Cellular Physiology Cell Physiol Biochem 2018;50:179-195

. . DO 10.1122/000403967 © 2018 The Author(s)
and BlOChemlstry Published online: 3 October 2018 Published by S. Karger AG, Basel
www.karger.com/cpb
Accepted: 24 September 2018

This article is licensed under the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 Interna-
tional License (CC BY-NC-ND) (http://www.karger.com/Services/OpenAccessLicense). Usage and distribution
for commercial purposes as well as any distribution of modified material requires written permission.

Original Paper

IncRNA AFAP1-AS1 Promotes Migration
and Invasion of Non-Small Cell Lung
Cancer via Up-Regulating IRF7 and the
RIG-I-Like Receptor Signaling Pathway

Xiao-Di Tang® Duo-Duo Zhang® LinpeiJia® WeilJic Yu-Shuang Zhao“

aDepartment of Radiation Oncology, China-Japan Union Hospital of Jilin University, Changchun,
bDepartment of Nephrology, Xuanwu Hospital, Capital Medical University, Beijing, “Department of
Vascular Surgery, Jilin Provincial People's Hospital, Changchun, ¢Department of Outpatient, China-Japan
Union Hospital of Jilin University, Changchun, China

Key Words
IncRNA « AFAP1-AS1 « IRF7 « Non-small cell lung cancer « RIG-I-like receptor signaling pathway

Abstract
Background/Aims: Accumulating evidence has highlighted the importance of long non-
coding RNAs (IncRNAs) as competing endogenous RNAs (ceRNAs) in tumor biology. Among
others, actin filament-associated protein 1 antisense RNA 1 (AFAP1-AS1) has been associated
with non-small cell lung cancer (NSCLC). However, it remains unclear how AFAP1-AS1
participates in the development and progression of NSCLC. Methods: The peripheral blood
samples were collected from patients with NSCLC. White blood cell subsets were classified
and levels of interleukin (IL)-10, IL-12 and IFN-y in serum were measured. We then identified
its target gene of AFAP1-AS1 via bioinformatics methods. NSCLC cell line with the highest
expression of AFAP1-AS1, i.e. H1975 was selected for in vitro experiments. A series of inhibitor,
vector and siRNA were employed to validate the regulatory mechanisms of AFAP1-AS1 in
the development and progression of NSCLC. Cell proliferation was detected by MTT assay
and EdU staining. Cell migration and invasion, and cell cycle and apoptosis were measured
by transwell assay and flow cytometry, respectively. Results: A high expression of AFAP1-AS1
was identified in NSCLC, alongside with a reduced level of IL-12 and increased levels of IL-10
and interferon (IFN)-y. Aberrant expressions of AFAP1-AS1 were associated with pathological
grade, TNM staging and metastatic potential of NSCLC. AFAP1-AS1 could activate interferon
regulatory factor (IRF)7, the retinoid-inducible protein (RIG)-I-like receptor signaling pathway
and Bcl-2 in vitro. Over-expression of AFAP1-AS1 promoted NSCLC cell proliferation, invasion
and migration while inhibiting cell apoptosis. Conclusion: IncRNA AFAP1-AS1 promotes
migration and invasion of non-small cell lung cancer via up-regulating IRF7 and the RIG-I-like
receptor signaling pathway.
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Introduction

Lung cancer remains one of the most frequent and most deadly tumor entities, with
1.6 million tumor-related deaths annually worldwide [1]. Lung cancer comprises small cell
lung cancer (SCLC), which accounts for approximately 15% of all lung cancers and non-small
cell lung cancer (NSCLC), which accounts for approximately 85% [2]. Despite the progress
in lung cancer diagnostics in recent decades, most patients with NSCLC are diagnosed at an
advanced stage [3]. Survival of NSCLC remains disappointing with a 5-year survival of 18% for
all NSCLC patients, and a 60%-80% survival in stage I patients after an anatomical resection.
Although advances in treatments have resulted in an increased survival rate and knowledge
of lung cancer biology has much improved, the prognosis of lung cancer still remains poor
[4]. Poor prognosis of NSCLC is associated with lack of early diagnostic biomarkers and high
potentials of invasion and metastasis. In this regard, development of molecular testing to
identify an increasing number of potentially clinically actionable genetic variants by using
smaller samples obtained is an urgent need [5].

Over the past decade, genome-wide transcriptomic analyses have clarified that
mammal genome produces many long transcripts, namely long non-coding RNAs (Inc-RNAs)
[6]. IncRNAs are a class of long non-protein coding RNAs greater than 200 nucleotides,
mainly transcribed by RNA polymerase Il from intergenic regions, promoter regions, or
by transcriptional active pseudogenes [7]. IncRNAs may undergo post transcriptional
processing, including 5'capping, alternative splicing, RNA editing, and polyadenylation as
protein coding genes do [7]. Currently, IncRNAs can be divided into five subgroups including
sense, antisense, bidirectional, intronic, and intergenic [https://www.ncbi.nlm.nih.gov/
pmc/articles/PMC4278269]. The regulation of protein-coding genes expression is the
most important function among the various ones performed by IncRNA. However, others
functions like epigenetic regulation, alternative splicing, RNA maturation and transport,
protein synthesis, modulation of protein activity, and alternation of protein localization, as
well as being precursors of small RNAs and tools for silencing microRNAs, have been well
documented [7].

Importantly, IncRNAs are involved in the cell cycle regulation, survival, migration, and
metabolism,andtheirdysregulationappearsto contributetothedevelopmentand progression
of human cancer [8]. IncRNAs play active roles in modulating the cancer epigenome and
may be important targets for cancer diagnosis and therapy [8]. The human genome contains
many thousands of IncRNAs. Recent studies have also shown that most IncRNAs displayed
tissue-specific expression patterns [7].

Identification of NSCLC associated IncRNAs and the investigation of their molecular
and biological functions are vital. IncRNAs have been associated with lung cancer [9].
Among other, actin filament-associated protein 1 antisense RNA 1 (AFAP1-AS1), a well-
known IncRNA that is over-expressed in various tumor tissues and cell lines, is closely
associated with poor outcome of human cancers including lung cancer [10]. In particular,
AFAP1-AS1 was significantly up-regulated in lung cancer associated with poor prognosis
[11]. In vitro experiments demonstrated that AFAP1-AS1 knock-down significantly inhibited
the invasive and migration capability of lung cancer cells [11]. In a recent study, AFAP1-AS1
was further found up-regulated in NSCLC [12]. However, the exact mechanism of AFAP1-AS1
in NSCLC still remains unclear. In this study, we aim to investigate the expressions of AFAP1-
AS1 in NSCLC and its role in the development and progression of NSCLC.
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Materials and Methods

Ethical statement
The study protocol was approved by the Committee on the Ethics of China-Japan Union Hospital of Jilin
University and informed consent was obtained from each participant.

Patients and sampling

One hundred and 65 patients with NSCLC (119 males and 46 females) with an average age of 60.3
years, 118 patients with benign lung tumor (85 male and 33 females) with an average age of 58.2 years,
and 173 healthy subjects (124 male and 49 female) with an average age of 57.7 years were enrolled from
the China-Japan Union Hospital of Jilin University between September 2013 and February 2017. Patients
diagnosed with NSCLC were included if they met the following criteria: were diagnosed with NSCLC and had
not diagnosed with any tumor before; received no anti-tumor treatment after diagnosis; had indications
of surgical resection and had been confirmed by pathological examination after operation; and patients’
expected survival time was more than 12 months. Excluding criteria were as follows: patients had abnormal
functions of heart, lung and kidney; or severe complications occurred during or after the operation.

ELISA

IL-10, IL-12, and IFN-y and swere detected according to instructions of ELISA kit manufacturers
(human IL-10 ELISA kit, NO: 55R-1622, Dakewe Biotech Company, China; human IL-12 ELISA kit, Westang
Biotech Company, China; human IFN-y ELISA kit, NO: EK0373, Yuhengfeng Biotech Company, China). Briefly,
monoclonal antibodies were coated onto standard ELISA plates (Nalge Nunc, Denmark) in a volume of
100 pl/well overnight at 4°C. After three washings with phosphate-buffered saline (PBS), uncoated sites
were blocked with 100 ul 10% fetal bovine serum (FBS) in PBS for 1 hr at room temperature. Duplicates of
samples or recombinant standards were added and the plates were incubated for 1 hr at room temperature.
After washing, the plates were incubated with biotinylated detecting antibody against IL-10, IL-12, and
IFN-y (eBioscience, US), respectively, for 2 hrs at room temperature. Then avidin-conjugated horseradish
peroxidase (HRP, eBioscience, US) was added for 30 min. Color reaction was performed with 100 pl of
tetramethylbenzidine (TMB, Sigma-Aldrich. US) for 30 min and the reaction was terminated by adding 2 M
sulfuric acid (Sigma-Aldrich, US). The plates were immediately read at 450 nm with an ELISA reader (Tecan,
Switzerland). The concentrations of proteins were quantified by extrapolation from the standard curve.

Flow cytometry

Peripheral blood regulatory T cells (Treg), Th1, Th2, dendritic cells (DC) and other immune cell subsets
were detected using flow cytometry. FITC-, PE-, APC- and PerCP-conjugated antibodies were purchased from
commercial suppliers. Specifically, anti-mouse-CD1a, CD3, CD4, CD8, CD19, CD20, CD25,CD16/32,CD45, CD
80, CD 83, CD86, NK1.1, dendritic cell marker, T cell receptor (TCR), B cell receptor (BCR), IL-2, IL-4, IL-6,
IL-10, IL-12, IL-13, IL-17A, IL-17FE IFN-y, TGF-B, TNF-a monoclonal antibodies, and mouse-FoxP3 staining
set were from eBioscience, US; and anti-mouse-CD45 monoclonal antibodies were from BD Biosciences
(US). Cells were harvested and washed with 1% bovine serum albumin (BSA, Sigma-Aldrich, US) in PBS.
For staining of molecules with extracellular expression, cells were incubated with FITC-, PE-, APC, and/
or PerCP-conjugated antibodies for 15 min at room temperature. The staining of FoxP3 was according to
instructions provided by the manufacturer. For staining of other molecules with intracellular expression,
cells were fixed with 2% paraformaldehyde (Merck, US) for 15 min at room temperature and permeabilized
with 0.5% freshly prepared saponin (Sigma-Aldrich, US) in PBS containing 1% BSA. The permeabilized cells
were incubated with FITC-, PE-, APC, and/or PerCP-conjugated antibodies for 15 min at room temperature.
FITC-, PE-, APC- and PerCP-conjugated isotype antibodies (all from BD Biosciences, US) were used as negative
controls. Cells were washed twice, resuspended in 1% paraformaldehyde in PBS and stored at 4°C until flow
cytometric analysis with an FACSCanto™ II cytometer (Becton Dickinson, US) using the FACSDiva software
(Becton Dickinson, US). Surface and intracellular molecule expressions were assessed by determining the
positive cell percentage. In each experiment, cells from all groups were collected and analyzed at each time
point on the same day with the same cytometer settings. Flow cytometric data were analyzed with the
CellQuest Pro software (Becton Dickinson, US).
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Flow cytometry was also used to detect cell apoptosis. According to the instructions of the annexin-
V-FITC apoptosis kit manufacturer (Shanghai Yeasen Biotechnology Co. Ltd. China), annexin-V-FITC,
propidiom iodide (PI), and HEPES were blended at a ratio of 1: 2: 50 to make annexin-V-FITC/PI dye liquor.
100 pL dye liquor was used to re-suspend 1 X 10° cells and then the mixture was incubated for 15 min at
room temperature. Then 1 mL HEPES was added. To determine cell apoptosis, the FITC/PI fluorescence was
detected through a 525 nm and 620 nm bandpass filter and 488 nm excitation. Annexin V*PI cells represent
apoptotic cells.

Bioinformatics prediction

The NSCLC related expression profiles (GSE33532) and annotated probe files were downloaded
from retrieving GEO database (http://www.ncbi.nlm.nih.gov/geo) and detected by Affymetrix Human
Genome U133 Plus 2.0 Array. The Affy installation package of R software was performed for the background
correction and normalization of each profile data [13]. Then, the linear model in the limma installation
package-empirical Bayesian statistics combined with the traditional t-test to perform nonspecific filtering
of the expression data to screen out differentially expressed IncRNA [14]. Multi Experiment Matrix website
(MEM, http://biit.cs.ut.ee/mem/) was used to predict differentially expressed IncRNA, which is a web
based tool for performing co-expression queries over large collections of gene expression experiments,
and provided access to several hundreds of publicly available gene expression datasets of different tissues,
diseases and conditions, arranged by the species and microarray platform types [15]. The Web Gestalt
database (http://www.webgestalt.org) was used to enrich and analyze the target gene of KEGG to determine
the most important biochemical pathways and signaling pathways [16].

Construction of AFAP1-AS1 vector and siRNA-induced RNA interference

Based on the transcriptional sequence of the AFAP1-AS1 gene in GenBank and online design software,
the AFAP1-AS1 gene, siRNA sequence (design 3 pairs of siRNA sequences for each gene) and negative control
sequence were designed as follows: siRNA-1: GCACACGGCTTATAATTAA; siRNA-2: CCTGATACATTCAGGAAAT;
siRNA-3: GCCACTTGCTTGTCTGCAT; siRNA-NC: ACCUCUUGCAUTGCTGGUA (synthetized by Genechem
genetic biology Company, China). The correct sequence of synthesis was cloned into the plasmid vector
pcDNA3.1 (Invitrogen, US) with Hind III and XHo I restriction sites at 16°C for 1 hr and conversion of
the product into the receptive Escherichia Coli DH5a (D9052, Takara, US), then screened by colony PCR
identification of resistant colonies and positive clones were sequenced. Plasmids were extracted and stored
at-20°C.

Cell culture and transfection

NSCLC cell lines A549, H1975, H1650, H1395 and H12994 were obtained by courtesy of the Chinese
Academy of Science. Cells were cultured in M199 culture medium containing 10% serum at 37°C with
5% CO,. The cell line with the highest expression of AFAP1-AS1, i.e. H1975 was selected for subsequent
experiments. Cells were divided into 6 groups, including the blank (no plasmids were transfected), negative
control (NC, transfected with negative control plasmid), AFAP1-AS1 vector (transfected with AFAP1-AS1
over-expression plasmid), siRNA-AFAP1-AS1 (transfected with siRNA-AFAP1-AS1 interference plasmid),
RIG-I-like receptor inhibitor (treated with RNF5, an ubiquitin ligase that down-regulates the RIG-I-like
receptor signaling pathway [17]) and AFAP1-AS1 vector+ RIG-I-like receptor inhibitor (RNF5) groups. Cells
were cultured and used for further experiments when they reached 80% confluency. 200 pL serum-free
medium Opti-MEM (Thermo Fisher, US) was used to dilute 6 pL lipofectamin 2000 (Invitrogen, US) and 100
uL serum-free Opti-MEM medium to dilute 2pg plasmids. The solutions were then mixed and incubated for
20 min at room temperature. Each culture hole was added with 180 pL Opti-MEM medium, and then the
transfection compound was added. After 48 hr culture at 37°C with 5% Co,, cells were harvested and the
transfection effect was evaluated by RT-qPCR.

Reverse transcription quantitative polymerase chain reaction (RT-qPCR)

The total RNAs were extracted in strict accordance with the instructions from the manufacturer for
the Trizol kit (Invitrogen, US), and the concentration and purity of RNAs were determined by the Trizol kit
as a template as well. All the primers used in this study were synthesized by Takara Biotechnology Ltd.,
China (Table 1). Reverse transcription was performed by cDNA reverse transcription system (Beijing Reanta
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Company, China), with the reaction condition set as
30-50 min at 42°C and 5 sec at 85°C. The obtained
cDNA was diluted to 50 ng/uL and each 2 pL was used
for 25 pL of amplification system. RT-qPCR then was
carried out with 2 pg cDNA as the templet using the
fluorescence quantitative PCR instrument (Daan Gene
Co., Ltd., China). The reaction conditions consisted
of pre-denaturation at 94°C for 4 min, denaturation
at 94°C for 30 sec, annealing at 57°C for 30 sec, and
extension at 72°C for 30 sec, with a total of 30 cycles.

Table 1. Primer sequences for RT-qPCR. Note:
RT-qPCR, reverse transcription quantitative
polymerase chain reaction; IRF7, interferon
regulatory factors 7; AFAP1-AS1, actin filament-
associated protein 1 antisense RNA 1; RIG-1,
retinoid-inducible protein 1; MDA5, melanoma
differentiation-associated gene 5; LGP2,
laboratory of genetics and physiology 2; Bcl-2,
B cell lymphoma 2; GAPDH, glyceraldehyde-3-
phosphate dehydrogenase; F, forward; R, reverse

When the reaction was completed, the PCR base
line substrates mode was selected for data analysis
3 -AACH
and correction. The 224 method was conducted to IRF7 R: 5'CTAGGTCACTCGGCACAG3'
compare relative expressions, and the formula was AFAP1.AS1 F: 5'TCGCTCAATGGAGTGACGGCA3'
_ R: 5'CGGCTGAGACCGCTGAGAACTT3'
fexpressed as AACt = ACt T I—— F: 5'GACTGGACGTGGCAAAACAA3'
in which ACt = Ct - Ct. .
target gene internal reference

The relative RIG-1 R:
expressions of target genes were equal to the value of STTGAATGCATCCAATATACACTTCTGS
AACt. MDAS

Genes Primer sequences
F: 5'"GAGAAGAGCCTGGTCCTGGT3'

the model group b

F: 5’'TCGAATGGGTATTCCACAGACG3'
R: 5'GTGGCGACTGTCCTCTGAA3'
F: 5'GGGCCTCCAAACTCGATGG3'

R: 5'TTCTGGGGTGACATGATGCAC3'

F: 5'TTGGATCAGGGAGTTGGAAG3'
R: 5'TGTCCCTACCAACCAGAAGG3'
F: 5'CCCCACGAGCTTGTAGGAAAG3'

R: 5'CCAGGTTCTGGAAACTGTGGAT3'

F: 5'TGCTTGTTCCTCAGCCTCTT3'
R: 5'AGATGATCTGACTGCCTGGG3'
F: 5’-GGGAAGGTGAAGGTCGGAGTC-3’
R: 5’-CAGCCTTGACGGTGCCATG-3’

LGP2
Western blot

The total protein concentration was detected
with the bicinchoninic acid (BCA) kit (Shanghai NF-xB
Yeasen Biotechnology Co., Ltd., China). Quantitation
experiment was conducted based on different

Bcl-2

TNF-a

concentration. Briefly, the protein was separated with GAPDH
polyacrylamide gel, transferred onto polyvinylidene
fluoride (PVDF) membranes, and sealed in 5% BSA
was in room temperature for 1 h. The membrane was
incubated with the addition of primary antibodies i.e. rabbit anti- interferon regulatory factor (IRF)7 (1:1000,
Abcam, UK), rabbit anti-p-IRF7 (1:1000, Abcam, UK), rabbit anti-retinoid-inducible protein (RIG)-1 (1:1000,
Abcam, UK), rabbit anti-MDA5 (1:50000, Abcam, UK), rabbit anti-LGP2 (1:1000, Abcam, UK), rabbit anti-
Bcl-2 (1:50000, Abcam, UK), rabbit anti-NF-kB (1:50000, Abcam, UK), rabbit anti-TNF-a (1:50000, Abcam,
UK) and rabbit anti-f-actin (1:1000, Abcam, UK) at 4°C overnight. After rinsed 3 times in Tris-buffered
saline plus 0.1% Tween 20 (TBST) (5 min per rinse), the membrane was incubated at room temperature
for 1 hr with horseradish peroxidase-labeled goat anti-rabbit IgG secondary antibody (1: 20000, Abcam,
UK). After that, the membrane was re-washed with TBST for three times (5 min per washing). Films were
developed and photographed by a gel imaging apparatus (Gel Doc XR, Bio-Rad, US). The relative expression
of proteins was presented by the ratio of gray value between the target protein and reference value.

3-(4, 5-dimethyl-2-thiazolyl)-2, 5-diphenyl-2-H-tetrazolium bromide (MTT) assay

Cells were harvested for the MTT assay. Single cell suspension was seeded into a 96-well plate with 6 X
103 cells/0.2 ml in each well. Each well was added with 20 uL. MTT solution (5mg/mL, Guduo Biotechnology
Company, China), and incubated for 2 hrs at 37°C. After the supernatants were removed, 150 pL of dimethyl
sulfoxide (DMSO) solution was added into each well. Subsequently, the optical density (OD) value at 570
nm of each well was measured using a microplate reader (Tecan, Switzerland). The cell viability curve was
drawn by using the OD values as ordinates.

5-ethynyl-2’-deoxyuridine (EdU) staining

When the cell growth density reached 80%, 0.25% trypsin was used to digest cells to single cell
suspension. The EAU experiment was performed based on the instructions from the EdU kit manufacturer
(Sigma, US). Immunofluorescence assay was used to detect the DNA synthesis. After infection 24 hrs, a total
of 50 umol/L EdU culture solutions were replaced and incubated for 48 hrs, fixed in 4% polyoxymethylene
for 15 min, and then the cells were incubated with 0.2% glycine for 10 min, and washed by PBS twice.
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Hoechest was used to incubate cells in the dark for 10 min and 0.5% Triton X-100 was used to wash cells
for 3 times, and then the results were observed immediately under a fluorescence microscope (Olympus,

Japan).

Transwell assay

Capacity of cancer cell invasion was assessed by using the Transwell Cell Culture Inserts (BD
Biosciences, US) in 24-well plates. A total of 1 X 10° cells in 100 pl of serum-free RPMI 1640 medium were
added to the top chamber. The bottom well contained growth medium with 20% FBS. Cells were incubated
for 36 hrs at 37 °C, and then, the cells that had invaded through the filter pores were fixed with methanol,
stained with hematoxylin and observed under a inverted microscope (Olympus, Japan). The number of
invasive cells were counted from 5 randomly selected 20 X fields for each experiment and averaged.

Statistics

Data were presented as mean values * standard deviations (SD). The Statistical Program for Social
Sciences (SPSS) 21.0 software (SPSS, IBM, US) was used for data analysis. The one-way analysis of variance
(ANOVA) and the Kruskal-Wallis test were used to compare values among groups followed by the Student’s
t-test or the Mann-Whitney U-test to compare values between groups. The Tukey-Kramer test or the Steel
test was also used depending on the distribution of data. The Pearson correlation analysis was carried out
for the analysis of the correlation of two variable quantities. All tests were two-tailed, with the level of
significance set to P < 0.05.

Results

Highly expressed AFAP1-AS1 was identified in patients with NSCLC

Over-expressed AFAP1-AS1 in NSCLC (Fig. 1A) was found by the analysis of the gene
expression profile GSE33532. Therefore, AFAP1-AS1 was selected for this study. As predicted
by the MEM (Multi Experiment Matrix) website, IRF7 is the target gene of AFAP1-AS1 by
involving in the regulation of RIG-I-like receptor signaling pathway (Fig. 1B). The RNA22
website (https://cm.jefferson.edu/rna22) further verified the binding sites of IRF7 and
AFAP1-AS1 (Fig. 1C).

RT-qPCR was performed to test the expression of AFAP1-AS1 in the serum of patients
with NSCLC, benign lung tumor and healthy controls. The relative expressions of AFAP1-AS1
in the peripheral serum of NSCLC patients and benign lung tumor patients are significantly
higher than that of healthy controls (p < 0.05). Compared with benign lung tumor, the relative
expression of AFAP1-AS1 in NSCLC was remarkably increased (all p < 0.05) (Fig. 2). Taken
together, AFAP1-AS1 was significantly up-regulated in patients with NSCLC.

Alterations of Tregs, Thl, Th2, regulatory B cells and dendritic cells in NSCLC, benign

tumor and normal subjects

Next, the immune cell subsets such as peripheral blood Tregs, Th1, Th2, regulatory B
cells and dendritic cells were detected by flow cytometry. The percentage of CD3* T cells in
the normal control group was higher than that in the benign and NSCLC groups, while the
CD4*T cells and Th1 in the normal control group were in an opposite trend (all p < 0.05). The
percentage of CD8'T cells in the normal control group was lower than that in the benign and
NSCLC group (p < 0.05). The content of Th2 in the normal control group was higher than that
of the NSCLC group (p < 0.05).

According to the molecular markers of the B cell surface, the B cells were divided into
naive B cells (CD19*IgM*), memory B cells (CD19*CD27*) and mature B cells (CD19*CD38*).
The experimental results show that the proportion of CD19*IgM* naive B cells and
CD19*CD27* memory B cells in the NSCLC group and benign tumor group were increased in
the peripheral blood (p < 0.05). NSCLC group and benign tumor group had declined CD19*
CD38*mature B cells, CD80, CD83 and CD1a in peripheral blood (p < 0.05), CD1a, CD80, CD83
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Fig. 1. Bioinformatics prediction. Over-expressed AFAP1-AS1 in NSCLC was found by the analysis of the
gene expression profile GSE33532; the heat maps of AFAP1-AS1 for differentially expressed genes in the
expression profile of GSE33532 (Fig. 1A). Based on the MEM analysis, IRF7 is the target gene of AFAP1-
AS1 by involving in the regulation of RIG-I-like receptor signaling pathway was predicted by the MEM
(Multi Experiment Matrix) website (Fig. 1B). The RNA22 website (https://cm.jefferson.edu/rna22) further
verified the binding sites of IRF7 and AFAP1-AS1 (Fig. 1C). MEM, Multi-Experiment Matrix; AFAAP1-AS1,
actin filament-associated protein 1 antisense RNA 1; IRF7, interferon regulatory factor 7.

Fig. 2. Expression of AFAP1-AS1 was increased in NSCLC.
RT-qPCR was performed to test the expression of AFAP1-
AS1 in the serum of patients with NSCLC, benign lung
tumor and healthy controls. The relative expression of
AFAP1-AS1 in the peripheral serum of NSCLC patients
and benign lung tumor patients is significantly higher
than that of healthy controls. Compared with benign lung
tumor, the relative expression of AFAP1-AS1 in NSCLC was
remarkably increased (all p<0.05). Data are presented as
mean * standard deviation (SD). n = 173 in the normal
group, n = 118 in the benign tumor group, and n = 165
in the NSCLC group. *, p<0.05 compared with the normal
group; ¥, p<0.05 compared with the benign tumor group; AFAAP1-AS1, actin filament-associated protein 1
antisense RNA 1. NSCLC, non-small cell lung cancer; GAPDH, glyceraldehyde-3-phosphate dehydrogenase.

had significant difference among groups (p < 0.05) while CD86 showed no notable difference
in blood (p > 0.05) (Fig. 3).

Decreased levels of IL-12 and increased levels of IL-10 and IFN-y in NSCLC
ELISA was performed to detect the levels of IL-10, IL-12, and IFN-y. Results showed
that the expression level of IL-10 was significantly higher in the benign tumor group and
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Fig. 3. Immune cell subsets in the peripheral blood of patients with NSCLC. Flow cytometry was used
to identify the changes of the immune cell subsets in the peripheral blood of patients with NSCLC. The
percentage of CD3*T cells in the normal control group was higher than that in the benign and NSCLC groups;
the CD4*T cells and Th1 in the normal control group were in an opposite trend (all p<0.05); the percentage
of CD8*T cells in the normal control group was lower than that in the benign and NSCLC group (p<0.05)
(Fig. 3A). The content of Th2 in the normal control group was higher than that of the NSCLC group (p<0.05,
Fig. 3B). According to the molecular markers of the B cell surface, the B cells were divided into naive B cells
(CD19*IgM*), memory B cells (CD19*CD27*) and mature B cells (CD19*CD38*). The experimental results
show that the proportion of CD19*IgM* naive B cells and CD19*CD27* memory B cells in the NSCLC group
and benign tumor group were increased in the peripheral blood (p<0.05, Fig. 3C). NSCLC group and benign
tumor group had declined expressions of CD19* CD38*mature B cells, CD80, CD83 and CD1a in peripheral
blood cells (p<0.05), expressions of CD1a, CD80 and CD83 were significantly different among groups
(p<0.05), while CD86 showed no notable difference in blood (p > 0.05, Fig. 3D). Data are presented as mean
+ standard deviation (SD). n = 173 in the normal group, n = 118 in the benign tumor group, n = 165 in the
NSCLC group. *, p<0.05 compared with the normal group; #,p<0.05 compared with the benign tumor group.
NSCLC, non-small cell lung cancer.

the NSCLC group, and the
NSCLC group was higher
than the benign tumor group
(p < 0.05). The level of IL-
12 in the NSCLC group was
significantly lower than that
of the normal control group
and the benign tumor group;
the IL-12 level in the benign
tumor group was lower than
that in the normal group. The
level of IFN-y in NSCLC group
was significantly higher than
that of the normal control
group and the benign tumor
group (p < 0.05) (Table 2). All
data indicate higher levels of

Table 2. ELISA detection for the levels of IL-12, IFN-y and IL-10 in
peripheral blood. Note: NSCLC, non-small cell lung cancer; ELISA,
enzyme-linked immunosorbent assay. Data are measurement data,
expressed by means + standard deviation and analyzed by one way
ANOVA from three independent experiments. n = 173 in the normal
group, n = 118 in the benign tumor group, n = 165 in the NSCLC group.
", p < 0.05 compared with the normal group; #,p < 0.05 compared with
the benign tumor group; IL-12; interleukin 12; IL-10, interleukin;
IFN-y, interferon y

Biomarkers Normal Benign tumor  NSCLC

IL-12 (ng/mL) 43.52 + 3.67 40.78 + 4.56" 25.43 + 2.68"*
IFN-y (ng/L) 3.86+0.46 5.25+0.49" 8.12+1.06™
IL-10 (pg/mL) 21.37 £+ 1.63 29.4 + 290" 41.52 +4.57*

[L-12, IL-10 and lower level of IFN-y in NSCLC.
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Table 3. Correlation between the expressions of IncRNA

Over-expression of AFAP1- AFAP1-ASl and the clinical characteristics of NSCLC. Note:

AS1 associated with NSCLC TNM, tumor node metastasis; NSCLC, non-small cell lung
progression cancer. Data are measurement data from three independent
Abnormal expression of experiments. n = 173 in the normal group, n = 118 in the
AFAP1-AS1 was closely related to benign tumor group, n = 165 in the NSCLC group. In terms
pathological grade, TNM staging of the correlation of parameters of NSCLC with AFAP1-AS1,
and metastatic potential (p < 0.05) the comparison inside the group was analyzed by paired t test
(Table 3) while not related to

NSCLC type (p > 0.05). Compared Characteristics n AFAP1-AS1 expression t/F p
with TNM stage I + II patients, the  Histology _ 0.564 0.574
expression of AFAP1-AS1T mRNA Squamous cell carcinoma 75 1.77 £0.21
. Adenocarcinoma 90 1.79 £ 0.24
in the TNM stage Il + IV was [ uu stage 16.920 < 0.001
significantly increased (p < 0.05). 1.q 75435 162+ 015
However, insignificant difference 1+iv 30+25 2.03+0.14
was see between TNM stage I and Differentiation grade 29.060<0.001
Il patients, or between TNM stage Gl 48 1.94+023
Il and IV patients. All data indicate >4 179019

. G3 63 1.65+0.18
that abnormal expression o AFAP1- Lymph node metastasis 16.030< 0.001
AS1is closely related to pathological v 60 2,02 +0.14
grade, TNM staging and metastatic  No 105 1.64 £ 0.15

potentials of NSCLC.

Successful tranfection of siRNA against AFAP1-AS1 and AFAP1-AS1over-expressing vector

siRNA1 with the best interference effect in 3 kinds of siRNA-AFAP1-AS1 for subsequent
transfection experiments are shown in Fig. 4A. The expression of AFAP1-AS1 was significantly
higher in the AFAP1-AS1 vector group, and lower in the siRNA-AFAP1-AS1 group than the
NC group (both p < 0.05) (Fig. 4B). The results show that transfections of over-expressed
plasmids and siRNA were successful.

NSCLC cell line H1975 presented with the highest AFAP1-AS1 expression

RT-qPCR was used to select the cell line with the highest expression of AFAP1-AS1 from
NSCLC cell lines (A549, H1975, H1650, H1395, and H1299). Results showed that compared
with other four cells, the expression of AFAP1-AS1 was the highest in H1975 cells (Fig. 5).

Effects of AFAP1-AS1 on the mRNA and protein expression of related genes

To investigate the mechanisms and functions of AFAP1-AS1, IRF7 and RIG-I-like
receptor signaling pathway in NSCLC, their expressions were measured in transfected cells
in vivo, by using RT-qPCR and Western blot. Compared with the blank and the NC groups,
the expressions of mRNA (Fig. 6A) and (phosphorylation) protein (Fig. 6B) of IRF7, RIG-
1, MDAS5, LGP2, Bcl-2, NF-kB, and TNF-a were up-regulated in the AFAP1-AS1 vector
group, while down-regulated in the siRNA-AFAP1-AS1 group. The expressions of mRNA
(Fig. 6A) and (phosphorylation) protein (Fig. 6B) of RIG-1, MDA5, LGP2, Bcl-2, NF-kB, and
TNF-a were significantly down-regulated in the RNF5 group as compared with the blank
and the NC groups (all p < 0.05) (Fig. 6A). No difference in IRF7, AFAP1-AS1 mRNA and
(phosphorylation) protein expression level was seen between the RNF5 and NC groups (p >
0.05). The expression of signal pathway related genes in the AFAP1-AS1 Vector+ RNF5 group
was insignificantly different from that of the blank group and the NC group (p > 0.05) (Fig.
6). All data suggest that up-regulated AFAP1-AS1 could activate IRF7, the RIG-I-like receptor
signaling pathway, and Bcl-2, etc..
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Fig. 4. The verification of the efficiency of siRNA against AFAP1-AS1 and the vector over-expressing
AFAP1-AS1 by RT-qPCR. siRNA1 that showed the best interference effect in 3 kinds of siRNA-AFAP1-AS1 for
subsequent transfection experiments are shown in Fig. 4A. The expression of AFAP1-AS1 was significantly
higher in the AFAP1-AS1 vector group, and lower in the siRNA-AFAP1-AS1 group, than in the NC group (both
p<0.05, Fig. 4B). Data are presented as mean * standard deviation (SD) of one representative out of three
independent experiments. *,p<0.05 compared with the NC group; NC, negative control.

Fig. 5. NSCLC cell line screening for
the highest expression of AFAP1-AS1.
RT-qPCRwas used to selectthe cellline
with the highest expression of AFAP1-
AS1 from NSCLC cell lines (A549,
H1975, H1650, H1395, and H1299).
Results of the RT-qPCR experiment
showed that compared with other
four cell lines, the expression of
AFAP1-AS1 was the highest in H1975
cells (Fig. 5). Data are presented
as mean * standard deviation (SD)
of one representative out of three
independent experiments.

Over-expression of AFAP1-AS1 promoted NSCLC cell proliferation

We investigated the ability of AFAP1-AS1 to influence the biological functions of NSCLC
cells. Positive cell rate from MTT and EdU experiments represented the proliferation rate. No
difference in cell proliferation was seen among groups at 24 hrs. At 48 hrs and 72 hrs, cell
viability was increased in the AFAP1-AS1 vector group, but decreased in the siRNA-AFAP1-
AS1 and RIG-I-like receptor signaling pathway inhibitor (RNF5) groups (all p < 0.05). Taken
together, these results suggest that AFAP1-AS1 could promote cell proliferation of NSCLC
(Fig. 7).
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Fig. 6. The effect of AFAP1-AS1 on the mRNA and protein expression of related genes detected by RT-qPCR
and Western blot analysis. To investigate the mechanisms and functions of AFAP1-AS1, IRF7 and RIG-I-like
receptor signaling pathway in NSCLC, their expressions were measured in transfected cells in vivo, by using
RT-qPCR and Western blot. Compared with the blank and the NC groups, the expressions of mRNA (Fig.
6A) and (phosphorylation) protein (Fig. 6B) of IRF7, RIG-1, MDAS5, LGP2, Bcl-2, NF-kB, and TNF-a were
up-regulated in the AFAP1-AS1 vector group, while down-regulated in the siRNA-AFAP1-AS1 group. The
expressions of mRNA (Fig. 6A) and (phosphorylation) protein (Fig. 6B) of RIG-1, MDAS, LGP2, Bcl-2, NF-
kB, and TNF-a were significantly down-regulated in the RNF5 group as compared with the blank and the
NC groups (all p<0.05) (Fig. 6A). No difference in IRF7, AFAP1-AS1 mRNA and (phosphorylation) protein
expression level was seen between the RNF5 and NC groups (p > 0.05). The expression of signal pathway
related genes in the AFAP1-AS1 Vector+ RNF5 group was insignificantly different from that of the blank
group and the NC group (p > 0.05). A, the mRNA expression of related genes in transfected cells; B, the
protein expression of related genes in transfected cells, C, protein bands detected by western blot. Data are
presented as mean * standard deviation (SD) of one representative out of three independent experiments.
* p<0.05 compared with the blank and NC groups. RT-qPCR, reverse transcription-quantitative polymerase
chainreaction; AFAAP1-AS1, actin filament-associated protein 1 antisense RNA 1; IRF7, interferon regulatory
factor 7. Bcl-2, B cell lymphoma 2; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; RIG-1, retinoid-
inducible protein 1; MDAS5, melanoma differentiation-associated gene 5; LGP2, laboratory of genetics and
physiology 2.

Over-expression of AFAP1-AS1 promoted NSCLC cell invasion and migration

We further studied the effect of AFAP1-AS1 on NSCLC cell migration by using the
Transwell assay. The increment in migrated cell number after 24-hr incubation was not
obvious, and the cell proliferation between controls and the AFAP1-AS1 vector group did not
reach significant difference at 36h. Therefore, we detected the cell invasion and migration
after 36-hr incubation. Compared with the blank and the NC groups, cell migration and
invasion were enhanced in the AFAP1-AS1 vector group while weakened in the siRNA-
AFAP1-AS1 and RNF5 groups (p < 0.05). There was no significant difference among the
blank, the NC, and the AFAP1-AS1 vector+ RNF5 groups (p > 0.05). These results suggest
that AFAP1-AS1 could promote NSCLC cell migration and invasion by activating RIG-I-like
receptor signaling pathway (Fig. 8).

Over-expression of AFAP1-AS1 inhibited NSCLC cell apoptosis

Lastly, we evaluated the effects of AFAP1-AS1 on NSCLC cell cycle and apoptosis by
using flow cytometry. Annexin V*PI cells represent apoptotic cells. Result shows that there
was no significant difference in apoptosis rate between the blank and the NC groups (p >
0.05). Compared with the blank and NC groups, the apoptosis rate was decreased in the
AFAP1-AS1 vector group (p < 0.05), increased in the siRNA-AFAP1-AS1 group and the RNF5
group (p < 0.05); while the AFAP1-AS1 vector+RNF5 group had no significant change (p >
0.05). These results indicate that AFAP1-AS1 could inhibit cell apoptosis (Fig. 94, 9B). The
cell proportions of GO/G1 phase cells in the blank, the NC, the AFAP1-AS1 vector, the siRNA-
AFAP1-AS1, the RNF5, and the AFAP1-AS1 vector+RNF5 groups were 67%+7%, 65%+6%,
47%+5%, 82%*9%, 80%+8%, 66%+7%, respectively. Proportions of cells during the S
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Fig. 7. EdU staining and MTT assay indicated the promotion effect of AFAP1-AS1 on NSCLC cell proliferation.
The ability of AFAP1-AS1 to influence the biological functions of NSCLC cells was investigated. The positive
cell rate represented the proliferation rate. Compared with the blank and NC groups, insignificant difference
was seen in cell proliferation among groups at 24 hrs. At 48 hrs and 72 hrs, cell viability was increased in the
AFAP1-AS1 vector group, but decreased in the siRNA-AFAP1-AS1 and RIG-I-like receptor signaling pathway
inhibitor (RNF5) groups (all p<0.05). A, the immunofluorescence analysis of positive cells following EAU
staining, B, the quantification analysis for EAU positive cells; C, MTT assay to detect the cell viability. These
results suggest that AFAP1-AS1 could promote cell proliferation of NSCLC. Data are presented as mean *
standard deviation (SD) of one representative out of three independent experiments. *, p<0.05 compared
with the blank and NC groups; NC, negative control.

phase were 21%+3%, 24%+3%, 39%+4%, 4%*1%, 8%+1%, 23%+*2%, respectively. There
was no significant difference between the blank and the NC groups (p > 0.05). Compared
with the blank and the NC groups, the siRNA-AFAP1-AS1 and RNF5 showed prolonged GO/
G1 phase (increased cell ratio) and shortened S phase (decreased of cell proportion) (all
p < 0.05). Insignificant difference in the G2 phase was seen among groups (p > 0.05) (Fig.
9C, 9D). All data revealed that up-regulated AFAP1-AS1 could shorten the GO/G1 phase and
inhibit NSCLC cell apoptosis.
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Fig. 8. The Transwell migration and invasion assays indicated the promotion effect of AFAP1-AS1 on NSCLC
cell migration and invasion. The effect of AFAP1-AS1 on NSCLC cell migration was evaluated by using the
Transwell assay. Compared with the blank and the NC groups, cell migration and invasion were enhanced
in the AFAP1-AS1 vector group while weakened in the siRNA-AFAP1-AS1 and RNF5 groups (p<0.05). There
was no significant difference among the blank, the NC, and the AFAP1-AS1 vector+ RNF5 groups (p > 0.05).

A, the migrating cells observed under the microscope. Higher staining intensity reflected more migrated
cells; B, the quantification analysis for cell migration conditions; C, the penetrating cells observed under
the microscope. Higher staining intensity reflected more invaded cells. These results suggest that AFAP1-
AS1 could promote NSCLC cell migration and invasion by activating RIG-I-like receptor signaling pathway.
Data are presented as mean * standard deviation (SD) of one representative out of three independent

experiments. *, p<0.05 compared with the blank and NC groups;

NC, negative control.
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Fig. 9. Flow cytometric detection indicated that Up-regulated AFAP1-AS1 promoted NSCLC cell cycle
progression and inhibited the apoptosis. Annexin V*PI" cells represent apoptotic cells. The effects of AFAP1-
AS1 on NSCLC cell cycle and apoptosis were evaluated by using flow cytometry. Result shows that there was
no significant difference in apoptosis rate between the blank and the NC groups (p > 0.05). Compared with
the blank and the NC groups, the apoptosis rate was decreased in the AFAP1-AS1 vector group (p<0.05),
increased in the siRNA-AFAP1-AS1 group and the RNF5 group (p<0.05); while the AFAP1-AS1 vector+RNF5
group had no significant change (p > 0.05). These results indicate that AFAP1-AS1 could inhibit cell apoptosis
(Fig. 94, 9B). The cell proportions of GO/G1 phase cells in the blank, the NC, the AFAP1-AS1 vector, the
siRNA-AFAP1-AS1, the RNF5, and the AFAP1-AS1 vector+ RNF5 groups were 67%+7%, 65%+6%, 47%+5%,
82%+9%, 80%+8%, 66%=+7%, respectively. Proportions of cells during the S phase were 21%+3%,
24%+3%, 39%+4%, 4%+1%, 8%+*1%, 23%+2%, respectively. There was insignificant difference between
the blank and the NC groups (p > 0.05). Compared with the blank and the NC groups, the siRNA-AFAP1-AS1
and RNF5 showed prolonged GO/G1 phase (increased cell ratio) and shortened S phase (decreased of cell
proportion) (all p<0.05) while the AFAP1-AS1 vector group was on the contrary. There was no significant
difference in AFAP1-AS1 vector+ RNF5 group (p > 0.05). Insignificant difference was seen in the G2 phase
among groups (p > 0.05) (Fig. 9C, 9D). All data revealed that up-regulated AFAP1-AS1 could inhibit NSCLC
cell apoptosis. Data are presented as mean # standard deviation (SD) of one representative out of three
independent experiments. *, p<0.05 compared with the blank and NC groups; NC, negative control.

192


http://dx.doi.org/10.1159%2F000493967

Cellular Physiology Cell Physiol Biochem 2018;50:179-195
DOL:

© 2018 The Author(s). Published by S. Karger AG, Basel

and B|ochem|stry Published online: 3 October 2018  |www.karger.com/cpb

Tang et al.: AFAP1-AS1 in NSCLC

Discussion

In this study, we first investigated the expressions of AFAP1-AS1 in patients with NSCLC
and confirmed the up-regulation of AFAP1-AS1 in NSCLC. Aberrant expressions of AFAP1-
AS1 were associated with pathological grade, TNM staging and metastatic potential of
NSCLC. We further selected an NSCLC cell line with the highest expression of AFAP1-AS1, i.e.
the H1975 cell line for in vitro experiments. We found that AFAP1-AS1 could activate IRF7,
the RIG-I-like receptor signaling pathway and Bcl-2, and AFAP1-AS1 could promote NSCLC
cell proliferation, invasion and migration while inhibiting cell apoptosis.

AFAP1-AS1 has been associated with NSCLC in recent studies [18, 19]. Interestingly,
down-regulation of AFAP1-AS1 could inhibit tumor cell growth and invasion in lung
adenocarcinoma [20]. Initially, we found that AFAP1-AS1 was significantly up-regulated
in patients with stage III-IV NSCLC with lymph node metastasis, indicating that AFAP1-
AS1 may play an important role in the initiation and progression of NSCLC. Our findings,
alongside with those previous studies [18-20] consistent point to AFAP1-AS1 as a promising
biomarker and therapeutic target of NSCLC.

Considering many potential targets governed by each single IncRNA, one challenge is
to find the functional target of AFAP1-AS1 in NSCLC. We employed bioinformatics methods
to indentify the IRF7 gene as the potential target gene of AFAP1-AS1. The mammalian IRF
family of transcription factors comprises nine members: IRF1, IRF2, IRF3, IRF4, IRF5, IRF6,
IRF7, IRF8 and IRF9. NF-kB is the prototypical transcription factor that has been extensively
studied, and NF-kB is most important in the gene-regulatory networks in immune responses,
including the induction of the genes that encode IFN-f§ and pro-inflammatory cytokines.
More recently, members of the IRF family of transcription factors have been shown to
have markedly diverse roles in the gene-regulatory networks in the immune system. IRFs
have recently attracted great attentions as they modulate cellular responses whereby
influencing tumorigenesis [21]. In this context, the regulation of oncogenesis by IRFs may
have important implications for understanding the role of IncRNAs in lung cancer. IRF7 has
been shown to bear oncogenic properties in several malignancies [22]. More importantly,
epigenetic silencing of IRF7 in vitro could lead to increased sensitivity of lung cancer cells to
oncolytic viruses [23].

RIG-I-like receptors are cytosolic pattern-recognition receptors (PRRs) that recognize
pathogen-associated molecular patterns and induce antiviral immune responses. Activation
of newly synthesized IRF7, following recognition of viral nucleic acids by pattern PRRs, e.g.
the RIG-I-like receptor pathway, leads to the expression of large amounts of IFN-f3 and many
of the IFN-a proteins [24]. Expression of the cytosolic RIG-I and MDAS5 is also induced by
type I IFNs, i.e. IFN-a and IFN-f3, thereby contributing to the positive-feedback regulation
[25].

We performed transfection of AFAP1-AS1 to see the changes of the expressions of
IRF7 and the RIG-I-like receptor pathway related genes. Our results showed that IRF7, the
RIG-I-like receptor pathway related genes (RIG-1, MDAS), LGP2, Bcl-2, NF-kB, and TNF-«a
could be up-regulated by over-expressing AFAP1-AS1. This effect was corroborated by using
siRNA to silence the expression of AFAP1-AS1 after which expressions of IRF7, the RIG-I-
like receptor pathway related genes (RIG-1, MDA5), LGP2, Bcl-2, NF-kB, and TNF-a were
down-regulated. We further examined the effect of AFAP1-AS1 on NSCLC cell migration
and invasion. Over-expression of AFAP1-AS1 could promote the migration and invasion
of NSCLC cell and meanwhile inhibited the apoptosis of NSCLC cells. Similarly, this effect
could reversed by siRNA silencing. Taken together, we demonstrated that IncRNA AFAP1-
AS1 promoted migration and invasion of non-small cell lung cancer via up-regulating IRF7
and the RIG-I-like receptor signaling pathway. AFAP1-AS1 may bind to IRF7 to activate the
positive-feedback regulation loop of IFN signaling, followed by the activation of the RIG-I-
like receptor pathway as well as Bcl-2, leading to the development and progression of NSCLC.

We also explored the changes of immune cell subsets in the peripheral blood of patients
with NSCLC. The percentages of CD3* T, CD4*T and Th1 cells in the NSCLC groups were
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down-regulated while the percentage of CD8*T and Th2 cells was up-regulated, indicating a
protective role of CD8*T and Th2 cells in NSCLC. Patients with NSCLC had more CD19*CD27*
B cells and less CD19*CD38* B cells and declined expressions of CD80, CD83 and CD1a in
peripheral blood cells. In accordance to the changes of blood cell subsets, blood levels of
IL-12 and IL-10 were elevated and IFN-y decreased in patients with NSCLC. Taken together,
ratio of CD4/CD8 cells was decreased and ratios of Th1/Th2 cells and cytokines were also
decreased in NSCLC.

Conclusion

In conclusion, we demonstrated the novel oncogenic IncRNA AFAP1-AS1 played a
crucial role in the development and progression of NSCLC. AFAP1-AS1 promotes migration
and invasion of non-small cell lung cancer via up-regulating IRF7 and the RIG-I-like receptor
signaling pathway.
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