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Abstract
Long noncoding RNAs (lncRNAs) play important roles in regulating the apoptosis of gastric cancer (GC) cells. This study aims
to investigate the underlying mechanism of lncRNACASC9 in regulating the apoptosis of GC cells. The expressions of lncRNA
and protein in GC tissues and cell lines were detected by qRT-PCR and western blot. GC cell apoptosis was detected by flow
cytometry analysis. RNA pull-down and RNA immunoprecipitation (RIP) assays were conducted to verify the interaction
between CASC9 and BMI1. LncRNA CASC9 was upregulated in GC tissue and GC cells, and high CASC9 expression was
positively correlated with TNM stage and lymph node metastasis. Silencing CASC9 promoted the apoptosis of GC cells.
LncRNA CASC9 could interact with BMI1 and positively regulate BMI1 expression. Silencing CASC9 promoted the
ubiquitination of BMI1. In addition, lncRNA CASC9 regulated the apoptosis of GC cells through BMI1. Furthermore, interfer-
ing CASC9 inhibited the tumor growth of GC. LncRNA CASC9 could interact with BMI1 to regulate the degradation of BMI1,
thus to affect the apoptosis of GC cells and suppressed tumor growth.
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Introduction

Gastric cancer (GC) is the third leading cause of death in
cancers around the world which can be induced by high salt
intake, smoking, virus infection and genetic mutation [1–3].
Although the mortality rate of GC has been decreased in the
past few years with the development of methods for diagnosis
and treatment [4], the five-year overall survival rate of patients
with GC is still lower than 31% in China [5]. Therefore,
finding effective treatment of GC is important to im-
prove the survival rate of GC patients. GC cell apopto-
sis is an important basic process of GC cell life activity.
Studies have shown that suppression of GC cell

apoptosis promoted the development and progression
of GC, whereas induction of GC cell apoptosis de-
creased tumor growth of GC [6, 7]. Hence, it is mean-
ingful to investigate the molecular mechanism of GC
cell apoptosis, which may provide directions for the
treatment of GC.

B Lymphoma Mo-MLV Insertion Region 1 (BMI1), as a
major component of the polycomb group complex 1, is
expressed in many cancer cells which regulate the apoptosis,
proliferation and invasion of cancer cells [8, 9]. Many studies
have found that BMI1 was involved in the progression of GC
[10, 11]. For example, Liu et al. reported that BMI1 was up-
regulated in GC cells, silencing BMI1 reduced the anti-
apoptotic protein Bcl-2 expression and increased caspase 3
expression, thus to induce the apoptosis of GC cells [12].
Studies also reported that BMI1 protein can be regulated by
ubiquitination and degradation pathway [13]. However,
whether BMI1 can be regulated by ubiquitination and degra-
dation pathway in GC is still not known.

Long noncoding RNAs (lncRNAs) are a kind of RNAs
longer than 200 nucleotides that can regulate fundamental
molecular and cellular processes [14]. Studies have shown
that lncRNAs have potential abilities to regulate proteins with
the aid of modifications in cancer [15]. Importantly,
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researchers have found that several lncRNAs induced the
ubiquitination of proteins to modulate the progression of GC
[16, 17]. Our preliminary experiment screened several
lncRNAs from GC tissues and paired adjacent tissues by
performing qRT-PCR, and identified lncRNA CASC9 was
highly expressed in GC tissues. However, the underlying
mechanism of lncRNA CASC9 in GC cell apoptosis is not
identified. It has been reported that lncRNA CASC9 could
interact with heterogeneous nuclear ribonucleoprotein L
(HNRNPL) protein in liver cancer, which indicated that
lncRNA CASC9 might interact with proteins to regulate can-
cer progression [18]. Therefore, we speculated that lncRNA
CASC9 may be involved in BMI1-mediated apoptosis of GC
cells through interacting with BMI1.

Materials and Methods

Clinical Samples

Twenty primary GC tissues and paired adjacent tissues were
collected from patients in The First Affiliated Hospital of
Anhui Medical University who did not receive chemotherapy
or radiotherapy before surgery and confirmed by histopatho-
logical examination. The tissues were kept in liquid nitrogen
and transferred to −80 °C refrigerator until use. All patients
signed informed consents. And this study was approved by the
Ethics Committee of The First Affiliated Hospital of Anhui
Medical University.

Cell Culture and Transfection

Human normal gastric epithelial cell line GES-1 and GC
cell lines (SGC7901 and MKN-45) were purchased from
American Type Culture Collection (ATCC, VA, USA).
All cells were cultured in RPMI-1640 medium (Gibco,
CA, USA) supplemented with 10% fetal bovine serum
(FBS; Gibco, CA, USA) and maintained in 37 °C, 5%
CO2 incubator.

Small interference RNA targeting CASC9 (si-CASC9),
pcDNA-BMI1, CASC9-short hairpin RNA (shRNA), and
their negative controls si-control, pcDNA, NC-shRNA were
all purchased from GENECHEM (Shanghai, China).
SGC7901 cells and MKN-45 (5 × 105 cells/well in 6-well
plates, 70–80% confluency) were transfected with si-
CASC9 or pcDNA-BMI1 plasimd for 48 h to downregu-
late CASC9 expression or upregulate BMI1 expression.
SGC7901 cells (5 × 105 cells/well in 6-well plates, 70–
80% confluency) were stably transfected with CASC9-
shRNA for 48 h to downregulate CASC9 expression
using Lipofectamine 2000 (Invitrogen, CA, USA) accord-
ing to the manufacturer’s instructions.

Quantitative Real-Time PCR (qRT-PCR)

Total RNA was extracted from GC tissues, paired adjacent
tissues, GES-1, SGC7901 and MKN-45 cells by a Total
RNA Kit (Invitrogen, CA, USA). cDNA synthesis was con-
ducted using High-Capacity RNA-to-cDNA Kit (Applied
Biosystems, CA, USA). Then, qRT-PCR was performed in
duplicate using SuperScript III Platinum SYBR Green One-
Step qRT-PCR Kit (Invitrogen, CA, USA) on QuantStudio 5
Real-Time PCR System (Applied Biosystems, CA, USA).
The expression of GUSBP11, CASC9, CTDHUT, RAB6C-
AS1 and DQ786243 was quantified by 2-ΔΔCt method. The
primer sequences were presented as follows: GUSBP11: F 5′-
GGCGCGGACGACCTAAGTCGCGT-3 ′ , R 5 ′ -
TTGCGCTGCCACGACGGGCT-3 ′ ; CASC9: F 5’-
AGATGAAGCCGGTACCTCAGAT-3 ′ , R 5 ’ -TCA
CTTTAAAGAGGGAGAGGAG-3′; CTDHUT: F 5 ′-
GGCCCAGGGCTCAGTGGGGTGTT -3 ′ , R 5 ′ -
ACTCCAGCCTGGGCAACAAGAGCGA -3′; RAB6C-
AS1: F 5’-CAT TCA GAAGTG GAG AGT GTA GG-3′, R
5′-GAG GAT TGC GAG TCATCAGC-3′; DQ786243: F 5’-
TGCCCTGTCACCCCCTGCCCAA-3′, R 5′- ACGCTGGG
CCAACTGCAGGGCT-3′.

Western Blot

Total protein was extracted from GES-1, SGC7901 and
MKN-45 cells using RIPA Lysis and Extraction Buffer
(Thermo Scientific, CA, USA), and the concentration of pro-
teins was measured by Pierce BCA Protein Assay Kit
(Thermo Scientific, CA, USA). Then, the protein was separat-
ed by 10% SDS-PAGE, transferred into the PVDF Transfer
Membrane (Thermo Scientific, CA, USA) and blocked with
5% skim milk, the menbrance was incubated with primary
antibodies against BMI1 (1:10000; Abcam, Cambridge,
UK), Bcl-2 (1:2000; Abcam, Cambridge, UK), cleaved-
caspase 3 (1:500; Abcam, Cambridge, UK), caspase 3
(1:1000; Abcam, Cambridge, UK), and β-actin (1:5000;
Abcam, Cambridge, UK). The membranes were incubated
with anti-rabbit horseradish peroxidase-conjugate secondary
antibody (1:2000; Cell Signaling Technology, USA) for 1.5 h
at 25 °C. ECL Chemiluminescent Substrate Reagent Kit
(Invitrogen, CA, USA) was used to visualize the proteins.

Flow Cytometry Analysis

SGC7901 and MKN-45 cells in different groups (6 × 104

cells) were added with 195 μl Annexin V-FITC binding buff-
er. Then, cells were stained with 5 μl Annexin V-FITC and
10 μl propidium iodide using Annexin V-FITC Apoptosis
Detection Kit (Beyotime Biotechnology, Shanghai, China).
The apoptosis of cells was analyzed by flow cytometry
(FACSCalibur; BD, New Jersey, USA).
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RNA Pull-Down Assay

Biotin labeled lncRNA CASC9 was transcribed with the
Biotin RNA labeling mix (Roche, Switzerland) and T7 RNA
polymerase (Roche, Switzerland), then purified with RNeasy
Mini Kit (Qiagen, Germany). Cells extract (2 μg) was mixed
with 100 pmol biotin labeled lncRNA CASC9. Then, cell
extract was added with 100 ml streptavidin agarose beads
and incubated at 25 °C for 2 h.Western blot was used to detect
BMI1 in CASC9 pull-down complex.

RNA Immunoprecipitation (RIP) Assay

Magna RIP RNA-Binding Protein Immunoprecipitation Kit
(Millipore, New Jersey, USA) was used to conduct RIP assay.
Cells were lysed using complete RIP lysis buffer. Cell lysates
were incubated with RIP buffer containing magnetic beads
conjugated to human anti-BMI1 antibody (Invitrogen, CA,
USA). The negative control was IgG. The precipitated
RNAs were isolated by Trizol reagent (Invitrogen, CA,
USA) and lncRNA CASC9 level was detected by qRT-PCR.

Ubiquitination Assay

FLAG-BMI1, HA-TrCp, si-CASC9 or si-control were
transfected into SGC7901 and MKN-45 cells. 36 h’s later,
10 nm MG132 (Sigma, MO, USA) was added into RPMI-
1640 medium, and cells were incubated for another 8 h.
Then, cells were collected for western blot. The cell lysates
were immunoprecipitated with the labeled antibody at 4 °C
overnight. Western blot was used to detect the protein of
BMI1.

Animal Model

Five-week-old female BALB/c-nu/nu nude mice were pur-
chased from Laboratory Animal Center of Anhui Medical
University. SGC-7901 cells were stably transfected with
NC-shRNA or CASC9-shRNA. Then, 0.1 ml SGC-7901 cells
(2 × 107 cells/ml) were subcutaneously injected into the right
side of the abdomen of each nude mice. So, BALB/c-nu/nu
mice were divided into NC-shRNA and CASC9-shRNA
groups (n = 6). Tumor volume was measured every two days
for 16 days using the equation: Tumor volume =
length×width2 × 0.5. Sixteen days later, mice were sacrificed
and the tumor tissues were collected to detect the expression
of CASC9 and BMI1.

Statistical Analysis

All experiments were repeated three times. The data were
presented as mean ± standard deviation (SD), and analyzed
using SPSS 18.0. The difference between groups was

analyzed by Student’s t test or one-way analysis of variance.
p value <0.05 was considered as statistically significant.

Results

LncRNA CASC9 Was Upregulated in GC Tissue and GC
Cells

We selected several abnormally expressed lncRNAs (lncRNA
GUSBP11, lncRNA CASC9, lncRNA CTDHUT, lncRNA
RAB6C-AS1 and lncRNA DQ786243) in GC tissues based
on the literature, and detected the expressions of these
lncRNAs. As shown in Fig. 1a, only lncRNA CASC9 expres-
sion was significantly upregulated in GC tissue than adjacent
tissue. We further detected the expressions of lncRNA
CASC9 and BMI1 in normal gastric epithelial cell line GES-
1 and GC cell lines (SGC7901 andMKN-45). Compared with
GES-1 cells, the expressions of lncRNA CASC9 and BMI1
were significantly upregulated in SGC7901 and MKN-45
cells (Fig. 1b). In addition, the correlation between CASC9
expression and clinicopathological features in GC was shown
in Table 1, suggesting high CASC9 expression was positively
correlated with TNM stage and lymph node metastasis.

LncRNA CASC9 Regulated the Apoptosis of GC Cells

To investigate the role of lncRNA CASC9 in regulating GC
cell apoptosis, we transfected si-CASC9 into SGC7901 and
MKN-45 cells. As shown in Fig. 2a, lncRNA CASC9 expres-
sion was significantly downregulated in SGC7901 andMKN-
45 cells transfected with si-CASC9. BMI1 protein level was
also downregulated in SGC7901 and MKN-45 cells
transfected with si-CASC9 (Fig. 2a). Then, we found the ap-
optosis of SGC7901 and MKN-45 cells significantly in-
creased in si-CASC9 group than si-control group (Fig. 2b).
Apoptotic protein cleaved-caspase 3 and anti-apoptotic pro-
tein Bcl-2 expressions were upregulated and downregulated in
SGC7901 and MKN-45 cells transfected with si-CASC9, re-
spectively (Fig. 2b). These results indicated silencing CASC9
could promote the apoptosis of GC cells. pcDNA-CASC9 and
pcDNA were also transfected into SGC7901 and MKN-45
cells. Results showed that CASC9 overexpression promoted
the expression of BMI1 and Bcl-2 (Supplemental Fig. 1), in-
dicating CASC9 overexpression could inhibit the apoptosis of
GC cells.

LncRNA CASC9 Regulated the Expression of BMI1

To investigate the interaction between lncRNA CASC9 and
BMI1, RNA pull-down RIP assays were conducted. As
shown in Fig. 3a and b, BMI1 expression was detected in
CASC9 pull-down complex, and lncRNA CASC9 was
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accumulated in BMI1 precipitates, suggesting lncRNA
CASC9 could interact with BMI1. To observe the role of
CASC9 in regulating the expression of BMI1, pcDNA-
CASC9 or si-CASC9 were transfected into SGC7901 and
MKN-45 cells. BMI1 expression was upregulated in
SGC7901 and MKN-45 cells after transfection of pcDNA-

CASC9, whereas BMI1 expression was downregulated in
SGC7901 and MKN-45 cells after transfection of si-CASC9
(Fig. 3c). Then, CHX was used to treat GC cells to detect the
role of CASC9 on the half-life of BMI1 protein. We found si-
CASC9 promoted the degradation of BMI1 protein with time
(Fig. 3d). Ubiquitination assay showed a significant decrease
in ubiquitinated BMI1 protein in SGC7901 andMKN-45 cells
transfected with si-CASC9 (Fig. 3d). These findings indicated
that lncRNA CASC9 could positively regulate BMI1, and
silencing CASC9 promoted the ubiquitination of BMI1.

LncRNA CASC9 Regulated the Apoptosis of GC Cells
through BMI1

To detect whether lncRNA CASC9 regulated the apoptosis of
GC cells through regulating BMI1, SGC7901 and MKN-45
cells were divided into si-control, si-CASC9, si-CASC9 +
pcDNA, and si-CASC9 + pcDNA-BMI1 groups.Western blot
was used to detect BMI1 expression in SGC7901 and MKN-
45 cells. si-CASC9 downregulated BMI1 protein level in
SGC7901 and MKN-45 cells, and pcDNA-BMI1 reversed
the effect of si-CASC9 on BMI1 expression (Fig. 4a). We also
found si-CASC9 significantly promoted the apoptosis of
SGC7901 and MKN-45 cells, and pcDNA-BMI1 reversed
the effect of si-CASC9 on the apoptosis of GC cells (Fig.
4b). The expressions of cleaved-caspase 3 and Bcl-2 further
confirmed the effect of si-CASC9 and pcDNA-BMI1 on the
apoptosis of SGC7901 and MKN-45 cells (Fig. 4c).

Fig. 1 LncRNA CASC9 was upregulated in GC tissue and GC cells. a
LncRNA GUSBP11, lncRNA CASC9, lncRNA CTDHUT, lncRNA
RAB6C-AS1 and lncRNA DQ786243 expressions were detected in GC
tissue and adjacent tissues using qRT-PCR. b LncRNA CASC9

expression was detected in human GC cell lines (SGC7901 and MKN-
45) and human normal gastric epithelial cell line GES-1 using qRT-PCR.
BMI1 protein level was detected in GES-1, SGC7901 andMKN-45 cells
using western blot. *p < 0.05, **p < 0.01 vs adjacent tissue or GES-1

Tab l e 1 Cor r e l a t i on be tween CASC9 exp res s ion and
clinicopathological features in GC

Parameters n CASC9 expression P

Low High

Gender 0.291

Male 11 5 6

Female 9 5 4

Age (years) 0.288

<55 8 4 4

≥55 12 5 7

Stage 0.011*

I-II 10 7 3

III-IV 10 2 8

Histology 0.552

Squamous 7 4 3

Adenoma 13 6 7

Lymph node metastasis 0.002*

Negtive 6 5 1

Positive 14 2 12

*P < 0.05 was considered significant
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Interfering CASC9 Inhibited Xenograft Tumor Growth
in Nude Mice

To confirm whether CASC9 affects the growth of GC
cells in nude mice, SGC-7901 cells transfected with
NC-shRNA or CASC9-shRNA were subcutaneously
injected into BALB/c-nu/nu mice to establish xenograft

mouse model. Compared with NC-shRNA group, tumor
volume was significantly reduced in CASC9-shRNA
group (Fig. 5a). LncRNA CASC9 expression was sig-
nificantly downregulated in tumors of CASC9-shRNA
group than NC-shRNA group (Fig. 5b). BMI1 expres-
sion was decreased in tumors of CASC9-shRNA group
than NC-shRNA group (Fig. 5b). These findings

Fig. 3 LncRNA CASC9 regulated the expression of BMI1. a The
efficiency of RNA pull-down assay was verified by western blot. BMI1
expression was detected in CASC9 pull-down complex. NC was the
negative control of CASC9. b LncRNA-CASC9 was accumulated in
BMI1 precipitates. *p < 0.05 vs NC or IgG. SGC7901 andMKN-45 cells
were transfected with pcDNA-CASC9 or si-CASC9. c BMI1 expression

was detected in SGC7901 and MKN-45 cells using western blot. d
SGC7901 and MKN-45 cells were transfected with si-CASC9, then
CHX was used to treat SGC7901 and MKN-45 cells for 0 h, 2 h, 4 h
and 8 h. The expression of BMI was detected using western blot.
Ubiquitination assay showed a decrease in BMI1 expression in GC cells
transfected with si-CASC9

Fig. 2 LncRNA CASC9 regulated the apoptosis of GC cells. SGC7901
and MKN-45 cells were transfected with si-control or si-CASC9. a
LncRNA CASC9 expression was detected in SGC7901 and MKN-45
cells using qRT-PCR. BMI1 protein level was detected in SGC7901
and MKN-45 cells using western blot. b The apoptosis of SGC7901

andMKN-45 cells was detected using Flow cytometry. Apoptotic protein
cleaved-caspase 3 and anti-apoptotic protein Bcl-2 expressions were de-
tected in SGC7901 andMKN-45 cells using western blot. *p < 0.05 vs si-
control
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suggested that interfering CASC9 could inhibit the tu-
mor growth of GC.

Discussion

In this study, we investigated the underlying mechanism of
lncRNA CASC9 in the apoptosis of GC cells. Results indicat-
ed that lncRNA CASC9 was upregulated in GC tissues and
cells, and lncRNA CASC9 could interact with BMI1. In vitro
experiments demonstrated that lncRNA CASC9 regulated the
apoptosis of GC cells through modulating BMI1, and in vivo
experiments shown that silencing CASC9 suppressed tumor
growth of GC.

Hundreds of lncRNAs have been reported to be tumor pro-
moters or tumor suppressors in a variety of human cancers
[19, 20]. According to previous reports, lncRNA CASC9
seems to be a tumor promoter that usually highly expressed
in tumor tissues and cells, which promoted the progression of
cancers [21–23]. For example, lncRNA CASC9 expression
was upregulated in hemangiomas tissues and CASC9 overex-
pression promoted the proliferation, migration, and invasion
of hemangiomas-derived endothelial cells through miR-125a-
3p/Nrg1 pathway [23]. LncRNA CASC9 was elevated in oral
squamous cell carcinoma tissues and cells, and enhanced the
proliferation and suppressed cell apoptosis to promote tumor
progression through AKT/mTOR pathway [22]. However, the
role of lncRNA CASC9 in GC is not fully revealed, so more

Fig. 5 Interfering CASC9 inhibited xenograft tumor growth in nude
mice. SGC-7901 cells were stably transfected with NC-shRNA or
CASC9-shRNA. Then, 0.1 ml SGC-7901 cells (2 × 107 cells/ml) were
subcutaneously injected into the right side of the abdomen of the
BALB/c-nu/nu mice. BALB/c-nu/nu mice were divided into NC-
shRNA and CASC9-shRNA groups (n = 6). Tumor volume was

measured every two days for 16 days. A. Tumor volume was measured
in NC-shRNA and CASC9-shRNA groups. B. LncRNA CASC9 expres-
sion was detected in tumors of NC-shRNA and CASC9-shRNA groups
using qRT-PCR. BMI1 expression was detected in tumors using western
blot. *p < 0.05 vs NC-shRNA

Fig. 4 LncRNA CASC9 regulated the apoptosis of GC cells through
BMI1. SGC7901 and MKN-45 cells were divided into si-control, si-
CASC9, si-CASC9 + pcDNA, and si-CASC9 + pcDNA-BMI1 groups.
a BMI1 expression was detected in SGC7901 and MKN-45 cells using

western blot. b The apoptosis of SGC7901 and MKN-45 cells was de-
tected using Flow cytometry. c The expressions of cleaved-caspase 3 and
Bcl-2 were detected in SGC7901 and MKN-45 cells using western blot.
*p < 0.05 vs si-control, #p < 0.05 vs si-CASC9 + pcDNA

J. Fang et al.480



studies focused on lncRNA CASC9 in the progression of GC
are needed. In this study, lncRNA CASC9 was upregulated in
GC tissues and cells, and silencing CASC9 promoted the ap-
optosis of GC cells. Hence, we further detected the underlying
mechanism of lncRNA CASC9 in modulating the apoptosis
of GC cells.

More and more evidences have shown that lncRNAs
mediate gene expressions through multiple mechanisms,
such as translation, transcription regulation, and post-
transcription modification [15]. And interacting with the
proteins to affect their expressions through ubiquitination
is considered as one of these important mechanisms [24].
In GC, lncRNAs could induce the ubiquitination of pro-
teins through interacting with proteins, thus to affect the
progression of GC. For example, lncRNA HOTAIR can
interact with Runx3 protein and HOTAIR can induce the
degradation of Runx3 protein to regulate GC cell migra-
tion and invasion [17]. LncRNA HOXA11-AS can inter-
act with WDR5, EZH2 and STAU1 in GC cells, and can
induce the degradation of KLF2 [25]. In this study, our
RNA pull-down and RIP assays showed that lncRNA
CASC9 interacted with BMI1. In addition, BMI1 protein
level was positively regulated by lncRNA CASC9.
Ubiquitination assay confirmed that silencing CASC9
promoted the degradation of BMI1, suggesting lncRNA
CASC9 can increase BMI1 expression through inhibiting
the degradation of BMI1.

BMI1 is firstly identified as an oncoprotein that medi-
ate protein-protein interaction. Numerous researches have
shown that BMI1 is elevated in many cancers and is pos-
itively related with the progression of cancers [26, 27]. In
GC, BMI1 is also highly expressed in tumor tissues and
cells, and involved in the proliferation, invasion and me-
tastasis of GC [28, 29]. Silencing BMI1 could decrease
transformed phenotype of GC cells, inhibit the growth,
migration and invasion of GC cells [29, 30]. In this study,
we found BMI1 is upregulated in GC tissues and cells,
which was consistent with previous reports [28, 29]. In
addition, our data indicated that lncRNA CASC9 could
interact with BMI1 to regulate the degradation of BMI1,
which provided evidence for the ubiquitin modification of
BMI1 by lncRNA in GC cell.

In conclusion, we identified that lncRNA CASC9 is highly
expressed in GC tissues and cells. LncRNA CASC9 could
interact with BMI1 to regulate the degradation of BMI1. In
addition, silencing CASC9 decreased BMI1 expression to
promote the apoptosis of GC cells in vivo and suppressed
tumor growth in vivo.

Compliance with Ethical Standards

Conflict of Interests The authors have no actual or potential conflicts of
interest to declare.

References

1. Siegel RL, Miller KD, Jemal A (2018) Cancer statistics, 2018. CA
Cancer J Clin 68(1):7–30

2. Ge S et al (2012) Association between habitual dietary salt intake
and risk of gastric Cancer: a systematic review of observational
studies. Gastroenterol Res Pract 2012:808120–808120

3. Seo AN et al (2019) Exon 9 mutation of PIK3CA associated with
poor survival in patients with Epstein-Barr virus-associated gastric
Cancer. Anticancer Res 39(4):2145–2154

4. Aoyama T, Yoshikawa T (2017) Adjuvant therapy for locally ad-
vanced gastric cancer. Surg Today 47(11):1295–1302

5. Allemani C, Weir HK, Carreira H, Harewood R, Spika D, Wang
XS, Bannon F, Ahn JV, Johnson CJ, Bonaventure A, Marcos-
Gragera R, Stiller C, Azevedo e Silva G, Chen WQ, Ogunbiyi
OJ, Rachet B, Soeberg MJ, You H, Matsuda T, Bielska-Lasota M,
Storm H, Tucker TC, Coleman MP (2015) Global surveillance of
cancer survival 1995-2009: analysis of individual data for 25,676,
887 patients from 279 population-based registries in 67 countries
(CONCORD-2). Lancet (London, England) 385(9972):977–1010

6. Wang MW, Liu J, Liu Q, Xu QH, Li TF, Jin S, Xia TS (2017)
LncRNA SNHG7 promotes the proliferation and inhibits apoptosis
of gastric cancer cells by repressing the P15 and P16 expression.
Eur Rev Med Pharmacol Sci 21(20):4613–4622

7. Li P, ZhouX, SunW, ShengW, Tu Y, Yu Y, Dong J, Ye B, Zheng Z,
Lu M (2017) Elemene induces apoptosis of human gastric Cancer
cell line BGC-823 via extracellular signal-regulated kinase (ERK)
1/2 signaling pathway. Med Sci Monitor 23:809–817

8. Zhang S, Zhang X, Sun Q, Zhuang C, Li G, Sun L, Wang H (2019)
LncRNA NR2F2-AS1 promotes tumourigenesis through modulat-
ing BMI1 expression by targeting miR-320b in non-small cell lung
cancer. J Cell Mol Med 23(3):2001–2011

9. Zhao T, Chen Y, Sheng S, Wu Y, Zhang T (2018) Upregulating
microRNA-498 inhibits gastric cancer proliferation invasion and
chemoresistance through inverse interaction of Bmi1. Cancer
Gene Ther

10. Chen Y, Lian G, Zhang Q, Zeng L, Qian C, Chen S, Huang K
(2013) Overexpression of Bmi-1 induces the malignant transforma-
tion of gastric epithelial cells in vitro. Oncol Res 21(1):33–41

11. Gao F-L, Li WS, Liu CL, Zhao GQ (2013) Silencing Bmi-1 en-
hances the senescence and decreases the metastasis of human gas-
tric cancer cells. World J Gastroenterol 19(46):8764–8769

12. Liu P, Zhang M, Niu Q, Zhang F, Yang Y, Jiang X (2018)
Knockdown of long non-coding RNA ANRIL inhibits tumorigen-
esis in human gastric cancer cells via microRNA-99a-mediated
down-regulation of BMI1. Braz J Med Biol Res 51(10):e6839–
e6839

13. Sahasrabuddhe AA, DimriM, Bommi PV, Dimri GP (2011)βTrCP
regulates BMI1 protein turnover via ubiquitination and degradation.
Cell cycle (Georgetown, Tex) 10(8):1322–1330

14. Rinn JL, Chang HY (2012) Genome regulation by long noncoding
RNAs. Annu Rev Biochem 81:145–166

15. PengWX, Koirala P, Mo YY (2017) LncRNA-mediated regulation
of cell signaling in cancer. Oncogene 36(41):5661–5667

16. Zhang E, He X, Zhang C, Su J, Lu X, Si X, Chen J, Yin D, Han L,
de W (2018) A novel long noncoding RNA HOXC-AS3 mediates
tumorigenesis of gastric cancer by binding to YBX1. Genome Biol
19(1):154–154

17. Xue M, Chen LY, Wang WJ, Su TT, Shi LH, Wang L, ZhangW, Si
JM, Wang LJ, Chen SJ (2018) HOTAIR induces the ubiquitination
of Runx3 by interacting with Mex3b and enhances the invasion of
gastric cancer cells. Gastric Cancer 21(5):756–764

18. Klingenberg M, Groß M, Goyal A, Polycarpou-Schwarz M,
Miersch T, Ernst AS, Leupold J, Patil N, Warnken U, Allgayer H,
Longerich T, Schirmacher P, Boutros M, Diederichs S (2018) The

LncRNA CASC9 Suppressed the Apoptosis of Gastric Cancer Cells through Regulating BMI1 481



long noncoding RNA Cancer susceptibility 9 and RNA binding
protein heterogeneous nuclear ribonucleoprotein L form a complex
and Coregulate genes linked to AKT signaling. Hepatology 68(5):
1817–1832

19. Jiang F, Qi W, Wang Y, Wang W, Fan L (2019) lncRNA PEG10
promotes cell survival, invasion and migration by sponging miR-
134 in human bladder cancer. Biomed Pharmacother 114:108814

20. Zhai W et al (2019) A positive feed-forward loop between
LncRNA-URRCC and EGFL7/P-AKT/FOXO3 signaling pro-
motes proliferation andmetastasis of clear cell renal cell carcinoma.
Mol Cancer 18(1):81

21. Shao G et al (2019) lncRNA CASC9 positively regulates CHK1 to
promote breast cancer cell proliferation and survival through spong-
ing the miR-195/497 cluster. Int J Oncol 54(5):1665–1675

22. Yang Y, Chen D, Liu H, Yang K (2019) Increased expression of
lncRNA CASC9 promotes tumor progression by suppressing
autophagy-mediated cell apoptosis via the AKT/mTOR pathway
in oral squamous cell carcinoma. Cell Death Dis 10(2):41–41

23. Li X, Chen B, Chi D, Zhang Y, Jiang W (2019) lncRNA CASC9
regulates cell migration and invasion in hemangioma endothelial
cells by targeting miR-125a-3p/Nrg1. OncoTargets Ther 12:423–
432

24. Wang KC, Chang HY (2011) Molecular mechanisms of long non-
coding RNAs. Mol Cell 43(6):904–914

25. Liu Z, Chen Z, Fan R, Jiang B, Chen X, Chen Q, Nie F, Lu K, Sun
M (2017) Over-expressed long noncoding RNA HOXA11-AS

promotes cell cycle progression and metastasis in gastric cancer.
Mol Cancer 16(1):82–82

26. Li W, Yu X, Xia Z, Yu X, Xie L, Ma X, Zhou H, Liu L, Wang J,
Yang Y, Liu H (2018) Repression of Noxa by Bmi1 contributes to
deguelin-induced apoptosis in non-small cell lung cancer cells. J
Cell Mol Med 22(12):6213–6227

27. KimM, Lee S, ParkWH, Suh DH, Kim K, Kim YB, No JH (2018)
Silencing Bmi1 expression suppresses cancer stemness and en-
hances chemosensitivity in endometrial cancer cells. Biomed
Pharmacother 108:584–589

28. Wang Y, Lv H, Xu Z, Sun J, Ni Y, Chen Z, Cheng X (2019) Huaier
n-butanol extract suppresses proliferation and metastasis of gastric
cancer via c-Myc-Bmi1 axis. Sci Rep 9(1):447–447

29. Zhang X-W, Sheng YP, Li Q, Qin W, Lu YW, Cheng YF, Liu BY,
Zhang FC, Li J, Dimri GP, Guo WJ (2010) BMI1 and Mel-18
oppositely regulate carcinogenesis and progression of gastric can-
cer. Mol Cancer 9:40–40

30. Li W, Li Y, Tan Y, Ma K, Cui J (2010) Bmi-1 is critical for the
proliferation and invasiveness of gastric carcinoma cells. J
Gastroenterol Hepatol 25(3):568–575

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

J. Fang et al.482


	LncRNA CASC9 Suppressed the Apoptosis of Gastric Cancer Cells through Regulating BMI1
	Abstract
	Introduction
	Materials and Methods
	Clinical Samples
	Cell Culture and Transfection
	Quantitative Real-Time PCR (qRT-PCR)
	Western Blot
	Flow Cytometry Analysis
	RNA Pull-Down Assay
	RNA Immunoprecipitation (RIP) Assay
	Ubiquitination Assay
	Animal Model
	Statistical Analysis

	Results
	LncRNA CASC9 Was Upregulated in GC Tissue and GC Cells
	LncRNA CASC9 Regulated the Apoptosis of GC Cells
	LncRNA CASC9 Regulated the Expression of BMI1
	LncRNA CASC9 Regulated the Apoptosis of GC Cells through BMI1
	Interfering CASC9 Inhibited Xenograft Tumor Growth in Nude Mice

	Discussion
	References




