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Abstract. - OBJECTIVE: To investigate the role
of miR-218 in the development of lung adenocar-
cinoma (LA) and its underlying mechanism.
PATIENTS AND METHODS: Fifty-two pairs of
human LA samples and adjacent para-c,
ma tissue samples were collected from o
pital between June 2015 and March 2017.
while, one normal human pulmonary epitl
cell line BEAS-2B and four human LA cell |
(H1299, PC-9, A549 and SPC-A1) were culturé
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aied the poor prognosis of LA patients.
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Introduction

Lung adenocarcinoma (LLA), one commonest
lung cancer, belongs to the histological subgroup
of non-small cell lung cancer (NSCLC)'. Recently,
despite the considerable progress in LA therapies,
including surgery, chemotherapy and radiation
therapies, the 5-year overall survival rates for LA
patients have not been prominently improved?. This
may be at least partially result from lacking effec-
tive diagnostic methods and the diagnosis in ad-
vanced stages when distant metastasis has already
occurred or local invasion is serious**. Therefore, a
thorough understanding of the mechanism under-
lying LA progression could provide more effective
diagnostic biomarkers for LA therapies. Emerging
evidence has indicated that the abnormal expres-
sions of miRNA are closely associated with tum-
origenesis via regulating the key anti-tumor genes
or oncogenes>S. It has been demonstrated that
dysregulations of specific miRNA are known to
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affect the progression of various cancers. For ex-
ample, Duan et al’ showed that miR-130 promoted
gastric cancer cell migration and proliferation via
targeting TGFbetaR2, Xu et al® pointed out that
miR-96 promoted prostate carcinoma cell growth
by suppressing MTSSI; Ding et al’ claimed that
miR-145 repressed cell proliferation and migration
in breast cancer by regulating TGF-betal expres-
sions. Therefore, according to the above studies,
miRNAs may have great potentials to be thera-
peutic targets and prognostic indicators for tumors.
However, there has been little quantitative analy-
sis of the expression and roles of miR-218 in LA.
Hence, further understanding of the mechanisms
involved in LA progression mediated by miR-218
might be important to improve the outcome of
LA patients. As a key driver in carcinogenesis'®,
the PI3K/Akt pathway has been implicated in the
regulation of cellular processes, including metabo-
lism, apoptosis survival and proliferation'. Akt is
known to be overexpressed in multiple human can-
cers, which is associated with the poor outcome!?.
Additionally, over activation of the AKT pathway
can facilitate cell proliferation". Recently, PI3K/
Akt pathway has been confirmed to be freguent-
ly activated in varieties of cancers, includf
carcinoma', gastric carcinoma' and col8
carcinoma'é, However, the mechanisms by
PI3K/Akt pathway integrate miR-218 into LA
proliferation has not previously igvestigated.
the progress of epithelial-meseg i
(EMT) during tumorigenesi
conversed to mesenchyma

senescence or apoptotic
ation of BMI-1 has been
ors. For example, Guo et

and metastasis capacities; similarly, Li et al**
uind BMI-1 regulated EMT in breast cancer to

ase (MMP)2 and 9 via the PTE
way. However, the precise fun

Tissue Samples
Fifty-two pair;

Jilin Uni-
017. All pa-
motherapy or radiotherapy

s Committee of The China-Ja-
Jilin University.

One human pulmonary epithelial cell
e BEAS-2B and four human LA cell lines
-9, A549 and SPC-A1) were purchased
om the American Type Culture Collection
(Manassas, VA, USA). All the cells were main-
tained in Roswell Park Memorial Institute-1640
(RPMI-1640) medium (Invitrogen, Carlsbad, CA,
USA) which contained 10% fetal bovine serum
(FBS) (Gibco, Rockville, MD, USA) in a humidi-
fied atmosphere at 37°C with 5% CO,.

Cell Transfection

miR-218 mimics, inhibitor as well as the cor-
responding controls were obtained from Gene
Pharma (Shanghai, China). Lipofectamine® 2000
(Invitrogen, Carlsbad, CA, USA) was utilized to
transfect the miRNAs into LA cells following the
manufacturer’s proposals.

Quantitative Real-Time Polymerase Chain
Reaction (gRT-PCR)

The total RNAs from LA tissues and cultured cells
were isolated with TRIzol reagent (Invitrogen,
Carlsbad, CA, USA). Then, PrimeScript™ RT re-
agent kit (TaKaRa Biotechnology Co., Ltd., Dalian,
China) was used to reversely transcribe the RNA
into cDNA 1in line with the manufacturers’ proto-
cols. Then, complementary deoxyribose nucleic
acid (cDNA) was then amplified with the SYBR
Green Master Mix kit (TaKaRa, Dalian, China) on
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the system of ABI 7900 Sequence Detection Sys-
tem (Applied Blosysterns Foster City, CA, USA).
The gene expression was evaluated by the 2-44¢T
method. Glyceraldehyde 3-phosphate dehydroge-
nase (GAPDH) and U6 were internal controls for
BMI-1 and miR-218, respectively. The sequences
of the primers were described in Table I.

Immunohistochemistry (IHC)

The IHC assay for BMI-1 was carried out to
detect the BMI-1 expressions. Briefly, 10% for-
malinfixed and paraffin embedded tissue sections
were deparaffinized and hydrated with xylene
and graded alcohols. After antigen retrieval in a
microwave oven, the activity of endogenous per-
oxidase was blocked with 3% hydrogen peroxide
in ethanol for 10 min. Next, 5% normal goat se-
rum in 0.01 M PBS was used to block nonspecific
binding. Slides were then incubated with BMI-1
antibody (1:200, ab126783, Abcam, Cambridge,
MA, USA) at 4°C in a moist chamber overnight
and incubated with biotinylated goat anti-rabbit
antibodies (1:500, ab7090, Abcam, Cambridge
MA, USA) at room temperature for 30 min. Next
a SP staining klt (Zhongshan Golden Bridgg

the slides with DAB as a chromogen and
terstained by hematoxylin following the
facturer s proposals. The expression levels

cells: stained cells/all cells <
as negative (-), while >25% y
itive (+). Positive rate of ¢
positive cells/total numb

LA cells were harvested and plated into 96-well
plate. After incubated for O h, 24 h, 43

phenyl tetrazolium bromide) (10
ma-Aldrich, St. Louis, MO, US{

solubilize the crystals.
was measured with
Hercules, CA, USA)!

Incorporated, Corn-
Matrigel (BD Bio-
, USA) as a matrix

ithout Matrigel coated. The
the same for invasion and
ollowing 48 h of transfec-

ining 10% fetal bovine serum (FBS)
K chemoattractant. Being incubated for 48 h at
37°C with 5% CO,, cells that remained on the
top chambers were removed with cotton swabs
and those attached to bottom chamber were fixed
(10% methanol, 37°C, 15 min) and stained (0.1%
crystal violet, 37°C, 10 min) for the detection un-
der an inverted microscope (Olympus, Tokyo, Ja-
pan) from five randomly selected visual fields.

Dual-Luciferase Reporter Assay
Wild-type BMI-1 3’-UTR containing binding
sites of miR-218 or the mutated BMI-1 3’-UTR

Sequence

5- TTGCGGATGGTTCCGTCAAGCA-3'
5'- ATCCAGTGCAGGGTCCGAGG -3'
5-CTCGCTTCGGCAGCACA-3'

5'- AACGCTTCACGAATTTGCGT-3'

5'- CCACCTGATGTGTGTGCTTTG-3'
5" TTCAGTAGTGGTCTGGTCTTGT-3'
5'- TGTGGGCATCAATGGATTTGG -3'
5'- ACACCATGTATTCCGGGTCAAT -3'

gall nuclear RNA, snRNA. BMI-1: B-lymphoma Moloney murine leukemia virus insertion region-1. GAPDH:
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was cloned into the pGL3 plasmids (Promega,
Madison, WI, USA), to get the wild-type BMI-
1 -3’UTR or mutant BMI-1 -3’UTR, respective-
ly. LA cells were cotransfected with wild-type
or mutant 3’-UTR of BMI-1 along with miR-218
mimics. At 48 h after cotransfection, the lucifer-
ase activities for the wild-type or mutant BMI-1
3’-UTR was determined by luciferase reporter as-
says (Promega, Madison, WI, USA).

Western Blotting Analysis

The whole protein from LA cells was harvested
in radioimmunoprecipitation assay (RIPA) buffer
containing protease and phosphatase inhibitors
(Roche, Basel, Switzerland) and subjected to bi-
cinchoninic acid (BCA) protein assay kit (Thermo
Fisher Scientific, Waltham, MA, USA) for protein
concentration. Then, proteins were separated by
10% sodium dodecyl sulphate-polyacrylamide
gel electrophoresis (SDS-PAGE) and transferred
onto polyvinylidene difluoride (PVDF) mem-
branes (Roche, Basel, Switzerland), which were
blocked with 5% non-fat milk in tris-buffered sa-
line-tween (TBST) for 2 h at room temperature
and incubated with specific prlmary antipadie
at 4°C overnight. The following primary a
ies were used: rabbit antibodies against

Cambridge, MA, USA), PI3
Abcam, Cambridge, MA, Ug

and GAPDH (1:
bridge, MA, U
were washed

Cambridge, "IA, USA) for
rature. The results were de-
emiluminescence kit

diameters were measured every t
mor volumes (mm?*) = lengthxwid
treatments for 28 days, all of thg
ficed for tumor isolation.

Statistical Analysis
All experiments we

Poor Prognosis

Toe the prognostic roles of miR-218 in
¢ first examined the miR-218 expressions
¥es. The qRT-PCR results showed that
IR- 218 express1ons were notably reduced in LA
tissues in comparison with normal tissues (Fig-
ure 1A). In addition, we further investigated the
clinical significance of miR-218 in LA. The mean
miR-218 expression was used as the cut-off to as-
sign the LA patients into miR-218 high expressing
group and low expressing group. The clinicopath-
ological characteristics of the LA patients includ-
ed in current study were shown in Table II. Data
indicated that low miR218 expression was asso-
ciated with malignant clinicopathologic features
in LA patients. Moreover, in order to analyze the
overall survival of LA patients, we performed
the Kaplan-Meier analysis and found that the low
miR-218 expressions were prominently associated
with shorter OS in LA patients (Figure 1B).

miR-218 Repressed LA Cell Proliferation
The expressions of miR-218 in several LA cells
were also detected and the results demonstrated
prominent decreases of miR-218 expressions in
LA cells compared to BEAS-2B (Figure 2A). To
further investigate the tumor repressive roles of
miR-218 in LA cells, the loss-of-function or gain-
of-function assay was carried out. Briefly, the
overexpression or inhibition of miR-218 was ob-
tained by transiently transfecting miR-218 mim-
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Table Il. Correlation of miR-218 expression with the clinicopathological characteristics of the LA patients.

miR-218* expression
Clinicopathological Cases High Low
features (n=52) (n=20) (n=32)
Age (years)
> 60 30 12 18
<60 22 8 14
Gender
Male 25 9
Female 27 11
Tumor size (cm)
>50 26 7
<50 26 13
Lymph node metastasis
Yes 29 4
No 23 16 7
TNM stage 0.0026*
I+HI 25 15 10
+1v 27 5 22
Smoker 0.2231
Yes 29 12 17
No 23 8 15

LA: Lung adenocarcinoma; TNM: tumor-node-metastasis. #The mean sion level of mijJ 8 was used as the cutoff. *Statistically

significant.

ics or inhibitor into PC-9 or A549 cells, er determine the direct correlation be-
had the lowest and highest endogenous mi ween miR-218 and BMI-1. Luciferase activity of
expressions respectively (Figure 2B and 2C). A cells co-transfected with BMI-1-3’UTR-WT
MTT assays revealed that miR-218 overexprd and miR-218 mimics was significantly decreased
sion dramatically inhibited PC whereas cotransfection with miR-218 mimics and
whereas miR-218 inhibition g BMI-1-3’UTR-MUT had no influence on the lucif-
hance the proliferation abj erase activity (Figure 4B). Furthermore, qRT-PCR
ure 2D). was conducted to determine the regulatory effects
of miR-218 on BMI-1 expressions. Results demon-
miR-218 Inhibite 2s/ strated that miR-218 overexpression in PC-9 cells
Migration markedly decreased the BMI-1 expressions (Figure

Next, transw 4C) while miR-218 suppression in A549 cells nota-
i igration abilities of bly increased the BMI-1 expressions (Figure 4D).
tions. The results Data confirmed that BMI-1 was a direct target for
in PC-9 dra- miR-218 in LA cells.

ells (Figure 3A and 3B). On miR-218 Regulated the PI3K/AKT
-218 sygpression in A549 cells Signaling Pathway and EMT in LA Cells

i on and migration abil- The underlying mechanisms of inhibitory
effect mediated by miRA-218 in LA progres-
sion were next investigated. Firstly, IHC assays

t Target of miR-218 were performed to examine the BMI-1 ex-

pressions in LA tissues. Results indicated that

mechanisms about the inhibito- BMI-1mainly localized at the nucleus and up-

fects of miR-218 in LA cells, Targetscan was regulated in LA tissues in compassion with the

Wlized to explore the candidate targets of miR-218 normal tissues (Figure SA and 5B). Addition-
RMI-1 was one predicted target for miR-218 ally, Kaplan-Meier analysis demonstrated that
1A). Luciferase reporter assay was carried LA patients with high BMI-lexpression levels
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Figure 1. miR-218 was down-regulated in LA. A, miR-218 expression levels j
using qRT-PCR. B, Kaplan-Meier analysis of LA patients with different miR

had shorter OS (Figure 5C). To explore wheth-
er miR-218 contributed to regulating the PI3K/
Akt signaling pathway and EMT in LA cells,
Western blot analysis was performed to detect
the expressions of p-PI3K, PI3K, p-Akt and
Akt as well as the EMT related markers in PC-
9 or A549 cells treated with miR-218 mimgass or
inhibitor. As shown in Figure 5D, the

Relative expression of miR-218

there was no statistically
PI3K and Akt expressions.
miR-218 overexpression in
sly enhanced the E-cadherin
ereas reduced the N-cadherin

NC miR-281 mimics
PC-9
PC-9 A549
1.0
x
- -+ NC _ - NC
E y6] = miR-218 mimics E 0.81-m- miR-218 inhibitor
8 o
= 2 054
8 0.4 8
c c
g ok g 0.4
o o
2 0.24 2
e}
< £ 0.2
0.0 . . . 0.0 T T ,
miR-281 inhibitor 0 24 48 72 0 24 48 72
A549 Time(h) Time(h)

re 2. miR-218 overexpression inhibited LA cell proliferation. A, qRT-PCR analysis was utilized to measure miR-218
essions in LA cells and normal pulmonary epithelial cell BEAS-2B. B, miR-218 expressions in PC-9 with transfections of
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218 inhibition in A549 cells led to significant
increase of p-PI3K, p-Akt, N-cadherin and vi-
mentin expressions and decrease of E-cadherin
expressions. Above data indicated that miR-218
inhibited LA progression by regulating EMT
and PI3K/Akt signaling pathway.

miR-218 Suppressed the Tumor
Growth of LA in Vivo

The functions of miR-218 in tumor growth in
vivo were further investigated. A549 cells stably
transfected with lentiviral miR-218 (lenti-miR-218)
or the negative lentiviral miR-controls (lenti-con-
trol) were subcutaneously injected into nude mice
and the tumor sizes were detected every 3 days. Re-
sults showed that tumors of mice in lenti-miR-218
group grew more slowly and were smaller than
control groups (Figure 6A and 6B).

Invasion

Invasion cell numbers

miR-281 inhibitor
A549

were

Discussion

world. Although existing diag
modalities are still innovating,
LA patients remains poor 3
vival rate is 15%. The
LA have heightened t
es on the mechanis
sis for further LA
decades, our u
has greatly. T

miR-281 mimics
Y e

Migration cell numbers

miR-281 mimics
PC-9

miR-281 inhibitor
5

Migration

Migration cell numbers

miR-281 inhibitor
A549

re 3. miR-218 overexpression suppressed LA cell invasion and migration. A, Cell invasion and B, migration abilities
essed by Transwell assay in PC-9 with transfections of miR-218 mimics. C, Cell invasion and D, migration abilities
ved by Transwell assay in A549 with transfection of miR-218 inhibitor. **p<0.01, *p<0.05.
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1.5
A B > | NC
2 @8 miR-218 mimics
BMI-1 3UTRWT  5...AAAAUUUGAUAUGAAAAGCACAA...3' S
T
miR-218 3'...UGUACCAAUCUAGUUCGUGUU...5' S
g
k.
BMI-1 3UTR MUT  5'...AAAAUUUGAUAUGAACCAUCUCC...3' -

1.5+

Relative expression of BMI-1

miR-218 mimics

PC-9

and WT or MUT reporter plasmlds C-D, BMI-1 e
respectively. **p<0.01.

cated that miR-31 exerted anti-tumor funct
in LA mainly via regulating HuR: Zhao et

LA progression remain
has been verified to
Various malignanc'

lation of RO
modulated

218 expression
cinoma was associated with
ent study, the func-
mechanism of miR-

patients exhibited signif-
-218 expressions Further—

ation by regulating PI3K/Akt s1gna11ng path-
and EMT. In addition, decreased miR-218 in
as confirmed to be related to worse clinico-

=1-3‘UTR-MUT

218 overexpression was found to suppress the
tumor growth rate and tumor size of LA mice.
These data together demonstrated that miR-218
may serve as a tumor-suppressor in LA. Previous
studies demonstrated that BMI-1 is closely asso-
ciated with cancer progression****, playing vital
clinical function. Given the abilities of BMI-1
in regulating multiple oncogenic processes, we
investigated the roles of BMI-1 in LA to further
our understanding of the mechanisms underly-
ing LA progression. Briefly, in this study, BMI-1
was identified as a direct target of miR-218 and
was up-regulated in LA. In addition, high BMI-
1 expressions indicated poorer prognosis of LA
patients. Consistent with our findings, Meng et
al’® found that BMI-1 knockdown inhibited LA
cell metastasis. Taken together, the present study
indicated that miR-218 expressions were remark-
ably reduced in LA tissues and was related to
poor prognosis and worse clinicopathological
features of LA patients. miR-218 overexpression
prominently suppressed LA cell proliferation,
invasion and migration by regulating PI3K/Akt
pathway and EMT. Moreover, miR-218 overex-
pression could suppress the tumor growth rate
and tumor size of LA mice. Furthermore, BMI-
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re 6. miR-218 inhibited LA tumor growth in vivo. A, Tumor volumes were calculated every 3 days after inoculation from

28. B, Compared with the lenti-control group, the tumor sizes in lenti-miR-218 group were significantly decreased.
%
9<0.05.
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1 was considered as a direct functional target of 11)
miR-218 and overexpressed in LA tissues, indi-

cating a poor prognosis.

12)

Conclusions

The suppressive functions of miR-218 in LA
were partially regulated by BMI-1, which may
provide a novel insight into tumorigenesis and the
basis for the development of miRNA-targeting
therapies against LA.
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