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Background: Long non-coding RNAs (IncRNAs), which are key regulators of gene expres-
sion, are involved in lung cancer progression. Although numerous differentially expressed
IncRNAs have been reported, merely a limited number of studies have been performed to
verify their functions in lung cancer.

Methods: RNA sequencing data were re-analyzed to investigate the GATA6-AS1 expres-
sion in lung cancer. RT-qPCR was performed to verify the expression of GATA6-ASI in
collected tissue samples and cell lines. CCK-8 and transwell assays were carried out to
evaluate the role of GATA6-ASI1 in lung cancer cells. Dual-luciferase reporter assay and
bioinformatic analysis were used to explore the miRNA which can be sponged by GATA6-
AS1 in lung cancer cells.

Results: Currently, we focused on exploring the role and mechanisms of GATA6-AS1 in
lung cancer. Expression of GATA6-AS1 was decreased in lung cancer based on the analysis
of RNA sequencing dataset, TCGA data and RT-qPCR of clinical tissue samples. Via
overexpression of GATA6-ASI, it was revealed that GATA6-AS1 inhibited lung cancer
cell proliferation and invasion. Oncogene miR-324-5p was predicted to interact with
GATA6-AS1. RT-gPCR and dual-luciferase reporter assay verified the regulation of miR-
324-5p by GATG6-AS1 in lung cancer cells. Overexpression of GATA6-ASI increased the
expression of FBXO11 and SP1, two target genes of miR-324-5p. We further showed that
miR-324-5p mimic reversed the effect of GATA6-AS1 overexpression in lung cancer cells.
Conclusion: Overall, our findings demonstrated GATA6-AS1 as a novel tumor suppressor
in lung cancer.

Keywords: GATA6-AS1, miR-324-5p, lung cancer

Background
Lung cancer is the most common cancer type globally, representing approximately
11.6% cancer cases in 2018." Although there are numerous studies on the biological
mechanism of lung cancer, the mortality of patients with lung cancer has remained
high in recent years, and the five-year overall survival (OS) of patients with lung
cancer is around 10%.? The major obstacle to treat lung cancer is the metastasis of
lung cancer cells, which is closely related to patient deaths.” Therefore, the
mechanism of lung cancer needs to be thoroughly investigated.

Long non-coding RNAs (IncRNAs) are molecules with more than 200 nucleotides.*
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Previously known as “genomic junk”,” recent data suggest that IncRNAs are involved

in regulation of gene expression via multiple ways.®’ According to competing
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endogenous RNA (ceRNA) theory, IncRNA can interact with
microRNA (miRNA) and releases mRNA from the binding
of miRNA.*’ Via modulating key genes in signaling net-
work, IncRNAs are implicated in almost all biological pro-
cesses such as cell differentiation, metastasis and
proliferation.'®'" Thus, dysregulation of IncRNAs contri-
butes to sustained cell proliferation and strong invasive cap-
ability of cells during carcinogenesis.'>'* Currently, many
IncRNAs have been experimentally verified as oncogenes or
tumor suppressors in lung cancer.'>'® LncRNA GATA6-AS|1
is a recently discovered cancer-related IncRNA.'”'®
However, its function in lung cancer remains unknown.
Many miRNAs are
development.'”® For example, miR-324-5p, which is
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pivotal for lung cancer
a recently defined oncogenic miRNA in lung cancer,
frequently upregulated in lung cancer and facilitates lung
cancer cell proliferation and invasion.' In addition, miR-
324-5p also targets FBXOII, a regulator of epithelial—
mesenchymal transition (EMT), to promote development of
drug resistance for lung cancer,”® whereasthe mechanism
underlying the aberrant expression of miR-324-5p in lung
cancer remains elusive.

The current study aimed to study the function and
mechanisms of GATA6-AS! in lung cancer. We found
that GATA6-AS1 was a significantly downregulated
IncRNA in lung cancer. GATA6-AS1 sponged oncogene
miR-324-5p and inhibited cell proliferation and invasion
in lung cancer cells.

Patients and Methods

Patient Samples

Lung cancer tumor tissues and the adjacent normal tissues
were collected during surgery from 100 patients with lung
cancer. Written informed consents were obtained from all
patients. The protocol of the experiments was approved by
the Medical Ethics Committee of the Third Hospital of
JLU201508-04).
Samples were stored at —80°C before RNA extraction
and RT-qPCR.

Jilin University (Approval number:

Cell Culture

Normal human bronchial epithelial cell line (16HBE) was
obtained from the Institute of Biochemistry and Cell
Biology of the Chinese Academy of Sciences
(Shanghai, China). Lung cancer cell lines NCI-H1975,
A549, NCI-H460 and NCI-H1299 were purchased from
American Type Culture Collection (Manassas, VA).

These cells were cultured in DMEM (Thermo Fisher
Scientific) 10% FBS (Hyclone;
Thermo Fisher Scientific) in a humid incubator with 5%
CO, at 37°C.

supplemented with

Bioinformatic Analysis

The expression pattern of GATA6-AS1 in multiple cancer
types was analyzed by the GEPIA software (http://gepia.
cancer-pku.cn/) with datasets from TCGA project (normal
and tumor tissues) and GTEx project (normal tissues). The
correlation between GATA6-AS1 expression and OS of
patients with lung cancer (n=1144, including 672 lung
adenocarcinoma (LUAD) and 271 lung squamous cell
carcinoma (LUSC)) was analyzed by Kaplan—Meier
Plotter software (https://kmplot.com/analysis/index.php?

p=serviceandcancer=lung). The patients were split by
median expression of GATA6-AS1 (572 cases in high
expression group and 572 cases in low expression

group). The potential miRNAs that may interact with
GATAG6-AS1 were predicted by miRDB software (http://

mirdb.org/).

RT-qPCR
Trizol (Invitrogen) was used to extract RNA from cells
and tissues. The RNA was reverse-transcribed into cDNA
with PrimeScriptTM RT Kit (TaKaRa, Tokyo, Japan). RT-
gqPCR reaction was carried out with 2x EsayTaq PCR
SuperMix (TransGen Biotech, Beijing, China). The pro-
ducts were run on 2% agarose gels and stained with
ethidium bromide. LncRNA/mRNA was normalized to
GAPDH and miRNA was normalized to U6 with the
2744 method.”

Overexpression of GATA6-AS|

Human GATA6-AS1 sequence was obtained by PCR
method from A549 cDNA and inserted into pcDNA3
plasmid. The constructs were transfected into cells with
Lipofectamine 3000 reagent (Invitrogen). The cells were
cultured for another 48 hours and then subjected to RNA
extraction and RT-qPCR to confirm the transfection
efficiency.

Overexpression and Downregulation of
miR-324-5p

miR-324-5p mimic, miR-324-5p inhibitor, and miR-NC
were obtained from GenePharma (Suzhou, China), and
transfected into cells with Lipofectamine 3000 reagent
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Figure | LncRNA GATA6-AS| was decreased in lung cancer. (A) The expression of GATA6-AS| in multiple cancers and normal tissues were investigated in TCGA datasets and GTEx
project using GEPIA software. The expression of GATA6-ASI in tumors were presented as red dots, while green dots represented GATA6-AS| expression in normal tissues. (B)
GATA6-AS| levels were detected in 100 pairs of lung cancer tumor tissues and matched normal tissues from patients. (C) Comparison of GATA6-ASI levels in lung tumors of non-
metastasis and those of metastasis. (D) Kaplan—Meier Plotter analysis was performed to study the association between GATA6-AS| expression and OS of patients with lung cancer

(n=1144). #p<0.001.

(Invitrogen). The cells were cultured for another 48 hours  VVestern Blotting
and then subjected to RNA extraction and RT-qPCR to  FBXO11 (ab181801, 1:1000), SNAIL (ab229701, 1:2000),
confirm the transfection efficiency. and GAPDH (ab8245, 1:10,000) antibodies were purchased
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from Abcam (Cambridge, UK). HRP-conjugated antibodies
to rabbit (ABL3012-2, 1:10,000) and mouse (ABL3031-2,
1:10,000) were products of AbSci (College Park, MD).
Lysates were acquired from cells via RIPA lysis buffer
(Thermo Fisher Scientific). Proteins were separated via an
SDS-PAGE gel and transferred to the PVDF membrane.
Membrane was blocked in 5% milk, primary antibody and
secondary antibody sequentially. The blot was finally devel-
oped with the ECL Western blotting substrate (Pierce;
Thermo Fisher Scientific). The quantification of bands was
performed with Image J V.1.6.0 software (NIH).

Cell Proliferation and Cell Invasion Assays
For cell proliferation assay, cells were seeded in 96-well
plates, transfected with indicated agent and maintained for
indicated periods. The medium was mixed with CCK-8
solution (DoJinDo, Tokyo, Japan) and incubated for
2 hours. Absorbance at 450 nM was measured to reflect
cell proliferation ability.

For cell invasion assay, treated cells were seeded in
12-well plates. The upper chamber was pre-coated with
Matrigel (BD Corning) and filled with serum-free medium.
In the lower chamber, the well was filled with medium
containing 10% FBS. After 48 hours, the invaded cells
were fixed with 4% PFA and stained with 0.1% (w/v) crystal
violet. Three random fields of each group were observed and
the cell number was counted to reflect cell invasive capacity.

Dual-Luciferase Reporter Assay

GATA6-AS1 was subcloned from pcDNA3 to pmiRGLO
luciferase plasmid. FBXO11 3'UTR was obtained by PCR
method from A549 ¢cDNA and inserted into pmiRGLO. Site
mutations were introduced into pmiRGLO-GATA6-AS1 and
pmiRGLO-FBXO11 3'UTR with QuikChange Lightning
Site-Directed Mutagenesis Kit (Agilent Technologies, Santa
Clara, CA). Cells were seeded in 24-well plates, co-
transfected with luciferase constructs and pcDNA3 with or
without miR-324-5p mimic. After additional incubation for
48 hours, the luciferase activity of each well was determined
with a Dual-Luciferase Reporter
Madison, WI).

System (Promega,

Statistical Analysis

The data were presented as mean + SD by the calculation
of Graphpad Prism 6. Student’s ¢ test was applied to
compare differences between two groups. Differences
among three groups were analyzed with one-way
ANOVA followed by Tukey’s test. Pearson correlation

analysis was used to study the expression correlation.
P less than 0.05 was statistically significant.

Results
LncRNA GATA6-AS| Was Decreased in

Lung Cancer

To investigate the role of GATA6-ASI in lung cancer, we
firstly used online tools to analyze the level of GATAG-
AS1 in a panel of 33 cancer types from TCGA datasets
and GTEx data. It was found that there was decreased
expression of GATA6-AS1 in 11 out of 33 cancer types
including LUAD and LUSC (Figure 1A). Moreover, upre-
gulation of GATA6-AS1 was not seen in any types of
cancer. We collected 100 pairs of lung cancer tumor tis-
sues and the matched normal tumor samples. The RT-
qPCR result suggested that GATA6-AS1 was decreased

Table | Correlation Between GATA6-ASI
Clinical Pathological Factors of Patients

Expression and

Factors Case GATAG6-ASI p value
Number (n) Expression
High Low
(20) (80)

Age (years) 0.426
<60 36 8 28
>60 64 12 68

Gender 0618
Male 59 13 46
Female 41 7 34

Smoking history 0.547
Yes 45 21 24
No 55 29 26

Histologic type 0.484
Adenocarcinoma 39 8 31
Squamous cell 42 10 32

carcinoma
Others 19 2 17

T status 0.246
TI-2 66 I 55
T3-4 34 9 25

N status 0.945
NO-1 69 12 57
N2-3 31 8 23

M status 0.018
MO 62 17 45
M 38 3 35

Note: P value less than 0.05 was in bold style.
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in most cases (80%) which was consistent with that of
TCGA data (Figure 1B). Low expression of GATA6-ASI
was associated with metastasis of lung cancer, while
GATA6-AS1 level was not associated with age, gender,
smoking history, histologic type, T status or N status
(Table 1). GATA6-AS1 was significantly lower in tumors
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of metastasis compared with those without metastasis
(Figure 1C). Furthermore, to study the association between
GATA6-AS1 expression and the prognosis of patients with
lung cancer, we performed Kaplan—Meier plot analysis in
patients with lung cancer. Interestingly, high expression of
GATAS-AS1 was associated with prolonged OS in patients
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Figure 2 Ectopic expression of GATA6-AS| repressed lung cancer cell invasion and proliferation. (A) Detection of GATA6-ASI in a panel of lung cancer cell lines (NCI-
H1975, A549, NCI-H460, and NCI-H1299) and normal human bronchial epithelial cell line 16-HBE by RT-qPCR. (B) RT-qPCR was used to detect GATA6-AS| level in NCI-
HI1975 and A549 cells transfected with pcDNA3 or pcDNA3-GATA6-ASI. (C) Transwell assay was used to study the cell number invaded through the membrane in NCI-
H1975 and A549 cells transfected with pcDNA3 or pcDNA3-GATA6-AS|. D-E. CCK-8 assay was used to study the cell proliferation ability in NCI-H1975 (D) and A549 (E)
cells transfected with pcDNA3 or pcDNA3-GATA6-ASI. *p<0.05; **p<0.01; ***p<0.001.
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with lung cancer (Figure 1D). The data implied a pivotal
role of GATA6-AS1 in lung cancer.

Overexpression of GATA6-AS| Affected
Lung Cancer Cell Proliferation and

Invasion

We next detected GATA6-AS1 level in lung cancer cells
by the RT-qPCR method. The results showed that GATA6-
AS1 was decreased in lung cancer cell lines NCI-H1975,
A549, NCI-H460, and NCI-H1299 compared with normal
human bronchial epithelial cell line 16-HBE (Figure 2A).
Due to the low expression of GATA6-ASI, we selected
NCI-H1975 and A549 for further studies. GATA6-ASI
sequence was inserted into pcDNA3
Transfection of GATA6-AS1 significantly elevated
GATA6-AS1 expression in NCI-H1975 and A549 cells
(Figure 2B). With transwell assay, we found that GATA6-
AS1 overexpression decreased invaded cell number of

plasmid.

A

NCI-H1975 and A549 cells (Figure 2C), indicating the
hampered invasion ability of lung cancer cells. Moreover,
the CCK-8 assay showed that GATA6-AS1 overexpression
also inhibited cell proliferation ability of NCI-H1975 and
A549 cells (Figure 2DE).

GATA6-AS| Regulated Oncogene
miR-324-5p in Lung Cancer Cells

We used miRDB software to predict potential binding sites
for miRNAs in GATA6-AS1 sequence. Among 41 binding
sites, we noticed that there was a site for oncogene miR-
324-5p in GATA6-AS1 (Figure 3A). In NCI-H1975 and
A549 cells, GATA6-AS1 overexpression decreased miR-
324-5p levels (Figure 3B). Furthermore, transfection of
miR-324-5p inhibitor decreased miR-324-5p expression
in NCI-H1975 and A549 cells (Figure 3C), and the down-
regulation of miR-324-5p elevated GATA6-AS]1 levels in
these cells (Figure 3D).

B
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Figure 3 GATA6-AS| downregulated miR-324-5p in lung cancer cells. (A) Analysis by miRDB software showed a binding site for miR-324-5p in GATA6-ASI. (B)
Overexpression of GATA6-AS| decreased miR-324-5p expression in NCI-H1975 and A549 cells. (C) miR-324-5p inhibitor decreased miR-324-5p level in NCI-H1975 and
A549 cells as measured in RT-qPCR. (D) miR-324-5p inhibitor increased GATA6-ASI level in NCI-H1975 and A549 cells as measured in RT-qPCR. **p<0.001.
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GATA6-AS| Sponged miR-324-5p

We constructed luciferase vector containing GATA6-AS1-
wild type or GATA6-AS1-Mutant (with point-mutation in
the predicted binding site) (Figure 4A). miR-324-5p was
increased in NCI-H1975 and A549 cells upon transfection
of miR-324-5p mimic (Figure 4B). In the dual-luciferase
reporter assay, it was observed that miR-324-5p mimic
repressed luciferase value of GATA6-AS1-wild type with-
out affecting the luciferase activity of GATA6-ASI-
Mutant in NCI-H1975 cells (Figure 4C). Similar results
were observed in A549 cells (Figure 4D).

GATA6-AS| Promoted FBXOI |

Expression

FBXOI1, a key regulator of EMT, was a verified target of
miR-324-5p in lung cancer cells.”> Consistent with the reg-
ulatory association between GATA6-AS1 and miR-324-5p,

GATA6-AS1 overexpression elevated FBXOI11 protein
expression in NCI-H1975 cells (Figure 5A). As acknowl-
edged, FBXO11 facilitated ubiquitin-mediated degradation
of SNAIL protein.>* Consistently, at the protein level,
GATA6-AS1 decreased SNAIL expression in NCI-H1975
cells (Figure 5A), and similar results were observed in A549
cells (Figure 5B). RT-qPCR manifested that GATA6-AS1
upregulated FBXOI!l mRNA levels in NCI-H1975 and
A549 cells (Figure 5C). Moreover, GATA6-AS] increased
E-cadherin mRNA levels and decreased N-cadherin mRNA
levels in NCI-H1975 and A549 cells (Figure SDE). These
data suggested that GATA6-AS1 might regulate cell inva-
sion and proliferation through EMT.

GATA6-AS| Regulated FBXOI | via
Sponging miR-324-5p

To examine whether miR-324-5p was involved in reg-
ulation of FBXO11, we co-transfected GATA6-AS1 and
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Figure 6 GATA6-AS| regulated FBXOI | via sponging miR-324-5p. (A and B) Western blotting showed that miR-324-5p mimic could reverse the upregulation of FBXOI |
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miR-324-5p mimic into lung cancer cells. In NCI-
H1975, the Western blotting showed that miR-324-5p
mimic reversed upregulation of FBXO11 and downre-
gulation of SNAIL protein levels which were induced
by transfection of GATA6-AS1 (Figure 6A). Similarly,
miR-324-5p mimic also reversed the effect of GATAG6-
AS1 overexpression in A549 cells (Figure 6B). At
the mRNA level, miR-324-5p mimic also attenuated
the upregulation of FBXOI! in NCI-H1975 and A549
cells (Figure 6C). We constructed luciferase vector
containing FBXOI1l 3'UTR-wild type or FBXOII
3'UTR -Mutant (with point-mutation in the binding
site) (Figure 6D). Dual-luciferase reporter assay showed
that miR-324-5p mimic repressed luciferase activity of
FBXOIl 3'UTR-wild type which was reversed
by GATA6-AS1 in NCI-H1975 and A549 cells, mean-
while, the activity of FBXOIl 3'UTR-mutant was not
affected by miR-324-5p mimic GATAG6-AS1
(Figure 6EF).

or

GATA6-AS| Relied on Regulation of
miR-324-5p to Control Lung Cell

Invasion and Proliferation

In NCI-H1975 and A549 cells, the transwell assay showed
that miR-324-5p mimic attenuated the effect of GATA6-AS1
overexpression on cell invasion (Figure 7A). In addition, the
CCK-8 assay showed that miR-324-5p mimic attenuated the
effect of GATA6-AS1 overexpression on cell proliferation in
NCI-H1975 and A549 cells (Figure 7BC). These results
manifested a GATA6-AS1/miR-324-5p axis on regulation
of lung cancer cell proliferation and invasion.

Discussion
Although the functions of several IncRNAs have been

revealed in lung cancer,”~°

the biological roles of many
differentially expressed IncRNAs remain unknown in lung
cancer. GATA6-AS1 was a cancer-associated IncRNA
according to the most recent studies. In gastric cancer,

GATA6-AS1 was decreased and inhibited EMT through
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Figure 7 GATA6-ASI regulated lung cancer cell invasion and proliferation via sponging miR-324-5p (A). Transwell assay showed that miR-324-5p mimic could reverse the
inhibitory effect of GATA6-ASI on cell invasion in NCI-H1975 and A549 cells. (B and C) CCK-8 assay showed that miR-324-5p mimic could reverse the inhibitory effect of
GATA6-AS| on cell proliferation in NCI-H1975 (B) and A549 (C) cells. **vs pcDNA3 + miR-NC, p<0.01; ***vs pcDNA3 + miR-NC, p<0.001; #vs GATA6-AS| + miR-NC,
p<0.05; *ys GATA6-AS| + miR-NC, p<0.01; *#ys GATA6-AS| + miR-NC, p<0.001.
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inactivation of Wnt signaling.'” RNA sequencing data
indicated that GATA6-AS1 was one of the most signifi-
cantly downregulated IncRNAs in LUSC.'® We firstly used
online tool to analyze the expression of GATA6-ASI in
TCGA data of various cancer types and GTEx project
using GEPIA software. Interestingly, GATA6-AS1 was
downregulated in multiple cancer types (11 out of 33)
including LUAD and LUSC. This downregulation of
GATA6-AS1 was confirmed in our collected tissue sam-
ples. Meanwhile, GATA6-AS1 expression was associated
with metastasis status of patients. Expression of GATA6-
AS1 was also decreased in lung cancer cell lines. In the
function assay, it was observed that GATA6-ASI inhibited
cell proliferation and invasion of lung cancer cells, which
was similar to the observation in gastric cancer.'” Thus,
the data showed that GATA6-AS1 was a tumor suppressor
in lung cancer.

The role of miR-324-5p in cancer is controversial.
miR-324-5p targeted TGFf2 and inhibited gallbladder car-

cinoma cell metastasis.?’

miR-324-5p directly repressed
ELAVLI to inhibit cell proliferation and invasion of color-
ectal cancer.”® On the contrary, in lung cancer, upregula-
tion of miR-324-5p was observed in most patients.
Downregulation of miR-324-5p inhibited cell prolifera-
tion, colony forming and invasion of lung cancer cells.”'
Via bioinformatic analysis, we found that there was
a binding site for miR-324-5p in GATA6-AS1 sequence.
We further confirmed that there was a mutual regulatory
association between GATA6-AS1 and miR-324-5p. One
recent study discovered that miR-324-5p directly sup-
pressed FBXOI11 expression in lung cancer cells.??
FBXOI1 was a member of F-box protein and constituted
ubiquitin-protein ligase complex, promoted ubiquitin-
mediated degradation of SNAIL, a key regulator of EMT,
in cancer cells.”* We experimentally showed that GATA6-
AS1 upregulated FBXO11 and downregulated SNAIL pro-
tein expression. Moreover, miR-324-5p mimic attenuated
the effect of GATA6-AS1 on FBXOI11 and SNAIL expres-
sion in lung cancer cells. Thus, the data manifested that
GATA6/AS1 sponged miR-324-5p to regulate FBXO11
and inhibited cell proliferation and invasion in lung cancer
cells.

In conclusion, the current data depicted a GATA6-AS1
/miR-324-5p/FBXO011 axis in lung cancer and implied that
GATA6-AS1  suppressed lung cancer progression.
Therefore, GATA6-AS1 was a candidate biomarker for

patients with lung cancer.
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