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Original Article 
BC200 RNA is over-expressed in colorectal cancer and 
promotes migration and invasion of HCT116 cells
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Abstract: Objective: To explore the expression of BC200 RNA in colorectal cancer and its possible function associ-
ated with cell proliferation, migration and invasion. Methods: BC200 RNA expression levels in the specimens of 36 
patients with colorectal cancer (CRC) and in human CRC cell line HCT116 were assessed by real time PCR. HCT116 
cells were transfected with BC200 siRNA or negative control siRNA. MTS assay was performed to evaluate the cell 
proliferation. Scratch wound healing assay and Matrigel™ invasion assay were applied to assess the migration and 
invasion abilities of HCT116. Results: The results showed that BC200 RNA expression was remarkably elevated 
in tumor tissues as compared with adjacent normal tissues, and was also positively correlated with EPCAM RNA 
expression. Knock-down of BC200 RNA expression by siRNA significantly inhibited the cell migration and invasion, 
but did not affect the cell proliferation evidently. Conclusions: This study firstly approves that BC200 RNA is overex-
pressed in CRC, and functionally associated with cell migration and invasion. BC200 RNA may be utilized as a novel 
molecular marker and therapeutic target of CRC.
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Introduction

Colorectal cancer (CRC) is one of the most com-
mon malignant tumors worldwide [1]. As well 
known, a complex gene interaction and molec-
ular modulation network is involved in the carci-
nogenesis and progression of CRC.

Nowadays, more and more researches are 
focused on exploring the molecular modulation 
network and finding reliable diagnostic markers 
and effective therapeutic targets, which will be 
valuable for oncologists to make better treat-
ment decisions in cancer clinic. In recent years, 
a growing number of non-coding RNAs have 
been found linked with various types of cancer 
[2-5]. And several lncRNAs have already been 
demonstrated to play crucial roles in the cancer 
origination and development in CRC [6-8].

BC200 (BCYRN1) is a non-coding RNA with the 
length of 200 nt, which is an important transla-
tional regulator and prevalently expressed in 
the nervous system [9]. The expression of 

BC200 RNA is also found deregulated in a vari-
ety of carcinomas, such as breast cancer, lung 
cancer, cervix cancer and ovarian cancer, etc. 
[10]. For instance, in breast cancer, BC200 RNA 
has been identified as an important indicator of 
tumor invasion [11]. However, the expression 
pattern and regulating role of BC200 RNA in 
CRC has not been reported yet. BC200 RNA 
transcript is located at 2q21, and adjacent to 
the EPCAM promoter. EPCAM is an oncogene 
that plays a pivotal role in cell migration and 
invasion, and also a predictor of outcome in 
cancer patients [12, 13]. It has been reported 
that the ncRNAs and their adjacent coding 
genes, especially those ncRNAs located at the 
upstream side of the coding genes promoters 
[14], just like BC200 and EPCAM, are often 
functionally associated with each other. So, we 
speculated that the expression of BC200 RNA 
may be correlated with that of EPCAM, and the 
function of BC200 RNA may be linked with the 
cell migration and invasion in CRC, just like 
EPCAM.
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Therefore, in this study, we investigated the 
expression levels of BC200 RNA in 36 cases 
patients with CRC, both in the tumor tissues 
and adjacent normal tissues. Meanwhile, we 
also explored the correlation between the 
expression levels of BC200 RNA and that of 
EPCAM in these specimens. Moreover, we 
assessed the effect of BC200 knockdown on 
the in vitro growth characteristics of CRC cell 
line HCT116. 

Materials and methods

Patient samples

Thirty-six cases of colorectal cancer (CRC) 
patients who accepted initial surgery in Chinese 

strand: 5’-AUGUGGUGGCUCAUGCCUGUUAUCC- 
CA-3’. Approximately 5% HCT116 cells were 
plated to each well of 12-well plates at least  
24 h before transfection to achieve 70-80% 
confluency. SiRNA transfection was done with 
lipofectamine 2000 transfection reagent (Invi- 
trogen, Carlsbad CA) according to the manufac-
turer’s instructions. Cells were collected after 
transfection for RNA isolation, MTS cell prolif-
eration assay, scratch wound healing assay 
and Matrigel™ invasion assay.

Real-time quantitative PCR

Total RNA was isolated from CRC tumor tissue, 
matched adjacent normal tissue and CRC cells 
by using Trizol™ Total RNA Reagent (Invitrogen, 

Figure 1. A, B. The BC200 and EPCAM expression levels were analyzed by real 
time PCR in 36 CRC tissue samples.

PLA General Hospital from 
2009 to 2014 were re- 
trospectively recruited for  
this study. No patient had 
received chemotherapy or 
radiation therapy before 
resection. The utilization of 
tumor material for research 
was approved by the ethi-
cal committee of Chinese 
PLA General Hospital.

Cancer cell lines 

The human CRC cell line 
HCT116 was purchased fr- 
om American Type Culture 
Collection (Manassas, VA, 
USA). The HCT116 cells 
were cultured in DMEM 
medium (Gibco, Carlsbad, 
CA) containing 10% fetal 
bovine serum (Invitrogen, 
Carlsbad, CA) at 37°C with 
5% CO2.

Small interference RNA 
(siRNA) analysis

For small interfering RNA 
(siRNA) analysis, siRNA for 
BC200 RNA sequence,  
and non-targeting siRNA, 
were obtained from Gene- 
Pharma (Shanghai, China). 
BC200 RNA: sense strand:  
5’-GGAUAACAGGCAUGAG- 
CCACCACAT-3’, antisense 
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Carlsbad CA). cDNA synthesis was performed 
with 2 μg total RNA using the RevertAidTM H 
Minus First Strand cDNA Synthesis Kit (Takara, 
Ohtsu, Japan). The primers were obtained from 
Shenggong (Shanghai, China), and the se- 
quences were as follows: BC200: forward 
5’-TGGCTCACGCCTGTAATCC-3; reverse 5’-CCC- 
AGGCAGGTCTCGAACT-3’ [21]; EPCAM: forward 
5’-AATCGTCAATGCCAGTGTACTT-3’, reverse 5’- 
TCTCATCGCAGTCAGGATCATAA-3’; β-actin: for-

plate was incubated for 2 h at 37°C in a hu- 
midified, 5% CO2 atmosphere. The plate was 
then read at 490 nm on a plate reader.

Scratch wound healing assay

Uniform wounds were scraped in HCT116  
epithelial monolayers grown on plastic 6-well 
plates using a pipette tip before transfection. 
The initial gap length (0 h) and the residual gap 

Figure 2. Expression of BC200 RNA in BC200 siRNA or negative control siRNA 
treated HCT116 cells.

Figure 3. Cell growth was not changed by BC200 RNA siRNA in HCT116 cells.

ward 5’-CCACTGGCATCGT- 
GATGGA-3’, reverse 5’-CG- 
CTCGGTGAGGATCTTCAT-3’. 
Quantitative PCR was per-
formed using the SYBR 
PrimeScript RT-PCR kit 
(Takara, Ohtsu, Japan) in an 
Applied Biosystems 7500 
Fluorescent Quantitative 
PCR System (Applied Bio- 
systems, Foster City, CA). 
The reaction mixtures were 
incubated at 95°C for 30 s, 
followed by 40 amplifica-
tion cycles of 95°C for 5 s 
and 60°C for 34 s. The 
comparative CT method 
was used to quantify rela-
tive expression of EPCAM 
mRNA and BC200 ncRNA. 
The expression level of a 
target gene in a patient was 
calculated as the ratio: tar-
get in tumor tissue/target 
in normal tissue [R (T/N)]. 

Cell proliferation assay

HCT116 cells were cultured 
and transfected with BC- 
200 siRNA, or with ne- 
gative control siRNA as 
described above. After 48 
h, cell proliferation was 
assessed by MTS assay 
(Promega) according to the 
manufacturer’s protocol. 
HCT116 cells (2,000 cells 
per well) in each group were 
plated in 96-well plates. 
Twenty μl of the MTS 
reagent was added to  
each well containing 100  
μl culture medium. The 
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length 24 h after wounding were calculated 
from photomicrographs.

Matrigel invasion assays

A cell invasion assay was carried out using 
modified Boyden Chambers consisting of tran-
swell-precoated Matrigel™ membrane filter 
inserts with 8 mm pores in 24-well tissue  
culture plates (BD Biosciences, Bedfold, MA, 
USA). MEM containing 10% fetal bovine serum 
in the lower chamber served as the chemo- 
attractant.

cantly higher in tumor tissues than normal tis-
sues (P < 0.05).

Knockdown of BC200 expression by siRNA

After BC200 siRNA was transfected into 
HCT116 cells, BC200 RNA expression was 
markedly decreased, which was detected by 
qPCR. Quantification analysis showed that 
BC200 RNA expression level was knocked 
down by about 70% in BC200 siRNA group 
(Figure 2). BC200 levels were measured by 
qPCR in HCT116 cells transfected with BC200 

Figure 4. Knockdown of BC200 RNA inhibited the cell migration and invasion.

Statistical analysis

Differences between gr- 
oups were analyzed using 
Student’s t test. Correlation 
between gene expression 
ratios was studied by us- 
ing Pearson’s correlation. 
Statistical analyses were 
performed by using SPSS 
version 18.0 (SPSS, Chica- 
go, IL). For all statistical 
analyses, P < 0.05 was 
considered statistically si- 
gnificant.

Results

Expression of BC200 was 
Co-amplified with EPCAM 
in CRC tissue samples

The BC200 and EPCAM 
expression levels were 
evaluated in the paired 
specimens in a group of  
36 patients with CRC. The 
expressions of BC200 and 
EPCAM in CRC tumor tis-
sues were both significantly 
elevated compared with 
matched adjacent normal 
tissue (Figure 1A, 1B). And 
the results also showed 
that the expression of 
BC200 was positively cor-
related with that of EPCAM 
in CRC tissue samples (R = 
0.57, P < 0.05). The expres-
sion levels of BC200 and 
EPCAM were both signifi-
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RNA siRNA or negative control siRNA. Ex- 
pression of BC200 RNA was significantly 
reduced in BC200 RNA siRNA groups as com-
pared with negative control groups in HCT116 
(P < 0.05).

HCT116 cell proliferation was not affected by 
BC200 RNA knockdown

To explore the effects of BC200 RNA knock-
down on the proliferation ability in HCT116 
cells, we performed MTS assay in HCT116  
cells by suppressing BC200 RNA expression. 
The results showed that the cell proliferation 
was not significantly changed in BC200 siRNA 
group as compared with the cells in the NC 
group (P > 0.05) (Figure 3). Cell proliferation 
fold increase was tested using MTS with 1 day 
intervals. BC200 RNA siRNA group showed no 
significant change in the growth rate as com-
pared with negative control group in HCT116 
cells (P > 0.05).

HCT116 cell migration and invasion were in-
hibited by BC200 RNA knockdown

To further identify the functional role of BC200 
RNA in cell migration and invasion, the scratch 
wound healing assay and Matrigel™ invasion 
assay were performed in HCT116 cells in vitro. 
The wound-healing assay showed remarkable 
cell migration inhibition in BC200 siRNA group 
as compared with the cells in the NC group 
(Figure 4A). The Matrigel™ invasion assay also 
showed significant cell invasion inhibitions in 
the BC200 siRNA group as compared with NC 
group in the HCT116 cell line (Figure 4B). 
Scratch wound healing assay and Matrigel™ 
invasion assay showed that the cell migration 
and invasion capacity in BC200 siRNA group 
was remarkably inhibited (P < 0.05).

Discussion 

Earlier studies have shown that BC200 RNA is 
commonly overexpressed in multiple malignant 
tumors. And BC200 has already been identified 
as a diagnostic marker and a prognostic in- 
dicator of invasiveness [15, 16]. However, the 
expression pattern of BC200 RNA in CRC has 
not been elucidated yet. The results presented 
in this paper showed that the expression  
of BC200 RNA in CRC tumor tissues was sign- 
ificantly higher than that of tumor adjacent  
normal tissues. It suggests that BC200 RNA 

may serve as a novel molecular marker in CRC 
early diagnosis.

BC200 belongs to the non-coding RNA group 
which has been proved to have extensive regu-
lating activities in different levels of gene 
expression, and have a crucial biological role in 
cellular development and metabolism, and in a 
variety of diseases, including cancer [2-8]. 
Recently, studies have indicated that a great 
number of ncRNAs are at adjacent to the  
protein coding genes [17, 18]. Those ncRNAs 
located at the upstream of the other adjacent 
coding gene promoters with a distance of  
0.5-2.5 kb, are named promoter upstream 
transcripts, and often serve as the regulators 
of the nearby genes [19]. 

As a translational regulator and a ncRNA, 
BC200 RNA is just such a promoter upstream 
transcript of another oncogene-EPCAM. The 
expression and function of EPCAM is mainly 
associated with the invasion of malignancies 
[20, 21] as same as the BC200 RNA in other 
types of cancers. Therefore, we further explore 
the expression correlation between BC200 
RNA and EPCAM in translational level. By using 
real-time PCR, we demonstrated that the 
expression of BC200 RNA was positively corre-
lated with that of EPCAM. It suggests that 
BC200 RNA may be a regulator of its neighbor 
gene EPCAM.

Since the expression of BC200 RNA has been 
clarified, next we explore the possible function 
of BC200 RNA in CRC. So, whether the function 
of BC200 RNA is also like that of EPCAM by 
scratch wound healing assay and Matrigel™ 
invasion assay, we demonstrated that BC200 
RNA may also play an important role in the cell 
migration and cell invasion. The results showed 
that the cell migration and invasion capacity  
in BC200 RNA siRNA group was remarkably 
inhibited by BC200 siRNA, while the cell prolif-
eration was not evidently changed. It suggests 
that BC200 RNA is connected with EPCAM not 
only in their expression levels, but also in their 
function in CRC cells.

In conclusion, the expression level of BC200 
RNA is positively correlated with that of its adja-
cent oncogene-EPCAM, and the function of 
BC200 RNA is also associated with invasive-
ness of CRC cells, just like EPCAM. The overex-
pression of BC200 RNA may serve as a novel 
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diagnostic indicator of CRC, and may be utilized 
as a potential therapeutic target of the invasive 
tumors in future cancer clinic.

Disclosure of conflict of interest

None.

Address correspondence to: Peng Li, Department of 
Oncology Surgery, The Chinese PLA General 
Hospital, Beijing 572013, China; Department of 
General Surgery, Hainan Branch of the Chinese PLA 
General Hospital, Sanya, Hainan, China. E-mail: 
leepeng301@163.com; Xiaohui Du, Department of 
General Surgery, Hainan Branch of The Chinese PLA 
General Hospital, Sanya, Hainan, China; Department 
of General Surgery, The Chinese PLA General 
Hospital, Beijing, China. E-mail: duxiaohuoi@126.
com

References 

[1] Siegel R, Naishadham D, Jemal A. Cancer  
statistics. CA Cancer J Clin 2012; 62: 10-29.

[2] Guttman M, Amit I, Garber M, French C, Lin MF, 
Feldser D, Huarte M, Zuk O, Carey BW, Cassady 
JP, Cabili MN, Jaenisch R, Mikkelsen TS, Jacks 
T, Hacohen N, Bernstein BE, Kellis M, Regev A, 
Rinn JL, Lander ES. Chromatin signature re-
veals over a thousand highly conserved large 
non-coding RNAs in mammals. Nature 2009; 
458: 223-227.

[3] Gutschner T, Diederichs S. The hallmarks of 
cancer: a long noncoding RNA point of view, 
RNA Biol 2012; 9: 703-719.

[4] Huarte M, Rinn JL. Large non-coding RNAs: 
missing links in cancer? Hum Mol Genet 2010; 
19: R152-R161.

[5] Spizzo R, Almeida MI, Colombatti A, Calin GA. 
Long non-coding RNAs and cancer: a new fron-
tier of translational research? Oncogene 2012; 
31: 4577-4587.

[6] Tsai MC, Spitale RC and Chang Long HY. 
Intergenic noncoding RNAs: new links in  
cancer progression. Cancer Res 2011; 71: 3-7. 

[7] Maruyama R, Suzuki H. Long noncoding RNA 
involvement in cancer. BMB Reports 2012; 45: 
604-611.

[8] Gibb EA, Brown CJ and Lam WL. The functional 
role of long non-coding RNA in human carcino-
mas. Molecular Cancer 2011; 10: 1-17.

[9] Wang H, Iacoangeli 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.

[10] Tiedge H, Chen W, Brosius J. Primary Structure, 
Neural-Specific Expression, and Dendritic 
Location of Human BC200 RNA. J Neurosci 
1993; 13: 2382-2390.

[11] Watson and Sutcliffe. Molecular & Cellular 
Biology. 1987; 7: 3324-3327.

[12] Expression of Neural BC200 RNA in Breast 
Cancer, Era of Hope Proceedings, Vol. 1, p.122 
(Department of Defense, 2000).

[13] Iacoangeli A, Lin Y, Morley EJ, Muslimov IA, 
Bianchi R, Reilly J, Weedon J, Diallo R, Böcker 
W, Tiedge H. BC200 RNA in invasive and pre 
invasive breast cancer. Carcinogenesis 2004; 
25: 2125-2133.

[14] Chen W, Böcker W, Brosius J, Tiedge H. 
Expression of Neural BC200 in Human 
Tumours. J Pathol 1997; 183: 345-351.

[15] Markus Munz, Patrick A. Baeuerle and Olivier 
Gires. The Emerging Role of EpCAM in Cancer 
and Stem Cell Signaling. Cancer Res 2009; 69: 
5627-5629.

[16] Sigovaa AA, Mullena AC, Molinieb B, Guptaa S, 
Orlandoa DA, Guenthera MG, Almadac AE, Lina 
C, Sharpc PA, Giallourakisb CC, Younga RA.  
Divergent transcription of long noncoding 
RNA/mRNA gene pairs in embryonic stem 
cells. Proc Natl Acad Sci U S A 2013; 110: 
2876-81.

[17] Preker P, Nielsen J, Kammler S, Lykke-
Andersen S, Christensen MS, Mapendano CK, 
Schierup MH, Jensen TH. RNA Exosome deple-
tion reveals transcription upstream of active 
human promoters. Science 2008; 322: 1851-
1854.

[18] Jacquier A. The complex eukaryotic transcrip-
tome: unexpected pervasive transcription and 
novel small RNAs. Nat Rev 2009; 10: 833-
844.

[19] Preker P, Almvig K, Christensen MS, Valen E, 
Mapendano CK, Sandelin A, Jensen TH. 
Promoter upstream transcripts share charac-
teristics with mRNAs and are produced up-
stream of all three major types of mammalian 
promoters. Nucleic Acids Res 2011; 39: 7179-
7193.

[20] Taft RJ, Kaplan CD, Simons C, Mattick JS. 
Evolution, biogenesis and function of pro- 
moter-associated RNAs. Cell Cycle 2009; 8: 
2332-2338.

[21] Galiveti CR, Rozhdestvensky TS, Brosius J, 
Lehrach H, Konthur Z. Application of house-
keeping npcRNAs for quantitative expression 
analysis of human transcriptome by real-time 
PCR. RNA 2010; 16: 450-461.


