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 Background: The coatomer protein complex subunit beta 2 (COPB2) gene is upregulated and promotes cell proliferation in 
some cancer cells. This study aimed to investigate the role of microRNA (miRNA) targeting by COPB2 gene ex-
pression in human lung adenocarcinoma cell lines, including NCI-H1975 cells.

 Material/Methods: COPB2 expression in normal human bronchial epithelial cells and lung adenocarcinoma cells was measured by 
quantitative reverse transcription-polymerase chain reaction (qRT-PCR) and Western blot. NCI-H1975 human 
lung adenocarcinoma cells were transfected with short-interfering COPB2 (siCOPB2). Cell apoptosis and cell pro-
liferation were evaluated by flow cytometry and Cell Counting Kit-8 (CCK-8) assays, respectively. The transwell 
assay evaluated cell migration. Targeting of miR-335-3p by COPB2 was predicted using TargetScan 7.2 and 
verified using a dual-luciferase reporter assay in NCI-H1975 cells. MiR-335-3p mimics were transfected into 
NCI-H1975 cells. The further functional analysis included detection of protein expression for cyclin D1, tissue 
inhibitor matrix metalloproteinase-1 (TIMP-1), matrix metallopeptidase 9 (MMP9), Bcl-2, and Bax, to verify the 
role of miR-335-3p targeting by COPB2 in lung adenocarcinoma cells.

 Results: COPB2 was upregulated in lung adenocarcinoma cells and was a direct target of miR-335-3p mimics. COPB2 
knockdown promoted cell apoptosis, inhibited cell migration and proliferation in NCI-H1975 cells. The effects 
of COPB2 knockdown on NCI-H1975 cells were increased by miR-335-3p mimics, which also further reduced 
the expression levels of cyclin D1, MMP9, and Bcl-2 and further increased TIMP-1 and Bax by siCOPB2.

 Conclusions: This study showed that COPB2 was the functional target of miR-335-3p in NCI-H1975 human adenocarcinoma 
cells.
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Background

Worldwide, lung cancer remains the leading cause of mortal-
ity due to cancer, with high rates of recurrence and metasta-
sis [1,2]. Non-small cell lung cancer (NSCLC) accounts for the 
majority (80%) of all cases of lung cancer, and adenocarcinoma 
is the most common subtype of NSCLC [3]. Surgical resection 
is the main first-line treatment for adenocarcinoma of the 
lung. In advanced NSCLC, patients are also treated with che-
motherapy and targeted therapy, including epidermal growth 
factor receptor (EGFR) inhibitors [4], anaplastic lymphoma ki-
nase (ALK) inhibitors [5], and immunotherapy, including im-
mune checkpoint inhibitors [6,7]. Despite these recent clinical 
advances, the treatment of adenocarcinoma of the lung re-
mains challenging due to tumor invasion, early metastasis, and 
drug resistance of tumor cells [8]. Therefore, continued studies 
are needed to identify the molecular basis of adenocarcino-
ma of the lung to develop new and more effective treatments.

Coatomer protein complex subunit beta 2 (COPB2) is a Golgi 
coatomer complex subunit, which is essential for Golgi vesic-
ular trafficking and is essential during embryogenesis, partic-
ularly during the development of the brain [9]. Recent stud-
ies have shown that COPB2 is upregulated in several types of 
cancer and that knockdown of COPB2 might be a therapeutic 
target in human cancer [10,11]. A previously published study 
showed that silencing the COPB2 gene significantly inhibited 
the proliferation and invasion of A549 human lung cancer cells 
in vitro [12]. However, the functional role of COPB2 in adeno-
carcinoma of the lung remains unknown.

MicroRNAs (miRNAs) are small non-coding RNA molecules 
that bind to the 3’-untranslated region (3’UTR) of correspond-
ing messenger RNAs (mRNAs). MiRNAs have been reported 
to have a potential role as diagnostic biomarkers in ovarian 
cancer [13], colorectal cancer [14], and pancreatic cancer [15]. 
In 2016, Zhou et al. identified a six-miRNA diagnostic panel 
that were upregulated in the plasma of patients with adeno-
carcinoma of the lung in an Asian population [16]. Also, for 
the treatment of human cancer, there is a potential role for 
miRNAs [17,18]. Cancer-associated miRNAs have been shown 
to act as oncogenes and tumor suppressors, and miRNAs that 
target the cell-cycle may be used to inhibit tumor growth [19]. 
In NSCLC, miRNAs may have potential roles in modulating 
metastases, either by inhibition or reconstitution of their func-
tions [20]. In several human cancers, hsa-miR-335 has multi-
ple roles in carcinogenesis [21–24]. Although little is known 
of the role of miR-335-3p in lung cancer, in several other can-
cers, miR-335-3p is down-regulated [25–28]. The expression 
of miR-335-3p in adenocarcinoma of the lung and the mech-
anism remain unknown, and there have been no previous 
studies on the miR-335-3p/COPB2 axis in adenocarcinoma 
of the lung or other cancers. Therefore, this study aimed to 

investigate the role of microRNA (miRNA) targeting by COPB2 
gene expression in human lung adenocarcinoma cell lines, 
including NCI-H1975 cells.

Material and Methods

Cell culture

Human BEAS-2B (CRL-9609) bronchial epithelial cells and hu-
man lung adenocarcinoma cell lines NCI-H1299 (CRL-5803), 
A549 (CCL-185), SK-MES-1 (HTB-58), NCI-H1688 (CCL-257) 
and NCI-H1975 (CRL-5908) were obtained from the American 
Tissue Culture Collection (ATCC) (Manassas, VA, USA). BEAS-2B 
cells were cultured in RPMI-1640 medium (61870044) (Gibco, 
Thermo Fisher Scientific, Waltham, MA, USA) supplemented 
with 10% heat-inactivated fetal bovine serum (FBS) (16140071) 
(Invitrogen, Carlsbad, CA, USA), l-glutamine 4 mM (25030081) 
(Gibco, Thermo Fisher Scientific, Waltham, MA, USA) and 1% 
penicillin-streptomycin, 100 U/ml and 100 µg/ml (5070063) 
(Gibco, Thermo Fisher Scientific, Waltham, MA, USA). NCI-H1299, 
A549, SK-MES-1, NCI-H1688 and NCI-H1975 cells were cultured 
in RPMI-1640 medium supplemented with 10% FBS and 1% 
penicillin-streptomycin. All cell lines were cultured in an incu-
bator in a humidified atmosphere with 5% CO2 at 37°C. Cells 
growing at an exponential phase were used for the subse-
quent experiments.

Cell transfection

A fluorescence-labeled transfection control short-in-
terfering RNA (siRNA) (Control) (No. SR30002) 
(5’-AAAUCGCUGAUUUGUGUAGUC-3’) was used. The 
scrambled negative control siRNA (NC) (No. SR30004) 
(5’-CCUAAGGUUAAGUCGCCCUCG-3’) and COPB2-siRNA 
(siCOPB2) (No. SR306142) were purchased from OriGene 
Technologies (Rockville, MD, USA). The miR-335-3p mimic 
(5’-UUUUUCAUUAUUGCUCCUGACC-3’) was purchased from 
GenePharma Co., Ltd. (Shanghai, China). The NCI-H1975 cells 
(4×105 cells/well) were transfected with 110 pmol of siRNA 
or mimics in Opti-MEM reduced serum medium (11058021) 
(Invitrogen, Carlsbad, CA, USA) containing Lipofectamine 2000 
(11668019) (Invitrogen, Carlsbad, CA, USA) at room temper-
ature. After incubation for 24 h, cells were collected for sub-
sequent functional analysis. The transfection efficiency after 
48 h was detected by Western blot or quantitative reverse tran-
scription-polymerase chain reaction (qRT-PCR).

The primer sequences for siCOPB2 included:
siCOPB2-1: 5’-CUCAUACGAAGAAUUGAAAUUCAGC-3’;
siCOPB2-2: 5’-UGCUUUGGACUAUGAGAAACUUCTT-3’;
siCOPB2-3: 5’-GGAGCAGAAAGUAUCUACGGCGGCT-3’.
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RNA isolation and qualitative real-time polymerase chain 
reaction

Cells were treated with TRIzol reagent (15596026) (Invitrogen, 
Carlsbad, CA, USA) for 3–5 min on ice. After cell lysis, the total 
RNA was isolated and purified by using chloroform and iso-
propanol on ice. The concentration of RNA was measured by 
using NanoDrop 8000 (ND-8000-GL) (Thermo Fisher Scientific, 
Waltham, MA, USA). Then, 1 µg of RNA was reverse transcribed 
by using a PrimeScript II First Strand cDNA Synthesis Kit (6210B) 
(Takara, Tokyo, Japan). The mixture including RNA, the oligo 
dT primer, the PrimeScript RT Enzyme Mix I, and PrimeScript 
RT buffer, which was incubated at 37ºC for 15 min, and 85ºC 
for 5 s for reverse transcription. SYBR Green PCR Master Mix 
(4312704) (ABI Biosystems, Foster City, CA, USA) at 10 μl vol-
umes, and Bio-Rad CFX 96 Touch Real-Time PCR Detection 
System (1855196) (Bio-Rad, Hercules, CA, USA) were used 
for the PCR reactions. The PCR parameters included denatur-
ation at 95°C for 5 min, followed by denaturation at 95ºC for 
30 s, annealing at 60ºC for 30 s, and extension at 72°C for 
30 s. Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) 
was used as an endogenous control. The 2–DDCT method was 
used to calculate the relative expression levels. The qRT-PCR 
primers for cyclin D1, TIMP-1, MMP9, Bcl-2, and Bax were de-
signed using Primerbank (https://pga.mgh.harvard.edu/prim-
erbank/). The primers used for qRT-PCR are shown in Table 1.

To determine miRNA expression, total RNA, including miRNA, 
was isolated according to the above methods, using TaqMan 
MicroRNA Reverse Transcription Kit (4366597) (Applied 
Biosystems, Foster City, CA, USA). The miR-335-3p-spe-
cific primer used was: 5’-GTCGTATCCAGTGCGTGTCGTGGAG 
TCGGCAATTGCACTGGATACGACGGTCAGGA-3’. The reaction mix 
including an RT primer pool of dNTPs with dTTP (100 mM), 
MultiScribe Reverse Transcriptase (50 U/µL), 10×RT buffer, 
RNase inhibitor, and 1 µg RNA, which were incubated at 16°C 
for 30 min, 42°C for 30 min, and 85°C for 5 min. The RT primer 

pool included oligo dT, random primers, and the miR-335-3p-
specific primer. The TaqMan miRNA Fluorescence Quantitative 
PCR Kit: Hsa-miR-335-3p and U6 snRNA were used for qRT-
PCR (Thermo Fisher Scientific, Waltham, MA, USA). The Bio-
Rad CFX 96 Touch Real-Time PCR Detection System was used 
for the reactions (Bio-Rad, Hercules, CA, USA). The PCR pa-
rameters included 95°C for 5 min, 40 cycles of 95°C for 15 s, 
60°C for 30 s, and 70°C for 10 s. U6 snRNA was used as an 
endogenous control for data normalization. The comparative 
threshold cycle method 2–DDCT was used to calculate the rela-
tive expression. The primers for qRT-PCR are shown in Table 1.

Western blot

Cells were gently washed three times in PBS and treated with 
pre-cooled cell lysis buffer containing 25 mM HEPES (7365-
45-9) (Aladdin Reagents, Ltd., Shanghai, China), 2.5mM EDTA 
(E197262-1EA) (Aladdin Reagents, Ltd., Shanghai, China), 0.1% 
Triton X-100 (T109027) (Aladdin Reagents, Ltd., Shanghai, 
China), 1 mM of phenylmethyl sulfonyl fluoride (PMSF) (36978) 
(Thermo Fisher Scientific, Waltham, MA, USA) and 5 μg/ml of 
leupeptin (78435) (Thermo Fisher Scientific, Waltham, MA, 
USA). The protein was isolated by centrifuging the sample at 
20,000×g at 4°C for 30 min. Total protein in the supernatants 
was collected and measured using a UV spectrophotometer 
(Beckman Coulter, Brea, CA, USA).

Proteins (50 μg) were separated on 4–20% sodium dodecyl 
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) gels 
and transferred to polyvinylidene fluoride (PVDF) membranes 
(LC2002) (Invitrogen, Carlsbad, CA, USA). The membranes were 
washed in TBST (50 mM Tris, 150 mM NaCl and 2% Tween-20, 
pH 7.5) three times at room temperature, blocked with 5% dried 
skimmed milk powder (PA201-01) (China BioMed, Shanghai, 
China) and incubated with primary antibodies at 4°C over-
night. The primary antibodies were to COPB2 (PA5-77106) 
(1: 2000) (Thermo Fisher Scientific, Waltham, MA, USA), cyclin 

Gene Forward Reverse

COPB2 [32] GTGGGGACAAGCCATACCTC GTGCTCTCAAGCCGGTAGG

Cyclin D1 GCTGCGAAGTGGAAACCATC CCTCCTTCTGCACACATTTGAA

TIMP-1 CTTCTGCAATTCCGACCTCGT ACGCTGGTATAAGGTGGTCTG

MMP9 TGTACCGCTATGGTTACACTCG GGCAGGGACAGTTGCTTCT

Bcl-2 GGTGGGGTCATGTGTGTGG CGGTTCAGGTACTCAGTCATCC

Bax CCCGAGAGGTCTTTTTCCGAG CCAGCCCATGATGGTTCTGAT

Hsa-miR-335-3p TTTTTCATTATTGCTC GTGCAGGGTCCGAGGT

GAPDH GGAGCGAGATCCCTCCAAAAT GGCTGTTGTCATACTTCTCATGG

U6 CTCGCTTCGGCAGCACA AACGCTTCACGAATTTGCGT

Table 1. Primers used for quantitative reverse transcription-polymerase chain reaction (qRT-PCR).
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D1 (ab134175) (1: 2000) (Abcam, Cambridge, UK), TIMP-1 
(ab61224) (1: 2000) (Abcam, Cambridge, UK), MMP9 (ab73734) 
(1: 2000) (Abcam, Cambridge, UK), Bcl-2 (ab59348) (1: 2000) 
(Abcam, Cambridge, UK), Bax (ab32503) (1: 2000) (Abcam, 
Cambridge, UK). The membranes were incubated with the per-
oxidase-conjugated anti-rabbit secondary antibody (R3155) 
(1: 5000) (Sigma-Aldrich, St. Louis MO, USA) at 4°C overnight. 
The membranes were washed three times for 30 min in TBST 
and incubated in enhanced chemiluminescence (ECL) solution 
(Merck Millipore, Burlington, MA, USA) in the dark at room tem-
perature for 1 min. The images were scanned and analyzed by 
using an ImageQuant ECL Imager (GE Healthcare Life Sciences, 
Logan, UT, USA). The samples were normalized to GAPDH.

Flow cytometry for assessment of cell-cycle arrest and 
apoptosis

The cell apoptosis rate of NCI-H1975 cells was evaluated by 
flow cytometry. NCI-H1975 cells at the logarithmic growth 
phase were selected and plated in a six-well plate at a density 
of 5×105 cells/well and incubated for 24 h at 37°C. The cells 
then underwent treatment. After treatment, the cells were 
washed three times in PBS and collected following centrifug-
ing the sample at 1000 rpm at 4°C for 5 min.

The treated NCI-H1975 cells were incubated with 195 μL of 
Annexin V- fluorescein isothiocyanate (FITC) mixture, and 5 μL 
Annexin V- FITC (70-AP101-100-AVF) (MultiSciences Biotech 
Co. Ltd., Hangzhou City, China) were added to the suspended 
NCI-H1975 cells. After incubation at room temperature for 
10 min in the dark, the cells were collected by centrifuging 
the sample, and the supernatant was discarded. Then, 195 μL 
of the Annexin V-FITC mixture and 10 μL of propidium io-
dide (PI) (BG-60910-00-200) (PeproTech, Rocky Hill, NJ, USA) 
were mixed and added to the cells on ice and in the dark. 
After mixing, the apoptosis rate was detected using a MoFlo 
Astrios Cell Sorter (B25982) (Beckman Coulter, Brea, CA, USA). 
The PI+/Annexin V+ double-positive cells were considered to 
be cells in apoptosis.

Transwell assays

The 6.5 mm transwells (3470) (Corning, New York, NY, USA) 
were used for the cell migration and invasion assays. In the 
migration assay, 5×104 cells per well were placed on the up-
per layer of the transwell, and a chemoattractant was on the 
lower layer of the Transwell. After culture at 37°C for 48 h, 
cells that traversed the well were fixed with methanol and 
stained with a 0.1% crystal violet solution. The migrated cell 
populations were evaluated in five random fields per well us-
ing a TS100 microscope (Nikon, Tokyo, Japan). In the cell in-
vasion assay, cells were seeded into the transwell containing 
Matrigel, and a chemoattractant was on the lower layer of the 

transwell. After culture at 37°C for 48 h, the cells that under-
went cell invasion were fixed with methanol and stained with 
a 0.1% crystal violet solution. The invasive cell populations 
were evaluated in five random fields per well using a TS100 
microscope (Nikon, Tokyo, Japan).

Cell Counting Kit-8 (CCK-8) assay

The Cell Counting Kit-8 (CCK-8) assay (70-CCK801) 
(MultiSciences Biotech Co. Ltd., Hangzhou City, China) was 
used to measure the proliferation of the NCI-H1975 cells. Briefly, 
the NCI-H1975 cells (3000 cells/well) were seeded in 96-well 
plates and cultured at 37°C for 24 h. CCK-8 solution (10 μL) 
was added to each well. The NCI-H1975 cells were incubated 
at 37°C for 2.5 h. Cell viability was measured by measuring 
the absorbance at 450 nm.

Luciferase reporter assay

The bioinformatics website TargetScan 7.2 (www.targetscan.org) 
was used to identify COPB2 as the target gene of miR-335-3p. 
For the luciferase reporter assay, the cDNAs of wild-type 
COPB2-3’UTR (5’-TTTCCTTTCTCAATAATGAAAAT-3’) and COPB2-
3’UTR-mut (5’-TTTCCTTTCTCAATATACTTTTT-3’) were synthesized 
by TsingKe Biotech Co., Ltd. (Beijing, China) and cloned into 
the luciferase reporter gene vector pmirGLO (E1330) (Promega, 
Madison, WI, USA) to construct the COPB2-3’-UTR plasmid and 
the COPB2-3’-UTR-mut plasmid. Firefly luciferase was used 
as the reporter for miRNA regulation of the 3’UTR. Briefly, the 
NCI-H1975 cells were maintained in 96-well plates and co-
transfected with a luciferase reporter plasmid (0.05 μg/well) 
and mimic (5 pmol). Cells were divided into four groups: cells 
transfected with control mimic and COPB2-3’UTR plasmid; 
cells transfected with miR-335-3p mimic COPB2-3’UTR plas-
mid; cells transfected with miR-335-3p mimic and COPB2-
3’UTR-mut plasmid; and cells transfected with control mimic 
and COPB2-3’UTR-mut plasmid. After incubation at 37°C for 
72 h, the firefly luciferase activity was measured by using the 
luciferase reporter assay system (N1610) (Promega, Madison, 
WI, USA) with a GloMax Discover System (GM3000) (Promega, 
Madison, WI, USA). The relative firefly reporter activity was cal-
culated through normalization to the Renilla luciferase control.

Statistical analysis

Experiments were performed in triplicate. Data were presented 
as the mean±standard deviation (SD). GraphPad Prism ver-
sion 6.0 (GraphPad Software, La Jolla, CA, USA) and SPSS ver-
sion 18.0 (SPSS Inc, Chicago, IL, USA) were used for statistical 
analysis. Comparisons between quantitative variables per-
formed using one-way analysis of variance (ANOVA) followed 
by Dunnett’s post hoc test. A P-value <0.05 was considered to 
be statistically significant.
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Results

The expression level and effects of COPB2 on cell 
apoptosis, invasion, migration, and proliferation of human 
lung adenocarcinoma cells

Western blot showed that the expression levels of COPB2 were 
significantly increased in human lung adenocarcinoma cells, 
NCI-H1688, A549, SK-MES-1, and NCI-H1975 (P<0.001) and 
NCI-H1299 cells (P<0.05) compared with BEAS-2B normal bron-
chial epithelial cells (Figure 1A, 1C). These findings were sup-
ported by quantitative reverse transcription-polymerase chain 
reaction (qRT-PCR) (Figure 1B). The expression level of COPB2 
was greatest in NCI-H1975 cells (Figure 1A–1C). Therefore, 
NCI-H1975 cells were used in subsequent studies.

The fluorescence-labeled transfection control siRNA (Control), 
the scrambled negative control siRNA (NC), and short interfering 

RNA (siRNA) resulting in knockdown of COPB2 (siCOPB2) were 
separately transferred into NCI-H1975 cells. The expression lev-
el of COPB2 was significantly down-regulated in NCI-H1975 
cells after knockdown with siCOPB2 (P<0.001) when measured 
by Western blot and qRT-PCR (Figures 1D–1F). The apoptosis 
rate of NCI-H1975 cells after knockdown with siCOPB2 was 
significantly increased when measured by flow cytometry 
(P<0.001) (Figure 1G). The migration rate of NCI-H1975 cells af-
ter knockdown with siCOPB2 was significantly decreased when 
measured by transwell assays (P<0.001) (Figure 1H). The in-
vasion rate of NCI-H1975 cells after knockdown with siCOPB2 
was significantly reduced when measured by transwell assays 
(P<0.001) (Figure 1I). The proliferation rate of NCI-H1975 cells 
after knockdown with siCOPB2 at 24h, 48h, and 72h was sig-
nificantly reduced when measured by the Cell Counting Kit-8 
(CCK-8) assay (both, P<0.001) (Figure 1J).
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Figure 1.  The expression levels of COPB2 in human adenocarcinoma cell lines and normal bronchial epithelial cells and the effects 
of knockdown COPB2 on cell proliferation, apoptosis, and migration in NCI-H1975 human adenocarcinoma cells. (A–C) 
Western blot and quantitative reverse transcription-polymerase chain reaction (qRT-PCR) show the expression level of COPB2 
in BEAS-2B normal human bronchial epithelial cells and human lung adenocarcinoma cells, NCI-H1299, A549, SK-MES-1, 
NCI-H1688, and NCI-H1975. * P<0.05, *** P<0.001 vs. BEAS-2B. (D–F) Western blot and quantitative reverse transcription-
polymerase chain reaction (qRT-PCR) show the relative expression level of COPB2 in NCI-H1975 cells. (G) The apoptosis rate 
of NCI-H1975 cells was measured by flow cytometry. The percentage of apoptotic cells, determined by propidium iodide 
(PI)+/Annexin V+, is shown in the right chart. (H) Photomicrograph of the transwell assay for NCI-H1975 cells. Magnification 
×200. The migration rate of NCI-H1975 cells is shown in the right chart. (I) Photomicrograph of the transwell assay for 
NCI-H1975 cells. Magnification ×200. The invasion rate of NCI-H1975 cells is shown in the right chart. (J) Cell proliferation 
of NCI-H1975 cells detected by the Cell Counting Kit-8 (CCK-8) assay. *** P<0.001 vs. NC. Control – fluorescence-labeled 
transfection control siRNA; NC – scrambled negative control siRNA; siCOPB2 – siRNA for knockdown of COPB2.
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MicroRNA-335-3p (miR-335-3p) regulated the expression 
level of COPB2 by targeting 3’ UTR of COPB2 in 
NCI-H1975 human lung adenocarcinoma cells

A potential target site for miR-335-3p in the 3’UTR of the COPB2 
mRNA was predicted by TargetScan 7.2 (Figure 2A). The dou-
ble luciferase reporter assay showed that luciferase activity in 
NCI-H1975 cells co-transfected with miR-335-3p mimics and 
the COPB2 3’UTR vector were significantly reduced (P<0.001), 
while luciferase activity in NCI-H1975 cells co-transfected with 

miR-335-3p mimics and COPB2 3’UTR-mut was unchanged 
change (P>0.05), compared with cells co-transfected with 
control and COPB2-3’UTR-mut (Figure 2B). Transfection with 
miR-335-3p mimics or si COPB2 in NCI-H1975 cells showed 
that miR-335-3p mimics, measured by qRT-PCR, showed sig-
nificantly upregulated expression of miR-335-3p (P<0.001). 
The knockdown of COPB2 had no effect on the expression of 
miR-335-3p (P>0.05) (Figure 2C). Western blot and qRT-PCR 
analysis showed that siCOPB2 and miR-335-3p mimics both 
reduced the level of COPB2, and co-transfection with siCOPB2 
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Figure 2.  MicroRNA-335-3p (miR-335-3p) regulated the expression level of COPB2 by targeting 3’UTR of COPB2 mRNA in the 
NCI-H1975 human lung adenocarcinoma cells. (A) The potential target site for miR-335-3p in the 3’UTR of the COPB2 
mRNA predicted by TargetScan 7.2. (B) Double-luciferase reporter assays were used to validate miR-335-3p binding of the 
COPB2 3’UTR in NCI-H1975 cells. *** P<0.001 vs. Control+COPB2-3’-UTR. ### P<0.001 vs. miR-335-3p+COPB2-3’-UTR-mut. 
(C) The relative miRNA expression level of miR-335-3p measured by quantitative reverse transcription-polymerase chain 
reaction (qRT-PCR) in NCI-H1975 cells. *** P< 0.001 vs. NC. ### P<0.001 vs. siCOPB2. (D–F) Western blot and qRT-PCR analysis 
shows the expression level of COPB2 in NCI-H1975 cells. *** P<0.001 vs. NC. ### P<0.001 vs. siCOPB2. Control – fluorescence-
labeled transfection control siRNA; NC – scrambled negative control siRNA; siCOPB2 – siRNA for knockdown of COPB2; 
siCOPB2+miR-335-3p mimics – co-transfection with siCOPB2 and miR-335-3p mimics.
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Figure 3.  (A–G) MicroRNA-335-3p (miR-335-3p) regulated cell proliferation, apoptosis, and migration by targeting COPB2 mRNA in 
NCI-H1975 human lung adenocarcinoma cells. (A) The apoptosis rate of NCI-H1975 cells was measured by flow cytometry. 
The apoptosis rate is shown in the right chart. (B) Photomicrograph of the transwell assay for NCI-H1975 cells. Magnification 
×200. The migration rate of NCI-H1975 cells is shown in the right chart. (C) Photomicrograph of the transwell assay for 
NCI-H1975 cells. Magnification ×200. The invasion rate of NCI-H1975 cells is shown in the right chart. (D) The proliferation 
capacity of NCI-H1975 cells measured by the Cell Counting Kit-8 (CCK-8) assay. (E) Western blot and quantitative reverse 
transcription-polymerase chain reaction (qRT-PCR) show the expression levels of cyclin D1, TIMP-1, MMP9, Bcl-2, and Bax 
in NCI-H1975 cells. *** P<0.001 vs. NC. ### P<0.001 vs. siCOPB2. Control – fluorescence-labeled transfection control siRNA; 
NC – scrambled negative control siRNA; siCOPB2 – siRNA for knockdown of COPB2; siCOPB2+miR-335-3p mimics – co-
transfection with siCOPB2 and miR-335-3p mimics.
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and miR-335-3p mimics significantly increased this effect (both 
P<0.001) (Figure 2D–2F).

MiR-335-3p regulated cell apoptosis, migration, and 
proliferation in NCI-H1975 human lung adenocarcinoma 
cells by targeting 3’ UTR of COPB2

To investigate the effects of miR-335-3p on COPB2 in NCI-H1975 
cells, the cell apoptosis rate and proliferation rate were evalu-
ated by flow cytometry and CCK-8 assays, respectively. The mi-
gration and invasion rate of NCI-H1975 cells were determined 
by transwell assays. The apoptosis rate of NCI-H1975 cells after 
knockdown with siCOPB2 was significantly increased (P<0.001), 
and miR-335-3p mimics significantly increased the effect of 
siCOPB2 (P<0.001) (Figure 3A). The decrease in cell migration 
rate, cell invasion rate, and cell proliferation of NCI-H1975 cells 
following COPB2 knockdown was also significantly increased 
by miR-335-3p mimics (both P<0.001) (Figure 3B–3D). The cell 
cycle proteins, cyclin D1, tissue inhibitor of metalloprotein-
ases-1 (TIMP-1), and matrix metallopeptidase 9 (MMP9), and 
the cell apoptosis proteins, Bcl-2 and Bax, were measured by 
Western blot and qRT-PCR. Compared with cells transfected 
with siCOPB2 or miR-335-3p mimics, the expression levels of 
cyclin D1, MMP9, and Bcl-2 were highest in NCI-H1975 cells 
co-transfected with siCOPB2 and miR-335-3p mimics (both 
P<0.001), and the expression of TIMP-1 and Bax were lowest 
in cells co-transfected with siCOPB2 and miR-335-3p mimics 
(both, P<0.001) (Figure 3E–3G).

Discussion

Worldwide, non-small cell lung cancer (NSCLC), including adeno-
carcinoma of the lung, results in a major healthcare burden [10]. 
Adenocarcinoma of the lung can be highly invasive, and me-
tastases can occur even with a small primary tumor, which 
means that many patients present with locally-advanced or 
metastatic disease, resulting in a low survival rate [29]. The aim 
of the present study was to investigate the role of microRNA 
(miRNA) targeting by the coatomer protein complex subunit 
beta 2 (COPB2) gene expression in human lung adenocarci-
noma cell lines, including NCI-H1975 cells. The findings showed 
that COPB2 was an oncogene gene that regulated cell prolifer-
ation, apoptosis, migration and invasion of NCI-H1975 cells in 
vitro. Also, microRNA-335-3p (miR-335-3p) inhibited the func-
tion of COPB2 by targeting 3’UTR of COPB2 in NCI-H1975 cells. 
These findings identified the miR-335-3p/COPB2 axis in hu-
man lung adenocarcinoma cells, and indicate that further stud-
ies are required to determine whether the miR-335-3p/COPB2 
axis has potential diagnostic or therapeutic roles in adenocar-
cinoma of the lung.

COPB2 is upregulated in several cancers, and functional studies 
have shown that COPB2 is down-regulated in cervical cancer 
cells [30]. The expression pattern and function of COPB2 in ap-
pears to differ in different types of cancer. In the present study, 
COPB2 was overexpressed in NCI-H1975 human lung adeno-
carcinoma cells, and silencing COPB2 resulted in increased cell 
apoptosis, and reduced cell proliferation, cell invasion, and cell 
migration in vitro. These findings are supported by those from 
a previous study that showed that knockdown of COPB2 inhib-
ited the cell cycle pathway, inducing G0/G1 and S-phase cell cy-
cle arrest in colon cancer cells [30]. Previous studies in adeno-
carcinoma of the lung have shown that COPB2 regulates cell 
apoptosis and promotes cell proliferation by regulating YAP1 
expression [31]. These findings support that COPB2 may have 
a role in the progression of some types of human malignancy.

However, the mechanisms for the effects of COPB2 in human 
cancer cells remain unknown. Several previous studies have 
shown that dysfunction of microRNAs has a key role in tumori-
genesis [31] and metastasis [32]. In the cytoplasm, RNA-induced 
silencing complex (RISC) contains members of the Argonaute 
(AGO) gene family, siRNAs, miRNAs, or siRNA-complementary 
mRNAs. MiRNAs in RISC bind to the 3’-UTR or untranslated 
region of target mRNA, inhibiting the corresponding gene ex-
pression. Considering the characteristics of miRNAs, this study 
aimed to investigate miRNA targeting of COPB2, and showed 
that COPB2 was a functional target gene for miR-335-3p.

In previous studies, miR-335-3p is down-regulated white adi-
pose tissue [33], and also regulates sodium transport in the 
kidney [34]. Some studies have shown that miR-335-3p has a 
tumor suppressor role in gastric and pancreatic cancers [27,28]. 
In the present study, miR-335-3p directly bound with the 3’-UTR 
of COPB2. By transfection with miR-335-3p mimics or co-trans-
fection with siCOPB2 and miR-335-3p mimics, miR-335-3p in-
hibited the expression level of COPB2. A previous study showed 
that miR-335-5p and miR-335-3p inhibited estrogen recep-
tor alpha (ERa) expression in breast cancer cells [35]. Also, 
miR-335-3p is involved in Epstein-Barr virus (EBV)-associated 
gastric cancer, and is down-regulated in gastric cancer through 
the b-catenin signaling pathway [36]. However, the function 
of miR-335-3p and its related molecular mechanisms in can-
cer remain unclear. In the present study, COPB2 was shown 
to be a functional target of miR-335-3p in NCI-H1975 human 
adenocarcinoma cells.

Also, the findings in this study showed that overexpression 
of miR-335-3p increased cell apoptosis and inhibited cell pro-
liferation, invasion, and migration in lung adenocarcinoma 
cells by targeting COPB2. The levels of cyclin D1, TIMP-1, 
MMP9, Bcl-2, and Bax were measured by quantitative re-
verse transcription-polymerase chain reaction (qRT-PCR) and 
Western blot and showed the effects of miR-335-3p on lung 
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adenocarcinoma cells through COPB2. Cyclin D1 is a regula-
tory subunit of CDK4 or CDK6, and plays an important role in 
cell cycle G1/S transition. TIMP-1 is a secreted protein and in-
hibits MMPs, changing extracellular matrix (ECM) and reduces 
cell motility [37]. The expression of MMP9 in adenocarcinoma 
of the lung is positively associated with a metastatic pheno-
type [38], and has also been used to assess the invasive ca-
pacity of cancer cells [39]. Bcl-2 is a cell apoptosis inhibitor, 
which has the function of preventing cell apoptosis [40]. Bax 
is a cell apoptosis regulator and antagonizes the function of 
Bcl-2 by forming a heterodimer with Bcl-2 [41]. The findings 
from the present study showed that miR-335-3p mimics pro-
moted the down-regulation of cyclin D1, MMP9, Bcl-2, and the 
increase of TIMP-1 and Bax caused by COPB2 knockdown in 
NCI-H1975 cells. However, the findings from the present in vi-
tro study in NCI-H1975 requires confirmation in other lung ad-
enocarcinoma cell lines, and functional in vivo studies.

Conclusions

This study aimed to investigate the role of microRNA (miRNA) 
targeting by COPB2 gene expression in human lung adeno-
carcinoma cell lines. The findings showed that COPB2 was 
the functional target of microRNA-335-3p (miR-335-3p) in 
NCI-H1975 human adenocarcinoma cells. The findings indi-
cated that COPB2 might be an oncogene in lung adenocarci-
noma cells by functioning as a target of miR-335-3p. These 
preliminary in vitro findings from a study in a single human 
lung adenocarcinoma cell line require study in other cell lines 
and support from further functional studies.
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