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miR-30a-3p suppresses the proliferation and migration of
lung adenocarcinoma cells by downregulating CNPY2

HONGTAO WANG', DOMKAM KANMANGNE!, RUI LI', ZHONGQING QIAN!,
XIAOYING XIA!, XIAOJING WANG? and TING WANG!

'School of Laboratory Medicine, Department of Immunology, Bengbu Medical College;

%Anhui Clinical and Preclinical Key Laboratory of Respiratory Disease, Department of Respiration,
First Affiliated Hospital, Bengbu Medical College, Bengbu, Anhui 233030, P.R. China

Received April 17,2019; Accepted October 14,2019

DOI: 10.3892/0r.2019.7423

Abstract. Lung cancer is a leading cause of cancer-related
morbidity and mortality worldwide. Although there are
currently various therapeutic strategies including surgery,
chemotherapy and radiotherapy, lung cancer still results in
high mortality with a 5-year survival rate of less than 20%.
The increasing need for new therapeutic targets and diag-
nostic/prognostic tools for lung cancer has promoted the
demand for a better molecular and mechanistic understanding
of its pathobiology. microRNA-30a-3p (miR-30a-3p) was
recently recognized to be closely involved in the regulation
of cancer cell invasion, migration and proliferation. However,
the mechanistic role of miR-30a-3p in regulating the biological
behavior of lung cancer, especially lung adenocarcinoma
(LADC), is unknown. In the present study, we aimed to
confirm the downregulation of miR-30a-3p in LADC tissues,
and validate its functional impact on the pathogenesis of
LADOC via its molecular target, canopy fibroblast growth factor
signaling regulator 2 (CNPY2), a known oncogene. Our data
confirmed that CNPY2 was upregulated in LADC tissues, and
the expression level of CNPY2 was correlated with the clinical
outcomes of lung cancer patients. miR-30a-3p was confirmed
as a key negative regulator of CNPY?2 and reduced miR-30a-3p
expression resulted in CNPY2 upregulation in LADC tissues.
We then validated the functional outcome of miR-30a-3p in
cancer pathobiology by the overexpression of miR-30a-3p
in the LADC EKVX cell line. miR-30a-3p overexpression
inhibited cancer cell proliferation, invasion and migration,
by suppressing CNPY?2 expression. In addition, miR-30a-3p
inhibited epithelial-mesenchymal transition, a key feature of
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LADC, via CNPY?2 suppression. Taken together, these find-
ings suggest that miR-30a-3p exerts a novel inhibitory role in
the pathogenesis of LADC via CNPY2 downregulation, and
the miR-30a-3p/CNPY2 pathway is a potential therapeutic
target for human LADC.

Introduction

Lung cancer is a leading cause of cancer-related morbidity
worldwide (1). As the major histological subtype of lung
cancer, non-small cell lung cancer (NSCLC) has a prevalence
of up to 80% in lung cancer patients. Of these patients, 50%
are diagnosed with lung adenocarcinoma (LADC) (2). In
clinical settings, the treatment of lung cancer mainly consists
of surgery, chemotherapy and radiotherapy. However, the
treatment efficacy of these conventional therapies varies and
is unsatisfactory. Importantly, a group of drug candidates for
molecular-targeted therapy have been tested in trials with
promising beneficial effects (3-5). The increased need for
new diagnostic, prognostic and therapeutic tools for NSCLC
requires additional molecular and mechanistic studies
regarding the pathobiology of NSCLC.

Canopy fibroblast growth factor signaling regu-
lator 2 (CNPY2), a member of the CNPY protein family, is
an endoplasmic reticulum (ER) luminal protein encoded by
the CNPY2 gene (6). CNYP2 contributes to angiogenesis and
the prevention of hypertrophic cardiomyopathy (7,8). In addi-
tion, it modulates DNA replication, cellular invasion, blood
vessel development, and metastasis of several malignancies
including human prostate cancer, colorectal cancer, and renal
cell carcinoma (9-12). In a recent study, an elevated CNPY2
expression level in NSCLC patients was correlated with poor
survival (13). However, the biological function and regulation
of CNPY?2 in the pathogenesis of LADC are still unknown.

miR-30a, a member of the human miRNA family, is
consistently downregulated in many malignancies including
breast cancer, renal cell carcinoma, hepatocellular carcinoma,
colorectal cancer and cervical cancer (14-18). Interestingly,
it was controversially considered to be tumor-suppressive
or oncogenic in distinct types of malignancies (19-21). We
believe that the differential roles of miR-30 family members
as tumor-suppressor genes or oncogenes, are dependent on the
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target gene in the particular type of cancer. There is a need to
define the selective role of miR-30 family members in cancer
regulation, in order to design more specific and potent thera-
pies for cancer subtypes. Here, we focus on one member of the
miR-30 family, miR-30a-3p, which is abundantly expressed
with an unclear role in LADC, and has been identified as a
CNPY2 regulator.

In the present study, for the first time, we investigated both
CNPY?2 and miR-30a-3p expression in LADC tissue samples
and NSCLC cell lines. In addition, the molecular function
and interaction of CNPY2 and miR-30a-3p in LADC cell
lines were characterized. We identified CNPY2 as a target
gene of miR-30a-3p with a tumor-suppressive function. Thus,
miR-30a-3p activation or CNPY?2 inhibition may be applicable
for treating LADC.

Materials and methods

Patients and tissue samples. Tissue samples were collected
from 64 LADC patients (mean age, 58 years; age range,
45-72 years; sex, 29 male and 35 female) undergoing
surgery at the Department of Surgery, The First Affiliated
Hospital, Bengbu Medical College between January 2012
and December 2017. The diagnosis of LADC was based
on pathological findings. The samples were embedded in
paraffin, and matched healthy lung tissues (adjacent tumors)
served as controls. Patients with other types of tumors or
chronic/acute lung diseases were excluded from this study.
Each patient signed an informed consent. Sample handling
was in line with the guidelines set out in the Declaration of
Helsinki. The study protocols were in line with the guide-
lines of the Ethics Committee of Bengbu Medical College
(Anhui, China).

TCGA analysis. To analyze the clinicopathologic parameters
and overall survival curves of the LADC patients with high
or low CNPY2 mRNA expression, data from The Cancer
Genome Atlas (TCGA) dataset were retrieved and analyzed.

Cell culture and transfection. A LADC-derived cell line
(EKVX cells) was provided by the Cell Bank of the Chinese
Academy of Sciences (Shanghai, China). The control cells were
normal human bronchial epithelial (HBE) cells purchased
from Gaining Biotech (Shanghai, China). Cells were cultured
in DMEM medium (Hyclone; GE Healthcare Life Sciences)
containing 10% fetal bovine serum (FBS; Sigma-Aldrich;
Merck KGaA) at 37°C in 5% CO,.

miR-30a-3p mimics and inhibitors were provided by
GeneCopoeia (Guangzhou, China), together with the corre-
sponding negative control vectors. The small interfering (si)
RNA of CNPY2 was obtained from EnoGene (Nanjing,
China). To induce overexpression and silencing of miR-30a-3p
and CNPY2, EKVX cells were transfected with the corre-
sponding vectors using a commercial Lipofectamine 2000 kit,
according to standard protocols (Invitrogen; Thermo Fisher
Scientific, Inc.).

Immunohistochemical staining evaluation. Following
sample fixation using 10% formalin and embed-
ding in paraffin, the sections (3-um) were subjected to
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immunohistochemical staining using an established
protocol (22). In brief, the anti-human CNPY?2 antibody (dilu-
tion 1:500; cat. no. ab233136; Abcam) was firstly used to stain
the sections at 4°C overnight. Secondary antibodies were then
added to the mixture. For visualization of the immunoreac-
tions, a Vectastain® Elite avidin-biotin-peroxidase (ABC)
complex (Vector Laboratories) kit was used. Non-specific
binding was controlled by application of secondary-only
negative controls.

A visual grading system was used for quantification of
CNPY?2 expression according to the extent and intensity of
staining. The immunoreactivity score was determined as
described previously (23). For immunoreactivity scoring of
each sample, 10 visual fields were randomly selected from
different areas. The average immunoreactivity score was
obtained based on these 10 visual fields. High expression was
defined as an immunoreactivity score of 4 or more. The slides
were independently viewed by two experienced physicians
blinded to clinicopathological information and outcome of the
patients. In the cases of discrepancies, the data were reviewed
simultaneously until a consensus was reached.

Real-time PCR. Trizol reagent was used for total RNA extrac-
tion from tissue samples and cultured cells. Synthesis of
cDNA was conducted using the First-Strand cDNA synthesis
kit (Thermo Fisher Scientific, Inc.). The miRNeasy Mini
kit (Qiagen) was utilized to extract miRNA from the tissue
samples and cell lines. cDNA was synthesized using the
miScript II RT Kit (Qiagen). Quantitative real-time PCR
was conducted on an Applied Biosystems ABI StepOnePlus
Systems (Thermo Fisher Scientific, Inc.) using SYBR Green
(Applied Biosystems; Thermo Fisher Scientific, Inc.). The
internal controls for CNPY2 and miR-30a-3p were GAPDH
and U6 snRNA. The quantification of miR-30a-3p and CNPY2
was performed based on the 2-4%4 method (24). The specific
primers for CNPY2, GAPDH, miR-30a-3p and U6 snRNA
were as follows: CNPY2, 5'-ATCCTTCCACCCATCGCA
AG-3' and 5'-AACATTGTCAGCCTCTCGGG-3"; GAPDH,
5'-GCACCGTCAAGGCTGAGAAC-3' and 5"-TGGTGAAGA
CGCCAGTGGA-3'; miR-30a-3p, 5'-CGCTTTCAGTCGGAT
GTTTG-3' and 5-GTGCAGGGTCCGAGGT-3"; U6 snRNA,
5'-GCGCGTCGTGAAGCGTTC-3' and 5-GTGCAGGGT
CCGAGGT-3.

Western blot analysis. Protein was extracted from the tissue
samples and cells according to a previous report (21), followed
by measurement with the BCA Protein Assay kit. The protein
samples then underwent SDS-PAGE analysis, followed by
transfer to polyvinylidene difluoride (PVDF) membranes.
Subsequently, 5% BSA was used to block the PVDF
membranes at room temperature for 1 h. The membranes
were incubated with antibodies against CNPY2 (dilution
1:1,000; cat. no. ab233136; Abcam), N-cadherin (dilution
1:100; cat. no. ab18203; Abcam) or E-cadherin (dilution 1:100;
cat. no. ab15148; Abcam) for 2 h, and then incubated with
HRP-conjugated secondary antibodies (HRP-goat anti-rabbit
IgG, dilution 1:2,000; cat. no. ab205718; Abcam) for 1 h.
Finally, the enhanced chemiluminescence method was used
to measure immunoreactivity using the ECL kit (Thermo
Fisher Scientific, Inc.). The same membrane probed with
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B-actin (dilution 1:2,000; cat. no. ab8227; Abcam) served as
the loading control.

Luciferase reporter assay. Wild-type (WT) and mutant (Mut)
CNPY2 3'-untranslated region (UTR) were amplified and
cloned into the pGL3-Basic vector purchased from Promega.
Human 293T cells, purchased from the Cell Bank at the Chinese
Academy of Sciences (Shanghai, China), were transfected with
pGL3-Mut-3'-UTR-CNPY?2 or pGL3-WT-3-UTR-CNPY2, as
well as miR-30a-3p mimic, miR-30a-3p inhibitor, control, or
negative control vector. The pRL-TK vector (Promega) was
used as an internal control for normalization of transfection
efficacy. Approximately 48 h after transfection, the relative
luciferase activity was evaluated using the dual-luciferase
reporter assay system (Promega).

Invasion and migration assays. Quantitative assays of cellular
migration and invasion were carried out in a commercial
chamber (Corning) equipped with a polycarbonate filter
(8.0 um) inserted into 24-well plates. A Transwell system
purchased from Corning was utilized to determine the inva-
sion of EKVX cells. Matrigel (12.5 mg; BD Biosciences)
in 50 ml PBS was added to the filter. Cells suspended in
serum-free medium (100 ul) were transferred to the upper
chamber. Subsequently, the lower chamber was filled with
medium (500 pl) supplemented with 10% FBS. After incuba-
tion at 37°C for 48 h, the cells were removed from the upper
surface of the filter using a cotton swab, and then penetrated to
the lower surface of the filter followed by staining with crystal
violet (0.1%, 15 min at room temperature). The cells left on
the lower side of each membrane were counted under a light
microscope for five fields of view (magnification, x200).

Determination of cellular proliferation. Cell proliferation was
measured with a commercial CCK-8 kit (Beyotime Institute
of Biotechnology). The harvested cells (1.0x10%/well) were
then seeded into 96-well plates. Subsequently, 10 u1 of CCK-8
reagent was added to each well at 0, 24, 48 and 72 h, respec-
tively. The mixture was then incubated for another 2 h at 37°C,
followed by determination of the absorbance at 450 nm using
a microplate reader.

Colony formation assay. Approximately 48 h after cellular
transfection, the cells were suspended in culture medium
supplemented with 0.3% agarose. The cells were then plated on
a layer containing 0.7% agarose in growth medium in a 6-well
plate and cultured for 14 days. The cells were then fixed using
methanol (20 min) and stained with crystal violet dye (0.1%,
15 min). Colonies consisting of more than 50 cells were counted
as a single colony under a light inverted microscope (TS100;
Nikon Corp.) and each assay was performed in triplicate.

Statistical analysis. All experiments were repeated at least
three times, independently. Data are displayed as mean =+ stan-
dard error of the mean (SEM). SPSS 19.0 software (IBM
Corp.) was used for data analysis. We evaluated the statistical
significance with the performance of the one-way analysis of
variance (ANOVA) test followed by Dunnett's post hoc test for
the comparison of >2 groups. A P-value of <0.05 was consid-
ered statistically significant.
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Results

CNPY?2 is upregulated in LADC tissues and the expres-
sion level of CNPY2 correlates with clinical outcomes in
LADC patients. CNPY2 expression in LADC tissues was
first investigated. The protein expression level of CNPY2 in
LADC samples was significantly increased compared to that
of normal controls as shown by immunohistochemical anal-
ysis (Fig. 1A and B). To confirm and validate the relationship
between clinicopathological parameters in LADC patients
and CYPY2 expression, we analyzed data from The Cancer
Genome Atlas (TCGA) database (https://cancergenome.nih.
gov/). The clinicopathological and demographic features
are documented in Table I. The TCGA cohort demonstrated
consistent CNPY2 upregulation in LADC samples (Fig. 1C),
regardless of clinical stage (Fig. 1D) or gender (Fig. 1E).
The expression of CNPY2 was also correlated with LADC
survival (Fig. 1F). These data confirmed that CNPY2 may
serve as a marker of LADC, with some diagnostic and prog-
nostic power in LADC, similar to that reported in other types
of cancers (10,11). However, it is not entirely clear how CNPY2
expression is modulated in LADC.

Downregulated miR-30a-3p contributes to CNPY2 dysregula-
tion in LADC. Following confirmation of CNPY2 upregulation
in human LADC, we next characterized the mechanism of
CNPY?2 upregulation using molecular and cellular biology
tools. The expression of miR-30a-3p was markedly reduced
in LADC cells (EKVX) compared with that noted in the
control non-cancer (HBE) cells (Fig. 2A), similar to previous
findings in other types of cancers (10,11). TargetScan
(http://www.targetscan.org/) and miRanda bioinformatics
databases (http://microrna.sanger.ac.uk/) identified the
binding sequence for miR-30a-3p in the 3'-UTR of the CNPY2
gene (Fig. 2B). This binding and consequent expression inhibi-
tion was confirmed by a CNPY?2 3'-UTR luciferase assay. The
reporter luciferase activity with the wild-type (WT) CNPY2
3'-UTR vector was significantly reduced after treatment with
miR-30a-3p mimics (Fig. 2C). However, the promoter lucif-
erase activity with the mutant (Mut) CNPY2 3'-UTR (Fig. 2B)
showed no significant changes (Fig. 2C) following treatment
with miR-30a-3p mimics. EKVX cells were transfected
with miR-30a-3p mimic or miR-30a-3p inhibitor to alter the
expression of miR-30a-3p, and the transfection efficiency was
identified by quantitative PCR analysis. The expression of
miR-30a-3p was significantly augmented in the miR-30a-3p
mimic-transfected cells but downregulated in miR-30a-3p
inhibitor-transfected cells relative to the NC miRNA-trans-
fected cells (Fig. S1). Then, the downregulation of CNPY?2
mRNA by miR-30a-3p mimics and significant upregulation of
CNPY2 mRNA mediated by miR-30a-3p inhibitors (Fig. 2D)
were further confirmed by quantitative PCR. In addition, the
regulation of CNPY2 expression at the protein level was vali-
dated by western blot analysis (Fig. 2E). These data directly
demonstrate that miR-30a-3p inhibited CNPY2 expression, via
specific miRNA binding at the post-transcriptional level, in
LADC cells. We next confirmed the inverse expression pattern
of miR-30a-3p and CNPY2 in LADC tissues. Compared to
adjacent normal tissues, LADC tissues exhibited a signifi-
cantly lower level of miR-30a-3p (Fig. 2F), and a higher level
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Figure 1.CNPY2isupregulatedin LADC tissues and the expression level of CNPY2 correlates with clinical outcome in LADC patients. (A) Immunohistochemical
analysis of CNPY2 expression in LADC tissues (n=64, bottom panel) and matched normal lung tissues (n=64, top panel) (scale bar, 100 xm, magnification
x200). (B) CNPY2 immunoreactivity scores were determined by blinded analysis. “P<0.01 vs. the control group. (C) Compared with normal control tissues
(n=59), (the controls were obtained from paracancerous tissues in patients with LADC), CNPY2 was highly expressed in 515 LADC samples (TCGA cohort).
(D) CNPY2 expression levels in patients with different clinical stages of LADC (TCGA cohort): Normal (n=59), stage I (n=277), II (n=125), III (n=85) and IV
(n=28). (E) Expression of CNPY2 in LADC based on patient's sex (TCGA cohort): Normal (n=59), male (n=238) and female (n=276). (F) The overall survival
curve for patients with low vs. high CNPY?2 using the publicly available Kaplan-Meier plotter database (www.kmplot.com): Low expression level (n=964), high
expression level (n=962). LADC, lung adenocarcinoma; CNPY2, canopy fibroblast growth factor signaling regulator 2; TCGA, The Cancer Genome Atlas.

of CNPY2 (Fig. 2G). A significant negative correlation was
noted between miR-30a-3p and CNPY2 mRNA expression in
tumor tissues following Spearman's rank correlation analysis
(r=-0.8875, P<0.05, Fig. 2H). Taken together, these findings
show that miR-30a-3p is a direct negative regulator of CNPY2
in LADC under in vitro and in vivo conditions.

miR-30a-3p inhibits cellular proliferation, invasion and
migration by targeting CNPY?2. Following confirmation of the
negative regulation of CNPY2 by miR-30a-3p in LADC both
in vitro and in vivo, we next evaluated the functional outcome of
reduced miR-30a-3p in LADC via CNPY2. miR-30a-3p over-
expression (by miR-30a-3p mimics) significantly reduced cell
proliferation (Fig. 3A), invasion (Fig. 3B), migration (Fig. 3C),
and clone formation (Fig. 3D), whereas, miR-30a-3p inhibitors
significantly increased cell proliferation (Fig. 3A), invasion

(Fig. 3B), migration (Fig. 3C), and clone formation (Fig. 3D).
As CNPY2 is a direct target of miR-30a-3p in LADC, we then
determined where CNPY?2 is responsible for the oncogenic
biological outcomes of miR-30a-3p. On this basis, rescue
experiments were performed by co-transfecting miR-30a-3p
inhibitor (to mimic the downregulation of miR-30a-3p in
LADC cells) and selective CNPY2 silencing (si-CNPY?2) in
EKVX cells. In this study, the effectiveness of si-CNPY?2
was confirmed by clearly reduced CNPY2 protein expression
post-transfection in EKVX cells (Fig. 3F). In miR-30a-3p
inhibitor-treated cells, si-CNPY2 partially reversed the
increased cell proliferation rate, cell migration and invasion
ability (Fig. 3B-E). We also observed similar results in A549
cells, another NSCLC cell line, where miR-30a-3p was respon-
sible for suppression of proliferation and colony formation via
CNPY?2 (Fig. S2). These findings indicate, for the first time,
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Table I. Correlation analysis between the clinical features and expression of miR-30a-3p in the LADC cases.

Variables Total no. of pts (N=64) miR-30a-3p low, n miR-30a-3p high, n y P-value®
Age (years) 042
=50 43 22 21 0.66
<50 21 13 8
Sex 0.66
Male 29 15 14 0.19
Female 35 20 15
TNM stage 0.0002°
I+1I 24 6 18 13.66
I+1v 40 29 11
Metastasis 0.0002°
Yes 42 30 12 13.81
No 22 5 17

*Chi-square test. °P<0.05. LDAC, lung adenocarcinoma; pts, patients; TNM, tumor node metastasis.
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Figure 3. miR-30a-3p regulates LADC cell growth and invasion by targeting CNPY2. (A and E) Cell proliferation, (B) cell migration, (C) invasion, and
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LADC, lung adenocarcinoma; CNPY2, canopy fibroblast growth factor signaling regulator 2.

that miR-30a-3p inhibits LADC cell proliferation, invasion
and migration by targeting CNPY?2 in vitro.

miR-30a-3p targets CNPY2 in regulating EMT-associated
proteins in vitro. CNPY2 was reported to enhance epithe-
lial-mesenchymal transition (EMT), an essential step of
metastasis in NSCLC (25). We next analyzed the roles of
miR-30a-3p and CNPY?2 in regulating EMT in EKVX cells.
Consistent with a previous report (25), our data showed that
CNPY2 knockdown led to downregulation of N-cadherin protein
and upregulation of E-cadherin expression (Fig. 4A), suggesting
EMT suppression. Notably, overexpression of miR-30a-3p
exhibited effects similar to those for CNPY?2 silencing, while
miR-30a-3p inhibitor induced EMT, with increased N-cadherin
and reduced E-cadherin (Fig. 4B). Our results further illustrate
that CNPY2 serves as a target of miR-30a-3p in regulating
EMT-associated proteins in LADC cells.

Discussion

microRNAs are a class of post-transcriptional regulatory
molecules, some of which have been reported to be closely
related to tumorigenesis by targeting a variety of tumor-asso-
ciated genes (17-19,26). The miR-30a family, including
miR-30a-3p and miR-30a-5p, is strongly related to the progres-
sion of different malignant tumors, including hepatocellular
carcinoma, breast cancer (14,15), colon cancer (16), cervical
cancer (17), and osteosarcoma (26). To note, miR-30a abnor-
mally mediated tumor suppression or oncogenesis in various
cancers (17,19). However, only a few studies have investigated
the roles of miR-30a-3p in lung adenocarcinoma (LADC). Our
data demonstrated significant downregulation of miR-30a-3p
in LADC tissues and EKVX cells. In addition, miR-30a-3p
was found to play a suppressive role in LADC as its overexpres-
sion inhibited cellular proliferation, invasion and migration of
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Figure 4. CNPY2 is a functional target of miR-30a-3p in regulating EMT. Knockdown of CNPY2 expression (A) or overexpression of miR-30a-3p (B) in EVKX
cells, and EMT-related markers N-cadherin and E-cadherin were examined by western blotting in the different groups. "P<0.05 compared with the control
group. CNPY2, canopy fibroblast growth factor signaling regulator 2; EMT, epithelial-mesenchymal transition.
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Figure 5. miR-30a-3p mediated the ability of CNPY2 to regulate the malignant behavior of LADC cells. LADC, lung adenocarcinoma; CNPY2, canopy
fibroblast growth factor signaling regulator 2; EMT, epithelial-mesenchymal transition.

LADOC cells. Importantly, we predicted and validated binding  tools. We investigated the relationship between CYPY?2 and
and negative regulation of the 3'UTR of canopy fibroblast the clinicopathological parameters of LADC by analyzing
growth factor signaling regulator 2 (CNPY2) by miR-30a-3p  the TCGA database, which indicated that high expression of
with various computational biology and molecular biology = CNPY2 in LADC samples was significantly correlated with
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staging and metastasis. In recent studies, CNPY?2 was found to
promote tumor growth and angiogenesis by activating p53 in
human colorectal cancer and renal cell carcinoma (10,11). For
example, CNPY2, overexpressed in non-small cell lung cancer
(NSCLC) tissues, was negatively correlated with the prog-
nosis of NSCLC patients, while its overexpression inhibited
cisplatin-induced apoptosis of a NSCLC cell line (13). We then
investigated CNPY2 expression in EKVX cells following arti-
ficial alteration of miR-30a-3p levels. Western blotting showed
that miR-30a-3p was involved in the negative regulation of
CNPY2. Furthermore, miR-30a-3p regulated cellular viability
and invasion of LADC cells, which indicated that miR-30a-3p
may be associated with the pathogenesis of LADC by modu-
lating the expression of CNPY2.

NSCLC mainly includes squamous cell carcinoma and
adenocarcinoma, and is considered one of the major causes of
cancer-related death. Metastasis is involved and responsible for
the high mortality rate of LADC patients. Therefore, it is neces-
sary to understand the mechanism of invasion and metastasis
of LADC, which may be beneficial for molecular therapy with
the aim of inhibiting cancer progression and metastasis. Several
mechanisms have been reported to be related to the local progres-
sion and metastasis of NSCLC, particularly EMT (27,28). In this
study, overexpression of miR-30a-3p or knockdown of CNPY2
in EKVX cells resulted in downregulation of N-cadherin and
upregulation of E-cadherin (Fig. 5). Therefore, we confirmed
that in EKVX cells, CNPY2 is a target of miR-30a-3p in the
regulation of EMT-associated proteins. Our results are consis-
tent with those of Dou et al, who found that CNPY?2 contributes
to EMT through activation of the AKT/GSK3f pathway in
NSCLC (25). The changes in protein expression led to a decrease
in cell-cell adhesion, resulting in cancer cell proliferation and
EMT. Therefore, miR-30a-3p activation or CNPY?2 inhibition
may be a novel strategy for the treatment of LADC.

The present study provides clear evidence that i) miR-30a-3p
is reduced in LADC, ii) suppression of miR-30a-3p leads to
upregulation of CNPY2, a known oncogene, iii) miR-30a-3p
modulation regulates cancer-related cellular function in LADC
cells, and iv) the biological functions of miR-30a-3p, at least in
part, are dependent on CNPY2. However, due to the nonselec-
tive nature of the epigenetic regulatory role of miRNA, the
provided data do not distinguish the effects of miR-30a-3p on
CNPY?2 from those of other targets. miR-30a-3p is reported
to bind and downregulate the expression of WNT2, a central
regulator of the WNT pathway (29). In order to better define
the mechanistic role of miR-30a-3p in different cancers, a more
selective approach is required, such as “Target Protectors’ (30),
to define the selective role of an miRNA-targeted mRNA in
a specific phenotypic readout. This will be a future research
direction based on the results obtained in the current study.

The human miR30a gene encodes two miRNA types
including miR-30a-3p and miR-30a-5p (GENECARDS:
https://www.genecards.org/), with different sequences and targets.
miR-30a-5p has been extensively studied, with more than twice
the number of peer-reviewed research articles published up to
2019 compared to miR-30a-3p. In NSCLC, miR-30a-5p is known
as a potential biomarker (31) with significant downregulation,
similar to miR-30a-3p. This is the first study on the association
between miR-30a-3p and CNPY2 in LADC. We confirmed that
CNPY2 mRNA selectively binds to miR-30a-3p, compared
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to miR-30a-5p, further confirming the selective regulation of
CNPY?2 via miR-30a-3p in LADC. A consistent downregulation
of miR-30a in cancer tissues has been observed (32), although the
mechanism leading to this downregulation has not been defined.
It has been suggested that dysregulated MIR30A gene promoter
methylation is involved (33). Further studies are needed to define
the mechanism of miR-30a-3p suppression and selectivity of the
miRNA target in various types of cancer.

In conclusion, the present study demonstrated that
miR-30a-3p acts as a tumor inhibitor in LADC via CNPY2
downregulation. In the future, potential molecular therapies
targeting the miRNA/CNPY?2 axis should be explored as novel
strategies with which to treat LADC.
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