
ONCOLOGY LETTERS  13:  2403-2410,  2017

Abstract. Lung cancer is the most frequent cause of mortality 
in cancer patients; non-small-cell lung cancer (NSCLC) 
accounts for ~80% of lung cancer cases. MicroRNAs 
(miRNAs) have been revealed to perform an important role 
in cancer development and progression. Based on a custom 
miRNA microarray analysis of patients with NSCLC, 
miRNA-615-3p (miR-615-3p) downregulation was identified 
in NSCLC tissues compared with normal lung tissues, which 
suggested that miR-615-3p acted as a tumor suppressor in lung 
cancer. The overexpression of miR-615-3p was then validated 
using 40 pairs of NSCLC and adjacent normal tissue samples 
using a TaqMan reverse transcription-quantitative poly-
merase chain reaction assay. In order to investigate the tumor 
suppressor function of miR-615-3p, the ectopic expression 
of miR-615-3p in the NSCLC A549, H1299 and H1650 cell 
lines was established. The results revealed that overexpressed 
miR-615-3p markedly inhibited cell proliferation and colony 
formation in the 3 NSCLC cell lines compared with the cells 
overexpressing the negative control sequence (NC). Additional 
investigation revealed that miR‑615‑3p overexpression signifi-
cantly induced apoptosis and cell cycle arrest at the G1 phase in 
the A549, H1299 and H1650 cell lines compared with the cells 
overexpressing NC. Finally, ectopic expression of miR-615-3p 
was found to repress the cell migration and invasion of the 

3 lung cancer cell lines. The results of the present study 
demonstrate, for the first time, that miR‑615‑3p functions as 
a tumor suppressor in NSCLC, and may be a novel potential 
molecular therapeutic target for patients with NSCLC.

Introduction

Lung cancer is the leading cause of cancer-associated 
mortality in the world (1), and ~80% of lung cancer cases 
are non-small-cell lung cancer (NSCLC) (2). Patients with 
NSCLC possess an extremely poor prognosis, partly due to 
the lack of early diagnostic biomarkers and prognostic indica-
tors. The identification of microRNAs (miRNAs) has opened 
a new avenue for developing highly reliable diagnostic and 
prognostic biomarkers to facilitate the early diagnosis of 
NSCLC and predict the clinical outcomes of patients (3,4). 
At present, numerous single miRNAs, including let-7a-2 (5), 
miRNA-146b (6), miRNA-155 (5,6), miRNA-31 (7), 
miRNA-374a (8), miRNA-451 (9) and miRNA-21 (10,11) have 
been reported to be associated with the tumorigenesis and 
progression of lung cancer.

The expression of 1,849 miRNAs has previously been 
profiled in 397 patients with NSCLC (Pu et al, unpub-
lished data). The results showed that the expression level of 
miRNA-615-3p (miR-615-3p) was notably downregulated in 
NSCLC tissues compared with the corresponding normal lung 
tissues, which suggested that miR-615-3p may act as a tumor 
suppressor in NSCLC development and progression. Subse-
quent to confirming the downregulation of miR-615-3p in 
NSCLC tissues, the biological role of miR-615-3p in NSCLC 
cells was assessed. To the best of our knowledge, the present 
study is the first to report that miR‑615‑3p functions as a tumor 
suppressor in NSCLC.

Materials and methods

Patients, tissue specimens and cell culture. In total, 40 matched 
pairs of NSCLC and normal lung tissues were randomly 
selected from 397 patients diagnosed with NSCLC that had 
not been treated with radiotherapy or chemotherapy prior to 
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undergoing surgical resection at the Sun Yat-Sen University 
Cancer Center (Guangzhou, China) between 2004 and 2009. 
The miRNA expression in 397 NSCLC and 151 matched 
normal control tissue samples had been assessed using a custom 
miRNA microarray (Pu et al, unpublished data). All patients 
with NSCLC were staged according to the 7th edition of the 
American Joint Committee on Cancer tumor-node-metastasis 
staging system for lung cancer (12).

The fresh tissues were immediately immersed in RNAl-
ater (Ambion, Inc., Austin, TX, USA) subsequent to surgical 
resection, stored at 4˚C for 24 h to allow thorough penetration 
of the RNase inhibitor, and then frozen at ‑80˚C in a freezer 
(Sanyo Electric Co., Ltd., Moriguchi, Osaka, Japan) until use. 
The present study was reviewed and approved by the Ethical 
Committee of Sun Yat-Sen University Cancer Center. Written 
informed consent was obtained from each patient.

A549, H1299 and H1650 cells were purchased from the 
American Type Culture Collection (Manassas, VA, USA) 
and cultured in Gibco RPMI-1640 medium (Thermo Fisher 
Scientific, Inc., Waltham, MA, USA) containing 10% Gibco 
fetal bovine serum (Thermo Fisher Scientific, Inc.) at 37˚C in 
a 5% CO2 atmosphere.

Total RNA extraction. Total RNA was extracted from 
the NSCLC tissues and the adjacent normal lung tissues 
using Invitrogen TRIzol reagent (Thermo Fisher Scientific, 
Inc.), according to the manufacturer's protocol. The RNA 
concentration was measured using the NanoDrop ND-1000 
spectrophotometer (Thermo Fisher Scientific, Inc.), and the 
quality of all RNA samples was monitored by electrophoresis 
on 1.5% denaturing agarose gels.

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). RT was performed on the 40 paired tissue samples 
(including tumor tissues and paired peri-tumor tissues) using 
10 ng of total RNA, 1X‑miRNA specific RT primers, 100 µM 
nucleoside triphosphates (Thermo Fisher Scientific, Inc.,), 
3.33 U/µl MultiScribe™ Reverse Transcriptase (Thermo 
Fisher Scientific, Inc.), 1X RT buffer and 1.33 U/µl RNase 
inhibitor (Thermo Fisher Scientific, Inc.), in a final volume of 
15 µl. The reaction was conducted at 16˚C for 30 min, followed 
by 30 min at 42˚C and 5 min at 85˚C. No negative control 
was performed. Small nuclear RNA U6 was used as a normal-
ization control. Each experiment was repeated three times. 
The qPCR reaction was performed using a 20‑µl volume 
containing 1.33 µl complementary DNA (produced during 
the RT step), 1X TaqMan® Small RNA Assay solution (which 
includes specific primers and probes; Applied Biosystems; 
Thermo Fisher Scientific, Inc.) and 1X Universal PCR Master 
Mix II (which does not contain uracil-N glycoslyase; Thermo 
Fisher Scientific, Inc.). RT-qPCR was performed using an 
Applied Biosystems PRISM 7900HT Fast Real-Time PCR 
System (Thermo Fisher Scientific, Inc.) with the following 
conditions: 50˚C for 2 min; 95˚C for 10 min; and 45 cycles 
of 95˚C for 15 sec and 60˚C for 60 sec. Small nuclear RNA 
U6 was used as a normalization control. The 2-ΔΔCq method 
was used to represent the relative expression of miRNA (13). 
The primer sequences were as follows: mir-615-3p, forward 
5'-CTG CCT TTC ACC TTG GAGAC-3' and reverse 5'-CGT 
TTC CTG GGG ATG AGATA-3'; and U6 forward 5'-CTC GCT 

TCG GCA GCACA-3' and reverse 5'-AAC GCT TCA CGA ATT 
TGCGT-3'.

Transient transfect ion of lung cancer cells with 
oligonucleotides. For the transfection assay, the oligonucle-
otides of miR-615-3p (forward 5'-UCC GAG CCU GGG UCU 
CCC UCUU-3' and reverse 5'-GAG GGA GAC CCA GGC UCG 
GAUU-3'), and the negative control sequence (NC) for 
miR-615-3p (forward 5'-UUC UCC GAA CGU GUC ACG 
UTT-3' and reverse 5'-ACG UGA CAC GUU CGG AGA ATT-3') 
were designed and synthesized by Shanghai GenePharma Co., 
Ltd. (Shanghai, China). The NSCLC cells were transfected 
with 100 nM miRNA-615-3p or NC using Invitrogen Lipo-
fectamine RNAiMAX reagent (Thermo Fisher Scientific, 
Inc.), according to the manufacturer's protocol.

Lentivirus infection. An OmicsLink miRNA expression 
plasmid (Shanghai GenePharma Co., Ltd.), which contains a 
hsa-miR-615-3p sequence or a scramble sequence driven by a 
cytomegalovirus promoter and followed by an enhanced green 
fluorescent protein reporter, was packed into lentiviral particles 
to infect A549 cells. The cells were then selected with puro-
mycin (Weijia; Thermo Fisher Scientific, Inc., Guangzhou, 
China). The expression level of miR-615-3p in A549 cells was 
measured by RT-qPCR subsequent to 1 week of treatment with 
puromycin and then frozen down in aliquots for further use.

Methyl thiazolyl tetrazolium (MTT) assay. An MTT assay 
was used to measure the viability of cells transfected with 
the oligonucleotides. Indicated cells were seeded onto a 
96-well plate 24 h subsequent to transfection, at a density 
of 500 cells per well, and the cells were cultured for 7 days. 
Every 24 h, 20 µl 0.5 mg/ml MTT (Weijia; Thermo Fisher 
Scientific, Inc.) was added to the cells. Following incubation 
at 37˚C for 4 h, the supernatant was removed and 150 µl 
dimethyl sulfoxide (DMSO; Weijia; Thermo Fisher Scientific, 
Inc.) was added to each well. The cells were gently agitated 
for 10 min, and the absorbance of the solution in each well 
was measured at 490 nm with an Evolution 201/220/260 
UV-Visible Spectrophotometer (Thermo Fisher Scientific, 
Inc.). The absorbance for each well was calculated as follows:  
Absorbance = ODtreated - ODblank.

Colony formation assay. Following transfection for 24 h, 
indicated cells were seeded into each well of 6-well plate at 
a density of 500 cells per well. The surviving colonies, which 
were classified as containing >50 cells per colony, were 
counted using crystal violet staining (Weijia; Thermo Fisher 
Scientific, Inc.) subsequent to 2 weeks of culture.

Cell cycle analysis. The cells were collected at 48 h subsequent 
to transfection with the indicated RNAs (miR-615-3p mimics 
and NC), washed twice with ice-cold phosphate-buffered 
saline (PBS; Weijia; Thermo Fisher Scientific, Inc.), and 
fixed in ice‑cold 75% ethanol (Guangzhou Chemical Reagent 
Factory, Guangzhou, China) at ‑20˚C for 1 h. The cells were 
re‑suspended in 400 µl ice‑cold PBS subsequent to washing 
twice with PBS, and then incubated with 50 µg/ml RNase 
(BestBio, Shanghai, China) in a 37˚C water bath for 30 min. 
Subsequently, the cells were incubated with propidium iodide 
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(PI; BestBio) at 4˚C for 30‑60 min and analyzed by flow 
cytometry (CytoFLEX; Beckman Coulter, Inc., Brea, CA, 
USA).

Apoptosis analysis. In total, 48 h subsequent to transfec-
tion, the cells were washed twice with ice-cold PBS and 
re‑suspended in 400 µl of 1X binding buffer (BestBio). Subse-
quent to incubation of the cells with Annexin V‑fluorescein 
isothiocyanate (BestBio) at 4˚C for 15 min, PI was added and 
the cells continued to be incubated at 4˚C for an additional 
5 min. Finally, the cells were analyzed by flow cytometry 
(CytoFLEX; Beckman Coulter, Inc.).

Invasion and migration assays. Cell migration was exam-
ined using 24-well Transwell chambers (BD Biosciences, 
Franklin Lakes, NJ, USA), according to the manufacturer's 
protocol. In total, 2x105 A549, H1299 or H1650 cells were 
seeded into the upper well of the chamber in RPMI-1640 
medium without fetal bovine serum. RPMI-1640 medium 
containing 10% fetal bovine serum was added to the lower well 
to stimulate invasion. Following incubation for 18 h, the cells 
remaining on at the upper well were removed while the bottom 
cells were fixed with 100% methanol (Guangzhou Chemical 
Reagent Factory) and then stained with 0.1% crystal violet. 
The number of migrated cells was calculated with an inverted 
microscope (IX83; Olympus Corporation, Tokyo, Japan) using 
5 randomly‑selected fields of view at a x10 magnification. Cell 
invasion ability was analyzed using the same procedure subse-
quent to coating the upper well of the chambers with Matrigel 
(BD Biosciences), and up to 2x106 A549, H1299 or H1650 cells 
were seeded.

Statistical analysis. Subsequent to digitization of the micro-
array images, the signal intensity from probes was processed 
with local background subtraction, averaging the duplicated 
probe intensities, and then quantile normalization was 
performed. The microarray data have been deposited in the 
Gene Expression Omnibus Public Database at the National 
Center for Biotechnology Information (GSE53882). Biometric 
Research Branch-ArrayTools, version 3.8.0 (available from 
http://linus.nci.nih.gov/BRB-ArrayTools.html) was used for 
microarray data analysis.

Pearson's correlation coefficient was used to analyze the 
association between the microarray and RT-qPCR data. The 
2-ΔΔCq method was used to measure the miRNA expression level 
detected by RT-qPCR. Two-tailed, unpaired Student's t-test 

Figure 1. miR-615-3p is downregulated in non-small cell lung cancer tissues. 
Comparison of the expression ratio of miR-615-3p between the 40 paired T 
and N samples detected by reverse transcription-quantitative polymerase 
chain reaction. miR-615-3p, microRNA-615-3p; T, non-small cell lung 
cancer tissue; N, adjacent normal tissue.

Figure 2. Overexpression of miR-615-3p inhibited the proliferation of 
NSCLC cells in vitro. (A) A549, (B) H1299 and (C) H1650 cells were 
transiently transfected with miR-615-3p or NC and the cell viabilities were 
measured by an MTT assay. (D) The viability of A549 cells with stable 
overexpression of miR-615-3p or NC was also measured by an MTT assay. 
The growth curves showed significantly different cell proliferations between 
the NSCLC cells with miR-615-3p and NC. *P<0.01, **P<0.001, ***P<0.0001. 
NSCLC, non-small cell lung cancer; miR-615-3p, microRNA-615-3p; NC, 
negative control sequence; MTT, methyl thiazolyl tetrazolium.
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was used to compare the differences between experimental 
and control groups in in vitro assays, and was conducted using 
SPSS software, version 17.0 (SPSS Inc., Chicago, IL, USA).

Results

Expression level of miR‑615‑3p was downregulated in NSCLC 
tissues. The differential microRNA expression profiling 
performed on 397 NSCLC tumor tissues and 151 adjacent 
normal lung tissues using a custom microarray revealed that 
miR-615-3p was downregulated in NSCLC tissues compared 
with normal lung tissues. To validate the downregulation 
of miR-615-3p in NSCLC, RT-qPCR was conducted using 
40 matched pairs of tumor and normal tissues, which were 
randomly selected from the 151 NSCLC patients for which 

there were tumor and matched normal lung samples available. 
The results revealed that the expression level of miR-615-3p 
was significantly downregulated in NSCLC tissues compared 
with normal lung tissues (P<0.001; Fig. 1), which was strongly 
associated with the microarray result (Pu et al, unpublished 
data). This result indicates that miR-615-3p may act as a tumor 
suppressor in NSCLC.

Overexpression of miR‑615‑3p inhibits the growth of 
NSCLC cells. To demonstrate the tumor suppressor func-
tion of miR-615-3p in vitro, the lung cancer A549, H1299 
and H1650 cell lines were transiently transfected with 
the miR-615-3p mimic or NC, and the overexpression of 
miR‑615‑3p in the 3 cell lines was verified by RT‑qPCR (data 
not shown). An MTT assay was used to assess the effect of 

Figure 3. Overexpression of miR-615-3p inhibited the formation of NSCLC cell colonies in vitro. (A) A549, (B) H1299 and (C) H1650 cells were tran-
siently transfected with miR-615-3p or NC and a colony formation assay was performed. (D) A549 cells stably transfected with miR-615-3p and NC, termed 
A549-miR-615-3p and A549-NC, respectively, were also assessed by colony formation assay. The number of colonies of NSCLC cells with miR-615-3p 
overexpression was markedly reduced compared with the number of colonies of NSCLC cells overexpressing NC. NSCLC, non-small cell lung cancer; 
miR-615-3p, microRNA-615-3p; NC, negative control sequence.
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Figure 4. miR-615-3p arrested the cell cycle at the G1 phase in NSCLC cells. The cell cycle distribution of (A) A549, (B) H1299 and (C) H1650 cells transiently 
transfected and (D) A549 cells stably transfected with miR‑615‑3p and NC was examined by flow cytometry. The representative images are presented. 
Statistical analysis showed that the percentage of cells in the G1 phase was significantly increased in the NSCLC cells with overexpression of miR‑615‑3p 
compared with the cells with overexpression of NC. NSCLC, non-small cell lung cancer; miR-615-3p, microRNA-615-3p; NC, negative control sequence.

Figure 5. miR-615-3p induced apoptosis in NSCLC cells. Apoptosis of (A) A549 and (B) H1650 cells with transient overexpression and (C) A549 cells 
with stable overexpression of miR‑615‑3p and NC was detected by flow cytometry. The representative images of apoptosis in NSCLC cells are shown. The 
histogram indicates the percentage of apoptotic cells in the cells transfected with miR-615-3p or NC. NSCLC, non-small cell lung cancer; miR-615-3p, 
microRNA‑615‑3p; NC, negative control sequence; FITC, fluorescein isothiocyanate; PI, propidium iodide.
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upregulated miR-615-3p on the proliferation of A549, H1299 
and H1650 cells. It was found that 72 h subsequent to trans-
fection, overexpression of miR-615-3p in the A549, H1299 or 
H1650 cells resulted in significant inhibition of cell prolifera-
tion compared with the proliferation of cells transfected with 
NC (P<0.001; Fig. 2). To confirm the vital role of miR‑615‑3p 
in NSCLC cell growth, the A549 cells with stable expression 
of miR-615-3p, which had been established by transfecting 
the cells with lentivirus containing miR-615-3p mimics, 
were confirmed to demonstrate a high expression level by 
RT-qPCR (data not shown). The MTT assay clearly showed 
that the inhibition of cell proliferation was also notable in 
the A549 cells with stable overexpression of miR-615-3p 
(P<0.001; Fig. 2). Furthermore, a plate colony formation assay 
was performed. Ectopic expression of miR-615-3p was also 
found to significantly reduce the colony formation ability of 

the A549, H1299 and H1650 cells (all P<0.05; Fig. 3). These 
observations support the hypothesis that miR-615-3p acts as a 
tumor suppressor in NSCLC cells.

miR‑615‑3p arrests the cell cycle in the G1 phase in NSCLC 
cells. The finding that miR‑615‑3p inhibited the proliferation 
and oncogenic growth of NSCLC cells suggested that cell 
cycle progression may be inhibited by miR-615-3p. The 
A549, H1299 and H1650 cells were stained with PI and then 
examined by flow cytometry 48 h subsequent to transient 
transfection with miR-615-3p or NC. The results revealed that 
the cell cycle progression of the NSCLC cells was arrested 
in the G1 phase following transfection with miR-615-3p 
mimics. The percentage of cells in the G1 phase was signifi-
cantly increased in the A549, H1299 and H1650 cells with 
miR-615-3p overexpression (all P<0.01; Fig. 4). The cell cycle 

Figure 6. miR-615-3p suppressed NSCLC cell migration in vitro. The migrated NSCLC (A) A549, (B) H1299 and (C) H1650 cell lines with transient overex-
pression of miR‑615‑3p and NC, and (D) A549 cells with stable overexpression of miR‑615‑3p and NC were counted under a high‑power field. The average 
number of migrated cells was counted in 5 randomly‑selected fields of view. Representative images of migrated cells are shown in the left and center images 
and the average numbers of migrated cells are shown in the right panel. NSCLC, non-small cell lung cancer; miR-615-3p, microRNA-615-3p; NC, negative 
control sequence.
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assays conducted in the stable A549-miR-615-3p and A549-NC 
cell lines revealed similar results (all P<0.001; Fig. 4). These 
findings indicated that one of the mechanisms of miR‑615‑3p 
inhibiting the proliferation and growth of the NSCLC cells 
attributed to G1 phase arrest.

miR‑615‑3p induces apoptosis in NSCLC cells. Apoptosis has 
been recognized to be another cause of inhibition of cancer cell 
proliferation, and miR-615-3p was found to induce apoptosis 
in NSCLC cells in the present study (Fig. 5). To assess whether 
apoptosis was involved in the inhibition of lung cancer cell 
proliferation induced by miR-615-3p, an apoptosis assay was 
performed using flow cytometry in A549, H1299 and H1650 
cells transfected transiently or stably with the miR-615-3p 

mimic. The results revealed that apoptosis in the A549 and 
H1650 cell lines overexpressing of miR-615-3p was notably 
increased compared with the cells transfected with the NC (all 
P<0.01; Fig. 5), which indicated that miR-615-3p may induce 
apoptosis in NSCLC cells. However, the apoptosis rate in the 
H1299 cells transfected with the miR-615-3p mimic was not 
significantly different compared with the H1299 cells trans-
fected with NC.

miR‑615‑3p suppresses migration and invasion in NSCLC 
cells. To explore the effect of miR-615-3p on the migration 
and invasion of NSCLC cells, Transwell migration and 
invasion assays were conducted using A549, H1299 and 
H1650 cells transiently or stably transfected with miR-615-3p. 

Figure 7. miR-615-3p suppressed NSCLC cell invasion in vitro. The NSCLC (A) A549, (B) H1299 and (C) H1650 cell lines with transient overexpression of 
miR-615-3p and NC, and (D) A549 cells with stable overexpression of miR-615-3p and NC were seeded to the upper well of Transwell chambers coated with 
Matrigel. The cells that invaded into the Matrigel and moved to the bottom of the chamber were fixed and counted under a high‑power field. The average 
number of cells was calculated from 5 randomly‑selected fields of view. Representative images of the invaded cells are presented in the left and center images 
and the average numbers of invaded cells are shown in the right panel. NSCLC, non-small cell lung cancer; miR-615-3p, microRNA-615-3p; NC, negative 
control sequence.
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As expected, ectopic expression of miR‑615‑3p significantly 
suppressed the migration (all P<0.001; Fig. 6) and invasion 
(all P<0.001; Fig. 7) of the A549, H1299 and H1650 cells 
transiently transfected with miR-615-3b, and this was also 
observed in A549-miR-615-3p cells, a stable overexpression 
cell line. Overall, miR‑615‑3p may play a significant role in 
NSCLC development and progression.

Discussion

Using a custom miRNA microarray, miRNA expression 
was profiled in 397 NSCLC and 151 matched normal lung 
tissues, and it was found that miR-615-3p was downregu-
lated in NSCLC (Pu et al, unpublished data). The reduced 
miR-615-3p expression was then validated in the present study 
using 40 matched pairs of NSCLC and normal lung tissues, 
and the findings were consistent with the results reported 
in a previous study investigating malignant mesothelioma, 
which identified that miR-615-3p was downregulated in 
NSCLC tissues (14). Another study reported that miR-615-3p 
was upregulated and significantly associated with overall 
survival time in mantle-cell lymphoma (15). In the study 
by Goswami et al (15), miR-615-3p overexpression was 
observed to be upregulated in non-Hodgkin lymphoma 
(NHL) formalin‑fixed, parafffin‑embedded samples, and was 
significantly associated with the overall survival time of NHL 
patients; these findings are different from the present results. 
This discrepancy may be generated due to two reasons: First, in 
the study by Goswami et al, miR expression was detected with 
the TaqMan Low-Density Array, which was different from 
our Custom MicroRNA Microarray. Second, it is a normal 
phenomenon that one gene serves opposite roles in different 
tumors. However, at present, no studies on the biological 
function of miR-615-3p in cancer have been reported. To the 
best of our knowledge, the present study reported for the first 
time that miR-615-3p was downregulated in NSCLC tissues 
and acted as a tumor suppressor in NSCLC cells. Experi-
ments performed in vitro exhibited that miR-615-3p markedly 
inhibited cell growth, arrested cell cycle progression, induced 
apoptosis and repressed cell migration and invasion in NSCLC 
cells. The present results suggest that miR-615-3p is important 
in the tumorigenesis and progression of NSCLC. On the basis 
of the results from the present study, additional investigation 
of the target gene of miR-615-3p in NSCLC cells is required.

In summary, to the best of our knowledge, the present 
study demonstrated for the first time that miR‑615‑3p acts as a 
tumor suppressor in NSCLC. In addition, the present findings 
revealed the biological function of miR-615-3p in NSCLC and 
provided an insight into a potential molecular mechanism of 
NSCLC carcinogenesis.
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