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ARTICLE INFO ABSTRACT

Studies have reported a high expression profile of microRNA-196a (miR-196a) in many cancers, which potently
plays important roles in carcinogenesis. However, the involvement of miR-196a in affecting non-small cell lung
cancer (NSCLC) carcinogenesis still remains uncertain. NSCLC-related differentially expressed genes were re-
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GPX3 0 trieved for this study according to the microarray-based analysis, which demonstrated that miR-196a may be
;leiievtvsyabﬂn involved in NSCLC progression via regulation of the Jun N-terminal kinase (JNK) pathway by targeting glu-
Stemness y tathione peroxidase 3 (GPX3). Hence, this study aimed to explore the relationship among miR-196a, GPX3, and

the JNK pathway and to investigate its functional regulations in NSCLC. Initially, highly-expressed miR-196a and
lowly-expressed GPX3 were determined in NSCLC tissues and cells. Next, the NSCLC cells were manipulated with
a series of mimic, inhibitor or shRNA to investigate the impact of miR-196a and GPX3 on CSC viability, pro-
liferation, self-renewal ability and stemness. The in vivo effect of miR-196a was measured in nude mice xeno-
grafted with NSCLC cells. The results demonstrated that downregulation of miR-196a and restoration of GPX3
inhibited CSC viability, proliferation, self-renewal ability, stemness and tumorigenicity. Meanwhile, the un-
derlying relationship among miR-196a, GPX3 and JNK pathway was explored by treatment with the JNK
pathway inhibitor (SP600125), or sh-GPX3. Downregulated miR-196a and upregulated GPX3 could elevate the
GPX3 protein expression and reduce the extent of JNK and c-Jun phosphorylation. Taken together, miR-196a
promotes the development of NSCLC via activation of the JNK pathway through down-regulation of GPX3 and
serve as a potential therapeutic target in NSCLC.

treatment option, but only 30% of NSCLC patients meeting the condi-
tions of curative resection (Mauguen et al., 2013). Besides, radical

1. Introduction

Lung cancer represents one of the most universal malignant tumors
among human beings, particularly non-small cell lung cancer (NSCLC),
accompanied by high mortality and frequent recidivation worldwide
(Xu et al., 2018). NSCLC accounts for over 80% of lung cancer with
squamous cell carcinoma and adenocarcinoma as its main forms, which
might be induced by cigarette smoking, as well as carcinogens and
hereditary factors (Apopa et al., 2018). Currently, various therapeutic
methods have been practiced in the clinical setting for NSCLC man-
agement, with surgical intervention still persisting as the standard

thoracic radiotherapy was practiced in patients with locally advanced
NSCLC, with or without chemotherapy; and palliative treatments for
patients at an advanced stage (Yang et al., 2018). Although with the
aforementioned therapeutic methods, NSCLC patients still face un-
satisfactory 5-year overall survival rate of around 15% and a high re-
currence rate (Jin et al., 2018; Yin et al., 2018). Therefore, it is urgent
to seek out other potential therapeutic approaches for NSCLC treat-
ment.

Glutathione peroxidase 3 (GPX3) is known as a modulator of redox

Abbreviations: NSCLC, Non-small-cell lung cancer; CSC, Cancer stem cells; GPX3, Glutathione peroxidase 3; GEO, Gene Expression Omnibus; DEGs, Differentially
expressed genes; PPI, Protein-protein interaction; ATCC, American Type Culture Collection; RPMI, Roswell Park Memorial Institute; HBECs, Human bronchial
epithelial cell line; FBS, Fetal bovine serum; 3’UTR, 3’untranslated region; DMSO, Dimethylsulfoxide; PBSDNTPs, Phosphate buffer saline; ALDH1, Aldehyde de-
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signaling and an antioxidant enzyme, which can achieve im-
munomodulatory regulation and accelerate reactive oxygen species
detoxification (An et al., 2016). A recent study has reported that GPX3
exerts a suppressive effect on lung cancer cell proliferation through
modulation of the redox-regulated signals (An et al., 2018). Moreover, a
higher expression profile of GPX3 has been demonstrated to be asso-
ciated with better overall survival in patients with NSCLC (Liu et al.,
2018). According to online prediction software and dual luciferase re-
porter gene assay, GPX3 was ascertained as a target of microRNA-196a
(miR-196a). An existing report emphasized on the relevance of up-
regulation of miR-196a in NSCLC cells, and potentiated it to function as
an oncogenic miR to promote cell proliferation and invasion via down-
regulation of homeobox A5 (Liu et al., 2012). Besides, the down-
regulation of miR-196a was indicated to sensitize NSCLC cells to cis-
platin treatment for better therapeutic results (Li et al., 2016). JNK, a
protein kinase, can be activated by a variety of stress stimuli such as
DNA damage, shear stress, inflammatory cytokines, heat shock and
oxidative stress (Avisetti et al., 2014). The JNK pathway has been il-
lustrated to be associated with NSCLC cell proliferation and invasion
through diversion (Luan et al., 2014). In oral cancer, miR-196 enhanced
cell migration and invasion due to the involvement of an increased
content in JNK phosphorylation (Lu et al., 2014). With the aforemen-
tioned literature, it can be hypothesized that miR-196a may affect the
biological characteristics of NSCLC stem cells through regulation of
GPX3 and the JNK pathway. Therefore, this study was performed to
testify this hypothesis and offer a better understanding of the under-
lying molecular mechanisms responsible for NSCLC progression, thus
providing an insight for more effective therapeutic strategies for NSCLC
patients.

2. Materials and methods
2.1. Ethics statement

This study was conducted under the approval of the Ethics
Committee of The First Affiliated Hospital of Nanchang University. All
participating patients signed written informed consent documentation
prior to enrollment. Mice were treated humanely, and all experimental
procedures were performed under the approval of the Institutional
Animal Care and Use Committee. Measures were taken to minimize
animal suffering.

2.2. Microarray-based analysis

The NSCLC-related gene expression chips (GSE101929, GSE103512,
GSE19188, and GSE33532), as displayed in Table 1, were retrieved
from the Gene Expression Omnibus (GEO) database (https://www.ncbi.
nlm.nih.gov/geo/) to screen for the differentially expressed genes
(DEGs). The Affy package (Gautier et al., 2004) of R language was
employed for both pre-processing and standardization of the gene ex-
pression data, and the limma package (Smyth, 2004) was adopted for a
cycle of DEGs screening between the NSCLC tissues and normal tissues
(adj.p.Val referred to a corrected p value). The screening threshold for
DEGs was set as |LogFoldChange| > 2 and adj.p.Val < 0.05, and the
DEG expression thermal maps were drawn in reference to the values.
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Next, comparison of DEGs in four chips was conducted from the gene
intersection obtained by using calculate and draw custom Venn dia-
grams (http://bioinformatics.psb.ugent.be/webtools/Venn/). The dis-
ease-gene association (Kim et al., 2013) was ascertained by searching
for MEDLINE abstracts in the DiGSeE disease gene search engine
(http://210.107.182.61/geneSearch/), from which genes relevant to
NSCLC were retrieved. According to the protein-protein interaction
(PPI) information provided by the String database (https://string-db.
org/) (Szklarczyk et al., 2015), Cytoscape 3.6.0 software (Shannon
et al., 2003) was employed to extract the PPI network constructed by
DEGs in NSCLC and disease genes, furthermore to select vital molecules
in NSCLC. Ultimately, the potential miRs speculated to regulate DEGs
were predicted by TargetScan (http://www.targetscan.org/vert_71/),
miRDB (http://www.mirdb.org/) and miRDIP (http://ophid.utoronto.
ca/miRDIP/), and the prediction results were compared using calculate
and draw custom Venn diagrams.

2.3. Study subjects

Human NSCLC cell lines A549, H460, H1975, H1650 and HCC827
were purchased from the American Type Culture Collection (ATCC,
Manassas, VA, USA). The normal human bronchial epithelial cell line
(HBECs) (Shanghai Maisha Biotechnology, Shanghai, China) was sub-
jected to culture in Roswell Park Memorial Institute (RPMI) 1640
medium containing a combination of 10% fetal bovine serum (FBS),
100 U/mL penicillin and 100 mg/L streptomycin in a 5% CO, incubator
at 37 °C. Subsequently, the cells were treated with 0.25% trypsin and
passaged. The cells in the logarithmic growth phase were obtained for
further experimentation.

A total of 80 NSCLC samples were collected from patients with
NSCLC, comprising of 45 males and 35 females, who underwent radical
resection in the Department of Thoracic Surgery of The First Affiliated
Hospital of Nanchang University between January 2016 and January
2017. The tumor tissues and the normal adjacent tissues were obtained
from each case. The inclusion criteria for selection of patients were as
follows: patients diagnosed with NSCLC with an intention to undergo
surgery; patients who underwent radical resection and presented with
postoperative pathology characteristic of tumor-free margins; patients
with complete clinical related and pathological examination; patients
who had not received any anti-tumor-related treatment without heart,
liver and renal insufficiency, and without any serious respiratory dis-
eases. The patients diagnosed with metastatic lung cancer and other
tumors, cardio-cerebrovascular diseases, infectious diseases, history of
alcohol abuse and mental illness were excluded from this study.

2.4. Cell counting kit (CCK-8) assay

The proliferation of NSCLC CSCs was detected using a CCK-8 assay
kit (CK04, Dojindo, JPN, Kumamoto, Japan). CSCs were trypsinized,
inoculated into a 96-well plate and cultured at 37 °C in 5% CO, until the
cells adhering to the wall. The cell concentration was adjusted to 5000
cells/well, 6 repeated wells for each group. The cells were cultured at
37°C in 5% CO, and the plate was removed after transfection for 24,
48, 72 and 96 h, followed by the addition of 10% CCK-8 solution, and
subsequent incubation for 4 h. The optical density (OD) was detected at

Table 1
Detailed information for NSCLC related-gene expression chips.
Accession Platform Organism Sample
GSE101929 GPL570 Homo sapiens 34 normal lung tissues and 32 NSCLC tumor
GSE103512 GPL13158 Homo sapiens 60 NSCLC samples and 9 normal samples
GSE19188 GPL570 Homo sapiens 91 NSCLC tumor and 65 normal adjacent lung tissue samples
GSE33532 GPL570 Homo sapiens 80 NSCLC primary tumors and 20 distant normal lung tissues

Note: NSCLC, non-small-cell lung cancer.


https://www.ncbi.nlm.nih.gov/geo/
https://www.ncbi.nlm.nih.gov/geo/
http://bioinformatics.psb.ugent.be/webtools/Venn/
http://210.107.182.61/geneSearch/
https://string-db.org/
https://string-db.org/
http://www.targetscan.org/vert
http://www.mirdb.org/
http://ophid.utoronto.ca/miRDIP/
http://ophid.utoronto.ca/miRDIP/

Q. Liu, et al.

an excitation wavelength of 450 nm using a microplate reader, from
which the cell growth curve was drawn (Cao et al., 2018). The ex-
periment was conducted three times independently.

2.5. Dual-luciferase reporter gene assay

The cloning of -881/+1546 region of GPX3 3’untranslated region
(3’'UTR) was performed with cDNA of A549 cells as a template. The
target-binding site between miR-196a and the GPX3 gene was predicted
by means of bioinformatics analysis, and site-directed mutant was
performed on the binding site. The 3"'UTR-wild type (WT) vector was
used as a template to construct the GPX3 3’'UTR-mutant (MUT) reporter
vector using the QuikChange Site-Directed Mutagenesis kit (Stratagene,
La Jolla, CA, USA), where the GPX3 3’UTR site sequence CAGUUCUC
upon recognition by miR-196a was mutated to GTAAGAG. The primer
sequences for GPX3 3’UTR amplification (-881 [Sacl], 5’-gagctcc-
tattctcaaaggactcctggt-3’,  +1546  [HindIll] and 5’-aagcttttc-
caatgggcttcctgag-3’) were then recombined into the pmiR-REPORT miR
vector (Ambion, Austin, Texas, USA) and transfected with Escherichia
coli DH5a in order to amplify recombinant plasmid vector amplifica-
tion. The pRL-TK vector expressing renilla luciferase was employed as
an internal reference to adjust the difference in cell number and
transfection efficiency. Next, miR-196a mimic, miR-196a mimic-nega-
tive control (NC), miR-196a inhibitors, miR-196a inhibitor-NC
(4464084, ABI, Oyster Bay, NY, USA) were co-transfected with the
dual-luciferase reporter vectors into Hela cells, respectively. The de-
tection of dual-luciferase activity was performed in strict accordance
with the instructions provided by the Promega Corporation (Madison,
WI, USA). The experiments were conducted 3 times independently.

2.6. Sorting of NSCLC cells and cell cycle detection

The NSCLC cells in logarithmic growth phase were rinsed twice
using phosphate buffer saline (PBS), and adjusted to a concentration of
1 x 107 cells/mL. Antibodies against CD133-PE (566593, 1 : 500) and
CD44-FITC (555478, 1 : 500) were added to the cells for incubation at
room temperature for 30 min and then rinsed twice with PBS. The
aforementioned antibodies were purchased from BD Biosciences
(Franklin Lakes, NJ, USA). Next, the cells were suspended using 1 mL
PBS, filtered through a 40-um sterile mesh and positioned on ice for
further analysis and sorting. Isotype control antibody cell group was
labeled under similar conditions. The NSCLC cells prepared for further
analysis were sorted using a FACSAria II flow cytometer (BD
Biosciences, Franklin Lakes, NJ, USA). After the cell samples were
placed on the flow cytometer, the CD133 and CD44 double positive
cells were sorted according to the fluorescent labeling characteristics of
different antibodies. Finally, the sorted cells were aseptically collected
into sorting tubes.

After transfection for 48h, the NSCLC cells were collected and
rinsed using cold PBS 3 times. Then, the cells were centrifuged and the
supernatant was removed. The cell concentration was adjusted to about
1 x 10° cells/mL, the NSCLC cells were fixed utilizing 1 mL 75% cold
ethanol overnight at 4 °C. Before staining, the cells were rinsed two
times with the supernatant removed, added with 100 pL. of RNase A
devoid of light, and water-bathed at 37 °C for 30 min. The NSCLC cells
were stained with 400 pL propidium iodide (PI) (Sigma-Aldrich, St
Louis, MO, USA), in conditions devoid of light at 4 °C for 30 min. The
flow cytometry (FACS-Canto II, BD Biosciences, Franklin Lakes, NJ,
USA) was used to record the red fluorescence at a wavelength of
480 nm to detect the cell cycle (Halim et al., 2016).

2.7. Cell grouping and transfection
NSCLC cells in the logarithmic growth phase were seeded into 6-

well plates (6-7 % 10° cells/well), and cell transfection was conducted
in strict accordance with the instructions of the Lipofectamine 2000
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transfection kit. Each well was added with 25pmol corresponding
plasmids and 10 pL transfection reagent with the final concentration
reaching 10 pmol/mL by gentle shaking. Then, the plates were sub-
jected to culture at 37 °C and with 5% CO, for 48 h.

Next, the cells were grouped into 12 groups: miR-196a mimic (cells
transfected with synthetic miR-196a mimic), miR-196a mimic-NC (cells
transfected with miR-196a mimic nonsense sequences), miR-196a in-
hibitor (cells transfection with miR-196a inhibitor), miR-196a in-
hibitor-NC (cells transfected with miR-196a inhibitor nonsense se-
quences), sh-GPX3 (cells transfected with sh-GPX3), sh-GPX3 NC (cells
transfected with empty plasmid vector), SP600125 (cells treated with
JNK pathway inhibitor), dimethylsulfoxide (DMSO) (cells treated with
DMSO, control of SP600125 group), miR-196a inhibitor + sh-GPX3
(cells co-transfected with miR-196a inhibitor and sh-GPX3), miR-196a
inhibitor + sh-GPX3 NC (cells co-transfected with miR-196a inhibitor
and empty plasmid vector), miR-196a mimic + SP600125 (cells treated
with synthetic miR-196a mimic and JNK pathway inhibitor) and miR-
196a mimic + DMSO (cells treated with synthetic miR-196a mimic and
DMSO) groups. The experiments were repeated 3 times independently.

2.8. Reverse transcription quantitative polymerase chain reaction (RT-
gPCR)

The Trizol kit (16096020, Thermo Fisher Scientific, Massachusetts,
CA, USA) was employed to extract the total RNA from the specimens.
Then, 5 ug RNA was reversely transcribed into cDNA using the RT-qPCR
kit (ABI Company, Oyster Bay, N.Y., USA), while the miR reverse
transcription and PCR quantification were conducted using the miScript
II RT kit (218161, QIAGEN GmbH, Hilden, Germany) and the miScript
SYBR®GreenPCR kit (218075, QIAGEN GmbH, Hilden, Germany). A
25 uL system was employed for PCR amplification, which was com-
prised of 300 ng cDNA, 1 x PCR buffer, 200 pumol/L deoxyribonucleo-
side triphosphates (dNTPs), 80 pmol/L forward primers, 80 pmol/L
reverse primers and 0.5 U Taq enzyme (510118, Shanghai Yuanye
Biotechnology Co., Ltd., Shanghai, China). The reaction conditions
were as follows: predenaturation at 94 °C for 5min, 30 cycles of de-
naturation at 94 °C for 30s, annealing at 54.5 °C for 30 s and extension
at 72°C for 30s, and extension at 72 °C for 10 min, respectively. The
obtained PCR amplification products were stored at 4 °C. The primer
sequences of miR-196a, U6, GPX3, B-actin, NSCLC surface markers
(CD133 and CD44), and related transcription factors sex-determining
region Y-box 2 (SOX2), octamer-binding transcription factor 4 (OCT4)
and aldehyde dehydrogenase 1 (ALDH1) are presented in Table 2. U6
was regarded as the internal reference for the relative miR-196a ex-
pression profile, and (3-actin was employed as the internal reference for
the relative expression of other genes. 2~ 4% method was adopted in
order to calculate the ratio of the relative gene expression in the ex-
perimental group to that in the control group with the following for-
mula: AACt = ACt the experimental group ~ ACt the control groups and
/A\Ct = Ct (target gene) - Ct (internal reference)- Ct referred to the amplifica-
tion cycles when the real-time fluorescence intensity reached the set
threshold value and the amplification entered a logarithmic growth.
The experiments were repeated 3 times independently.

2.9. Western blot analysis

The NSCLC tissues or cells of each group were rinsed twice with
PBS, added with cell lysis buffer and shaken with vortex. The cells were
centrifuged at 25,762 X g for 30 min to remove the tissue or cell debris,
with the supernatant obtained. Next, the total protein concentration
was determined using a bicinchoninic acid (BCA) assay kit. A total of
50 ug protein was dissolved in 2 X sodium dodecyl sulfate (SDS)
loading buffer and boiled at 100 °C for 5min. Next, the samples were
separated using 10% sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis (SDS-PAGE), transferred onto the polyvinylidene fluoride
(PVDF) membrane by wet transfer method, and blocked using 5% skim
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Table 2

Primer sequences for RT-qPCR.
Primers Forward Reverse Temp Length
miR-196a 5' -CGTCAGAAGGAATGATGCACAG -3' 5' -ACCTGCGTAGGTAGTTTCATGT -3' 52 -
18[9 5' -CGCAAGGATGACACGCAAAT -3' 5' -GTATATGTGCTGCCGAAGCGAGCAC- 3' 55 69
GPX3 5' -TGGTCATTCTGGGCTTTCCC- 3' 5' -CCAGAAGAGGCGGTCAGATG-3' 56 233
B-actin 5' -CTTCCAGCCTTCCTTCCTGG- 3' 5' -CTGTGTTGGCGTACAGGTCT-3' 58 110
CD133 5' -AAACAGTTTGCCCCCAAGGAAA- 3' 5' -GAAGGACTCGTTGCTGGTGA-3' 54 85
CD44 5' -CACACCCTCCCCTCATTCAC- 3' 5' -TTGGCGATATCCCTCATGCC-3' 55 155
SOX2 5' -AACCAGCGCATGGACAGTTA- 3' 5' -CGAGCTGGTCATGGAGTTGT-3' 56 180
OCT4 5' -GAAGCCTTTCCCCCTGTCTC- 3' 5' -AAACCCTGGCACAAACTCCA-3' 54 137
ALDH1 5' -AAGGGGCAGCCATTTCTTCTC- 3' 5' -AATGCAAGGGCTCTTTCCTCC-3' 56 144
E-cadherin 5' -ACAACGCCCCCATACCAGA- 3' 5' -CACTCGCCCCGTGTGTTAGT-3' 54 138
N-cadherin 5' ~ATCCTACTGGACGGTTCG- 3' 5' ~AAGTTGACTGAGGCGGGTG- 3' 54 167

Note: RT-qPCR, reverse transcription quantitative polymerase chain reaction; miR-146, microRNA-196a; GPX3, glutathione peroxidase 3; ALDH1, aldehyde dehy-
drogenase 1; SOX2, sex-determining region Y-box 2; OCT4, octamer-binding transcription factor 4; ALDHI1, aldehyde dehydrogenase 1; Temp, temperature.

milk for 1 h at room temperature. Then, the membrane was subjected to
incubation after the addition of the following diluted primary anti-
bodies against B-actin (ab8226, 1 : 1000), GPX3 (ab104448, 1 : 5000),
JNK (ab179461, 1 : 500), p-JNK (ab219584, 1 : 1000), c-Jun (ab32137,
1 : 500), p-c-Jun (ab32385, 1 : 1000), CD133 (ab19898, 1 : 3000),
CD44 (ab51037, 1 : 250), SOX2 (ab97959, 1 : 500), homeobox protein
NANOG (NANOG) (ab21624, 1 : 500), OCT4 (ab181557, 1 : 2000),
ALDH1 (ab23375, 1 : 2000), monoclonal antibody against rabbit E-
cadherin (ab40772, 1 : 10,000) and polyclonal antibody against rabbit
N-cadherin (ab76057, 1 : 1000). The aforementioned antibodies were
purchased from Abcam (Shanghai, China). Afterwards, the membrane
was rinsed 3 times using tris buffered saline with tween (TBST), fol-
lowed by incubation with the horseradish peroxidase (HRP)-labeled
secondary antibody for 1 h. Next, the membrane was rinsed with TBST
and placed on a clean glass plate. Subsequently, solution A and solution
B in the enhanced chemiluminescence (ECL) kit (BB-3501, GE
Healthcare, Piscataway, NJ, USA) were mixed in an equal volume under
conditions devoid of light, which was then added into the membrane.
Bio-Rad image analysis system (Bio-Rad Laboratories, Hercules, CA,
USA) was used to photograph and document the observations, and the
Quantity One v4.6.2 software was utilized for analysis. At last, the re-
lative protein levels were expressed as the ratio of the gray value of the
target protein bands to the [-actin protein band. The experiments were
repeated 3 times independently.

2.10. Oncospheroids formation assay

After cells in the logarithmic growth phase were treated with
0.125% trypsin, the trypsin was neutralized by the addition of medium
with serum. The detached cells were centrifuged and the supernatant
was discarded, and resuspended in the medium, followed by inocula-
tion into the 96-well plate pretreated with agarose at a low melting
point and incubation in a CO, incubator at 37 °C. After 7 days, the cells
developed into tumor spheres with a volume of approximately 0.5 mm?®,
The radius of the tumor sphere was observed using the eyepiece with a
ruler, and the volume of the tumor sphere was calculated using the
spherical volume formula: V= (4/3) nR>. Any change in tumor volume
size was recorded and analyzed.

2.11. Colony formation assay

The 0.7% agarose with a low melting point was prepared using the
fresh cell culture medium and stored at 4 °C for further use. When agar
had settled, 0.7% agarose was heated and thawed, 2 mL of which was
evenly spread on the bottom of a culture dish with a diameter of
100 mm by gently shaking, cooled and solidified. Next, 1 mL cell sus-
pension was diluted with an equal volume of 0.7% agarose to prepare
0.35% agarose cell mixed liquor, which was then seeded into the cul-
ture dish (1 x 10* cells per 100 cm?). Three parallels were set for each

group. After the agar on the upper layer was solidified, 2 ~ 3 mL culture
solution was gently added onto its surface (pay attention not to crumble
the agar during this process) and incubated at 37 °C with 5% CO.. The
culture medium was changed every 2 ~ 3 day, and the culture was
terminated after a month. The culture dish underwent observation
under an inverted microscope to count the cells (only a cluster of more
than 50 cells was visible as a cell colony), and photographs. The ex-
periments were repeated 3 times independently.

2.12. Xenograft tumor in nude mice

The NSCLC cells in the logarithmic growth phase with a stable
transfection status were detached, and adjusted to attain a concentra-
tion of 5 x 107 cells/mL using a cytometer. After centrifugation, the
cells were mixed in serum-free medium and Matrigel (1 : 1) according
to the required amount, and stored at 4°C. The NOD/SCID im-
munodeficient male mice (aged 5 ~ 7 weeks, Beijing Vital River
Experimental Animal Technology Co. Ltd, Beijing, China; License
number: SYXK [Beijing] 2017-0022) were randomly assigned into 8
groups with 7 mice in each group: the miR-196a mimic group, the miR-
196a mimic-NC group, the miR-196a inhibitor group, the miR-196a
inhibitor-NC group, the sh-GPX3 group, the sh-GPX3-NC group, the
miR-196a inhibitor + sh-GPX3 group and the miR-196a inhibitor + sh-
GPX3-NC group. The mice were subcutaneously injected with 50 pL of
the experimental cell suspension into the left abdominal wall and with
50 pL of control cell suspension into the right abdominal wall using an 1
mL syringe. The activity and eating habits of mice were observed and
documented every day. After 7 ~ 9 weeks, the mice were routinely
euthanized to extract the tumor. At last, the tumor was weighed and the
tumor volume was analyzed, and photographed.

2.13. Statistical analysis

All statistical analyses were performed using the SPSS 21.0 software
(IBM Corp., Armonk, NY, USA). All experimental data was examined for
normal distribution and homogeneity of variance. The data consistent
with normal distribution were expressed as mean + standard devia-
tion; while those inconsistent with normal distribution or homogeneity
of variance were presented as interquartile range. Pairwise comparison
was performed by t-test and processed with the post-hoc test. The data
with skew distribution were analyzed by the nonparametric Wilcoxon
signed rank test. Comparisons between multiple groups were assessed
using one-way analysis of variance (ANOVA), and data at different time
points were analyzed by repeated ANOVA. A value of p < 0.05 was
considered to be of statistical significance.
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polymerase chain reaction.

3. Results

3.1. miR-196a is speculated to regulate GPX3-mediated JNK pathway in
NSCLC

Initially, the R language was employed to screen DEGs from the
NSCLC-related gene expression chips. According to the screening
threshold of |LogFoldChange| > 2 and adj.p.Val < 0.05, a total of 514,
17, 292 and 459 genes were screened from GSE101929, GSE103512,
GSE19188 and GSE33532, respectively. Next, a Venn diagram was
drawn by comparing the DEGs among these four chips. As depicted in
Fig. 1A, 11 intersection genes (MFAP4, AQP4, FHL1, AOC3, SFTPC,
SFTPD, GPX3, FOSB, CLDN18, C20rf40, and CYP4B1) were selected for
subsequent analysis as NSCLC-related DEGs. The NSCLC disease-related
genes were retrieved from DiGSeE, and the first 20 genes (EGFR, TP53,
SCLC1, ALK, AKT1, VEGFA, GRP, BCL2, KIT, KRAS, ABCB1, CDKN2A,
MYC, ENO2, MAPK1, ERBB2, ABCC1, PIK3CA, CDKN1A, and RB1)
were regarded as disease-related genes. Then, a PPI network of the
NSCLC-related DEGs and disease-related genes was constructed
(Fig. 1B). The genes localized in the center of the PPI network indicated
a strong association with other genes and might be of great importance
for the disease. The DEG, GPX3 exhibited the strongest correlation with
other genes. Subsequently, thermal maps of the top 60 DEGs in
GSE103512 and GSE19188 chips were drawn, as respectively displayed
in Fig. 1C and 1D. GPX3 was observed to be poorly expressed in NSCLC
tissues compared to the normal tissues. The expression of GPX3 in
GSE101929 and GSE33532 is respectively shown in Fig. 1E and Fig. 1F,
which suggested that the GPX3 expression was poor in NSCLC tissues.
Activation of the JNK pathway was previously demonstrated to be as-
sociated with NSCLC progression (Song et al., 2014). Moreover, a re-
cent study reported that GPX3 could successfully inhibit JNK signaling
(Qi et al., 2016). Therefore, we inferred that GPX3 might impact the
progression of NSCLC via the JNK pathway. The regulatory miRs of
GPX3 were predicted using the TargetScan, miRDB, and miRDIP pre-
diction websites, among which 28, 74 and 13 miRs were with a prob-
ability of conserved targeting, integrated Score > 0.2, and Target
Score > 80, respectively. Comparison among the prediction results re-
vealed that hsa-miR-196a-5p was the miR in the miR-miR intersection
(Fig. 1G), suggesting that miR-196a could potentially regulate GPX3.
Moreover, miR-196a was previously demonstrated to express at a high

level in NSCLC (Guerriero et al., 2017). The aforementioned results
served as basis for the speculation that miR-196a was highly possible to
affect the JNK pathway by regulating GPX3 expression in NSCLC.

3.2. miR-196a is upregulated in NSCLC tissues and cells

RT-qPCR was conducted to study the expression of miR-196a in 80
cases of NSCLC and normal adjacent tissues. As depicted in Fig. 2A and
B, miR-196a was highly expressed in NSCLC tissues compared to the
normal adjacent tissues, with a median difference of about two folds
(p < 0.01) between these two groups.

Besides, to ascertain the relationship between the expression level of
miR-196a and the clinical stage of NSCLC, we detected the miR-196a
expression in different clinical stages of NSCLC. As shown in Fig. 2C,
along with the development of NSCLC, the miR-196a expression was
gradually increased. In comparison with the miR-196a expression at the
I/1I stage, miR-196a expression at the III/IV stage was increased. The
results suggested that a higher miR-196a expression was synonymous
with a worse condition of NSCLC patients. Therefore, miR-196 might be
a potential target for the diagnosis of NSCLC.

To further confirm whether miR-196a was upregulated in NSCLC, 5
NSCLC cell lines (A549, H460, H1975, H1650, and HCC827) as well as
the normal bronchial epithelial cell line (HBECs) were selected for
determination of miR-196a expression using RT-qPCR. As shown in
Fig. 2D, the expression of miR-196a increased significantly in all NSCLC
cell lines in comparison with the normal cell line HBECs.

Additionally, the NSCLC cells were cultured and enriched in low-
adhesion globules, with the expression of miR-196a measured by RT-
qPCR. As demonstrated in Fig. 2E, the expression of miR-196a was
higher in the A549 NSCLC cell spheres compared to the adherent dif-
ferentiated cells (p < 0.001).

Moreover, the CD133%/~ and CD44 "/~ NSCLC cells were isolated
from A549 cells by flow cytometry (Fig. 2F) with an underlying purpose
of further verifying the miR-196a expression in NSCLC. The results
demonstrated that the miR-196a expression in the NSCLC CD133* and
CD44™ cells was significantly higher than that in NSCLC CD133- and
CD44- cells (p < 0.001) (Fig. 2G). The aforementioned results sug-
gested upregulation of miR-196a in NSCLC tissues and cells.
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Fig. 6. Inhibition of miR-196a suppresses the NSCLC stem cell self-renewal ability and stemness by up-regulation of GPX3. A, cell colony formation ability of NSCLC
cells after alteration of miR-196a and GPX3; B, cell sphere formation ability of NSCLC cells after alteration of miR-196a and GPX3 (x 100); C gray value of OCT4,
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OCT4, octamer-binding transcription factor 4.

3.3. Inhibition of miR-196a suppresses NSCLC stem cell self-renewal ability,
stemness, viability and blocks cell cycle

CCK-8 assay, oncospheroids formation assay, colony formation
assay and western blot analysis procedures were conducted to in-
vestigate the effect of miR-196a on A549 NSCLC stem cell viability, self-
renewal ability and stemness after transfection with mimic-NC, miR-
196a mimic, inhibitor-NC and miR-196a inhibitor. Cells transfected
with the miR-196a mimic resulted in increased formed clone cell
spheres and cell colonies (Fig. 3A and B), diameter and volume of clone
cell spheres (Fig. 3B), versus transfection of mimic-NC. These results
demonstrated that the NSCLC stem cell self-renewal ability and stem-
ness enhanced by overexpressing miR-196a. In comparison with the
treatment of inhibitor-NC, cells following transfection with miR-196a
inhibitor showed decreased clone cell spheres and cell colonies (Fig. 3A
and B), diameter and volume of clone cell spheres (Fig. 3B). Therefore,
inhibition of miR-196a suppressed NSCLC stem cell self-renewal ability
and stemness.

RT-qPCR was conducted to detect the transfection efficiency and the
results showed that the miR-196a mimic increased miR-196a expres-
sion while the miR-196a inhibitor decreased miR-196a expression
(Fig. 3C). Therefore, cells were transfected successfully and could be
used for the further experimentation.

Western blot analysis showed that compared to the cells treated
with miR-196a inhibitor NC, the cells treated with miR-196a inhibitor
showed decreased protein expression of OCT4, SOX2, NANCG and
ALDH (p < 0.05). In comparison to the cells treated with miR-196a
mimic NC, the cells treated with miR-196a mimic showed increased
protein expression of OCT4, SOX2, NANCG and ALDH (p < 0.05) (Fig.
D and Fig. 3E).

CCK-8 assay showed that miR-196a mimic increased NSCLC cell
viability while miR-196a inhibitor decreased NSCLC cell viability sig-
nificantly (p < 0.05) (Fig. 3F).

PI single staining was conducted to detect the changes of cell cycle
before and after transfection (Fig. 3G-H), and the results showed that
compared to the cells treated with miR-196a mimic NC, cells treated
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control.

with miR-196a mimic showed decreased proportion of cells in the GO/
G1 stage but increased proportion of cells in the S stage. In comparison
with cells treated with miR-196a inhibitor NC, cells treated with miR-
196 inhibitor showed an increased proportion of cells in the GO/G1
stage but a decreased proportion of cells in the S stage. Therefore, miR-
196a mimic could promote cell cycle while miR-196a inhibitor could
inhibit cell cycle.

3.4. Inhibition of miR-196a suppresses tumorigenicity in NSCLC stem cell

Xenograft tumor in nude mice was applied to study the effect of
miR-196a on the tumorigenicity and tumor growth of A549 CSCs after
transfection with mimic-NC, miR-196a mimic, inhibitor-NC, and miR-
196a inhibitor. Reduced NSCLC tumor volume and weight were in-
duced by treatment of miR-196a inhibitor, while increased tumor vo-
lume and weight were caused by treatment of miR-196a mimic (Fig. 4).
Hence, NSCLC stem cell tumorigenicity in vivo was attenuated by re-
pressing miR-196a.

3.5. miR-196a targets and negatively regulates GPX3

A bioinformatics prediction website TargetScan (http://www.
targetscan.org/vert_72/) was adopted to predict the existence of a
binding site between miR-196a and GPX3 (Fig. 5A), and target re-
lationship between them was then further verified by dual-luciferase
reporter gene assay. A 50% decline in luciferase activity was showed
upon treatment with miR-196a mimic and WT-GPX3 (p < 0.001),
while no significant difference in luciferase activity was observed upon
treatment with miR-196a mimic and MUT-GPX3. In addition, no
change in luciferase activity was shown upon treatment with the miR-
196a inhibitor and inhibitor-NC (p > 0.05; Fig. 5B). Thus, it can be
concluded that miR-196a could directly regulate GPX3.

Furthermore, western blot analysis was conducted to determine the
expression of GPX3 in NSCLC tissues, and RT-qPCR was applied for the
detection of miR-196a expression. According to the correlation analysis
of NSCLC tissue samples acquired from the same patients, the expres-
sion of miR-196a was negatively correlated with the expression of GPX3
(Fig. 5C). The mRNA and protein expression of GPX3 was significantly
decreased following treatment with miR-196a mimic (p < 0.05), while
increased following treatment with miR-196a inhibitor (p < 0.05)
(Fig. 5D and 5E). Taken together, miR-196a could target and inhibit
expression of GPX3.

3.6. Inhibition of miR-196a hinders NSCLC stem cell stemness by
upregulating GPX3

Oncospheroids formation assay and colony formation assay were
applied to study the influence of miR-196a on the self-renewal ability
and stemness of NSCLC stem cells isolated from A549 cells following a
single treatment with either miR-196a inhibitor or GPX3 shRNA. As
suggested in Fig. 6A-D, when compared with the treatment of sh-GPX3
NG, the abilities of colony formation and sphere formation as well as
the protein levels of OCT4, SOX2, NANOG, and ALDH1 increased after
delivery of sh-GPX3 (p < 0.05). After the delivery of both miR-196a
inhibitor and sh-GPX3, the CSC abilities of colony formation and sphere
formation as well as the protein levels of OCT4, SOX2, NANOG, and
ALDH1 enhanced compared to delivery of both miR-196a inhibitor and
sh-GPX3 NC (p < 0.05). Inactivation of GPX3 could reverse miR-196a
inhibition-mediated suppressed NSCLC stem cell abilities of colony
formation and sphere formation as well as the decreased protein levels
of OCT4, SOX2, NANOG, and ALDHI.

Simultaneously, CCK-8 assay and PI single staining were performed
to detect the proliferation and cell cycle, and the results showed that
compared with the treatment of, the treatment of sh-GPX3 NC sh-GPX3
showed increased proliferation, decreased proportion of CSC at the GO/
G1 stage and increased proportion of CSC at the S stage. Inactivation of
GPX3 could reverse miR-196a inhibition-mediated decreased NSCLC
stem cell proliferation and cell cycle (Fig. 6E-G). Collectively, inhibition
of miR-196a repressed NSCLC stem cell stemness by up-regulation of
GPX3.

3.7. Inhibition of miR-196a suppresses tumor growth via restoration of
GPX3

Xenograft tumor in nude mice was conducted to investigate the
effect of miR-196a-mediated GPX3 on tumorigenicity and tumor
growth of NSCLC stem cells isolated from A549 cells following co-
treatment with miR-196a inhibitor and GPX3 shRNA. The treatment of
sh-GPX3 resulted in increased tumor volume and weight compared to
treatment with sh-GPX3 NC, and the co-treatment of miR-196a in-
hibitor and sh-GPX3 also resulted in a synergistic effect compared to co-
treatment with miR-196a inhibitor and sh-GPX3 NC (p < 0.05; Fig. 7).
Hence, inhibition of miR-196a hindered NSCLC stem cell tumor-
igenicity in vivo by up-regulation of GPX3.

3.8. miR-196a induces activation of JNK pathway by silencing GPX3

To explore the interaction among miR-196a, GPX3 and JNK
pathway, western blot analysis was conducted to determine the protein
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levels of GPX3, JNK, and JNK pathway-related kinase (c-Jun) as well as
the extent of JNK and c-Jun phosphorylation after a single treatment
with either miR-196a inhibitor or GPX3 shRNA. Cells transfected with
sh-GPX3 lead to decreased protein level of GPX3, increased extent of
JNK and c-Jun phosphorylation, and unaffected protein levels of JNK
and c-Jun compared to the cells transfected with sh-GPX3 NC; while
cells co-transfected with miR-196a inhibitor and sh-GPX3 exhibited a
lower protein level of GPX3, elevated extent of JNK and c-Jun phos-
phorylation, and still constant protein levels of JNK and c-Jun in
comparison with the cells co-transfected with miR-196a inhibitor and
sh-GPX3 NC (p < 0.05; Fig. 8A and B).

Furthermore, the protein levels of GPX3, JNK, c-Jun and the extent
of JNK and c-Jun phosphorylation were assessed again after treatment
of the JNK pathway inhibitor (SP600125). As demonstrated in Fig. 8C
and 8D, CSCs delivering SP600125 exhibited unchanged protein levels
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Fig. 8. miR-196a activates JNK pathway by silencing GPX3. A,
gray value of GPX3, JNK, p-JNK, c-Jun, and p-c-Jun protein
bands in NSCLC cells after alteration of miR-196a and GPX3;
B, relative protein levels of GPX3, JNK, p-JNK, c-Jun, and p-c-
Jun in NSCLC cells transfected with miR-196a inhibitor or sh-
GPX3; C, gray value of GPX3, JNK, p-JNK, c-Jun, and p-c-Jun
protein bands in NSCLC cells treated with sh-GPX3 or
SP600125; D, protein levels of GPX3, JNK, p-JNK, c-Jun, and
p-c-Jun in NSCLC cells transfected with sh-GPX3 or treated
with SP600125; *p < 0.05; the above data were measure-
[ ment data, expressed as mean =+ standard deviation, and
compared with one-way analysis of variance; the experiments
were repeated 3 times; miR-196a, microRNA-196a; GPX3,
glutathione peroxidase 3; NSCLC, non-small-cell lung cancer;
JNK, c-Jun NH-terminal kinase; NC, negative control.
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of GPX3, JNK and c-Jun yet inhibited the extent of JNK and c-Jun
phosphorylation, while CSCs co-treated with sh-GPX3 and SP600125
displayed unchanged GPX3, JNK, and c-Jun protein levels, and reduced
the extent of JNK and c-Jun phosphorylation compared with CSCs co-
treated with sh-GPX3 and DMSO. Thereby, miR-196a could activate the
JNK pathway through downregulation of GPX3.

3.9. Inhibition of miR-196a upregulates E-cadherin and downregulates N-
cadherin

RT-qPCR and western blot analysis were conducted to detect the
effect of miR-196a on the metastasis and invasion of CSCs. In com-
parison to the treatment of miR-196a mimic NC, the treatment of miR-
196a mimic inhibited mRNA and protein expression of E-cadherin and
promoted the mRNA and protein expression of N-cadherin. Conversely,
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compared with the treatment of miR-196a inhibitor NC, the treatment
of miR-196a inhibitor increased the mRNA and protein expression of E-
cadherin and subsequently decreased the mRNA and protein expression
of N-cadherin (Fig. 9). With these results, it can be speculated that miR-
196a could promote CSC metastasis and invasion, while inhibition of
miR-196a could inhibit CSC metastasis and invasion in NSCLC.

4. Discussion

Recent literature has suggested the functionality of various gene
mutations as novel indicators of acquired resistance to therapy in
NSCLC, yet the function of CSCs is unknown (Del Re et al., 2018).
Several miRs are of significant importance in regulating the biological
functions of CSCs (Liu and Tang, 2011). Our study aimed at in-
vestigating the role of miR-196a in the development of NSCLC stem
cells. Collectively, data obtained from the present study revealed that
miR-196a inhibition attenuated NSCLC stem cell self-renewal ability
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and stemness through inactivation of the GPX3-mediated JNK pathway.

The first intriguing finding of our study was that GPX3 is expressed
at a poor level while miR-196a at a high level in NSCLC. miR-196a,
whose upregulation persistently predicted unsatisfactory prognosis,
typically functioned as an oncogene in various human cancers including
ovarian cancer, osteosarcomas, and colorectal cancer (Ge et al., 2014;
Zhang et al., 2014; Fan et al., 2015). Additionally, an increased ex-
pression of miR-196a has been observed in NSCLC cells, the down-
regulation of which had a suppressive effect on cell migration and in-
vasion, but enhanced sensitivity to cisplatin therapy through apoptosis
induction (Liu et al., 2012; Li et al., 2016). An existing study has re-
ported that patients with lung cancer exhibited significantly reduced
serum GPX3 levels, thereby speculating the prognostic value of GPX3 in
patients in an operable stage (Oh et al., 2014). In regard to head and
neck cancer, the loss of GPX3 expression resulting from promoter hy-
permethylation was suggested to function as a novel therapeutic target
(Chen et al., 2011). Thus, the aforementioned evidence established a
significant correlation between downregulated GPX3 and upregulated
miR-196a with NSCLC progression.

According to dual luciferase reporter gene assay, GPX3 was a target
gene of miR-196a. Besides, miR-196a overexpression or GPX3 down-
regulation activated the JNK pathway through elevating the extent of
JNK and c-Jun phosphorylation. A report flagged the ability of miR-
196a to facilitate esophageal cancer cell proliferation and inhibit
apoptosis through negative regulation of annexin Al (Luthra et al.,
2008). Additionally, miR-196 was reported to regulate NSCLC cell
proliferation and invasion through targeting the homeobox protein 5
(Liu et al., 2012). JNK is essential for the human glioma stem cell self-
renewal ability and tumor formation, and might be linked to the
maintenance of CSCs (Kitanaka et al., 2013). Inhibition of JNK sig-
naling was illustrated to attenuate the self-renewal and tumor-initiating
abilities of ovarian CSCs (Seino et al., 2014). Moreover, gonadotropin-
releasing hormone was previously demonstrated to enhance stemness
maintenance and the self-renewal capacity of lung cancer stem-like
cells via activation of the JNK pathway (Lu et al., 2015). Moreover,
activation of the JNK pathway was also suggested to be involved in
NSCLC cell proliferation and invasion induced by Diversin (Luan et al.,
2014). GPX3 was capable of inhibiting the JNK-c-Jun-Matrix metallo-
proteinase 2 pathway, thus exerting its suppressive effect on the tumor
invasive behavior suppression in hepatocellular carcinoma (Qi et al.,
2016). The aforementioned results evidently demonstrated the poten-
tial of miR-196a to activate the JNK pathway by down-regulating
GPX3.

The last significant finding of our study was that inhibited expres-
sion of miR-196a and overexpressed GPX3 contributed to suppressive
NSCLC stem cell self-renewal ability, stemness, tumorigenicity and
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tumor growth by downregulating the levels of CSC-related markers
(OCT4, SOX2, NANOG, and ALDH1). Stem cells are highly tumorigenic
cancer cells exhibiting the ability of self-renewal and to differentiate
into various cell types (Ogawa et al., 2017). NANOG is identified as a
homeobox binding protein in embryonic stem cells, which is vital for
regulating differentiation and self-renewal of embryonal stem cells and
pluripotency during early embryonic stages (Freitag et al., 2017). SOX2
functions as a vital oncogene for organs with amplification of SOX2
locus at 3q26 and squamous cell carcinomas arising during lung cancer
(Xiao et al., 2017). OCT4 has been shown to be a participant of main-
taining CSC properties, and OCT4-upregulating NSCLC PC9 cells are
demonstrative of a highly tumorigenic potential and a distinctively
caused gefitinib resistance (Kobayashi et al., 2016). According to a
recent study, there are an abundant of CSC-like properties in A459/
CDDP cells with overexpressed CD133, CD44, SOX2, NANOG and OCT4
in NSCLC (Jiang et al., 2018), which are consistent with the current
study. Moreover, miR-410 was documented to increase the levels of
SOX2, OCT4, NANOG and C-X-C chemokine receptor type 4 and might
induce the stemness of NSCLC stem cell via the miR-410/Glycogen
synthase kinase 3f/B-catenin signaling axis (Ke et al., 2017). An
aforementioned study suggested that normal hematopoietic stem cells
overexpressing GPX3 were more competitive (Herault et al., 2012).
Moreover, GPX3 was indicated to function as a tumor suppressor in
lung cancer, and exert a suppressive effect on cell proliferation, mi-
gration and invasion via regulation of the redox-mediated signals (An
et al., 2018). Collectively, the aforementioned findings supported the
conclusion that miR-196a inhibition repressed NSCLC stem cell self-
renewal ability, stemness, tumor growth and tumorigenicity through
upregulation of GPX3.

To conclude, the key findings of this study revealed that inhibition
of miR-196a could decrease NSCLC stem cell self-renewal ability,
stemness, tumor growth and tumorigenicity through inactivation of the
JNK pathway by upregulating GPX3 (Fig. 10). These findings may
provide an insight aiding in a better approach for the treatment of
NSCLC. It has been shown that miR-196a directly binds to the 3’ un-
translated region of HOXAS, and via the down-regulation of HOXA5 to
regulate NSCLC cell proliferation, migration and invasion (Liu et al.,
2012). Due to limitations of time and energy, the relationship between
HOXAS5 and GPX3 was not fully detected. Therefore, further research
should be conducted to detect the relationship between HOXAS5 and
GPX3 and to ascertain whether there is a possibility that miR-196a
regulated HOXAS and GPX3.
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