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ABSTRACT

Colorectal cancer (CRC) is a universal health challenge worldwide. It attracted a lot of extensive
research efforts to discover its molecular mechanisms and to find new prognostic markers and therapeutic
targets. CRC influenced by various genetic and molecular factors, including the expression of different
types of RNAs. Of these, the long non-coding RNAs (IncRNAs) which have recently become a key
family of genes. LncRNA can mediate many cellular processes of tumorigenesis, progression and
metastasis of CRC. Their expression was related to CRC patient outcomes which made them helpful
biomarkers.
Recently, the idea of competitive endogenous RNA (CeRNA) networks was proposed. In these networks,
IncRNAs interact with microRNAs (miRNASs) in a competitive manner to control some protein coding
genes expression. Like many cancers, this idea was validated in CRC. These networks included INCRNAs-
miRNAs-target mRNAs axes. Although these networks are complicated, they offer possible ways to
intervene diagnostically and therapeutically.
This review concludes insightful information addressing a list of the IncRNA-based networks and
describe how they affect CRC biology and development. Understanding these networks may identify new
theranostic targets which may enhance CRC patient management.
Moreover, the gate is still open for further investigation into the molecular mechanisms underlying
IncRNA-mediated regulation in CRC. New tactics might be available by focusing on dysregulated
IncRNAs or their downstream effectors. In CRC, these tactics may enhance patient survival and clinical
results.

Key Words: Colorectal cancer (CRC); competitive endogenous RNA (CeRNA); long non-coding RNA; micro-
RNA; CeRNA network.

1. INTRODUCTION
Colorectal cancer is considered the third most common disease that causes death. In 2018, more than
861,000 mortality cases were reported, while 1.8 million new cases (1). Although the last few years have
seen significant advancements in CRC detection and treatment, CRC patients still have poor prognosis
and a high death rate because of metastasis and cancer stemness (2).
Colorectal cancer (CRC) starts as benign polyps. Without treatment, they become malignant tumors.
Epithelial cells lining the colon or rectum cause the disease (3). Several factors influence the risk of
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colorectal cancer. They are age, family history, and certain genetic abnormalities. People over 50 are
more vulnerable. Recent trends show a rise in cases among younger adults (4). Lynch syndrome and
familial adenomatous polyposis (FAP) have a connection. These inherited illnesses cause 5-10% of
colorectal cancer (CRC) cases. Also, DNA mismatch repair (MMR) system defects cause microsatellite
instability (MSI). It occurs in about 15% of colorectal tumors (5).

Non-protein coding RNAs were discovered in the last few decades. They have a crucial role in cells and
human disease. Of those molecules, the long non-coding-RNA (Inc-RNA) are a type of RNA. They are
longer than other non-coding RNAs. Many studies had validated the regulatory function/s for these
IncRNAs. It was found to play a key role in cellular processes. These include proliferation, apoptosis, and
invasion. It then affects the development of many diseases, including cancer. More precisely, researchers
have proven the biology of noncoding RNAs in CRC to be either a therapeutic approach or a diagnostic
approach (6,7,8,9,10,11).

Many Inc-RNAs have an identified role in CRC. They are also involved in the network that regulates
CRC's development and progression. Scientists have reported the importance of these ceRNA networks.
They compete in CRC-related pathways, such as Wnt/-catenin. These new competitive RNA networks
contain miRNA, mRNA, and IncRNA. The Inc-RNA mediates CRC cells' growth, invasion, and
metastasis. In addition, competitive endogenous RNA ceRNA crosstalk links to the development of
resistance (chemo/radio-resistance) in CRC. Therefore, understanding the ceRNA and the role of each
member in these networks can solve many puzzles. They are about CRC progression and therapy. Here,
we list some of the key Inc-RNA players and the potential role played by each one in CRC. Any
researcher interested in gathering the major role of the major Inc-RNA in CRC theragnostic may find this
review helpful.

1.1. LncRNA in CRC:

LncRNAs, are transcript that are more than 200 nucleotides in length (12). Many types of cancer cells
express LncRNAs, which play a role in the development of some cancer signs (13). LncRNAs influence
gene expression in many ways. They are involved in chromatin, transcription, and post-transcription. In
terms of chromatin modification, INcRNAs interact with chromatin remodeling complexes. They make
heterochromatin at some genomic locations. This reduces gene expression. Also, IncRNAs affect
transcription. They do this by interacting with RNA-binding proteins and transcription factors'
coactivators or, by changing the main regulators of their target genes. LncRNAs have a structure that lets
them interact with DNA, mRNAs, ncRNAs, and proteins. They affect molecules like signals, decoys,
scaffolds, and guides in processes related to cancer (14,15). Previous research found that IncRNAs mainly
signal in key CRC-related pathways. They also act as scaffold guides to trick CRC-specific proteins.
Furthermore, IncRNAs are commonly engaged in many phases of CRC, ranging from precancerous
polyps to metastatic disease, and might be used as effective diagnostic biomarkers (16,17).

1.2. MicroRNAs as regulators for cellular proteins:

MiRNAs are short, endogenous RNAs. They are 23 nt long. It is well known that they bind to miRNA
recognition elements (MRES) in protein-coding mRNAs via partial complementarity (18). MREs are
often in 5' untranslated regions (5'UTRs), coding sequences (CDS), and, especially, 3'UTRs of RNA
transcripts such as ncRNA and mRNA. Mature miRNAs direct miR-RISC to MREs which triggers
MRNA instability or posttranslational suppression. These events mediate gene expression suppression
(19). Matching miRNA nucleotides 2-8 to the targeted mRNA's 3'UTR is vital. This is what a target
prediction approach does (18). Each miRNA can target several MREs. They silence hundreds of
transcripts. About 60% of mammalian protein-coding genes are possible miRNA targets. This miRNA-
mMRNA interaction highlights potential relevance to diseases including cancer (20,21). This interaction
also reflects the RNA communication in mammalian cells.
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1.3. Competing endogenous RNA network (CeRNA) regulate CRC cellular function:
Seitz postulated (2009) said that many RNA transcripts with MREs act as competitive inhibitors of
miRNA. The term "miRNA sponges" identifies them." They affect miRNA production and function by
competing for miRNA binding sites with native mRNAs (22). Experiments proved the idea that
noncoding 3'UTR segment suppressed miRNA activity. It did this by serving as a miRNA sponge (23).
Selmena (2011) suggested the competitive endogenous RNA theory (21). They hypothesized that non-
coding RNA (ncRNAs), like IncRNAs, compete for miRNA binding sites. They do this via partial
homology. They called these ceRNAs, based on ncRNAs. This interaction causes a drop in miRNA levels
and subsequently reduces miRNA activity. The ceRNA logic was unique. Researchers have verified
Herpes virus noncoding RNA. The RNA manipulates host-cell gene expression by binding to mature
miR-27 (24). Also, the ceRNA system's efficacy depends on the amounts of ceRNA transcripts. More
competition and ceRNA changes are crucial. They can boost or cut the target genes by the effective
miRNAs. Thus, the new idea is that miRNAs may be more sensitive to degradation and regulation in
cancer cells. This is due to interactions with produced ncRNAs, especially INcRNAs. These ncRNAs
influence the expression of critical cancer-related genes. Data from bioinformatics showed that most
cancer-related IncRNAs affect other the expression of other genes in the human genome. This confirms
the presence of INCRNA-miRNA-mRNA logic in cancers. For instance, Wang et al. discovered the
IncRNA-associated ceRNA mechanism in liver cancer. In this mechanism, IncRNA HULC acts as a
sponge for miR-372. This hinders miR-372's activities and lowers PRKACB repression (25). More
research showed that IncRNA's ceRNA pathway is important. It plays a role in the development of
cancers like colon, breast, and ovarian. Here, we focus on the recently discovered IncRNA/ceRNA
pathways as colorectal cancer hallmarks.

2. Examples for Lnc-RNA-based molecular networks and effect on CRC

2.1. LncRNA DCST1-AS1, hsa-miR-582-5p, and HMGBL1 axis controls CRC progression.

Many studies have connected HMGB1 (High mobility group box 1) to the development of tumours. In
colorectal cancer, HMGB1 promotes the growth and spread of cancer cells by acting as a tumor-
promoting factor. HMGB1 expression was associated with cancer spread (27,28). Therefore, HMGB1
was reported as a good diagnostic marker (29). Moreover, many evidences showed that IncRNA, DCST1-
AS1, is involved in cancer development. For example, in CRC cells, INCRNA-DCST1-ASL1 is needed for
the growth, migration, and invasion. CRC cell lines expressed the IncRNA-DCST1-AS1 at a higher level
than normal human colonic epithelial cells reflecting its potential oncogenic role. In addition, patients
with high levels of INcRNA DCST1-AS1 were likely to have a bad prognosis and lower survival rate for
CRC patients (26).

MiR-582-5p functions as a tumour suppressor in a variety of malignant tumours, inhibiting the growth
and start of tumours. MiR-582-5p controls CRC cell proliferation and migration (30,31). Researchers
proved that hsa-miR-582-5p expression controls the expression of HMGB1 in CRC (32).

Additionally, researchers discovered that hsa-miR-582-5p is a binding partner of the IncRNA DCST1-
AS1. LncRNA DCST1-AS1 increases HMGB1 expression. This encourages CRC cell aggressiveness by
suppressing hsa-miR-582-5p. It is now accepted Inc-RNA DCST1-AS1/hsa-miR-582-5p/HMGB1 axis is
controlling the malignant phenotype of CRC cells (26).

2.2. IncRNA FALEC mediates CRC by controlling the miR-2116-3p/PIWIL1 pathway.

Researchers demonstrated that CRC cell lines exhibited abnormal and strong expression of FALEC
(33, 34, 35). Tissue specificity could explain the various occurrences. Some research groups showed that
FALEC is the factor that works downstream of FALEC in CRC. Other research groups found a close link
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between FALEC and miR-2116-3p. They proved that blocking miR-2116-3p (36) may reduce FALEC's
oncogenic effects in CRC.

By using the TargetScan database, it was determined that PIWIL1 was the putative downstream target of
miR-2116-3p. Jian and his group confirmed that miR-2116-3p and PIWIL1 interact. This group found
that miR-2116-3p may regulate PIWIL1 in colorectal cancer. They ran rescue tests and discovered that
PIWIL1 overexpression countered the effects of FALEC knockdown. This happened in both in vitro and
in vivo. It suggested that FALEC mediates CRC by controlling the miR-2116-3p/PIWIL1 axis (36).

2.3.LncRNA FTX controls the miRNA-590-5p/RBPJ axis, which increases CRC cells' migration
and invasion.

LncRNA FTX may accelerate the development of many disorders through sponging miRNAs (37, 38).
Different results suggest that FTX plays an oncogenic role in CRC carcinogenesis. Researchers found an
increase in FTX levels in CRC tissues and cells. Recently, silencing FTX impeded the invasion,
migration, and proliferation of CRC cells (39). Also, researchers found that FTX mediates CRC
carcinogenesis by sponging the downstream target, miR-590-5p. MiR-590 was supposed to target RBPJ,
a transcription factor. Researchers know that RBPJ affects cellular development and carcinogenesis,
including CRC (40).

2.4. LncRNA SNHGS6 acts as a sponge for miR-26a/b and miR-214, which in turn affects the
expression of EZH2 in colorectal cancer.

The research looked at the roles of SNHG6 in CRC. It found INncRNAs that are expressed abnormally
in CRC by analyzing the TCGA database. Furthermore, poor prognosis and CRC development were
indicated by increased SNHG6 expression. Functional tests showed that SNHG6 markedly increased
CRC metastasis and growth in both in vitro and in vivo. It was discovered that SP1 activation and DNA
copy number increases caused an elevation of SNHG6 expression in CRC tissues and cells. This group
discovered that SNHG6 works in the cytoplasm as a molecular sponge of miR-26a, miR-26b, and miR-
214. It may promote cancer by controlling EZH2. EZH2 is a common target of these microRNAs (41).
Chromosome 8g13, a genetic region that is often amplified in colorectal cancer, is home to SNHG6.
Remarkably, they also discovered that SNHG6 might absorb miR-26a/b. Li and his team in 2018 found
that higher SNHG6 expression (42) predicted a poor prognosis in CRC. Many cancer forms, including
colorectal cancer (CRC), have high levels of EZH2 expression. Overexpression of EZH2 is associated
with advanced disease stages and a bad prognosis (43, 44, 45, 46, 47).

Researchers showed that SNHGG6 could control EZH2 expression. It does this by binding miR-26a, miR-
26b, and miR-214 in competition. The results suggested that EZH2 and its targets were linked to
SNHG6's cancer-causing functions in colorectal cancer (41).

Tumor progression and a low prognosis have been linked to elevated expression of SNHG6. By
regulating EZH2 and its targets like a molecular sponge, SNHG6 aided in the development and metastasis
of CRC cells. According to these findings, researchers concluded that SNHG6 might be a useful
biomarker. It might also be a cutting-edge target for CRC treatment (41).

2.5. LncRNA CCAT1 mediates CRC by altering the expression of miR-181a-5p.

Different studies showed CCAT1 expression was much higher in CRC patients than in non-CRC
patients (48, 49, 50). Notably, overexpressing CCAT1 by force made CRC cells (49) more aggressive and
prone to growth. In addition, Kam and his group (2014) demonstrated that CCAT1 was exclusively
expressed in CRC tissues as opposed to normal tissues (51).

In CRC tissues and cell lines, CCAT1 downregulation or miR-181a-5p overexpression inhibited the
growth, movement, and invasion of CRC cells. the proliferation, migration, and invasion of CRC cells
were inhibited by CCAT1 downregulation or miR-181a-5p overexpression. Similar to how
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downregulating CCATL1 or upregulating miR-181a-5p promoted cell death, CCAT1 silencing was shown
to decrease tumour growth in vivo in nude mice (52).

Knocking down CCATL1 reduced the aggressiveness and growth of CRC cells. It did this by targeting
miR-181a-5p. Also, by changing the p53 protein, CRC cell apoptosis was sped up. This happened by
lowering CCAT1 or raising miR-181a-5p. These findings provide insight into a potential CRC treatment
plan. More functions of CCAT1 need to be investigated, though, as several tumor-associated proteins are
possible targets of CCAT1 and miR-181a-5p (52).

2.6. LncRNA HOXA-AS3 promotes CRC pathogenesis by regulating the miR-4319/SPNS2 axis.
LncRNA HOXA-AS3, locates in the HOXA gene cluster, is a recently identified long non-coding
RNA (IncRNA). It plays a crucial role in cancer development (53) as its depletion is associated with slow
cancer cell growth, movement, and invasion. HOXA-AS3 is oncogenic in many human cancers, including
glioma (54, 55) Researchers found that HOXA-AS3 is more active in clinical samples and CRC cell lines
of colorectal cancer (CRC) which propose HOXA-AS3 as a promising treatment for CRC (56).
Jiang and his team showed that reducing HOXA-AS3 raised miR-4319 levels. It also lowered SPNS2
levels in CRC cells. Furthermore, the dual luciferase reporter assay confirmed that HOXA-AS3 acted as a
sponge for miR-4319. This miR-4319 was reported as a tumor suppressor in various cancers. Studies
found that HOXA-AS3 targets SPNS2 to change its expression. This happens during CRC progression.
These findings shed light on the complex rules that cause CRC. HOXA-AS3, miR-4319, and SPNS2
construct one of the axes which control these rules (56).

2.7. LncRNA MCF2L-AS1 restricts miR-874-3p and increases the expression of CCNE1 and
control the aggressiveness of colorectal cancer.

Long non-coding RNA MCF2L-AS1 (MCF2L Antisense RNA 1) has been implicated in the
development of colorectal cancer via controlling gene expression. MCF2L-AS1 was reported to play an
oncogenic function in the development of CRC. Pastushenko and his team (2019) did loss-of-function
experiments. They found that CRC cells can't grow, migrate, or invade. Additionally, they found that
MCF2L-AS1 knockdown increases apoptosis (57). Also, MCF2L-AS1 impacted EMT progression. Its
downregulation suppressed N-cadherin and vimentin and overexpressed E-cadherin. This suggests that
MCF2L-AS1 knockdown reduced the progression of EMT (58).

The results of this study suggest that MCF2L-AS1 may be a candidate biomarker for CRC patients. It
could help with diagnosis and prognosis. Nevertheless, the sample size is modest, and larger clinical trials
are required to confirm our findings (58).

MCF2L-AS1 functions as a cytoplasmic ceRNA for miR-874-3p and sponged miR-874-3p.
Overexpression of MiR-874-3p suppresses MCF2L-AS1 expression. Knocking down MCF2L-AS1
enhances miR-874-3p expression in CRC cells. This supports these findings. The results showed that
MCF2L-AS1 can soak up miR-874-3p. This speeds up colorectal cancer (58).

2.8. LncRNA NEAT1 controls CRC progression by modulating the miR-205-5p/VEGFA axis.
Involvement of IncRNA NEATL1 in various biological processes was reported recently (59, 60).
NEAT1 levels were increased in colorectal cancer (CRC) cells. Lowering NEAT1 reduced CRC cell
growth, movement, and invasion. These findings suggest that NEAT1 functions as an oncogenic factor in
CRC. Moreover, NEATL1 helps tumors grow in CRC and other cancers. This underscores its importance
in cancer progression (61, 62).
Downregulation of miR-205-5p in colorectal cancer (CRC) cells was also recently reported. Previous
research has established that NEAT1 serves as a target for miR-205-5p. In CRC cells, there is a functional
association between miR-205-5p and NEATL1. Furthermore, the capability of NEAT1 to counteract the
biological effects mediated by miR-205-5p in CRC cells was confirmed (63).
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Knocking down VEGFA yielded analogous outcomes to those observed with miR-205-5p, indicating a
similar impact on CRC cell growth, migration, and invasion. Either NEAT1 downregulation or miR-205-
5p overexpression resulted in clear inhibition of VEGFA expression in CRC cells. This validates the idea
that INCRNA NEAT1 regulates VEGFA expression by sequestering miR-205-5p, thereby modulating
CRC progression (63).

2.9. LncRNA RP11-400N13.3 mediates colorectal cancer by modifying the miR-4722-3p/P2RY8
axis.

Prior research has linked aberrant N13.3 expression to the advancement of cancer (64, 65). It was
found that CRC cancer tissues had much higher N13.3 expression than the equivalent normal tissues. The
same was true in CRC cell lines. Also, CRC patients with high N13.3 had a low survival rate. These
findings suggested a close relationship between the expression level of N13.3 and the prognosis of CRC
patients (66).

Functional tests were carried out in vitro and in vivo to determine the involvement of N13.3 in CRC.
N13.3 KD reduced colony formation, migration, and proliferation. It also cut invasion capacities and
raised cell apoptosis. Such an effect was reversed by upregulating N13.3 expression. We also showed that
the knockdown of N13.3 inhibited tumor growth. Therefore, our results suggest that N13.3 contributes to
CRC carcinogenesis (66).

Using the NONCODE database analysis, researchers found miR-4722-3p as a possible target of N13.3.
which was validated mechanistically. N13.3 overexpression greatly reversed the inhibition of CRC cell
growth. It also reversed the inhibition of colony formation, migration, and invasion. These inhibitions
were caused by miR-4722-3p overexpression. When HT-29 cells were transfected with miR-4722-3p,
they exhibited this negative regulation, which was counteracted by N13.3 knockdown. This finding
demonstrated that miR-4722-3p might be sponged by N13.3 in CRC (66). Finally, they proved that the
N13.3/miR-4722-3p/P2RY8 axis plays a role in the progression of colorectal cancer (CRC), which may
provide new information on the diagnosis and therapy of CRC (66).

2.10. LncRNA RP11-757G1.5 enhances growth and spread of CRC by sponging miR-139-5p which
causes the overexpression of YAP1

RP11-757G1.5, a new IncRNA, was shown to be significantly expressed in CRC tissues and cell lines
compared with non-cancer tissues. The subdual of RP11-757G1.5 significantly reduced CRC growth,
invasion, and movement in tests that turned off the gene (67).
RP11-757G1.5 overexpression increased PCNA and Cyclin D1, which boosted cell division. It also
increased N- and E-cadherin to improve cell metastasis. Deregulation of RP11-757G1.5 was shown to
inhibit cell infiltration and accretion in CRC xenografts in vivo. RP11-757G1.5 was a potential candidate
oncogene. Its overexpression promoted hepatic and splenic metastases (67).
Recently, Zhu and his team introduced a novel ceRNA network, which is made up of RP11-
757G1.5/miR-139-5p/YAPL. This is merely the tip of the iceberg; however, they believe that RP11-
IncRNA still has many downstream targets, so more exact mechanisms still warrant investigation (67).

2.11. LncRNA TDRG1 causes the stemness of CRC by increasing PRKAR?2 via targeting miR-873-
5p

The deficiency of PRKAR2 has been reported to promote hematopoietic malignancies in vivo (68) and
protect mice from experimental colitis by increasing IFN-stimulated expression and modulating the
microbiota in the intestine suggesting that PRKAR2 is critical for tissue development (69).
It is noteworthy that prior research has demonstrated that miR-873-5p targets TDRG1 in NSCLC cells.
That, when four possible targets of miR-873-5p were identified using available datasets (condition:
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common elements of microT, RNA22, and Targetscan), each of them showed a drop in mRNA
expression in CRC cells that had overexpressed miR-873-5p (70).

In a trial to find out the target for miR-873-5p, researchers found that it targets TDRG1 in CRC cells.
However, Hong and his team (2022) proved that PRKAR2 functions as a downstream effector of the
TDRG1/miR-873-5p axis. That was validated this as it showed the greatest rise in CRC cells after miR-
873-5p overexpression compared to other genes. They also observed that PRKAR2 and miR-873-5p had
partially reversed the effects of TDRG1 on CRC stemness (70). Together with the fact that IncRNA-
TDRGL1 binds to miR-873-5p in a competitive manner, they proposed the ceRNA for PRKAR2-TDR-
miR-873-5p in CRC cells controlling CRC stemness (70).

2.12. Long non-coding RNA, ZFPM2 AS1, promotes the growth of CRC via ensharing miR-137,
which modifies the activity of TRIM24.

ZFPM2-ASL1 expression was elevated in human CRC tissues and its expression levels was related to
the clinical attributes. The study indicated that ZFPM2-AS1 is essential for the invasion, migration, and
multiplication of CRC cells. A strong correlation between TNM stage, histological differentiation, and
tumour size with ZFPM2-AS1 expression levels was reported. Therefore, it was believed that ZFPM2-
AS1 had an oncogenic role in CRC. Its KD decreased the in vitro migration (72).

Balaguer and others found that ZFPM2-AS1 act as a target for miR-137 which is known to prevent the
cancerous CRC phenotype (71). Finally, they revealed that the ZFPM2-AS1/miR-137/TRIM24 axis could
control the development of CRC (72).

2.13. RP11-5106.1 promotes colorectal cancer by increasing YAP1 through sponging miR-206.
RP11-5106.1 can boost the growth, movement, and invasion of CRC cells. Its effect was related to its

subcellular location, which controls its activity. Overexpression of RP11-5106.1 can undo the inhibitory

effect of YAP1 on CRC cell invasion and proliferation (73).

But miR-206 was found abundant and highly expressed in CRC. It was involved in ceRNA action

mechanism. A research group discovered a molecular model in which CRC is promoted via the RP11-

5106.1/miR-206/YAP1 axis (73).

2.14. LncRNA FENDRR interacts with Sox2 RNA to prevent colorectal cancer (CRC) cells'
stemness.

The low FENDRR expression in spheres suggested that FENDRR can inhibit the stem cells of CRC.

Experimentally, this was shown with CRC cells (74). FENDRR acts as a molecular sponge to regulate
CRC. It does this by interacting with miR-18a-5p. FENDRR raises ING4's expression while suppressing
CRC (75).
Sox2 mRNA is crucial for stemness. It is affected by IncRNA FENDRR. This leads to decreased
expression and stability. FENDR affected Sox2 mRNA is similar to the regulation mechanism of
miRNAs on transcripts; this is confirmed by their interaction. The mechanism explained by which
FENDRR suppresses cancer stem cell (CSC)-like characteristics in CRC. FENDRR confirmed
suppressing Sox4 protein expression (74).

2.15. LncRNA SNHG20 promotes the proliferation, migration, and invasion of colorectal cancer
cells by modifying the miR-495/STAT3 axis.

High expression of SNHG20 has been linked to CRC tissues and has been implicated in the initiation
and progression of CRC. Experimentally silencing SNHG20 with interfering RNAs slows CRC growth
and spread in animals. Additionally, it halted the proliferation, migration, and invasion of CRC cells in
vitro (76, 77).
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Yan and his colleagues (2017) found lower levels of miR-495 in CRC tissues and cell lines compared to
their normal counterparts. Overexpression of miR-495 slowed the growth of CRC cells. It also obstructed
their colony formation, migration, and invasion (78). MiR-495 has been implicated in the development
and progression of various tumors, including CRC (79).

In silico predictions suggested that miR-495 could bind to SNHG20 (78). This shows the finding that
SNHG20 increases STAT3 expression. It shows its role as a competing endogenous RNA (ceRNA) in
CRC progression (77).

2.16. LncRNA ABHD11-AS1 controls the miR-133a/SOX4 axis, which promotes the growth of
CRC.

High ABHD11-AS1 expression was proposed as a useful prognostic marker for CRC patients. This
shows its oncogenic role in the same cancer (80). Knock-down-based depletion of ABHD11-AS1
inhibited CRC cell proliferation and invasion in vitro and in vivo. These results proved its role in CRC
carcinogenesis (81) as well as its role in malignancies (82, 83).

ABHD11-AS1 was also reported in sponge miR-133a. It is known to target SOX4. This forms a ceRNA
involved in the growth and spread of CRC. These findings propose that network members are a potential
therapeutic target for managing colorectal cancer (80).

3. CONCLUSION

CRC biology is complex. Recently, the idea of competitive endogenous RNA (CeRNA) networks was
proposed. In these networks, long noncoding RNAs (IncRNAs) bind to microRNAs (miRNAS) in a
competitive manner to control some genes expression. This idea was proposed for cancers, including
CRC. It involves a network of IncRNAs, miRNAs, and target mRNAs. Although these networks are
complicated, they offer possible ways to intervene diagnostically and therapeutically. This review offers
insightful information addressing a list of the IncRNA-based networks and how they affect CRC.
Understanding these networks may identify new theranostic targets which may enhance CRC patient
management. However, the gate is still open for further investigation into the molecular mechanisms
underlying IncRNA-mediated regulation in CRC.
Recommendations: Not applicable
Acknowledgement: Not applicable
Conflict of interest: The authors declare that they have no conflicts of interest.
Fund: This work was not supported by any foundation.

Data availability: Not applicable

Authors contribution: Shady Mohamed drafted the review and collected in literature. Mohamed Hassan
revised the review, corrected the construction and supervised the work.

462



[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

AJBAS Volume 5, Issue 1V, 2024 Mohamed, et al

4. REFERENCES

F. A. Macrae, "Colorectal Cancer: Epidemiology, Risk Factors, and Protective Factors,"
UpToDate,Accessedon:Oct.25,2019.[Online].Available:
https://www.uptodate.com/contents/colorectal-cancer-epidemiology-risk-factors-and-protective-
factors

N. S. Fearnhead, J. L. Wilding, and W. F. Bodmer, "Genetics of colorectal cancer: hereditary
aspects and overview of colorectal tumorigenesis,” Br Med Bull., vol. 64, pp. 27-43, 2002, doi:
10.1093/bmb/64.1.27.

E. R. Fearon and B. Vogelstein, “A genetic model for colorectal tumorigenesis,” Cell, vol. 61, no.
5, pp. 759-767, Jun. 1990, doi: 10.1016/0092-8674(90)90186-i.

R. L. Siegel, K. D. Miller, and A. Jemal, “Cancer statistics, 2020,” CA a Cancer Journal for
Clinicians, vol. 70, no. 1, pp. 7-30, Jan. 2020, doi: 10.3322/caac.21590.

K. W. Jasperson, T. M. Tuohy, D. W. Neklason, and R. W. Burt, “Hereditary and familial colon
cancer,” Gastroenterology, vol. 138, no. 6, pp. 2044-2058, 2010.

Y. Dong et al., "A Dual Targeting Dendrimer-Mediated siRNA Delivery System for Effective
Gene Silencing in Cancer Therapy," J Am Chem Soc., vol. 140, no. 47, pp. 16264-16274, Nov.
2018, doi: 10.1021/jacs.8010021.

H. J. Kim, A. Kim, K. Miyata, and K. Kataoka, "Recent progress in development of siRNA
delivery vehicles for cancer therapy,” Adv Drug Deliv Rev., vol. 104, pp. 61-77, Sep. 2016, doi:
10.1016/j.addr.2016.06.011.

K. Katsushima et al., "Targeting the Notch-regulated non-coding RNA TUG1 for glioma
treatment,” Nat Commun., vol. 7, p. 13616, Dec. 2016, doi: 10.1038/ncomms13616.

X. Li et al., "D-SP5 Peptide-Modified Highly Branched Polyethylenimine for Gene Therapy of
Gastric Adenocarcinoma,” Bioconjug Chem., vol. 26, no. 8, pp. 1494-1503, Aug. 2015, doi:
10.1021/acs.bioconjchem.5b00137.

J. Wang et al., "Retro-inverso CendR peptide-mediated polyethyleneimine for intracranial
glioblastoma-targeting gene therapy,” Bioconjug Chem., vol. 25, no. 2, pp. 414-423, Feb. 2014,
doi: 10.1021/bc400552t.

J. Wang et al., "Targeted gene delivery to glioblastoma using a C-end rule RGERPPR peptide-
functionalised polyethylenimine complex,” Int J Pharm., vol. 458, no. 1, pp. 48-56, Dec. 2013, doi:
10.1016/j.ijpharm.2013.10.017.

J. J. Chan and Y. Tay, "Noncoding RNA:RNA Regulatory Networks in Cancer,” Int J Mol Sci.,
vol. 19, no. 5, p. 1310, Apr. 2018, doi: 10.3390/ijms19051310.

D. Hanahan and R. A. Weinberg, "The hallmarks of cancer,” Cell, vol. 100, no. 1, pp. 57-70, Jan.
2000, doi: 10.1016/s0092-8674(00)81683-9.

U. A. @rom et al., "Long noncoding RNAs with enhancer-like function in human cells,” Cell, vol.
143, no. 1, pp. 46-58, Oct. 2010, doi: 10.1016/j.cell.2010.09.001.

463


https://www.uptodate.com/contents/colorectal-cancer-epidemiology-risk-factors-and-protective-factors
https://www.uptodate.com/contents/colorectal-cancer-epidemiology-risk-factors-and-protective-factors

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

Mohamed, et al AJBAS Volume 5, Issue 1V, 2024

K. C. Wang and H. Y. Chang, "Molecular mechanisms of long noncoding RNAs," Mol Cell, vol.
43, no. 6, pp. 904-914, Sep. 2011, doi: 10.1016/j.molcel.2011.08.018.

L. C. Ye et al., "Involvement of long non-coding RNA in colorectal cancer: From benchtop to
bedside (Review),” Oncol Lett., vol. 9, no. 3, pp. 1039-1045, Mar. 2015, doi:
10.3892/01.2015.2846.

E. Saus et al., "Long Non-Coding RNAs As Potential Novel Prognostic Biomarkers in Colorectal
Cancer," Front Genet., vol. 7, p. 54, Apr. 2016, doi: 10.3389/fgene.2016.00054.

D. P. Bartel, "MicroRNAs: target recognition and regulatory functions," Cell, vol. 136, no. 2, pp.
215-233, Jan. 2009, doi: 10.1016/j.cell.2009.01.002.

M. Thomas, J. Lieberman, and A. Lal, "Desperately seeking microRNA targets,” Nat Struct Mol
Biol., vol. 17, no. 10, pp. 1169-1174, Oct. 2010, doi: 10.1038/nsmb.1921.

R. C. Friedman et al., "Most mammalian mRNAs are conserved targets of microRNAs," Genome
Res., vol. 19, no. 1, pp. 92-105, Jan. 2009, doi: 10.1101/gr.082701.108.

L. Salmena et al., "A ceRNA hypothesis: the Rosetta Stone of a hidden RNA language?,” Cell, vol.
146, no. 3, pp. 353-358, Aug. 2011, doi: 10.1016/j.cell.2011.07.014.

H. Seitz, "Redefining microRNA targets," Curr Biol., vol. 19, no. 10, pp. 870-873, May 2009, doi:
10.1016/j.cub.2009.03.059.

D. Y. Lee et al., "Expression of versican 3'-untranslated region modulates endogenous microRNA
functions," PL0S One, vol. 5, no. 10, p. €13599, Oct. 2010, doi: 10.1371/journal.pone.0013599.

D. Cazalla, T. Yario, and J. A. Steitz, "Down-regulation of a host microRNA by a Herpesvirus
saimiri noncoding RNA," Science, vol. 328, no. 5985, pp. 1563-1566, Jun. 2010, doi:
10.1126/science.1187197.

J. Wang et al., "CREB up-regulates long non-coding RNA, HULC expression through interaction
with microRNA-372 in liver cancer," Nucleic Acids Res., vol. 38, no. 16, pp. 5366-5383, Sep.
2010, doi: 10.1093/nar/gkqg285.

L. Huang and G. Dai, "Long non-coding RNA DCST1-AS1/hsa-miR-582-5p/HMGBL1 axis
regulates colorectal cancer progression,” Bioengineered, vol. 13, no. 1, pp. 12-26, Jan. 2022, doi:
10.1080/21655979.2021.1976894.

S. He et al., "HMGB1 released by irradiated tumor cells promotes living tumor cell proliferation
via paracrine effect," Cell Death Dis., vol. 9, no. 6, p. 648, May 2018, doi: 10.1038/s41419-018-
0626-6.

W. Zhang et al., "Increased HMGB1 expression correlates with higher expression of c-1AP2 and
PERK in colorectal cancer," Medicine (Baltimore), vol. 98, no. 3, p. 14069, Jan. 2019, doi:
10.1097/MD.0000000000014069.

X. Yao et al., "Overexpression of high-mobility group box 1 correlates with tumor progression and
poor prognosis in human colorectal carcinoma,” J Cancer Res Clin Oncol., vol. 136, no. 5, pp. 677-
684, May 2010, doi: 10.1007/s00432-009-0706-1.

464



[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

AJBAS Volume 5, Issue 1V, 2024 Mohamed, et al

X. Zhang et al., "Upregulation of miR-582-5p inhibits cell proliferation, cell cycle progression and
invasion by targeting Rab27a in human colorectal carcinoma," Cancer Gene Ther., vol. 22, no. 10,
pp. 475-480, Oct. 2015, doi: 10.1038/cgt.2015.44.

Z. Shu, L. Chen, and D. Ding, "miR-582-5P induces colorectal cancer cell proliferation by
targeting adenomatous polyposis coli,” World J Surg Oncol., vol. 14, no. 1, p. 239, Sep. 2016, doi:
10.1186/s12957-016-0984-4.

C. Yuan and L. Yang, "Long Non-Coding RNA PITPNA-AS1 Accelerates the Progression of
Colorectal Cancer Through miR-129-5p/HMGBL1 Axis," Cancer Manag Res., vol. 12, pp. 12497-
12507, Dec. 2020, doi: 10.2147/CMAR.S267844.

K. Wu et al., "Long noncoding RNA FAL1 promotes proliferation and inhibits apoptosis of human
colon cancer cells,” IUBMB Life, vol. 70, no. 11, pp. 1093-1100, Nov. 2018, doi:
10.1002/iub.1880.

L. Wang, F. Jiang, X. Xia, and B. Zhang, "LncRNA FAL1 promotes carcinogenesis by regulation
of miR-637/NUPRL1 pathway in colorectal cancer," Int J Biochem Cell Biol., vol. 106, pp. 46-56,
Jan. 2019, doi: 10.1016/j.biocel.2018.09.015.

Q. H. Zheng, L. Shi, and H. L. Li, "FALEC exerts oncogenic properties to regulate cell
proliferation and cell-cycle in endometrial cancer,” Biomed Pharmacother., vol. 118, p. 109212,
Oct. 2019, doi: 10.1016/j.biopha.2019.109212.

H. Jiang, H. Liu, and B. Jiang, "Long non-coding RNA FALEC promotes colorectal cancer
progression via regulating miR-2116-3p-targeted PIWIL1," Cancer Biol Ther., vol. 21, no. 11, pp.
1025-1032, Nov. 2020, doi: 10.1080/15384047.2020.1824514.

C. Chureau et al., "Ftx is a non-coding RNA which affects Xist expression and chromatin structure
within the X-inactivation center region," Hum Mol Genet., vol. 20, no. 4, pp. 705-718, Feb. 2011,
doi: 10.1093/hmg/ddg516.

L. Zhu et al., "Quantitative Proteomics Analysis Revealed the Potential Role of INCRNA Ftx in
Promoting Gastric Cancer Progression," Proteomics Clin Appl., vol. 14, no. 1, p. €1900053, Jan.
2020, doi: 10.1002/prca.201900053.

X. B. Guo et al., "Biological significance of long non-coding RNA FTX expression in human
colorectal cancer,” Int J Clin Exp Med., vol. 8, no. 9, pp. 15591-15600, Sep. 2015, PMID:
26629053.

G. Q. Chen et al., "LncRNA FTX Promotes Colorectal Cancer Cells Migration and Invasion by
miRNA-590-5p/RBPJ Axis," Biochem Genet., vol. 59, no. 2, pp. 560-573, Apr. 2021, doi:
10.1007/s10528-020-10017-8.

M. Xu et al., "IncRNA SNHG6 regulates EZH2 expression by sponging miR-26a/b and miR-214 in
colorectal cancer,” J Hematol Oncol., vol. 12, no. 1, p. 3, Jan. 2019, doi: 10.1186/s13045-018-
0690-5.

465



[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

Mohamed, et al AJBAS Volume 5, Issue 1V, 2024

M. Li et al., "Up-regulated expression of SNHG6 predicts poor prognosis in colorectal cancer,"
Pathol Res Pract., vol. 214, no. 5, pp. 784-789, May 2018, doi: 10.1016/j.prp.2017.12.014.

J. A. Simon and C. A. Lange, "Roles of the EZH2 histone methyltransferase in cancer epigenetics,"
Mutat Res., vol. 647, no. 1-2, pp. 21-29, Dec. 2008, doi: 10.1016/j.mrfmmm.2008.07.010.

N. M. Alajez et al.,, "Enhancer of Zeste homolog 2 (EZH2) is overexpressed in recurrent
nasopharyngeal carcinoma and is regulated by miR-26a, miR-101, and miR-98," Cell Death Dis.,
vol. 1, no. 10, p. e85, Oct. 2010, doi: 10.1038/cddis.2010.64.

A. Chase and N. C. Cross, "Aberrations of EZH2 in cancer," Clin Cancer Res., vol. 17, no. 9, pp.
2613-2618, May 2011, doi: 10.1158/1078-0432.CCR-10-2156.

C. J. Chang and M. C. Hung, "The role of EZH2 in tumour progression,” Br J Cancer, vol. 106, no.
2, pp. 243-247, Jan. 2012, doi: 10.1038/bjc.2011.551.

H. Yamaguchi and M. C. Hung, "Regulation and Role of EZH2 in Cancer," Cancer Res Treat., vol.
46, no. 3, pp. 209-222, Jul. 2014, doi: 10.4143/crt.2014.46.3.209.

A. Nissan et al., "Colon cancer associated transcript-1: a novel RNA expressed in malignant and
pre-malignant human tissues,” Int J Cancer, vol. 130, no. 7, pp. 1598-1606, Apr. 2012, doi:
10.1002/ijc.26170.

B. Alaiyan et al., "Differential expression of colon cancer associated transcriptl (CCAT1) along
the colonic adenoma-carcinoma sequence,” BMC Cancer, vol. 13, p. 196, Apr. 2013, doi:
10.1186/1471-2407-13-196.

X. He et al., "C-Myc-activated long noncoding RNA CCAT1 promotes colon cancer cell
proliferation and invasion," Tumour Biol., vol. 35, no. 12, pp. 12181-12188, Dec. 2014, doi:
10.1007/s13277-014-2526-4.

Y. Kam et al., "Detection of a long non-coding RNA (CCAT1) in living cells and human
adenocarcinoma of colon tissues using FIT-PNA molecular beacons," Cancer Lett., vol. 352, no. 1,
pp. 90-96, Sep. 2014, doi: 10.1016/j.canlet.2013.02.014.

A. Shang et al., "Long non-coding RNA CCAT1 promotes colorectal cancer progression by
regulating miR-181a-5p expression,” Aging (Albany NY), vol. 12, no. 9, pp. 8301-8320, May
2020, doi: 10.18632/aging.103139.

L. H. Ma, C. L. Grove, and R. Baker, "Development of oculomotor circuitry independent of hox3
genes," Nat Commun., vol. 5, p. 4221, Jun. 2014, doi: 10.1038/ncomms5221.

H. Zhang et al., "Increased levels of the long noncoding RNA, HOXA-AS3, promote proliferation
of A549 cells," Cell Death Dis., vol. 9, no. 6, p. 707, Jun. 2018, doi: 10.1038/s41419-018-0725-4.
F. Wu et al., "Upregulation of long noncoding RNA HOXA-AS3 promotes tumor progression and
predicts poor prognosis in glioma,"” Oncotarget, vol. 8, no. 32, pp. 53110-53123, May 2017, doi:
10.18632/oncotarget.18162.

466



[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

AJBAS Volume 5, Issue 1V, 2024 Mohamed, et al

Y. Jiang et al., "Long non-coding RNA HOXA-AS3 facilitates the malignancy in colorectal cancer
by miR-4319/SPNS2 axis," J Physiol Biochem., vol. 77, no. 4, pp. 653-666, Nov. 2021, doi:
10.1007/s13105-021-00832-x.

I. Pastushenko and C. Blanpain, "EMT Transition States during Tumor Progression and
Metastasis,” Trends Cell Biol.,, wvol. 29, no. 3, pp. 212-226, Mar. 2019, doi:
10.1016/j.tcb.2018.12.001.

F. K. Huang et al., "Long non-coding RNA MCF2L-AS1 promotes the aggressiveness of colorectal
cancer by sponging miR-874-3p and thereby up-regulating CCNEL," J Gene Med., vol. 23, no. 1, p.
3285, Jan. 2021, doi: 10.1002/jgm.3285.

H. L. Wang et al., "Biological Function and Mechanism of Long Noncoding RNAs Nuclear-
Enriched Abundant Transcript 1 in Development of Cervical Cancer," Chin Med J (Engl), vol. 131,
no. 17, pp. 2063-2070, Sep. 2018, doi: 10.4103/0366-6999.239308.

S. Wang et al., "Long noncoding RNA Neatl modulates myogenesis by recruiting Ezh2," Cell
Death Dis., vol. 10, no. 7, p. 505, Jun. 2019, doi: 10.1038/s41419-019-1742-7.

Y. Li et al., "NEAT expression is associated with tumor recurrence and unfavorable prognosis in
colorectal cancer,” Oncotarget, vol. 6, no. 29, pp. 27641-27650, Sep. 2015, doi:
10.18632/oncotarget.4737.

D. D. Xiong et al., "The clinical value of IncRNA NEAT1 in digestive system malignancies: A
comprehensive investigation based on 57 microarray and RNA-seq datasets," Oncotarget, vol. 8,
no. 11, pp. 17665-17683, Mar. 2017, doi: 10.18632/oncotarget.14756.

H. Liu et al., "Long non-coding RNA NEAT1 promotes colorectal cancer progression by regulating
miR-205-5p/VEGFA axis," Hum Cell, vol. 33, no. 2, pp. 386-396, Apr. 2020, doi: 10.1007/s13577-
019-00301-0.

Y. Lan et al., "Long noncoding RNA OCC-1 suppresses cell growth through destabilizing HUR
protein in colorectal cancer,”" Nucleic Acids Res., vol. 46, no. 11, pp. 5809-5821, Jun. 2018, doi:
10.1093/nar/gky214.

J. Zheng et al., "Long non-coding RNA KRT19P3 suppresses proliferation and metastasis through
COPS7A-mediated NF-kB pathway in gastric cancer," Oncogene, vol. 38, no. 45, pp. 7073-7088,
Nov. 2019, doi: 10.1038/s41388-019-0934-z.

H. Yang et al., "Long non coding RNA RP11 400N13.3 promotes the progression of colorectal
cancer by regulating the miR 4722 3p/P2RY8 axis,” Oncol Rep., vol. 44, no. 5, pp. 2045-2055,
Nov. 2020, doi: 10.3892/0r.2020.7755.

X. Zhu et al., "Long noncoding RNA RP11-757G1.5 sponges miR-139-5p and upregulates YAP1
thereby promoting the proliferation and liver, spleen metastasis of colorectal cancer,” J Exp Clin
Cancer Res., vol. 39, no. 1, p. 207, Oct. 2020, doi: 10.1186/s13046-020-01717-5.

467



[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

Mohamed, et al AJBAS Volume 5, Issue 1V, 2024

J. Deng, M. Huang, and H. Wu, "Protective effect of limonin against doxorubicin-induced
cardiotoxicity via activating nuclear factor - like 2 and Sirtuin 2 signaling pathways,"
Bioengineered, vol. 12, no. 1, pp. 7975-7984, Dec. 2021, doi: 10.1080/21655979.2021.1985299.

L. Xia et al., "PRKAR2B-HIF-1a loop promotes aerobic glycolysis and tumour growth in prostate
cancer," Cell Prolif., vol. 53, no. 11, p. €12918, Nov. 2020, doi: 10.1111/cpr.12918.

Q. Hong et al., "Long non-coding RNA TDRG1 aggravates colorectal cancer stemness by binding
with miR-873-5p to upregulate PRKAR2," Environ Toxicol., vol. 37, no. 10, pp. 2366-2374, Oct.
2022, doi: 10.1002/tox.23602.

F. Balaguer et al., "Epigenetic silencing of miR-137 is an early event in colorectal carcinogenesis,"
Cancer Res., vol. 70, no. 16, pp. 6609-6618, Aug. 2010, doi: 10.1158/0008-5472.CAN-10-0622.

M. Xiao, Z. Liang, and Z. Yin, "Long non coding RNA ZFPM2 AS1 promotes colorectal cancer
progression by sponging miR 137 to regulate TRIM24," Mol Med Rep., vol. 23, no. 2, p. 98, Feb.
2021, doi: 10.3892/mmr.2020.11737.

X. Zhu et al., "RP11-5106.1 sponges miR-206 to accelerate colorectal cancer carcinogenesis and
metastasis through upregulating YAPL," Carcinogenesis, vol. 42, no. 7, pp. 984-994, Jul. 2021, doi:
10.1093/carcin/bgab044.

X. Zhao et al., "Long non-coding RNA FENDRR inhibits the stemness of colorectal cancer cells
through directly binding to Sox2 RNA," Bioengineered, vol. 12, no. 1, pp. 8698-8708, Dec. 2021,
doi: 10.1080/21655979.2021.1977054.

F. Gong et al., "Long non-coding RNA FENDRR attenuates the stemness of non-small cell lung
cancer cells via decreasing multidrug resistance gene 1 (MDR1) expression through competitively
binding with RNA binding protein HuR," Eur J Pharmacol., vol. 853, pp. 345-352, Jun. 2019, doi:
10.1016/j.ejphar.2019.04.022.

C. Li et al., "Increased long noncoding RNA SNHG20 predicts poor prognosis in colorectal
cancer," BMC Cancer, vol. 16, p. 655, 2016, doi: 10.1186/512885-016-2719-x.

Y. Wang et al., "Long non coding RNA SNHG20 promotes colorectal cancer cell proliferation,
migration and invasion via miR 495/STAT3 axis," Mol Med Rep., vol. 23, no. 1, p. 31, Jan. 2021,
doi: 10.3892/mmr.2020.11669.

L. Yan et al., "miRNA-495 suppresses proliferation and migration of colorectal cancer cells by
targeting FAMS83D," Biomed Pharmacother., vol. 96, pp. 974-981, Dec. 2017, doi:
10.1016/j.biopha.2017.11.138.

Z. Bai et al., "The MiR-495/Annexin A3/P53 Axis Inhibits the Invasion and EMT of Colorectal
Cancer Cells,” Cell Physiol Biochem., vol. 44, no. 5, pp. 1882-1895, 2017, doi:
10.1159/000485877.

X. Lei et al., "Long non-coding RNA ABHD11-AS1 promotes colorectal cancer development
through regulation of miR-133a/SOX4 axis," Biosci Rep., vol. 38, no. 6, p. BSR20181386, Dec.
2018, doi: 10.1042/BSR20181386.

468



[81]

[82]

[83]

AJBAS Volume 5, Issue 1V, 2024 Mohamed, et al

J. Luo et al., "Long non-coding RNA ABHD11-AS1 promotes colorectal cancer progression and
invasion through targeting the integrin subunit alpha 5/focal adhesion kinase/phosphoinositide 3
kinase/Akt signaling pathway," Aging (Albany NY), vol. 13, no. 16, pp. 20179-20191, Aug. 2021,
doi: 10.18632/aging.203342.

Y. Liu et al., "LncRNA ABHD11-AS1 promotes the development of endometrial carcinoma by
targeting cyclin D1,” J Cell Mol Med., vol. 22, no. 8, pp. 3955-3964, Aug. 2018, doi:
10.1111/jcmm.13675.

X. Lin et al., "Increased expression of long noncoding RNA ABHD11-AS1 in gastric cancer and its
clinical significance," Med Oncol, vol. 31, p. 42, 2014, doi: 10.1007/s12032-014-0042-4.

469



