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Abstract. Lung carcinoma is a prominent cause of mortality 
among patients with cancer. Previous studies have reported the 
vital role of long non‑coding RNAs (lncRNAs) in the malig-
nant progression of lung cancer. lncRNA RP11‑284F21.9 was 
originally identified to be expressed in lung carcinoma, but 
its specific function remains unknown. Therefore, the present 
study aimed to elucidate the role of lncRNA RP11‑284F21.9 in 
lung carcinoma progression. The expression of RP11‑284F21.9 
in lung cell lines and tissues was measured using reverse 
transcription‑quantitative PCR. The endogenous expression of 
RP11‑284F21.9 was silenced using RNA interference, and cell 
viabilities were measured with a Cell Counting Kit‑8 assay. The 
invasion and apoptosis of cells were determined via Transwell 
assays and flow cytometry, respectively. The protein expres-
sion levels were measured by western blotting. An increased 
expression of RP11‑284F21.9 was identified in both lung 
carcinoma tissues and cells. Knockdown of RP11‑284F21.9 in 
lung carcinoma cells inhibited cell proliferation and invasion, 
but promoted cell apoptosis. The present study identified the 
existence of a direct interaction between RP11‑284F21.9 and 
microRNA (miRNA/miR)‑627‑3p. Mechanistically, it was 
demonstrated that RP11‑284F21.9 promoted the proliferation 
and invasiveness of lung carcinoma cells, in part, via the 
regulation of miR‑627‑3p. Furthermore, cell division cycle and 
apoptosis regulator 1 (CCAR1) was identified as a target gene 
of miR‑627‑3p. The in vivo tumor growth assay also demon-
strated that the knockdown of RP11‑284F21.9 suppressed 
tumor growth, upregulated miR‑627‑3p and downregulated 

CCAR1 in the xenograft model of nude mice. Thus, the 
present findings indicated the tumor promoting functions of 
RP11‑284F21.9 in the progression of lung carcinoma, and 
provided a novel lncRNA/miRNA axis as a target for the 
management of lung cancer.

Introduction

Pulmonary malignancies, including lung and bronchus cancer, 
rank first and second among different cancer types in terms 
of mortality and morbidity, respectively, in both men and 
women (1,2). Furthermore, ~85% of lung cancer cases are 
categorized as non‑small cell lung cancer (NSCLC), while 
the remaining 15% are classified as SCLC (3). Although diag-
nostic methods and therapeutic strategies based on traditional 
surgical excision, chemotherapy and chest radiotherapy have 
continuously improved, the prognosis of lung carcinoma 
remains at 15% for an overall 5‑year survival (4). Therefore, 
an increased understanding of the malignant progression and 
studies on novel therapeutic targets for the improved manage-
ment of this disease are essential.

Long non‑coding RNAs (lncRNAs) are >200 nucleotides 
in length and have little or no protein coding capacity (5). The 
mechanisms via which lncRNAs regulate gene expression 
are diverse and include regulating the transcription of target 
genes, functioning as transcriptional precursors of small 
RNAs, generating different splice variants via regulating 
mRNA splicing patterns, modulating protein activity and 
subcellular localization and scaffolding for the assembly of 
multiple component complexes (6,7).

In recent years, previous studies have reported that various 
human cancer types exhibit lncRNAs dysfunction, and these 
lncRNAs are involved in different aspects of pathogenesis 
such as the proliferation, metastasis and apoptosis of tumor 
cells  (8,9). In lung cancer, lncRNA metastasis‑associated 
lung adenocarcinoma transcript 1 is found to be upregulated 
in patients with advanced lung adenocarcinoma, and may 
serve as a prognostic marker to predict the survival outcome 
of patients with cancer  (10,11). lncRNA HOX transcript 
antisense RNA is also highly expressed in lung cancer (12), 
and it enhances the aggressiveness of lymph node metastasis 
and indicates a short disease‑free survival in patients with 
NSCLC (13,14). Furthermore, studies have shown that the 
expression of lncRNA Urothelial carcinoma‑associated 1 
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is significantly upregulated in NSCLC, and may induce 
resistance to treatment of EGFR‑tyrosine kinase inhibitors 
by activating the AKT/mTOR pathway  (15,16). lncRNA 
RP11‑284F21.9 was primarily discovered in a Pan‑cancer 
transcriptomic analysis (17). lncRNA RP11‑284F21.9 exists as 
a cluster of three annotated lncRNAs (RP11‑284F21.9/.10/.7) 
antisense to brevican, which is a proteoglycan linked to 
invasiveness in glioma but lacks expression in squamous cell 
lung carcinomas (18). However, the specific function and the 
underlying mechanism of RP11‑284F21.9 in lung carcinoma 
remain unknown.

To the best of our knowledge, the present study demon-
strated for the first time that lncRNA RP11‑284F21.9 was 
significantly upregulated in lung carcinoma tissues and cell 
lines, and was involved in the carcinogenesis of lung cancer. 
Together with microRNA (miRNA/miR)‑627‑3p and cell 
division cycle and apoptosis regulator 1 (CCAR1), the regu-
latory axis of RP11‑284F21.9/miR‑627‑3p/CCAR1 exists 
both in the lung carcinoma cells in vitro and in the tumor 
growth model in vivo. The present study aimed to investigate 
RP11‑284F21.9 function in lung carcinoma and demonstrate 
the molecular mechanism underlying the regulation process 
via the RP11‑284F21.9/miR‑627‑3p/CCAR1 axis.

Materials and methods

Tissue samples and cell lines. Between May 2017 and Jan 2019, 
paired tumor and adjacent healthy tissues were isolated from 
13 patients with lung carcinoma (age range, 35‑57 years; nine 
male patients; four female patients) who were diagnosed and 
treated in First Affiliated Hospital of Xi'an Jiaotong University. 
The samples were dissected during the surgery and immediately 
flash‑frozen in liquid nitrogen and transferred to ‑80˚C storage 
for further extraction of both RNA and protein. All the tissue 
samples were obtained with written informed consent from 
the patients. The protocol was approved by The First Affiliated 
Hospital of Xi'an Jiaotong University (approval no. 201810053).

A normal lung epithelial cell line (BEAS‑2B) and lung 
carcinoma cell lines NCI‑H460, NCI‑H1299, and A549 were 
purchased from American Type Culture Collection (ATCC) 
and cultured according to the ATCC guidelines. 293T cells 
were purchased from Procell Life Science&Technology Co., 
Ltd., and cultured in DMEM supplemented with 10% FBS 
(cat. no. 30‑2020; ATCC) and 1X Penicillin‑streptomycin 
(Thermo Fisher Scientific, Inc.). BEAS‑2B cells were 
cultured in bronchial epithelial growth medium (BEGM; 
cat. no. CC‑3170; Clonetics Corporation), according to the 
manufacturer's instructions. NCI‑H460 and NCI‑H1299 
cells were cultured in RPMI‑1640 medium (cat. no. 30‑2001; 
ATCC), and A549 cells in F12K medium (cat. no. 30‑2004; 
ATCC) supplemented with 10% FBS (cat. no. 30‑2020, ATCC) 
and 1X Penicillin‑streptomycin (Thermo Fisher Scientific, 
Inc.). All cells were culture at 37˚C with 5% CO2.

RNA extraction and reverse transcription‑quantitative PCR 
(RT‑qPCR). Total RNA from both tissue samples and cell lines 
were extracted using TRIzol® reagent (Invitrogen; Thermo 
Fisher Scientific, Inc.). For each sample, 500 ng total RNA was 
reverse transcribed to synthesize the first‑strand cDNA using 
the PrimeScript RT reagent kit (Takara Bio, Inc.).

cDNA samples were diluted 40  times to perform the 
RT‑qPCR using SYBR Premix Ex Taq (Takara Bio, Inc.) 
on a CFX96 real‑time PCR detection system (Bio‑Rad 
Laboratories, Inc.). Expression levels of mRNAs, lncRNAs 
and miRNAs were normalized to GAPDH. The primers used 
for RT‑qPCR analyses were as follows: GAPDH forward, 
5'‑AAC​GAC​CCC​TTC​ATT​GAC​C‑3' and reverse, 5'‑TCC​ACG​
ACA​TAC​TCA​GCA​CC‑3'; RP11‑284F21.9 forward, 5'‑AGG​
ATT​GGC​ACT​CAC​TTC​GG‑3' and reverse, 5'‑TCT​CTC​ACC​
ACG​TCT​GGT​CT‑3'; and CCAR1 forward, 5'‑CTG​ATG​GCT​
AGC​CCT​AGT​ATG​GA‑3' and reverse, 5'‑TGC​CTT​TCA​TGC​
CCA​CTA​AAA​‑3'. The temperature protocol used to perform 
RT was 42˚C for 1 h followed by 70˚C for 10 min. Thermal 
conditions of PCR reactions were: Initial denaturation at 95˚C 
for 1 min, followed by 40 cycles for 20 sec at 95˚C and 60 sec 
at 60˚C. The mRNA expression levels were determined using 
the 2‑ΔΔCq method (19).

Oligonucleotides and cell transfection. The small inter-
fering RNA (siRNA) synthetic negative control (si‑NC), 
RP11‑284F21.9 siRNAs (si‑RP11‑284F21.9), miR‑NC, 
miR‑627‑3p mimics and miR‑627‑3p inhibitor were 
purchased from Shanghai GenePharma Co., Ltd.All primer 
sequence information is presented in Table I. At a density of 
2x105 cells/well, the cells were plated in 6‑well plates 24 h 
before transfection and were transfected at 60% confluency. All 
of the oligonucleotides were transfected at a final concentra-
tion of 50 nM using Lipofectamine® 3000 reagent (Invitrogen; 
Thermo Fisher Scientific, Inc.) according to the manufacturer's 
instruction. Cells were collected at 24 h post‑transfection for 
subsequent experiments.

Cell Counting Kit (CCK)‑8 assay and EdU labeling of prolif‑
erating cells. A CCK‑8 was used for cell proliferation assay, 
the cells were seeded into 96‑well plates (2x103 cells/well) 
and observed for 1, 2, 3 and 4 days, or indicated time points, 
following the manufacturer's instructions (Dojindo Molecular 
Technologies, Inc.). The optical density was measured at 
450 nm using a spectrophotometer (Thermo Fisher Scientific, 
Inc.).

For the EdU assay, cells were incubated with 10 µM EdU 
(cat. no. ab219801; Abcam) for 2 h at 37˚C and fixed with 4% 
formaldehyde at room temperature for 10 min. After a brief 
washing with PBS, click reagent was added into each well and 
incubated in the dark for 30 min at room temperature. Followed 
by PBS washing, the cells were stained with 1 µg/ml DAPI at 
room temperature for 10 min. Images were captured using a 
fluorescence microscope (Nikon Corporation) and measured 
using Adobe Photoshop 6.0 software (Adobe Systems, Inc.). 
The EdU labeled cells were analyzed with MoFlo Astrios 
(Beckman‑Coulter, Inc.; Magnification, x200).

Transwell assay and flow cytometry measurement of cell 
apoptosis. Transwell assays were performed with a coating 
of Matrigel (BD Biosciences) mixed with culture medium 
mixed at 1:1 ratio at 37˚C for 1 h. A total of 1x105 cells in 
200 µl serum‑free medium were added to the upper layer of 
the Transwell chambers (8 µm pore size; Corning, Inc.) and 
cultured for 24 h. The lower chamber contained the culture 
medium with 10% FBS. The migrated cells were fixed with 
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4% paraformaldehyde for 30 min at room temperature, stained 
with 0.1% crystal violet for 20 min at room temperature and 
images of six randomly selected fields in each well were 
captured under a light microscope (Magnification, x200).

Cellular apoptosis was detected using the Apoptosis 
Detection kit (cat. no. KGF001; Nanjing KeyGen Biotech 
Co., Ltd.) according to the manufacturer's instructions. Cells 
were stained with fluorescein isothiocyanate‑conjugated 
annexin V and PI. After incubated for 15 min at 37˚C in 
the dark, 400 µl 1X Binding Buffer was added to each tube 
and stained cells were analyzed using BD FACS Canto II 
flow cytometry (FACS Calibur; BD Biosciences). Data were 
analyzed using FlowJo software version 8.8.6 (Tree Star, 
Inc.).

Luciferase reporter assay. The RP11‑284F21.9 wild‑type (wt) 
or mutant (mut) 3'‑untranslated region (3'‑UTR), and CCAR1 
wt or mut 3'‑UTR sequences were cloned into the pmirGLO 
plasmid (Youbio; http://www.youbio.cn/; cat. no. VT1439). 
The vectors (2 µg/ml) were co‑transfected with miR‑NC or 
miR‑627‑3p mimic (50 nM) and Renilla plasmids (5 ng/well), 
used as an internal control, into cells seeded in a 48‑well plate 
(1x104/well) using Lipofectamine® 2000 reagent (Invitrogen; 
Thermo Fisher Scientific, Inc.). Cell lysates were collected 
at 48 h after transfection and the luciferase activities were 
detected with the Dual‑Luciferase Reporter Assay system 
(Promega Corporation) according to the manufacturer's 
instructions.

Western blotting. Cell were lysed using RIPA lysis buffer 
(Sigma‑Aldrich; Merck KGaA) and protein concentrations 
were assessed with the BCA Protein Assay kit according 
to the manufacturer's instructions (Beyotime Institute of 
Biotechnology, Shanghai, China). Equal amounts (25  µg) 
of cell protein lysates were loaded and separated by 10% 
SDS‑PAGE, transferred to a PVDF membrane and blocked 
with 5% non‑fat milk at room temperature for 2  h. The 
membranes were then incubated with CCAR1 primary anti-
body (1:1,000; cat. no. ab70243; Abcam) overnight at 4˚C, 
followed by incubation with goat anti‑mouse or goat anti‑rabbit 
IgG‑horseradish peroxidase conjugate secondary antibodies 
(1:5,000; cat. no. ab205718; Abcam) at room temperature for 
2 h. GAPDH (1:2,000; cat. no. ab181602; Abcam) was used 
as loading control. The signals were detected using the ECL 
system (Protein Simple) according to the manufacturer's 
instructions.

In vivo tumorigenicity analysis in mice. Male BALB/c nude 
mice (age, 8 weeks; weight, 21‑25 g) were obtained from 
Beijing Vital River Laboratory Animal Technology Co., 
Ltd., and housed at a room temperature of 25˚C with a 12 h 
light/dark cycle. The mice were maintained in an individu-
ally ventilated cage system under specific pathogen‑free 
conditions (temperature; 25˚C; humidity: 55%), and fed 
with sterile food and water (free access). To evaluate the 
effect of RP11‑284F21.9 knockdown on the growth of 
lung carcinoma in vivo, 5x106 si‑NC or si‑RP11‑284F21.9 
treated NCI‑H1299 cells in 200 µl serum‑free medium were 
subcutaneously injected into each mouse (n=5 per group) 
under anesthesia, which was induced by 5% isoflurane 
and maintained by 2% isoflurane (flow rate, 1l/min). The 
animals were monitored daily and the following criteria for 
humane endpoint was used: Severe tumor burden (>20 mm 
in diameter), difficulty breathing, significant body‑weight 
loss and clinical signs such as prostration, hypothermia and 
significant abdominal distension. Tumors were measured 
on days 1, 5, 9 and 13, and the volumes were calculated 
using the formula: a x b2/2 [the largest diameter (a) and the 
smallest diameter (b)]. Then, 2 weeks after inoculation, 
the mice were euthanized by CO2 inhalation (CO2 flow 
rate, 10% of cage volume) and the death of animals were 
confirmed by cessation of heartbeat. The xenografts were 
imaged and weighed.

The total RNA was then extracted from the xenografts 
as aforementioned. Animal care and study were approved 
by the Institutional Animal Care and Use Committee of 
The First Affiliated Hospital of Xi'an Jiaotong University 
(approval no. 201902013).

Target prediction. Potential target miRNAs of RP11‑284F21.9 
were predicted using LncBase V2 (http://carolina.imis.athena- 
innovation.gr/diana_tools/web/index.php?r=lncbasev2/index). 
The target genes of miR‑627‑3p were predicted using three bioin-
formatics algorithms: TargetScanV7.2 (http://www.targetscan.
org/vert_72/) and miRDB (http://www.mirdb.org/mining.html).

Statistics analysis. Data were analyzed using the GraphPad 
Prism 5.0 software (GraphPad Software, Inc.), and presented 
as the mean  ±  SD from ≥3 independent experiments. A 
two‑tailed unpaired Student's t‑test or one‑way ANOVA with 
Tukey's post‑hoc analysis were performed to evaluate the 
statistical significance. P<0.05 was considered to indicate a 
statistically significant difference.

Table I. Sequence of siRNAs and miRNA mimics and inhibitors.

Oligonucleotides	 Sequence (5'→3')

si‑NC	 UUCUCCGAACGUGUCACGUTT
si‑RP11‑284F21.9	 UAUUGGCACCAAGGAUAGC
miR‑NC	 UCGUUAAUCGGCUAUAAUACGC
miR‑627‑3p mimics	 UCUUUUCUUUGAGACUCACU
miR‑627‑3p inhibitor	 UCUUUUCUUUGAGACUCACU

miR, microRNA; siRNA, small interfering RNA; NC, negative control.
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Results

Expression of RP11‑284F21.9 is upregulated in lung carci‑
noma. To investigate the potential role of RP11‑284F21.9 
in lung carcinoma, its expression was analyzed in tissue 
samples and matched adjacent healthy tissues from 
13 patients with lung carcinoma. The results demonstrated 
that the expression of RP11‑284F21.9 was significantly 
upregulated in tumor tissues compared with healthy tissues 
(Fig.  1A). The expression of RP11‑284F21.9 was also 
analyzed in human lung carcinoma cell lines (NCI‑H460, 
NCI‑H1299 and A549) and normal human lung epithelial 
cell line (BEAS‑2B). Consistent with the findings in the 
tissue samples, the expression of RP11‑284F21.9 was signifi-
cantly increased in carcinoma cell lines compared with the 
normal epithelial cell line (Fig. 1B). These results indicated 
that RP11‑284F21.9 may serve an oncogenic role in lung 
carcinoma.

Knockdown of RP11‑284F21.9 exerts anti‑oncogenic 
effects in lung carcinoma cells. To study the specific role 
of RP11‑284F21.9 in lung carcinoma cells, RP11‑284F21.9 
siRNA was transfected into NCI‑H1299 and NCI‑H460 cells 
(Fig. 2A). After transfection, the proliferation of these cells 
was measured using CCK‑8 and EdU assays (Fig.  2B‑D). 
The results suggested that knocking down RP11‑284F21.9 
significantly reduced the proliferation of lung carcinoma cells 
compared with the NC group (Fig. 2B‑D). The invasiveness of 
si‑RP11‑284F21.9 transfected cells also significantly decreased, 
as indicated by the data from the Transwell assay (Fig. 2F). To 
further validate the invasive capability, a RT‑qPCR assay was 
performed to detect the expression levels of invasion‑related 
genes, and the results identified that both MMP2 and MMP9 
were significantly decreased when RP11‑284F21.9 was down-
regulated (Fig. S1).

The results of flow cytometry measurement based apoptosis 
assay suggested that cells transfected with si‑RP11‑284F21.9 
had a higher apoptotic rate compared with the si‑NC trans-
fected group (Fig. 2E). These data demonstrated the anti‑tumor 
effects of RP11‑284F21.9 knockdown in lung carcinoma cells, 
indicating an oncogenic role of RP11‑284F21.9.

RP11‑284F21.9 directly interacts with miR‑627‑3p. Based on 
the prediction of the online tool lncBase v.2 from DIANA 
(Prediction module; http://carolina.imis.athena‑innovation.
gr/diana_tools/web/index.php?r=lncbasev2/index), which was 
used to identify the downstream miRNAs of RP11‑284F21.9, 
the first five miRNAs in the output list were tested. Among 
the predicted potential targets, it was found that miR‑627‑3p 
had the most significant upregulation in NCI‑H1299 cells 
transfected with si‑RP11‑284F21.9 (Fig. S2).

Using sequence alignment, it was identified that 
miR‑627‑3p was partially complementary with the 3'‑UTR 
of RP11‑284F21.9 (Fig. 3A). Subsequently, 293T cells were 
transfected with the pmirGLO‑RP11‑284F21.9‑wt or mut 
vector, containing the wt or mut sequence of RP11‑284F21.9 
3'‑UTR, with or without miR‑627‑3p mimics. Results from the 
luciferase reporter assay suggested that miR‑627‑3p mimics 
significantly decrease the signal of RP11‑284F21.9‑wt trans-
fected cells but not the RP11‑284F21.9‑mut transfected cells, 
indicating a direct interaction between the two non‑coding 
RNAs (Fig. 3A). Furthermore, transfection of si‑RP11‑284F21.9 
into NCI‑H1299 and NCI‑H460 cells resulted in the suppres-
sion of endogenous RP11‑284F21.9, leading to a significant 
increase in miR‑627‑3p expression (Fig. 3B). Thus, these find-
ings suggested an inhibitory effect of RP11‑284F21.9 on the 
expression of miR‑627‑3p in lung carcinoma cells.

The expression of miR‑627‑3p was detected in both lung 
carcinoma tissues and cell lines. It was demonstrated that 
miR‑627‑3p was significantly downregulated in carcinoma 
tissues (Fig.  3C) and NCI‑H460, NCI‑H1299, and A549 
cells (Fig.  3D) compared with healthy tissues and cells. 
Collectively, these data suggested a direct interaction between 
RP11‑284F21.9 and miR‑627‑3p, in which RP11‑284F21.9 
suppresses the expression of miR‑627‑3p.

RP11‑284F21.9 regulates the proliferation and invasiveness of 
lung carcinoma cells via miR‑627‑3p. To rescue the anti‑tumor 
effects of si‑RP11‑284F21.9 in lung carcinoma cells, the 
miR‑627‑3p inhibitor, which specifically downregulates the 
expression of miR‑627‑3p, was transfected into NCI‑H1299 
and NCI‑H460 cells (Fig. 4A). The results from the CCK‑8 and 
EdU assays demonstrated that treatment with si‑RP11‑284F21.9 

Figure 1. RP11‑284F21.9 expression is upregulated in LC tissues and cell lines. (A) Expression of RP11‑284F21.9 in LC tissues in comparison with adjacent 
healthy tissues was analyzed using RT‑qPCR. ***P<0.001 vs. adjacent tissues (n=13). (B) Expression of RP11‑284F21.9 in human lung carcinoma cell lines 
(NCI‑H460, NCI‑H1299 and A549) compared with normal human lung epithelial cell line (BEAS‑2B) was analyzed using RT‑qPCR. *P<0.05, ***P<0.001 
vs. BEAS‑2B (n=3). LC, lung carcinoma; RT‑qPCR, reverse transcription‑quantitative PCR.
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and miR‑NC significantly decrease the proliferation of both 
NCI‑H1299 and NCI‑H460 cells (Fig. 4B‑D). However, the 
administration of miR‑627‑3p inhibitor partially reversed the 

anti‑proliferative effect of si‑RP11‑284F21.9, indicating that 
RP11‑284F21.9 regulates the proliferation of lung carcinoma 
cells partially via miR‑627‑3p (Fig. 4B‑D). In addition, the 

Figure 2. RP11‑284F21.9 knockdown inhibits lung carcinoma cell proliferation and invasion, and promotes cell apoptosis. (A) RP11‑284F21.9 knockdown 
was achieved via RP11‑284F21.9 siRNA, and the knockdown efficiency was verified using reverse transcription‑quantitative PCR (n=3). Cell Counting Kit‑8 
assay was performed to measure the proliferation of (B) NCI‑H1299 and (C) NCI‑H460 cells after transfection with si‑RP11‑284F21.9, compared with the 
si‑NC group (n=5). (D) An EdU assay was performed to measure the proliferation of NCI‑H1299 and NCI‑H460 cells after transfection with si‑NC and 
si‑RP11‑284F21.9. Magnification, x200. (E) Flow cytometry analysis was performed to determine the effects of RP11‑284F21.9 knockdown on apoptotic 
rates in NCI‑H1299 and NCI‑H460 cells (n=3). (F) Transwell assay was performed to determine the effects of RP11‑284F21.9 knockdown on NCI‑H1299 and 
NCI‑H460 cell invasion (n=3). Magnification, x200. *P<0.05, **P<0.01 vs. control group. NC, negative control; siRNA, small interfering RNA; OD, optical 
density. 
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miR‑627‑3p inhibitor restored the reduction in the number of 
NCI‑H1299 and NCI‑H460 cells that migrated through the 
Transwell membrane induced by si‑RP11‑284F21.9 treatment 
(Fig. 4F). These data indicated the participation of miR‑627‑3p 
in the RP11‑284F21.9‑mediated invasive effect.

The qPCR assay results  ident i f ied that  both 
MMP2 and MMP9 expression levels were restored in 
RP11‑284F21.9‑downregulated cells when miR‑627‑3p was 
inhibited, compared with the miR‑NC group (Fig. S3). In 
addition, transfection with miR‑627‑3p inhibitor also dimin-
ished the pro‑apoptosis effect of si‑RP11‑284F21.9 in both 
NCI‑H1299 and NCI‑H460 cells (Fig. 4E). Therefore, it was 
suggested that RP11‑284F21.9 promoted the proliferation and 
invasion, as well as suppressed the apoptosis of lung carcinoma 
cells by inhibiting the expression of miR‑627‑3p.

RP11‑284F21.9 regulates CCAR1 via targeting miR‑627‑3p. 
To further evaluate how RP11‑284F21.9 exerts an oncogenic 
role via miR‑627‑3p, the publicly available algorithms of 
TargetScan (http://www.targetscan.org/) and miRDB were 
used, which identified CCAR1 as a potential target for 
miR‑627‑3p (Fig. 5A). In order to validate this prediction, 
miR‑627‑3p mimic was transfected into 293 cells and the 
transfection efficiency was assessed. The results demon-
strated that transfection of miR‑627‑3p mimic increased the 

expression of miR‑627‑3p by >70 times compared with cells 
transfected with miR‑NC (Fig. S4).

After validating the upregulation of miR‑627‑3p mimic, a 
CCAR1‑wt vector was constructed, which contained the wt 
binding site between miR‑627‑3p and the CCAR1 3'‑UTR, and 
CCAR1‑mut vector containing the mut sequence (Fig. 5A). 
The results from luciferase reporter assays indicated that, 
compared with the miR‑NC group, the miR‑627‑3p mimic 
significantly decreased the luciferase activity of CCAR1‑wt 
treated cells but not the CCAR1‑mut treated cells, suggesting 
a direct binding of miR‑627‑3p to the 3'‑UTR of CCAR1 
(Fig. 5B). Increased expression levels of CCAR1 were present 
in the lung carcinoma tissues compared with the adjacent 
healthy tissues (Fig. 5C). Moreover, a significant decrease in 
both mRNA and protein expression levels of CCAR1 was 
detected upon transfecting NCI‑H1299 and NCI‑H460 cells 
with miR‑627‑3p mimics (Fig. 5D and E). Thus, CCAR1 may 
be a direct target of miR‑627‑3p in lung carcinoma cells and 
tissues.

RP11‑284F21.9 knockdown inhibits tumor growth and the 
expression of CCAR1 in vivo. In order to investigate the effect 
of RP11‑284F21.9 on in  vivo tumorigenicity, NCI‑H1299 
cells were transfected with si‑NC or si‑RP11‑284F21.9 and 
injected into the nude mice. After 2 weeks, a significantly 

Figure 3. RP11‑284F21.9 directly interacts with miR‑627‑3p. (A) Binding site between RP11‑284F21.9 and miR‑627‑3p that was identified using the DIANA 
tools, and a luciferase reporter assay was conducted in pmirGLO‑RP11‑284F21.9‑wt or mut treated 293 cells in the presence of miR‑627‑3p mimics or 
miR‑NC (n=3). *P<0.05 vs. miR‑NC. (B) Expression of miR‑627‑3p in NCI‑H1299 and NCI‑H460 cells transfected with si‑RP11‑284F21.9 was analyzed using 
RT‑qPCR. **P<0.01 vs. si‑NC (n=3). miR‑627‑3p expression in (C) LC tissues and (D) NCI‑H460, NCI‑H1299 and A549 cells, compared with adjacent healthy 
tissues and normal lung epithelial cells, was analyzed using RT‑qPCR (n=3). *P<0.05, **P<0.01 vs. adjacent tissue or BEAS‑2B cells. NC, negative control; 
siRNA, small interfering RNA; wt, wild‑type; mut, mutant; miR, microRNA; LC, lung carcinoma. 
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Figure 4. RP11‑284F21.9 regulates proliferation and invasiveness in lung carcinoma cells via miR‑627‑3p. (A) Expression of miR‑627‑3p in NCI‑H1299 and 
NCI‑H460 cells transfected with miR‑NC or miR‑627‑3p inhibitor was detected using RT‑qPCR analysis (n=3). *P<0.05 vs. miR‑NC. Cell Counting Kit‑8 
assay was performed in (B) NCI‑H1299 and (C) NCI‑H460 cells stably transfected with si‑RP11‑284F21.9 in the presence of miR‑NC or miR‑627‑3p inhibitor 
(n=5). (D) EdU assay was performed in NCI‑H1299 and NCI‑H460 cells stably transfected with si‑RP11‑284F21.9 in the presence of miR‑NC or miR‑627‑3p 
inhibitor. Magnification, x200. (E) Flow cytometry analysis was performed in NCI‑H1299 and NCI‑H460 cells stably transfected with si‑RP11‑284F21.9 
in the presence of miR‑NC or miR‑627‑3p inhibitor (n=3). (F) Transwell assay was performed in NCI‑H1299 and NCI‑H460 cells stably transfected with 
si‑RP11‑284F21.9 in the presence of miR‑NC or miR‑627‑3p inhibitor. Magnification, x200 (n=3). *P<0.05 vs. si‑NC. NC, negative control; siRNA, small 
interfering RNA; OD, optical density; miR, microRNA. 
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slower proliferative rate of the tumors was observed in the 
si‑RP11‑284F21.9 group compared with the si‑NC group 
(Fig. 6A and B). Furthermore, the tumor volume and weight 
were significantly decreased in the si‑RP11‑284F21.9 group 
compared with the control group (Fig. 6A and B). RT‑qPCR 
analysis also demonstrated that, compared with the si‑NC 
group, the tumors in the si‑RP11‑284F21.9 group expressed 
higher levels of miR‑627‑3p (Fig. 6C) and lower levels of 
CCAR1 (Fig. 6D), providing further evidence to the existence 
of the RP11‑284F21.9/miR‑627‑3p/CCAR1 regulatory axis in 
lung carcinoma tumor tissues.

Discussion

The present study investigated the function of RP11‑284F21.9 
in lung carcinoma. It was initially found that RP11‑284F21.9 
was significantly upregulated in both lung cancer tissues and 
cell lines. Following the deduction of a potential oncogenic 
role of this lncRNA, si‑RP11‑284F21.9 was transfected into 
NCI‑H460 and NCI‑H1299 cells, and it was demonstrated 
that knockdown of RP11‑284F21.9 inhibited the prolif-
eration and invasion, while promoting apoptosis of lung 
carcinoma cells. In the mechanistic studies, using online 
prediction tools and in vitro assays, the results indicated 
that miR‑627‑3p directly interacts with RP11‑284F21.9 by 
binding to its 3'‑UTR.

The function of miR‑627 was initially reported in colorectal 
cancer (CRC). Padi et al (20) found that when upregulated by 
calcitriol, miR‑627 targets the histone demethylase Jumonji 
domain containing 1A to increase methylation of histone 
H3K9 and suppresses the proliferative factors of CRC cells, 
thus inhibiting the proliferation of CRC both in vitro and 
in vivo. Moreover, in CRC, Sun et al (21) discovered the role 
of miR‑627 in vitamin D‑enhanced efficacy of irinotecan via 
inhibition of the cytochrome P450 enzyme‑mediated intra-
tumoral drug metabolism. miR‑627 is also reported to be a 
potential non‑invasive diagnostic marker in gastric and breast 
cancer types  (22,23). In pulmonary diseases, miR‑627 is 
downregulated in patients with chronic obstructive pulmonary 
disease and targets the high‑mobility group box protein 1 to 
inhibit its expression, thus improving transforming growth 
factor‑β1‑induced pulmonary fibrosis  (24,25). The present 
results demonstrated the inhibitory effect of RP11‑284F21.9 on 
the expression of miR‑627‑3p. In addition, it was identified that 
the miR‑627‑3p inhibitor can neutralize the anti‑tumor effects 
of RP11‑284F21.9 knockdown, indicating that RP11‑284F21.9 
promotes the proliferation and invasiveness of lung carcinoma 
cells partially by regulating miR‑627‑3p. This anti‑tumor role 
of miR‑627‑3p under the regulation of RP11‑284F21.9 in lung 
carcinoma tissues and cells is in accordance with the previous 
aforementioned findings on human CRC, gastric and breast 
cancer types.

Figure 5. miR‑627‑3p directly targets CCAR1. (A) Bioinformatic analysis of the predicted binding sites between the CCAR1 3'‑untranslated region and 
miR‑627‑3p. (B) Luciferase reporter assay in CCAR1‑wt or CCAR1‑mut treated 293 cells in the presence of miR‑NC or miR‑627‑3p mimic (n=3). *P<0.05 
vs. miR‑NC. (C) CCAR1 expression in LC tissues compared with adjacent healthy tissues was analyzed using RT‑qPCR (n=13). **P<0.01 vs. adjacent tissue. 
Expression of CCAR1 in NCI‑H1299 and NCI‑H460 cells transfected with miR‑NC or miR‑627‑3p mimics was detected using (D) RT‑qPCR and (E) western 
blotting (n=3). *P<0.05 vs. miR‑NC. miR, microRNA; NC, negative control; wt, wild‑type; mut, mutant; RT‑qPCR, reverse transcription‑quantitative PCR; 
CCAR1, cell division cycle and apoptosis regulator 1; LC, lung carcinoma. 
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Using the publicly available RNA interaction prediction 
algorithms, the current study identified that CCAR1, which 
was initially shown as the target gene of miR‑627‑3p, is also 
regulated by RP11‑284F21.9. Furthermore, the regulatory axis 
of RP11‑284F21.9/miR‑627‑3p/CCAR1 exists in the lung carci-
noma cells both in vitro and in vivo in the tumor growth model. 
The interaction between RP11‑284F21.9 and miR‑627‑3p, 
and the interaction between miR‑627‑3p and CCAR1 were 
demonstrated by the dual‑luciferase assay. Although this 
method has been used to validate RNA‑RNA interactions in 
previous studies (26‑28), other assays, such as RNA pull‑down 
and RNA  binding  protein  immunoprecipitation that 
would provide more direct evidence for the RNA‑RNA and 
RNA‑protein interactions, should be performed.

CCAR1 was initially reported as a protein essential for 
cancer cell apoptosis induced by retinoids or chemotherapeu-
tics, such as Adriamycin and etoposide (29). Subsequently, 
Kim  et  al  (30) revealed that this protein functions as a 
transcriptional co‑activator of nuclear receptors. In human 
breast cancer cells, as CCAR1 interacts and cooperates with 
the co‑activators of estrogen receptor signaling, it promotes 
the estrogen‑dependent proliferation of cancer cells. In CRC 
cells, Ou et al (31) reported that CCAR1 can be recruited by 

β‑catenin to act as a co‑activator for the transcriptional activa-
tion of lymphoid enhancer binding factor 1. CCAR1 is essential 
for the expression of Wnt target genes, as well as the neoplastic 
transformation of CRC cells (31,32). In gastric cancer cells, 
researchers have revealed the cooperation between CCAR1 
and β‑catenin, which leads to the promotion of the prolifera-
tion and migration of cancer cells (33). In lung cancer, CCAR1 
was reported to be an effector of Doxorubicin‑induced apop-
tosis (34). Moreover, Muthu et al (35) demonstrated that certain 
chemical compounds that bind with CCAR1 can increase 
the expression of CCAR1 and induce apoptosis. However, a 
contradictory conclusion was reported in a recent study, which 
observed that CCAR1 was promoted by serine and arginine 
rich splicing factor 5, which is activated by glucose intake, 
and further enhanced tumorigenesis by increasing the glucose 
consumption rate  (36). Corroborating this finding, in the 
current study, via the targeting of miR‑627‑3p, the expression of 
CCAR1 was positively associated with that of RP11‑284F21.9, 
suggesting a carcinogenic role in lung carcinoma tissues and 
cells. However, a limitation and future direction of the present 
study is to investigate the function of CCAR1 in lung cancer, 
including the identification of its interactome and the potential 
pathways that trigger the tumorigenesis of lung cancer.

Figure 6. RP11‑284F21.9 knockdown inhibits tumor growth in vivo. (A) Macroscopic image of xenografted tumors. (B) Tumor volume in nude mice injected 
with NCI‑H1299 cells transfected with si‑NC or si‑RP11‑284F21.9, measured over 2 weeks (n=5). (C) Weight of tumors in nude mice at 2 weeks after injection 
of NCI‑H1299 cells transfected with si‑NC or si‑RP11‑284F21.9 (n=5). Expression levels of (D) miR‑627‑3p and (E) CCAR1 in the tumor tissues from nude 
mice injected with NCI‑H1299 cells transfected with si‑NC or si‑RP11‑284F21.9 for 2 weeks were detected using reverse transcription‑quantitative PCR (n=5). 
*P<0.05, **P<0.01, ***P<0.001 vs. si‑NC. miR, microRNA; NC, negative control; sh, short hairpin RNA; CCAR1, cell division cycle and apoptosis regulator 1. 
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In conclusion, the present results demonstrated the 
promoting effect of RP11‑284F21.9 on the proliferation and 
invasion of lung carcinoma cells. It was found that the onco-
genic function of RP11‑284F21.9 was partially mediated via 
the RP11‑284F21.9/miR‑627‑3p/CCAR1 axis in both lung 
cancer cells and tissues. By investigating the role and mecha-
nism of a newly identified lncRNA, the current study revealed 
a novel treatment target and a potential therapeutic strategy for 
patients with lung carcinoma.
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