European Review for Medical and Pharmacological Sciences 2017; 21: 4113-4123

Antitumor effect of miR-27b-3p on lung
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Abstract. - OBJECTIVE: Lung cancer is the
most common malignancy with the highest mor-
tality rate among cancers. microRNAs (miRNAs)
have been confirmed to be closely related to the
physiological disorder, especially the tumor pro-
cess. This study aimed to investigate the effect
of miR-27b-3p on lung tumor cells.

MATERIALS AND METHODS: The expres-
sions of miR-27b-3p in lung tumors and adja-
cent non-tumors lung tissues were compared.
We test the bonding effect of miR-27b-3p on
the Fzd7 promoter, and miR-27b-3p effects on
the Fzd7 expression in both NCI-H446 and A549
cells. Then, effects of miR-27b-3p and Fzd7 on
these cells viability, survival and apoptosis were
detected, respectively. In addition, the possible
mechanism of miR-27b-3p affected these cells
apoptosis was explored by analyzing the expres-
sion of apoptosis-related factors.

RESULTS: We found that miR-27b-3p was low
expressed in lung tumors compared to adjacent
non-tumorous lung tissues. miR-27b-3p directly
targeted Fzd7 promoter and negatively regulated
Fzd7 expression. Fzd7 promoted NCI-H446 and
A549 cells viability and survival, inhibited cells
apoptosis. However, miR-27b-3p effects on these
cells were quite the opposite to Fzd7. The expres-
sions of apoptosis-related factors were associat-
ed positively with miR-27b-3p and showed a neg-
ative correlation with Fzd7 expression.

CONCLUSIONS: The miR-27b-3p was lowly ex-
pressed in lung cancer tissues, and played the
role of a tumor suppressor. It could promote cell
apoptosis and suppress cancer cells viability and
survival via down-regulating Fzd7. It suggested
that miR-27b-3p might be a potential target for the
prophylaxis and treatment of lung cancer.
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Introduction

In recent decades, the incidence and mortality
of lung cancer showed an upward trend in many
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countries and ranked as first among malignant neo-
plasms. The lung cancer has become a serious pu-
blic health problem'. The survival rate of patients
with advanced lung cancer after been resected was
only 8-12%, but the survival rate could reach 80%
within 5 years if been early detected and resected?.
Therefore, early diagnosis and timely treatment are
very important for patients with lung cancer. The
studies of molecular mechanism and therapy resi-
stance of lung cancer will help us to further under-
stand its pathogenesis and progression, and offer
more targets for effective therapy’. Determining
the genetic and epigenetic changes for cancers in-
cluding lung cancer has great research evolve. The
researches included genome-wide mRNA expres-
sion profiles, genome-wide DNA copy number
variation changes, genome-wide DNA methylation
changes, microRNA (miRNA) changes and mass
spectroscopy proteomics analyses*®.

The miRNAs are small non-coding RNAs that
are essential for maintaining cellular homeostasis
and regulating cellular progress’®. The miRNAs
regulate post transcription of target genes and
dysregulation of miRNAs expressions has been
proved to be associated with aberrant gene expres-
sion leading to pathological conditions’. Due to
the important role of miRNA in a wide array of
biological processes, some miRNAs have been
considered as biomarkers for disease diagnosis,
treatment, and prognosis'®. It has also been de-
monstrated that miRNAs were particularly impor-
tant in lung homeostasis and diseases including
lung cancer!!. The unique growth suppressive of
miRNAs in lung cancer has been reported, such
as miR-145 and miR-142-5p'%, Some dysregula-
ted miRNAs in lung cancer were also identified
by bioinformatics analyses combined microarray
or gene expression analysis of lung cancer, such
as miR-339-5p, miR-200c, etc.!>!4,

Recently, researches showed that miR-27b-3p,
a potential biomarker, was participated in many
cancers via regulating the expression of specific
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target gene. For instance, miR-27b-3p suppressed
cell proliferation in gastric cancer'. It could regu-
late PPARY in oocyte maturation'®, and targeted
Bmall at the post-transcriptional level in liver'’.
The miR-27b-3p exerted tumor-suppressive in
cancers that suggested its therapeutic application
in cancers'®. For lung cancer, even though miR-
NAs were reported to be associated with cancer
development, the role of miR-27b-3p in lung can-
cer has not been comprehensively reported.

Thus, in this study, we assessed the expression
of miR-27b-3p in lung tumor tissues compared
with adjacent non-tumor tissue. Furthermore, the
target gene of miR-27b-3p was verified and regu-
lation effect of miR-27b-3p on the frizzled family
encode 7-transmembrane domain protein (Fzd7)
in NCI-H446, and A549 cells were also verified.
Then, this study investigated the effect of miR-
27b-3p on NCI-H446 and A549 cells viability,
survival, and apoptosis as well as the possible
mechanism. We hope this research would provide
a potential target for prediction and treatment of
lung cancer.

Materials and Methods

Patients and Cell Culture

The paired tumorous and adjacent non-tumo-
rous human lung tissues were obtained from 15
patients underwent resection in the local hospital.
All patients with lung cancer were diagnosed pa-
thologically according to the criteria of the Ame-
rican Joint Committee on Cancer. The study was
approved by the local Institutional Ethics Com-
mittee, and the written informed consents were
obtained from all patients before specimen col-
lection.

Human small cell lung cancer cell line
NCI-H446 and human lung carcinoma cell line
A549 were obtained from American Type Cultu-
re Collection (ATCC, Manassas, VA, USA). Cells
were cultured in Roswell Park Memorial Institu-
te-1640 (RPMI-1640, GIBCO, Grand Island, NY,
USA) supplemented with 10% fetal bovine serum
(FBS; Hyclone, Logan, UT, USA) and penicillin
(100 U/ml, Sigma-Aldrich, St. Louis, MO, USA).
Cultures were maintained under an atmosphere
containing 5% CO, at 37°C".

Cell Transfection

The recombinant vector pcDNA™ 3.1—Fzd7
with full-length of Fzd7 cording sequence or its
negative control (Thermo Fisher, Scientific, Bei-
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jing, China) were transfected into NCI-H446 and
A549 cells, respectively. The siRNAs directly
against Fzd7 (sc-39990) was purchased from San-
ta Cruz Biotechnology (Santa Cruz, CA, USA).
Fzd7 Antibody (sc-31060, Santa Cruz Biotechno-
logy, Santa Cruz, CA, USA) which was confirmed
as nonsilencing double-stranded RNA, was used
as a control for siRNA experiments. For miRNA
transfection, cells were transfected with miR-27b-
3p mimic, inhibitor, and negative miRNA control
(Gene Pharma, Shanghai, China), respectively.
All transfection were performed by using Lipo-
fectamine 3000 (Invitrogen, Carlsbad, CA, USA),
according to the manual. At48 h after transfection,
the cells were collected for further investigation.

RNA Extraction and Quantitative
Polymerase Chain Reaction (qPCR)

Total RNA was extracted by the Trizol reagent
(Invitrogen Life Technologies, Carlsbad, CA,
USA) and was reverse-transcribed by using Tran-
scriptor First Strand cDNA Synthesis Kit (Roche
Life Science, Shanghai, China), according to the
manufacturer’s instructions. The gPCR was per-
formed with SYBRH Premix Ex Taq™ (TaKaRa,
Biotech Co., Ltd, Dalian, China) and run in a ma-
ster cycle gradient (Eppendorf, Hamburger, Ger-
many). U6 and GAPDH were served as internal
controls for data normalization. All primers were
synthesized by GenePharma (Shanghai, China).

Dual Luciferase Activity Assay

The potential target gene for miR-27b-3p was
predicted by Targetscan, and Fzd7 was propo-
sed. The Fzd7 3’UTR wild type, which contains
the putative binding site of the miR-27b-3p (the
sequences were shown in Figure 2A) or mutant,
were cloned into the pGL2-basic vector (NEB,
Beijing, China). Then, 100 ng of each recombine
construct was co-transfected with 50 nM miRNA
mimic, inhibitor or scramble control into cells by
using Lipofectamine 2000 (Invitrogen, Carlsbad,
CA, USA) in the 24-well plate. After been scree-
ned, the cell extracts were harvested, and 48h after
transfection the Firefly and Renilla luciferase acti-
vity were measured by using the Dual-Luciferase
reporter system (Promega, Madison, WI, USA)
according to the manufacturer’s instructions'.

Cell Viability Assay

Cell viability was assessed using a 3-(4, 5-di-
methylthiazol-2-yl)-2, 5-diphenyltetrazolium bro-
mide (MTT) colorimetric assay according to the
standard methods. In brief, transfected cells were
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seeded into 96-well plates at 1 x 10* cells/well.
Cells viability was measured at 24 h, 48 h and 72
h after transfection. MTT (20 pl/well, Sigma-Al-
drich, St. Louis, MO, USA) were added into each
well and incubated for another 4 h at 37°C. Then
cells were lysed in 150 upl dimethylsulfoxide
(DMSO, Sigma, St. Louis, MO, USA) and UV-vi-
sible absorbance was read at 490 nm using 680
microplate enzyme-linked immunosorbent assay
(ELISA) Reader (Bio-Rad Laboratories, Hercu-
les, CA, USA).

Cell Survival Assay

To obtain quantitative information about the
capability of cells, cells were cultured to 70%
confluence and counted as usual for the control
group. Treated cells (1 x 10°) were re-seeded into
anew 60 mm culture dish (in duplicate) and incu-
bated for 9 days (Fresh media was added at day
5). At day 9, the culture medium was carefully re-
moved and added 1 ml Clonogenic Reagent (50%
Ethanol, 0.25% 1, 9-dimethyl-methylene blue,
Sigma-Aldrich, St. Louis, MO, USA), then cells
were placed at room temperature for 45 min. At
the end, cells were washed with PBS, and the blue
colonies were counted. The data were expressed
as percent survival relative to the control.

Detection of Cell Early Apoptosis

Cell apoptosis was assessed by using Annexin
V-R-PE cell apoptosis detection kit (Southern
Biotech, MI, USA) according to the instructions.
The transfected cells were collected and suspen-
ded in 200 pl binging buffer, been incubated at
room temperature for 30 min in the dark. Flow
cytometry (BD Biosciences, San Jose, CA, USA)
was used to detect the percentage of early apop-
tosis?.

Western Blotting

The cellular proteins were extracted by lysis
buffer (Beyotime Biotechnology, Nantong, Jian-
gsu, China) after transfection. The samples were
separated on an 8% SDS-denatured polyacryla-
mide gel and then transferred onto nitrocellulose
membrane. The membranes were incubated at 4°C
overnight with primary antibodies (all 1:1000):
Fzd7 (sc31001); Caspase-3 (sc271759); B-cell
lymphoma (Bcl-2, sc509); Bcl-2-associated X
(Bax, sc20288); c-Jun N-terminal kinase (JNK,
sc7345); phosphorylated JNK (p-JNK, sc6254);
GAPDH (sc365062) (Santa Cruz Biotechno-
logy, Santa Cruz, CA, USA), and p51 (ab2505,
Abcam, Eugene, OR, USA). The membrane was

washed and incubated with horseradish peroxida-
se-conjugated secondary antibodies (1:1000; San-
ta Cruz Biotechnology, Santa Cruz, CA, USA) for
1 h at room temperature. Protein immunoreacti-
vity of bands was developed by enhanced che-
miluminescence reagent (GE, Healthcare, Little
Chalfont, UK).

Statistical Analysis

Data were presented as mean + standard devia-
tion (SD), which were representative of at least
three independent experiments and analyzed using
GraphPad Prism 6 software (GraphPad Software,
San Diego, CA, USA). The two-tailed Student’s
t-test was used to evaluate the significance of the
differences between two groups; one-way analy-
sis of variance (ANOVA) was used to evaluate the
significance of the differences in mean values wi-
thin and between multiple groups. The p values <
0.05 were considered significant.

Results

miR-27b-3p was Low Expressed
in Lung Tumors

Comparing the expression levels of miR-27b-
3p between tumorous and adjacent non-tumorous
human lung tissues, we found that miR-27b-3p
was low expressed in tumors compared to adja-
cent non-tumor tissues (p <0.01, Figure 1). It sug-
gested that the miR-27b-3p expression level was
downregulated in lung tumors.
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Figure 1. The expression levels of miR-27b-3p were down-
regulated in lung tumor. The mRNA level expression of
miR-27b-3p in lung tumor tissues and adjacent non-tumor
tissue samples (n = 15) were measured by qPCR.
miR-27b-3p, microRNA-27b-3p; qPCR, quantitative poly-
merase chain reaction; **, p < 0.01
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miR-27b-3p Negatively Regulated
the Expression of Fzd7 via Targeting
its Promoter

According to the prediction of Targetscan, Fzd7
3’UTR region showed potential miR-27b-3p se-
quence alignment (Figure 2A). We verified the tar-
geting effect of miR-27b-3p on Fzd7 3’UTR in both
NCL-H446 (Figure 2B and 2C) and A549 cells (Fi-
gure 2D and 2E). The luciferase reporter assay results
suggested that in miR-27b-3p mimic treated groups,
fluorescence signal intensity was significantly decre-
ased, suggesting the effective binding effect of miR-

27b-3p to Fzd7 3’°UTR (p < 0.01). While it showed
the opposite trend in miR-27b-3p inhibitor groups (p
< 0.01). Meanwhile, miR-27b-3p did not show ob-
vious binding effect with Fzd7 3’UTR mutant. These
results suggested that miR-27b-3p could efficiently
binding to the promoter of Fzd7. Fzd7 was the target
of miR-27b-3p in NCI-H446 and A549 cells.

In Figure 3A and 3B, the results showed that
transfection of miR-27b-3p mimic significant-
ly reduced Fzd7 expression level (p < 0.01),
and Fzd7 mRNA expression levels were incre-
ased after miR-27b-3p inhibitor transfection in
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Figure 2. Fzd7 was a direct target of miR-27b-3p. (4) Fzd7 3°’UTR region showing potential miR-27b-3p alignment was
shown. (B and C) The targeting effect of miR-27b-3p to Fzd7 in NCI-H446 cells was detected by luciferase reporter assay.
(D and E) Luciferase reporter assay showed the effect of miR-27b-3p on Fzd7 in A549 cells. U6 acted as an internal control.

miR-27b-3p, microRNA-27b-3p; Fzd7, the frizzled family encode 7-transmembrane domain protein; 3’-UTR, 3’-untranslated

regions; ns, no significant influence; ™, p < 0.01
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Figure 3. The Fzd7 expression was downregulated by transfection of miR-27b-3p mimic. (4 and B) The mRNA expression
levels of Fzd7 in NCI-H446 and A549 cells after transfected with miR-27b-3p mimic or inhibitor were detected by qPCR. (C
and D) The protein expression levels of Fzd7 in miR-27b-3p mimic or inhibitor transfected NCI-H446 and A549 cells. GAPDH

acted as an internal control.

Fzd7, the frizzled family encode 7-transmembrane domain protein; miR-27b-3p, microRNA-27b-3p; qPCR, quantitative poly-

merase chain reaction; ™, p < 0.01

NCI-H446 and A549 cells (p < 0.01). In Figure
3C and 3D, the protein expression level of Fzd7
was significantly reduced after miR-27b-3p mimic
transfection, and increased after been transfected
with miR-27b-3p inhibitor. These results sugge-
sted that miR-27b-3p could effectively negatively
regulate the expression of Fzd7 in NCI-H446 and
A549 cells via targeting 3’UTR of Fzd7.

Fzd7 Enhanced Cell Viability and
Survival while Inhibited Apoptosis of
NCI-H446 and A549 Cells

The results in Figure 4A showed that Fzd7
mRNA level was higher in lung tumor than

that in adjacent non-tumors tissues (p < 0.01).
To further understand the role of Fzd7 in lung
cancer cells, we overexpressed or inhibited
the expression of Fzd7 in both NCI-H446 and
AS549 cells. The results in Figure 4B showed
that the protein expression levels of Fzd7 were
increased by overexpressing Fzd7, and Fzd7 si-
lence effectively decreased the protein expres-
sion of Fzd7.

The effect of Fzd7 overexpression or silence
on NCI-H446 and A549 cells viability, survival
and apoptosis were also been explored. The re-
sults suggested that overexpression of Fzd7 si-
gnificantly enhanced cell viability and survival of
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Figure 4. Overexpression of Fzd7 promoted cell viability and survival, while inhibited apoptosis of NCI-H446 and A549
cells. (4) Fzd7 was upregulated in lung tumor. (B) The transfection efficiency of recombined vector pcDNA3-Fzd7 or Fzd7
siRNA were measured by Wester blotting. (C and D) Fzd7-transfected cells viability of NCI-H446 and A549 cells for 24-72
h were determined by MTT assay. (E and F) The cell survival of Fzd7-transfected NCI-H446 and A549 cells were measured
by colony formation assay. (G and H) The apoptotic cells rate of NCI-H446 and A549 cells was detected by flow cytometry.
Fzd7, the frizzled family encode 7-transmembrane domain protein; miR-27b-3p, microRNA-27b-3p; MTT, 3-(4, 5-di-
methyl-2-thiazolyl)-2, 5-diphenyltetrazolium bromide; *, p < 0.05; **, p < 0.01.

NCI-H446 and A549 cells (p < 0.05 or p < 0.01).
On the contrary, NCI-H446 and A549 cells viabi- with Fzd7 siRNA (p < 0.05 or p < 0.01) (Figure
lity and survival were inhibited after been treated 4C-4F). However, Figure 4G and 4H showed that
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Figure 5. Overexpression of miR-27b-3p suppressed cells proliferation while increased apoptosis of NCI-H446 and A549 cel-
Is. The miR-27b-3p mimic, inhibitor or scramble control were transfected into NCI-H446 and A549 cells, respectively. (4 and
B) The transfection efficiency in NCI-H446 and A549 cells was tested by qPCR. (C and D) The miR-transfected NCI-H446
and A549 cells were collected and cultured for 24-72 h, and then cell viability was determined by MTT assay. (E and F) The
proliferation of miR-transfected NCI-H446 and A549 cells were measured by colony formation assay. (G and H) The apoptotic
cells rate of NCI-H446 and A549 cells detected by flow cytometry.

miR-27b-3p, microRNA-27b-3p; qPCR, quantitative polymerase chain reaction; MTT, 3-(4, 5-dimethyl-2-thiazolyl)-2, 5-di-
phenyltetrazolium bromide; NC, negative control for miR-27b-3p inhibitor; *, p < 0.05; **, p <0.01.

cell apoptosis was promoted by Fzd7 overexpres- <0.01) in both NCI-H446 and A549 cells. There-
sion and inhibited by Fzd7 silence (p < 0.05 or p fore, Fzd7 was up-regulated in lung tumor tissues
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Figure 6. Overexpression of miR-27b-3p upregulated the
expression of apoptosis-related factors in NCI-H446 and
AS549 cells. Cells were transfected with miR27b-3p mimic,
inhibitor, pcDNA3-Fzd7 or Fzd7 siRNA, respectively. (4)
The protein immunoblots of apoptosis-related factors in
NCI-H446 cells after treatment. (B) The protein immuno-
blots of apoptosis-related factors in A549 cells after treat-
ment. GAPDH acted as an internal control.

miR-27b-3p, microRNA-27b-3p; Fzd7, the frizzled family
encode 7-transmembrane domain protein; siRNA, small
interfering RNA; Bcel-2, B-cell lymphoma-2; Bax, Bel-2-as-
sociated X; JNK, c-Jun N-terminal kinase; p-JNK, pho-
sphorylated JNK; NC; negative control for miR-27b-3p
inhibitor or Fzd7 siRNA.

and high expression of Fzd7 enhanced cell viabili-
ty and survival, while inhibited apoptosis of NCI-
446 and A549 cells. These results suggested that
Fzd7 might be a risk factor for lung cancer cells.

miR-27b-3p Inhibited NCI-H446 and
A549 Cells Viability, Survival and
Promoted Apoptosis

At first, we verified the transfection efficiency
of miR-27b-3p mimic and inhibitor. As shown in
Figure 5A and 5B, in both NCI-H446 and A549
cells, the mRNA levels of miR-27b-3p were in-
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creased by miR-27b-3p mimic transfection and
decreased after miR-27b-3p inhibitor transfection
(p < 0.01). Then the MTT assay results (Figure
5C and 5D) suggested that both NCI-H446 and
A549 cells viability were reduced after miR-27b-
3p mimic transfection from 24h to 72 h, while
kept at a higher level than the control group after
miR-27b-3p inhibitor transfection with increasing
trend over time (p < 0.05 or p <0.01). The results
of these two kinds of cells survival rates assay in
Figure SE and SF, suggested that miR-27b-3p mi-
mic transfection inhibited cell survival (p < 0.05)
and transfection of miR-27b-3p inhibitor increa-
sed cell survival rate (p < 0.01). As shown in Fi-
gure 5G and SH, NCI-H446 and A549 cells apop-
tosis was significantly promoted by miR-27b-3p
mimic transfection (p < 0.05) and were inhibited
by miR-27b-3p inhibitor (p < 0.01). We inferred
that miR-27b-3p might have an antitumor effect
on lung tumors.

Potential Regulation Mechanism
of miR-27b-3p on Lung Cancer
Cells Apoptosis

We examined the effect of miR-27b-3p and
Fzd7 on the expression of apoptosis-related factor
Caspase-3, Bcl-2, Bax, p51 and JNK by western
blot. The results in Figure 6 showed that ove-
rexpression of miR-27b-3p could induce the in-
creasing expression of Caspase-3, Bax, p-p51 and
p-JNK, while reduced the expression of Bcl-2.
After been treated with miR-27b-3p inhibitor, the
completely opposite change trend of these pro-
teins expressing was found compare with miR-
27b-3p mimic transfection groups. In the other set
of experiments, the abnormal expression of Fzd7
affect the expression of these factors and showed
opposite results compare with miR-27b-3p tran-
sfection. Based on the results obtained, we infer-
red that miR-27b-3p, that been associated with
Fzd7 expression, regulated the apoptosis-related
factors expression to affect the bioactivity of lung
cancer cells.

Discussion

In this study, we detected miR-27b-3p was
downregulated in lung tumors compared with
adjacent non-tumors tissues, suggesting that
expression of miR-27b-3p was associated with
lung cancer. Lung cancer is the main contributor
of cancer mortality worldwide?!. In recent deca-
des, with the rising incidence of lung cancer, mo-
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dern medical methods of effective pre-diagnosis
and treatment of lung cancer are more needed®.
The miRNAs have attracted much attention in re-
cent years. It has been regarded as promising bio-
markers, because of their extensive regulation in
cell processes and the close relationship between
its abnormal expression and disease*. Some miR-
NAs were deregulated in lung cancers'. Some
suppressive or oncogenic miRNAs have been
found in lung carcinogenesis. For example, miR-
34c, miR-145, and miR142-5p were prominently
repressed in lung cancer'?**%,

The aberrant miRNA expression is usually a
hallmark of malignancies. As miR-27b-3p was
down regulated in lung tumors, we explored the
role of miR-27b-3p in lung cancer cells NCI-H446
and A549 and the underlying mechanism. By pre-
diction, Fzd7 might be the target gene of miR27b-
3p in lung cancer cells. We observed that miR-
27b-3p could affect the expression of Fzd7 via
binding to specific binding sites in the 3’UTR of
Fzd7. Fzd7 as the Wnt signaling proteins receptor
could mediate both canonical and non-canonical
Wnt signals®*?’. It has been proved to affect cell
proliferation in breast cancer?®. There were also
studies showed that the expression of Fzd7 was
lower in esophageal cancer cells and was up-regu-
lated in human primary gastric cancer®. And also
Fzd7 might drive aggressiveness of Stem-A ova-
rian cancer via regulation of non-canonical Wnt/
PCP pathway’. In this study, the results suggested
that the mRNA level of Fzd7 in lung tumor tissues
was higher than adjacent non-tumor tissues. Ove-
rexpression of Fzd7 could promote cell viability,
survival and inhibit apoptosis in both NCI-H446
and A549 cells. All these results suggested that
Fzd7 might be a risk factor for lung cancer cells.

miRNAs could regulate their target genes whi-
ch based on pairing to the target mRNA, resulting
in mRNA degradation or the inhibition of transla-
tion’'. In our further study, we found that miR-
27b-3p overexpression could inhibit the prolife-
ration of lung cancer cells and promote apoptosis.
While inhibition of miR-27b-3p expression could
promote lung cancer cells proliferation and reduce
apoptosis. In combination with the regulation of
miR-27b-3p on Fzd7 expression, we inferred that
the effect of miR-27b-3p on the biological activity
of lung cancer cells might be done by binding to
Fzd7 promoter and thus regulate the expression of
Fzd7. Then miR-27b-3p could be speculated as an
effective biomarker for the lung tumor.

miRNAs play important role in the lung can-
cer development and metastasis via inhibiting the

expression of certain proteins*’. Meanwhile, miR-
NAs are also the promising anti-tumor agents**-**.
In our study, the expression of miR-27b-3p was
positively correlated with the expression of apop-
totic-related factors. For instance, Caspase-3, the
executioner of cell apoptosis, is able to lead pro-
grammed death of cells¥*. Bax, an apoptosis-pro-
moting gene which overexpression could antago-
nize the protective effect of Bcl-2 on cells*. And
JNK, which belongs to the mitogen-activated
protein kinase family, plays an important role in
many physiological and pathological processes,
including cell cycle, reproduction, apoptosis and
cellular stress*’. On the contrary, the effect of
Fzd7 as a miR-27b-3p target on these proteins was
opposite. It was no doubt that miR-27b-3p might
be a critical factor in lung cancer. This negative
regulatory effect of miR-27b-3p on lung cancer
cells involving the regulating of Fzd7 expression
and also the apoptosis-related factors expression.
We suggested that miR-27b-3p might be a tumor
SUppressor.

Conclusions

We showed that miR-27b-3p could affect Fzd7
expression via binding to the Fzd7 promoter. And
Fzd7 might be a risk factor for lung cancer. The
miR-27b-3p might be a tumor suppressor as its
anti-tumor effect on Luger cancer cells that could
suppress cell viability and survival, promote can-
cer cells apoptosis. We conjectured that miR-27b-
3p might be a potential biomarker for lung cancer
therapy. It is hoped that the further and accurate
study about the exact mechanism of miR-27b-3p
effect could contribute to the diagnosis and treat-
ment of lung cancer.

Conflict of interest
The authors declare no conflicts of interest.

References

1) SoEerJOMATARAM |, LORTET-TiEULENT J, PARKIN DM, FERLAY
J, MartHers C, Forman D, Bray F. Global burden of
cancer in 2008: a systematic analysis of disabili-
ty-adjusted life-years in 12 world regions. Lancet
2012; 380: 1840-1850.

2) HenscHke Cl, McCautey DI, Yankelevitz DF, NAIDIcH
DP, McGuinNess G, MiETTINEN OS, Lisey DM, PAsMAN-
TIER MW/, Koizumi J, ALtorki NK, SmitH JP. Early Lung
Cancer Action Project: overall design and findings

4121



Y. Sun, T. Xu, Y.-W. Cao, X.-Q. Ding

5)

6)

7)

10)

11)

12)

13)

14)

15)

16)

from baseline screening. Lancet 1999; 354: 99-
105.

Liu Y, Miao L, Ni R, ZHANnG H, Li L, WanG X, Li X,
WanaG J. microRNA-520a-3p inhibits proliferation
and cancer stem cell phenotype by targeting
HOXDS8 in non-small cell lung cancer. Oncol Rep
2016; 36: 3529-3535.

Larsen JE, Minna JD. Molecular biology of lung
cancer: clinical implications. Clin Chest Med 2011;
32: 703-740.

PLeasance ED, StepHENs PJ, O'MEeArRA S, McBriDE DJ,
MEYNERT A, JoNEs D, Lin ML, BeEare D, Lau KW/, GRre-
ENMAN C, VARELA |, Nik-ZAINAL S, DAvies HR, OrRDORNEZ
GR, Mupie LJ, Lativer C, Epkins S, STEBBINGS L, CHEN
L, JA M, Leroy C, MARSHALL J, MEeNzies A, BUTLER
A, Teague JW, ManNGioN J, SuN YA, McLAuGHLIN SF,
PeckHam HE, Tsung EF, Costa GL, Lee CC, MinNA JD,
GAZDAR A, BIRNEY E, RHODES MID, MIcKERNAN KJ, STRAT-
TON MR, FutrReaL PA, CawmpgeLL PJ. A small-cell lung
cancer genome with complex signatures of tobac-
co exposure. Nature 2010; 463: 184-190.

Li Y. Explore the early diagnosis and individuali-
zed treatment of lung cancer. Oncology Progress
2011; 09: 5-6.

EsoueLA-KerscHER A, SLack FJ. Oncomirs - microR-

NAs with a role in cancer. Nat Rev Cancer 2006;
6: 259-269.

Awmros V. The functions of animal microRNAs.
Nature 2004; 431: 350-354.

JoNas S, IzaurraLDE E. Towards a molecular under-
standing of microRNA-mediated gene silencing.
Nat Rev Genet 2015; 16: 421-433.

George GP, MittaL RD. MicroRNAs: potential bio-
markers in cancer. Indian J Clin Biochem 2010;
25: 4-14.

Auproor SD, Abcock IM, GARsseN J, MortAz E, VA-
RAHRAM M, MirsAEIDI M, VELAYATI A. The roles of miR-
NAs as potential biomarkers in lung diseases. Eur
J Pharmacol 2016; 791: 395-404.

Liu X, SEmPERe LF, GALIMBERTI F, FREEMANTLE SJ, BLACK
C, DragNEV KH, MA Y, Fiering S, Memoul V, LI H,
DiRenzo J, Korc M, CoLe CN, Bak M, KAupPINEN S,
Dwmitrovsky E. Uncovering growth-suppressive Mi-
croRNAs in lung cancer. Clin Cancer Res 2009;
15: 1177-1183.

Guo WG, ZHANG Y, GE D, ZHanG YX, Lu CL, WANG
Q, Fan H. Bioinformatics analyses combined mi-
croarray identify the desregulated microRNAs in
lung cancer. Eur Rev Med Pharmacol Sci 2013;
17: 1509-1516.

SHIWY, Liu KD, Xu SG, ZHANG JT, Yu LL, Xu KQ, ZHANG
TF. Gene expression analysis of lung cancer. Eur
Rev Med Pharmacol Sci 2014; 18: 217-228.

Tao J, ZH1 X, ZHANG X, MIN F, HAo H, Yu F, Guan W/,
CHEN Z. miR-27b-3p suppresses cell proliferation
through targeting receptor tyrosine kinase like or-
phan receptor 1 in gastric cancer. J Exp Clin Canc
Res 2015; 34: 1-13.

SonG C, Yao J, Cao C, LianGg X, HuanG J, HAN Z,
ZHANG Y, QIN G, Tao C, Li C, YanG H, ZHAao J, Li K,
WanaG Y. PPARgamma is regulated by miR-27b-3p

4122

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

27)

28)

29)

30)

31)

negatively and plays an important role in porcine
oocyte maturation. Biocheml Bioph Res Co 2016;
479: 224-230.

ZHANG W, WANG P, CHEN S, ZHANG Z, LiaNG T, Liu C.
Rhythmic expression of miR-27b-3p targets the
clock gene Bmall at the posttranscriptional level
in the mouse liver. FASEB J 2016; 30: 2151-2160.

SHEN S, SUuN Q, LIANG Z, Cul X, Ren X, CHEN H, ZHANG
X, ZHou Y. A prognostic model of triple-negative
breast cancer based on miR-27b-3p and node
status. PLoS One 2014; 9: e100664.

SuN YP, Lu F, HAN XY, Ji M, ZHou Y, ZHANG AM, WANG
HC, Ma DX, Ji CY. MiR-424 and miR-27a increase
TRAIL sensitivity of acute myeloid leukemia by tar-
geting PLAG1. Oncotarget 2016; 7: 25276-25290.

ZHANG N, Su Y, Xu L. Targeting PKCepsilon by miR-
143 regulates cell apoptosis in lung cancer. FEBS
Lett 2013; 587: 3661-3667.

JEmAL A, BrAY F, CENTER MM, FerLAY JJ, WARD E, FOR-
maN D. Global cancer statistics. CA Cancer J Clin
2011; 61: 69-90.

CHIANG CJ, CHEN YC, CHen CJ, You SL, Lai MS,
Taiwan Cancer Registry Task F. Cancer trends in
Taiwan. Jpn J Clin Oncol 2010; 40: 897-904.

WAaNG W, SUN G, ZHANG L, SHi L, Zeng Y. Circulating
microRNAs as novel potential biomarkers for ear-
ly diagnosis of acute stroke in humans. J Stroke
Cerebrovasc Dis 2014; 23: 2607-2613.

Liu X, Sempere LF, Guo Y, Korc M, KAUPPINEN S, FREE-
MANTLE SJ, DmiTrovsky E. Involvement of microRNAs
in lung cancer biology and therapy. Transl Res
2011; 157: 200-208.

SuYH, Znou Z, YANG KP, WaNG XG, ZHu Y, FA XE. MIR-
142-5p and miR-9 may be involved in squamous
lung cancer by regulating cell cycle related genes.
Eur Rev Med Pharmacol Sci 2013; 17: 3213-3220.

ABU-ELMAGD M, GARCIA-MOoRALES C, WHEELER GN. Friz-
zled7 mediates canonical Wnt signaling in neural
crest induction. Dev Biol 2006; 298: 285-298.

ZHANG Z, RANKIN SA, ZorN AM. Different thresholds
of Wnt-Frizzled 7 signaling coordinate prolifera-
tion, morphogenesis and fate of endoderm proge-
nitor cells. Dev Biol 2013; 378: 1-12.

YanG L, Wu X, WaANG Y, ZHANG K, WU J, YuaN YC,
Deng X, CHEN L, Kim CC, Lau S, Somio G, Yen Y.
FZD7 has a critical role in cell proliferation in tri-
ple negative breast cancer. Oncogene 2011; 30:
4437-4446.

KirikosHi H, SexiHARA H, KatoH M. Up-regulation of
Frizzled-7 (FZD7) in human gastric cancer. Int J
Oncol 2001; 19: 111-115.

Asap M, Wong MK, Tan TZ, CHooLaNt M, Low J, Mori
S, VirsHup D, THiery JP, Huang RY. FZD7 drives in vi-
tro aggressiveness in Stem-A subtype of ovarian
cancer via regulation of non-canonical Wnt/PCP
pathway. Cell Death Dis 2014; 5: e1346.

ZHANG P, LI C, ZHang P, JN C, PaNn D, Bao Y.
iTRAQ-based proteomics reveals novel members
involved in pathogen challenge in sea cucum-
ber Apostichopus japonicus. PLoS One 2014; 9:
100492,



Antitumor effect of miR-27b-3p on lung cancer cells via targeting Fzd7

32)

33)

34)

Gu Y, CHENG Y, SONG Y, ZHANG Z, DenG M, WAanG C,
ZHENG G, He Z. MicroRNA-493 suppresses tumor
growth, invasion and metastasis of lung cancer by
regulating E2F1. PLoS One 2014; 9: e102602.

ANAND S, Masert BK, Acevepo LM, MurrHY EA,
MukTHAVARAM R, ScHEPPke L, HuAnG M, SHiELDs DJ,
Linoauist JN, Larinski PE, King PD, Weis SM, CHERESH
DA. MicroRNA-132-mediated loss of p120RasGAP
activates the endothelium to facilitate pathological
angiogenesis. Nat Med 2010; 16: 909-914.

JIN L, WEsseLy O, MAarcussoN EG, Ivan C, CAuN GA,
AaHArl SK. Prooncogenic factors miR-23b and
miR-27b are regulated by Her2/Neu, EGF, and
TNF-alpha in breast cancer. Cancer Res 2013;
73: 2884-2896.

35)

36)

37)

CHor BH, Kim W, WanG QC, Kim DC, TaN SN, YonG
JW, Kim KT, Yoon HS. Kinetin riboside preferentially
induces apoptosis by modulating Bcl-2 family pro-
teins and caspase-3 in cancer cells. Cancer Lett
2008; 261: 37-45.

KHor LY, MouGHAN J, AL-SALeem T, HAvmonD EH,
VENKATESAN V, ROSENTHAL SA, RITTER MA, SANDLER HM,
Hanks GE, SHipLey WU, Poriack A. Bcel-2 and Bax
expression predict prostate cancer outcome in
men treated with androgen deprivation and ra-
diotherapy on radiation therapy oncology group
protocol 92-02. Clin Cancer Res 2007; 13: 3585-
3590.

Bope AM, DonG Z. The functional contrariety of
JNK. Mol Carcinog 2007; 46: 591-598.



