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Colorectal cancer (CRC) is ranked as the third most common cancer and second deadliest
cancer in both men and women in the world. Currently, the cure rate and 5-year survival
rate of CRC patients remain relatively low. Therefore, discovering a novel molecular
biomarker that can be used to improve CRC screening, diagnosis, prognosis, and
treatment would be beneficial. Long non-coding RNA colon cancer-associated
transcript 1 (CCAT 1) has been found overexpressed in CRC and is associated with
CRC tumorigenesis and treatment outcome. CCAT 1 has a high degree of specificity and
sensitivity, it is readily detected in CRC tissues and is significantly overexpressed in both
premalignant and malignant CRC tissues. Besides, CCAT 1 is associated with clinical
manifestation and advanced features of CRC, such as lymph node metastasis, high tumor
node metastasis stage, differentiation, invasion, and distant metastasis. In addition, they
can upregulate oncogenic c-MYC and negatively modulate microRNAs via different
mechanisms of action. Furthermore, dysregulated CCAT 1 also enhances the
chemoresistance in CRC cells while downregulation of them reverses the malignant
phenotypes of cancer cells. In brief, CCAT 1 serves as a potential screening,
diagnostic and prognostic biomarker in CRC, it also serves as a potential therapeutic
marker to treat CRC patients.
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INTRODUCTION

Colorectal cancer (CRC) is ranked as the third most common cancer and second deadliest cancer in
bothmen and women in the world. In 2020, approximately 1,931,590 people are diagnosed with CRC
and 935,173 people died because of CRC worldwide. In Malaysia, CRC is also the third-leading
cancer and is recorded to have 6,597 new cases and cause 3,462 deaths in 2020 (1).

CRC is usually caused by a gradual buildup of gene mutations or sometimes by changes in
epigenetic processes, which leads to abnormal activation of oncogenes and inactivation of tumor
suppressor genes (2) It begins from benign adenomatous polyps to advanced adenoma with high-
grade dysplasia or carcinoma in situ, invasive adenocarcinoma and ultimately, metastasizes to distant
organs such as the liver (3).

Although the treatment of CRC has been improved, the cure rate and 5-year survival rate for CRC
patients are still relatively low as many of them have already been diagnosed with stage III or IV CRC
at their first visit (4). In addition, after potentially curative surgery or adjuvant therapies, one-third of
the patients will still relapse (5). Therefore, early detection of benign colon lesions and recurrence of
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disease through an effective screening method, such as using
molecular biomarkers, is important to increase the chance of
survival and significantly improve the overall outcome in CRC
patients (6).

To date, a lot of evidence has revealed that long non-coding
RNAs (lncRNAs) molecules are aberrantly expressed in CRC
tissues or cells (7). LncRNAs are a class of regulatory non-coding
RNAs (ncRNAs) that have the highest diversity, they are at least
200 nucleotides long and possess high tissue specificity as they are
regulated by specific regulatory systems that are different from
protein coding genes (8). As the name suggests, lncRNAs do not
encode protein as they lack functional open reading frames
(ORFs) (9). However, they can act as regulatory molecules to
modulate cellular or biological processes such as cell proliferation,
differentiation, and apoptosis through interacting with other
cellular macromolecules like RNA, DNA, and proteins, and
through regulating gene expression epigenetically,
transcriptionally, and post-transcriptionally (10). LncRNAs are
widely dysregulated in cancer, their expression level in cancer
depends on whether they act as tumor driving genes or tumor
suppressor genes, and dysregulated lncRNA triggers tumor
carcinogenesis including CRC (11).

In 2012, Nissan et al. discovered a new oncogenic lncRNA that
is aberrantly overexpressed in colon cancer using
Representational Difference Analysis (RDA), cDNA cloning,
and rapid amplification of cDNA ends (RACE) (12). This
lncRNA is named colon cancer-associated transcript-1 (CCAT
1) or LOC100507056 and it is 2,628 nucleotides long (12). Since
then, many studies also revealed that CCAT 1 is overexpressed in
other human cancers, such as gastric cancer (13), lung cancer
(14), breast cancer (15), ovarian cancer (16), gall bladder cancer
(17), hepatocellular carcinoma (18), prostate cancer (19) and
acute myeloid leukemia (20). Other than human cancers, CCAT
1 is also significantly expressed in inflammatory bowel diseases
such as ulcerative colitis (UC) and Crohn’s disease (CD) (21). In
CRC, dysregulated CCAT 1 has been discovered to promote
tumorigenesis by facilitating proliferation, metastasis, and anti-
apoptosis of CRC cells through multiple mechanisms (12).
Moreover, dysregulation of CCAT 1 also affects the developing
chemoresistance in CRC cells (22). Therefore, it is suggested that
CCAT 1 may be a potential molecular biomarker in screening,
diagnosis, prognosis and act as a target for CRC treatment.

In this review, we describe the characteristics and
identifications of CCAT 1, and its potential role in screening,
diagnosis, prognosis and treatment of CRC. The mechanism of
actions of CCAT 1 and the factors that cause CCAT
1 dysregulation in CRC are also elucidated. In the last, we
describe the biological functions of CCAT 1 in CRC
tumorigenesis, and how CCAT 1 contributes to the
chemoresistance of CRC cells.

CCAT 1

CCAT 1 is an oncogenic lncRNA, its gene is located on human
chromosome 8q24 (chr.8q24) region, specifically 8q24.21 nearby
the c-MYC gene, which is one of the well-studied oncogenes (23).

CCAT 1 RNA contains three short ORFs, which are nucleotides
95–208; 310–519 and 1,621–1,770 respectively. However, none of
them can encode protein (12). In addition, CCAT 1 is
multiexonic, it contains two exons which are nucleotides
1–288 and 289–2,612 respectively and is capped at the 5′ end
and polyadenylated at the 3′ end (12, 24). Moreover, the
promoter region of CCAT 1 contains an evolutionarily
conserved enhancer box (E-box) (25). This E-box can be
bound by c-MYC transcription factor which plays an extensive
role in the initiation and development of most cancers (25).
Furthermore, CCAT 1 consists of a short sequence at the 3′ end
called microRNA response element (MRE) that complements the
seed region or 5′ portion of certain micro-RNAs (miRNAs). It
regulates the biological function of those miRNAs by targeting
and interacting with them (26, 27) Taken together, all the
characteristics stated above allow CCAT 1 to play roles in
CRC tumorigenesis.

Isoforms: CCAT1-S and CCAT1-L
According to the GENBANK nucleotide sequence database,
CCAT 1 produces two isoforms: short isoform CCAT1-S and
long isoform CCAT1-L (28). CCAT1-S is 2,628 nucleotides long,
it was identified in colon cancer in 2012; whereas CCAT1-L is
5,200 nucleotides long, it was discovered in CRC in 2014 (12, 24).
The short isoform CCAT1-S is also referred as CCAT 1 or cancer-
associated region long noncoding RNA-5 (CARLo-5), it is named
as CCAT1-S after the long isoform CCAT1-L is discovered (12).
Same as CCAT1-S, CCAT1-L is also transcribed from 8q24,
515 kb upstream of c-MYC gene (MYC-515), a tumor type-
specific super enhancer region of c-MYC with a length of
150 kb (24). Therefore, CCAT1-L may also be identified as an
enhancer-derived RNA (eRNAs) for c-MYC (24). In addition,
CCAT1-L also contains two exons, and it is 3′-capped and 5′-
polyadenylated although eRNAs are not spliced or
polyadenylated in general (28).

The relationship between CCAT1-S and CCAT1-L and their
characteristics were further studied by Xiang et al. They found out
that there is a spatial structure overlap between CCAT1-L and
CCAT1-S in which two exons of CCAT1-L overlapped with
CCAT1-S, and reduced CCAT1-L causes an immediate
disruption of CCAT1-S (24) Therefore, CCAT1-S is suggested
to be derived from CCAT1-L and there may be a correlation
between them. In addition, both are localized in different
subcellular compartments. After transcription, CCAT1-S is
transferred to the cytoplasm whereas CCAT1-L is retained in
the nucleus, more accurately, near or at its site of transcription
(24). Moreover, CCAT1-S is highly expressed in CRC (12), gastric
cancer (13), gallbladder cancer (17), and hepatocellular cancer
(18) whereas CCAT1-L is only overexpressed in CRC (24). Recent
evidence reveals that CCAT1-L is also overexpressed in gastric
adenocarcinoma and hepatocellular carcinoma, hence CCAT1-L
is no longer specifically expressed only in CRC (29, 30).

Potential Roles of CCAT 1 in CRC
CCAT 1 is found significantly overexpressed in both early and
late stages of CRC patients (31, 32). There was a significant
differential expression of CCAT 1 in CRC tumour tissues and
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normal adjacent tissues in which CCAT 1 is upregulated in CRC
tumour tissues as compared to normal colon mucosa (32).
Current studies in Singapore showed that the expression of
CCAT 1 in patients’ tumours was hundreds of times higher as
compared to their matched normal mucosa (33). Besides, high
expression of CCAT 1 can be detected in every stage of the
mucosal adenoma-carcinoma sequence in CRC, either pre-
malignant or malignant tissues, such as benign adenomatous
polyps, primary colon adenocarcinoma including lymph nodes
and liver metastases (31). In addition to colorectal tumor tissues,
CCAT 1 is also highly expressed in peripheral bloodmononuclear
cells (PBMC) of colon cancer patients (12). Furthermore, the high
expression level of CCAT 1 can also be detected in colon cancer-
associated lymph nodes. Siddique et al. also revealed that the
plasma CCAT 1 expression in CRC patients exceeds 4.54-fold
than in normal individuals (34). Not only in tissue and plasma
samples, the expression of CCAT 1 also showed significant
differences in stool samples from CRC patients and healthy
individuals, with the former being 4.5 times higher than the
latter (35). The extremely high ratio of tumour to normal tissue
highlights that CCAT 1 is specific and these findings suggest that
CCAT 1 may be used as a screening and diagnostic biomarker for
CRC tissues. Intriguingly, Zhao et al. revealed that using CCAT
1 together with another lncRNA HOTAIR can improve CRC
screening and detect CRC at an early stage as possible. The
authors agree with the high diagnostic power of plasma CCAT 1,
with the indication of 85.3% specificity and 75.7% sensitivity (36).
Besides, Kam et al. demonstrate that thiazole orange-peptide
nucleic acid molecular beacon (TO-PNA-MB) complementary
to CCAT 1 detects CRC in human biopsies based on the FISH
method and the results showed satisfactory results in which
higher fluorescence intensity was seen in benign adenoma and
adenocarcinoma tissues as compared to their matched normal
colonic tissues (37).

Secondly, although the utility of prognostic biomarkers in a
clinical setting is less than screening and diagnostic biomarkers,
they are nevertheless useful in evaluating a patient’s likely
outcome regardless of treatment (38). A meta-analysis
demonstrated that CCAT 1 expression affects CRC patients’
clinical stage and their overall survival (OS) (39). Patients that
have high CCAT 1 expressed in CRC tissues have shorter survival
times and poorer disease-free survival (40). In addition, increased
CCAT 1 is also significantly correlated with advanced clinical
features of CRC, such as lymph node metastasis (LNM), high
tumor node metastasis (TNM) stage, differentiation,
microvascular invasion, and distant metastasis (41). In short,
CCAT 1 can be utilized as a potential prognostic biomarker to
evaluate patients’ clinical outcomes and predict their survival rate
regardless of the metastasis stage and treatment in CRC.

Strikingly, CCAT 1 can also be used to predict the therapeutic
effects of CRC patients so that a suitable and effective treatment
can be proposed. Specific targeted treatment can be restricted to
CRC patients expressing CCAT 1 (38). JQ-1 treatment is a
targeted therapy that uses bromodomain and extra-terminal
(BET) protein inhibitors to target BET proteins (42). During
the development of CRC, BET protein accumulates and binds at
super-enhancers of c-MYC, thereby activating the transcription of

c-MYC gene in a tumor type-specific and lineage-dependent
manner (43). Since CCAT 1 is situated at 500 kb upstream of
c-MYC promoter, which is the super-enhancer region of c-MYC,
it may be bound by this BET protein family (43). CCAT 1 is
significantly downregulated in CpG island methylator phenotype
positive (CIMP+) colon cancer cells upon JQ1 treatment, this
indicates that CCAT 1 is sensitive to BET inhibitors and can be
directly regulated by BET protein (43). Since CCAT 1 is sensitive
to BET inhibition and its expression predicts JQ1 sensitivity as
well as BET-mediated c-MYC regulation, it can serve as a
potential biomarker in which its expression level can help
identify patients who can well-respond and are most likely to
benefit from BET inhibitor treatment (43). Undeniably, this
patient selection strategy will be very useful in clinical trials.
However, as super enhancers cannot be detected consistently in
human tissues, CCAT 1 cannot be used as a predictive biomarker
for companion diagnostic assay (43).

In addition to screening, diagnosis and prognosis, CCAT
1 may serve as a target for onco-lncRNA targeted therapy,
which could be a promising treatment option for CRC
patients (44). Study shows that the expression of CCAT 1 can
be significantly reduced by siRNA. Downregulation of CCAT
1 upregulates the expression of cyclin dependent kinase inhibitor
1A (CDKN1A) mRNA, which regulates G1 cell cycle arrest and
leads to a reduction in colon cancer cell proliferation (14, 45)
Moreover, by knocking down CCAT 1, the malignant
characteristic of CRC cells, such as migration and invasion can
be reversed (28). For instance, the authors discovered that
Ginsenoside Rg3, an anti-cancer compound, can downregulate
CCAT 1 thereby inactivating the phosphatidylinositol 3-kinase/
protein kinase B (PI3K/AKT) pathway and eventually inhibiting
proliferation, migration and invasion of CRC cells (46).
Furthermore, downregulation of CCAT 1 also induces CRC
cell apoptosis by increasing proapoptotic protein Bcl-2-
associated X protein (BAX) expression levels via p53 signaling
pathway (47).

In brief, CCAT 1 may serve as a useful biomarker in screening,
diagnosis and prognosis of CRC; it may also serve as a target for
onco-lncRNA targeted therapy for CRC patients and facilitate in
selecting patients that can respond well to a specific treatment.
However, targeting or using CCAT 1 as a treatment approach
requires a more comprehensive knowledge of its mechanisms of
action and its biological functions in CRC, and they are described
below.

MECHANISMS OF ACTION OF
CCAT 1 IN CRC

lncRNAs are important gene expression regulators. They function
as protein scaffolds, transcription coactivators or inhibitors, and
mRNA decoys or microRNA sponges to regulate their expression
therebymodulating biological or cellular processes (48). Considering
that CCAT 1 is a lncRNA, it should also exhibit some of these
functions. Until now, there are four mechanisms of action of CCAT
1 found in cancer, however, only two mechanisms of action of
CCAT 1 are known in CRC (23). As mentioned, CCAT1-L and
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CCAT1-S are localized in different subcellular compartments, and
this leads them to exert different regulatory roles at their particular
sites of action.

Firstly, nuclear lncRNA CCAT1-L acts as an oncogene by
binding to CCCTC-binding transcription factor (CTCF), regulating
the intra-chromosomal interaction of well-studied oncoproteins
c-MYC causing CRC tumorigenesis. Whereas cytoplasmic lncRNA
CCAT1-S or CCAT 1 act as an oncogene by directly interacting with
tumor suppressive miRNAs thereby upregulating miRNA target
mRNAs translation and eventually promoting CRC proliferation,
invasion and metastasis (Figure 1) (24, 49).

CCAT1-L Forms Long Range Chromatin
Loop With the c-MYC Oncogene at the
8q24 Locus
Remarkably, there are several loci commonly found mutated in
cancer, including the 8q24 locus (50). Within chromosome
8q24, there is a segment termed “gene desert” with
approximately 3Mb long (51). This segment encompasses
single nucleotide polymorphisms (SNPs) that cause
increased susceptibility to various cancers, such as CRC,
prostate cancer, breast cancer, esophagus cancer, ovarian
cancer and pancreas cancer (52). Intriguingly, c-MYC gene
is located just a few hundred kilobases telomeric to those
mutational hot spots within this chromosome. It plays a

vital role in maintaining CRC cell identity and promoting
oncogenic transcription (51, 53). c-MYC upstream regulatory
elements such as enhancers and super-enhancers that are
located at MYC-515 regulate the transcription of c-MYC
gene in a tissue or tumor type-specific manner (54). This
super-enhancer involves maintaining the stability of
chromatin looping at MYC locus through the formation of
two chromatin loops with c-MYC promoter and a
transcriptional enhancer for c-MYC gene (MYC-335) (24).

Given that protein coding genes are rarely found in gene
desert near c-MYC, coupled with the emergence of lncRNAs,
many researchers have attempted to discover lncRNAs that
may regulate c-MYC to promote CRC tumorigenesis (54). To
date, multiple lncRNAs that regulate c-MYC gene expressions
such as CCAT 1, CCAT1-L and Colon Cancer Associated
Transcript 2 (CCAT2) have been discovered (55).
Interestingly, studies have shown that c-MYC expression in
the tumour was significantly correlated to CCAT 1 (33). As
mentioned before, CCAT1-L is transcribed from MYC-515,
therefore, this allows it to play a role in regulating local gene
expression and organizing chromatin structure (24).
Furthermore, CCAT1-L is observed accumulating in-cis at
or near its site of transcription in the nucleus (24). It can
act as a cis-regulatory element to transcriptionally activate
c-MYC by binding to it. Taken together, CCAT1-L serves as an
enhancer-derived RNA (eRNA) and chromatin regulator for

FIGURE 1 |Mechanism of action of CCAT 1 in CRC. (A) Nuclear lncRNA CCAT1-L, transcribed from distal tumor type-specific super-enhancer of c-MYC (MYC-
515), interacts with CCCTC-binding transcription factor (CTCF) subsequently mediating intra-chromosomal interaction of well-studied oncoproteins c-MYC, which plays
important role in CRC tumorigenesis. (B) Cytoplasmic lncRNA CCAT1-S or CCAT1 directly interacts with tumor suppressive miRNAs subsequently regulating miRNA
target mRNAs translation and eventually promoting colon cancer cell proliferation, invasion and metastasis.
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c-MYC by upregulating c-MYC transcription and promoting
long range chromosomal interactions at MYC locus (28).

Mechanism of Action of c-MYC
c-MYC is a tumor driving gene that was found overexpressed in
numerous cancers including CRC. It is located at ~335kb
telomeric of rs6983267 on chromosome 8q24, single
nucleotide polymorphisms (SNPs) that were found to be
associated with CRC (56, 57). Its expression is regulated by
c-MYC proto-oncogene, which gives an immediate response
after the activation of numerous ligand-membrane receptor
complexes as its location is at the intersections of many
growth-promoting signal transduction pathways (54, 56).
c-MYC oncogene is a downstream regulatory gene of the
PI3K/Akt signaling pathway, which is one of the most
important pathways in CRC, and its activation reduces cell
apoptosis and promotes cell proliferation (58, 59). c-MYC
oncogene encodes an oncoprotein called c-MYC, which is a
general transcription factor that regulates the expression of the
gene that changes the characteristics of epithelial stem cells of
colon tissues (60). As a typical transcription factor, c-MYC
oncoprotein binds to promoters of genes or recruits histone
acetyltransferases (HATs) epigenetically to regulate gene
expression (54). c-MYC regulates 15% of all genes by binding
to the enhancer box (E-box) with the sequence of 5′-CACGTG-3′
which is present in the promoter region of those genes, and this
includes CCAT 1 (61). To function, c-MYC dimerizes with a
protein called Max to form a transcriptional competent factor
complex. This complex then binds target DNA sequences or
E-boxes of target genes which are involved in cell proliferation
and growth, differentiation, apoptosis and adhesion such as
cyclin-dependent kinase 4 (CDK 4) (55). As such, c-MYC
augments their expression thereby promoting cell proliferation
and growth.

Under normal conditions, c-MYC gene expression is strictly
controlled by many transcriptional regulatory motifs that are
found within its promoter region with different mechanisms of
action (54). When chromosomal translocations and aberrant
signal transduction occur, c-MYC transcription is dysregulated,
resulting in sustained c-MYC expression and an increased level of
c-MYC transcription factor (62). Then, the increased c-MYC
binds to E-boxes of target genes to command them, enabling the
cells to grow and divide persistently, thus initiating the neoplasia
formation (54).

How CCAT 1-L Regulates c-MYC Transcription
So how does CCAT1-L regulate c-MYC transcription when it needs
to across 515 kilobases, which is such a large genomic distance? The
answer will be the formation of long-range chromatin loops, which
have been recognized to bring genes side by side to the enhancers
(63). For that reason, CCAT1-L positively regulates the expression of
MYC transcription by forming and promoting long-range
chromatin interactions between MYC and its upstream regulatory
elements (24). Xiang et al. demonstrated that CCAT1-L participates
in the first two of the three chromatin loops generated atMYC locus:
loop 1 connects c-MYC promoter to MYC-335; loop 2 connects
MYC-335 to MYC-515, loop 3 connects MYC-515 to c-MYC

promoter (24). CCAT1-L is shown to play a role in maintaining
the stability of enhancer-promoter looping at MYC locus in CRC
cancer cells by recruiting a chromatin loop forming factor called
CCCTC-binding factor (CTCF) (23). When CCAT1-L interacts
with CTCF, it promotes the chromatin interactions between the
c-MYC promoter and its upstream enhancers, thereby activating the
transcription of c-MYC. Moreover, studies reveal that in-cis
accumulation of this lncRNA further promotes c-MYC
transcription and enhances CRC tumorigenesis (24). In contrast,
knockdown of CCAT1-L decreases c-MYC expression. When
CCAT1-L is knocked down, it reduces the chromatin interactions
between c-MYC promoter and its enhancers, therefore, c-MYC
transcription will be reduced (24). Then, reduced expression of
c-MYC leads to reduced translation of c-MYC, which eventually
causes a reduction in CRC cell proliferation.

CCAT 1 Functions as a Molecular Sponge
for miRNAs
A growing number of reports suggest that both lncRNAs and
miRNAs have participated in CRC development and progression
through lncRNA-miRNA-mRNA cross talk. They act as competing
endogenous RNAs (ceRNAs) to regulate CRC cell proliferation,
differentiation and apoptosis (64,65). miRNAs are small and
highly conserved non-coding RNAs with a length of
18–24 nucleotides that regulate the translation and stability of
specific target mRNAs (66). They can either be tumor suppressor
genes or oncogenic miRNA, depending on the microenvironment in
the cells that they are expressed (66). Recent studies suggest that the
relationship between CCAT 1 and miRNAs in CRC is double
negative feedback or reciprocal repression (18). Cytoplasmic
lncRNA CCAT 1 functions as a molecular sponge or decoy for
miRNAs. It changes the biological function of miRNA at the
transcriptional level, thereby changing the expression of miRNA
target genes indirectly (18). CCAT 1 contains a binding site for
miRNAs which is the miRNA response element (MRE) at the 3′ end.
It acts as a miRNA sponge that bind to certain miRNAs to inhibit
their endogenous suppressive or oncogenic effects on their targets
(49). As a result, CCAT 1 indirectly increases the expression of
miRNA target genes (18).

Remarkably in CRC, several miRNAs are found to be the
potential targets of CCAT 1, such as miR-124, miR-490-3p, miR-
194, miR-24 and miR-181a-5p (47). However, only miR-181a-5p
has inversely correlated with CCAT 1 expression (47).
Subsequently, other studies reveal that miR-181b-5p, miR-218,
miR-410 and hsa-miR-4679 are also the functional targets of
CCAT 1. By binding and sponging these miRNAs, CCAT
1 induces the proliferation, invasion, and metastasis of CRC
cells. It also inhibits cell cycle arrest and apoptosis of CRC
cells (Table 1) (47, 49, 67–69).

FACTORS INVOLVED IN DYSREGULATION
OF CCAT 1 IN CRC

Although many studies have revealed that CCAT 1 is associated
with CRC tumorigenesis, the underlying mechanism that causes
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CCAT 1 dysregulation in CRC has not been dealt with in depth.
Many lines of evidence suggest that aberrant expression of
lncRNAs can be caused by genetic alterations as well as
epigenetic regulation. Indeed, SNPs, copy number alterations,
or mutations within the non-coding genome alter the
transcription of lncRNA (10, 70). Several SNPs are related to
the expression of cancer-associated lncRNAs including
CCAT2 and Prostate cancer-associated transcript 1 (PCAT-1)
in CRC (71, 72). In addition, SNPs in lncRNA promoter region
also modulate the expression and function of the lncRNA.
Intriguingly, Li et al. found that the presence of a SNP
rs67085638 in the 3′ UTR of CCAT 1 increases the expression
of CCAT 1 (73). Other than SNPs, genomic rearrangements such
as deletions, amplifications, or translocations within lncRNA loci
may also alter its expression (74). However, there are currently no
studies focusing on this aspect.

Dysregulation of CCAT 1 also mediated by transcriptional
regulation of key transcription factor c-MYC (44). CCAT
1 and c-MYC seem to form a double-positive feedback loop to
enhance the expression of each other. Growing evidence
indicates that the transcription of CCAT 1 can be activated
and upregulated by c-MYC (44). Overexpression of c-MYC
reciprocally augments the expression of CCAT 1 by binding
to the E-box in the promoter region of CCAT 1, consequently
accelerating the development and metastasis progress of CRC,
and vice versa (Figure 2) (44). Interestingly, oncogenic SNP
rs6983267 within the c-MYC enhancer region increase CCAT
1 expression by long-range interaction with CCAT
1 promoter region (45). In addition, studies suggest that
overexpression of CAMP responsive element binding

protein 1 (CREB1), a phosphorylation-dependent
transcription factor cause upregulation of CCAT1 (75).

Besides genetic alterations, epigenetic regulation such as DNA
methylation, gene imprinting, chromatin remodeling, histone
modification as well as non-coding RNAs regulation cause
lncRNAs dysregulation (76). Studies demonstrate that the
chromatin state of lncRNAs has been modified during diseases
and this affects the expression of lncRNAs (77). For instance, the
transcription of lncRNA maternally expressed gene 3 (MEG3) is
repressed notably in hepatocellular cancer due to
hypermethylation in its promoter region (77).

BIOLOGICAL FUNCTIONS OF CCAT
1 IN CRC

Many studies reveal that CCAT 1 promotes tumorigenesis in
CRC by different mechanisms of action. As stated above,
knockdown of CCAT 1 reduces colon cancer cell proliferation,
reverses CRC cell invasion andmetastasis, and improves CRC cell
apoptosis (28, 45, 47). All these results indicate that CCAT 1 does
exhibit oncogenic activities in CRC.

Thus, how CCAT 1 facilitates tumorigenesis in CRC? Current
studies suggest that CCAT 1 induces CRC cell proliferation
through upregulating oncoproteins c-MYC and oncogenic
mRNA tumor suppressor candidate 3 (TUSC3), the target of
miR-181b-5p in CRC cells (24, 49); enhances glucose metabolism
to provide energy supply for the growth of colon cancer cells (78);
facilitates CRC cell migration and invasion through accelerating
EMT process and negatively modulate miR-218 as well as hsa-

TABLE 1 | miRNAs in CRC that are functional targets of CCAT 1

miRNA Types of
miRNA

Expression
in CRC

Experimentally validated microRNA
targets

Functions Ref.

miR-181a-5p Tumor
suppressor

Low P53 Suppress cell proliferation, mobility and invasion, and
promote cell apoptosis

(47)

miR-181b-5p Tumor
suppressor

Low Tumor suppressor candidate 3 (TUSC3) Suppress cell proliferation, migration and invasion (49)

miR-218 Tumor
suppressor

Low Vascular endothelial growth factor (VEGF) Inhibit cell viability, promote apoptosis and reduce VEGF
expression

(67)

miR-410 Tumor
suppressor

Low Inositol-Trisphosphate 3-Kinase B (ITPKB) Suppress cell proliferation, migration and invasion,
promote apoptosis

(68)

hsa-miR-4679 Tumor
suppressor

Low Guanine nucleotide-binding protein, gamma
10 (GNG10)

Suppress cell proliferation, migration and invasion,
promote apoptosis

(69)

FIGURE 2 | c-Myc dimerizes with a protein called Max to form a transcriptional competent factor complex, this complex then binds the enhancer box (E-box) of
CCAT1 at the promoter region thereby augmenting the expression of CCAT1.
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miR-4679 (67, 69), and lastly inhibits colon cancer cell apoptosis
by sponging miR-181a-5p (Table 2) (47).

CCAT 1 Promotes CRC Cell Proliferation
CCAT1-L promotes CRC cell proliferation via upregulation of
c-MYC transcription factor, which has been discussed previously
(24). Furthermore, CCAT 1 also promotes CRC cell proliferation
through an axis called CCAT1/miR-181b-5p/TUSC3 (49). By
sponging miR-181b-5p in CRC cells, CCAT 1 positively regulates
the expression of TUSC3 which in turn promote proliferation,
migration, invasion, and accelerates tumor growth (49). CCAT
1 upregulates the glycolytic pathway in colon cancer cells by
increasing the expression levels of glycolysis rate-limiting
enzymes in colon cancer cells and promoting lactic acid
production (78). This action provides energy supply for the
proliferation of colon cancer cells as malignant tumors
primarily rely on the glycolytic pathway for energy supply
(78). Cui et al. also show that high glucose levels or
hyperglycemia enhance the oncogenic effect of CCAT 1 on
colon cancer cell proliferation, anti-apoptotic and migration (78).

CCAT 1 Facilitates CRC Cell Migration and
Invasion
Evidence reveals that CCAT 1 facilitates the migration and
invasion of colon cancer cells by accelerating epithelial-
mesenchymal transition (EMT) process, in which the tight
junctions between epithelial cells undergo dissolution, the
polarity between apical and basal domains of epithelial cells
are disrupted, and the cytoskeletal reorganized abnormally (79,
80). EMT process enables cancer cells to achieve invasive
and migrative abilities so that they can isolate from primary
tumor to invade and metastasize to distant organs such as the
liver (79, 80). In CRC, CCAT 1 expression is associated with
the expression of EMT markers, which are N-cadherin and
E-cadherin (79). N-cadherin is a mesenchymal marker of the
EMT while E-cadherin is an epithelial marker expressed in most
normal epithelial tissues (81). When CCAT 1 is overexpressed,
the expression of E-cadherin is downregulated whereas the
expression of critical indicators of EMT including N-cadherin
and vimentin is upregulated (82). This suggests that CCAT 1may
mediate CRC cell migration and invasion by accelerating EMT
process.

Besides, overexpression of CCAT 1 can increase vascular
endothelial growth factor (VEGF) expression by sponging
miR-218, leading to an increase in CRC cell viability,

proliferation, migration and invasion (67). MiR-218 has been
suggested to inhibit the expression of VEGF that promotes
angiogenesis, which is essential for cancer development and
growth (67, 83). The study demonstrates that CCAT 1 and
miR-218 have complementary binding sites. CCAT 1 can
directly bind to miR-218 to inhibit its suppressive role on
VEGF, thereby promoting CRC cell migration, invasion and
viability (67).

A recent study demonstrates that CCAT 1 promotes
progression of CRC via interaction between hsa-miR-4679 and
GNG10 (69). GNG10 is a subunit of G-protein and was
previously shown to have a potential role in melanoma
tumorigenesis (84). In CRC, GNG10 was highly expressed
whereas hsa-miR-4679 has low expression (69). By sponging
tumor suppressor hsa-miR-4679, CCAT 1 upregulates
GNG10 expression leading to CRC cell migration and invasion.

CCAT 1 Inhibits CRC Cell Apoptosis
CCAT 1 acts as competing endogenous RNAs (ceRNAs) to
regulate tumor suppressors and apoptosis signaling pathways
in CRC. For instance, CCAT 1 serves as a miRNA sponge for
tumor suppressive miR-181a-5p that regulates the expression of
apoptosis-related proteins BAX and B-cell lymphoma-2 (BCL-2)
which are involved in the p53 signaling pathway and
subsequently affect the proliferation of CRC cells (47). As
CCAT 1 contains MRE that captures miR-181a-5p, it plays a
tumor promoter role by binding to miR-181a-5p and abating the
effect of miR-181a-5p on its own target pro-apoptotic protein
BAX in CRC cells (47). As such, the expression level of BAX
proteins reduces, leading to a reduction in CRC cell apoptosis
(47). In opposite, the downregulation of CCAT 1 or upregulation
of miR-181a-5p increases the expression levels of BAX via the
p53 signaling pathway, resulting in accelerated CRC cell
apoptosis (47).

ROLES OF CCAT 1 IN RESISTANCE TO
CHEMOTHERAPY

Besides surgery, traditional chemotherapy drugs and advanced
molecular target therapy are important means to destroy cancer
cells, they can be used to manage patients with primary and
metastatic CRC (85). However, the treatment of CRC has been
challenging because it is a molecularly heterogeneous disease in
which the tumors harbor distinct molecular features with different
levels of sensitivity to treatments (86). Moreover, all malignant colon

TABLE 2 | Biological functions of CCAT1 in CRC.

Function CCAT1 promotes CRC cell proliferation CCAT1 facilitates CRC cell migration and
invasion

CCAT1 inhibits CRC cell apoptosis

Mechanism of
action

CCAT1 upregulates glycolytic pathway in colon
cancer cells

CCAT1 sponges hsa-miR-4679 thereby
upregulating GNG10

CCAT1 sponges miR-181a-5p thereby
downregulating proapoptotic protein BAX

CCAT1 sponges miR-181b-5p thereby upregulating
Tumor Suppressor Candidate 3 (TUSC3)

CCAT1 sponges miR-218 thereby upregulating
vascular endothelial growth factor (VEGF)

CCAT1 upregulates c-MYC transcription factor CCAT1 accelerates EMT process
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cells manifest chemotherapy-related resistance (87). Therefore, in
some cases, chemotherapy alone can hardly provide a complete cure,
and this brings up a critical problem (87).

5-fluorouracil (5-FU) is the first-line chemotherapy for CRC
patients. It is a synthetic fluorinated pyrimidine analogue that can
interfere with DNA synthesis by irreversibly inhibiting the action
of thymidylate synthase or incorporating its metabolites into
DNA, thus leading to DNA damage and cell death (88).
However, it is found that CRC patients often develop
resistance to 5-FU-based chemotherapies, and this leads to a
poor prognosis for patients. A recent study shows that nearly half
of the patients that have metastatic CRC are resistant to 5-FU-
based chemotherapies, therefore, finding out the resistance
mechanisms is of upmost important (22). Chun Yang et al.
demonstrate that downregulation of CCAT 1 significantly
reverses the drug resistance of 5-FU-resistant colonic
neoplasm cell lines by accelerating cell apoptosis (22).
Although the underlying mechanism remains unclear, it
provides a new direction for colon cancer treatment.

Another strong chemotherapy drug used to treat CRC patients is
paclitaxel (PTX) (89). PTX exerts anti-tumor functions by inhibiting
CRC cell proliferation through cell cycle arrest and preventing
angiogenic features of endothelial cells (89). Fascin Actin-
Bundling Protein 1 (FSCN1), which is the functional target of
miR-24-3p, plays a key role in miR-24-3p-mediated sensitivity to
paclitaxel (90). FSCN1 is an actin binding protein, it promotes cell
migration, adhesion, invasion through EMT process, and its
expression reduces the chemosensitivity of cancer cells to
paclitaxel (91). CCAT 1 enhances chemoresistance of CRC
cancer cells to PTX by regulating the expression of miR-24-3p as
well as the expression of FSCN1 (90). CCAT 1 negatively modulates
the expression of miR-24-3p to elevate the expression of FSCN
1mRNA, leading to increased chemoresistance of CRC cells to PTX.
Interestingly, the presence of the SNP rs67085638 in the CCAT 1 3′
UTR region increases the expression of CCAT 1 and enhances the
chemoresistance to PTX in CRC cells (90). Nonetheless,
downregulation of CCAT 1 can significantly restore the

sensitivity of colon cancer cells to PTX (90). This highlights that
CCAT 1 may be the hope in future therapeutic approaches in CRC.

CONCLUSION

CCAT 1 is a pivotal oncogenic lncRNA that may serve as a potential
biomarker in the screening, diagnosis, prognosis, and treatment of
CRC. All in all, the development of reliable diagnostic assays and
effective therapeutic methods will be facilitated by a better knowledge
of the roles of CCAT1 in CRC including its interaction withmiRNAs,
and this could significantly improve the long-term survival rate of
CRC patients and reduce CRC morbidity and mortality. However,
even though several studies have looked at the mechanisms of action
of CCAT 1 in CRC, the factors that cause dysregulation of CCAT 1 in
CRC are still not well understood.Moreover, there has been very little
discussion about the underlying mechanism that causes CCAT
1 dysregulation in CRC, particularly epigenetic regulation. Other
than that, many functional targets still have not been proven to
correlate with CCAT 1 expression in colorectal cancer. Therefore it is
likely to be some time before CCAT 1 can be clinically used as a
biomarker in CRC. Further exploration is required to allow gaps in
our current knowledge to be filled and for research in this area to
progress further.
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