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Abstract. Nasopharyngeal carcinoma (NPC) is a prevalent head 
and neck tumor which has a high mortality rate in Southeast 
Asia, especially in Southern China. Cancer susceptibility 
candidate 2 (CASC2) is a newly identified long non‑coding 
RNA (lncRNA) that has been found to play a suppressive role 
in several types of tumors. However, the expression and func-
tional role of CASC2 in NPC are still unclear. In the present 
study, using NPC tissues, cells and transplanted mice, we inves-
tigated the mechanism of CASC2‑mediated regulation of NPC. 
We showed that the CASC2 level is reduced in NPC tissues 
and cells. CASC2 downregulation promoted proliferation and 
inhibited apoptotic cell death in NPC cells. In contrast, CASC2 
upregulation inhibited proliferation and increased apoptosis. 
There were putative binding sites of microRNA (miR)‑18a‑5p 
in the promoter of CASC2. The level of miR‑18a‑5p was 
upregulated in NPC tissues and cells. We further confirmed 
that CASC2 could directly bind with miR‑18a‑5p and inhibit 
miR‑18a‑5p expression, using reporter gene and RNA 
immunoprecipitation assays. miR‑18a‑5p suppressed CASC2 
upregulation‑mediated decrease in proliferation and increase 
in apoptotic cell death. Bioinformatics predicted the putative 
binding site of miR‑18a‑5p in the 3' untranslated region of 
C‑terminal binding protein interacting protein (CtIP)/RBBP8. 
It was further confirmed that miR‑18a‑5p could directly bind 
with RBBP8 and inhibit RBBP8 expression. Downregulation 
of RBBP8 inhibited the anti‑miR‑18a‑5p‑mediated increase 
in apoptosis and decrease in proliferation. Downregulation 
of CASC2 increased tumor growth, increased the level of 
miR‑18a‑5p and decreased RBBP8 expression in  vivo. In 
summary, CASC2 regulates NPC malignancy through modula-
tion of RBBP8 via sponging miR‑18a‑5p. Our findings highlight 
the CASC2/miR‑18a‑5p/RBBP8 axis in NPC pathogenesis and 

provide new biomarkers and potential targets for the therapy 
of NPC.

Introduction

Nasopharyngeal carcinoma (NPC) is a prevalent head and 
neck tumor which has a mortality rate of 15‑50 per 100,000 
individuals in Southeast Asia, especially in the southern area of 
China (1,2). Globally, there are 80,000 new cases of NPC diag-
nosed each year and approximately 50,000 patients succumb to 
this neoplasm annually (3). A variety of factors, including viral 
infection, genetics and environment, contribute to the occur-
rence of NPC (4). NPC can be divided into three histologic 
subtypes based on the World Health Organization  (WHO) 
guidelines: Type  I, keratinizing squamous cell carcinoma; 
type II, non‑keratinizing differentiated carcinoma; and type III, 
nonkeratinizing undifferentiated carcinoma (5). It is proposed 
that NPC tumorigenesis and progression is a multistep process 
which involves multiple genetic and epigenetic changes (6,7). 
Although the outcome of NPC treatment has been improved by 
advanced radiotherapy and chemotherapy, the 5‑year survival 
rate of NPC patients is still at 50‑70% (8) and NPC therapy 
is mainly limited by tumor recurrence and distant metas-
tasis (9,10). Therefore, it is of great importance to identify novel 
biomarkers and new targets for the therapy of NPC.

Long non‑coding RNAs (lncRNAs) are a family of 
non‑coding RNAs (ncRNAs) that have less than 200 bases in 
length and possess limited ability for protein‑coding (11‑14). 
Numerous studies have confirmed that dysregulation of 
lncRNA expression is associated with the development of a 
number of tumors (15‑17). It is well established that lncRNAs 
play important roles in the regulation of a battery of cellular and 
biological processes, including development, differentiation, 
de‑differentiation, proliferation, autophagy and apoptosis (18). 
Cancer susceptibility candidate 2 (CASC2), a newly identified 
lncRNA which is located on chromosome 10q2, was found to 
play a tumor‑suppressive role in some types of tumors such 
as hepatocellular carcinoma, bladder, breast cancer, osteosar-
coma, gastric cancer, lung adenocarcinoma and endometrial 
cancer (19‑25). MicroRNAs (miRNAs), a set of RNAs which 
are 19‑22 nt in length with no coding ability, function as key 
regulators in tumorigenesis and progression (26). Recently, 
it has been proposed that one of the functions of lncRNAs 
is to sponge specific miRNAs and thus to affect the mRNA 
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expression of target genes, the effect of which is believed to 
play a role in the tumorigenic process (27,28).

Bioinformatic software predicted that there were binding 
sites of miR‑18a‑5p in the 3' untranslated region (UTR) of 
CASC2. However, the expression and functional role of 
CASC2 and miR‑18a‑5p in the pathogenesis of NPC remain 
unclear. The goal of the present study was to identify the 
pattern of CASC2 and miR‑18a‑5p expression in NPC, and 
to evaluate the role of CASC2 and miR‑18a‑5p interaction 
in the regulation of NPC cell proliferation and apoptosis. In 
the present study, we found a reduction in CASC2 expression 
and an increase in miR‑18a‑5p expression in NPC tissues and 
cells. We further revealed the critical roles of CASC2 and 
miR‑18a‑5p in the modulation of the apoptosis and prolif-
eration of NPC cells. We identified that CASC2 inhibited the 
tumorigenesis and malignant potential of NPC via targeting 
the miR‑18a‑5p/C‑terminal binding protein interacting protein 
(CtIP)/RBBP8 axis.

Materials and methods

Ethics statement. The present study was conducted according 
to the principles expressed in the Declaration of Helsinki, 
and the use of clinical sample tissues was approved by the 
Ethics Committee of the First Affiliated Hospital of Xinxiang 
Medical University (Weihui, China). Written informed consent 
was obtained from all the enrolled patients.

Tissue samples and cells. Twenty‑five NPC patients (age, 
25‑72 years; 14 female and 11 male patients) who underwent 
surgery at the First Affiliated Hospital of Xinxiang Medical 
University (from November 3, 2014 to August 23, 2015) were 
included in the study. NPC tissues and normal nasopharyn-
geal tissues were obtained from the patients. All patients had 
received no therapy prior to biopsy. All histologic diagnoses 
were conducted by the two independent pathologist. Informed 
consent was received from all the patients.

Normal nasopharyngeal epithelial cells (N69) and three 
NPC cell lines (SUNE1, SUNE2 and 6‑10B) were purchased 
from the American Type Culture Collection (ATCC; 
Manassas, VA, USA). 293T cells were purchased from the 
Shanghai Institutes for Biological Sciences Cell Resource 
Centre (Shanghai, China). The cell lines were incubated in 
RPMI‑1640 medium (Gibco; Thermo Fisher Scientific, Inc., 
Waltham, MA, USA) supplemented with 10% fetal bovine 
serum (FBS; Gibco, Thermo Fisher Scientific, Inc.) in a 
humidified atmosphere at 37˚C with 5% CO2.

Transfection of plasmids. PCR was performed to amplify the 
CASC2 full length sequence and then the pcDNA3.1 vector 
(Thermo Fisher Scientific, Inc.) was used to establish the 
pcDNA‑CASC2 overexpression plasmid (CASC2). The siRNAs 
[si‑CASC2 and its negative control (si‑NC)], microRNA inhibi-
tors [anti‑miR‑18a‑5p and its negative control (anti‑miR‑NC)] 
and microRNA mimics [miR‑18a‑5p and its negative control 
(miR‑NC)] were obtained from Shanghai GenePharma Co., 
Ltd. (Shanghai, China). The transfection of oligonucleotides 
and plasmids was performed using Lipofectamine™ 2,000 
reagent (Invitrogen; Thermo Fisher Scientific, Inc.) according 
to the manufacturer's instructions.

Evaluation of cell proliferation. Proliferation was evaluated 
using Cell Counting Kit‑8 (CCK‑8; Beyotime Institute of 
Biotechnology, Haimen, China) assay kit. After the treatment, 
medium was removed and fresh medium was added followed 
by the addition of 10 µl of CCK‑8 solution. Then, the cells 
were incubated at 37˚C for 2 h. Finally, the absorbance at 
450 nm was assessed using a Bio‑Rad iMark microplate absor-
bance reader (Bio‑Rad Laboratories Inc., Hercules, CA, USA). 
CCK‑8 assay was performed in triplicate experiments.

Apoptosis. TUNEL assay kits (Roche Diagnostics, Basel, 
Switzerland) were used to detect apoptotic cell death in SUNE1 
and 6‑10B cells. In brief, cells were trypsinized and resuspended 
at the concentration of 1x106 cells/ml 48 h after transfection. The 
apoptotic rate of NPC cells was analyzed using a flow cytometer 
(FACSCalibur; BD Biosciences, Franklin Lakes, NJ, USA) and 
quantified by CellQuest software (BD Biosciences). Relative 
apoptosis was expressed as a percentage of apoptotic cells.

Luciferase assay. PCR was performed to amplify the partial 
sequences of CASC2 which contained the putative binding 
sites of miR‑18a‑5p. The sequences were then cloned into the 
pmirGLO Dual‑Luciferase miRNA Target Expression Vector 
(Promega Corp., Fitchburg, WI, USA). GeneArtTM Site‑Directed 
Mutagenesis system (Thermo Fisher Scientific, Inc.) was used 
to induce site‑directed mutagenesis of miR‑18a‑5p comple-
mentary bases in the sequences of CASC2. Then, 293T cells 
were transfected with the constructed wild‑type (WT) and 
mutant (MUT) reporter vectors, respectively, in the presence 
of anti‑miR‑18a‑5p or anti‑miR‑NC and miR‑18a‑5p mimics 
or miR‑NC. The activity of luciferase was measured using the 
Dual‑Luciferase Assay system (Promega) and then normal-
ized to Renilla luciferase activity based on the manufacturer's 
instructions. The assay was performed in triplicate experi-
ments.

RNA extraction, reverse transcription and RT‑qPCR. Total 
RNA was extracted from cells and tissues using TRIzol 
reagent (Life Technologies; Thermo Fisher Scientific, Inc.) 
following the manufacturer's instructions. After that, the 
quality of RNA was assessed using the NanoDrop  1,000 
(NanoDrop Technologies; Thermo Fisher Scientific, Inc.). For 
the detection of mRNA and lncRNA expression, real‑time 
PCR (RT‑qPCR) reaction was conducted using SYBR‑Green 
(Takara Biotechnology, Co., Lt., Dalian, China). The ampli-
fication was carried out on an ABI 7,500 Real‑Time PCR 
system (Applied Biosystems; Thermo Fisher Scientific, Inc.). 
GAPDH and β‑actin were regarded as the housekeeping genes 
for the normalization of target genes. For the measurement of 
miRNA, synthesis of cDNA was carried out using the qScript 
microRNA cDNA Synthesis kit (Quantabio, Beverly, MA, 
USA) following the manufacturer's protocols. MicroRNA 
RT‑qPCR was performed using a miScript SYBR‑Green 
PCR kit (Qiagen, Hilden, Germany) as per the manufacturer's 
instructions. U6 was regarded as the housekeeping gene for the 
normalization of target miRNAs. 2‑ΔΔCq method was used to 
evaluate the relative fold change of gene expression (29).

RNA immunoprecipitation assay. RNA immunoprecipitation 
(RIP) assay was performed to detect the interaction between 
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lncRNA and miRNA, using an Imprint RNA immunoprecipita-
tion kit (Sigma‑Aldrich; Merck KGaA, Darmstadt, Germany). 
In brief, anti‑IgG (negative control) and anti‑Argomaute2 
(anti‑Ago2) were added to the cell lysate and incubated over-
night at 4˚C. After that, Protein A magnetic beads were added 
to the mixture to form a complex of immunoprecipitation. 
After that, extra protein and DNA were removed to purify the 
complex. Finally, the enrichment of CASC2 and miR‑18a‑5p in 
the immunoprecipitated complex was evaluated by RT‑qPCR 
assay.

Lentivirus production and infection. The CASC2‑shRNA 
lentivirus vector (LV‑shCASC2) was constructed by Shanghai 
GenePharma Biotech Co., Ltd. LV‑shCASC2 or empty vector 
(LV‑shNC) lentiviruses were used to transfect SUNE1 cells. 
Then, the transfected cells were purified with 5 µg/ml puro-
mycin to obtain cells with stable CASC2 knockdown.

Xenograft mouse model. The animal experiment was 
carried out following the Guidelines for the Care and Use 
of Laboratory Animals of the National Institutes of Health. 
The study was approved by the Ethics Committee of the First 
Affiliated Hospital of Xinxiang Medical University. Twelve 
male BALB/c nude mice (18‑22  g, 6‑8  weeks old) were 
purchased from the Animal Center of of Xinxiang Medical 
University. The mice were housed in a specific pathogen 
free (SPF) animal laboratory under temperature (23±2˚C) 
and humidity (55±5%) condition with a standard light cycle 
(12 h light/dark) and free access to food and water. To establish 

the xenograft model, 8x106 SUNE1 cells with or without stable 
knockdown of CASC2 were subcutaneously inoculated into 
the mice. The experimental period was 6 weeks. Tumor volume 
was measured using a caliper and calculated according to the 
following formula: volume = 0.5 x length x width x width. 
After the animal experiment, mice were euthanized using 
isoflurane and tumor tissues were excised for the evaluation of 
weight and then stored at ‑80˚C for further analysis.

Statistical analysis. All data are expressed as mean ± SD. 
Differences between groups were analyzed with one‑way 
analysis of variance (ANOVA) followed by Tukey's test or 
Student's t‑ test. P‑values <0.05 were considered to be statisti-
cally significant, and all analyses were two‑sided. All statistical 
analyses were performed using GraphPad Prism 6.1 software 
(GraphPad Software Inc., San Diego, CA, USA).

Results

CASC2 expression is downregulated and miR‑18a‑5p expres‑
sion is upregulated in NPC tissues and cell lines. The mRNA 
expression patterns of CASC2 and miR‑18a‑5p in NPC tissues 
and cells were firstly assessed. We showed that the expression 
of CASC2 was significantly reduced in NPC tissues compared 
with that in normal nasopharyngeal tissues (Fig. 1A). Similarly, 
CASC2 expression was significantly decreased in NPC cell 
lines compared with that in epithelial N69 cells (Fig. 1B). 
In contrast with the pattern of CASC2 expression, the level 
of miR‑18a‑5p in NPC tissues was significantly higher than 

Figure 1. CASC2 expression is reduced and miR‑18a‑5p expression is increased in NPC tissues and cells. (A) mRNA expression of CASC2 in normal nasopha-
ryngeal tissues (n=25) and NPC tissues (n=25) was determined using RT‑qPCR. (B) mRNA expression of CASC2 in normal nasopharyngeal epithelial N69 
cells (n=69) and in NPC cell lines (SUNE1, SUNE2 and 6‑10B) was determined using RT‑qPCR. (C) mRNA expression of miR‑18a‑5p in NPC tissues (n=25) 
and normal nasopharyngeal tissues (n=25) was determined using RT‑qPCR. (D) miR‑18a‑5p mRNA expression in NPC cell lines (SUNE1, SUNE2 and 6‑10B) 
and normal nasopharyngeal epithelial cells (N69) was determined. #P<0.05 compared with the respective control. CASC2, cancer susceptibility candidate 2; 
NPC, nasopharyngeal carcinoma.
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that in normal nasopharyngeal tissues (Fig. 1C). Additionally, 
miR‑18a‑5p expression was significantly increased in NPC 
cell lines compared with that in epithelial N69 cells (Fig. 1D). 
The findings indicated that dysregulation of CASC2 and 
miR‑18a‑5p expression may be involved in the tumorigenesis 
of NPC.

CASC2 downregulation promotes proliferation and inhibits 
apoptosis in NPC cells. In order to explore the role of CASC2 
in the regulation of NPC malignant potential, SUNE1 and 
6‑10B cells were transfected with small interference RNA 
of CASC2 (si‑CASC2) or a plasmid carrying the CASC2 
sequence to downregulate or upregulate CASC2 expres-
sion. The efficiency of the knockdown and overexpression 
was examined. As shown in Fig.  2A and  E, the CASC2 
expression level was significantly decreased by si‑CASC2 
and increased by the plasmid carrying the CASC2 sequence 
in SUNE1 and 6‑10B cells. Knockdown of CASC2 signifi-
cantly increased cell proliferation in SUNE1 (Fig. 2B) and 
6‑10B (Fig. 2C) cells and inhibited spontaneous apoptosis 
in NPC cells (Fig. 2D). Upregulation of CASC2 significantly 
decreased cell proliferation in SUNE1 (Fig. 2F) and 6‑10B 
cells (Fig. 2G) cells and increased apoptosis in NPC cells 
(Fig. 2H). The data indicated that CASC2 downregulation 
promoted proliferation and inhibited apoptotic cell death, 
while CASC2 upregulation decreased proliferation and 
promoted apoptosis in NPC cells.

CASC2 directly inhibits miR‑18a‑5p expression. In order to 
examine the possible mechanism underlying the antitumor role 
of CASC2 in NPC, bioinformatic analysis was employed to 
explore CASC2‑associated miRNAs. We showed that CASC2 
contained putative binding sites for miR‑18a‑5p (Fig. 3A), 

indicating that miR‑18a‑5p may interact with CASC2. This 
assumption was validated using Dual‑Luciferase reporter 
assay. 293T cells were co‑transfected with the constructed 
wild‑type (WT) and mutant (MUT) CASC2 luciferase vectors, 
anti‑miR‑NC or anti‑miR‑18a‑5p and miR‑NC or miR‑18a‑5p 
mimics. The results also showed that miR‑18a‑5p mimics signif-
icantly reduced the luciferase activities of WT‑CASC2, while 
miR‑18a‑5p inhibitors increased WT‑CASC2 luciferase activi-
ties (Fig. 3B). In contrast, miR‑18a‑5p mimics and miR‑18a‑5p 
inhibitors did not significantly affect MUT‑CASC2 luciferase 
activities (Fig. 3B). Considering the important role of Ago2 
in the formation of RNA‑induced silencing complex and the 
maturation of miRNAs, we performed RIP assay to measure 
whether there was endogenous interaction between CASC2 and 
miR‑18a‑5p. As evidenced in Fig. 3C, CASC2 and miR‑18a‑5p 
expression were significantly increased in the Ago2 antibody 
complex compared with that in the IgG antibody complex in 
SUNE1 cells. In order to further evaluate the role of CASC2 
in the regulation of miR‑18a‑5p, SUNE1 cells were transfected 
with CASC2‑overexpression plasmid or si‑CASC2 (Fig. 3D). 
Upregulation of CASC2 significantly decreased miR‑18a‑5p 
expression in SUNE1 cells, while CASC2 knockdown signifi-
cantly promoted miR‑18a‑5p expression (Fig. 3E). These data 
demonstrated that CASC2 may act as a sponge for miR‑18a‑5p 
in the NPC cells.

To further explore the role of miR‑18a‑5p in CASC2‑induced 
regulation of proliferation and apoptosis, SUNE1 and 6‑10B 
cells were co‑transfected with CASC2‑overexpression plasmid 
and miR‑18a‑5p mimics. We revealed that CASC2 overex-
pression‑induced reduction of proliferation was significantly 
suppressed by miR‑18a‑5p mimics (Fig. 4A and B). In addition, 
CASC2 overexpression‑induced increase of apoptosis was 
significantly blocked by miR‑18a‑5p mimics (Fig. 4C and D). 

Figure 2. CASC2 knockdown promotes proliferation and inhibits apoptosis in NPC cells. (A) mRNA expression of CASC2 in NPC cells transfected with si‑NC 
or si‑CASC2 was determined using RT‑qPCR. (B and C) Cell proliferation of NPC cells transfected with si‑NC or si‑CASC2 was determined using the CCK‑8 
assay. (D) Apoptosis of NPC cells transfected with si‑NC or si‑CASC2 was determined using TUNEL assay. (E) mRNA expression of CASC2 was determined 
using RT‑qPCR in pcDNA or pcDNA‑CASC2‑transfected NPC cells. (F and G) Cell proliferation of NPC cells transfected with pcDNA or pcDNA‑CASC2 
was determined using the CCK‑8 assay. (H) Apoptosis of NPC cells transfected with pcDNA or pcDNA‑CASC2 was determined using TUNEL assay. #P<0.05 
compared with the respective control. CASC2, cancer susceptibility candidate 2; NPC, nasopharyngeal carcinoma; CCK‑8, Cell Counting Kit‑8.
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Figure 3. CASC2 suppresses miR‑18a‑5p expression by direct interaction. (A) Bioinformatic analysis was performed to identify putative binding sites between 
CASC and miR‑18a‑5p. (B) 293T cells were co‑transfected with WT or MUT CASC2 luciferase vectors and anti‑miR‑NC or anti‑miR‑18a‑5p and miR‑NC or 
miR‑18a‑5p, and then the direct interaction between CASC2 and miR‑18a‑5p was assessed by reporter gene assay. (C) Cell lysate of SUNE1 cells was incubated 
with anti‑Ago2 antibody or anti‑IgG antibody to purify RNA complex and RT‑qPCR was performed to measure the expression of miR‑18a‑5p and CASC2. 
mRNA expression of CASC2 (D) and miR‑18a‑5p (E) in NPC cells transfected with si‑NC or si‑CASC2 was determined using RT‑qPCR. #P<0.05 compared 
with the respective control. CASC2, cancer susceptibility candidate 2; NPC, nasopharyngeal carcinoma; WT, wild‑type; MUT, mutant.

Figure 4. miR‑18a‑5p mimic suppresses CASC2 upregulation‑induced reduction in proliferation and increase in apoptosis in NPC cells. (A and B) Cell 
proliferation of NPC cells transfected with pcDNA or pcDNA‑CASC2 or together with miR‑NC or miR‑18a‑5p was determined using the CCK‑8 assay. 
(C and D) Apoptosis of NPC cells transfected with pcDNA or pcDNA‑CASC2 or together with miR‑NC or miR‑18a‑5p was measured via TUNEL assay. 
#P<0.05 compared with the respective control. NPC, nasopharyngeal carcinoma; CASC2, cancer susceptibility candidate 2; CCK‑8, Cell Counting Kit‑8.
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The data suggest that CASC2 acts as a tumor suppressor by 
acting as ceRNA of miR‑18a‑5p in NPC cells.

miR‑18a‑5p promotes cell proliferation and inhibits 
apoptosis by the regulation of RBBP8. To elucidate 
the underlying mechanism of miR‑18a‑5p‑induced 
regulation of NPC progression, we aimed to identify 
possible targets of miR‑18a‑5p using bioinformatic 
analysis. The results revealed that RBBP8 possesses 
complementary sites of miR‑18a‑5p (Fig. 5A), indicating 
that there is a possible interaction between miR‑18a‑5p 
and RBBP8. 293T cel ls were co‑t ransfected with 
constructed WT and MUT RBBP8 luciferase vectors with 
or without anti‑miR‑NC or anti‑miR‑18a‑5p and miR‑NC or 
miR‑18a‑5p mimics. The results revealed that miR‑18a‑5p 
mimics significantly decreased the luciferase activities of 
RBBP8 (WT), while miR‑18a‑5p inhibitors exhibited an 
opposite effect (Fig.  5B). However, neither miR‑18a‑5p 
mimics nor its inhibitors affected MUT RBBP8 reporter 
luciferase activities (Fig. 5B). As shown in Fig. 5C, RBBP8 
and miR‑18a‑5p mRNA level were significantly increased 
in the Ago2 antibody complex in SUNE1 cells. To assess 
the role of miR‑18a‑5p in the regulation of RBBP8, SUNE1 
cells were transfected with miR‑18a‑5p mimics or inhibi-
tors (Fig. 5D). miR‑18a‑5p mimics significantly decreased 

RBBP8 expression in SUNE1 cells, while miR‑18a‑5p 
inhibitors promoted RBBP8 expression (Fig. 5E). These data 
demonstrated that RBBP8 may be a target of miR‑18a‑5p in 
NPC cells.

Next, SUNE1 and 6‑10B cells were transfected with 
miR‑18a‑5p inhibitors together with LV‑shNC or LV‑shRBBP8. 
miR‑18a‑5p inhibitors decreased cell proliferation, and this 
effect was inhibited by RBBP8 knockdown (Fig. 6A and B). 
In addition, inhibition of miR‑18a‑5p significantly increased 
apoptosis and RBBP8 knockdown suppressed this effect 
(Fig. 6C and D). The results indicated that RBBP8 functions 
as a target of miR‑18a‑5p in NPC cells.

CASC2 knockdown promotes tumor growth, promotes 
miR‑18a‑5p expression and inhibits RBBP8 expression 
in  vivo. To further examined the role of CASC2 in  vivo, 
tumor growth in xenograft mice was investigated. CASC2 
knockdown significantly promoted the growth of tumors, 
as illustrated by the increase in tumor volume (Fig. 7A) and 
tumor weight (Fig. 7B and C). Additionally, CASC2 knock-
down (Fig. 7D) increased miR‑18a‑5p expression (Fig. 7E) 
and decreased RBBP8 expression (Fig. 7F) in tumor tissues. 
These results revealed that CASC2 knockdown promoted 
tumor growth, promoted miR‑18a‑5p expression and inhibited 
RBBP8 expression in vivo.

Figure 5. miR‑18a‑5p suppresses RBBP8 expression by direct interaction. (A) Bioinformatic analysis was performed to find putative binding sites between 
RBBP8 and miR‑18a‑5p. (B) 293T cells were co‑transfected with WT or MUT RBBP8 luciferase vectors and anti‑miR‑NC or anti‑miR‑18a‑5p and miR‑NC or 
miR‑18a‑5p, and then the direct interaction between CASC2 and miR‑18a‑5p was assessed by reporter gene assay. (C) Cell lysate of SUNE1 cells was incubated 
with anti‑Ago2 antibody or anti‑IgG antibody to purify RNA complex and RT‑qPCR was performed to measure the expression of miR‑18a‑5p and RBBP8. 
mRNA expression of RBBP8 (D) and miR‑18a‑5p (E) in anti‑miR‑NC or anti‑miR‑18a‑5p‑transfected NPC cells was determined using RT‑qPCR. #P<0.05 
compared with the respective control. CASC2, cancer susceptibility candidate 2; WT, wild‑type; MUT, mutant.
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Discussion

Cancer susceptibility candidate 2 (CASC2), a newly identified 
lncRNA, is located on chromosome 10q26 (30). It was initially 
found that CASC2 expression is reduced in endometrial 
carcinoma and downregulation of CASC2 provides a growth 
advantage in endometrial cancer cells (30,31). Subsequently, 
CASC2 was found to play a tumor suppressive role in several 
human types of cancers, including hepatocellular carcinoma, 
bladder, breast cancer, osteosarcoma, gastric cancer, lung 
adenocarcinoma and endometrial cancer (19‑25). We revealed, 
in the present study, a significant decrease in CASC2 expres-
sion in nasopharyngeal carcinoma (NPC) tissues and cells 
(Fig. 1). Moreover, downregulation of CASC2 promoted prolif-
eration and inhibited apoptotic cell death in SUNE1 and 6‑10B 
cells, while CASC2 upregulation inhibited cell proliferation 
and promoted apoptosis (Fig. 2). The tumor‑suppressive role 
in vivo was also confirmed in xenograft mice (Fig. 7). The 
data suggested that CASC2 may be a key regulator in the 
tumorigenesis of NPC.

The regulatory mechanisms of lncRNAs include signals, 
decoys, guides and scaffolds  (32). As a decoy, lncRNAs 
function via binding microRNAs or proteins to modulate 
the functions of key molecules  (33). Numerous investiga-
tions have suggested that CASC2 may function to sponge 
miRNAs, which leads to the inhibition of miRNA‑induced 
regulation of target mRNAs and thus the regulation of 

many cancers  (20,22‑24,34). For example, CASC2 down-
regulation was found to promote the growth and invasion of 
osteosarcoma through regulation of miR‑181a (22). In hepato-
cellular carcinoma, CASC2 regulates miR‑24‑3p, leading to 
a decrease in cell viability and an increase in apoptosis (23). 
CASC2 was found to modulate docetaxel‑induced sensitivity 
in prostate cancer cells via regulation of miR‑183/Sprouty2 
signaling (34).

MicroRNAs are a class of short (18‑24 nt), single stranded 
and non‑coding RNAs. These RNAs could directly bind with 
the target mRNAs, leading to transcriptional regulation (35). A 
battery of studies have shown that dysfunction of miR‑18a‑5p is 
associated with cancer pathogenesis. Recently, it was reported 
that GAS5 could regulate miR‑18a‑5p and thus modulate 
proliferation, migration and invasion in glioma cells (36). In 
breast cancer, miR‑18a‑5p could target SREBP1 and modulate 
epithelial‑mesenchymal transition (37). miR‑18a‑5p was also 
reported to function as an oncogene and prognostic biomarker 
in the development of RCC (38). In lung cancer, miR‑18a‑5p 
plays an oncogenic role via direct regulation of IRF2 (39). In 
the present study, we revealed that miR‑18a‑5p is a target of 
CASC2, and CASC2 suppresses the expression of miR‑18a‑5p. 
miR‑18a‑5p expression was significantly increased in NPC 
tissues and cells (Fig. 1). miR‑18a‑5p mimics inhibited CASC2 
overexpression‑induced reduction in proliferation and increase 
in apoptosis (Fig.  3). The data suggest that miR‑18a‑5p 
promoted NPC tumorigenesis.

Figure 6. Downregulation of RBBP8 inhibits miR‑18a‑5p inhibitor‑induced decrease in proliferation and increase in apoptosis in NPC cells. (A and B) Cell 
proliferation of NPC cells transfected with anti‑miR‑NC or anti‑miR‑18a‑5p or together with LV‑shNC or LV‑shRBBP8 was determined using the CCK‑8 
assay. (C and D) Apoptosis of NPC cells transfected with anti‑miR‑NC or anti‑miR‑18a‑5p or together with LV‑shNC or LV‑shRBBP8 was determined using 
TUNEL assay. #P<0.05 compared with the respective control. NPC, nasopharyngeal carcinoma; CCK‑8, Cell Counting Kit‑8.
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The possible underlying mechanisms of the oncogenic role 
of miR‑18a‑5p in NPC were investigated. Bioinformatic anal-
ysis suggested the possible interaction between miR‑18a‑5p and 
RBBP8 (Fig. 5). It was previously described that CtIP/RBBP8 
is a transcriptional corepressor (40), which was shown to bind 
several other transcription factors such as TRB3, LMO4 and 
Ikaros that are associated with cancer  (41,42). Frameshift 
mutations induced by CtIP/RBBP8 microsatellite have been 
found in colorectal (43) and endometrial cancer (44). From 
a mechanistic point, CtIP/RBBP8 regulates the cell cycle 

by interacting with RB1 (45). In breast cancer, a reduction 
in CtIP/RBBP8 expression is associated with an increase in 
disease‑free survival under the condition of co‑treatment of 
hormone, radiotherapy and chemotherapy (46). In the present 
study, the results suggested that miR‑18a‑5p targeted RBBP8 
and suppressed its expression (Fig. 5). RBBP8 knockdown 
blocked the decrease in cell proliferation and increase in 
apoptosis induced by miR‑18a‑5p inhibitors (Fig. 6).

In summary, the present study identified that downregula-
tion of CASC2 is critical for the cell proliferation and tumor 

Figure 7. CASC2 knockdown promotes tumor growth, promotes miR‑18a‑5p expression, and inhibits RBBP8 expression in vivo. Approximately 8x106 SUNE1 
cells with or without stable knockdown of CASC2 were subcutaneously inoculated into the mice to establish a tumor‑transplantion model. (A) The volume of 
the tumors was determined using a caliper. (B) Tumor images isolated from the transplanted mice. (C) Tumor weight was measured after the sacrifice of mice. 
(D) mRNA expression of CASC2 in tumors was determined using RT‑qPCR. (E) mRNA expression of miR‑18a‑5p in tumors was determined. (F) RBBP8 
mRNA expression in tumors was determined. #P<0.05 compared with the respective control. CASC2, cancer susceptibility candidate 2.

Figure 8. The CASC2/miR‑18a‑5p/RBBP8 axis in the regulation of NPC. The findings in the present study suggest that CASC2 plays a tumor‑suppressive role 
in NPC and downregulation of CASC2 is critical for cell proliferation and tumor growth. CASC2 regulates the malignant potential of NPC through modulation 
of RBBP8 via sponging miR‑18a‑5p. CASC2, cancer susceptibility candidate 2; NPC, nasopharyngeal carcinoma.
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growth of NPC. CASC2 regulates the malignant potential of 
NPC through modulation of RBBP8 via sponging miR‑18a‑5p 
(Fig. 8). Our findings highlight the CASC2/miR‑18a‑5p/RBBP8 
axis in NPC pathogenesis and provide new biomarkers and 
potential targets for the treatment of NPC.
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