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ABSTRACT

Brain cytoplasmic RNA 1 (BCYRN1), along non-coding RNA, plays a critical role
in various diseases, including some cancers. However, the expression of BCYRN1
and its roles in gastric carcinoma (GC) still remain unidentified. Thus, this study
employed RT-qPCR to detect expression of BCYRN1 in 85 paired GC samples and
adjacent normal tissues, and performed in vitro studies to explore effects of BCYRN1
in GC cells on cell proliferation, apoptosis and migration. We found BCYRN1 was
significantly upregulated in GC samples, and its expression was positively correlated
with advanced TNM stage (p = 0.0012) and tumor size (p = 0.027). Functionally,
BCYRN1 knockdown by siRNA could inhibit cell proliferation, induce G1/GO cell cycle
arrest, increase apoptosis and impair migratory ability of AGS cells. Moreover, the
results of RT-qPCR and western blotting indicated that knockdown of BCYRN1 notably
decreased the expression of epithelial cell adhesion molecules (EpCAM). Otherwise,
overexpression of BCYRN1 in GC cells (BGC-823 and SGC-7901) could reverse the
effects of BCYRN1 knockdown. Taken together, our data indicate for the first time
that BCYRN1 acts as an oncogenic IncRNA in GC progression and may be a potential
therapeutic target in GC.

INTRODUCTION

Gastric carcinoma (GC) is the fourth most common
cancer and the second leading cause of cancer-related
death worldwide [1]. Most GC patients are diagnosed
at the advanced stages accompanied with malignant
phenotype, characterized by excessive proliferation,
relentless invasion local and distant metastasis [2].
Usually, these patients could not get effective treatment
and have poor prognosis. Better understanding of the
molecular mechanism underlying gastric carcinogenesis
and progression will help to improve diagnosis and

treatment of GC. Deregulation of tumor-related genes has
been proved to play a significant role in the oncogenic
processes, and these genes may serve as novel biomarkers
and potential therapeutic targets for gastric cancer [2, 3].
Long non-coding RNAs (IncRNAs) are a group of
transcripts longer than 200 nucleotides, having little or no
protein coding capacity [4, 5]. It has been reported that
IncRNAs contribute substantially to biological functions,
such as regulating DNA transcription, modulating gene
activity and remodeling chromosome structure [6—8].
Recently, IncRNAs have gained importance due to their
deregulated expression in many diseases [9—11]. Brain
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cytoplasmic RNA 1 (BCYRNI) is a 200 nucleotide
IncRNA, specifically transcribed in brain, neurons and
germ cells [12, 13]. Compared with normal brains, brains
of 70%patients with Alzheimer disease have decreased
BCYRNI1 expression, suggesting an important role
ofBCYRNI1 in neurodegeneration [14]. Because the
neuronal specificity of BCYRNI1 expression, it is rarely
expressed in non-neural organs [15]. However, recent
studies have found up-regulated BCYRNI1 expression
in several carcinoma tissues when compared with the
corresponding adjacent normal tissues [16—18]. It has
also reported that BCYRNI is critically involved in the
proliferation, apoptosis and metastasis of cancer cells [16,
17, 19, 20]. However, the expression of BCYRNI1 and its
biological functions in GC have rarely been investigated.
In current study, expression of BCYRNI1 in GC
tissues was detected and its correlations with GC patients’
clinical pathological characteristics were also analyzed.
Then, we investigated the effects of BCYRN1 knockdown
and overexpression in GC cells on cell proliferation,
apoptosis and migration. In addition, correlation between
BCYRNI and epithelial cell adhesion molecule (EpCAM)
was also assessed, since EpCAM is transcribed by
BCYRNI’s neighboring protein coding gene and is closely
related to carcinogenesis and progression in most tumors
[21-24]. Based on the analysis of our experimental data,
this study presents the first evidence that BCYRNI is
upregulated in GC and acts as an oncogene to promote
tumor progression and increase EpCAM expression.

RESULTS

BCYRNI1 was highly expressed in both GC
tissues and cell lines

We firstly detected BCYRNI expression in 85
paired GC samples and adjacent normal tissues by RT-
qPCR. The results showed that BCYRNI1 expression was
significantly higher in GC tissues than that in adjacent
normal tissues (p < 0. 001, Figure 1A). Further analysis
revealed that BCYRNI1 expression was significantly
associated with TNM stage (p = 0.0012) and tumor size (p
=0.027), while no significant relationship was observed
between BCYRNI1 and other clinic-pathological features,
such as sex, age and distant metastasis (Table 1). We also
found that three GC cell lines (AGS, BGC-823, SGC-
7901) similarly displayed a high expression of BCYRNI
when compared to normal gastric epithelial cell line (GES-
1) (all at p < 0.001, Figure 1B).

BCYRNI1 promoted cell proliferation and cell
cycle progression in GC cell lines

We performed a loss-of-function experiment
using si-BCYRNI in AGS cells with higher BCYRNI1
expression, and did the reverse using pcDNA-BCYRNI

to BGC-823 and SGC-7901 cells with lower BCYRNI
expression (Figure 1B). Efficiencies of knockdown and
overexpression were confirmed by RT-qPCR (Figure
2A). CCK-8 assays showed that knockdown of BCYRN1
inhibited cell proliferation, while forced its expression
promoted cell proliferation (Figure 2B). Colony-formation
assays revealed that knockdown ofBCYRNT1 significantly
decreased the colony forming ability of AGS cells (Figure
2C). In addition, overexpression of BCYRNI could boost
the number of BGC-823 and SGC-7901 cell clones,
respectively (Figure 2D). Furthermore, flow cytometry
analysis showed that knockdown of BCYRNI increased
the GO/G1 phase population in AGS cells (Figure 3A),
while overexpression of BCYRNI increased the G2/M
phase population and reduced the GO/G1 phase population
in BGC-823 and SGC-7901 cells (Figure 3B).

BCYRNI1 suppressed apoptosis of GC cells under
serum-deprived condition

To explore whether BCYRN1 has a role in
regulating apoptosis of GC cells, we performed flow
cytometric analysis of serum starvation-induced apoptosis
following BCYRN1 knockdown or overexpression in GC
cells. After overnight serum starvation, knockdown of
BCYRNI increased the apoptotic population of AGS cells
(Figure 4A). Meanwhile, overexpression of BCYRNI1
inhibited apoptosis of BGC-823 and SGC-7901 cells
(Figure 4B).

BCYRN1 promoted GC cell migration

BCYRNI was reported to regulate the cell motility
in different types of cells [17, 20]. Here, we employed
transwell assay to assess the effect of BCYRNI1 on GC
cell migration. Our results showed that knockdown
of BCYRNI could significantly inhibit the migration
activities of AGS cells (Figure 5A), while overexpression
of BCYRNIcould significantly stimulate the migration
activities of BGC-823 and SGC-7901 cells (Figure 5B).

BCYRNI1 upregulated the expression of EpCAM
in GC cells

We retrieved information from the National
Center for Biotechnology Information (NCBI) Gene
database  (http://www.ncbi.nlm.nih.gov/gene) and
found that the EpCAM gene is located near BCYRNI.
EpCAM is highly expressed in most cancers with an
epithelial origin and acts as an oncogenic signaling
protein [16, 17, 20]. We hypothesized that BCYRNI1
might upregulate EpCAM expression and thus further
stimulate oncogenicity of GC. Clinical data showed their
expressions have a positive correlation in 85 cases of
GC tissues (Figure 6A). Using RT-qPCR and western
blot, we then confirmed that the expression of EpCAM
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Table 1: Association of BCYRN1 and clinic-pathological features of GC patients

Variables n IncRNA BCYRNT1 expression® p-value
Gender 0.429
Male 56 2.076 (0.828, 4.115)
Female 29 2.621 (1.214, 5.158)
Age(years) 0.216
>60 37 2.008 (0.703, 3.799)
<60 48 2.347 (1.089, 6.857)
TNM stage 0.0012™
I-1I 27 1.070 (0.443, 2.534)
HI-1v 58 2.365 (1.605, 5.137)
Lymph node metastasis 0.186
NO 16 1.559 (0.558, 3.082)
N1 or above 69 2.343 (1.199, 4.927)
Distant metastasis 0.125
MO 75 2.076 (0.859, 3.933)
M1 10 4.096 (1.723, 6.600)
Tumor differentiation 0.373
Poor 50 1.783 (0.810, 4.521)
Moderate 26 2.364 (1.311,4.594)
Well 9 2.972 (2.029, 4.826)
Tumor size 0.027"
<5 39 1.626 (0.568, 3.472)
>5 45 2.347 (1.430, 6.468)

“Data represent the median with interquartile range.’p < 0.05, “*p < 0.01.

was significantly enhanced in BCYRN1-overexpressed
BGC-823 and SGC-7901 cells (Figure 6B, 6D), while
knockdown of BCYRNI resulted in the down-regulation
of EpCAM in AGS at both the mRNA and protein levels
(Figure 6C, 6E).
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DISCUSSION

In recent years, dozens of IncRNAs have been
shown to play critical regulatory roles in cancer biology
[25]. In the present study, we showed that the increased
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Figure 1: BCYRNI1 expression in primary GC tissues and cell lines. (A) The expression levels of BCYRN1 were examined
by RT-gPCR in human GC tissues and their paired adjacent normal gastric tissues. Data represented the median (interquartile range)
from three individual experiments. (B) The expression levels of BCYRNI1 were detected by RT-qPCR in 3 GC cell lines and a normal
gastric epithelial cell line. Data represented the median (interquartile range) or the mean + SD from three individual experiments.
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Figure 2: Effect of BCYRNI1 on GC cell proliferation. AGS cells were transfected with siRNAs against BCYRN1 (si-BCYRNI1I
and si-BCYRNT1 II) or negative control siRNA (si-NC) for 24 h. BGC-823 and SGC-7901 cells were transfected with plasmid vector of
BCYRNI1 (pcDNA-BCYRNI1) or empty vector for 24 h. (A) Knockdown and overexpression of BCYRN1 were confirmed by RT-qPCR
in these three GC cell lines, respectively. On the basis of the RT-qPCR result, si-BCYRN1 II was employed for all experiments unless
otherwise indicated. (B) CCK-8 assay was used to detect the cell proliferation abilities of these three GC cell lines, respectively. (C, D) The
ability of colony formation was detected in transfected cells (AGS, BGC-823 and SGC-7901), respectively. Data represented the mean +
SD from three independent experiments.’p < 0.05, “*p < 0.01, **p < 0.001.
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expression of BCYRN1 promoted cell proliferation and
migration, and suppressed apoptosis in gastric carcinoma.
In addition, we demonstrated that BCYRNI1 might
regulate the expression of EpCAM, which is closely
related to carcinogenesis and progression of cancers [22,
26]. For the first time, we found that BCYRN1 could act
as an oncogenic IncRNA in the development of GC.
BCYRNI is a cytoplasmic IncRNA transcribed
by RNA polymerase III [13]. There are some unique
features of this RNA: (i) its expression can be found only
in primates; (ii) it is specifically transcribed in brain,
neurons and germ cells, and transported to postsynaptic
dendrites; (iii) it works as a regulator of translation
initiation, by interacting with poly(A)-binding protein
[12, 13, 27]. Recently, high levels of BCYRNI in breast
cancer tissues, esophageal squamous cell carcinoma
tissues and non-small-cell lung cancer tissues have been
observed [16—18]. In the present study, we provided the
first evidence that BCYRN1 was highly expressed in GC
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and significantly correlated with high TNM stages and
large tumor size. Our data indicated the possible roles of
BCYRNI in pathogenesis and progression of GC. These
findings suggested that tumor cells might misappropriate
the unique mechanisms of translational control in neurons
and germ cells and thus the deregulation of BCYRNI
arose.

Deregulated proliferation is one of the hallmarks of
tumor cells and also a cause of their rapidly development
[3]. Mistakes in cell cycle process possibly lead to
unrestrained cell proliferation and may ultimately facilitate
malignant transformation [28]. Our results showed that
there were remarkable shifts of cell proliferation after
the expression of BCYRN1 in GC cells was changed. We
demonstrated for the first time that up-regulated BCYRNI1
resulted in a reproducible accumulation of cells in S and
G2/M phases, combined with observably decreased
percentages in G1/GO phase. We have postulated that GC
cells might drive tumor growth through a mechanism
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Figure 3: Effect of BCYRNI on GC cell cycle. At 48 h post transfection, flow cytometry was used to determine the effect of
knockdown or overexpression of BCYRNT on cell cycle of GC cell lines. (A) Cell cycle of AGS cells transfected with si-BCYRNT1 and
si-NC. (B) Cell cycle of BGC-823 and SGC-7901 cells transfected with pcDNA-BCYRNI1 and empty vector. Representative data were
expressed as the mean + SD from three independent experiments.’p < 0.05, “p < 0.01, *’p < 0.001.
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Figure 4: Effect of BCYRN1 on GC cell apoptosis under serum-deprived condition. After overnight serum starvation, flow
cytometry was used to detect the apoptosis of transfected GC cells, and early apoptotic cells were shown in gate Q4-1. (A) Apoptosis of
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Figure 5: Effect of BCYRNI on cell migration. Transwell migration assay was used to evaluate the migratory abilities of transfected
GC cells. (A) The migration abilities of AGS cells transfected with si-BCYRNI1 and si-NC. (B) The migration abilities of BGC-823 and
SGC-7901 cells transfected with pcDNA-BCYRN1 and empty vector, Three individual experiments were performed, and representative
data were expressed as the mean + SD."™ p <0.01,"p < 0.001.
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involving BCYRNI-mediated cell proliferation.
Moreover, we found BCYRNI1 could also evade serum
starvation induced apoptosis, consistent with its role of
regulating apoptosis in breast cancer cells [19]. Herein,
our data indicated that BCYRNI might contribute to
gastric carcinogenesis by accelerating cell proliferation
and inhibiting cell apoptosis.

BCYRNI1 have been reported to regulate cell
motility in different types of cells. For example, BCYRN1
could upregulate the expression of transient receptor
potential and thus promoted migration of rat airway
smooth muscle cells in asthma [29]. In HeLa cervical
carcinoma cells, depletion of BCYRNI disrupted the
cellular motility by destabilizing mRNA for calcium-
binding protein SIO0A11 [30]. In non-small-cell lung
cancer cells, the number of migrated and invaded cells
and the expression of metastasis-supporting proteins
MMP9 and MMP13 changed with the regulation of
BCYRNI1 [17]. Consistent with these studies, our
results showed that knockdown and overexpression of
BCYRNTI in human GC cell lines reduced and stimulated
the migration activities of GC cells, respectively. These
findings suggested an important role for BCYRNI in
cancer metastasis [16, 17].
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Several studies have discovered that some IncRNAs
can regulate their neighboring protein coding genes’
expression by cis-effection [6, 10, 31]. BCYRNI is just
a promoter upstream transcript of its neighboring protein
coding gene EpCAM [21]. EpCAM has been shown to
exert critical functions in cell proliferation, differentiation,
apoptosis and migration of diverse cell types [22, 32-34]
and it also plays an important role in GC development
[35-38]. In this study, we hypothesized that BCYRNI1
might regulate EpCAM and could thus exert similar
effects on GC cells. Our data demonstrated that BCYRN1
up-regulated expression of EpCAM at both the mRNA
and protein level. And this process was accompanied by
functional alterations in GC cells, indicating BCYRN1
might exert its biological effects on GC cells, at least
partially, by the regulation of EpCAM.

Although substantial expression and biological
functions of BCYRN1 in GC had been illustrated in
our study, there were still a number of limitations. First,
it was unclear whether BCYRNI play its role through
regulating EpCAM. Second, with our present data, we
couldn’t confirm whether there are other genes involved
in BCYRNI1-mediated signal pathway. Thus, elucidating
the subtle molecular mechanism of BCYRNI1 to promote
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Figure 6: The role of BCYRNI in regulating EpCAM expression. (A) The positive linear correlation between BCYRNI
transcription and EpCAM mRNA expression in GC tissues. (B) The level of EpCAM mRNA in AGS cells transfected with si-BCYRNI1
and si-NC. (C) The level of EpCAM mRNA in BGC-823 and SGC-7901 cells transfected with pcDNA-BCYRN1 and empty vector. (D)
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as representative images or the mean = SD of three independent experiments. “p < 0.01, **p < 0.001.
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GC progression may require more powerful evidences in
future work.

In conclusion, we demonstrate that BCYRNI acts
as an oncogenic IncRNA to promote cell proliferation,
migration and suppress apoptosis, and simultaneously
enhance the expression of EpCAM in GC. Our study
provides new insights regarding cancer progression and
highlights the potential utility of BCYRNI as a novel
therapeutic target in GC.

MATERIALS AND METHODS

Patients and clinical samples

A total of 85 paired GC tissue and adjacent normal
gastric tissue specimens were collected from patients
who had underwent radical resection at Qilu Hospital of
Shandong University between March 2015 and October
2017. All specimens were immediately frozen and stored
in liquid nitrogen until RNA extraction. The clinical
features and pathologic classifications of all patients were
recorded in Table 1. Tumors were staged according to
the 2010 Union for International Cancer Control (UICC)
TNM staging system. We had got the approval of the
Ethics Committee of Qilu Hospital, and the study was
carried out after all patients involved in this research had
signed written informed consents.

Cell culture

Three human GC cell lines, including AGS, BGC
-823, SGC-7901, and a human normal cell line GES-
I(human gastric epithelium-immortalized cell) were
obtained from the Culture Collection of the Chinese
Academy of Sciences (Shanghai, China). BGC-823, SGC-
7901 and GES-1 cells were grown in RPMI-1640 medium
(Hyclone, USA) containing 10% fetal bovine serum (FBS)
(Hyclone, USA), while AGS cells were cultured in F12
medium (Hyclone, USA) containing 10% FBS in a 5%
CO, humidified incubator at 37°C.

Total RNA extraction and cDNA Synthesis

Total RNA was extracted from frozen tissues
or cell lines using TRIzol reagent (Invitrogen, USA)
in accordance with the manufacturer’s protocol. The
concentration of total RNA was determined by ultraviolet-
visible spectrophotometer, and absorbance was measured
at 260 nm. The cDNA was synthesized from 500 ng total
RNA using Prime Script™ RT reagent Kit (Takara, China).

RT-qPCR

The quantitative real-time polymerase chain reaction
(RT-gPCR) was performed using the SYBR Premix Ex
Taq™ 1II (Takara, China) in the CFX-96 real-time PCR
System (BIO-RAD, USA). The thermal cycling program

of this reaction was as follows: an initial denaturation step
(95°C for 15 sec), 40 cycles (95°C for 5 sec, 60°C for 30
sec) and melting curve analysis. The BCYRNI1, EpCAM
and GAPDH primers were as follows: BCYRN1 forward,
¢c-CTCAGGGAGGCTAAGAGGCG-3'; BCYRNI reverse,
5'-TTTCCTTTTTCTGGAGAACGGG-3; EpCAM
forward, 5'-TCAGAAGAACAGACAAGGAC-3";EpCAM
reverse, 5'-ACTGCTATCACCACAACCAC-3’; GAPDH
forward, 5'-AGCCACATCGCTCAGACAC-3'; GAPDH
reverse, 5'-GCCCAATACGACCAAATCC-3'.

The melting curve was used to determine the
specificity of the RT-qPCR product. The specificity of RT-
qPCR products was evaluated with melting curve analysis
and the relative expression of genes was calculated by
the 2-24¢ method. The reference gene GAPDH was used
as an endogenous control to normalize the results in our
experiments.

Transfection

Cells were seeded in 24-well plates at 5x10* per
well. After 24 hours serum free incubation, plasmid
vector of BCYRNI (pcDNA-BCYRNI1) (Gene Chem,
China) and empty vector were transfected into BGC-823
and SGC-7901 cells with Lipofectamine 2000 reagent
(Invitrogen, USA) according to the manufacturer’s
instructions. BCYRN1-specific siRNA (si-BCYRNI) and
negative control siRNA (si-NC) (Gene pharma, China)
were transfected into AGS cells in the same way. The
sequences of si-BCYRNI1 were as follows: si-BCYRNI I,
5-CGUUCUCCAGAAAAAGGAATT-3'; si-BCYRNI II,
5'-GUAACUUCCCUCAAAGCAATT-3".

Cell proliferation assay

Cell proliferation was quantified using the Cell
Counting Kit-8 (CCK-8) (Beyotime, China). Twenty four
hours after transfection, cells were plated in 96-well plate
(4 x 10° cells/well) and incubated overnight. Two hours
after the medium of each well was replaced by freshly
prepared medium with CCK-8, the absorbance of wells
was measured on 0, 24, 48 and 72 hour with ELISA reader
(Thermo Scientific, USA) at 490 nm.

Colony formation assay

Transfected cells were seeded in six-well plate (300
cells/ well) and maintained in medium with 10% FBS for 2
weeks. Colonies were fixed with methanol for 15 minutes
and stained by crystal violet. The number of individual
colonies was counted using microscope.

Flow cytometry for cell cycle

Forty eight hours after transfection, cells were
washed three times with the cold phosphate-buffered
saline (PBS) and fixed by 75% ethanol at —20°C for
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1 hour. Then the fixed cells were weighted in 200 pl cold
PBS and stained with presidium iodide (BD Bioscience,
USA) 500 pl for 15 minutes in the dark. The cell cycle was
analyzed by FACSCalibur instrument (BD Bioscience,
USA) and software named ModFit.

Serum starvation apoptosis analysis

To assess apoptosis, 24 hours after transfection, cells
were rinsed 3 times with PBS and incubated in medium
without serum overnight. Then 400 pl blocking solution,
5 wpl annexin V-FITC and 10 pl PI were added into
collected cells, the mixture was incubated for 15minutes
without light. The cell apoptosis was detected by flow
cytometry (BD Bioscience, USA).

Cell migration assay

Forty eight hours after transfection, 10 x 10* cells
suspended in 200 pl serum-free medium, were plated in
the upper chamber of 24-well transwell chambers (pore
size: 8mm) (BD, USA). Seven hundred pl medium with
20% FBS was added to the lower chamber as an attractant.
After 28 hours of incubation, cells were stained with
crystal violet for counted.

Western blot

Seventy two hours after transfection, cells were
lysed with RIPA lysis buffer (Beyotime, Beijing,
China) for 30 min on ice. Protein was electrophoresed
on 10%SDS-PAGE and blotted to PVDF membranes.
Membranes were blocked in TBST buffer with 5% fat-
free milk and incubated separately with primary anti-
EpCAM monoclonal antibody (1:1000, Cell Signaling
Technology, USA) or anti-GAPDH monoclonal antibody
(1:1000, Abcam, USA) at 4°C. After overnight incubation
and washing, membranes were incubated with secondary
antibody (1:5000, Zhongshan Goldenbridge, China) at
room temperature for 2 h. Western Chemiluminescent
HRP Substrate (Millipore, USA) was used to visualizing
the immunoblots.

Statistical analysis

Kolmogorov-Smirnov test was used to determine
the distribution of each group. Skew distributed data were
expressed as median and interquartile range, and normally
distributed data were described as mean + SD. Differences
between two groups were performed with Mann-Whitney
U-test or Student’s t-test, as appropriate. Kruskal-Wallis
H test was conducted for comparison among three groups.
The association between BCYRN1 and EpCAM mRNA
was examined by Spearman correlation analysis. Statistical
analyses were processed with SPSS 19.0 software (IBM,
USA), and figures were performed using GraphPad
Prism 5 software (La Jolla, USA). All experiments were

separately preformed in triplicate. Results were considered
to be statistically significant at p < 0.05.

CONFLICTS OF INTEREST

The authors declare that no conflicts of interest exist.

FUNDING

This study was supported by Shandong Province
Science and Technology Development Program (No.
2016GSF201122); Shandong Key Research and
Development Program (No. 2016CYJS01A02); Special
Research Foundation (No. 26010111671703); Science
Foundation of Qilu Hospital of Shandong University
and the Fundamental Research Funds of Shandong
University (No. 2015QLMS47 and 2015QLMSS51);
National Natural Science Foundation of China (No.
81601846); The Fundamental Research Funds of
Shandong University (No. 2014QLKYO03); and
Taishan Scholar Program of Shandong Province.

REFERENCES

1. Siegel RL, Miller KD, Jemal A. Cancer Statistics, 2017. CA
Cancer J Clin. 2017; 67:7-30.

2. Karimi P, Islami F, Anandasabapathy S, Freedman ND,
Kamangar F. Gastric cancer: descriptive epidemiology,
risk factors, screening, and prevention. Cancer Epidemiol
Biomarkers Prev. 2014; 23:700-713.

3. Hanahan D, Weinberg RA. Hallmarks of cancer: the next
generation. Cell. 2011; 144:646—674.

4. Derrien T, Johnson R, Bussotti G, Tanzer A, Djebali S,
Tilgner H, Guernec G, Martin D, Merkel A, Knowles DG,
Lagarde J, Veeravalli L, Ruan X, et al. The GENCODE v7
catalog of human long noncoding RNAs: analysis of their
gene structure, evolution, and expression. Genome Res.
2012;22:1775-1789.

5. Wang KC, Chang HY. Molecular mechanisms of long
noncoding RNAs. Mol Cell. 2011; 43:904-914.

6.  Orom UA, Derrien T, Beringer M, Gumireddy K, Gardini A,
Bussotti G, Lai F, Zytnicki M, Notredame C, Huang Q, Guigo
R, Shiekhattar R. Long noncoding RNAs with enhancer-like
function in human cells. Cell. 2010; 143:46-58.

7. Ponting CP, Oliver PL, Reik W. Evolution and functions of
long noncoding RNAs. Cell. 2009; 136:629—-641.

8. Quinodoz S, Guttman M. Long noncoding RNAs: an
emerging link between gene regulation and nuclear
organization. Trends Cell Biol. 2014; 24:651-663.

9. XiaH, Chen Q, Chen Y, Ge X, Leng W, Tang Q, Ren M,
Chen L, Yuan D, Zhang Y, Liu M, Gong Q, Bi F. The
IncRNA MALAT1 is a novel biomarker for gastric cancer
metastasis. Oncotarget. 2016; 7:56209-56218. https://doi.
org/10.18632/oncotarget.10941.

www.impactjournals.com/oncotarget

4859

Oncotarget



10.

I1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Chen X, Liu B, Yang R, Guo Y, Li F, Wang L, Hu H.
Integrated analysis of long non-coding RNAs in human
colorectal cancer. Oncotarget. 2016; 7:23897-23908.
https://doi.org/10.18632/oncotarget.8192.

Zhang E, Yin D, Han L, He X, Si X, Chen W, Xia R, Xu
T, Gu D, De W, Guo R, Xu Z, Chen J. E2F1-induced
upregulation of long noncoding RNA LINC00668 predicts
a poor prognosis of gastric cancer and promotes cell
proliferation through epigenetically silencing of CKlIs.
Oncotarget. 2016; 7:23212-23226. https://doi.org/10.18632/
oncotarget.6745.

Sosinska P, Mikula-Pietrasik J, Ksiazek K. The double-
edged sword of long non-coding RNA: The role of human
brain-specific BC200 RNA in translational control,
neurodegenerative diseases, and cancer. Mutat Res Rev
Mutat Res. 2015; 766:58-67.

Basile V, Vicente A, Martignetti JA, Skryabin BV, Brosius
J, Kennedy JL. Assignment of the human BC200 RNA
gene (BCYRNI) to chromosome 2p16 by radiation hybrid
mapping. Cytogenet Cell Genet. 1998; 82:271-272.

Wang H, lacoangeli A, Popp S, Muslimov IA, Imataka
H, Sonenberg N, Lomakin IB, Tiedge H. Dendritic BC1
RNA: functional role in regulation of translation initiation.
J Neurosci. 2002; 22:10232-10241.

Chen W, Bocker W, Brosius J, Tiedge H. Expression of
neural BC200 RNA in human tumours. J Pathol. 1997;
183:345-351.

lacoangeli A, Lin Y, Morley EJ, Muslimov IA, Bianchi
R, Reilly J, Weedon J, Diallo R, Bocker W, Tiedge H.
BC200 RNA in invasive and preinvasive breast cancer.
Carcinogenesis. 2004; 25:2125-2133.

Hu T, Lu YR. BCYRNI, a c-MYC-activated long non-
coding RNA, regulates cell metastasis of non-small-cell
lung cancer. Cancer Cell Int. 2015; 15:36.

Zhao RH, Zhu CH, Li XK, Cao W, Zong H, Cao XG, Hu
HY. BC200 LncRNA a potential predictive marker of poor
prognosis in esophageal squamous cell carcinoma patients.
Onco Targets Ther. 2016; 9:2221-2226.

Singh R, Gupta SC, Peng WX, Zhou N, Pochampally R,
Atfi A, Watabe K, Lu Z, Mo YY. Regulation of alternative
splicing of Bcl-x by BC200 contributes to breast cancer
pathogenesis. Cell Death Dis. 2016; 7:¢2262.

Shin H, Lee J, Kim Y, Jang S, Lee Y, Kim S, Lee Y.
Knockdown of BC200 RNA expression reduces cell
migration and invasion by destabilizing mRNA for calcium-
binding protein SI00A11. RNA Biol. 2017:1-13.

Balzar M, Winter MJ, de Boer CJ, Litvinov SV. The biology
of the 17-1A antigen (Ep-CAM). J Mol Med (Berl). 1999;
77:699-712.

Munz M, Kieu C, Mack B, Schmitt B, Zeidler R, Gires
O. The carcinoma-associated antigen EpCAMupregulates

c-myc and induces cell proliferation. Oncogene. 2004;
23:5748-5758.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Trzpis M, McLaughlin PM, de Leij LM, Harmsen MC.
Epithelial cell adhesion molecule: more than a carcinoma
marker and adhesion molecule. AM J Pathol. 2007;
171:386-395.

Kroepil F, Dulian A, Vallbohmer D, Geddert H, Krieg A,
Vay C, Topp SA, Am EJ, Baldus SE, Gires O, Knoefel
WT, Stoecklein NH. High EpCAM expression is linked
to proliferation and lauren classification in gastric cancer.
BMC Res Notes. 2013; 6:253.

Tang Y, Cheung BB, Atmadibrata B, Marshall GM, Dinger
ME, Liu PY, Liu T. The regulatory role of long noncoding
RNAs in cancer. Cancer Lett. 2017; 391:12-19.

Went P, Vasei M, Bubendorf L, Terracciano L, Tornillo
L, Riede U, Kononen J, Simon R, Sauter G, Baeuerle PA.
Frequent high-level expression of the immunotherapeutic
target Ep-CAM in colon, stomach, prostate and lung
cancers. Br J Cancer. 2006; 94:128-135.

Bennett CL, Chen Y, Vignali M, Lo RS, Mason AG, Unal
A, Huq SN, Fields S, La Spada AR. Protein interaction
analysis of senataxin and the ALS4 L389S mutant yields
insights into senataxin post-translational modification and
uncovers mutant-specific binding with a brain cytoplasmic
RNA-encoded peptide. PLos One. 2013; 8:¢78837.

Massague J. G1 cell-cycle control and cancer. Nature. 2004;
432:298-306.

Zhang XY, Zhang LX, Tian CJ, Tang XY, Zhao LM, Guo
YL, Cheng DJ, Chen XL, Ma LJ, Chen ZC. LncRNAs
BCYRNI promoted the proliferation and migration of rat
airway smooth muscle cells in asthma via upregulating the
expression of transient receptor potential 1. Am J Transl
Res. 2016; 8:3409-3418.

Shin H, Lee J, Kim Y, Jang S, Lee Y, Kim S, Lee Y.
Knockdown of BC200 RNA expression reduces cell
migration and invasion by destabilizing mRNA for calcium-
binding protein SI00A11. RNA Biol. 2017; 14:1418-1430.
Guil S, Esteller M. Cis-acting noncoding RNAs: friends and
foes. Nat Struct Mol Biol. 2012; 19:1068—-1075.

Bremer E, Helfrich W. EpCAM-targeted induction of
apoptosis. Front Biosci. 2008; 13:5042—-5049.

Maetzel D, Denzel S, Mack B, Canis M, Went P, Benk M,
Kieu C, Papior P, Bacuerle PA, Munz M, Gires O. Nuclear
signalling by tumour-associated antigen EpCAM. Nat Cell
Biol. 2009; 11:162—-171.

Chaves-Perez A, Mack B, Maetzel D, Kremling H, Eggert
C, Harreus U, Gires O. EpCAM regulates cell cycle
progression via control of cyclin D1 expression. Oncogene.
2013; 32:641-650.

Warneke VS, Behrens HM, Haag J, Kruger S, Simon
E, Mathiak M, Ebert MP, Rocken C. Members of the
EpCAMsignalling pathway are expressed in gastric cancer
tissue and are correlated with patient prognosis. Br J Cancer.
2013; 109:2217-2227.

Wengqi D, Li W, Shanshan C, Bei C, Yafei Z, Feihu B, Jie
L, Daiming F. EpCAM is overexpressed in gastric cancer

WWw

.impactjournals.com/oncotarget

4860

Oncotarget



and its downregulation suppresses proliferation of gastric 38. Ikeo K, Oshima T, Shan J, Matsui H, Tomita T, Fukui

cancer. J Cancer Res Clin Oncol. 2009; 135:1277-1285. H, Watari J, Miwa H. Junctional adhesion molecule-A
37. Imano M, Itoh T, Satou T, Yasuda A, Nishiki K, Kato H, promotes proliferation and inhibits apoptosis of gastric
Shiraishi O, Peng YF, Shinkai M, Tsubaki M, Yasuda T, cancer. Hepatogastroenterology. 2015; 62:540-545.

Imamoto H, Nishida S, et al. High expression of epithelial
cellular adhesion molecule in peritoneal metastasis of
gastric cancer. Target Oncol. 2013; 8:231-235.

www.impactjournals.com/oncotarget 4861 Oncotarget



