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Abstract. Colorectal cancer (CRC) is one of the greatest threats 
to public health. Recent advances in whole-genome transcrip-
tome analyses have enabled the identification of numerous 
members of a novel class of non-coding (nc)RNA, long ncRNA 
(lncRNA), which is broadly defined as RNA molecules that are 
>200 nt in length and lacking an open reading frame. In the 
present review, all lncRNAs associated with CRC are briefly 
summarized, with a particular focus on their potential roles as 
clinical biomarkers. CRC-associated lncRNAs involved in the 
underlying mechanisms of CRC progression are also initially 
included. This should benefit the development of novel markers 
and effective therapeutic targets for patients with CRC. 
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1. Introduction

Colorectal cancer (CRC) is currently the third most common 
malignancy worldwide (1). The development of CRC is a 
stepwise progression from benign polyps to invasive adeno-
carcinomas and distant metastases. Although advancements 
have been made with regard to the available treatment options, 
improvements in the survival rates of patients with CRC have 
been restricted due to the lack of early detection and optimal 

prognostic predictions, which require the exploration of corre-
sponding biomarkers and an understanding of the molecular 
mechanisms of CRC.

Over the last 10 years, data from a number of 
high-throughput genomic platforms has indicated that the 
evolution of the developmental processes regulating complex 
organisms may be attributed to not only the protein-coding 
regions of the genome, but the non-coding regions as well (2). 
Non-coding RNAs (ncRNAs), which are transcribed from 
non-coding regions, lack an open reading frame and therefore 
have no apparent protein-coding capacity (3). Regulatory 
ncRNAs are classified empirically as small (18‑200 nt) or long 
ncRNAs (lncRNAs; between 200 nt and >100 kb) based on the 
size of the functional RNA molecule (4). 

In contrast to small ncRNAs, such as microRNAs (miRs), 
which have been extensively studied for their biological roles 
in cancer processes (5), lncRNAs are relatively less well 
described. However, the inherent biology of lncRNAs, often 
referred to as the dark matter of the genome, is gradually 
being elucidated (3). Previous studies have revealed that a 
large number of lncRNAs play significant roles in regulating 
cellular development and differentiation, processes that are 
frequently deregulated in cancer (6).

The present mini-review introduces all the CRC-associated 
lncRNAs known to date and concentrates on the potential 
utility of lncRNAs as diagnostic and prognostic tools in CRC. 
The aim of this review is to improve the understanding of the 
role of lncRNAs in CRC, which could lead to novel prevention 
strategies and early detection.

2. Classical lncRNAs associated with CRC

The H19-lncRNA is a paternally imprinted (maternally 
expressed) oncofetal gene that is abundantly expressed in a 
number of types of cancer. H19-derived miR-675 promotes 
human CRC cell growth and malignant transformation by 
targeting the tumor suppressor retinoblastoma protein (RB) (7). 
However, one study found that the depletion of H19 resulted 
in an increased polyp count in a mouse model of CRC (8). 
The cellular environment of the tumor type may determine 
this dual role as an oncogene and tumor suppressor. Although 
the hypermethylation of a differentially-methylated region 
(DMR) upstream of the H19 gene may result in activation of 
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the normally silent maternal allele of the insulin-like growth 
factor-II gene (IGF2) (9), hypomethylation of the H19 DMR 
and a DMR upstream of IGF2, is observed in the CRC and 
normal mucosa of a single patient (10). This finding suggests 
that the favored IGF2-H19 enhancer competition model for 
IGF2 imprinting is not applicable in CRC. High H19 expres-
sion has been observed in liver metastases (LMs) derived from 
primary CRC alone (11). Ohana et al (12) and Sorin et al (13) 
developed vectors carrying the diphtheria toxin A (DTA) chain 
gene driven by H19 regulatory sequences and administered 
these plasmids intra-arterially in the CC531 rat colorectal LM 
(CLM) model. The results showed that the DTA-H19 plasmid 
significantly delayed tumor growth, indicating that lncRNA 
could be a therapeutic target in CRC.

A previous study reported that HOX transcript antisense 
RNA (HOTAIR) reprograms chromatin organization and 
promotes breast cancer metastasis (14). Pádua Alves et al (15) 
observed that the colon cancer stem cell subpopulation 
(CD133+/CD44+) exhibits higher HOTAIR levels compared 
with the non-stem cell subpopulation. This result indicates 
that the role of the HOTAIR-lncRNA in CRC progression 
is associated with the acquisition of stemness. HOTAIR 
expression levels were also found to be higher in CRC tissues 
compared with the corresponding normal tissues, and high 
HOTAIR expression correlated with the presence of LMs (16). 
Furthermore, patients with high expression levels of HOTAIR 
exhibited a relatively poor prognosis. Using cDNA array data, a 
gene set enrichment analysis of a subset of 32 CRC specimens 
revealed a close correlation between HOTAIR expression and 
members of polycomb repressive complex 2 (PRC2) (16). This 
finding suggested that HOTAIR expression is associated with 
a genome-wide reprogramming of PRC2 function in CRC.

Metastasis-associated lung adenocarcinoma transcript 1 
(MALAT1)-lncRNA was first identified in metastatic 
non-small cell lung carcinoma (17), and its high expression was 
subsequently found to be associated with CRC metastasis (18). 
MALAT1 mutations occur in CRC cell lines or tissues, with 
one MALAT1 fragment (spanning nucleotides 6918‑8441) 
being an important biological motif in metastasis (19). 
Furthermore, a study indicated that the downregulation of 
MALAT1 by resveratrol could decrease the nuclear local-
ization of β-catenin and attenuate Wnt/β-catenin signaling, 
thereby inhibiting CRC invasion and metastasis (20). This 
study indicated the potential use of MALAT1 as a marker for 
early metastasis in patients with CRC.

Highly upregulated in liver cancer (HULC)-lncRNA was 
first identified in a screen for deregulated genes in a hepatocel-
lular carcinoma‑specific gene library (21). The upregulation 
of HULC was also detected in LMs from CRC, although no 
HULC was detected in the primary CRC samples (22). Further-
more, a lack of HCLC gene expression was found in vitro in the 
CRC HT-29 cell line, as well as in tumors induced by the direct 
administration of HT-29 cells into the liver of athymic mice 
over the course of two weeks (22). This finding may indicate 
that the liver microenvironment is responsible for increased 
HULC expression in CLM. Furthermore, in a pilot experiment, 
HULC was detected in peripheral blood cells obtained from 
healthy volunteers by reverse transcription-quantitative poly-
merase chain reaction (PCR) (23), indicating that lncRNA may 
be useful as a circulating biomarker in CRC.

As an imprinted gene, maternally-expressed gene 3 
(MEG3) (24) is expressed in normal intestinal mucosa, 
whereas its expression is lost in CRC cells (including 
HT29 and HCT116 cells) (25). In culture and colony forma-
tion, the re-activation of MEG3 expression inhibits tumor cell 
proliferation. This inhibition of growth is partly a consequence 
of the apoptosis induced by MEG3. MEG3 induces p53 protein 
accumulation and stimulates transcription from a p53-depen-
dent promoter (26). The aforementioned data suggests that 
MEG3-lncRNA functions as a tumor suppressor in CRC.

3. CRC‑specific associated lncRNAs

CCAT1 (CRC‑associated transcript 1) was identified in a study 
by Nissan et al (27), which reported its high expression in 
CRC, but not in normal tissues. Furthermore, this lncRNA was 
also found to be significantly upregulated in metastatic tissue. 
Analysis of RNA obtained from five patients with CRC metas-
tases to either the liver or the peritoneal cavity revealed the 
>100-fold upregulation of CCAT1 compared with normal colon 
tissue, with four samples recorded with >450-fold upregula-
tion. Significantly, CCAT1 overexpression was also reported 
in 40.0% of peripheral blood samples from CRC patients, but 
not from the samples of healthy controls (27). Thus, it has 
been suggested that testing for CCAT1 expression can detect 
small numbers of CRC cells. Additionally, a CCAT1‑specific 
peptide nucleic acid-based molecular beacon was used to detect 
CRC (28), and the results showed CCAT1 expression in all (4/4) 
subjects with pre‑cancerous adenomas and in all (8/8) patients 
with invasive CRC, which further proved that CCAT1 is a 
potential biomarker for early CRC diagnosis. 

Recently, CCAT2, which encompasses the rs6983267 
single nucleotide polymorphism (SNP), was also reported to 
be highly overexpressed in microsatellite-stable CRC, and to 
promote tumor growth and metastasis (29). This lncRNA may 
regulate Myc and Wnt in CRC pathogenesis and provide an 
alternative explanation for SNP-conferred cancer risk (29).

Colorectal neoplasia differentially expressed (CRNDE) 
is an lncRNA gene that is overexpressed in >90% of CRC 
tissues relative to paired healthy tissues (30). CRNDE 
expresses multiple splice variants, and the expression levels 
of CRNDE‑h demonstrate a sensitivity of 95% and specificity 
of 96% for colon adenoma versus normal tissue. The study by 
Graham et al (30) showed that the level of CRNDE-h-lncRNA 
in plasma was positive for 87% of patients with CRC, but only 
7% of healthy individuals. Thereafter, CRNDE was proven to 
be upregulated in gliomas, and its different splice forms are 
known to provide specific functional scaffolds for regulatory 
complexes (31). Recently, another study showed that CRNDE is 
regulated by insulin/IGFs and promotes the metabolic changes 
by which cancer cells evoke the Warburg effect (32), indicating 
CRNDE upregulation in CRC. Therefore, CRNDE may serve 
as an ideal biomarker for the early diagnosis of CRC.

In one recent study, low LOC285194‑lncRNA expression 
was shown to be correlated with more distant metastasis in 
patients with CRC (P=0.046) (33), which indicated that this 
lncRNA plays a role as a tumor suppressor in the CLM process.

The overexpressed in colon carcinoma-1 (OCC-1) 
gene is transcribed as two regulatory lncRNAs. Elevated 
OCC-1-lncRNA levels were present in three out of eight CRC 
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samples compared with the normal mucosa of the same patient, 
even though the same characteristics were present in each 
tumor (34). This data indicates that OCC-1-lncRNA overex-
pression may be a hallmark of CRC.

4. Other lncRNAs associated with CRC

Ultraconserved region transcripts (T-UCR) are a novel class 
of lncRNAs transcribed from UCRs (35,36). UCRs are 

Table I. CRC-associated lncRNAs. 

lncRNA Potential mechanism Expression Function Locus Size (kb) Reference

H19 Control of imprinting Upregulated  proliferation? Chr11p15.5 2.3 (7,11,12)
HOTAIR Gene silencing by  Upregulated metastasis Chr12q13.13 2.2 (15,16)
 binding to PRC2 and LSD1  poor prognosis
MALAT1 RNA splicing; small RNA Upregulated invasion Chr11q13.1 ~7 (19)
 production; protein interaction  metastasis
HULC RNA-DNA (CREB) Upregulated  N.D. Chr6p24.3 0.5 (22)
MEG3 Increases p53 levels by Downregulated proliferation Chr14q32 1.6‑1.8 (25)
 suppressing MDM2 levels  apoptosis
CCAT1 Unknown Upregulated  risk of CRC Chr8q24.21 2.6 (27,28)
CCAT2 Regulates Myc and Wnt Upregulated  proliferation Chr8q24 0.4 (29)
	 	 	 metastasis
CRNDE Provides scaffolds for Upregulated  Warburg effect Chr16:hCG_1815491 ~10  (30)
 regulatory complexes  risk of CRC
LOC285194 Unknown Downregulated  metastasis Chr3q13.31 2.1 (33)
OCC-1 Unknown Upregulated  N.D. Chr12q24.1 1.2-1.3 (34)
lincRNA-p21 Binds to hnRNP; guides it to Up- or downregulated  invasion Upstream of ~3.1 (60)
 p53-targeted gene promoters  radiation sensitivity p21/Cdkn1a
	 	 	 Warburg effect
UC.388 Unknown Downregulated metastasis Near BX641000/ 0.2‑0.8 (37,38)
    TCF12/FLJ14957
    genes
UC.73A Unknown Upregulated  proliferation Near AK126774, 0.2 (37,38)
	 	 	 apoptosis BC017741,
    ZFHX1B
LIT1 LOI LOI occurs frequently N.D. Chr11p15.5 91 (57)
(Kcnq1ot1)
PTENP1 Pseudogene of PTEN  Downregulated proliferation Chr9q13.3 ~3.9 (47)
MYLKP1 Pseudogene of MYLK Upregulated  proliferation Chr3p12.3 106 (49)
pou5f1p1 Pseudogene of pou5f1 Upregulated risk of CRC Chr8q24 0.4 (44)
(OCT4)
UCA1 Unknown Upregulated N.D. Chr19p13.12 1.4, 2.2, 2.7 (71)
PCAT1 Inhibits BRCA2  Upregulated  proliferation Chr8q24 1.9 (64)
	 	 	 poor prognosis
PRNCR1 Unknown Upregulated  proliferation Chr8q24 13 (66,67)
LET Regulator of hypoxia signaling Downregulated  metastasis Chr15q24.1 2.3 (68)
ncRAN  Upregulated migration Chr17q25.1 2.3 (62)
	 	 	 invasion
PVT1 A p53-inducible target miR-1204 Upregulated  apoptosis Chr8q24.21 >300 (52)
	 	 	 invasion
	 	 	 poor prognosis

CLM, colorectal liver metastasis; CRC, colorectal cancer; N.D., not determined; lncRNA, long non-coding RNA; lincRNA, long intergenic non-coding 
RNA; miRNA, microRNA; LOI, loss of imprinting; HOTAIR, HOX transcript antisense RNA; MALAT1, metastasis-associated lung adenocarci-
noma transcript 1; CRNDE, colorectal neoplasia differentially expressed; MYLKP1, myosin light chain kinase pseudogene 1; CREB, cAMP response 
element‑binding protein; hnRNP, heterogeneous ribonucleoprotein particle; PRC2, polycomb repressive complex 2; LSD1, lysine‑specific demeth-
ylase 1; PCAT1, prostate cancer-associated transcript 1; PRNCR1, prostate cancer-associated non-coding RNA 1; PTENP1, phosphatase and tensin 
homolog 1; UCA1, urothelial cancer-associated 1; CCAT, CRC-associated transcript; HULC, highly upregulated in liver cancer; OCC-1, overex-
pressed in colon carcinoma-1; PVT1, plasmacytoma variant translocation 1; ncRAN, non-coding RNA expressed in aggressive neuroblastoma; MEG3, 
maternally-expressed gene 3; L1T1, long QT intronic transcript 1; LET, low expression in tumor.
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frequently located in the intra- and intergenic regions (37), and 
aberrant T-UCR expression is also involved in CRC progres-
sion. The expression of uc.73A(P) was found to be significantly 
upregulated in CRC (37), as a decrease in its overexpression 
induced apoptosis and anti-proliferative effects in CRC cells 
abnormally expressing this T-UCR. However, the expres-
sion of uc.388 was reported to be significantly decreased in 
CRC samples and was associated with the distant metastasis 
of CRC and other effects (38). By screening genomic DNA 
for sequence variations in UCR loci in patients with CRC, 
Wojcik et al (39) found UCR mutations in CRC and created 
a catalog of DNA sequence variations in UCRs in human 
cancers. These findings indicated that further investigation of 
the genetic variations in ncRNAs may aid in the identification 
of additional biomarkers for CLM.

As one type of lncRNA, pseudogenes have long been 
labeled as ‘noise DNA’, inactive copies of genes that arise 
during genome evolution (40). However, recent results showed 
that pseudogene transcripts are often deregulated between 
cancer and normal tissue (41), indicating their involvement 
in tumor progression. The POU5F1 transcript, also known as 
octamer binding transcription factor 4, is believed to be one of 
the key regulators of cellular pluripotency (42). The POU5F1 
pseudogene, POU5F1P1, is not only overexpressed in prostate 
cancer (43), but is also strongly associated with an increased 
risk of CRC. Furthermore, a genome-wide association study 
showed that the rs6983267 SNP in the POU5F1P1 region 
was significantly associated with decreased survival time in 
patients with stage III CRC (44). The tumor suppressor phos-
phatase and tensin homolog (PTEN) is significantly correlated 

with CRC (45), and its pseudogene, PTENP1 (also known as 
PTENpg1), can parallel PTEN and play a growth-suppressive 
role in CRC cells, although the PTENP1 locus is selectively 
lost in CRC (46,47). Myosin light chain kinase pseudogene 1 
(MYLKP1) is partially duplicated from the original MYLK 
gene, which encodes non-muscle and smooth muscle myosin 
light chain kinase (smMLCK) isoforms (48). MYLKP1 over-
expression can inhibit the expression of smMLCK in CRC 
cells by decreasing RNA stability, resulting in the increased 
proliferation of cells; accordingly, smMLCK is markedly 
decreased in CRC tissues compared with normal colon 
tissues (49). These studies suggest a novel biological role for 
pseudogene expression in CRC.

Plasmacytoma variant translocation 1 (PVT1), a >300-kb 
locus found downstream of c‑Myc on chromosome 8q24 (50), 
produces a wide range of spliced lncRNAs. Compared with 
healthy tissues, PVT1-lncRNA is overexpressed in breast and 
ovarian cancer (51), indicating that PVT1 may be an oncogene. 
PVT1 small interfering RNA-transfected CRC cells exhibit 
a significant loss in their abilities of proliferation and inva-
sion. Additionally, multivariate analysis found that the level 
of PVT1 expression was an independent risk factor for overall 
survival in patients with CRC (52). Unexpectedly, transcription 
of the PVT1 locus can be induced by p53 and consequently 
upregulates miR-1204, which inhibits HCT116 cell prolifera-
tion (53). Therefore, the precise interplay between miRs and 
other ncRNAs of the PVT1 locus within the context of the 
p53 pathway requires further exploration.

Loss of imprinting (LOI) of H19 genes in CRC is 
associated with CRC progression (10,54), and another 

Figure 1. Potential mechanism of lncRNAs involved in colorectal cancer progression. lncRNA, long non-coding RNA; lincRNA, long intergenic non-coding 
RNA; miR, microRNA; HIF, hypoxia inducible factor; IGF, insulin-like growth factor; PTEN, phosphatase and tensin homolog; PTENP1, PTEN pseudogene 1; 
RB, retinoblastoma protein; smMLCK, smooth muscle myosin light chain kinase; HOTAIR, HOX transcript antisense RNA; MALAT1, metastasis-associated 
lung adenocarcinoma transcript 1; CRNDE, colorectal neoplasia differentially expressed; MYLKP1, myosin light chain kinase pseudogene 1; CCAT2, 
colorectal cancer-associated transcript 2; PVT1, plasmacytoma variant translocation 1; MEG3, maternally-expressed gene 3; LET, low expression in tumor. 
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lncRNA, long QT intronic transcript 1 (LIT1) (55), also 
called Kcnq1ot1 (56), also frequently exhibits LOI in CRC. 
Additionally, Nakano et al (57) further found that the LOI 
of LIT1 via epigenetic disruption plays an important role 
in CRC.

Recently, Zhai et al (58) identified that long intergenic 
ncRNA (lincRNA)-p21 expression is significantly higher 
in patients with stage III tumors compared with those with 
stage I tumors, and that elevated lincRNA-p21 levels are 
significantly associated with a higher degree of vascular 
invasion. However, another study (59) showed decreases 
in lincRNA-p21 in CRC tissues. Furthermore, the enforced 
expression of lincRNA-p21 enhances sensitivity to radio-
therapy in CRC by promoting apoptosis, the reason for which 
may be suppression of the β-catenin signaling pathway. The 
Warburg effect is known to play an important role in CRC 
progression, yet it remains unclear whether lncRNAs are 
involved in this phenomenon. Yang et al (60) first showed that 
lincRNA-p21 is a hypoxia-responsive lncRNA that is essen-
tial for hypoxia-enhanced glycolysis, which suggested the 
involvement of lincRNA-p21 in the regulation of the Warburg 
effect.

ncRNA expressed in aggressive neuroblastoma 
(ncRAN)‑lncRNA was first recognized in a chromosomal 
gain, behaving as an oncogene in aggressive neuroblas-
tomas (61). Thereafter, Qi et al (62) proved that the in vitro 
migration and invasion of CRC cells is mediated by ncRAN, 
suggesting that this lncRNA may be a novel prognostic 
indicator and biomarker for the early diagnosis of CRC. 
Recently, a novel lncRNA, prostate cancer associated-tran-
script 1 (PCAT1), was identified to be highly overexpressed 
in aggressive prostate cancer (63). In addition, PCAT1 was 
also revealed to be overexpressed in CRC tissues compared 
with matched normal tissues, and there was a significant 
association between higher PCAT1 expression and distant 
metastasis and poor overall survival (64). Notably, a search 
of the University of California Santa Cruz Human Genome 
Browser database (Feb 2009 assembly) (65) revealed that one 
adjoining neighbor of PCAT1 on chromosome 8q24, named 
prostate cancer-associated non-coding RNA 1 (PRNCR1; 
also known as PCAT8) (66) is also correlated with CRC. 
Li et al (67) conducted a case-control study and genotyped 
five tag SNPs in PRNCR1 in 313 patients with CRC and 
595 control subjects using a PCR-restriction fragment length 
polymorphism assay. The results showed that rs13252298 
and rs1456315 were associated with significantly decreased 
risks of CRC, indicating that SNPs in PRNCR1-lncRNA may 
contribute to the susceptibility to CRC. Low expression in 
tumor (LET)-lncRNA was reported to be downregulated 
in CRC as a regulator of hypoxia signaling, offering novel 
avenues for therapeutic intervention against the progression 
of cancer (68).

5. Challenges and future perspectives

From a clinical perspective, a large number of dysregulated 
ncRNAs represent a number of useful biomarkers for the diag-
nosis and prognosis of patients with CRC (Table I). However, 
a series of challenges remain to be addressed. Firstly, there 
is a considerable lack of understanding with regard to the 

regulation of lncRNA expression and the detailed mecha-
nisms (Fig. 1) involved in lncRNA-mediated effects on tumor 
progression. Therefore, it may be an over‑simplification to 
classify all tumor-associated lncRNAs into CRC activator 
or suppressor genes. Secondly, the problems associated with 
the variability in lncRNA detection in CRC samples should 
be overcome using standardized techniques for tissue isola-
tion and preparation, platforms and software analysis to avoid 
selection bias. Thirdly, a number of prognostic or predictive 
biomarkers for CRC that are based on in vitro observation fail 
when they are translated into clinical management. To succeed 
in the future, further validation of these potential lncRNA 
biomarkers in additional cohorts (particularly in different 
ethnic groups) or prospective randomized trials is required to 
aid in the measurement of the true effect of these lncRNAs and 
their possible roles in CRC treatment. Recent studies have also 
suggested the possibility of a widespread interaction network 
involving competing endogenous RNAs, whereby lncRNAs 
modulate regulatory RNAs by binding to and titrating them 
away from their mRNA-binding sites (69,70). In addition to 
providing the possibility of an additional level of post-tran-
scriptional regulation, such a network also necessitates the 
reassessment of the existing regulatory pathways involved in 
CRC progression and metastasis.

In conclusion, evidence is accumulating that lncRNAs have 
a significant role in the CRC process and may serve as poten-
tial CRC biomarkers for diagnosis and prognosis. However, 
further lncRNAs involved in the metastasis of CRC remain to 
be identified. Therefore, continued investigation is necessary 
to yield additional information on CRC-associated lncRNAs 
for future use in clinical practice. 
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