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Abstract. Colorectal cancer (CRC) is a tumor type 
characterized by high patient morbidity and mortality. It has 
been reported that long non-coding (lncRNA) LUNAR1 
(LUNAR1) participates in the regulation of tumor progression, 
such as diffuse large B-cell lymphoma. However, its role and 
underlying mechanisms in CRC progression have not been 
elucidated. The present study was designed to investigate 
the underlying mechanisms by which LUNAR1 regulates 
CRC progression. RT-qPCR and Pearson's correlation 
analysis revealed that LUNAR1 was highly expressed and 
was negatively associated with the overall survival of CRC 
patients. Moreover, CCK-8, clone formation, wound-healing 
migration, Transwell chamber and FACs assay analyses 
showed that LUNAR1 knockdown inhibited CRC cell 
proliferation, migration and invasion, while accelerating cell 
apoptosis. Additionally, LUNAR1 was found to function as 
a sponge of miR-495-3p, which was predicted by TargetScan 
and confirmed by luciferase reporter assay. Furthermore, 
functional studies indicated that miR-495-3p overexpression 
inhibited CRC cell proliferation, migration and invasion, 
while accelerating cell apoptosis. In addition, bioinformatics 
and luciferase reporter assays showed that miR-495-3p was 
found to negatively target Myc binding protein (MYCBP), 

and functional research showed that LUNAR1 accelerated 
CRC progression via the miR-495-3p/MYCBP axis. In 
conclusion, LUNAR1 accelerates CRC progression via the 
miR-495-3p/MYCBP axis, indicating that LUNAR1 may 
serve as a prognostic biomarker for CRC patients.

Introduction

Colorectal cancer (CRC) is a tumor type characterized by 
high patient morbidity and mortality (1). At present, surgery, 
radiotherapy and chemotherapy are the primary strategies for 
CRC treatment (2). Although some progress has been made 
in regards to CRC treatment on account of improvement in 
the medical level, the strong metastatic tendency of CRC still 
increases the risk of patient death (3). Notably, drug resistance 
and the generation of side effects are the primary obstacles for 
CRC treatment (4). Therefore, investigating the pathological 
progression of CRC is essential and beneficial to investigate 
new diagnostic and treatment strategies for CRC.

Long non-coding RNAs (lncRNAs), working as pivotal 
intracellular regulatory molecules, have functional bioactivity 
in various physiological processes (5). Crucially, lncRNAs have 
been proven to be pivotal regulators in tumor progression. In 
gastric cancer, lncRNA MAGI2-AS3 was found to be primarily 
distributed in the cytoplasm and was found to accelerate tumor 
progression by interacting with miR-141/200a (6). In cervical 
cancer, lncRNA SOX21-AS1 overexpression was found 
to inhibit cervical cancer progression, and its methylation 
was found to have clinical prognostic value (7). In prostate 
cancer, lncRNA SNHG7 was demonstrated to regulate tumor 
progression via the miR-324-3p/WNT2B axis (8). Consistently, 
reports indicate that multiple lncRNAs participate in 
the regulation of CRC processes. For example, lncRNA 
LEF1-AS1 was found to accelerate CRC progression by 
targeting the miR-489/DIAPH1 axis (9). lncRNA MIR503HG 
alleviated CRC progression by downregulating TGF-β2 
expression (10). In addition, lncRNA TTN-AS1 accelerated 
CRC progression by sponging miR-376a-3p (11). LUNAR1 is 
a 491-nucleotide transcript located at 15q26.3, with 4 exons 
and a poly(A) tail (12). Increasing evidence indicates that 
LUNAR1 participates in tumor progression. In diffuse large 
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B-cell lymphoma, LUNAR1 was found to serve as a candidate 
prognostic biomarker via growth regulation (13). Moreover, 
the novel Notch-induced LUNAR1 promoted the proliferation 
of cancer cells, and may serve as a prognostic marker for 
CRC (14). These findings showed that LUNAR1 may act as an 
oncogene and plays an important role in cancer progression. 
However, to date, the roles of LUNAR1 in CRC progression 
have not been fully elucidated.

A microRNA (miRNA/mRNA) is defined as a series of 
non-coding RNA sequences of approximately 18-22 bp (15). 
Reports indicate that miRNAs play essential roles in gene 
expression via regulating post-transcriptional translation, 
which may be involved in the regulation of the progression 
of various diseases (16). Research has demonstrated that 
miR-495-3p participates in the regulation of the progression 
of multiple diseases. For example, miR-495-3p was found to 
inhibit rifampicin-induced SULT2A1 expression via accel-
erating the degradation of mRNAs, which in turn reduces 
hepatocellular toxicity (17). Increasing evidence indicates 
that miRNAs might be sponged by lncRNAs to regulate 
disease-related gene expression, resulting in the regulation of 
disease progression. Hence, lncRNAs may serve as competitive 
endogenous RNAs (ceRNAs) (18). For example, miR-495-3p is 
sponged by lncRNA NEAT1 to regulate STAT3 expression, 
resulting in alleviation of septicemia‑related inflammatory 
response (19). Moreover, it is worth noting that miR-495-3p 
serves as an inhibitory regulator in CRC (20). However, the 
relationship between LUNAR1 and miR-495-3p, and the 
specific mechanisms involved remain unclear.

C-myc binding protein (MYCBP) plays a vital role 
in disease progression. MYCBP binds to the N-terminal 
region of MYC corresponding to the transactivation domain 
via its C-terminal region and stimulates the activation of E 
box-dependent transcription by c-MYC (21). In esophageal 
cancer, miR-26a and miR-26b inhibit tumor cell proliferation 
by inhibition of MYCBP expression (22). Overexpression of 
MYCBP binding protein was found to promote the invasion 
and migration of gastric cancer (23). These findings indicate 
that MYCBP plays a carcinogenic role in most cancers. In the 
present study, we further investigated the specific mechanism 
of MYCBP in CRC.

In this research, we aimed to explore the role of LUNAR1 
in CRC progression and the underlying mechanisms by evalu-
ating the proliferation, migration, invasion, and apoptosis of 
CRC cell lines, including SW480 and LoVo cells. Our find-
ings suggest novel prognostic biomarkers for predicting the 
progression and prognosis of CRC.

Materials and methods

Patients. Fifteen CRC patients (age range, 25-60 years, 
average age, 42; 7 males and 8 females) at The First Affiliated 
Hospital, College of Medicine, Zhejiang University (Hangzhou, 
Zhejiang, China) between March 2018 and March 2019 were 
surveyed. These patients did not receive chemotherapy and 
radiotherapy before the operation; and did not present with 
diseases such as infectious diseases and multiple cancers. 
The clinical staging was based on the TNM analysis system 
of Union for International Cancer Control, UICC (version 8). 
All patients were informed before their inclusion; written 

consent of the patients was obtained. Multivariate analysis was 
performed to identify factors associated with overall survival 
using the Cox proportional hazards model.

Tissue specimens. Tumor tissues or corresponding paracan-
cerous tissues were obtained by surgical extraction from 
15 CRC patients (age range, 25‑60 years, average age, 42; 
7 males and 8 females) at The First Affiliated Hospital, College 
of Medicine, Zhejiang University (Hangzhou, Zhejiang, China) 
between March 2018 and March 2019. All experimental 
protocols were approved by the Ethics Committee of The First 
Affiliated Hospital, College of Medicine, Zhejiang University 
(Zhejiang, China; ethical approval no. PRO20180916‑R1) and 
experimental procedures were conducted according to the 
Declaration of Helsinki Principles.

Cell culture. CRC cells lines, including HT29, LoVo, SW480, 
SW620 cells and normal HIEC cells which served as the 
control were obtained from Kunming Medical University 
(Kunming, Yunnan, China). Dulbecco's modified Eagle's 
medium (DMEM; Roche) supplemented with 10% fetal 
bovine serum (FBS) (Roche) and 1% penicillin‑streptomycin 
solution (Solarbio) was applied to the cultured cells in a humid 
incubator containing 5% CO2 at 37˚C.

Cell transfection. The transfection doses for pLKO.1 plasmid 
shRNAs targeting lncRNA LUNAR1, MYCBP and its negative 
control sh-NC (synthesized by Sangon Biotech) were 500 ng 
for cells in each well of 6-well plates. The transfection doses 
of miR-495-3p mimics or inhibitors (synthesized by Sangon 
Biotech), as well as their corresponding controls were 100 nM for 
cells in each well of 6-well plates. The transfection was performed 
using Lipofectamine™ 3,000 Transfection Reagent (Takara). 
Following a 48-h transfection, the SW480 and LoVo cells were 
applied to subsequent experiments. Detailed sequences for these 
shRNAs, mimics and inhibitors are presented in Table I.

RT‑qPCR. Trizol reagent (Takara) was applied to extracted 
total RNA from CRC cell lines or tissues. M-MLV Reverse 
Transcriptase (RNase H) kit (Takara) was performed to 
synthesize cDNA. RT-qPCR was performed as previously 
described (24). Primers applied to this research are shown in 
Table II.

Subcellular fractionation analysis. PARIS™ kit (Invitrogen; 
Thermo Fisher Scientific, Inc.) was applied for subcellular 
fractionation analysis, according to the manufacturer's instruc-
tions. Nuclear and cytoplasmic extraction reagents (Beyotime 
Institute of Biotechnology) were applied to separate cytoplasm 
and nuclear grade from SW480 or LoVo cells. RT-qPCR was 
conducted to analyze cytoplasmic and nuclear RNA extracts; 
GAPDH and U6 served as normalizing controls, respectively.

Western blot analysis. Total proteins were isolated from SW480 
and LoVo cells which were transfected with corresponding 
plasmids by using cell lysis buffer (Beyotime Institute of 
Biotechnology). Western blot analysis was conducted as 
previously described (25). All antibodies, including cyclin D1 
(ab16663), p21 (ab109520), Bax (ab32503), Bcl-2 (ab32124), 
cleaved-caspase 3 (ab2302), cleaved-caspase 9 (ab2324), Cox-2 
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(ab179800), MMP-2 (ab92536), MMP-9 (ab76003), MYCBP 
(ab86078) and GAPDH (ab9485) used in this research were 
obtained from Abcam (dilution, 1:1,000). The optical density 
of protein bands was quantified by Image J software1.8.0 
(National Institutes of Health, Bethesda, MD, USA).

CCK‑8 assay. SW480 or LoVo cell proliferation was analyzed 
by Cell Counting Kit-8 (Roche) according to the manufacturer's 
instructions.

Colony formation assay. Long-term cell proliferation was 
detected by colony formation assay. In detail, SW480 and 
LoVo cells were added into 12-well plates, at a dose of 50 cells 
per well. Dishes were taken out when the cell colonies in each 
well were more than 25. The numbers of cell clones were 
counted following staining with 1% crystal violet for 5 min 
at room temperature, and images were captured by an optical 
microscope (Olympus, CX23).

FACs analysis. A total of 1x105 SW480 or LoVo cells were 
cultured in 12-well plate by using serum-free DMEM for 
24 h, centrifuged at 150 x g for 5 min, and washed twice 
with pre‑cooled 1X PBS. Subsequently, the cells were fixed 
with 70% ethanol (Solarbio), maintained at 20˚C for 15 min, 
centrifuged at 150 x g for 5 min, and washed twice with 
pre-chilled 1X PBS. Next, the cells were incubated with 
10 µg/µl DNase‑free RNaseA (Sigma‑Aldrich; Merck KGaA) 
for 45 min at 37˚C to eliminate RNA, and washed twice 
with pre-chilled 1X PBS. Finally, following centrifuging 
at 150 x g for 5 min, the cells were incubated with 1 mg/ml 
iodide (Sigma‑Aldrich; Merck KGaA) in the dark at 4˚C for 
12 min. The cell distribution at each phase of the cell cycle was 
quantified in a flow cytometer and using ModFit software 3.3 
(Verity Software House). In addition, according to the manu-
facturer's instructions, Annexin-FITC/PI Apoptosis Detection 
Kit (Beyotime Institute of Biotechnology) was combined with 
flow cytometry to detect cell apoptosis (19). ModFit software 
3.3 was performed to analyze the data.

Wound‑healing migration assay. SW480 and LoVo cells, 
which were transfected with corresponding plasmids, were 
applied to the wound-healing assay. The detailed procedure 
was described previously (26).

Transwell chamber assay. A Transwell chamber with a 
membrane with pores of 8 µm in diameter was applied to 
assess cell migration. Specific operation protocol has been 
previously described (27).

RIP (RNA immunoprecipitation) assay. In detail, RNA immu-
noprecipitation was performed using the EZ‑Magna RIP kit 
(Millipore) following the manufacturer's protocol. SW480 and 
LoVo cells at 80‑90% confluency was scraped off, and then 
were lysed in complete RIP lysis buffer, after which 100 µl of 
whole cell extract was incubated with RIP buffer containing 
magnetic beads conjugated with human anti‑Ago2 antibody 
(Sigma‑Aldrich; Merck KGaA, 04‑642) and negative control 
normal mouse IgG (Sigma‑Aldrich; Merck KGaA, 12‑371). 
Anti‑SNRNP70 (Sigma‑Aldrich; Merck KGaA, SAB1305762) 
was used as a positive control for the RIP procedure. Samples 
were incubated with Proteinase K with shaking to digest the 
protein and then immunoprecipitated RNA was isolated. The 
RNA concentration was measured using a NanoDrop (Thermo 
Fisher Scientific, Inc.) and the RNA quality was assessed using 
a bioanalyzer (Agilent Technologies, Inc.). Furthermore, puri-
fied RNA was subjected to RT‑qPCR analysis to demonstrate 
the presence of the binding targets using respective primers.

Bioinformatics and luciferase reporter assay. TargetScan 
(www.targetscan.org) was conducted to predict the underlying 
target genes. The dual-luciferase reporter assay was performed 
as previously described (28).

Statistical analysis. The data are expressed as mean ± SD 
as represented from three independent experiments, and 
GraphPad Prism version 5.0 software (GraphPad Software, 
Inc.) was used for statistical analysis of all data. Pearson's 
correlation was performed to evaluate potential correlations 
between groups (Pearson's rho). Student's t test or one-way 

Table I. Detailed information regarding the sequences of the 
miRNA mimics, inhibitors and shRNAs.

Sequence name Sequences (5'-3')

miR-495-3p 5'-AAACAAACATGGTGCACTTCTT-3'
mimics
NC mimics 5'-ATCGTGCTAGTCGATGCTAGCT-3'
miR-495-3p 5'-GCTTTATATGTGACGAAACAA-3'
inhibitors
NC inhibitors 5'-CGATCGCAGCGGTGCAGTGCG-3'
sh-LncRNA 5'-GCCTGTTGAGTCACAGTTTCC-3'
LUNAR1
sh-MYCBP 5'-GCCCATTACAAAGCCGCCGAC-3'
sh-NC 5'-CGATGTCGTAGCTGACTGACG-3'

NC, negative control; lncRNA, long non‑coding RNA; MYCBP, 
Myc binding protein.

Table II. Primer sequences.

Primer name Primer sequences (5'-3')

F-LUNAR1 5'-CTCAGTAGCTCTCTCTCTCTCTCTCT
 CT-3'
R-LUNAR1 5'-TTGTCTCCCTAGATATCA-3'
F-MYCBP 5'-ATGGCCCATTA CAAGCCGC-3'
R-MYCBP 5'-CTATTCAGCG CTCTCTCTCTCTCT-3'
F-GAPDH 5'-GAGTCAACGGATTTGGTCGT-3'
R-GAPDH 5'-TTGATTTTGGAGGGATCTCG-3'
F-miR-495-3p 5'-AAACAAACAUGGUGCACUUCUU-3'
R-miR-495-3p 5'-GAAGUGCACCAUGUUUGUUUUU-3'
F-U6 5'-CTCGCTTCGGCAGCACA-3'
R-U6 5'-AACGCTTCACGAATTTGCGT-3'

F, forward; R, reverse; MYCBP, Myc binding protein; GAPDH, 
glyceraldehyde 3-phosphate dehydrogenase.
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ANOVA was used for comparison between two groups, and 
Tukey post-test was used for comparison between multiple 
groups. P-value <0.05 was indicative of a statistically 
significant difference.

Results

LUNAR1 is highly expressed and associated with overall survival 
of the CRC patients. It has been reported that LUNAR1 partici-
pates in the progression of various tumor types, such as diffuse 
large B-cell lymphoma (13). To explore the roles of LUNAR1 in 
CRC, RT-qPCR was performed to assess LUNAR1 expression in 
CRC tissues and cell lines. The findings revealed that LUNAR1 
expression was significantly upregulated in the tumor tissues, 
compared with that in non‑tumor tissues (P<0.01; Fig. 1A), and 
LUNAR1 expression in low‑grade tumor tissues (n=7; 4 male, 
3 female) was lower than that in high‑grade tumor tissues (n=8; 
4 male, 4 female) (P<0.01; Fig. 1B). Overall survival rate analysis 
indicated that LUNAR1 expression was negatively associated 
with overall survival in the CRC patients (P=0.0957; Fig. 1C). 
LUNAR1 was upregulated in CRC cell lines, including HT29, 
LoVo, SW480, SW620, compared with the control HIEC cells 
(P<0.01; Fig. 1D). Note that we selected two types of CRC cells, 
including SW480 and LoVo cells in subsequent research, since 
LUNAR1 was significantly upregulated in these cells. Collectively, 
LUNAR1 was found to be highly expressed and associated with 
the overall survival of the CRC patients, indicating that LUNAR1 
serves as a prognostic biomarker for CRC patients.

LUNAR1 knockdown inhibits CRC cell proliferation and accel‑
erates cell apoptosis. To further explore the roles of LUNAR1 

in CRC cell proliferation, sh-LUNAR1 was transfected into 
SW480 and LoVo cells for LUNAR1 knockdown. RT-qPCR 
analysis indicated that LUNAR1 was significantly knocked down 
following sh‑LUNAR1 transfection (P<0.01; Fig. 2A). CCK‑8 
assay analysis indicated that LUNAR1 knockdown significantly 
inhibited cell viability in the SW480 and LoVo cells, compared 
to the control cells (P<0.01; Fig. 2B). Consistently, colony forma-
tion assay revealed that LUNAR1 knockdown inhibited cell 
proliferation, compared to the control in both cell lines (P<0.01; 
Fig. 2C). Cell cycle analysis was performed to verify whether 
the decrease in cell viability was caused by cell cycle arrest or 
apoptosis. FACS analysis showed that LUNAR1 knockdown 
arrested the cell cycle in the G1 phase (P<0.05; Fig. 2D), which 
was further verified by western blot analysis. In brief, LUNAR1 
knockdown significantly inhibited the levels of cyclin D1 and 
cyclin E proteins, while increasing p21 and p27 protein expres-
sion (P<0.01; Fig. 2E). Furthermore, FACs analysis indicated 
that LUNAR1 knockdown accelerated cell apoptosis, compared 
to the control (P<0.01; Fig. 2F). Consistently, LUNAR1 knock-
down upregulated the levels of Bax, cleaved-caspase 3 and 
cleaved-caspase 9 proteins, and inhibited Bcl-2 protein expres-
sion (P<0.01; Fig. 2G). Taken together, LUNAR1 knockdown 
inhibited CRC cell proliferation and accelerated apoptosis.

LUNAR1 knockdown inhibits CRC cell migration and inva‑
sion. Excessive migration and invasion of tumor cells is a 
hallmark of cancer (29). Therefore, to investigate the roles of 
LUNAR1 in CRC cell migration and invasion, sh-LUNAR1 
was transfected into SW480 and LoVo cells in order to knock 
down LUNAR1. Wound-healing migration assay showed that 
LUNAR1 knockdown inhibited cell migration of the SW480 

Figure 1. LUNAR1 is highly expressed and is associated with the poor prognosis of CRC patients. (A and B) RT-qPCR was performed to assess the RNA 
level of LUNAR1 in CRC tissues vs. non-tumor tissues. **P<0.01 vs. non-tumor tissues. (B) RT-qPCR was performed to assess the RNA level of LUNAR1 in 
CRC tissues with stage I+II (n=7) and III+IV (n=8). **P<0.01 vs. I+II stage tumors. (C) Association of LUNAR1 expression with patient overall survival times 
(n=15). (D) LUNAR1 expression in CRC cell lines, including HT29, LoVo, SW480, SW620 cells; HIEC cells served as a negative control. **P<0.01 vs. HIEC 
control cells. All comparisons were performed using paired t-test or one-way ANOVA. Error bars represent SD. Data represent three independent experiments. 
LUNAR1, lncRNA LUNAR1.
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Figure 2. LUNAR1 knockdown inhibits CRC cell proliferation and accelerates apoptosis. SW480 and LoVo cells were transfected with sh-LUNAR1 for 24 h 
to promote LUNAR1 knockdown, and sh-NC served as a negative control. (A) RT-qPCR was performed to detect LUNAR1 expression following transfection. 
(B) CCK-8 assay was performed to evaluate SW480 and LoVo cell viability. (C) Colony formation assay was conducted to assess SW480 and LoVo cell prolif-
eration. (D) FACS analysis was performed to analyze cell cycle distribution. (E) Western blot analysis was performed to detect the levels of cell cycle-related 
proteins, including cyclin D1, cyclin E, p27 and p21. (F) Apoptosis analysis was performed to evaluate cell apoptosis. (G) Western blot analysis was conducted 
to measure the levels of apoptosis-related proteins, including Bax, Bcl2, cleaved-caspase 3 and cleaved-caspase 9. **P<0.01 vs. the sh-NC group. Comparisons 
were performed using paired t‑test or one‑way ANOVA. Error bars represent SD. Data represent three independent experiments. LUNAR1, lncRNA LUNAR1; 
CRC, colorectal cancer.
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and LoVo cells, compared to the controls (P<0.01; Fig. 3A). 
Similarly, as shown in Fig. 3B, LUNAR1 knockdown inhibited 
cell migration and invasion abilities (P<0.01). Simultaneously, 
western blot analysis (Fig. 3C) showed that the levels of 
invasion-related proteins were inhibited in the SW480 and 
LoVo cells by LUNAR1 knockdown (P<0.01), including cyclo-
oxygenase 2 (Cox-2), matrix metalloprotein (MMP)-2 and 
MMP-9, which play pivotal roles in angiogenesis and tumor 
metastasis (30). Collectively, LUNAR1 knockdown inhibited 
CRC cell migration and invasion, indicating that LUNAR1 
plays an active role in CRC progression.

LUNAR1 functions as a sponge of miR‑495‑3p in CRC cells. As 
is known, lncRNAs may function as a ceRNA of miRNA, and 
their subcellular localization is closely related to the biological 
effects (31). Therefore, subcellular fractionation analysis was 
performed to detect LUNAR1 subcellular distribution in the 
SW480 and LoVo cells. RT-qPCR analysis indicated that 
LUNAR1 was highly expressed in the cytoplasm and slightly 
expressed in the nucleus (P<0.01; Fig. 4A), indicating that 
LUNAR1 primarily exerted its biological functions in the 
cytoplasm of SW480 and LoVo cells. In addition, research has 

shown that miR-495-3p serves as an inhibitory regulator in the 
progression of various tumors (19). In the present paper, bioin-
formatics analysis indicated a putative interaction between 
LUNAR1 and miR-495-3p, and the luciferase reporter assay 
confirmed that miR‑495‑3p mimics decreased the luciferase 
activity of the wild-type (WT) 3'UTR of LUNAR1 in both 
SW480 and LoVo cell lines, whereas this inhibition was 
blocked when the putative binding sites were mutated (Mut) 
(P<0.01; Fig. 4B and C). Furthermore, RT‑qPCR analysis 
indicated that miR-495-3p was downregulated in the CRC 
tissues and cell lines, including HT29, LoVo, SW480, SW620 
cells, when compared to the non-tumor tissues and control 
NIEC cells (P<0.05; Fig. 4D and E). As shown in Fig. 4F, the 
interaction between LUNAR1 and miR-495-3p was further 
verified by RIP assay where both LUNAR1 and miR‑495‑3p 
were enriched in AGO2 immunoprecipitants compared with 
that of IgG group (P<0.001). In addition, RT-qPCR analysis 
showed that LUNAR1 knockdown significantly accelerated 
miR-495-3p expression in SW480 and LoVo cells (P<0.01), 
and Pearson's correlation analysis showed that the level of 
LUNAR1 was negatively correlated with miR-495-3p in 
SW480 and LoVo cells (R=0.44; P=0.014; Fig. 4G and H). 

Figure 3. LUNAR1 knockdown inhibits CRC cell migration and invasion. SW480 and LoVo cells were transfected with sh-LUNAR1 for 24 h to promote 
LUNAR1 knockdown, and sh-NC served as a negative control. (A) Wound-healing migration assay was conducted to assess cell migration. (B) Transwell 
chamber assay was performed to evaluate cell migration and invasion. (C) Western blot analysis was performed to detect the levels of invasion-related 
proteins, including Cox-2, MMP-2 and MMP-9. **P<0.01 vs. the sh-NC group. Comparisons were performed using paired t-test or one-way ANOVA. Error bars 
represent SD. Data represent three independent experiments. LUNAR1, lncRNA LUNAR1; CRC, colorectal cancer; Cox‑2, cyclooxygenase 2; MMP‑2, matrix 
metalloprotein 2; MMP‑9, matrix metalloprotein 9.
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Taken together, LUNAR1 affects the dysregulation of 
miR-495-3p via the sponging in CRC cells.

miR‑495‑3p overexpression inhibits CRC cell proliferation, 
migration and invasion, and promotes apoptosis. It has 
been reported that miR-495-3p participates in the regula-
tion of tumor cell bioactivity. For example, miR-495-3p 
regulates osteosarcoma cell apoptosis by targeting 
C1q/TNF-related protein 3 (32). To investigate the roles 
of miR-495-3p in CRC cell proliferation, miR-495-3p was 
effectively overexpressed in the SW480 and LoVo cells 
(P<0.01; Fig. 5A). CCK‑8 and colony formation assays indi-
cated that SW480 and LoVo cell proliferation was inhibited 
by miR-495-3p overexpression, compared to the control 

(NC mimic group) (P<0.01; Fig. 5B and C). In accordance 
with these results, miR-495-3p overexpression accelerated 
SW480 and LoVo cell apoptosis, compared with the control 
(P<0.01; Fig. 5D). Furthermore, Transwell chamber assays 
indicated that SW480 and LoVo cell migration and invasion 
were significantly inhibited by miR‑495‑3p overexpression, 
compared with the NC mimic groups (P<0.01; Fig. 5E). 
Collectively, miR-495-3p overexpression inhibited CRC 
cell proliferation, migration and invasion, and promoted 
apoptosis, further indicating that miR-495-3p suppresses 
CRC progression.

miR‑495‑3p negatively targets MYCBP. miRNAs participate 
in the regulation of tumor progression by regulating the 

Figure 4. LUNAR1 functions as a sponge of miR-495-3p. Cytoplasm and nuclear grades were separated from SW480 and LoVo cells. (A) RT-qPCR was 
performed to assess the levels of U6 and LUNAR1 in the cytoplasm and nuclei. **P<0.01, ***P<0.001 vs. cytoplasmic LUNAR1. (B) Potential binding site 
between miR‑495‑3p and LUNAR1 was predicted by TargetScan software. miR‑495‑3p mimics were transfected into SW480 and LoVo cells for 24 h; NC 
mimics served as a control. (C) Dual luciferase reporter gene assay was performed to confirm the direct binding relationship between miR‑495‑3p and 
LUNAR1. **P<0.01 vs. the NC mimic group. (D) RT-qPCR was carried to detect the RNA level of miR-495-3p in CRC and non-tumor tissues. **P<0.01 vs. 
the non‑tumor tissues. (E) RT‑qPCR was carried to detect the RNA level of miR‑495‑3p in CRC cell lines; HIEC cells served as the control. *P<0.05, **P<0.01 
vs. the HIEC cells. (F) Interaction between LUNAR1 and miR-495-3p was determined by RIP assay. ***P<0.001 vs. the IgG group. SW480 and LoVo cells were 
transfected with sh-LUNAR1 for LUNAR1 knockdown for 24 h, and sh-NC served as a negative control. (G) RT-qPCR was performed to assess miR-495-3p 
RNA levels. **P<0.01 vs. the sh-NC group. (H) Pearson's correlation analysis was conducted to analyze the correlation between LUNAR1 and miR-495-3p 
in SW480 and LoVo cells. Comparisons were performed using paired t-test or one-way ANOVA. Error bars represent SD. Data represent three independent 
experiments. LUNAR1, lncRNA LUNAR1; CRC, colorectal cancer.
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post-transcriptional translation of target genes (33). To verify 
the downstream regulator of miR-495-3p in CRC, bioinfor-
matics analysis was applied to predict the putative target gene 
of miR‑495‑3p. The findings indicated that a binding site of 
miR-495-3p was observed in 3' UTR (untranslated region) 
of MYCBP (Fig. 6A), which resides on chromosome 1p and 
its tumor-promoting effect was confirmed. Subsequently, 
the luciferase reporter assay confirmed this prediction. 
Reduced luciferase activity was observed in the SW480 and 
LoVo cells co-transfected with wild-type (WT) plasmids 
of MYCBP and miR-495-3p mimics, whereas this trend 
was blocked when the putative binding sites were mutated 

(Mut) (P<0.01; Fig. 6B). RT‑qPCR analysis indicated that 
MYCBP expression was upregulated in the CRC tissues and 
cell lines, including HT29, LoVo, SW480, SW620 cells when 
compared with the non-tumor tissue and HIEC cell line 
(P<0.01; Fig. 6C and D). Meanwhile, miR‑495‑3p overex-
pression inhibited the MYCBP levels in the SW480 and LoVo 
cells, compared to the NC mimic group (P<0.01; Fig. 6E). 
Consistently, western blot analysis indicated that miR-495-3p 
overexpression inhibited MYCBP expression in the SW480 
and LoVo cells, compared to the control (P<0.01; Fig. 6F). 
Furthermore, Pearson's correlation analysis showed that 
MYCBP was negatively associated with miR-495-3p in the 

Figure 5. miR-495-3p overexpression inhibits CRC cell proliferation and invasion, and promotes apoptosis. SW480 and LoVo cells were transfected with 
miR‑495‑3p mimics for 24 h to promote miR‑495‑3p overexpression; NC mimic served as a negative control. (A) RT‑qPCR was carried to assess miR‑495‑3p 
RNA levels. (B) CCK-8 assay was performed to evaluate cell viability. (C) Colony formation assay was conducted to assess cell proliferation. (D) Apoptosis 
analysis was conducted to assess cell apoptosis. (E) Transwell chamber assays were carried to assess cell migration and invasion. **P<0.01 vs. the NC 
mimic group Comparisons were performed using paired t-test or one-way ANOVA. Error bars represent SD. Data represent three independent experiments. 
CRC, colorectal cancer.
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SW480 and LoVo cells (R=0.45; P=0.0116; Fig. 6G). Taken 
together, miR-495-3p negatively targets MYCBP in SW480 
and LoVo cells.

LUNA R1 accelera tes  CRC progress ion via  the 
miR‑495‑3p/MYCBP axis. Based on the above results, rescue 
assays were performed to demonstrate whether LUNAR1 
exerts its function in CRC via the miR-495-3p/MYCBP axis. 
RT-qPCR analysis indicated that the increased expression of 
miR-495-3p promoted by sh-LUNAR1 was reversed by the 
miR-495-3p inhibitor in the SW480 and LoVo cells. In addi-
tion, the increased expression of miR-495-3p promoted by 
sh-LUNAR1 was also reversed by sh-MYCBP in the SW480 
and LoVo cells (P<0.01; Fig. 7A).

CCK-8 and colony formation assays depicted that 
LUNAR1 knockdown-induced reduction in cell prolif-
eration ability of SW480 and LoVo cells was promoted by 
miR-495-3p inhibitors, whereas such an impact of miR-459-3p 
inhibitors was subsequently recovered by MYCBP deple-
tion (P<0.05; Fig. 7B and C). Furthermore, FACs analysis 
indicated that LUNAR1 knockdown-induced cell apoptosis 
was abolished by miR-495-3p inhibitors, while MYCBP 
knockdown antagonized the effect of miR-495-3p inhibitors 
in the LUNAR1‑knockdown SW480 and LoVo cells (P<0.05; 

Fig. 7D). Similar results were observed in the migration and 
invasion abilities of the SW480 and LoVo cells (P<0.05; 
Fig. 7E). Collectively, LUNAR1 accelerates CRC progression 
via targeting the miR-495-3p/MYCBP axis.

Discussion

Currently, various diagnostic and therapeutic strategies have 
been applied to the treatment of CRC. However, the overall 
survival rate of CRC patients remains unsatisfactory (34). 
Thus, the search for novel molecular biomarkers for CRC 
may contribute to the improvement of clinical treatment (2). 
In the present study, we elucidated the specific mechanisms 
through which LUNAR1 accelerates CRC progression. 
Our findings demonstrated that LUNAR1 accelerated CRC 
progression via the miR-495-3p/MYCBP axis, indicating 
that LUNAR1 may serve as a prognostic biomarker for CRC 
patients.

Long non‑coding (lnc.) RNAs are defined as a novel class 
of non-protein coding RNA with a length of over 200 nt, which 
are involved in the regulation of multiple molecular func-
tions (35). Increasing evidence reveals that lncRNAs regulate 
the post-transcriptional translation of genes by sponging 
miRNAs, thus playing a vital role in the pathological process 

Figure 6. miR-495-3p negatively targets MYCBP. (A) Potential binding site between miR-495-3p and MYCBP was predicted by TargetScan software. 
miR‑495‑3p mimics were transfected into SW480 and LoVo cells; NC mimic served as a control. (B) Dual luciferase reporter gene assay was performed to 
confirm the direct binding relationship between miR‑495‑3p and MYCBP. **P<0.01 vs. the NC mimic group. (C) RT-qPCR was carried to detect MYCBP 
expression in CRC and non-tumor tissues. **P<0.01 vs. the non-tumor tissues. (D) RT-qPCR was carried to detect MYCBP expression in CRC cell lines and 
normal control HIEC cells. **P<0.01 vs. the HIEC cells. (E) RT-qPCR was performed to assess MYCBP mRNA levels in SW480 and LoVo cells, following 
miR-495-3p overexpression. **P<0.01 vs. the NC mimic group. (F) Western blot analysis was conducted to measure the levels of MYCBP protein in SW480 
and LoVo cells, following miR-495-3p overexpression. **P<0.01 vs. the NC mimic group. (G) Pearson's correlation analysis was performed to analyze the 
correlation between miR-495-3p and MYCBP in SW480 and LoVo cells. Comparisons were performed using paired t-test or one-way ANOVA. Error bars 
represent SD. Data represent three independent experiments. MYCBP, Myc binding protein; CRC, colorectal cancer.
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of various diseases (13). LUNAR1 is a transcription of 491 
nucleotides at 15q26.3 with 4 exons and a poly(A) tail (14). 
Research has found that LUNAR1 regulates disease progres-
sion via sponging miRNAs, such as acute leukemia and 
diffuse large B-cell lymphoma (13). In the present study, our 
findings indicated that LUNAR1 is highly expressed and nega-
tively associated with the overall survival of CRC patients, 
indicating that LUNAR1 serves as a prognostic biomarker 
for CRC patients. In addition, LUNAR1 knockdown inhibited 
CRC cell proliferation, migration and invasion, and acceler-
ated cell apoptosis. Our findings indicated that LUNAR1 plays 
an active role in CRC progression. Mechanistically, LUNAR1 
functioned as a sponge of miR-495-3p, and miR-495-3p over-
expression inhibited CRC cell progression. Hence, LUNAR1 
accelerated CRC progression by sponging miR-945-3p.

Myc binding protein (MYCBP), belonging to the Myc 
family is located on chromosome 1p (36). It has been reported 
that MYCBP, as a co-activator of c-Myc, accelerates tumor 
progression due to carcinogenesis. In glioma, partial loss 
of MYCBP was found to significantly improve the overall 
survival rate of the patients (37). In ESCC, miR-26a depressed 
tumor cell proliferation by inhibiting MYCBP expres-
sion (22). In addition, in hepatocellular carcinoma, EYA4 
alleviated tumor progression by inhibiting MYCBP (36). 
In the present study, our results indicated that MYCBP was 
upregulated in CRC tissues and cells. The carcinogenic effects 
of MYCBP were further verified. Bioinformatics and lucif-
erase reporter analyses showed that MYCBP was negatively 
targeted by miR‑495‑3p, and further functional verification 
indicated that LUNAR1 accelerated CRC cell proliferation, 

Figure 7. LUNAR1 accelerates CRC progression via the miR-495-3p/MYCBP axis. miR-495-3p inhibitors or sh-MYCBP plasmids were transfected into 
SW480 and LoVo cells transfected with sh‑LUNAR1 for 48 h; NC inhibitors or sh‑NC served as the control. (A) RT‑qPCR was performed to detect miR‑495‑3p. 
**P<0.01 vs. the NC inhibitor or sh-NC group. (B) CCK-8 was carried to assess cell viability. **P<0.01, miR‑495‑3p inhibitor vs. NC inhibitor; ##P<0.01, 
miR-495-3p inhibitor+sh-MYCBP vs. miR-495-3p inhibitor. (C) Colony formation assay was performed to evaluate cell proliferation. **P<0.01 vs. NC inhibitor 
group, #P<0.05 vs. miR-495-3p inhibitor group. (D) Apoptosis analysis was carried out to detect cell apoptosis. **P<0.01 vs. NC inhibitor group, #P<0.05 
vs. miR-495-3p inhibitor group. (E) Transwell chamber assays were conducted to evaluate cell migration and invasion. **P<0.01 vs. NC inhibitor group, 
#P<0.05 vs. miR-495-3p inhibitor group. Comparisons were performed using paired t-test or one-way ANOVA. Error bars represent SD. Data represent three 
independent experiments. LUNAR1, lncRNA LUNAR1; CRC, colorectal cancer; MYCBP, Myc binding protein.
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migration and invasion, and inhibited cell apoptosis via the 
miR-495-3p/MYCBP axis.

In summary, our findings demonstrated that LUNAR1 
was highly expressed in CRC tissues and cell lines and was 
negatively associated with overall survival of CRC patients. 
LUNAR1 knockdown accelerated cell apoptosis and inhibited 
CRC cell proliferation, migration and invasion. Moreover, 
LUNAR1 functioned as a sponge of miR‑495‑3p; miR‑495‑3p 
overexpression inhibited CRC cell proliferation, migration and 
invasion, and depressed cell apoptosis by negatively targeting 
MYCBP. Collectively, LUNAR1 accelerates CRC progression 
through the miR‑495‑3p/MYCBP axis. Our findings indicate 
that LUNAR1 acts as a prognostic biomarker for CRC patients.
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