter assay confirmed the combination
between TADATI and miR-150-5p (Figure 3G,H). In the end,
RNA pulls down assay suggested that TADAI could only
be pulled down by biotinylated miR-150-5p-Wt (Figure 3I).
In sum, TADALI acts as a functional target of miR-150-5p.

TADAI is involved in LINC00511-mediated LUSC

progression

To explore the role of TADAI in LINCO00511-mediated
LUSC development, rescue assays were performed. As
showed in Figure 44, the protein level of TADAI decreased
by LINCO00511 knockdown was rescued after TADAL1
overexpression. EdU assay validated that the impaired
cell proliferation induced by LINCO00511 depletion could
be compensated by TADAI overexpression (Figure 4B).
Furthermore, enforced expression of TADA1 could
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restore the inhibited cell migration in sh-LINCO00511#1-
transfected cells (Figure 4C). These evidences illustrated
that LINCO00511 promotes LUSC progression via
upregulating TADA1.

Discussion

Some IncRNA such as LncRNAs RP5-821D11.7, HULC
have been implicated to contribute to the unfavourable
prognosis of LUSC (21,22). Recently, LINCO00511 has
been identified to be the critical factors for carcinogenesis
and metastasis in tumors, including glioma, bladder cancer,
breast cancer, non-small cell lung cancer (19,23-25). A
recent study revealed that LINC00511 could function as
oncogene through suppressing p57 expression via binding
with EZH?2 in lung adenocarcinoma cells (A549 and
SPC-A-1) in vitro and in vivo (19). In the present study, we
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discovered that LINCO00511 was evidently overexpressed in
LUSC tissues and cells, and the expression of LINC00511
was closely correlated with TNM stages in LUSC patients.
More importantly, LINC00511 posed pro-proliferation
and pro-migration influences on LUSC progression. Thus,
these results validated that LINC00511 may serve as a
potential oncogene contributed to LUSC progression.
LncRNAs work through multiple mechanisms to
regulate cancer states. Studies so far suggest that IncRNA
may act as ceRINA to participate in post-transcriptional
regulation by suppressing the biological functions of
miRNAs (26). Some studies have demonstrated that
LINCO00511 can reverse the degrading between miRNAs
and their mRNA target via the ceRNA mechanism in
tumors. In osteosarcoma, LINCO00511 is reported to
promoted cells growth and migration by suppressing miR-
765 (27). Furthermore, Ding ez 4/. found that LINC00511
promoted LAMC2 expression by sponging miR-765 in
tongue squamous cell carcinoma (28). LINC00511 also acts
as a ceRINA to recover E2F1 expression through interacting
with miR-185-3p in breast cancer (25). The underlying
ceRINA mechanisms for LINC00511 deregulation in LUSC
remain to be elucidated. To gain mechanistic details, we
sought to determine that LINC00511 mainly localized in
cytoplasm and bioinformatics analysis identified miR-150-
5p as a candidate miRINA. We observed that the decreased
LINCO00511 expression induced miR-150-5p both in
H226 and SK-MES-1 cells. We thus hypothesized that
LINCO00511 might function in a miR-150-5p-dependent
manner in LUSC. Then, RIP and luciferase report assays
were taken out and confirmed that LINCO00511 directly
targets miR-150-5p. Thus, we conclude that LINC00511
might function as a ceRNA for miR-150-5p in LUSC.
There are evidence that miR-150-5p could inhibit
metastasis and aggressiveness of lung cancer (29). For
instance, miR-150-5p has been known to promote NSCLC
metastasis by targeting gene expression of high mobility
group AT-hook 2 (HMGA2) and B-Catenin (30). In
accordance with this finding is an earlier report that miR-
150-5p could contribute to cancer aggressiveness by matrix
metalloproteinase 14 (MMP14) (31). Moreover, linc00673
could regulate NSCLC proliferation, migration and
invasion through sponging miR-150-5p and modulating the
expression of ZEB1 (32). Here, expected targets of miR-
150-5p were identified by online miRNA target databases.
TADAL, inversely related to miR-150-5p, was highlighted
as a potential downstream target of miR-150-5p. As
shown in previously study, TADALI affects the invasion

© Translational Lung Cancer Research. All rights reserved.

and migration in CRC (33). In the present study, TADA1
is shown to function as a miR-150 target and promote
migration in LUSC cells. Furthermore, our rescue assays
disclosed that the inhibited LUSC cell proliferation and
migration caused by LINC00511 knockdown was partially
recovered by TADAL1 overexpression. Our findings indicate
that LINCO00511 contributes to the LUSC cell proliferation
and migration via targeting miR-150-5p and regulating
TADA1 expression.

Conclusions

Taken all together, these data have advanced our understanding
of LINCO00511 functions as an oncogene in LUSC.
Intriguingly, we first identified that dysregulation of
LINCO00511/miR-150-5p/TADALI signaling pathway was
associated with abnormal proliferation and migration in
LUSC cells. A detailed understanding of the accurate role
of this molecular axis will suggests a novel strategy for
therapeutic targeting of IncRNAs in LUSC.
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