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Abstract: Colorectal neoplasia differentially expressed (CRNDE), as a long noncoding RNA
(IncRNA), has attracted increasing attention in recent years and has been documented to be
at abnormally high expression in various types of cancer, such as colorectal cancer, glioma,
hepatocellular carcinoma, lung cancer, and breast cancer. It could not only be used as a clini-
cal biomarker for the early diagnosis and prognosis evaluation in a variety of cancers but also
promote the development and progress of various tumor cells. Moreover, it is involved in the
targeting regulation of multiple microRNAs and the activation/inhibition of multiple signaling
pathways. In this review, we presented a systematic summary of the potential carcinogenicity
and clinical value of CRNDE in the current evidence, so as to provide reference for early diag-
nosis, prognosis evaluation, and targeted therapy of various clinical cancers.
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Introduction
Long noncoding RNA (IncRNA) is a class of RNA molecules with a transcription
length of >200 nt."? They do not encode proteins but regulate the expression levels
of genes in a variety of ways, such as epigenetic regulation, transcriptional regulation,
and post-transcriptional regulation. IncRNA is characterized by its poor sequence
conservation, low expression level, environmental susceptibility, and complex and
diverse mode of action. In recent years, much progress has been made in the study
of the relationship between IncRNA and diseases, especially in cancers. Researchers
have found an important mechanism by which IncRNA metastasis-associated lung
adenocarcinoma transcript 1 (MALAT1) promotes the metastasis of lung cancer.?
By interfering with MALATI, they are expected to develop a method of inhibiting
the metastasis of lung cancer. At the same time, there is a class of tumor suppressor
IncRNA that is different from oncogenic one, such as maternally expressed gene 3
(MEG3).* MEGS3 is the first IncRNA to be found as a tumor suppressor. At present,
the function of IncRNA needs to be further studied. Various IncRNA databases are
constantly created and updated. Some new mechanisms, such as competing endog-
enous RNA (ceRNA) and microRNA (miRNA) sponges, are also being deployed
around IncRNA .’ Thus, the research in this field of IncRNA presents a scene in full
swing.

According to genomic location, IncRNAs are mainly divided into stand-alone IncRNAs,
natural antisense transcripts, pseudogenes, IncRNAs, divergent transcripts, promoter-
associated transcripts, and enhancer RNAs.® This article focuses on Long intergenic
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noncoding (linc) RNA colorectal neoplasia differentially
expressed (CRNDE), which also has many other gene syn-
onyms, such as CRNDEP, PNAS-108, lincIRXS5, LINC00180,
and NCRNAO00180. In 2011, it was officially named CRNDE.”
CRNDE is originally found to be significantly upregulated in
colorectal cancer (CRC) tissues by database-mining analysis.®
The coding gene is localized in Chr16:hCG_1815491, and
14 different transcripts have been identified at present.
Recent studies indicate that CRNDE is not only differentially
expressed in CRC tissues but also abnormally expressed
in various cancers, including lung cancer,’ hepatocellular
carcinoma (HCC),'" renal cell carcinoma (RCC),!' ovarian
cancer (OC),"? and glioma."® At the same time, CRNDE is also
closely related to disease diagnosis,'* prognosis,'? and some
important biological functions'>!¢ in a variety of cancers. The
purpose of this article is to comprehensively analyze the related
research progress of CRNDE and to investigate its differential
expression in tumor, biological regulation mechanism, and
potential clinical values. It can provide an important reference
for the diagnosis, prognosis evaluation, and targeted therapy
of CRNDE in cancers.

Biological structure of CRNDE
CRNDE contains a total of six exons, five of which are
core exons (E1, E2, and E4-E6) and one of which is less
mentioned exon (E3), which is located on chromosome 16:
54,845,189-54,929,189 reverse strand next to IRX5 gene
(Figure 1). Till now, the CRNDE gene encodes 14 splice
variants, which are named as CRNDE-201-CRNDE-214 and
can be found in the Ensembl database (Human GRCh38.p10)
(Figure 2). Because of its complex splicing results, the exons
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often appear in different combinations, while the number of
introns retained remains different.” Different splicing patterns
can cause RNA transcripts to vary in length. Alternative
splicing is the key mechanism for the generation of protein
diversity. In addition, the alternative splicing variants of a
protein can exhibit different biological functions, or even
opposite functions.'™!® Universal splicing disorder was a
common feature of cancer cells, and some specific alternative
splicing has been shown to be related to disease," especially
in the pathogenesis of CRC.?

Biological functions of CRNDE in a

variety of cancers

At present, the expression of CRNDE is abnormal in various
cancers, which has been identified by many scholars. There-
fore, further research should be focused on the biological
functions and molecular mechanisms of CRNDE in vari-
ous malignancies. As shown in the following passage, we
presented a systematic summary of current research on the
biomarker functions, mechanisms, and signaling pathways
of CRNDE in malignancies.

CRC

CRNDE first showed the high expression level in neoplastic
colorectal tissues through Affymetrix HG U133 array data.
The results indicated that CRNDE showed significant high
expression in >90% of adenoma and adenocarcinoma tissues
relative to normal tissues. This discovery was quickly con-
firmed by the method of microarray technology and quantita-
tive real-time polymerase chain reaction (QRT-PCR). At the
same time, the expression level of CRNDE in cell line and
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Figure | Genomic structure of CRNDE was captured from Ensemble genome browser.”

Abbreviation: CRNDE, colorectal neoplasia differentially expressed.
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Figure 2 Schematic diagram of different transcripts of CRNDE was captured from Ensemble genome browser.”

Abbreviation: CRNDE, colorectal neoplasia differentially expressed.

plasma was validated. The results showed that CRNDE was
highly expressed in the tissues, cells, and plasma of patients
with CRC.” Our team also studied the expression levels of
CRNDE in many aspects, such as CRC tissues, cell lines, and
serum. The results further confirmed that CRNDE was highly
expressed in the tissues, serum, and cell lines of patients
with CRC.?! Moreover, CRNDE was abnormally expressed
in other tissues, serum, and cell lines of various malignant
tumors. The detailed information is listed in Table 1. With
the improvement in living standards and the changes in diet
structures, the incidence of CRC is increasing year by year.?
Now, CRC is the third most common cancer, which ranks
fourth among cancer-related deaths worldwide.? Therefore,
the early diagnosis, prognosis evaluation, target therapy, and
the study of the mechanisms of tumor development are espe-
cially important for patients with CRC. Proteins,* lipids,*
and genes (especially miRNA, IncRNA, and circRNA)*2 are
the focuses of research for clinical biomarkers. Serological

biomarkers are more common in early diagnosis because
of their convenient sampling and minimally invasive. The
studies of the expression level of CRNDE in serum/plasma
are currently directed at patients with CRC.7?! At the same
time, some scholars extracted the exosomes from the serum
of patients with CRC and detected the expression of CRNDE
accurately. The results showed that CRNDE was highly
expressed in CRC samples and could further differentiate
patients with colorectal benign diseases from healthy subjects
with high sensitivity and specificity, and the high exosomal
CRNDE expression level predicted poor overall survival
rate." A recent study showed that serum exosomal CRNDE-p
combined with miRNA-217 could improve the diagnostic
efficacy of CRC.? CRNDE-p is a subtype of a number of
transcripts in CRNDE. Moreover, CRNDE overexpression
as an indicator of prognostic evaluation in tissues with
abnormal expression had significant clinical value in CRC.
In addition, CRNDE, as an indicator of tumor prognosis,
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Table | CRNDE expression in various malignant tumors

Cancer type Sample Method Expression References

CRC Tissue, serum, cell, exosome GEO,* gqRT-PCR, microarray Upregulated 6,7, 14,21,29-34
PTC Tissue TCGA? GEO® Upregulated 59, 64

LAD Tissue, cell qRT-PCR Upregulated 9

Glioma Tissue, cell GEO,* gqRT-PCR, microarray Upregulated 13, 15, 16, 38, 65, 66
GC Tissue, cell qRT-PCR Upregulated 39, 60, 67

NSCLC Tissue, cell qRT-PCR Upregulated 53

BC Tissue, cell qRT-PCR Upregulated 56

MM Tissue, cell qRT-PCR Upregulated 6l

HCC Tissue, cell, serum qRT-PCR, RNA-seq Upregulated 10, 49, 50, 68
RCC Tissue, cell Oncomine,* qRT-PCR Upregulated 11, 69
Medulloblastoma Tissue, cell qRT-PCR Upregulated 41

CcC Tissue, cell qRT-PCR Upregulated 70

Osteosarcoma Tissue, cell qRT-PCR Upregulated 71

PC Tissue, cell qRT-PCR Upregulated 72

Note: *Differentially expressed CRNDE was obtained by mining the corresponding database.
Abbreviations: BC, breast cancer; CC, cervical cancer; CRC, colorectal cancer; CRNDE, colorectal neoplasia differentially expressed; GC, gastric cancer; GEO, Gene
Expression Omnibus; HCC, hepatocellular carcinoma; LAD, lung adenocarcinoma; MM, multiple myeloma; NSCLC, non-small-cell lung carcinomas; PC, pancreatic cancer;

PTC, papillary thyroid cancer; qRT-PCR, quantitative real-time polymerase chain reaction; RCC, renal cell carcinoma; TCGA, The Cancer Genome Atlas.

has been confirmed by a number of studies that CRNDE
was highly expressed in CRC tissues, suggesting a poor
outcome.’*2 In addition to the study of clinical biomarker,
the mechanisms of CRNDE in CRC have been intensively
studied by many scholars. The upregulated CRNDE could
accelerate CRC cell proliferation and migration by activat-
ing Ras/mitogen-activated protein kinase (MAPK) signaling
pathway. Meanwhile, the stability of CRNDE was influenced
by heterogeneous nuclear ribonucleoprotein U-like 2 protein
(hnRNPUL?2), which was accumulated in the cytoplasm.*
Moreover, the low expression of CRNDE could inhibit the
cell progression by competitively binding miRNA-217 to
increase the expression of TCF7L2 and the activity of the
Wnt/B-catenin signaling pathway.*® CRNDE knockdown
has also been shown to increase the expression of miRNA-
181a-5p, thereby inhibiting cell proliferation and reducing
chemical resistance by inhibiting the Wnt/B-catenin signal-
ing pathway.’! Thus, Wnt/p-catenin signaling pathway was
a key mechanism for CRNDE to regulate the development
and progression of CRC. With respect to drug resistance, a
related article has reported that high expression of CRNDE
with oxaliplatin treatment could reduce DNA damage and
cell apoptosis. Further research on the mechanism of this
phenomenon showed that CRNDE served as a ceRNA to
enhance oxaliplatin resistance by sponging miRNA-136 in
the CRC cells.** In conclusion, CRNDE could activate or
inhibit the Ras/MAPK and Wnt/B-catenin signaling pathways
by competitively binding miRNAs, thereby further regulating
CRC cell proliferation, invasion, apoptosis, metastasis, and
chemical resistance.

Glioma

Glioma is the most common primary brain tumor arising
from glial cell carcinogenesis in the brain and spinal cord
and has very high recurrence rates and mortality rates.*
Glioblastoma multiforme (GBM), in particular, is the most
aggressive malignancy in gliomas, and the average survival
time is <15 months after standardized treatment.***” CRNDE
not only played an important role in CRC but also was closely
related to the clinical and functional studies of gliomas. As
mentioned earlier, CRNDE was highly expressed in glioma
tissues compared with normal brain tissues.?” Survival
analysis showed that the high expression of CRNDE was
negatively correlated with the prognosis and overall survival
of the patients with glioma.'*-® Multivariate Cox regression
analysis showed that CRNDE could be used as an indepen-
dent risk factor to evaluate the prognosis of patients with
glioma.” In addition, CRNDE involves multiple classic
signaling pathways in the development of glioma, includ-
ing TLR3-NF-xB—cytokine signaling pathway, epidermal
growth factor receptor (EGFR) signaling pathway, and
mammalian target of rapamycin (mTOR) signaling pathway.
Li et al® speculated that CRNDE triggered inflammation
through the TLR3-NF-kB—cytokine signaling pathway,
further regulating the occurrence and development of tumors.
Kiang et al*® also found that EGF and EGFR tyrosine kinase
inhibitors could regulate the expression of CRNDE, which
further affected the growth of glioma cells. This finding
implied that CRNDE might be the downstream activator of
EGFR. Moreover, related mechanism studies further showed
that the promoter region of histone acetylation might lead
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to CRNDE overexpression through the mTOR signaling
pathway.'® The results provided important reference for the
study of targeted therapy of glioma. In addition to these clas-
sical pathways, some scholars discovered that CRNDE could
regulate the cell malignant behavior by disturbing miR-384/
PIWIL4/STAT3 axis, which might be a novel pathway for
targeted research of glioma.*® There were also reports of
studies on glioma stem cells (GSC). CRNDE overexpression
could reduce the expression of miRNA-186 in GSC, thereby
further inhibiting the apoptosis and promoting the prolifera-
tion, invasion, and metastasis of GSC.!> High expression of
CRNDE also promoted medulloblastoma cell growth.*! All
these manifested that CRNDE was particularly important in
the research of brain cancer.

HCC

HCC is one of the most common malignant tumors in the
world, which originates from hepatocytes or intrahepatic
bile duct cells.* HCC has a high incidence and is the second
most common malignant tumor in China.* Most patients
diagnosed with HCC are in the middle and late stages and
are often with poor prognosis. Many scholars were trying
to find the satisfactory biomarkers for the early diagnosis
and prognostic evaluation of HCC.** There have been a
lot of reports about the correlation between IncRNA and
HCC,"*® and the role of CRNDE for HCC was also very
important. High-throughput sequencing and bioinformatics
are the popular methods of detection and analysis at present.
Esposti et al'® formally used this advanced method to screen
out a series of abnormal expression of IncRNAs (included
CRNDE) in HCC tissues compared with adjacent nontumor
tissues and carried out experimental validation and related
functional prediction analysis. At the same time, it has been
reported that CRNDE was highly expressed in HCC tissues,
which provided important value for the clinical diagnosis of
HCC. Moreover, CRNDE overexpression could promote the
proliferation, invasion, and migration of HCC cells.* In this
study, they also found that CRNDE could negatively regu-
late miRNA-384, thus affecting the expression of important
genes NF-kB and p-AKT. Recently, the regulatory mecha-
nisms and related signaling pathways of CRNDE in HCC
have also been investigated. Through the gene knockout
of CRNDE, they found that CRNDE could act on HCC
cells by regulating the mTOR signaling pathway, so that it
could play an important role in the antitumor proliferation
and antitumor angiogenesis.® These studies also provided
important reference for the early diagnosis and gene targeted
therapy of HCC.

Lung cancer

Lung cancer is the most common primary malignant tumor
of the lung. The vast majority of lung cancer originates in
the bronchial epithelium, so it is also called bronchogenic
carcinoma. The incidence and mortality of lung cancer are
very high and rise year by year, especially in China.’'*? In
general, lung cancer can be divided into the following two
major types: small cell lung cancer and non-small-cell lung
cancer (NSCLC). NSCLC accounts for ~80% of the total lung
cancer, including lung adenocarcinoma (LAD), squamous
cell carcinoma, and large cell lung cancer. Therefore, more
emphasis was placed on the type of NSCLC in the study of
lung cancer.

Liu et al were the first to study the role and possible
mechanism of CRNDE in the development of NSCLC.
They found that high expression of CRNDE promoted the
proliferation and growth of NSCLC cells and also found
that CRNDE could affect the expression levels of CDK4,
CDKG6, and CCNEL, thus activating the PI3K/AKT signal-
ing pathway.*® In addition, some researchers have studied
the role of CRNDE in LAD, which was the predominant
subtype of NSCLC. The result indicated that high CRNDE
expression in LAD patients showed a shorter overall survival
and was closely related to the clinicopathological features
of the patients, such as low differentiation, TNM stage,
radiotherapy response, and lymph node metastasis.’ In addi-
tion, they found through rescue experiments that CRNDE
could affect radio-sensitivity of LAD cells by interacting
with PRC2 to regulate target gene p21. This discovery had
important implications for the study of the radio-resistant
phenotype of LAD.

Breast cancer (BC)

BC is one of the most common malignant tumors in women,
mainly occurring in the mammary gland epithelial tissue.
Approximately 99% of BC occurs in women, and its inci-
dence is often associated with heredity.**> The study of the
role of CRNDE in BC was similar to the cancers mentioned
earlier. High expression of CRNDE in BC suggested poor
prognosis and was closely related to some clinical features.
Meanwhile, CRNDE overexpression could promote the pro-
liferation, invasion, and metastasis of BC cells.*® A further
study on its possible regulatory mechanisms have revealed
that CRNDE could directly bind to miRNA-136 to activate
the Wnt/B-catenin signaling pathway.* In addition, it has
been reported that SF3B1 mutation could cause aberrant
expression of multiple genes, including CRNDE, which
might serve as a new target for BC treatment.’” Similarly,
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the effect of SF3B1 mutation on uveal melanoma has been
studied in the same way.>*

Other cancers

In addition to the tumors discussed earlier, there were some
reports showing that CRNDE played an important role in
some other cancers. In OC, CRNDE was a potentially impor-
tant prognostic biomarker and the high expression of CRNDE
was significantly negatively associated with prognosis in
women with OC." In papillary thyroid cancer (PTC), Luo
et al screened the differentially expressed IncRNAs based
on the PTC copy number data from The Cancer Genome
Atlas (TCGA) database. The expression profiles in the Gene
Expression Omnibus (GEO) database were then used to
validate the results. Finally, three IncRNAs were evaluated,
including CRNDE.* In the mechanism of mutual regulation
with miRNA, they found that CRNDE could promote the
proliferation and growth of GC cells and multiple myeloma
cells by targeting the regulation of miRNA-145 and miRNA-
451.908! Study has also shown that CRNDE could act as a
scaffold specifically to bind to genes DMBT1 and c-IAPI,

P70S6K/mTOR miR-384

c-myc/cyclin D
‘ miR-145

NF-kB/cytokines
p53/PTEN

p-AKT/T-AKT
pl3Kp85a

PIWIL4

mTOR
pathway

3—NF-xB—cytokine
pathway

PISK/AKT
EGFR pathway

pathway

Figure 3 Molecular mechanism of CRNDE in cancer progression.
Note: The red lines indicate restraint, and the green lines indicate acceleration.

@ miR-181a-5p

thereby regulating the expression of tumor suppressor gene
DMBT1 and activating the PI3K—AKT signaling pathway,
which lead to the development of gallbladder carcinoma.®
Similar to the abovementioned types of cancers, high expres-
sion of CRNDE could also promote the cell proliferation of
RCC by activating the Wnt/B-catenin signaling pathway.!!
In addition, CRNDE played an important role in nonsolid
tumors and a study has shown that hypermethylation of
CRNDE could contribute to the poor prognosis of chronic
lymphocytic leukemia.®® This also provided new directions
for multi-angle research of CRNDE.

Conclusion and perspectives

Ever since CRNDE was first named, it has been intensively
studied in a variety of human cancers. So far, CRNDE as an
oncogene has been shown to be highly expressed in all tumor
tissues compared with the normal tissues in the published
reports. As an emerging clinical biomarker, CRNDE could
be used as an indicator of clinical diagnosis and prognosis
for multiple cancers, especially in prognostic evaluation.
As a clinical marker, there is still less research on patient

AW

miR-136

B-catenin/TCF4

SR y— Cleaved-caspase-3,9

miR-186

nt/B-catenin
pathway

Radioresistant

Abbreviations: CRNDE, colorectal neoplasia differentially expressed; EGFR, epidermal growth factor receptor; mTOR, mammalian target of rapamycin.

submit your manuscript

3760

Dove

OncoTargets and Therapy 2018:1 |


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Colorectal neoplasia differentially expressed

serum, plasma, or other secretions, which needs to be further
investigated. Meanwhile, more studies were aimed at the
biological functions and related regulatory mechanisms and
pathways of CRNDE in a variety of cancers. The high expres-
sion of CRNDE could promote the proliferation, invasion, or
metastasis of tumor cells in most related cancers. In addition,
CRNDE could be used as a miRNA sponge to competitively
bind with specific miRNAs, thereby affecting the expression
of related target genes and activating the associated signaling
pathways. The main regulatory mechanisms are summarized
in Figure 3. More research should be done about other cancers
in the future, and the study model should be innovated since
it is too traditional.
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