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One of the most interesting findings from genome-wide ex-

pression analysis is that a considerable amount of noncoding 

RNA (ncRNA) is present in the cell. Recent studies have identi-

fied diverse biological functions of ncRNAs, which are ex-

pressed in a much wider array of forms than proteins. Certain 

ncRNAs associated with diseases, in particular, have attracted 

research attention as novel therapeutic targets and diagnostic 

markers. BC200 RNA, a 200-nucleotide ncRNA originally 

identified as a neuron-specific transcript, is abnormally over-

expressed in several types of cancer tissue. A number of re-

cent studies have suggested mechanisms by which abnormal 

expression of BC200 RNA contributes to the development of 

cancer. In this article, we first provide a brief review of a re-

cent progress in identifying functions of BC200 RNA in cancer 

cells, and then offer examples of other ncRNAs as new thera-

peutic targets and diagnostic markers for human cancer. Fi-

nally, we discuss future directions of studies on BC200 RNA 

for new cancer treatments. 
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INTRODUCTION 
 

The 2001 Human Genome Project revealed that only ~2% 

of human genome sequences encode proteins (Lander et al., 

2001). This discovery was shocking because protein-based 

analyses had long been the mainstay of molecular biology.  

Moreover, the subsequent ENCODE project showed that 

approximately 60% of genome sequence are transcribed 

into RNA (Consortium, 2004), revealing the existence of an 

enormous amount of noncoding RNAs (ncRNAs) in the hu-

man cell. Although some early reports argued that these 

ncRNAs are just nonfunctional byproducts produced during 

gene expression (Ebisuya et al., 2008; Struhl, 2007), more 

recent studies have demonstrated that they have intrinsic 

functions in regulating gene expression, cell differentiation 

and development, and maintaining genomic integrity 

(Brosnan and Voinnet, 2009; Johnsson and Morris, 2014; Ko 

et al., 2017; Wilusz et al., 2009). 

Given their multiple roles in diverse biological processes, 

ncRNAs are closely associated with various diseases (Jain et 

al., 2017; Wapinski and Chang, 2011). Transcriptome anal-

yses of disease models have confirmed that various ncRNAs 

exhibit disease-specific altered expression or mutations 

(Chung et al., 2011; Pasmant et al., 2011; Ward and Kellis, 

2012). These changes in ncRNA expression directly or indi-

rectly affect the pathogenesis of human diseases. For exam-

ple, abnormally overexpressed HOX antisense intergenic 

RNA (HOTAIR) in some types of cancers promotes metastasis 

by reprogramming the chromatin state (Gupta et al., 2010). 

Subsequent studies showed that expressional levels of 

HOTAIR RNA are highly correlated with poorer prognosis 

(Luo et al., 2017; Song and Zou, 2016; Zhang et al., 2018), 

prompting current clinical trials of HOTAIR RNA as a diagnos-

tic marker. ncRNA studies provide a broader understanding 

of disease and are being used in the development of new  
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Fig. 1. Schematic diagram of BC200 RNA.

BC200 RNA is composed of three do-

mains: a 5’ Alu domain, an internal A-rich

domain, and a unique 3’ domain carrying

C-rich sequences. 

therapeutic strategies and diagnostic techniques. 

Brain cytoplasmic 200 RNA (BC200 RNA), first identified in 

human neurons in 1987, is a 200-nucleotide (nt) ncRNA 

that shows high functional similarity to BC1 RNA found in 

rodent neurons (Watson and Sutcliffe, 1987). BC200 RNA is 

composed of a 5’-terminal Alu domain, an internal A-rich 

domain and a unique 3’ region containing poly C residues 

(Fig. 1)(Tiedge et al., 1993). In normal cells, BC200 RNA is 

localized exclusively to neuronal dendrites, where it contrib-

utes to formation of neuronal plasticity by controlling 

postsynaptic translation (Briggs et al., 2015; Muddashetty et 

al., 2002). However, the fine control of BC200 RNA expres-

sion is disrupted in some diseases. In 1997, it was found that 

BC200 RNA is overexpressed in carcinomas of the breast, 

cervix, esophagus, lung, ovary, parotid, and tongue (Chen et 

al., 1997), representing the first confirmation of BC200 RNA 

expression in tissues of non-neuronal origin. BC200 RNA 

was subsequently shown to play important roles in the 

growth and development of cancer cells (Samson et al., 

2018), and has thus become an emerging novel therapeutic 

target and diagnostic marker for human cancers. 

In this review, we summarize recent investigations of 

BC200 RNA in cancer cells and consider future research di-

rections for its clinical application. To place these observa-

tions in a broader context, we also highlight recent results 

obtained with representative oncogenic ncRNAs, including 

HOTAIR and micro RNAs (miRNAs), with the hope that these 

strategies for preventing cancers may provide insight that 

helps guide future research of BC200 RNA for possible clini-

cal applications. 

 

BC200 RNA IN NEURONS 
 

Identification of BC200 RNA 
When the 160-nt BC1 RNA was first identified in rodent 

neurons, it was detected only in brain tissues (Sutcliffe et al., 

1982). Because of the small size of the transcript, it was 

presumed at the time to be a nuclear byproduct generated 

during the maturation of neuronal mRNA. However, it was 

found in the cytoplasm and named brain cytoplasm 1 RNA 

to emphasize its specific location (Sutcliffe et al., 1984). In 

1987, the primate analog BC200 RNA was found in the 

human brain (Watson and Sutcliffe, 1987). It contained an 

internal A-rich region and was localized to the cytoplasm of 

neurons in the brain, characteristics similar to those of BC1 

RNA. In addition to the internal A-rich domain, BC200 con-

tains a 5’ Alu domain and a unique 3’ region containing poly 

C residues (Fig. 1)(Tiedge et al., 1993; Wu et al., 2014). The 

BC200 RNA gene has an internal promoter consisting of an 

A box and B box, common to members of the Alu family, 

and a specific upstream promoter (Kim et al., 2017). The 

TATA binding protein (TBP) binds to the BC200 RNA pro-

moter and recruits the RNA polymerase III complex, resulting 

in transcription of BC200 RNA (Schramm and Hernandez, 

2002). 

Early studies identified neuron-specific expression of 

BC200 RNA by Northern blotting analysis and in situ hybridi-

zation (Tiedge et al., 1993; Watson and Sutcliffe, 1987). 

Recently, highly sensitive real-time PCR analysis was able to 

detect BC200 RNA in normal testis and ovary tissues, albeit 

at much lower levels than in brain tissues (Booy et al., 2017). 

ncRNAs are expressed in a more tissue-specific manner 

than coding mRNAs (Amin et al., 2015; Derrien et al., 2012), 

probably because expression of most ncRNAs is elaborately 

controlled by epigenetic regulatory mechanisms (Baer et al., 

2013; Bandres et al., 2009; Wu et al., 2014). BC200 RNA 

expression may also be similarly tightly controlled by epige-

netic regulation. 

 

Function of BC200 RNA in neurons 
In neurons, BC200 RNA regulates translation in postsynaptic 

regions. Immediately after expression, it migrates to neu-

ronal dendrites and binds to the translational initiation fac-

tors, poly A binding protein (PABP), eukaryotic translation 

initiation factor 4A (eIF4A) and eIF4B, thereby inhibiting 

local translation (Eom et al., 2011; Kondrashov et al., 2005; 

Muddashetty et al., 2002; Lin et al., 2008). This may lead to 

the expression of specific proteins in neurons that are re-

quired for neuronal plasticity (Qureshi and Mehler, 2012; 

Richter and Klann, 2009; Smalheiser, 2014) and whose 
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function could be controlled by cellular regulators, such as 

synaptotagmin binding cytoplasmic RNA interacting protein 

(SYNCRIP), heterogeneous nuclear ribonucleoprotein E1 

(hnRNPE1) and hnRNPE2 (Duning et al., 2008; Jang et al., 

2017). 

 

BC200 RNA IN CANCER 
 

Abnormal expression of BC200 RNA in cancer 
At the time BC200 RNA was first identified as a neuron-

specific ncRNA in the brains of monkeys and humans, it was 

also observed to be expressed in the non-neuronal HeLa 

cancer cell line (Watson and Sutcliffe, 1987). However, the 

significance of this exceptional expression was not clarified 

at that time. A later study showed that BC200 RNA is highly 

expressed in cancer tissues of the breast, lung, esophagus 

and parotid, but not in normal tissues (Chen et al., 1997). 

The abnormal expression of BC200 RNA has been further 

reported in clinical samples from patients with lung, ovarian, 

esophageal, colorectal, breast or cervical cancers (Hu and Lu, 

2015; Iacoangeli et al., 2004; Li et al., 2016; Peng et al., 

2018; Wu et al., 2016; Zhao et al., 2016). In colorectal and 

gastric cancers, BC200 RNA expression is highly correlated 

with tumor node metastasis (TNM) stage (Wu et al., 2018) 

and tumor size (Gu et al., 2018; Ren et al., 2018). In addi-

tion, upregulation of BC200 RNA is associated with poor 

prognosis of cancer patients (Wu et al., 2018; Zhao et al., 

2016). BC200 RNA was also recently detected in blood of 

breast cancer patients (Iacoangeli et al., 2018). These data 

suggest the possibility of using BC200 RNA as a diagnostic 

and prognostic marker for human cancers. 

Expression of BC200 RNA is associated with estrogen re-

ceptor-α (ERα) in breast cancers (Singh et al., 2016) and 

tends to be high in ERα-positive cell lines. Its expression is 

induced by estrogen, which promotes BC200 RNA transcrip-

tion through binding of ERα to the -585 bp region relative to 

the transcription start site. In lung cancers, the oncogenic 

transcription factor c-MYC promotes BC200 RNA expression 

(Hu and Lu, 2015). Modulation of c-Myc expression, includ-

ing inhibition of c-MYC, c-MYC knockdown and c-MYC 

overexpression, affects cellular levels of BC200 RNA, which 

are also proportional to those of c-MYC protein in lung can-

cer. 

 

Functions of BC200 RNA in cancer 
BC200 RNA is more highly expressed in invasive cancer cells 

than in benign tumors (Iacoangeli et al., 2004), giving rise to 

the hypothesis that BC200 RNA plays a role in cell metastasis. 

This hypothesis was first experimentally demonstrated by 

showing that cell migration and invasion are altered accord-

ing to the BC200 RNA level in the lung cancer cell line A594 

(Hu and Lu, 2015). In A594 cells, BC200 RNA promotes cell 

migration and invasion by upregulating the matrix metallo-

proteases, MMP9 and MMP13. BC200 RNA also modulates 

the expression of MMP9 in colon cancers (Wu et al., 2018). 

In these cancers, BC200 RNA not only regulates MMP9 ex-

pression, it also induces epithelial-mesenchymal transition 

through activation of signal transducer and activator of tran-

scription 3 (STAT3) (Wu et al., 2018). In gastric carcinoma 

cells, BC200 RNA upregulates expression of epithelial cell 

adhesion molecule (EpCAM) (Ren et al., 2018). Using a sys-

tematic ribosome profiling approach to identify downstream 

targets of BC200 RNA, Lee and colleagues (Shin et al., 2017) 

sought to elucidate additional functions of BC200 RNA in 

cervical cancer cells, revealing 29 genes whose ribosomal 

occupation was affected by more than 2-fold by BC200 RNA 

knockdown. They further showed that BC200 RNA acts 

through stabilization of mRNA for S100A11, one of the 

genes downregulated by BC200 RNA knockdown, to pro-

mote cell migration and invasion. In addition, BC200 RNA is 

associated with another ncRNA miR138, which is known to 

act as a tumor-suppressive miRNA (Long et al., 2013; Mito-

mo et al., 2008; Zhang et al., 2013) to promote cell metas-

tasis of cervical cancer (Peng et al., 2018). Overexpression of 

BC200 RNA downregulates miR138, promoting cell migra-

tion. 

BC200 RNA also contributes to cancer development by 

suppressing apoptosis and activating proliferation. In colo-

rectal cancers, BC200 RNA knockdown leads to apoptosis 

and decreased proliferation via down-regulating natriuretic 

peptide receptor C (NPR3) expression (Gu et al., 2018). Fur-

thermore, BC200 RNA blocks splicing of the Bcl gene to the 

pro-apoptotic Bcl-xS isoform in breast cancer cells, thereby 

inhibiting apoptosis (Singh et al., 2016). Interestingly, apop-

tosis induced by BC200 knockdown is limited to proliferating 

cancer cells (Booy et al., 2017), making targeting BC200 

RNA a rationale cancer therapy strategy for reducing side 

effects on normal cells. 

 

REPRESENTATIVE CANCER-RELATED NCRNAS 
 

HOTAIR 
HOTAIR (Hox transcript antisense intergenic RNA) is the 

best-known oncogenic ncRNA (Gupta et al., 2010; Kogo et 

al., 2011). HOTAIR contributes to the genesis and develop-

ment of breast, gastric, pancreatic, liver, hepatocellular, colo-

rectal, lung, and ovarian cancer (Hajjari and Salavaty, 2015). 

Mechanistic studies have identified HOTAIR as an epigenetic 

regulator (Gupta et al., 2010; Kogo et al., 2011), showing 

that it plays a pivotal role in guiding histone-modifying com-

plexes to target loci. Overexpression of HOTAIR in cancer 

cells changes methylation status and expression patterns of 

hundreds of genes, including the metastasis-suppressor 

genes homeobox D10 (HOXD10), junction adhesion mole-

cule 2 (JAM2), progesterone receptor (PGR), protocadherin 

10 (PCDH10) and protocadherin beta 5 (PCDHB5); HOTAIR 

contributes to cancer formation by inhibiting the expression 

of these genes (Balas and Johnson, 2018). 

Several recent meta-analyses have evaluated the prognos-

tic value of HOTAIR in cancers. In an analysis of data from 

1,297 gastrointestinal cancer patients published in 15 arti-

cles, Zhang et al. (Zhang et al., 2018) showed that HOTAIR is 

strongly positively correlated with lymph node metastasis, 

distant metastasis and poor clinical stage, and negatively 

correlated with overall survival. A similar tendency has also 

been found in studies of esophageal cancer and ovarian 

cancer, suggesting that HOTAIR RNA has potential value as a 

prognostic marker (Luo et al., 2017; Song and Zou, 2016). 
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miRNAs 
miRNAs are small ncRNAs that regulate gene expression at 

the post-transcriptional level. They exert their regulatory 

influence by interacting with the untranslated region of the 

target mRNA, resulting in mRNA degradation or translation-

al arrest (Bushati and Cohen, 2007). Abnormal expression of 

miRNAs in cancer immediately leads to abnormal expression 

of their target mRNAs. Through this mechanism, a large 

number of miRNAs are involved in the genesis and devel-

opment of cancer (Iorio and Croce, 2012; Ma et al., 2018). 

For example, let-7, a representative miRNA associated with 

cancers (Barh et al., 2010), inhibits expression of the onco-

genes, RAS and HMGA2 (Johnson et al., 2005; Lee and Dut-

ta, 2007); thus, downregulation of let-7 could promote tu-

morigenesis. 

miRNA profiling analysis can be a practical cancer diagnostic 

method. There are many miRNA expression signatures in can-

cers as well as characteristic patterns of miRNA expression for 

each cancer stage (Lu et al., 2005; Volinia et al., 2006). The 

ability to classify cancer histology by miRNA profiling has been 

successfully demonstrated for renal and lung cancers (Benja-

min et al., 2010; Spector et al., 2013). Some miRNAs are de-

tected in body fluids (Chen et al., 2008). Such circulating 

miRNAs are remarkably stable and have characteristic patterns 

determined by their origins, characteristics that are ideal for 

use as biomarkers. Various studies and clinical trials utilizing 

circulating miRNAs for cancer diagnosis in carcinomas of the 

prostate and cervix are currently underway (Brase et al., 2011; 

Hasanzadeh et al., 2018; Qu et al., 2011). miRNAs themselves 

are also utilized as drug candidates. MRX34, a liposomal miR-

34a mimic, is the first case of a miRNA mimic entering clinical 

trials (Beg et al., 2017). In this phase I study, MRX34 has 

shown evidence of antitumor activity in a subset of patients 

with refractory, advanced solid tumors. 

 

DIRECTION OF FUTURE INVESTIGATIONS OF 
BC200 RNA 

HOTAIR and miRNAs are potentially good models for clinical 

applications of BC200 RNA. A number of considerations 

need to be addressed before BC200 RNA can be applied 

clinically. First, BC200 RNA expression needs to be systemat-

ically analyzed in a wider variety of samples. To date, expres-

sion patterns of BC200 RNA have been analyzed in a total of 

478 patients with breast, lung, ovarian, esophageal, colorec-

tal, cervical, or gastric cancers (Table 1). Studies have been 

biased towards specific areas and, in many cases, are small-

scale, and are retrospective in nature. Thus, reducing exper-

imental and regional biases will require analysis of BC200 

RNA expression in a wider range of patient samples. Second, 

existing data need to be integrated through meta-analyses. 

For example, a meta-analysis of 1297 patient samples from 

15 individual studies validated the prognostic value of 

HOTAIR in gastrointestinal cancer (Zhang et al., 2018). Such 

comprehensive analyses are needed to verify the diagnostic 

value of ncRNAs determined based on data accumulated 

through individual experiments, as in the case of HOTAIR. 

Third, a technology that can reliably reduce BC200 RNA 

levels in patients’ cancer cells is needed. To date, BC200 RNA 

knockdown has been achieved by transfection of oligonu-

cleotides such as siRNAs or Gapmers using commercial rea-

gents (Booy et al., 2017; Shin et al., 2017). This approach 

works well in cell lines, but such transfection reagents are 

not suitable for use in clinical applications, and oligonucleo-

tides lack cell permeability on their own. Applying the results 

of recent studies designed to increase the cell permeability of 

oligonucleotides to the BC200 RNA-knockdown process 

might ultimately solve this problem (Chen et al., 2018). 

 

CONCLUSIONS 
 

As long-unappreciated functions of ncRNAs have begun to 

emerge, it has become clear that ncRNAs play key roles in 

multiple cellular functions that are essential for various phys-

iological or pathological processes. Therefore, it is critical to

 

 

 

Table 1. Summary of clinical studies of BC200 RNA in cancer 

Cancer type Sample number Detection method BC200 RNA 

expression 

Characteristics correlated with 

BC200 RNA expression 

References 

Breast 42 ISH Up  (Iacoangeli et al., 2004) 

Lung 20 qRT-PCR Up  (Hu and Lu, 2015) 

Ovary 22 qRT-PCR Down  (Wu et al., 2016) 

Esophagus 70 qRT-PCR Up Lower survival rate (Zhao et al., 2016) 

Colon 36 qRT-PCR Up  (Li et al., 2016) 

Colon 82 qRT-PCR Up Higher TNM stage, 

lower survival rate 

(Wu et al., 2018) 

Colon 96 qRT-PCR Up Higher TNM stage, 

larger tumor size 

(Gu et al., 2018) 

Stomach 85 qRT-PCR Up Higher TNM stage, 

larger tumor size 

(Ren et al., 2018) 

Cervix 25 qRT-PCR, NB Up  (Peng et al., 2018) 

*ISH, in situ hybridization; qRT-PCR, quantitative reverse transcription-polymerase chain reaction; NB, Northern blotting; TNM, tumor 

node metastasis. 
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Fig. 2. Involvement of BC200 RNA in the genesis and

development of cancers. (A) Diagram depicting

BC200 RNA signaling involved in induction of can-

cer-related phenotypes. BC200 RNA shifts Bcl splic-

ing toward production of the Bcl-xL isoform, thereby

preventing apoptosis; this effect is further achieved

by upregulation of NPR3. BC200 RNA promotes cell

proliferation by upregulating NPR3, EpCAM, and

STAT3. Activation of STAT3 or upregulation of

S100A11 by BC200 RNA causes stimulation of mi-

gration and invasion. BC200 RNA inhibits synthesis

of the tumor-suppressive miRNA, miR-138, resulting

in activation of migration and invasion. (B) Function-

al mechanisms of BC200 RNA. Left: Altering the

splicing pattern of Bcl-x mRNA. In the absence of

BC200 RNA, Sam68 regulates the splicing of Bcl-x by

interacting with its pre-mRNA, leading to expression

of Bcl-xS. BC200 RNA interacts with Bcl-x pre-mRNA

and facilitates recruitment of hnRNP A2/B1 to the

pre-mRNA. This recruitment interferes with binding

of Sam68 to the pre-mRNA and consequently

changes the fate of Bcl-x splicing to generation of

Bcl-xL. Right: Stabilization of S100A11 mRNA.

BC200 RNA stabilizes S100A11 mRNA, possibly by

binding to its mRNA. 
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understand functions of disease-related ncRNAs and utilize 

them for the development of new strategies for cancer ther-

apy. 

Studies conducted during the last four years have identi-

fied abnormal expression mechanisms and functions of 

BC200 RNA in lung, colorectal, breast, and cervical cancer 

(Fig. 2). These studies have shown that there is a reliable 

correlation between BC200 RNA expression and tumor 

stage, and that BC200 RNA promotes cancer cell develop-

ment by promoting cell proliferation and metastasis, and 

averting apoptosis. These basic studies highlight the promise 

that BC200 RNA holds as a potential cancer diagnostic 

marker and therapeutic target. Future systematic analyses 

and experimental studies will test these possibilities. 
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