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Abstract
Background: Apelin plays an important role in many types of tumors. We
aimed to identify the effects of miR-195 on inhibiting apelin and clarify the regu-
lating mechanism of miR-195-apelin in lung adenocarcinoma cells.
Methods: We detected the expression levels of apelin and miR-195 in lung ade-
nocarcinoma tissues and lung cancer cell lines using Western blotting and quan-
titative reverse transcription PCR assay, respectively. Luciferase reporter assay
was used to confirm the target gene of miR-195. The effects of miR-195 and
apelin on the proliferation and cell cycle of lung adenocarcinoma cells were
assessed by methyl thiazolyl tetrazolium and colony formation assays, and flow
cytometry. Wound-healing and transwell invasion experiments were employed to
examine cellular migration and invasion. A tumor xenograft model was then
used to investigate the role of miR-195 on tumor growth in vivo.
Results: The expression level of apelin and miR-195 showed an inverse correla-
tion in lung adenocarcinoma tissues and cell lines. Luciferase reporter assay
suggested that miR-195 directly targets apelin messenger RNA. Overexpression
of miR-195 significantly inhibited the proliferation, migration, and invasion of
lung adenocarcinoma cells in vitro and suppressed tumor growth in vivo. Further
analysis revealed that apelin is one of the functional target genes of miR-195, and
the overexpression of apelin efficiently inhibits the promotion of cell proliferation
and invasion mediated by miR-195 mimics in lung adenocarcinoma cells.
Conclusions: Our data constitute evidence that miR-195 inhibits lung adenocar-
cinoma cell proliferation and invasion though targeting apelin and provides
novel insight into the mechanism underlying the development of lung
adenocarcinoma.

Introduction

Lung adenocarcinoma is the most common histological
subtype of non-small cell lung cancer (NSCLC), and is a

significant threat to public health worldwide.1 Lung adeno-

carcinoma is associated with high mortality, with a five-

year overall survival (OS) rate of < 20%, because of

diagnosis at an advanced stage and early metastasis, which
is not the optimal period for treatment.2 Despite recent
advances in early diagnostic methods and improvements in
chemotherapy, radiation, and surgical treatments, the prog-
nosis of patients with lung adenocarcinoma remains very
poor.3 Therefore, a better understanding of the molecular
mechanisms underlying lung adenocarcinoma development
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will be useful to identify valid diagnostic biomarkers and
more effective therapeutic strategies.
The APLN gene encodes the peptide known as apelin,

which was initially isolated and purified from bovine stom-
ach extracts and has been identified as an endogenous
ligand for the human orphan G protein-coupled receptor
APJ. In addition, the interaction of the APJ receptor and
ligand plays a role via coupling with the inhibitory G pro-
tein (Gi).4 The APLN gene encodes 77 amino acid pre-
proproteins that, following enzymatic cleavage, produce four
different peptide fragments: apelin-36, apelin-17, apelin-13,
and apelin-12 from the C-terminus.5 It has been reported
that apelin, as a novel angiogenic factor, is involved in the
regulation of cardiovascular function and promotion of
angiogenesis, lymphangiogenesis, and tumor growth in vivo,
and the angiogenic potential of apelin is similar to that of
VEGF.6,7 Previous studies demonstrated that apelin has
aberrantly high expression and high apelin protein levels are
associated with cell proliferation, angiogenesis, and progno-
sis in various cancers, including breast, lung, oral, liver, and
colon cancers.8–12 However, the molecular mechanisms
involved in the upstream regulation of apelin expression in
lung adenocarcinoma remain unknown.
MicroRNAs (miRNAs) are a class of endogenous non-

coding RNAs (18–22 nucleotides) that negatively regulate
gene expression at the posttranscriptional level through
specific binding to the 30-untranslated regions (UTRs) of
target messenger RNAs (mRNAs).13,14 An accumulating
body of evidence has revealed that the deregulation of
miRNA expression may lead to various diseases, including
NSCLC.15–17 Recently, it has been reported that miR-195 is
significantly downregulated in NSCLC tumor tissues and
overexpression of miR-195 inhibits cell proliferation,
migration, and invasion in NSCLC cell lines via targeting
HDGF, IGF1R1, CHEK1, CCND3, and BIRC5.18–21 How-
ever, the specific mechanisms involved in miR-195 inhibi-
tion of the progression of lung adenocarcinoma have not
been completely expounded.
In the present study, we found that apelin exhibited a

higher level of expression, whereas miR-195 was signifi-
cantly downregulated in human lung adenocarcinoma sam-
ples and cell lines, in which apelin mRNA expression was
inversely correlated with the miR-195 level. Both high levels
of apelin and low levels of miR-195 in lung adenocarcinoma
tissues are associated with poor survival. We also deter-
mined the effects of miR-195 on the proliferation, migra-
tion, and invasion of lung adenocarcinoma cells in vitro and
in vivo. We confirmed that miR-195 exerts a tumor sup-
pressor role by targeting apelin mRNA in lung adenocarci-
noma cells. Our results show that miR-195 functions as a
tumor suppressor in lung adenocarcinoma and implicate
miR-195-apelin as a potential diagnostic and therapeutic
target for human lung adenocarcinoma.

Methods

Tissue samples

Human lung adenocarcinoma and adjacent healthy lung
tissues (> 5 cm away from tumor tissues) were obtained
from the Third Affiliated Hospital of Kunming Medical
University between June 2012 and December 2016 with
the patients’ informed consent. The category of lung ade-
nocarcinoma tissues samples was confirmed by pathologi-
cal analysis. All of the tissue samples were immediately
snap-frozen in liquid nitrogen and stored at −80�C until
use. None of the patients received any treatment, such as
radiotherapy or chemotherapy, prior to surgery. The clini-
cal characteristics of the patients included are summarized
in Table 1.
Twenty-eight men and 22 women were included, with a

mean age at diagnosis of 59 (range: 40–75) years. The Clin-
ical Research Ethics Committee of Kunming Medical Uni-
versity (Kunming, Yunnan, China), approved the study.

Immunohistochemistry staining

Immunohistochemistry staining was used to detect APLN
protein expression in lung adenocarcinoma tissues via an

Table 1 Clinical characteristics of patients with lung adenocarcinoma
(n = 50) and correlations with apelin expression

Apelin
expression

level

Variable Total Low High P

Total, N 50
Median age, years (n � SD) 59.0 � 6.85
Age range, years 40–75
Gender, N (%) 0.544
Male 28 (56.0) 13 15
Female 22 (44.0) 10 12

Smoking history, N (%) 0.165
Yes 30 (60.0) 12 18
No 20 (40.0) 11 9
Histological grade, N (%) 0.767
Poorly differentiated 27 (54.0) 10 17
Well/moderately
differentiated

23 (46.0) 13 10

TNM stage, N (%) 0.011a
I + II 32 (64.0) 22 10
III + IV 18 (36.0) 1 17

Lymph node metastasis,
N (%)

0.007a

Yes 21 (42.0) 2 19
No 29 (58.0) 21 8

a * Significant difference (P < 0.05). SD, standard deviation; TNM,
tumor node metastasis.
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ultraView Universal DAB Detection Kit (Ventana, Tucson,
AZ, USA) according to the manufacturer’s protocol. Each
tissue sample was sliced, deparaffinized, and dehydrated
for subsequent antigen retrieval. The slide was first stained
with the apelin antibody, which was a primary antibody,
and then incubated with a secondary antibody conjugated
with horseradish peroxidase (HRP) for one hour at room
temperature. After the formation of the antigen-antibody-
antibody complex, a substrate of the peroxidase and dia-
minobenzidine was added as chromogen. All of the slides
were counterstained with hematoxylin. Two pathologists
who were blinded to the patients’ prognosis and clinico-
pathological outcomes independently evaluated the immu-
nostaining results. All of the images were obtained using
an Olympus microscope equipped with a digital color cam-
era and software.

Cell culture and transfection

Four lung cancer cell lines (A549, GLC-82, XWLC-05, and
YTMLC) and the normal human lung epithelial cell line
BEAS-2B were purchased from Shanghai Ao Lu Biotech-
nology Co. Ltd. (Shanghai, China). All of the lung cancer
cells were cultured in RPMI 1640 medium (Gibco, Thermo
Fisher Scientific, Waltham, MA, USA) supplemented with
10% fetal bovine serum (FBS, Gibco) and 100 IU/mL of
penicillin. The BEAS-2B cells were cultured in Dulbecco’s
modified Eagle’s medium (DMEM) with 10% FBS and
100 IU/mL of penicillin. The cultures were maintained in a
humidified atmosphere at 37�C with 5% CO2 and the
media were changed every three days.
MiR-195 mimics and negative control (NC) were pur-

chased from RiboBio (Guangzhou, China). Apelin-specific
small interfering RNAs (siRNAs, si-apelin) and control
siRNAs (si-NC) were purchased from GeneChem
(Shanghai, China). The cells were cultured to 70~80% con-
fluence, followed by transfection with miR-195 mimics
(50 nM) or NC using Lipofectamine 2000 Reagent
(Invitrogen, Waltham, MA, USA) according to the manu-
facturer’s protocol. The expression vector of red fluorescent
protein (RFP) was used to monitor the transfection effi-
ciency. The cells were cultured in transfection media for
six hours, and then the media were replaced by complete
medium for the subsequent assays.

RNA extraction and quantitative reverse
transcription PCR

Total RNA was extracted from lung cancer tissues and cells
using TRIzol reagent (Invitrogen) according to the manu-
facturer’s instructions. Complementary DNA (cDNA) was
then synthesized using a Reverse Transcriptase M-MLV kit
with random primers (TaKaRa, Dalian, China). U6 and

β-actin were used as internal controls to normalize the
quantity of cDNA used to analyze miR-195 and apelin
mRNA expression, respectively. All of the quantitative
reverse transcription quantitative (qRT) PCR procedures
were performed on an ABI 7500 Thermocycler (Thermo
Fisher Scientific, Waltham, MA, USA). The relative
miRNA and mRNA expression was quantified using the
2−ΔΔCt method. The primers were as follows: apelin for-
ward 50-CTGGCAGGGAGGTCGGAGGAAATT-30 and
reverse 50-TGGCTACAGCAGGTGCGAGGTGAG-30 and
β-actin forward 50-AGT GTG ACG TGG ACA TCC GCA
AAG-30 and reverse 50-ATC CAC ATC TGC TGG AAG
GTG GAC-30. The specific primers for miR-195
(HmiRQP0376) and U6 (HmiRQP9001) were purchased
from RiboBio.

Luciferase reporter assay

The apelin 30-UTR containing wild-type or mutant miR-
195 seed sequence fragments was cloned into pcDNA3/
EGFP at BamHI and EcoRI sites downstream of the EGFP
coding region. A549 and GLC-82 cells were seeded into
24-well plates and then co-transfected with luciferase
reporter plasmids and miR-195 mimics or NC using
Lipofectamine 2000 Reagent (Invitrogen) when the cells
were 70~80% confluent. The vector pDsRed2-N1
(Clontech, Mountain View, CA, USA) expressing RFP was
spiked in and used for normalization. After 48 hours, lucif-
erase activities and RFP intensities were detected with an
F-4500 Fluorescence Spectrophotometer (Hitachi, Tokyo,
Japan).

Western blotting

The cells or tissues were lysed using radioimmunoprecipitation
assay buffer (Solarbio, Beijing, China). The lysis solution
was collected after centrifugation at 12 000 × g for
10 minutes at 4�C. The protein concentration was deter-
mined using bicinchoninic acid assay. Total protein
(20 μg) was subjected to 12% sodium dodecyl sulfate poly-
acrylamide gel electrophoresis and then transferred onto a
nitrocellulose membrane (Millipore, Bedford, MA, USA).
The membrane was blocked with 5% skimmed milk and
then incubated with a primary antibody overnight at 4�C.
After washing, the membranes were incubated with HRP-
conjugated secondary antibody according to the manufac-
turer’s protocol. The antibodies used in this study were as
follows: rabbit anti-apelin (1:2000, Cat. No. ab59469),
rabbit anti-glyceraldehyde 3-phosphate dehydroge-
nase (GAPDH, 1:3000, Cat. No. ab9485), and goat anti-
rabbit immunoglobulin G (HRP, 1:5000, Cat. No. ab6721;
Abcam, Cambridge, UK). An ECL detection system
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(NEL105001EA, PerkinElmer, Waltham, MA, USA) was
used to visualize the specific bands.

Methyl thiazolyl tetrazolium assay

Methyl thiazolyl tetrazolium (MTT) assay was performed
to determine cell viability. Briefly, the cells were seeded at
5 × 103/well in 96-well plates and incubated overnight. The
cells were transfected with miR-195 mimics or NC and
then added to 10 μL MTT solution (10 mg mL) after trans-
fection for 24, 48, and 72 hours, respectively. After
four hours of incubation the media were discarded, 150 μL
dimethyl sulfoxide was added to each well, and the absor-
bance was detected at a 570 nm wavelength. Five replicates
were performed for each group and the process was
repeated three times.

Colony formation assay

The transfected A549 and GLC-82 cells were harvested
and seeded at a density of 200 cells/well in 12-well plates
and incubated at 37�C and 5% CO2 in a humidified incu-
bator for two weeks. During colony growth, the culture
media were replaced every three days. Pictures were taken
and the number of colonies was counted using ImageJ soft-
ware (ImageJ V1.8.0). Three replicates were performed for
each group and the process was repeated three times.

Cell cycle analysis by flow cytometry

The cultured cells were seeded into the six-well plates at a
density of 1 × 106 cells/well and incubated overnight. After
48 hours of transfection, the cells were collected by
trypsinization, washed twice with cold phosphate buffered
saline (PBS), and fixed in 70% ethanol overnight at 4�C.
The fixed cells were then washed in cold PBS and
resuspended in Cell Cycle Reagent (Beckman Coulter Inc.,
Brea, CA, USA) at 5 × 105 cells mL. The cells were incu-
bated in the dark for 15 minutes at room temperature. The
cell solutions were analyzed with a flow cytometer
(Beckman Coulter Inc.) to detect cell populations at differ-
ent cell cycle phases.

Cell migration and invasion assay

A wound-healing assay was used to measure the cell
migration in the six-well plates. A fine line was scraped
with a 10 μL tip in each well after the cultured cells became
fully confluent. After scratching, the cells were continu-
ously cultured in the media with 3% FBS for 72 hours.
Microscopic images of the cultures were taken at 0 and
72 hours, and then wound closure was assessed using Scion
Image software.

Matrigel invasion chambers (Millipore) were used to
measure cell invasion ability. Briefly, 1 × 105 cells were
seeded in the upper chamber with media containing 0.1%
FBS, while the lower chamber was filled with media with
10% FBS. After 48 hours of incubation, the non-invading
cells were removed with cotton swabs. The cells that
invaded through the Matrigel into the lower chamber of
the insert and then migrated through the membrane were
fixed with 75% alcohol for 30 minutes, stained with crystal
violet and imaged, and counted under a microscope
(Nikon, Tokyo, Japan).

Xenograft tumor study in vivo

Five week old BALB/c nude male mice weighing 20–25 g
were purchased from Beijing Huafukang Bioscience
Co. Inc. (Beijing, China) and used for the in vivo tumor
assay. A549 cells (2 × 106) that stably transfected the miR-
195 mimics or NC were suspended in 100 μL serum-free
DMEM/Matrigel (1:1). The cells were then injected subcu-
taneously into the flank of each mouse. Tumor volumes
were measured weekly and calculated using the formula:
volume (mm3) = 1/2 (length × width2). The mice were
sacrificed by cervical dislocation under anesthesia with
diethyl ether after 30 days. The tumor tissues were
harvested, weighed, and used to determine miR-195 and
apelin expression. The Animal Ethics Committee of Kun-
ming Medical University (Kunming, Yunnan, China)
approved all animal experiments.

Statistical analysis

All of the statistical analyses were carried out using SPSS
version 20.0. The data are presented as the
median � standard deviation (SD). Differences between
groups were analyzed using Student’s t-test and analysis of
variance. The correlation between miR-195 and apelin
expression was assessed using Pearson’s correlation coeffi-
cient. Kaplan–Meier survival curves were compared
between the patients with high and low expression of bio-
markers using the log-rank test. P < 0.05 was considered
statistically significant.

Results

Apelin is upregulated in lung
adenocarcinoma and significantly
correlated with patient survival

In the present study, we detected the expression of apelin in
36 paired human lung adenocarcinoma and adjacent healthy
lung tissues using immunohistochemistry staining. High
cytoplasmic immunoreactivity of apelin was present in the
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tumor cells but not in the surrounding stroma (Fig 1a).
Meanwhile, using qRT-PCR and Western blotting assay, we
found that both the expression levels of apelin mRNA and
protein were significantly increased in the lung adenocarci-
noma tissues compared to the adjacent healthy lung tissues
(Fig 1b,c). The association between apelin expression and
clinical characteristics is shown in Table 1, indicating that
patients with higher apelin expression had a higher tumor
node metastasis (TNM) stage and a higher rate of lymph
node metastasis compared to those with lower apelin levels.
Furthermore, survival analysis showed that apelin expression
in the 36 tumor samples was observably associated with the
OS of lung adenocarcinoma patients. Patients with low
apelin expression had better OS compared to those with high
expression (Fig 1d). These results imply that apelin may have
a tumor promoting effect in human lung adenocarcinoma.

MiR-195 is downregulated in lung
adenocarcinoma tissues and cell lines and
negatively correlated with poor prognosis
and apelin expression

We detected the expression levels of miR-195 in the lung
adenocarcinoma and adjacent healthy lung tissues using
qRT-PCR assay. MiR-195 expression in the lung adeno-
carcinoma tissues was significantly lower than in the
corresponding healthy lung tissues (Fig 2a). We also
examined the expression levels of miR-195 in four lung
cancer cell lines (A549, GLC-82, XWLC-05, and YTMLC)
and the normal human lung epithelial cell line BEAS-2B.
The relative expression levels of miR-195 in these lung
cancer cells were all significantly lower than in the BEAS-
2B cells (Fig 2b). These results were consistent with those
of Liu et al.20 Survival analysis showed that miR-195

Figure 1 Apelin expression in lung
adenocarcinoma and adjacent
healthy lung tissues. (a) Immuno-
histochemical staining, (b) quanti-
tative reverse transcription PCR,
and (c) Western blotting were
performed to detect apelin mes-
senger RNA (mRNA) and protein
levels in human lung adenocarci-
noma and adjacent healthy lung
tissues (left: × 100, right: × 400).
(d) Kaplan–Meier analysis was
performed to analyze the overall
survival of lung adenocarcinoma
patients with high and low
expression levels of apelin
(n = 48). **P < 0.01. GAPDH,
glyceraldehyde 3-phosphate
dehydrogenase.
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expression in the 36 tumor samples was obviously associ-
ated with the OS of lung adenocarcinoma patients and
the lower expression of miR-195 was associated with a
poor prognosis (Fig 2c). In addition, Pearson’s correlation
analysis was performed to identify the relationship
between miR-195 and apelin mRNA expression. The
expression level of miR-195 was inversely correlated with
the expression level of apelin mRNA in the lung adeno-
carcinoma tissues (Fig 2d). Taken together, these results
suggest that decreased miR-195 may be associated with
lung adenocarcinoma.

Apelin is a direct target of miR-195

To clarify the molecular mechanism underlying apelin
exerting its effects on lung adenocarcinoma cells, we iden-
tified a putative miR-195 binding site located in the 30-
UTR of the apelin mRNA using Pictar, TargetScan, and
miRanda online tools (Fig 3a). We speculated that apelin
was a potential target of miR-195. Moreover, we validated
whether miR-195 could directly target the 30-UTR of apelin
using the luciferase reporter assay. Our data revealed that

miR-195 significantly inhibited the firefly luciferase activity
of the vector with the wild-type 30-UTR of apelin; however,
there was no significant effect on the vector with the
mutated 30-UTR of apelin in A549 and GLC-82 lung ade-
nocarcinoma cells (Fig 3b). These results suggest that miR-
195 may directly bind to the 30-UTR of apelin. We also
examined the effects of miR-195 on apelin mRNA and
protein expression using qRT-PCR and Western blotting,
respectively, and found that the apelin mRNA and protein
levels in the miR-195 mimics treated with A549 and GLC-
82 cells were lower than in the control cells (Fig 3c,d).
These data suggest that miR-195 can directly inhibit apelin
expression by binding to its 30-UTR in lung adenocarci-
noma cells.

Overexpression of miR-195 inhibits the
proliferation of lung adenocarcinoma cells
in vitro and in vivo

To investigate whether increased levels of miR-195 might
affect lung adenocarcinoma cell proliferation, miR-195
mimics or NC was transfected into A549 and GLC-82 cells.

Figure 2 MiR-195 expression in lung adenocarcinoma tissues and cell lines and its correlation with apelin and prognosis. (a) The miR-195 level was
detected by quantitative reverse transcription(qRT) PCR in human lung adenocarcinoma and adjacent healthy lung tissues. (b) The miR-195 level in
lung adenocarcinoma cell lines (A549, GLC-82, XWLC-05, and YTMLC) and normal human lung epithelial cell line BEAS-2B was evaluated by qRT-
PCR. (c) Kaplan–Meier analysis was performed to analyze the overall survival of lung adenocarcinoma patients with high and low expression levels of
miR-195 (n = 48). (d) Correlation of miR-195 levels with apelin messenger RNA levels was examined by qRT-PCR analysis in clinical lung adenocarci-
noma tissues (Pearson’s correlation coefficient, r = −0.735; n = 36; P < 0.01). *P < 0.05, **P < 0.01.
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QRT-PCR showed that the miR-195 mimics significantly
increased the miR-195 expression in both the A549 and
GLC-82 cells (Fig 4a). Our results demonstrate that miR-
195 overexpression inhibited the proliferation of A549 and
GLC-82 cells compared to NC (Fig 4b,c). Moreover, colony
formation assay showed that miR-195 overexpression
decreased the colony formation ability of lung adenocarci-
noma cells (Fig 4d). To ascertain the mechanisms by which
miR-195 inhibited the proliferation of lung adenocarci-
noma cells, we detected the cell cycle distribution via flow
cytometry. The G0/G1 phase fractions of the miR-
195-A549 and miR-195-GLC-82 cells increased by 1.31-
and 1.25-fold compared to that of the transfected cells with
NC, respectively (Fig 4e). However, the G2/M phase frac-
tions of the miR-195-A549 and miR-195-GLC-82 cells

decreased by 0.44- and 0.53-fold, respectively. The percent-
ages of cells in the S phase in the transfected cells with
miR-195 were lower than in the cells with NC. We also
explored the potential involvement of miR-195 in tumori-
genesis through the A549 xenograft mouse model in vivo.
The tumors were smaller in the miR-195 mimics group
compared to those in the NC group (Fig 4f). The mean
volume of xenograft tumors was significantly smaller in the
miR-195 mimics group compared to the NC group
(Fig 4g). Furthermore, we examined the miR-195 and
apelin expression levels in tumor tissues using qRT-PCR
and Western blot, respectively. The results revealed that
miR-195 expression was significantly upregulated, while
apelin expression was downregulated in the miR-195
mimics group compared to the NC group (Fig 4h,i).

Figure 3 Apelin is a direct target of miR-195. (a) The suspected binding of mature human miR-195 with the wild-type (Wt) 30-untranslated (UTR)
region of apelin messenger RNA (mRNA) and a mutated (Mut) 30-UTR of apelin are shown. (b) A dual-luciferase reporter assay was performed with
A549 and GLC-82 cells cotransfected with firefly luciferase constructs containing Wt 30-UTR region of apelin (apelin-Wt) or the Mut 30-UTR region of
apelin (apelin-Mut) and miR-195 mimics or negative control (NC). The relative luciferase activities were evaluated 48 hours after transfection. The
apelin (c) mRNA and (d) protein levels in miR-195 mimics transfected A549 and GLC-82 cells were measured by quantitative reverse transcription
PCR and Western blotting, respectively. *P < 0.05, **P < 0.01. GAPDH, glyceraldehyde 3-phosphate dehydrogenase.
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Figure 4 Overexpression of miR-195 in lung adenocarcinoma cells, which inhibited their proliferation and growth in vitro and in vivo. (a) The miR-
195 mimics or negative control (NC) was transfected into A549 and GLC-82 cells, respectively, and then miR-195 expression was detected using
quantitative reverse transcription (qRT) PCR. The cell viability of the (b) A549 and (c) GLC-82 cells transfected with miR-195 mimics was measured
using methyl thiazolyl tetrazolium assay. (d) The colony formation of the transfected A549 and GLC-82 cells was detected. (e) The effect of miR-195
on the lung adenocarcinoma cell cycle was determined using flow cytometry. (f) A representative image of the xenograft tumors is shown (n = 8 per
group). (g) The growth curve of xenograft tumors derived by miR-195-treated A549 cells was determined in vivo. (h) MiR-195 and (i) apelin protein
expression in tumor tissues was determined by qRT-PCR and Western blotting, respectively. *P < 0.05, **P < 0.01. GAPDH, glyceraldehyde
3-phosphate dehydrogenase.
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Therefore, we concluded that miR-195 suppresses lung
adenocarcinoma cell growth in vitro and in vivo.

Overexpression of miR-195 suppresses the
migration and invasion of lung
adenocarcinoma cells

To confirm the results of previous studies that miR-195
prohibits lung cancer cell migration and invasion, we per-
formed wound-healing and transwell assays. In the wound-
healing assay, increased miR-195 expression significantly
suppressed the cell migration ability of the A549 and GLC-
82 cells (Fig 5a,b). Moreover, the overexpression of miR-
195 induced a notable decrease in the invasion ability of
the A549 and GLC-82 cells compared to the cells trans-
fected with NC (Fig 5c,d). Taken together, these data reveal
that miR-195 overexpression inhibits the migration and
invasion of lung adenocarcinoma cells.

MiR-195 performs a tumor suppressor role
in lung adenocarcinoma cells by
downregulating apelin expression

In the present study, to further explore the function of
apelin in the miR-195-mediated tumor suppressive behav-
ior of lung adenocarcinoma cells, short hairpin RNA
targeting apelin mRNA (si-apelin) was used to specifically
inhibit apelin expression, while the apelin/pcDNA3.0 vec-
tor was exploited to overexpress apelin in A549 cells. Si-
apelin significantly decreased the apelin protein level, while
the apelin overexpression vector increased the protein level
in the A549 cells (Fig 6a). Meanwhile, there was no signifi-
cant difference in the level of miR-195 between the si-
apelin and si-NC groups. Furthermore, the inhibition of
apelin expression observably reduced the proliferation,
migration, and invasion of the A549 cells similar to the
effects of the miR-195 mimics, while the upregulation of
apelin reversed the changes in A549 cell proliferation,

Figure 5 Overexpression of miR-
195 suppressed the migration
and invasion of lung adenocarci-
noma cells. (a,b) Cell migration
was determined by wound-
healing assay in A549 and GLC-
82 cells after transfection with
miR-195 mimics or negative con-
trol (NC). (c,d) Transwell invasion
assay was conducted in the
A549 and GLC-82 cells.
*P < 0.05, **P < 0.01.
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migration, and invasion induced by the miR-195 mimics
(Fig 6b–d). These data suggest that miR-195 suppresses
lung adenocarcinoma cell malignancy by targeting apelin.

Discussion

Lung adenocarcinoma accounts for the majority of NSCLC
tumor histology. Although extensive studies have led to
significant improvements in early detection and treatment
options, the disease remains difficult to treat and many
patients develop recurrent disease after surgery. The mean
five-year survival rate of patients with advanced disease
after diagnosis is < 15%.22,23 Therefore, many recent studies

have focused on finding new prognostic biomarkers and
pivotal molecular mechanisms associated with the develop-
ment and metastasis of lung cancer.24,25

Apelin is a regulatory peptide identified as an endoge-
nous ligand of the apelin receptor APJ.4 Apelin and its
receptor have been reported to stimulate endothelial
growth in different in vitro and in vivo experimental
systems,26–28 and some recent studies have shown that
apelin expression is detected at a high levels in breast
cancer,8 oral squamous cell carcinoma,10 and liver cancer.11

In the present study, we found that apelin is not only sig-
nificantly upregulated in lung adenocarcinoma tissues
compared to adjacent healthy lung tissues but also posi-
tively correlated with poor prognosis of patients with lung

Figure 6 MiR-195 downregulated apelin expression in lung adenocarcinoma cells. (a) The apelin protein and miR-195 levels in the A549 cells
cotransfected with small interfering-apelin (si-apelin) and cotransfected with miR-195 mimics and apelin overexpression vector were measured by
Western blotting and quantitative reverse transcription (qRT) PCR, respectively. (b) The colony formation of the transfected A549 cells was detected.
The effects of miR-195 on cell migration and invasion were determined using (c) wound-healing and (d) transwell invasion assays, respectively (×
100). *P < 0.05, **P < 0.01. GAPDH, glyceraldehyde 3-phosphate dehydrogenase.
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adenocarcinoma. These results suggest that high apelin
expression may be closely related to the development and
progression of lung adenocarcinoma.
The dysregulation of miRNA is implicated in the devel-

opment and progression of various cancers, including lung
adenocarcinoma.29–31 However, the function and mecha-
nism of these dysregulated miRNAs in lung adenocarci-
noma remain undefined. Recent research has shown that
most miRNAs are known to regulate target mRNAs by
binding to the 30UTR of target genes in a posttranscrip-
tional manner.13,14 Therefore, establishing the interrelation-
ship of miRNA and its target genes may increase the
understanding of the molecular mechanism underlying
cancer progression and provide potential therapeutic tar-
gets for the clinical treatment of cancers. Our study dem-
onstrated that the levels of apelin mRNA and protein are
both negatively regulated by miR-195 in lung adenocarci-
noma cells and the apelin expression level is inversely cor-
related with miR-195 expression. In addition, luciferase
reporter assay confirmed that apelin is a direct target gene
of miR-195 in lung adenocarcinoma cells. These data indi-
cate that miR-195 might play an important inhibitory role
in lung adenocarcinoma cells by targeting apelin.
Accumulating evidence indicates that miR-195 is associ-

ated with the biological features of cancers, such as onco-
genesis, development, and metastasis.32–36 Recent studies
have shown that miR-195 is frequently downregulated or
silenced in many types of cancers, including
osteosarcoma,32 breast cancer,33 colon cancer,34 prostate
cancer,35 and glioma.36 In these different cancers, miR-195
usually acts as a tumor-suppressive factor. The current
study found that miR-195 expression was significantly
downregulated in human lung adenocarcinoma tissues and
cell lines, and the expression level of miR-195 was posi-
tively correlated with the prognosis of lung adenocarci-
noma patients. Our functional studies revealed that the
overexpression of miR-195 could suppress cell prolifera-
tion, colony formation, migration, and invasion of lung
adenocarcinoma in vitro. Hanahan et al. reported that
antigrowth signals can block cell proliferation via two dis-
tinct mechanisms: cells may be forced out of the active
proliferative cycle into the quiescent (G0) state, or cells
may be induced to enter post-mitotic states and lose the
potential to differentiate.37 Our study found that the over-
expression of miR-195 in lung adenocarcinoma cells may
result in the activation of antigrowth signals, inducing cell
cycle arrest at the G0/G1 phase and disturbance to the G1
to S phase transition. Furthermore, the results revealed that
tumor growth in the nude mice was obviously inhibited by
the increased miR-195 expression in the A549 cells. Briefly,
these data suggest that miR-195 may serve as a negative
regulator in the tumorigenesis and development of lung
adenocarcinoma.

In the present analysis of clinical human lung adenocar-
cinoma tissues, the apelin mRNA level was negatively cor-
related with the expression level of miR-195. In addition,
functional research also showed that apelin was positively
correlated with cell proliferation, migration, and invasion
of lung adenocarcinoma. Collectively, high miR-195 and
low apelin work synergistically, suppressing tumor
growth and improving the survival outcome of lung
adenocarcinoma patients. Taken together, these results
confirm that apelin is a functional target of miR-195 in
lung adenocarcinoma cells and validates the function of
miR-195-apelin interaction in the progression of lung
adenocarcinoma. Further investigation is required to
elucidate the role of molecules that are downstream of
apelin in regulating cell proliferation, migration, and
invasion of lung adenocarcinoma.
In conclusion, this study identified miR-195 as a tumor-

suppressive factor in human lung adenocarcinoma by
directly targeting apelin. These findings suggest that miR-
195 and its target, apelin, may be novel target candidates
for lung adenocarcinoma therapeutics in the future.

Acknowledgments

The present study was supported by the National Natural
Science Fund (grant no. 81460441 and no. 81860513) and
the Key Projects of Applied Basic Research in Yunnan
(grant no. 2017FA037). The authors thank all of the
patients and clinical investigators involved in this study.

Disclosure

No authors report any conflict of interest.

References
1 Gridelli C, Rossi A, Maione P. Treatment of non-small-cell
lung cancer: State of the art and development of new
biologic agents. Oncogene 2003; 22: 6629–38.

2 Lin JJ, Cardarella S, Lydon CA et al. Five-year survival in
EGFR-mutant metastatic lung adenocarcinoma treated with
EGFR-TKIs. J Thorac Oncol 2016; 11: 556–65.

3 Qi L, Li Y, Qin Y et al. An individualised signature for
predicting response with concordant survival benefit for
lung adenocarcinoma patients receiving platinum-based
chemotherapy. Br J Cancer 2016; 115: 1513–9.

4 Tatemoto K, Hosoya M, Habata Y et al. Isolation and
characterization of a novel endogenous peptide ligand for
the human APJ receptor. Biochem Biophys Res Commun
1998; 251: 471–6.

5 Medhurst AD, Jennings CA, Robbins MJ et al.
Pharmacological and immunohistochemical characterization

Thoracic Cancer 10 (2019) 1419–1430 © 2019 The Authors. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd 1429

Y. Zhou et al. MiR-195 targets apelin in LC



of the APJ receptor and its endogenous ligand apelin.
J Neurochem 2003; 84: 1162–72.

6 Kleinz MJ, Davenport AP. Emerging roles of apelin in
biology and medicine. Pharmacol Ther 2005; 107: 198–211.

7 Rayalam S, Della-Fera MA, Kasser T et al. Emerging role of
apelin as a therapeutic target in cancer: A patent review.
Recent Pat Anticancer Drug Discov 2011; 6: 367–72.

8 Wang Z, Greeley GJ, Qiu S. Immunohistochemical
localization of apelin in human normal breast and breast
carcinoma. J Mol Histol 2008; 39: 121–4.

9 Ameri K, Luong R, Zhang H et al. Circulating tumour cells
demonstrate an altered response to hypoxia and an
aggressive phenotype. Br J Cancer 2010; 102: 561–9.

10 Heo K, Kim YH, Sung HJ et al. Hypoxia-induced up-
regulation of apelin is associated with a poor prognosis in
oral squamous cell carcinoma patients. Oral Oncol 2012;
48: 500–6.

11 Lin ZY, Chuang WL. Hepatocellular carcinoma cells cause
different responses in expressions of cancer-promoting genes
in different cancer-associated fibroblasts. Kaohsiung J Med
Sci 2013; 29: 312–8.

12 Picault FX, Chaves-Almagro C, Projetti F, Prats H, Masri B,
Audigier Y. Tumour co-expression of apelin and its receptor
is the basis of an autocrine loop involved in the growth of
colon adenocarcinomas. Eur J Cancer 2014; 50: 663–74.

13 Kim VN. Small RNAs: Classification, biogenesis, and
function. Mol Cells 2005; 19: 1–15.

14 Filipowicz W, Bhattacharyya SN, Sonenberg N. Mechanisms
of post-transcriptional regulation by microRNAs: Are the
answers in sight? Nat Rev Genet 2008; 9: 102–14.

15 Wan L, Zhu L, Xu J et al. MicroRNA-409-3p functions as a
tumor suppressor in human lung adenocarcinoma by
targeting c-Met. Cell Physiol Biochem 2014; 34: 1273–90.

16 Zhou H, Zhang M, Yuan H et al. MicroRNA-154 functions
as a tumor suppressor in osteosarcoma by targeting Wnt5a.
Oncol Rep 2016; 35: 1851–8.

17 Liu Y, Wang F, Xu P. miR-590 accelerates lung
adenocarcinoma migration and invasion through directly
suppressing functional target OLFM4. Biomed Pharmacother
2017; 86: 466–74.

18 Guo H, Li W, Zheng T, Liu Z. MiR-195 targets HDGF to
inhibit proliferation and invasion of NSCLC cells. Tumour
Biol 2014; 35: 8861–6.

19 Wang X, Wang Y, Lan H, Li J. MiR-195 inhibits the growth
and metastasis of NSCLC cells by targeting IGF1R. Tumour
Biol 2014; 35: 8765–70.

20 Liu B, Qu J, Xu F et al. MiR-195 suppresses non-small cell
lung cancer by targeting CHEK1. Oncotarget 2015; 6:
9445–56.

21 Yu X, Zhang Y, Cavazos D et al. miR-195 targets cyclin D3
and survivin to modulate the tumorigenesis of non-small
cell lung cancer. Cell Death Dis 2018; 9: 193–205.

22 Subramaniam S, Thakur RK, Yadav VK et al. Lung cancer
biomarkers: State of the art. J Carcinog 2013; 12: 3.

23 Tonon G, Wong KK, Maulik G et al. High resolution
genomic profiles of human lung cancer. Proc Natl Acad Sci
U S A 2005; 102: 9625–30.

24 Okamura K, Takayama K, Kawahara K et al. PICT
expression is a poor prognostic factor in non-small cell lung
cancer. Oncoscience 2014; 1: 375–82.

25 Soes S, Daugaard IL, Sorensen BS et al. Hypomethylation
and increased expression of the putative oncogene ELMO3
are associated with lung cancer development and metastases
formation. Oncoscience 2014; 1: 367–74.

26 Cox CM, D’Agostino SL, Miller MK et al. Apelin, the ligand
for the endothelial G-protein-coupled receptor, APJ, is a
potent angiogenic factor required for normal vascular
development of the frog embryo. Dev Biol 2006; 296:
177–89.

27 Kleinz MJ, Davenport AP. Immunocytochemical localization
of the endogenous vasoactive peptide apelin to human
vascular and endocardial endothelial cells. Regul Pept 2004;
118: 119–25.

28 Masri B, Morin N, Cornu M et al. Apelin (65-77) activates
p70 S6 kinase and is mitogenic for umbilical endothelial
cells. FASEB J 2004; 18: 1909–11.

29 Wu H, Liu Y, Shu XO, Cai Q. MiR-374a suppresses lung
adenocarcinoma cell proliferation and invasion by targeting
TGFA gene expression. Carcinogenesis 2016; 37: 567–75.

30 Mo D, Yang D, Xiao X, Sun R, Huang L, Xu J. MiRNA-145
suppresses lung adenocarcinoma cell invasion and migration
by targeting N-cadherin. Biotechnol Lett 2017; 39: 701–10.

31 Chen J, Xu Y, Tao L et al. MiRNA-26a contributes to the
acquisition of malignant behaviors of doctaxel-resistant lung
adenocarcinoma cells through targeting EZH2. Cell Physiol
Biochem 2017; 41: 583–97.

32 Han K, Chen X, Bian N et al. MicroRNA profiling identifies
MiR-195 suppresses osteosarcoma cell metastasis by
targeting CCND1. Oncotarget 2015; 6: 8875–89.

33 Wang Y, Zhang X, Zou C et al. miR-195 inhibits tumor
growth and angiogenesis through modulating IRS1 in breast
cancer. Biomed Pharmacother 2016; 80: 95–101.

34 Li B, Wang S, Wang S. MiR-195 suppresses colon cancer
proliferation and metastasis by targeting WNT3A. Mol
Genet Genomics 2018; 293: 1245–53.

35 Cai C, He H, Duan X et al. miR-195 inhibits cell
proliferation and angiogenesis in human prostate cancer by
downregulating PRR11 expression. Oncol Rep 2018; 39:
1658–70.

36 Chen LP, Zhang NN, Ren XQ et al. miR-103/miR-195/miR-
15b regulate SALL4 and inhibit proliferation and migration
in glioma. Molecules 2018; 23: 2938–55.

37 Hanahan D, Weinberg RA. The hallmarks of cancer. Cell
2000; 100: 57–70.

1430 Thoracic Cancer 10 (2019) 1419–1430 © 2019 The Authors. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd

MiR-195 targets apelin in LC Y. Zhou et al.


	 MicroRNA-195 suppresses the progression of lung adenocarcinoma by directly targeting apelin
	Introduction
	Methods
	Tissue samples
	Immunohistochemistry staining
	Cell culture and transfection
	RNA extraction and quantitative reverse transcription PCR
	Luciferase reporter assay
	Western blotting
	Methyl thiazolyl tetrazolium assay
	Colony formation assay
	Cell cycle analysis by flow cytometry
	Cell migration and invasion assay
	Xenograft tumor study in vivo
	Statistical analysis

	Results
	Apelin is upregulated in lung adenocarcinoma and significantly correlated with patient survival
	MiR-195 is downregulated in lung adenocarcinoma tissues and cell lines and negatively correlated with poor prognosis and ap...
	Apelin is a direct target of miR-195
	Overexpression of miR-195 inhibits the proliferation of lung adenocarcinoma cells in vitro and in vivo
	Overexpression of miR-195 suppresses the migration and invasion of lung adenocarcinoma cells
	MiR-195 performs a tumor suppressor role in lung adenocarcinoma cells by downregulating apelin expression

	Discussion
	Acknowledgments
	Disclosure
	References


