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Abstract

Obijective: In the present investigation, we evaluated the effects of microRNA-365 (miR-365) on
non-small-cell lung cancer (NSCLC) cell metastasis and invasion in patients with bone metastasis
of lung cancer.

Methods: Blood samples from patients with NSCLC and healthy controls and the A549 adeno-
carcinoma cell line were included in this study. Quantitative real-time PCR and microarray were
performed on blood samples. The MTT assay, luciferase reporter assay, Transwell assay, ELISA,
and western blot were performed to evaluate expression of associated factors.

Results: Expression of miR-365 was reduced in patients with bone metastasis of
NSCLC. Downregulation of miR-365 promoted cell growth, metastasis, and invasion of
NSCLC. Upregulation of miR-365 reduced cell growth, metastasis, and invasion of NSCLC.
Downregulation of miR-365 induced expression of NKX homeobox-1 (NKX2-1), epidermal
growth factor receptor (EGFR), phosphoinositide-3-kinase (PI3K), and p-Akt proteins in an in
vitro model of NSCLC. Inhibition of NKX2-1 reduced the effects of miR-365 on cell growth,
metastasis, and invasion of NSCLC. Activation of EGFR reduced the effects of miR-365 on cell
growth, metastasis, and invasion of NSCLC.

Conclusions: The study established that the serum miR-365 suppresses NSCLC cell metastasis
and invasion in patients with bone metastasis of lung cancer via EGFR/PI3K through NKX2-1.

'Department of Oncology, The First Clinical Hospital,

Shanxi Medical University, Taiyuan, Shanxi, China Corresponding author:

2Department of Pathology, The First Clinical Hospital, Yanyan Liu, Department of Oncology, The First Clinical
Shanxi Medical University, Taiyuan, Shanxi, China Hospital, Shanxi Medical University, No. 85, Jiefangnan
3Department of Breast Diseases, Shanxi Cancer Hospital, Road, Taiyuan, Shanxi 030001, China.

Taiyuan, Shanxi, China Email: yanyanliu03@yandex.com

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative

G Commons Attribution-NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits
non-commercial use, reproduction and distribution of the work without further permission provided the original work is attributed
as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).


https://orcid.org/0000-0001-9707-2083
mailto:yanyanliu03@yandex.com
http://uk.sagepub.com/en-gb/journals-permissions
http://dx.doi.org/10.1177/0300060520939718
journals.sagepub.com/home/imr

Journal of International Medical Research

Keywords

microRNA-365, non-small-cell lung cancer, bone metastasis, epidermal growth factor receptor,

phosphoinositide-3-kinase, NKX homeobox-|

Date received: 6 December 2019; accepted: 12 June 2020

Introduction

At present, lung cancer is the most common
malignant tumor worldwide.! According to
estimates by GLOBOCAN 2018, the
number of new cases of lung cancer is 1.82
million, accounting for 12.9% of all types
of tumors; the number of deaths is 1.59 mil-
lion, accounting for 19.4% of all types of
malignancies globally.? In China, lung
cancer has the highest morbidity and mor-
tality among all malignant tumors.” The
number of cases of lung cancer reached
730,000, and the number of death cases
reached 610,000 in China in 2018. In addi-
tion, the Chinese government has listed
lung cancer as a focus of future cancer pre-
vention and treatment.”

Epidermal growth factor receptor
(EGFR), a 170-kDa receptor tyrosine
kinase (RTK) containing 1186 amino
acids located on the short arm of chromo-
some 7, is the first cell surface receptor con-
sidered to be involved in tumorigenesis.’ In
addition to binding, with the highest affin-
ity, epidermal growth factor (EGF), EGFR
also has ligands, including transforming
growth factor (TGF), heparin-binding
EGF-like growth factor, and epiregulin
(EPR).® Upon effective binding of EGFR
to a ligand, EGFR is activated and homo-
dimerized with its own molecule or hetero-
dimerized with other members within the
family, leading to phosphorylation of intra-
cellular tyrosine residues.’

EGFR, which belongs to the erbB
family, activates the same downstream sig-
naling pathways, including the Ras-Raf-

MAPK  signaling pathway and the
phosphoinositide-3-kinase (PI3K)/AKT
signaling pathway, involving other key
effectors such as nuclear factor-xB and
mammalian target of rapamycin (mTOR),
which could be inhibited by phosphatase
and tensin homolog (PTEN).® Activated
EGFR can promote cell cycle progression,
proliferation, differentiation, adhesion, sur-
vival, invasion, metastasis, and angiogene-
sis, as well as inhibit cancer cell apoptosis.®
NKX homeobox-1 (NKX2-1) is a tran-
scription factor containing the homologous
domain of the NKX2 gene family, which is
expressed in human embryonic lung and
adult lung to maintain normal lung devel-
opment and function.” NKX2-1 has been
suggested as a driving factor in lung
cancer and a specific biomarker for lung
adenocarcinoma.” Clinical studies have
indicated that NKX2-1 can be used as a
key indicator for determining the tissue
origination of lung adenocarcinoma and
pulmonary malignant mesothelioma.'”
MicroRNAs (miRNA) are a class of
highly conserved endogenous, single-
stranded, noncoding RNAs.'" Numerous
studies have shown that miRNAs are
involved in the pathogenesis and progres-
sion of a variety of tumors.'"'* miRNAs
have been confirmed to play roles in pan-
creatic, liver, gastric, and esophageal can-
cers and other tumors, affecting the
invasion and metastasis of tumors.'> In
addition, miRNAs can regulate tumor cell
growth, inhibit apoptosis, promote tumor
angiogenesis, among other functions.'?
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In the present investigation, we evaluated
the effects of miRNA-365 on non-small-
cell lung cancer (NSCLC) cell metastasis
and invasion in patients with bone metasta-
sis of lung cancer.

Materials and methods

Patients with NSCLC

This protocol was approved by The First
Clinical ~ Hospital, = Shanxi  Medical
University. Patients with NSCLC (n=31)
and healthy volunteers (n=231) were
enrolled, blood samples collected, and
serum prepared by centrifugation at 1000
xg for 10 minutes at 4°C. Blood samples
in the NSCLC group were from patients
with recurrent adenocarcinoma within
2 years or patients without recurrence
within 3 years. The enrolled patients met
the following criteria. (1) All samples were
surgically resected before chemotherapy or
radiotherapy and snap frozen. (2) Tumors
were all non-small-cell lung adenocarcino-
ma. (3) All samples were from patients with
recurrent adenocarcinoma within 2 years or
patients without recurrence within 3 years.
(4) All tumor samples were >80% tumor.
(5) Normal lung tissue adjacent to each
patient was evaluated and collected 2 to 4
cm around the adenocarcinoma. (6)
Hematoxylin and cosin (HE)-stained sec-
tions were evaluated by a pathologist certi-
fied by the Ethics committee of the First
Clinical ~ Hospital, = Shanxi  Medical
University to determine that there were no
precancerous lesions.

Extraction of RNA and qRT-PCR studies

Total RNA was extracted from blood sam-

ples using TRIzol (Invitrogen/Thermo
Fisher Scientific Inc., Waltham, MA,
USA). cDNA was prepared using a

SuperScript First-Strand Synthesis system
(Invitrogen/Thermo Fisher Scientific Inc.).

The reverse transcription primer of miR-
365 was 5-GGGAAAATGAGGGAC
TTTTGGG GGCAGATG-3'. The quanti-
tative real-time (qQRT)-PCR study was con-
ducted using a StepOne Real-Time PCR
system  (Applied Biosystems/Thermo
Fisher Scientific Inc.) using FastStart
SYBR Green qPCR Master Mix (Roche
Diagnostics GmbH, Mannheim,
Germany), with denaturation at 95°C for
10s; annealing at 60°C for 30s; extension
at 70°C for 10s for 40 cycles. The relative
mRNA expression was measured through
the 2724 method. The qRT-PCR primers
were as follows miRNA-365: 5-CGTAA
TGCCCCTAAAAAT-3 and 5-GTGCAG
GGTCCGAGGT-3; U6: 5-CTCGCTTC
GGCAGCACA-3" and 5-AACGCTTCA
CGAATTTGCGT-3. U6 was used for nor-
malization of gene expression.

Microarray

Total RNA was purified with the RNeasy
kit (Qiagen, Hilden, Germany). cDNA and
cRNA were generated and hybridized to
HT-12 v4 BeadChips (Illumina Inc., San
Diego, CA, USA). Cubic spline-
normalized (without background normali-
zation) data were analyzed by the NIA
Array Analysis tool (http://lgsun.grc.nia.
nih.gov/ANOVA).

Cell lines and culture conditions for in vitro
studies

The A549 adenocarcinoma cell line was
obtained from American Type Culture
Collection (Manassas, VA, USA) and cul-
tured using RPMI-1640 with 10% fetal

bovine serum at 37°C. MiRNA-365
(Shanghai Genechem Co. Ltd.), anti-
miRNA-365, and negative  mimics

(Shanghai Genechem Co. Ltd.) were trans-
fected into cells using Lipofectamine 2000
reagent (Thermo Fisher Scientific Inc.).
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Luciferase reporter assay

The binding sites for miR-365a-5p in
NKX2-1 and the NKX2-1 3’-untranslated
region (UTR) fragment were projected
using TargetScan (http://www.targetscan.
org/) and then amplified by PCR using the
reverse primers. The amplified fragment
was inserted into the Iluciferase gene
psiCHECK?2 vector (Promega, Madison,
WI, USA) and named NKX2-1 3’-UTR.
Forty-eight hours after transduction, cells
were transfected using Lipofectamine 2000
reagent (Thermo Fisher Scientific). The
luciferase assay was performed using the
Luciferase Reporter Gene Detection Kit
(Sigma-Aldrich Co., St Louis, MO, USA).

Cell viability assay

MTT (3-(4,5-dimethylthiazol-2-y1)-2,5-
diphenyltetrazolium bromide; 5 mg/mL,
Thermo Fisher Scientific Inc.) was added
to cells and incubated for 4 hours at 37°C.
After 4 hours, the old medium was removed
and dimethyl sulfoxide (DMSO) was added
and incubated for 20 minutes at 37°C. The
optical density (OD) values were deter-
mined by an enzyme immunoassay analyzer
(Thermo Fisher Scientific Inc.) at 490 nm.

Transwell assay

To measure invasion ability, transfected
cells were added to the upper chamber,
and the lower chamber was filled with
basic medium containing 10% FBS.
Following incubation for 48 hours, the
cells attached to the bottom were fixed
with 4% paraformaldehyde and stained
with crystal violet (Amresco LLC, Solon,
OH, USA) for 20 minutes.

Western blotting

The cells were subjected to lysis using radio-
immunoprecipitation assay (RIPA) buffer
after incubation for 48 hours, and protein

was quantified using a bicinchoninic assay
(BCA) assay kit (Pierce Biotechnology/
Thermo Fisher Scientific Inc.). Total pro-
teins were subjected to 10% sodium dodecyl
sulfate-polyacrylamide gel electrophoresis
and then transferred to polyvinylidene fluo-
ride (PVDF) membranes and blotted. The
membranes were incubated with NKX2-1,
EGFR, PI3K, p-AKT, and GAPDH at 4°C
for 12 hours and washed with Tris-buffered
saline-Tween (TBST) for 15 minutes. The
membranes were incubated with rabbit
anti-goat IgG for 1 hour at 37°C and
washed with TBST for 15 minutes. The
blots were visualized using enhanced chemi-
luminescence and analyzed using Image
Lab 3.0 (Bio-Rad Laboratories Inc.,
Hercules, CA, USA).

LDH activity and caspase-3/9 activity
assay

Cells were subjected to lysis using RIPA
buffer after incubation for 48 hours, and
protein was quantified using a BCA assay
kit (Pierce Biotechnology/Thermo Fisher
Scientific Inc.). Ten micrograms of protein
was used to measure LDH and caspase-3/9
activity using LDH and Caspase-3/9 activity
kits (Abcam Technology, Cambridge, UK).

Statistical analysis

All data are reported as means=+SD
(n=23). Student’s ¢-test or one-way analysis
of variance (ANOVA) and Tukey’s post-
test were used to establish differences. A
value of P <0.05 was regarded as statisti-
cally significant.

Results
Serum miRNA-365 expression in patients
with bone metastasis of lung cancer

To study the mechanism of miRNAs in
patients with bone metastasis of lung
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Figure I. Serum microRNA-365 expression in patients with bone metastasis of lung cancer. (a) Gene chip
and (b) quantitative PCR for expression of microRNA-365 in the serum of patients with NSCLC; (c) overall
and (d) disease-free survival associated with low or high expression of miRNA-365. *P < 0.0] compared

with healthy volunteer group.

Normal, healthy volunteer group; NSCLC, non-small-cell lung cancer.

cancer, we measured changes in miRNA-
365 in patients with bone metastasis of
lung cancer using gene chips and qRT-
PCR. As shown in Figure la and b, serum
miRNA-365 expression in patients with
bone metastasis of lung cancer was reduced
(P<0.05) compared with the normal
group. Overall survival and disease-free sur-
vival were higher in patients with high
expression of miRNA-365 (P <0.05) than
in those with low expression of miRNA-
365 (Figure Ic and d).

MIRNA-365 regulated NSCLC cell
metastasis and invasion

To confirm the effects of miRNA-365 on
NSCLC cell metastasis and invasion, we
assessed mMiRNA-365 expression using
miRNA-365 or anti-miRNA-365 mimics.

Anti-miRNA-365 mimics reduced
expression of miRNA-365 in vitro
following miRNA-365  overexpression

(P<0.05) compared with the negative
group (Figure 2a). Downregulation of
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Figure 2. Downregulation of miRNA-365 promoted cell growth and migration of NSCLC. (a) miRNA-365
expression, (b) cell growth, (c) LDH activity, (d, e) migration rate, (f, g) cell invasion, and (h, i) caspase-3 and
caspase-9 activity levels. **P < 0.0] compared with negative group.

Negative, negative mimic group; anti-365, downregulation of miR-365 group. NSCLC, non-small-cell lung

cancer.

miRNA-365 promoted cell growth, metas-
tasis, and invasion, and reduced LDH,
caspase-3 and caspase-9 activity levels (all
P <0.05) in the in vitro model compared
with the negative group (Figure 2b-i).
Next, we observed an increase iIn

miRNA-365 expression in vitro following
miRNA-365 overexpression (P <0.05)
compared with the negative group
(Figure 3a). Overexpression of miRNA-
365 reduced cell growth, metastasis, and
invasion, and increased LDH, caspase-3,
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Figure 3. Upregulation of miRNA-365 reduced cell growth and migration of NSCLC. (a) miRNA-365
expression, (b) cell growth, (c) LDH activity, (d, e) migration rate, (f, g) cell invasion, and (h, i) caspase-3 and
caspase-9 activity levels. **P < 0.01 compared with negative group.

Negative, negative mimics group; miR-365, miR-365 overexpression group. NSCLC, non-small-cell lung

cancer.

and caspase-9 activity levels in vitro (all
P <0.05) compared with the negative
group (Figure 3b-i).

MiRNA-365 regulated EGFR/PI3K
through NKX2-|

We confirmed the mechanism of miRNA-
365 on NSCLC cell metastasis and

invasion. The gene chip results showed
that miRNA-365 regulated gene expres-
sions, and TargetScan prediction deter-
mined that the NKX2-1 wild-type (WT)
3’-UTR and miR-365 had a conservative
matching area (Figure 4a—c). Luciferase
activity levels were reduced in vitro follow-
ing transfection with NKX2-1 WT 3’-UTR
miRNA-365 (P <0.05) compared with the
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Figure 4. MiRNA-365 regulates NKX2-1 signaling in NSCLC. (a) Gene chip, (Bb representative classifi-
cation of repressed genes by KEGG analysis, (¢) NKX2-1 3'-UTR and miR-365 had a conservative matching
area, (d) luciferase activity levels, (e, f) network analysis diagram. *P < 0.0] compared with negative group.
NKX2-1, NKX homeobox-; NSCLC, non-small-cell lung cancer; Negative, negative mimics group; miR-365,
miR-365 overexpression group; WT, wild-type; MUT, mutant.

negative group (Figure 4d). Overexpression
of miRNA-365 reduced NKX2-1 protein
expression and suppressed expression of
EGFR, PI3K, and p-AKT in the in vitro
model (P <0.05) compared with the nega-
tive group (Figure 5a—e). Downregulation
of miRNA-365 promoted NKX2-1 protein
expression, and induced expression of
EGFR, PI3K, and p-AKT in vitro
(P<0.05) compared with the negative
group (Figure 5f—)).

Inhibition of NKX2-1 reduced the effects
of miRNA-365 on NSCLC cell metastasis
and invasion

We explored the function of NKX2-1 on
the effects of miRNA-365 on NSCLC cell
metastasis and invasion; short interfering
(s1)-NKX2-1 reduced the expression of pro-
tein, and induced expression of EGFR,
PI3K, and p-Akt protein in vitro following
overexpression of miRNA-365 (P <0.05)
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compared with the miRNA-365 group
(Figure 6a—¢). The inhibition of NKX2-1
reduced the effects of miRNA-365 on the
inhibition of cell growth and promotion of
LDH, caspase-3, and caspase-9 activity
levels in the in vitro model following
overexpression of miRNA-365 (P <0.05)
compared with miRNA-365  group
(Figure 6f—m).

Discussion

Lung cancer is one of the most difficult
malignancies to treat and a leading cause
of death worldwide.> NSCLC accounts for
85% of all lung cancer types.’ The invasion
and metastasis of lung cancer are the most
important factors affecting its prognosis.’
Therefore, it is important to explore poten-
tial targets affecting the invasion and
metastasis of lung cancer.'”” miRNAs are
small, noncoding RNAs that can inhibit
translation or degrade targeted mRNA.'
miRNAs can also regulate the stability
and translation of targeted mRNA.'®
Studies have shown that miRNAs partici-
pate in diverse biological processes of vari-
ous tumors by targeting different
transcripts, including those involved in cell
proliferation, apoptosis, metabolism, and
differentiation.” In this study, we discov-
ered that expression of miRNA-365 in
serum of patients with bone metastasis of
lung cancer was reduced compared with
that of the negative group.
Downregulation of miRNA-365 promoted
cell growth, metastasis, and invasion, and
reduced LDH, caspase-3, and caspase-9
activity levels in vitro. Sun et al.'” estab-
lished that miRNA-365 suppresses cell
growth and invasion in esophageal squa-
mous cell carcinoma.

EGFR is expressed in normal lung epi-
thelium but is also highly expressed in lung
cancer. High expression of EGFR is associ-
ated with grade and stage of lung cancer.’
The EGFR/PI3K/Akt pathway is an

important signaling pathway regulating
tumor cell proliferation and apoptosis.'®
After EGFR binds to a ligand, it activates
signaling pathways through cascade reac-
tions, including PI3K/Akt and Ras/Raf/
MEK/ERK.'"® A variety of growth factors
are involved in signal transduction in the
PI3K/Akt pathway, which is an important
survival signaling pathway in vivo.'"” The
PI3K/Akt pathway not only promotes cell
division and proliferation and participate in
angiogenesis, but it also plays a role in inva-
sion and metastasis, formation, and pro-
gression of tumors.'” The PI3K/Akt
pathway is regarded as the primary path-
way of cancer cell survival.?® Inhibition of
the EGFR/PI3K/Akt signaling pathway
has been shown to suppress the survival
and migration of NSCLC cell lines.”® We
confirmed  that  downregulation  of
miRNA-365 suppressed protein expression
of NKX2-1 and induced expression of
EGFR, PI3K, and p-Akt protein in vitro.
Zhu et al®>' reported that miRNA-365
inhibits proliferation, migration, and inva-
sion of glioma by targeting phosphatidyli-
nositol 3-kinase regulatory subunit gamma
(PIK3R3).

NKX2-1 controls the expression of
surface-active materials, which are associat-
ed with the stability of lung tissue and host
defense of lung tissue.”? NKX2-1 was pre-
viously considered to be only related to the
development and function of lung tissue. In
a genetic study of 371 cases of lung cancer,
frequent mutations of the NKX21 gene were
found.”® By using RNA interference and
gene knockout, it was confirmed that in
lung adenocarcinoma cell lines expressing
NKX2-1, NKX2-1 was essential for surviv-
al and tumor growth of lung adenocarcino-
ma.>?> NKX2-1 is specifically expressed in
the lung and highly expressed in lung ade-
nocarcinoma, suggesting that it might be a
lineage survival oncogene for lung cancer.'®
Large-scale analysis of lung tumors and
lung cancer cell lines showed expansive
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proliferation  of NKX2-1 in lung
adenocarcinoma.?

Serum protein expression of NKX2-1 in
patients with primary lung cancer is signif-
icantly higher than that in healthy con-
trols.!® Quantitative analysis has shown
that the protein level of NKX2-1 in lung
cancer group is twice as high in patients
with lung cancer as that in the healthy con-
trol group.?® The abnormally elevated level
of serum NKX2-1 protein is significantly
higher than that of carcinoembryonic anti-
gen (CEA) in patients with primary lung
cancer.”* In addition, the sensitivity, total
coincidence rate, and kappa value of
NKX2-1 are higher but the specificity of
NKX2-1 is lower compared with that of
CEA. The positive rate of NKX2-1 expres-
sion in adenocarcinoma and small cell lung
cancer (SCLC) can be as high as 87.5%,
which is similar to NKX2-1 expression in
the pathological types of lung cancer
(expression of NKX2-1 is high in lung ade-
nocarcinoma and SCLC).** Our experi-
ments demonstrated that inhibition of
NKX2-1 or activation of EGFR reduced
the effects of miRNA-365 on NSCLC cell
metastasis and invasion. Kang et al.®®
showed that miRNA-365 regulates NKX2-
1 in lung cancer. Moisés et al.*? reported a
negative correlation between NKX2-1 and
miR-365 expression in early-stage NSCLC.
These results show that NKX2-1 is a target
for cell growth in NSCLC.

In conclusion, in the present study, we
provide strong evidence that downregula-
tion of miRNA-365 promoted cell growth,
metastasis, and invasion, and reduced
LDH, caspase-3, and caspase-9 activity
levels in an in vitro model of NSCLC via
the EGFR/PI3K pathway through NKX2-
1. These findings provide further support
for current clinical trials aimed at estimat-
ing the protective effect of miRNA-365 in
patients with bone metastasis of lung
cancer.
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