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Abstract
Background: For many years, lung cancer has been the most common and
deadly cancer worldwide. Early diagnosis of non-small cell lung cancer (NSCLC)
in particular is very difficult because the symptoms are often ignored. The five-
year survival rate is very low despite great improvements to therapy. Thus, there
is an urgent need to identify prognostic biomarkers and target molecules for the
clinical diagnosis and individualized treatment of NSCLC.
Methods: We performed quantitative real-time PCR to determine the expression
levels of the long non-coding RNA (lncRNA) linc01433 in NSCLC and normal
matched lung tissue. Subsequently, we established cell lines with overexpression
or knockdown of linc01433 to evaluate the effects on proliferation and metastasis
in vitro. Epithelial-to-mesenchymal transition was examined using Western blot.
Results: Linc01433 was significantly overexpressed in NSCLC tissues compared
to normal lung tissues. In addition, linc01433 levels were associated with smok-
ing history. Linc01433 overexpression in lung cancer cells increased proliferation,
migration, and invasion abilities, as well as epithelial-to-mesenchymal transition.
Conclusions: Linc01433 is a cancer-related lncRNA that may have an oncogene-
like effect in NSCLC.

Introduction

For many years, lung cancer has been the most common
and deadly cancer worldwide. In 2015, 4 292 000 new can-
cer cases and 2 814 000 cancer deaths were estimated to
have occurred in China1 while 1 658 370 new cancer cases
and 589 430 cancer deaths occurred in the United States.2

Non-small cell lung cancer (NSCLC) is the predominant
type of lung cancer and accounts for approximately 85% of

cases.3,4 Surgery, chemotherapy, radiotherapy, targeted ther-
apy, and immunotherapy are used alone or in combination
to treat NSCLC.5–7 The five-year overall survival rate of
NSCLC remains as low as 16% because most patients are
already at a locally advanced or metastatic stage when diag-
nosed.8 This may be at least partially attributable to inade-
quate understanding of the pathogenesis of NSCLC and the
lack of early diagnostic biomarkers and therapeutic
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targets.9–13 Thus, there is an urgent need to reveal the mech-
anisms behind the generation and progression of NSCLC.
Epithelial-to-mesenchymal transition (EMT) is an essen-

tial process as a crucial driver of organ pathological fibrosis
and tumor progression.14,15 However, the mechanisms
involved in EMT during cancer progression intermediates
with lncRNA remain poorly understood.
Genetic and epigenetic changes have been widely

acknowledged as the leading events in cancer. According to
the Encyclopedia of DNA Elements (ENCODE) project,
nearly 98% of human genomes do not encode proteins.16

The mechanisms and functions of microRNAs in cancer
have been thoroughly reviewed in recent decades.11,17 Long
non-coding RNAs (lncRNAs) are a heterogeneous group of
non-coding transcripts of more than 200 nucleotides in
length that have many molecular functions, such as modu-
lating transcription patterns, regulating protein activities,
playing structural or organizational roles, altering RNA pro-
cessing events, and serving as precursors to small RNAs.18,19

For example, the lncRNA MALAT-1 acts as a regulator
of gene expression governing the hallmarks of metastasis
in lung cancer.20 MALAT-1 is associated with poor prog-
nosis in NSCLC and induces proliferation and migration.21

MALAT-1 also promotes brain metastasis by inducing
EMT in lung cancer.22 Moreover, higher expression of
HOTAIR is thought to be related to metastasis and is asso-
ciated with poor survival in patients with lung cancer.23,24

Col-1, a potent inducer of EMT, regulates the expression
of HOTAIR in NSCLC cells,25 whereas HOTAIR interacts
with a chromatin modifier, lymphoid-specific helicase
(LSH), to target genes in NSCLC.26 Although substantial
research of lung-cancer-related lncRNAs has been
conducted,25–32 no lncRNA that can serve as a single
molecular marker to diagnose lung cancer has been identi-
fied, therefore we need to explore other lncRNAs to obtain
a better understanding of this disease. In our previous
study, we focused on one of the genes with a change in
expression between tumor tissues and matched normal
lung tissues, determined by RNA-sequencing.33 Specifically,
we found that the linc01433 expression level was signifi-
cantly higher in tumor tissues, suggesting that it may be a
novel prognostic factor for human NSCLC.

Methods

Samples and clinical data

Under approval from the Ethics Committee of the Second
Xiangya Hospital of Central South University (Hunan,
China) and upon the provision of written informed con-
sent from all patients, we collected 45 paired NSCLC and
normal lung tissues from patients who had undergone sur-
gery at this hospital during 2010–2012 and were diagnosed

with NSCLC (stage I, II, or III) based on histopathological
evaluation. None of the patients had received radiotherapy
or chemotherapy prior to surgery. All tissue samples were
flash-frozen in liquid nitrogen immediately after collection
and stored at −80�C until use.

Cell culture

A normal human bronchial epithelioid cell line (BEAS-2B),
human NSCLC cell lines (A549, H1299, H520, PC9), and
293T were obtained from the Cancer Research Institution
of Central South University (Hunan, China). BEAS-2B and
293T were cultured in Dulbecco’s modified Eagle medium
supplemented with 10% fetal bovine serum (FBS)
(Invitrogen, Carlsbad, CA, USA) and 1% penicillin/strepto-
mycin/gentamicin. A549 was cultured in Dulbecco’s modi-
fied Eagle medium-F12 supplemented with 10% bovine calf
serum (Invitrogen) and 1% penicillin/streptomycin/genta-
micin. H520 was cultured in RPMI 1640 (Invitrogen), sup-
plemented with 10% FBS and 1% penicillin/streptomycin/
gentamicin. H1299 and PC9 were cultured in RPMI 1640,
supplemented with 10% bovine calf serum and 1% penicil-
lin/streptomycin/gentamicin. All cells were cultured in a
humidified incubator at 37�C with 5% CO2.

Stable overexpression and knockdown of
linc01433 in cell lines

The linc01433 coding region was sub-cloned into the retrovi-
ral vector pLVX-EF1α-IRES-Puro (Clontech, Mountain
View, CA, USA), purchased from Beijing Genomics Institute
(Beijing, China). Linc01433 small hairpin RNA (shRNA)
vectors (GV248, linc01433-shRNA 1–3, and control shRNA)
were purchased from GeneChem (Shanghai, China). Trans-
fection of plasmids was performed using LipoMax (Sudgen
Biotech, Bellevue, WA, USA), in accordance with the manu-
facturer’s protocol. Stable shRNA-expressing colonies and
overexpressing colonies were selected using puromycin.
Knockdown and overexpression of linc01433 was confirmed
by quantitative real-time PCR (qRT-PCR).

RNA isolation, reverse-transcription PCR
and quantitative real-time PCR

Total RNA was extracted from NSCLC cells or tissues
using TRIZOL Reagent (Invitrogen), following the manu-
facturer’s protocol. Cytoplasmic RNA and nuclear RNA
were separated and purified using RNAiso Blood (Takara,
Dalian, China), following the manufacturer’s instructions.
RNA and DNA concentrations were determined using
NanoDrop (Thermo Scientific, Waltham, MA, USA). Total
RNA was reverse-transcribed into complementary DNA
using a Prime Script RT Reagent Kit with gDNA Eraser
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(Takara). qRT-PCR was carried out on an Applied Biosys-
tems 7500 Real-Time PCR System (Thermo Scientific),
using a Fast Start Universal SYBR Green Master (Roche,
Basel, Switzerland), in accordance with the manufacturer’s
instructions.
The following primers for qRT-PCR were purchased from

Sangon Biotech (Shanghai, China): linc01433: forward, 50-
ACTTCCTCACCCATCGACAA-30, and reverse, 50-CTCA
CCAACAACCGCTAGTG-30; β-actin (as an internal control
in most qRT-PCR): forward, 50-CACCATTGGCAATGAGC
GGTTC-30, and reverse, 50-AGGTCTTTGCGGATGTC-
CACGT-30; GAPDH: forward, 50- GTCTCCTCTGACTTCA
ACAGCG-30, and reverse, 50- ACCACCCTGTTGCTGTAG
CCAA-30; and U6: forward, 50- CTCGCTTCGGCAGCA
CA-30, and reverse, 50- AACGCTTCACGAATTTGCGT-30.
The relative fold changes in messenger RNA expression

were calculated using the 2−ΔΔCt method. Calculation of
The ΔCt value was calculated using the following formula:
ΔCt(target) = Ct(target) − Ct(β-actin).

Cell proliferation assays

Cells were detached using 0.25% trypsin-ethylene-diamine-
tetraacetic acid (Invitrogen) and seeded into 96-well plates
at a density of 5 × 102 per well in 200 μL. We used a Bio-
Rad TC10TM automated cell counter to count cells
(Bio-Rad, Hercules, CA, USA). For MTS assay, the Cell
Titer 96 AQueous One Solution Cell Proliferation Assay
kit (Promega, Madison, WI, USA) was used following the
manufacturer’s instructions. Briefly, 30 minutes before
each of the set time points (12, 24, 48, and 72 hours),
20 μL of MTS reagent diluted 10 times was added to each
well and cells were incubated at 37�C for 30 minutes. The
absorbance was detected at 490 nm using a microplate
reader (BioTek, Winooski, Vermont, USA). All experi-
ments were repeated three times.

Cell migration and invasion assays

Cells were collected 48 hours post-transfection; 5 × 104

(for migration assays) or 1 × 105 (for invasion assays) cells
in serum-free medium were placed into the upper chamber
of an insert (8 μm pore size; Falcon, San Jose, CA, USA).
Matrigel Matrix (Falcon) diluted nine times was added to
the upper chamber of an insert before the serum-free
medium. Medium containing 10% FBS was added to the
lower chamber. After 24 hours of incubation the cells
remaining on the upper membrane were removed with
cotton wool; cells that had migrated or invaded through
the membrane were stained with methanol and 0.1% crys-
tal violet, imaged, and counted using Image J software
(NIH, Bethesda, MD, USA). Experiments were indepen-
dently repeated three times.

Western blot assay

Cells stably overexpressing linc01433 were lysed by RIPA
buffer with a protease inhibitor cocktail (Roche). A protein
assay kit (Bio-Rad) was used to determine the concentra-
tion of protein. Protein lysates weighing 50 μg were elec-
trophoresed on 12% sodium dodecyl sulfate-
polyacrylamide gel electrophoresis, transferred onto
0.45-μm polyvinylidene fluoride membranes (Millipore,
Billerica, MA, USA), and then incubated with an
Epithelial–Mesenchymal Transition Antibody Sampler Kit
(Cell Signaling, Danvers, MA, USA). Pierce ECL Western
Blotting Substrate (Thermo Scientific) was used to detect
the bands and quantify the intensity. β-Actin antibody was
used as a control.

Statistical analysis

All statistical analyses in this study were performed using
SPSS version 23.0 (IBM, Armonk, NY, USA), and P < 0.05
was considered to represent statistical significance. The
experimental data are presented as the mean � standard
deviation. Student’s t and chi-squared tests were used to
compare differences between groups. Pearson’s correlation
analysis was applied to analyze the correlation between
linc01433 in tissues.

Results

Higher expression of linc01433 in lung
cancer tissue

To explore whether linc01433 was upregulated in NSCLC,
we first performed qRT-PCR to determine the linc01433
expression levels in NSCLC and normal matched lung tis-
sue. The linc01433 expression level in an independent
panel of 45 primary lung tumors was significantly higher
than in normal matched lung tissue (P < 0.0001) (Fig 1a).
However, this difference was more significant in lung squa-
mous cell carcinoma (SCC) (P < 0.001) (Fig 1b) than in
adenocarcinoma (ADC) (P < 0.05) (Fig 1c).

Correlation between clinicopathological
parameters and relative expression of
linc01433

Subsequently, using the relative linc01433 expression level,
we determined an average of 0.0062. NSCLC patients were
divided into high (≥ 0.0062, n = 17) and low (< 0.0062,
n = 28) groups based on the average linc01433 expression
in 45 tissues. Moreover, to assess the clinical significance of
linc01433, we evaluated the correlation between expression
level and clinicopathological parameters. Linc01433
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expression was closely associated with smoking history, but
was not linked to other clinical risk factors such as age,
gender, tumor type and differentiation, T-classification, or
lymphatic metastasis.

Expression level and localization of
linc01433 in cell lines

We then explored linc01433 expression levels in five
NSCLC cell lines (H520, H1299, PC9, H358, and A549).
Our results revealed a higher level of linc01433 expression
in three of the NSCLC cell lines (A549, H358, and PC9)
than in BEAS-2B, while no significant difference was iden-
tified in H520 or H1299 (P < 0.01) (Fig 2a). Furthermore,
we determined the localization of linc01433 in cells;
GAPDH and small nuclear RNA U6 were used as internal
controls of the cytoplasm and nucleus, respectively.34,35 The
results of qRT-PCR analysis of linc01433 expression levels
in the nuclear/cytoplasmic fractions in A549 and H358
cells are presented in Figure 2b,c. We found that linc01433
localized in both the nucleus and the cytosol, but more so
in the nucleus in A549 and H358 cell lines.

Linc01433 overexpression promoted cell
proliferation, migration, invasion, and
epithelial-to-mesenchymal
transition (EMT)

We selected H520, H1299, and PC9 for further study given
the lower levels of linc01433 in these cancer cells (Fig 3a).
After observing stable ectopic expression of linc01433 in

Figure 1 Linc01433 expression was significantly increased in human non-small cell lung cancer (NSCLC) tissues compared to normal lung tissues. (a)
Dot blot analysis based on quantitative reverse-transcription PCR analysis of linc01433 expression in 45 paired lung cancer and corresponding normal
lung tissues. Normal (n = 45), cancer (n = 45). Dot blot analysis of linc01433 expression in (b) squamous cell carcinoma (SCC) normal (n = 28),
cancer (n = 28); and (c) adenocarcinoma (ADC) normal (n = 17), cancer (n = 17). *P < 0.05, ***P < 0.001, ****P < 0.0001.

Table 1 Correlation between linc01433 expression and clinicopatho-
logical parameters of NSCLC (n = 45)

Clinical
parameters Factors n

Relative
high

Relative
low P

Ages ≤ 60 21 6 15 0.231
>60 24 11 13

Gender Male 34 14 20 0.401
Female 11 3 8

Smoking history Yes 20 11 9 0.032*
No 25 6 19

Type SCC 28 11 17 0.788
ADC 17 6 11

Differentiation Poor 25 9 16 0.783
Well or
moderate

20 8 12

T-classification T1–T2 27 10 17 0.900
T3–T4 18 7 11

N- classification N0 21 8 13 0.967
N1-N3 24 9 15

Clinical Stage I–II 26 8 18 0.257
III–IV 19 9 10

*P < 0.05. Chi-square test. ADC, adenocarcinoma; NSCLC, non-small
cell lung cancer; SCC, squamous cell carcinoma.
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H520, H1299, and PC9 cells, we found that linc01433
promoted cell growth compared to the control group
(Fig 3b,c). Moreover, stable expression of linc01433 was
associated with increased migration and invasion activities
(Fig 3d,e). E-cadherin, claudin-1, β-catenin, vimentin, and
ZEB1 protein levels were also examined by Western blot-
ting. Linc01433 overexpression resulted in reductions of
E-cadherin and claudin-1 and increases of vimentin,
β-catenin, and ZEB1 (Fig 3f).

Knockdown of linc01433 suppressed cell
proliferation, migration, invasion,
and EMT

We selected A549 for further study given that it had one of
the highest levels of linc01433 expression (Fig 4a). After
stable knockdown of linc01433 expression in A549 cells
using three separate shRNA sequences, we found that
linc01433 suppressed cell growth compared to the control
group (Fig 4b). Stable knockdown of linc01433 was also
associated with decreased migration and invasion activities

(Fig 4c,d). Moreover, linc01433 knockdown resulted in
increases of E-cadherin and claudin-1 and decreases of
vimentin, β-catenin, and ZEB1 (Fig 4e).

Discussion

Non-small cell lung cancer is a heterogeneous group of dis-
eases characterized by different biological behaviors. To
improve treatment of patients with NSCLC, novel tumor-
specific biomarkers are needed for diagnosis, targeted ther-
apy, and to predict prognosis36 LncRNAs are associated
with pathological and physiological processes in numerous
human cancers. The dysregulated expression of certain
lncRNAs has been proven to be associated to proliferation
and metastasis in NSCLC.25,27–31 Linc01433 is located on
chromosome 20p13 in humans and has a length of 682 bp.
In our study, we identified that linc01433 was upregulated
in NSCLC tissues, thus it could be a new clinicopathologi-
cal biomarker and prognostic factor for this disease. Never-
theless, the biological roles and underlying molecular

Figure 2 Expression and localization of linc01433 in cell lines. (a) Relative expression of linc01433 in five non-small cell lung cancer (NSCLC) cell
lines and normal human bronchial epithelial cells (BEAS-2B). Linc01433 expression was higher in A549, H358, and PC9 than in the BEAS-2B cell line.
BEAS-2B, H520, H1299, PC9, H358, A549. (b, c) Quantitative reverse-transcription PCR analysis of linc01433 expression levels in different subcellular
fractions in two NSCLC cell lines (A549 and H358). Nucleus, cytoplasm. Linc01433 localized in both the nucleus and the cytosol, but more so in the
nucleus in the A549 and H358 cell lines. Nucleus, cytoplasm. **P < 0.01.
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mechanisms of linc01433 in NSCLC tumorigenesis and
progression are still unclear.
In the present study, we determined the expression

levels of linc01433 in several NSCLC cell lines in order to
select certain lines for use in subsequent experiments. As
our results show, linc01433 exhibited lower expression in
H520, H1299, and PC9 cells, thus we chose these three cell
lines to achieve stable overexpression. Moreover, as
linc01433 was more highly expressed in A549 cells, we
selected A549 to establish a stable knockdown cell line.
Most lncRNAs display strong nuclear localization36 how-
ever, we found that linc01433 was localized in both the
nucleus and the cytoplasm, but more so in the nucleus in
A549 and H358 cell lines.
Subsequently, we found that linc01433 overexpression in

H520, H1299, and PC9 cells enhanced proliferation, migra-
tion, and invasion abilities, suggesting that this lncRNA is
involved in tumor metastasis. Metastasis is a very complex
biological process in carcinomas,15 the mechanisms of

which remain largely unknown. However, many recent
studies have shown that EMT activation is detrimental to
the dissemination and invasion of certain cancer cells.37–40

During EMT, epithelial tumor cells lose their epithelial
traits, such as E-cadherin expression,41 and instead display
mesenchymal traits, such as vimentin expression.42

E-cadherin is considered to be an active suppressor of the
invasion and growth of many epithelial cancers,43 while
higher expression of claudin-1 is a good prognostic factor
in NSCLC, but only in the SCC subgroup.44 Moreover,
vimentin is an EMT biomarker associated with increased
invasiveness of NSCLC cells.42 β-catenin is a key down-
stream effector in the Wnt signaling pathway with a close
relationship to EMT.45 Moreover, ZEB1 (TCF8), as a regu-
lator of EMT, is associated with tumor grade and metasta-
sis in lung cancer.46 In the present study, linc01433
overexpression was found to inhibit the expression of epi-
thelial markers (E-cadherin and claudin-1) in H520 cells,
while it increased the levels of mesenchymal markers

Figure 3 Overexpression of linc01433 promoted non-small cell lung cancer (NSCLC) cell proliferation, migration, invasion, and epithelial-to-
mesenchymal transition (EMT) in vitro. (a) Relative linc01433 expression in H520, H1299, and PC9 cells transfected with pLVX-EF1α-IRES-Puro-
linc01433 vector. Empty vector, OElinc01433. (b, c) The effects of linc01433 overexpression on cell proliferation of H520 and H1299 in an in vitro
MTS assay. Transfection of linc01433 significantly promoted the growth of OElinc01433 cells. Empty vector, OElinc01433. (d, e) The effects of
linc01433 overexpression on cell migration and invasion. Significantly more H520-OElinc01433 cells migrated and invaded through the basement
membrane compared to empty vector cells. Empty vector, OElinc01433. (f) The effect of linc01433 overexpression on the expression of EMT-related
proteins in H520 cells. Claudin-1, E-cadherin, vimentin, β-catenin, ZEB1, and β-actin expression determined by Western blotting. Reductions of E-
cadherin and claudin-1 and increases of vimentin, β-catenin, and ZEB1 in H520-OE linc01433 cells. **P < 0.01, ***P < 0.001, ****P < 0.0001.
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(vimentin, β-catenin, and ZEB1) in A549 cells. These
results suggest that linc01433 could promote the transition
from the epithelial to the mesenchymal stage.
Our data clarify that linc01433 is upregulated in NSCLC

tumor tissues and some cell lines. In addition, linc01433
levels were associated with smoking history. Linc01433
overexpression promoted cell proliferation, migration, and
invasion, and facilitated EMT in vitro. Moreover, linc01433
knockdown suppressed cell proliferation, migration, and
invasion, as well as EMT, in vitro. Linc01433 is thus a
cancer-related lncRNA that may have an oncogene-like
effect on NSCLC. As chromatin modifiers and metabolism
are involve in tumorigenicity,33,47–50 and the interplay of
lncRNAs on metabolism is regarded as a hallmark of can-
cer, it will be interesting to determine whether linc01433
could regulate other possible metabolic targets and the
potential mechanisms.
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