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Knockdown of long noncoding RNA CCAT1 inhibits cell growth, invasion and 
peritoneal metastasis via downregulation of Bmi-1 in gastric cancer 
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Long noncoding RNA colon cancer-associated transcript 1 (lncRNA CCAT1) is highly expressed in gastric cancer (GC) 
tissues compared to normal counterparts and CCAT1 up-regulation promotes proliferation and migration of GC cells in 
vitro. B-cell specific moloney leukemia virus insertion site 1 (Bmi-1) expression positively correlates with tumor progres-
sion. This study investigates the biological functions of CCAT1 and the relationships between CCAT1 and Bmi-1 in GC 
progression. Herein, CCAT1 was knocked down by specific shRNA transfection in two human GC cell lines (MGC-803 and 
SGC-7901) and the effects of this knockdown on GC cell proliferation, cell cycle migration and invasion were investigated 
in vitro. The effect of CCAT1 knockdown on peritoneal metastasis was assessed in nude mice, and Bmi-1 expression levels 
were examined both in vitro and in vivo. The results showed that Bmi-1 down-regulation and CCAT1 knockdown markedly 
inhibit cell proliferation, migration and invasion, arrests the cell cycle in the G0/G1 phase in vitro and inhibit peritoneal 
metastasis in nude mice. The combined results establish that CCAT1 is functionally involved in growth and metastasis of 
GC cells and it is therefore a potential target for GC therapy. 
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Gastric cancer (GC) is the fourth most common malig-
nancy and the second leading cause of global cancer-related 
deaths [1]. Numerous factors are associated with the progres-
sion of GC, including Helicobacter pylori infection, smoking, 
high salt intake and genetic factors [2]. The five-year survival 
rate is only 20% [3]. More than 70% of new cases are in devel-
oping countries and approximately 50% occur in eastern Asia, 
especially in China [4]. Most GC patients are diagnosed in 
the middle and late stages after lymph node or distant metas-
tasis [5] and it is therefore imperative to determine metastasis 
mechanisms and identify potential therapeutic GC targets. 

Long noncoding RNAs (lncRNAs) are non-protein-
coding transcripts longer than 200 nucleotides [6], and 
increasing evidence demonstrates that lncRNAs have critical 
roles in cancer through RNA alternative splicing and decay, 
chromatin remodeling, X-chromosome imprinting, cell 
differentiation, metastasis and drug resistance [7, 8]. Aberrant 
lncRNA expression has been reported in many cancers, 
including GC [9]. Colon cancer-associated transcript 1 
(CCAT1), a recently discovered lncRNA located on chromo-
some 8q24.21 near c-Myc, is up-regulated in GC, colon 

cancer, hepatocellular carcinoma and cholangiocarcinoma 
compared to adjacent normal tissues [10–14]. Further, Yang 
et al. [15] also reported that CCAT1 promotes cell prolifera-
tion and migration in gastric carcinoma in vitro. 

In contrast, CCAT1 knockdown inhibits proliferation, 
migration and epithelial-mesenchymal transition in vitro and 
suppresses tumor growth and progression in vivo in glioma 
[16]. However, the role of CCAT1 in distant metastasis in 
GC has not yet been documented. Therefore, CCAT1 was 
knocked down by specific shRNA herein, in order to investi-
gate its role in GC cell proliferation, migration, invasion and 
peritoneal metastasis. 

Materials and methods

Cell lines. Human GC cell lines MGC-803 and SGC-7901 
were obtained from Zhong Qiao Xin Zhou Biotechnology Co., 
Ltd. (Shanghai, China). The cells were grown in RPMI-1640 
(Gibco, Grand Island, New York, USA) with 10% fetal bovine 
serum (FBS; HyClone, Logan, UT, USA) in a humidified 5% 
CO2 incubator at 37 °C.
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shRNA synthesis, vector construction and transfec-
tion. The oligonucleotides targeting CCAT1 (shCCAT1) 
and scrambled control (NC) were synthesized by 
Sangon Biotech (Shanghai, China), with the following 
sequences: shCCAT1-sense, 5’-GATCCCCACACCGGAT-
GGACATCAGATTCAAGAGATCTGATGTCCATCCG-
GTGTTTTTT-3’  and  shCCAT1  antisense,  5’-AGCTA-
A A A A A C A C C G G AT G G A C AT C A G AT C T C T T-
GAATCTGATGTCCATCCGGTGTGGG-3’;  NC-sense, 
5 ’ - G AT C C C C T T C T C C G A A C G T G T C A C G T T T-
CAAGAGAACGTGACACGTTCGGAGAATTTTT-3’  and 
NC-antisense,  5’-AGCTAAAAATTCTCCGAACGTGTCAC-
GTTCTCTTGAAACGTGACACGTTCGGAGAAGGG-3’. The 
targeted sequence of shCCAT1 was 5’-ACACCGGAUGGA-
CAUCAGA-3’. 

The oligonucleotides were then cloned into interference 
vector pRNA-H1.1 (GenScript, Nanjing, China) and the 
recombinant plasmids were confirmed by DNA sequencing. 
The cells were grown in 6-well plates for 24 hours at 37 °C 
and then transfected with 2 μg of recombinant plasmid by 
Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA) according 
to manufacturer protocol. Cells transfected with pRNA-H1.1 
containing scrambled control were used as negative controls. 
At 24 hours post-transfection, the stable transfectants were 
selected by treatment with selective agent G418 for two weeks 
(700 μg/ml in RPMI-1640) (Invitrogen, USA). The in vitro 
knockdown efficiency was measured by reverse transcrip-
tion-quantitative polymerase chain reaction (RT-qPCR).

RT-qPCR. Total RNAs, isolated from cells or perito-
neal tumor tissues by RNApure Total RNA Extraction Kit 
(BioTeke, Beijing, China), were reverse-transcribed into 
cDNA using moloney murine leukemia virus (M-MLV) 
reverse transcriptase (BioTeke, China) RT-qPCR was then 
performed using SYBR Green I (Solarbio, Beijing, China) on 
the Exicycler™ 96 from Bioneer (Daejeon, Korea). 

The primer sequences are: CCAT1-forward, 5’-ATTGG-
GAAAGGTGCCGAGA-3’ and CCAT1-reverse, 5’-ACAG-
AGCCAACCTGGTAAGTG-3’; Bmi-1-forward, 5’-CAAAT-
GCTGGAGAACTGGAAAG-3’ and Bmi-1-reverse, 5’-TGG- 
CAAAAGAAGATTGGTGG-3’; β-actin-forward, 5’-CTTA-
GTTGCGTTACACCCTTTCTTG-3’ and β-actin-reverse, 
5’-CTGTCACCTTCACCGTTCCAGTTT-3’. 

These primers were synthesized by Sangon Biotech 
(Shanghai, China), and RT-qPCR was performed in tripli-
cate. β-actin served as internal control and relative expres-
sion levels were calculated by the 2−ΔΔCt method.

MTT assay. The cells were harvested by trypsinization, 
seeded onto 96-well plates at 4×103 cells/well density and 
cultured at 37 °C in a 5% CO2 incubator. Then, 5 mg/ml MTT 
(Sigma, Shanghai, China) was added to each well at 0, 24, 
48, 72 and 96 hours and the plates were incubated at 37 °C 
for 4 hours. Supernatant was discarded, dimethyl sulfoxide 
(DMSO, 150 µl) (Sigma, China) was added to each well and 
optical density at 570nm was measured by Elx800 microplate 
reader from BioTek (Beijing, China).

Colony formation assay. The cells were seeded onto 
35 mm Petri dish (200 cells/dish) and cultured at 37 °C 
for approximately two weeks. Subsequently, the cells were 
washed twice with PBS and fixed with 4% paraformalde-
hyde at room temperature for 20 min. After washing twice 
with PBS, the cells were stained with Wright-Giemsa stain 
(Nanjing Jiancheng Bioengineering Institute, Nanjing, 
China). Colonies larger than or equal to 50 cells were counted 
and colony formation rate was calculated by the following 
formula: Colony formation rate (%) = colony number/seeded 
cell number × 100%.

Cell cycle detection by flow cytometry. The cells were 
washed twice with PBS and fixed with 70% ethanol for 2 
hours at 4 °C, and then incubated with 25 µl propidium 
iodide (PI) (Beyotime, Haimen, China) and 10 µl RNase A 
(Beyotime, China) for 30 minutes at 37 °C in the dark. Flow 
cytometric analysis was performed by Accuri C6 (BD Biosci-
ences, San Jose, CA, USA).

Western blotting. Proteins were extracted from cells or 
peritoneal tumor tissues with RIPA lysis buffer (Beyotime, 
China), and BCA protein assay kit (Beyotime, China) deter-
mined the protein concentration. Equal 40 µg amounts of 
protein were separated by 11 or 13% SDS-PAGE, transferred 
onto PVDF membranes (Millipore, Bedford, MA, USA) and 
incubated with the following; non-fat milk and primary 
antibodies against cyclin B (1:500 dilution; Bioss, Beijing, 
China), cyclin D1 (1:400 dilution; Boster, Wuhan, China), 
cyclin E (1:500 dilution; Bioss, China), Bmi-1 (1:500 dilution; 
Sangon, Shanghai, China) and β-actin (1:500 dilution; Bioss, 
China). 

The membranes were then incubated with secondary 
antibody (1:5000 dilution; Beyotime, China) and the bands 
were visualized by enhanced chemiluminescence reagent 
(Beyotime, China). Finally, the band optical densities were 
analyzed by Gel-Pro Analyzer 4.0 software (Media Cyber-
netics, Rockville, MD, USA).

Wound healing assay. After confluence, the cells were 
cultured in serum-free RPMI-1640 medium containing 
1 μg/ml mitomycin C (Sigma, China) for 1 hour at 37 °C and 
then scratched by sterile pipette tip (200 μl). Cell debris was 
removed by washing with serum-free RPMI-1640 medium 
and the cells were maintained in serum-free RPMI-1640 
medium at 37 °C for 12 and 24 hours. Images were then taken 
under an inverted microscope (Motic, Xiamen, China).

Transwell invasion assay. The cells (1×104) were resus-
pended in serum-free RPMI-1640 medium and added to 
the upper chamber of the Transwell insert (8-μm pore size 
polycarbonate membrane; Corning Incorporated, Corning, 
NY, USA) pre-coated with Matrigel (BD Biosciences, San 
Jose, CA, USA). RPMI-1640 medium containing 30% 
FBS was added to the lower chamber as chemo-attractant. 
After 24 hour incubation at 37 °C, non-invaded cells were 
removed by cotton swabs and the invaded cells on the 
lower membrane surface were fixed in 4% paraformalde-
hyde for 20 minutes and stained with 0.5% crystal violet 
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(AMRESCO LLC, Solon, OH, USA) for 5 minutes at room 
temperature. The number of invaded cells in five randomly 
selected regions was counted under an inverted microscope 
(Motic, China).

In vivo studies. Male BALB/c nude mice aged 5 weeks and 
weighing 16–18 g were obtained from Vital River (Beijing, 
China). These were raised under specific pathogen free (SPF) 
conditions with a 12 hour light/dark cycle and divided into 
NC and shCCAT1 groups (n=6 mice/group). The experi-

ments were performed under the National Institute of Health 
guidelines for the care and use of laboratory animals and 
approved by the Animal Ethics Committee of Dalian Medical 
University. The nude mice were peritoneally injected with 
200 μl cell suspension at a density of 8×107 cells/ml. They were 
then sacrificed 35 days post-injection by overdosed pento-
barbital sodium (100 mg/kg body weight) and the number of 
nodules in the mesentery and peritoneal walls were counted 
and photographed.

Figure 1. CCAT1 knockdown inhibits proliferation of GC cells. A) MGC-803 and SGC-7901 cells were transfected with CCAT1 shRNA or NC. After 
selection of stable transfectants, RT-qPCR was performed to analyze the level of CCAT1 (n=3). B) MTT assay examined the viability of GC cell lines (0, 
24, 48, 72 and 96 h) (n=5). C) Colony formation ability was evaluated by colony formation assay (n=3), and data is presented as the mean ±SD, n=3 or 
5. *p<0.05 and **p<0.01 compared with the NC group.
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viability was then assessed by MTT assay and clonogenic 
capacity was evaluated by colony formation assay. The 
MTT results highlighted that cell viabilities in both cell 
lines of shCCAT1-transfected cells were obviously reduced 
compared to cells transfected with NC (MGC-803, at 24, 48, 
72 and 96 hours and SGC-7901, at 48, 72 and 96 hours – 
Figure 1B). 

Colony formation assay determined that colony forma-
tion abilities of MGC-803 and SGC-7901 cells were signifi-
cantly suppressed by shCCAT1 transfection (Figure 1C). 
Cell cycle distribution and proteins associated with the cell 
cycle were examined by flow cytometry and western blotting. 
The results showed that shCCAT1 transfection arrested the 
cell cycle in the G0/G1 phase (Figure 2A) and consequently 

Statistical analysis. All values are presented as mean ±SD, 
and differences between groups were determined by one-way 
ANOVA followed by Bonferroni post-hoc test or Student’s 
t-test. P-values less than 0.05 were statistically significant.

Results

CCAT1 knockdown inhibits GC cell proliferation. 
CCAT1 was knocked down in human MGC-803 and 
SGC-7901 GC cell lines by RNA interference (RNAi) in 
order to investigate the biological functions of CCAT1 in 
GC. Figure 1A shows that RT-qPCR-determined CCAT1 
levels in both shCCAT1-transfected cell lines were signifi-
cantly lower than those in the NC-transfected cells. Cell 

Figure 2. CCAT1 knockdown arrests the cell cycle at G0/G1 phase. A) Cell cycle distribution was determined by flow cytometry. B) Cell cycle-related 
proteins (cyclin B, cyclin D1 and cyclin E) were examined by western blotting and β-actin served as internal control. Data is presented as the mean ±SD, 
n=3. *p<0.05 and **p<0.01 compared with the NC group.
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decreased levels of cyclin B, D1 and E (Figure 2B). This 
suggests that CCAT1 knockdown inhibits cell proliferation 
and induces G0/G1 cell cycle arrest in GC cells.

CCAT1 knockdown inhibits GC cell migration and 
invasion. Wound healing assay and Transwell invasion 
assay were performed after shCCAT1 transfection to further 
confirm whether CCAT1 knockdown affected GC cell migra-
tion and invasion. Transfection of shCCAT1 led to impaired 

migration (at 12 and 24 h, as shown in Figure 3) and invasive 
capability compared to NC-transfected cells (Figure 4); 
thus suggesting that knockdown of CCAT1 inhibits GC cell 
migration and invasion.

CCAT1 knockdown decreases Bmi-1 expression in GC 
cells. Bmi-1 plays an important role in invasion and metas-
tasis of human cancers [17, 18]. This study investigated 
whether in vitro CCAT1 knockdown affected Bmi-1 expres-

Figure 3. CCAT1 knockdown inhibits GC cell migration. The shRNA-transfected cells were subjected to wound healing assay and wound closure (%) 
was calculated. Scale bar 200 μm. Data is presented as the mean ±SD, n=3. *p<0.05 and **p<0.01 compared with the NC group.
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sion in GC metastasis. Bmi-1 levels were measured by both 
RT-qPCR and western blotting. The results showed that 
shCCAT1 transfection notably decreased Bmi-1 expression 
at both mRNA (Figure 5A) and protein levels (Figure 5B) in 
MGC-803 and SGC-7901 cells. This suggests that CCAT1 
knockdown regulates GC cell migration and invasion 
through modulating Bmi-1 expression.

CCAT1 knockdown inhibits peritoneal metastasis of GC 
in vivo. To investigate whether CCAT1 knockdown inhibited 
peritoneal metastasis of GC in vivo, SGC-7901 cells trans-
fected with shCCAT1 or NC were administered into BALB/c 
nude mice by peritoneal injection (1.6×107 cells/mouse). The 
mice were sacrificed five weeks later, and we found that the 
numbers of nodules in the mesentery and peritoneal walls 

Figure 4. CCAT1 knockdown inhibits GC cell invasion. The shRNA-transfected cells were subjected to Transwell invasion assay. The invaded cell num-
bers were counted. Scale bar 100 μm. Data is presented as the mean ±SD, n=3. *p<0.05 and **p<0.01 compared with the NC group.

Figure 5. Bmi-1 expression is down-regulated in shCCAT1-transfected cells. A) Bmi-1 expression levels were detected by RT-qPCR in MGC-803 and 
SGC-7901 cells transfected with shCCAT1 or NC. β-actin served as internal control. B) Measurement of Bmi-1 expression by western blotting. β-actin 
served as internal control. Data is presented as the mean ±SD, n=3. *p<0.05 and **p<0.01 compared with the NC group.
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were significantly lower in the shCCAT1 group than those in 
the NC group (Figure 6A). We also found that Bmi-1 levels 
were greatly down-regulated in the tumor tissues of the 
shCCAT1 group compared to the NC group (Figure 6B and 
C); thus indicating that CCAT1 affects peritoneal metastasis 
of GC through Bmi-1.

Discussion

LncRNA CCAT1 plays a vital role in the pathogenesis of 
many cancers [16, 19]. However, the biological functions of 
CCAT1 in the development of GC remain poorly under-
stood. This study therefore investigated CCAT1’s role in GC 
progression and distant metastasis in vitro and in vivo.

Previous studies revealed that CCAT1 knockdown 
reduces cell viability in various cancers, including renal 
cell carcinoma, glioma, melanoma and retinoblastoma [16, 
20–22]. Herein, CCAT1 expression was knocked down in 
two GC cell lines and the effects of CCAT1 knockdown on 
cell viability, colony formation ability and cell cycle progres-
sion were investigated. As expected, the results showed that 
CCAT1 knockdown significantly reduced MGC-803 and 
SGC-7901 cell viability and colony formation ability. [23].

Cyclins regulate the eukaryotic cell cycle by forming 
complexes with cyclin dependent kinases (CDKs) and this 
complex can result in abnormal cell growth [24, 25]; thus 
further confirming that cell cycle interruption is one of 
the hallmarks of cancer cells. Several previous studies have 
reported that CCAT1 silencing suppresses cell proliferation 
and causes cell cycle arrest in medulloblastoma, retinoblas-
toma and pancreatic cancer [10, 22, 26]. Herein, we consis-
tently found that CCAT1 knockdown arrested the cell cycle at 
G0/G1 phase and this resulted in significant decrease in cyclin 
B, D1 and E levels compared to the NC group. Interestingly, 
we also found that CCAT1 knockdown decreased the fraction 
of MGC-803 cells in the S phase and reduced SGC-7901 cell 
proportion in the G2/M phase. The cyclin D-CDK4/6 and 
cyclin E-CDK2 complexes regulate G1 to S phase progression, 
while the cyclin B-CDK1 complex regulates progression from 
the G2 to M phase [23]. These interesting findings suggest 
that regulation of cell cycle progression by CCAT1 knock-
down is slightly different in MGC-803 and SGC-7901 cells, 
and this may be associated with the balance between cyclin 
D1/E and cyclin B. Further, all results highlight that CCAT1 
knockdown inhibited cell proliferation by modulating cell 
cycle progression and cell cycle-related proteins.

Figure 6. CCAT1 knockdown suppresses peritoneal metastasis and reduces Bmi-1 expression in nude mice. A) SGC-7901 cells transfected with shC-
CAT1 or NC were peritoneally injected (200 μl, 8×107 cells/ml) into the nude mice and the mice were sacrificed 35 days later and the number of nodules 
in the mesentery and peritoneal walls was counted. B) Bmi-1 expression in peritoneal tumor tissues was measured by RT-qPCR. C) Western blotting 
was performed to determine Bmi-1 expression in peritoneal tumor tissues. β-actin served as internal control, and data is presented as the mean ±SD, 
n=6. *p<0.05 and **p<0.01 compared with the NC group.
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Cell migration and invasion are also critical factors in 
tumor metastasis [27]. Zhang et al. demonstrated that high 
CCAT1 expression closely correlates with TNM stage, differ-
entiation grade and lymph node metastasis in breast cancer 
patients [28], and Zhu et al. reported that CCAT1 is a potential 
biomarker for predicting prognosis in patients with hepatocel-
lular carcinoma. [29]. Although CCAT1 knockdown inhibits 
cell migration and/or invasion in glioma, melanoma, hepato-
cellular carcinoma, retinoblastoma and pancreatic cancer [10, 
16, 21, 22, 30], few reports have mentioned the role of CCAT1 
in GC metastasis. Our in vitro studies consistently showed 
that CCAT1 knockdown suppressed migration and invasion 
of GC cells. We then performed an in vivo study using BALB/c 
nude mice to investigate the role of CCAT1 in GC perito-
neal metastasis, and results highlighted that the nude mice 
injected with SGC-7901-shCCAT1 cells had less nodules in 
the mesentery and peritoneal walls than the mice in the NC 
group. These results suggest that CCAT1 knockdown inhibits 
invasion and metastasis of GC both in vitro and in vivo.

The Bmi-1 gene was initially identified by van Lohuizen 
et al. [31] in 1991, and Bmi-1 is up-regulated in multiple 
cancers and correlates with poor prognosis of cancer patients; 
especially those with gastric carcinoma, breast cancer, 
nasopharyngeal carcinoma and esophageal squamous cell 
carcinoma [18, 32, 33]. In addition, Liu et al. [34] found 
that down-regulated Bmi-1 inhibits epithelial-mesenchymal 
transition (EMT) and invasion of melanoma cells, and Wang 
et al. [17] demonstrated that Bmi-1 knockdown decreases 
the invasiveness of pancreatic cancer stem cells and reduces 
liver metastasis capacity in nude mice. 

The foregoing studies suggest that Bmi-1 is associated 
with cancer cell metastasis, and while authors have reported 
that Bmi-1 is associated with GC progression [35–37], only 
the following two articles report correlation between CCAT1 
and Bmi-1 in cancer progression. Ma et al. [38] revealed that 
CCAT1 knockdown inhibits proliferation and invasion of 
gallbladder cancer cells partly through miR-218-5p-medi-
ated regulation of Bmi-1 and Lu et al. [39] found that CCAT1 
modulates Bmi-1 expression and cell cycle progression 
through negative regulation of miR-218 in human bronchial 
epithelial cells exposed to cigarette smoke extract. Therefore, 
we speculate that CCAT1 mediates GC metastasis via Bmi-1 
expression, and our results highlighting that CCAT1 knock-
down significantly reduces Bmi-1 expression in both GC cell 
lines and the tumor tissues of peritoneal metastasis models 
suggests Bmi-1 involvement in GC metastasis. As previously 
demonstrated [38, 39], CCAT1 regulates Bmi-1 expression 
through miRNAs in GC metastasis, but the precise mecha-
nism requires further investigation.

In conclusion; herein we provide evidence that CCAT1 
affects GC cell proliferation, migration and invasion and 
modulates peritoneal metastasis via Bmi-1. Long non-coding 
RNA colon cancer-associated transcript 1 (lncRNA CCAT1) 
may therefore serve as a potential therapeutic target for GC 
patients.
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Supplemental Material

Supplementary Figure 1. Cell migration and invasion images after transfection with shNC and sh-PEG10 #2.

Supplementary Figure 2. Transfection efficiency of miR-3200 in NCI-N87 cells after transfection with miR-3200 mimic or inhibitor. Data is expressed 
as mean ± SD. **p<0.01, ***p<0.001.
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Supplementary Figure 3. Cell migration and invasion images after transfection with sh-PEG10 #2 and miR-3200 inhibitor.

Supplementary Figure 4. Transfection efficiency of AEG1 in NCI-N87 cells after transfection with pEX-AEG1. Data is expressed as mean ± SD. **p<0.01.
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Supplementary Figure 5. Cell migration and invasion images after transfection with miR-3200 mimic and pEX-AEG1.


