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Colorectal Neoplasia Differentially Expressed (CRNDE), a long non-coding RNA that was initially 
identified as aberrantly expressed in colorectal cancer (CRC) has also been observed to exhibit elevated 
expression in various other human malignancies. Recent research has accumulated substantial evidence 
implicating CRNDE as an oncogenic player, exerting influence over critical cellular processes linked 
to cancer progression. Particularly, its regulatory interactions with microRNAs and proteins have been 
shown to modulate pathways that contribute to carcinogenesis and tumorigenesis. This review will 
comprehensively outline the roles of CRNDE in colorectal, liver, glioma, lung, cervical, gastric and 
prostate cancer, elucidating the mechanisms involved in modulating proliferation, apoptosis, migration, 
invasion, angiogenesis, and radio/chemoresistance. Furthermore, the review highlights CRNDE’s potential 
as a multifaceted biomarker, owing to its presence in diverse biological samples and stable properties, 
thereby underscoring its diagnostic, therapeutic, and prognostic applications. This review aims to provide 
comprehensive insights of CRNDE-mediated oncogenesis and identify CRNDE as a promising target for 
future clinical interventions.
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INTRODUCTION

Cancer, one of the most common leading causes of 
premature mortality worldwide has a tremendous toll on 
the human population [1]. In 2018, the global cancer bur-
den was estimated to increase by 18.1 million new cas-
es and 9.6 million deaths [2]. The GLOBOCAN (World 
Health Organization’s International Agency for Research 
on Cancer Global Cancer Observatory) predicts there will 
be an increase of 53.4% of new cancer cases worldwide 
by 2040, approximately 28.8 million each year [3]. While 
there are various etiological factors that may contribute to 
the development of cancer, regulation of genes and path-
ways at the molecular level still play a key role.

For over a decade, people have been confined to the 
central dogma of “DNA makes RNA makes protein,” es-
sentially relegating RNA to an intermediary role between 
genes and proteins [4]. During the transcription process, 
huge numbers of transcripts will be synthesized from the 
human genome [4]. However, the protein-coding mR-
NAs account for less than 2% of the transcripts and the 
remaining portion of the RNA transcripts are non-cod-
ing [4,5]. Therefore, researchers proposed that the over-
looked non-coding RNAs (ncRNAs) might be associated 
with regulated transcription process observed in humans 
[6].

There are many different types of ncRNAs, microR-
NAs (miRNAs), circular RNAs (circRNAs), transfer 
RNAs (tRNAs), ribosomal RNAs (rRNAs) and long non 
coding RNAs (lncRNAs) are some of the functionally im-
portant examples [4,7]. Among these, lncRNAs is a class 
of ncRNAs that are ≥ 200 nucleotides (nt.) in transcrip-
tion length and only have minimal or no protein-coding 
capacity due to the absence of an open reading frame 
(ORF) [8,9]. The lncRNAs have characteristics of poor 
sequence conservation across different species, are sus-
ceptible to the environment and their mode of action is 
diverse and complex [10].

Regardless of its protein-coding potential, lncRNAs 
still play a significant part in gene regulation [6]. In fact, 
lncRNAs participate in regulating the expression levels 
of their target genes at multiple levels, for instance, epi-
genetic, transcriptional, and post-transcriptional levels 
[6,10,11]. They work through diverse molecular regula-
tory mechanisms, such as participating in post-transcrip-
tional process by interacting with miRNA or mRNA, af-
fecting gene expression by inhibiting RNA polymerase 
II or chromatin remodeling, achieve localized regulation 
through transvection where the non-coding genes are able 
to regulate the expression of neighboring protein-coding 
genes [6,12-14].

Numerous studies have shown that dysregulation of 
lncRNAs is associated with the development and pro-
gression of a wide range of human diseases, especially 

in cancers. For example, lncRNA plasmacytoma variant 
translocation 1 (PVT1) was reported to promote cell pro-
liferation in hepatoblastoma [15], lncRNA metastasis-as-
sociated lung adenocarcinoma transcript 1 (MALAT 1) 
enhances metastasis of lung cancer [16], lncRNA HOX 
transcript antisense RNA (HOTAIR) upregulates colla-
gen alpha-1(V) chain (COL5A1) to enhance growth and 
metastasis through sponging miR-1277-5p [17].

In this review, lncRNA Colorectal Neoplasia Dif-
ferentially Expressed (CRNDE) will be specifically dis-
cussed. First, an introduction to CRNDE, regarding its 
structure, biological effects and a nuclear peptide encod-
ed by CRNDE will be provided. Next, the oncogenic role 
of CRNDE in various human cancers and the mechanism 
involved will be summarized. Lastly, the theoretical ba-
sis of CRNDE in future clinical applications will be dis-
cussed.

LncRNA CRNDE

The CRNDE gene, also known as LINC00180, 
CRNDEP, PNAS-108, lincIRX5, and NCRNA00180, is 
found on the long arm of chromosome 16, specifically at 
16q12.2 [18]. It is located on the reverse strand and is be-
lieved to share a bidirectional promoter with the adjacent 
Iroquois Homeobox 5 (IRX5) gene found on the opposite 
strand [18] (Figure 1).

CRNDE comprises six exons, with five considered 
as core exons (E1, E2, and E4 to E6), while the remaining 
exon, E3, is less mentioned [10]. According to Ensem-
bl database, to date, CRNDE was found to transcribe 30 
transcript variants namely CRNDE-201 to CRNDE-230 
most of them do not code for a protein [19]. Thus, due 
to its limited coding potential, CRNDE is classified as a 
lncRNA coding gene.

The expression of CRNDE is tissue-specific and 
biased expression can be seen in testis, lung, skin, fat, 
salivary gland, stomach, esophagus, heart, kidney, and 
prostate [18]. Expression of this locus is also found to in-
crease in dividing tissues, notably in certain tumors such 
as colorectal adenomas and adenocarcinomas. Mean-
while, the insulin/insulin-like growth factor (IGF) can 
negatively regulate the transcript of CRNDE [18,19].

Biological Function of LncRNA CRNDE
CRNDE has been identified to act as a pivotal mo-

lecular switch for various biological processes such as 
tumorigenesis, gametogenesis, pluripotency, and differ-
entiation [20].

The activity of CRNDE has the ability to regulate 
multilayered cellular processes that are associated with 
the hallmarks of cancer. For instance, it can facilitate cells 
to proliferate, differentiate, invade, and metastasize [21-
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Figure 1. a. Genomic locus of lncRNA CRNDE on Chromosome 16. b. Exon (green bars with colored) and introns 
(green lines) are shown. The intensity of the green coloring of exon is proportional to the number of transcript variants 
that include a particular exon region. c. The identified splice variants of CRNDE are illustrated.
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23]. Besides that, CRNDE can influence cytoskeletal dy-
namism and promote angiogenesis [20,24], yet it is able 
to suppress cell apoptosis and increase chemoresistance 
of cancer cells and tissues which increases tumor survival 
[22,25].

Additionally, CRNDE plays a crucial role in main-
taining pluripotency of cells [26]. It exhibits the highest 
expression levels in early human development, specifi-
cally in the embryoid body and fetus. Subsequently, its 
expression gradually decreases during progress from the 
juvenile to adult stage [26]. Mouse CRNDE ortholog, 
known as linc1399, has also been identified as essential 
for maintaining the pluripotency of mouse embryonic 
stem cells and knockdown of CRNDE resulted in de-
creased levels of pluripotency markers [24]. These stud-
ies suggest that CRNDE is potentially involved in cancer 
development.

Although CRNDE is sometimes silenced or down-
regulated during cell differentiation, it was observed to 
be maintained or upregulated in certain specific cell lin-
eages, thereby suggesting its role in cell differentiation 
[26]. For instance, CRNDE is highly expressed during 
the process of human induced pluripotent stem cells (iP-
SCs) differentiating into neurons [27].

Furthermore, the biased expression of CRNDE 
in testis cells and tissues generally suggests the role of 
CRNDE in gametogenesis [9,18]. Upon observation, 
CRNDE expression peaks during the meiosis stage, and 
remains relatively higher compared to its expression in 
other tissues even after spermatogenesis is complete [28]. 
For instance, a study showed that the CRNDE levels in 
human testicular samples that have no germ cell pres-
ence are 5.5-fold lower than in samples that contain sper-
matogonia [29].

CRNDEP, a Nuclear Micropeptide Encoded by 
CRNDE

According to Szafron et al., CRNDE does encode a 
nuclear peptide, namely CRNEDP [30]. CRNDEP is a 
micropeptide which consists of only 84 amino acids [30]. 
The findings show that CRNDEP expression level was in-
creased in rapidly dividing tissues such as spermatocytes 
and squamous epithelium suggesting it may participate in 
cell turnover [30]. Besides that, CRNDEP was found to 
be able to stimulate the formation of stress granules and 
affect oxygen metabolism and cell proliferation regula-
tion [30].

However, this statement conflicts with the “non-cod-
ing” characteristic of CRNDE which is claimed in many 
studies [30,31]. There are a few reasons that could ex-
plain this conflict. Firstly, the classification of lncRNAs 
is defined as sequences that are longer than 200 nt. with 
an ORF shorter than 100 amino acids [32]. Consequently, 

lncRNA may still consist of small ORFs enabling them 
to encode micropeptides [32]. In addition, conventional 
mass spectrometry (MS) is unable to detect micropeptides 
due to their physiochemical structure and low expression 
level that does not reach the MS peptide identification 
threshold [4]. Therefore, CRNDEP was hard to observe.

LncRNAs transcribed by RNA polymerase II are pri-
marily processed insufficiently, resulting in diverse pro-
cessing patterns [33]. Transcripts that are insufficient pro-
cessed and contain intronic sequences will be retained in 
the nucleus, which is a characteristic of lncRNA [30,33]. 
Meanwhile, lncRNAs and mRNA that contain only exons 
will be exported to the cytoplasm, similar to protein-cod-
ing transcripts [30,33].

LncRNA CRNDE operates by influencing gene ex-
pression at various levels, including affecting chromatin 
structure and its function, modulating transcription of 
nearby and distant genes, and also altering RNA splicing, 
stability, and translation [33]. To give an example, LINC-
PINT44 has the capability to attenuate cell proliferation 
and migration in lung and colon cancer. It achieves this 
by interacting with the Polycomb Repressive Complex 2 
(PRC2) to suppress the gene-expression signature associ-
ated with cancer cell invasion [33].

On the other hand, lncRNA encoded peptide primar-
ily functions through protein-protein interaction. For in-
stance, LINC00961 encodes a peptide that is able to bind 
with actin-binding protein Spectrin Repeat Containing 
Nuclear Envelope Protein 1 (SYNE1), thereby promoting 
angiogenesis [34,35].

Given the evidence that Insulin/IGF negatively reg-
ulates CRNDE expression, studies have indicated that 
CRNDE intronic transcript can be suppressed by insulin/
IGF through the PI3K/AKT/mTOR and Raf/MAPK sig-
naling pathway. However, it was observed that overex-
pression of CRNDE nuclear transcript in colorectal can-
cer (CRC) has a reverse effect on this regulation. This 
results in an increase in glucose metabolism, lipid synthe-
sis, and lactate secretion, facilitating aerobic glycolysis in 
cancer cells [36].

The discovery of this micropeptide revealed that 
the transcript of CRNDE may have divergent roles and 
capabilities as both lncRNA and protein-coding RNA in 
cells, and any imbalances between them may contribute 
to cancer development [30]. However, there have been 
limited studies focused on this area, and further research 
is needed to elucidate the roles of CRNDE transcripts in 
cells and the effects of their deregulation.

THE ROLES AND MECHANISMS OF 
LncRNA CRNDE IN VARIOUS CANCERS

The CRNDE was reported to act as a key player in 
the initiation and development of various types of cancers 
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136 targeted transcription factor that is responsible for 
cell cycle regulation, apoptosis, migration, and chemo-
resistance [40]. With a similar mechanism, Han et al. 
revealed that CRNDE repressed its target miR-181a-5p 
to prevent transcription factor 4 (TCF4) and β-catenin 
from being inhibited, thus modulating the activity of the 
Wnt/β-catenin signaling pathway to promote cell prolif-
eration in CRC [46].

CRNDE is also able to enhance the Wnt/β-catenin 
signaling pathway and transcription factor-like 2 (TC-
F7L2) expression to promote cell proliferation, migration 
and invasion in CRC cells and tissues via competitively 
binding with miR-217 [43]. The main effector of the Wnt 
signaling pathway, β-catenin was found to be accumu-
lated in the cytoplasm of CRNDE downregulated CRC 
cells [43]. Meanwhile, the accumulation can be reversed 
by overexpression of TCF7L2 since it is able to enhance 
the β-catenin nuclear translocation, consequently activat-
ing the Wnt/β-catenin signaling pathway for CRC tumor-
igenesis [43].

Liu et al. confirmed that upregulation of CRNDE pro-
motes CRC progression by increasing cell proliferation, 
migration, invasion, and inhibiting apoptosis by sponging 
miR-126-5p to prevent it from repressing the expression 
of its target ATPase family AAA domain-containing pro-
tein 2 (ATAD2) [47]. Elevated CRNDE expression was 
found to promote lymph nodes metastasis in CRC since it 
is able to influence the expression levels of migration and 
invasion-related proteins such as E-cadherin, vimentin 
and matrix metalloproteinase (MMP) 9 [46,47].

Furthermore, CRC cells with high expression levels 
of CRNDE have demonstrated drug resistance character-
istics against chemotherapy treatment [40,46,47]. It was 
reported that CRNDE knockdown decreased oxaliplatin 
(OXA) [40,46], Paclitaxel (PTX) [47] and 5-fluoroura-
cil (5-Fu) [46] resistance in CRC cells. Figure 2 visually 
depicts the mechanisms of CRNDE in regulating the for-
mation of CRC.

Liver Cancer
Liver cancer is ranked as the sixth highest incidence 

of cancer and accounts for the fourth most common cause 
of cancer death globally [38]. Highlighting some previ-
ous studies, tumor suppressing miRNAs including miR-
217, miR-33a-5p, and miR-203 were negative targets 
of CRNDE. Therefore, elevated expression of CRNDE 
causes them to be lowly expressed in malignant liver cells 
and tissues. Figure 3a illustrates the regulatory roles of 
overexpressed CRNDE in liver cancer development.

Wang et al. proposed that CRNDE affects the mo-
bility of hepatocellular carcinoma (HCC) cells through 
a miR-217/MAPK1 axis [48]. CRNDE overexpression 
and MAPK1 upregulation were found to positively regu-
late the epithelial-mesenchymal transition (EMT) protein 

in humans. This is clearly demonstrated by the LncRNA 
and Disease Database [37], which recorded the high 
correlation between CRNDE levels and cancers, such 
as CRC, stomach cancer, cervical cancer, breast cancer, 
gallbladder cancer, malignant glioma, renal cell carcino-
ma, pancreatic cancer, childhood medulloblastoma, and 
hepatoblastoma [37]. Herein, we will discuss some of the 
common cancers that correlate with elevated CRNDE ex-
pression.

Colorectal Cancer
CRC is the third most commonly diagnosed cancer 

worldwide but is the second leading cancer cause of death 
[38]. The significant upregulation of CRNDE in CRC 
was originally found in a database-mining analysis and 
the result has been demonstrated in both CRC cell lines 
and biopsy samples in other studies [39,40].

Jiang et al. revealed that CRNDE was able to form 
a functional complex with heterogeneous nuclear ribo-
nucleoprotein U-like 2 proteins (hnRNPUL2) to direct 
the localization of hnRNPUL2 in the cytoplasm com-
partment [41]. The hnRNPUL2 accumulation in the cy-
toplasm increase CRNDE stability, thence resulting in a 
further increase of CRNDE expression [41]. Subsequent-
ly, the elevated expression of CRNDE promotes the cell 
cycling, cell proliferation, and metastasis of CRC cells 
both in vitro and in vivo through activating the Ras/mi-
togen-activated protein kinase (Ras/MAPK) signaling 
pathway [41].

Moreover, Ding et al. found that CRNDE expres-
sion in CRC tissues was positively correlated with the 
increase in tumor size and advancement of pathological 
stages [42]. Besides that, CRNDE achieves its cell pro-
liferation role through epigenetically silencing the ex-
pression of dual-specificity phosphatase 5 (DUSP5) and 
cyclin dependent kinase inhibitor 1A (CDNK1A) tran-
scription by binding with enhancer of zeste homolog 2 
(EZH2) [42]. The direct binding of CRNDE on EZH2 in-
hibits the EZH2-mediated methylation modification [42]. 
Meanwhile, the knockdown of CRNDE in vitro and in 
vivo causes CRC cell proliferation to be arrested at the G1 
stage and also promotes apoptosis [42,43].

On the other hand, CRNDE can function as a com-
peting endogenous RNA (ceRNA) which can promote 
crosstalk with the target gene through the ceRNA/miR-
NA/mRNA regulatory network [44]. The mechanism 
for ceRNA is based on lncRNA competitively binding 
with miRNAs and preventing them from imposing their 
post-transcriptional regulation; thus, protecting mRNA 
from degradation and subsequently regulating the target 
gene expression [45].

Gao et al. reported that CRNDE acts as a ceRNA 
sponging miR-136 to promote metastasis by increasing 
expression of E2F transcription factor 1 (E2F1), a miR-
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Figure 2. The high expression level of CRNDE contributes to CRC by upregulating the signaling pathways 
such as Ras/MAPK, Wnt/β-catenin. In addition, CRNDE is able to competitively bind to its miRNA targets: miR-217, 
miR-181a-5p, miR-136, and miR-126-5p to inhibit their regulatory activities. Meanwhile, CRNDE can bind to EZH2 to 
suppress the expression of DUSP5 and CDKN1A. Lastly, the accumulated cytoplasmic hnRNPUL2 can increase the 
stability of CRNDE. Created with BioRender.com.

markers, whereas miR-217 had the opposite effect [48]. 
As per observed, E-cadherin/Mucin-1 protein levels were 
found to be decreased and Vimentin/Fibronectin protein 
levels were found to be elevated, thus activating EMT to 
enhance proliferation, metastasis, and invasion in HCC 
cells [48]. Furthermore, CRNDE was also reported to 
contribute to radiation resistance in HCC by binding to 
specificity protein 1 (SP1) to modulate the transcription 
of downstream genes 3-phosphoinositide dependent pro-
tein kinase 1 (PDK1) [49].

Moreover, CRNDE is able to regulate miR-33a-5p 

and its target cyclin dependent kinase 6 (CDK6), hence 
contributing to HCC tumorigenesis [21]. The expression 
of CDK6 was found to be suppressed by CRNDE inhibi-
tion or miR-33a-5p overexpression and resulted in HCC 
cells arresting in the G0/G1 phase [21]. In addition, it 
was found that knockdown of CRNDE promoted apop-
tosis of HCC cells by affecting proteins associated with 
mitochondrial apoptosis, including Bcl-2-associated X 
(Bax), B-cell leukemia/lymphoma-2 (Bcl-2), caspase 3, 
and cytochrome-3 [21].

Furthermore, overexpression of CRNDE was also 
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incidence and mortality globally [38]. The expression of 
CRNDE is also elevated in non-small cell lung cancer 
(NSCLC). The oncogenic roles of CRNDE in NSCLCs 
are to promote cell proliferation and growth, inhibit apop-
tosis, and induce tumor proliferation in vivo [62,63].

Fan et al. stated that the knockdown of CRNDE sup-
pressed cell proliferation and enhanced the apoptosis of 
NSCLC cells. The study reported that miR-641, a tumor 
suppressor in NSCLC was repressed due to the direct 
binding of CRNDE to it [62,64]. The CDK6, which plays 
a pivotal role in response to growth factors and mitogenic 
stimuli in the G1 phase [65] was negatively regulated by 
miR-641. Thus, the upregulation of CRNDE in NSCLC 
that repressed miR-641 in turn causes the increase in 
CDK6 expression, which contributes to proliferation and 
inhibits apoptosis in NSCLC cells [62].

Consistent with previous findings, Liu et al. found 
that through activating the PI3K/Akt pathway, CRNDE 
was able to promote cell proliferation and growth of NS-
CLC both in vitro and in vivo. The positive correlations 
between cyclins CDK4, CDK6, and cyclin E1 (CCNE1) 
and CRNDE suggest CRNDE can regulate the cell cy-
cle through the PI3K/Akt pathway. The upregulation of 
CRNDE could induce the PI3K/Akt pathway to enhance 
cell proliferation and growth in vitro and promote tumor 
formation in vitro [63]. Figure 4a demonstrates the roles 
of CRNDE in the development of NSCLC.

Cervical Cancer
CRNDE is present in an upregulated manner in 

various malignant cells and tissues, including cervical 
cancer (CC). Today, CC is the fourth most common gy-
necological cancer [38]. The overexpression of CRNDE 
was reported to markedly enhance cervical cancer cell 
growth and progression through diverse mechanisms, for 
instance, modulating the miR-183/CCNB1 axis [8], reg-
ulating the expression of PUMA [66] and targeting the 
miR-4262/ZEB1 axis to affect Wnt/β-catenin pathway 
[67].

CRNDE contributes to CC cell growth by sponging 
miR-183 to activate cyclin B1 (CCNB1) expression [8]. 
Bai et al. showed in vitro silencing of CRNDE led to at-
tenuation of CC progression by markedly decreased ex-
pression of cyclin D1 and N-cadherin with significantly 
increased levels of tissue inhibitors of metalloproteinas-
es 2 (TIMP-2) and caspase-3, suggesting CRNDE has a 
functional role in regulating cell proliferation and apopto-
sis in CC [8]. Next, Ren et al. confirmed that CRNDE was 
able to achieve the same effects by inhibiting miR-4262 to 
increase zinc finger E-box-binding homeobox 1 (ZEB1) 
expression and activate the Wnt/β-catenin pathway [67]. 
It was shown that expression of proteins such as Ki-67 
and proliferating cell nuclear antigen (PCNA) that are re-
lated to cell proliferation and Bcl-2 which is an anti-apop-

found in human hepatoblastoma (HB), the most common 
primary malignancy in infancy and childhood [50]. The 
knockdown of CRNDE was found to suppress HB tumor 
growth and tumor angiogenesis in vivo, whereas reduc-
ing cell viability, proliferation, migration, and angiogen-
ic effects were demonstrated in vitro [51,52]. Chen et al. 
suggested CRNDE could accelerate the development of 
HB through regulating vascular endothelial growth factor 
A (VEGFA) expression or mammalian target of rapamy-
cin (mTOR) signaling [51,52]. The results proved that 
CRNDE expression level was correlated with the tumor 
stages and able to promote angiogenesis by downregulat-
ing the tumor suppressor miR-203, which is able to in-
hibit angiogenesis, suppress cell viability, migration, and 
angiogenesis by regulating VEGFA expression [52].

Glioma
Glioma, which arises in the glial tissue and primarily 

occurs in the brain, is a malignancy that has a high recur-
rence and mortality rate [53]. Yet, it is the most prevalent 
type of primary intracranial tumor which accounts for 
approximately 81% of malignant brain conditions [54]. 
According to the latest revision in 2016 by WHO, glioma 
is classified into WHO I-IV grades based on malignant 
behavior [55].

Under normal conditions, miR-186 negatively re-
presses the X-linked inhibitor of apoptosis protein 
(XIAP), a potent anti-apoptotic protein, and P21-acti-
vated kinases 7 (PAK7), an important regulator of di-
verse oncogenic signaling pathway [56-58]. Zheng et 
al. showed that CRNDE negatively regulated miR-186 
through direct binding to prevent XIAP and PAK7 and 
their downstream proteins, including caspase-3, microtu-
bule affinity-regulating kinase 2 (MARK2), Bcl-2-asso-
ciated agonist of cell death (BAD), and cyclin D1 from 
being inhibited, resulting in enhanced cell proliferation, 
migration, invasion concomitant with inhibited cell apop-
tosis in glioma [57].

Moreover, Li et al. have reported that CRNDE neg-
atively regulates miR-136-5p to protect Bcl-2 and Wnt2 
from miR-136-5p-mediated inhibition, which in turn 
activates the PI3K/Akt/mTOR signaling pathway [59]. 
Bcl-2 is a key regulator of the suppressor gene and apop-
tosis suppressor factor, while Wnt2 is a crucial activator 
for cell proliferation, development, and differentiation 
[60,61]. Thereby, CRNDE serves as ceRNA for miR-136-
5p to inhibit its post-transcriptional repression ability and 
subsequently upregulates Bcl-2 and Wnt2 that promote 
glioma progression [59]. Figure 3b illustrates the connec-
tion between CRNDE and the formation of glioma.

Lung Cancer
Altogether, lung cancer is the leading cause of cancer 
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Figure 3. a. Overexpression of CRNDE involved in liver cancer development through repressing its negative 
targets such as miR-217, miR-33a-5p, and miR-203, subsequently upregulates the expression of MAPK1 and down-
stream targets: CDK6, BCAT1 and VEGFA. b. CRNDE promotes glioma through negative regulation of miR-136-5p 
and miR-186. Created with BioRender.com.

Figure 4. a. CRNDE contributes to NSCLC by activating PI3K/Akt pathway. CRNDE function as a ceRNA target-
ing miR-641 to modulate CDK6. b. CRNDE enhances the progression of cervical cancer through negative modulating 
miR-183/CCNB1 axis, regulating expression of PUMA and targeting miR-4262/ZEB1 axis to affects Wnt/β-catenin 
pathway. Created with BioRender.com.
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a splicing factor that is involved in the regulation of cell 
chemotherapy resistance. It was shown that the sensitivi-
ty of MGC803 cells to oxaliplatin and 5-FU was marked-
ly increased when the expression of SRSF6 is decreased 
in vitro and in vivo [72]. This can be explained by the 
significant L-to-S isoform switch of phosphatidylinosi-
tol-binding clathrin assembly protein (PICALM) RNA 
when SRSF6 is depleted, and the overexpression of PI-
CALMS enhances the chemosensitivity properties of 
gastric cancer cells [72].

Prostate Cancer
According to GLOBOCAN 2018, prostate cancer 

is the second most diagnosed cancer amongst males 
worldwide [38]. In prostate cancer, CRNDE functions to 
promote cell proliferation by inhibiting apoptosis and en-
hancing cell migration and invasion through modulating 
the expression level of microRNA such as miR-146a-5p 
and miR-101 [73,74]. Figure 5b shows how the CRNDE 
is involved in the development of prostate cancer.

Fu et al. proposed that CRNDE inhibits apoptosis 
and contributes to the proliferation and metastasis of 
prostate cancer by regulating its direct target miR-146a-
5p [73]. The study found that expression of MMP-2 and 
MMP-9, which play crucial roles in extracellular matrix 
(ECM) degradation and angiogenesis was decreased 
when CRNDE is downregulated, hence inhibiting inva-
sion and migration of prostate cancer cells [73,75]. Next, 
Chen et al. reported that CRNDE influenced prostate can-
cer progression by preventing miR-101 from suppressing 
its target oncogene, Ras-related protein 1A (Rap1A) [74]. 
Therefore, CRNDE possibly advanced prostate cancer 
progression through sponging miR-101 to increase Ra-
p1A expression [74].

LncRNA CRNDE IN FUTURE CLINICAL 
APPLICATION

At present, tumor biopsy, imaging, and endoscopy 
are the commonly performed conventional diagnostic 
methods for cancers. However, the process of these meth-
ods may possess certain degree of risk and discomfort to 
patients. Furthermore, they can have a high false negative 
result rates [76]. Thus, research for a novel non-invasive 
molecular biomarker that have high accuracy should be 
pursued.

Studies reported that lncRNAs are detectable in 
nearly all body fluids and tissues such as peripheral blood 
components, serum, and plasma [77,78]. In addition, ln-
cRNAs are quite stable and have a strong resistance to-
ward degradation by RNases [78]. This has greatly eased 
the detection process using RT-qPCR [79]. Therefore, 
CRNDE as a lncRNA, may have the potential to be a 
more accurate and effective diagnostic biomarker than 

totic protein were decreased together with an increased 
expression of pro-apoptotic protein Bax in CRNDE 
knockdown [67]. In addition, E-cadherin, N-cadherin, 
Vimentin, and Snail were also the downstream proteins 
of ZEB1 and hence via targeting miR-4262, CRNDE was 
able to participate in cell migration, invasion, and EMT in 
CC cancer tumors [67].

Yu et al. found that the p53 upregulated modulator of 
apoptosis (PUMA) was suppressed by CRNDE through 
direct binding to enhance CC progression [66]. PUMA, a 
critical mediator that supports p53 to accomplish its apop-
totic effect, was found essential in suppressing various 
tumor progression [68]. PUMA functions by interacting 
with anti-apoptotic molecules, Bcl-xL, causing it to un-
fold partially internally, thus leading to apoptosis in CC 
cells [69]. The findings of an in vivo study using mice in 
which CRNDE was knocked down showed a noticeably 
reduced tumor weight and volume, which indicated the 
decreased cell proliferation ability in CC tumors [8,66]. 
This confirms the role of CRNDE as an oncogene in CC 
that is able to regulate cell growth, migration, invasion, 
apoptosis, and EMT events [8,66]. Figure 4b elucidates 
how CRNDE contributes to the development of CC.

Gastric Cancer
Gastric cancer is the third leading cause of cancer 

mortality and ranks fifth in terms of cancer incidence 
[38]. Recently, the upregulation of CRNDE was reported 
to play a key role in gastric cancer tumorigenesis through 
modulating the miR-145/E2F3 axis or regulating PI3K/
Akt pathway [70,71]. Conversely, there is another study 
reported that low expression levels of CRNDE may lead 
to drug resistance in gastric cancer cells and tissues [72]. 
Figure 5a illustrates the role of CRNDE in the formation 
of gastric cancer.

CRNDE acts as a molecular sponge to negatively 
regulate the expression level of miR-145 to increase E2F 
transcription factor 3 (E2F3) expression [71]. Overex-
pression of CRNDE in gastric cancer will increase cell 
viability and promote cell proliferation and colony for-
mation significantly [71]. Furthermore, high expression 
of CRNDE was associated with invasion depth, lymph 
node metastasis, tumor, node, metastasis (TMN) stage, 
and shorter overall survival in gastric cancer patients 
[70]. CRNDE achieved these oncogenic effects by affect-
ing the PI3K/Akt pathway [70].

Interestingly, Zhang et al. demonstrated that down-
regulated CRNDE expression will result in chemore-
sistance and low sensitivity to chemotherapy in gastric 
cancer cells [72]. The study suggested CRNDE controls 
the autophagy mediated chemoresistance activity by di-
rect binding to serine and arginine rich splicing factor 6 
(SRSF6) and reduces its protein stability, which in turn 
results in reduced alternative splicing events. SRSF6 is 
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Figure 5. a. CRNDE mediated the important PI3K/Akt signaling pathway to promote the development of gas-
tric cancer. The high expression level of CRNDE can bind to SRSF6 to reduce its protein stability, hence regulating 
its downstream target PICALM to affect the chemosensitivity of GC cells. b. CRNDE acts as an oncogenic lncRNA to 
significantly enhance the development of prostate cancer through negatively modulating miR-146a-5p and miR-101/
Rap1A axis. Created with BioRender.com.

protein, protein-coding RNAs, and DNA.
Mounting evidence has displayed there is a signifi-

cant correlation of CRNDE overexpression with clinico-
pathologic features such as tumor size and weight [8,38], 
differentiation of primary tumor [80], invasion depth of 
primary focus [80], involvement of lymph nodes metas-
tasis [80,81], and advanced TMN stage [82]. Addition-
ally, elevated CRNDE expression levels predict an un-
favorable prognosis for cancers characterized by poorer 
overall survival, an increased chance of recurrence, and a 
shorter time for recurrence [80,82].

For example, the CRNDE isoforms, CRNDE-h and 
CRNDE-p, demonstrated a highly elevated expression 
pattern in the serum of CRC patients [83-85]. Patients 
who were associated with factors of poor clinical out-
come were found to have high levels of exosomal serum 
CRNDE-h levels [83,84]. Meanwhile, advanced clinical 
staging (stage III or IV), higher tumor classification (T3 
or T4) and lymph node involvement and distant metasta-
sis were reported to be associated with high CRNDE-p 
serum exosomal levels [83,85].

Generally, lncRNAs are expressed at a low level in 

a healthy individual, but their deregulation in either up- 
or down-regulated expression is commonly seen during 
cancers [86]. Hence, the aberrant expression and biolog-
ical function of CRNDE in various human cancers has 
provided a convincing theoretical basis that CRNDE may 
be a therapeutic target for cancer treatment (Table 1). 
Moreover, the disease specific expression manner gives 
CRNDE the capability to be developed as a vital target 
of therapy to achieve selective killing of cancer cells and 
avoid toxicities to other cells [86].

Overall, CRNDE demonstrates great potential to be a 
molecular biomarker for diagnosis, prognosis, and a ther-
apeutic target in different types of cancers. An effective 
molecular biomarker not only helps physicians provide 
tailored cancer treatment for cancer patients but is also 
able to support disease progress monitoring. Thus, better 
care prevention and treatment can be delivered.

CONCLUSION

CRNDE, as a pivotal lncRNA that is abnormally ex-
pressed in many different cancers. It is found to be in-
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Prognostic Value of Long Noncoding RNA CRNDE 
as a Novel Biomarker in Solid Cancers: An Updated 
Systematic Review and Meta-Analysis. J Cancer. 2019 
May;10(11):2386–96.

21. Lin C, Xiang Y, Sheng J, Liu S, Cui M, Zhang X. Long 
non-coding RNA CRNDE promotes malignant progres-
sion of hepatocellular carcinoma through the miR-33a-5p/
CDK6 axis. J Physiol Biochem. 2020 Aug;76(3):469–81.

22. Xie S-C, Zhang J-Q, Jiang X-L, Hua Y-Y, Xie S-W, Qin 
Y-A, et al. LncRNA CRNDE facilitates epigenetic suppres-
sion of CELF2 and LATS2 to promote proliferation, mi-
gration and chemoresistance in hepatocellular carcinoma. 
Cell Death Dis. 2020;11(8):676-. https://doi.org/10.1038/
s41419-020-02853-8.

23. Ding Q, Mo F, Cai X, Zhang W, Wang J, Yang S, et al. 
LncRNA CRNDE is activated by SP1 and promotes osteo-
sarcoma proliferation, invasion, and epithelial-mesenchy-
mal transition via Wnt/β-catenin signaling pathway. J Cell 
Biochem. 2020 Jun;121(5-6):3358–71.

24. Zhao J, Li L, Han ZY, Wang ZX, Qin LX. Long noncoding 
RNAs, emerging and versatile regulators of tumor-induced 

volved in regulating cell proliferation, metastasis, apop-
tosis, radiosensitivity, and chemoresistance in cancer 
cells and tissues. Cancer patients with highly elevated 
CRNDE expression showed poor prognosis with ag-
gressive clinicopathologic features such as larger tumor 
size, advanced TMN stage, distant metastasis, and worse 
lymph node metastasis.

While the research studies have shed light on the 
oncogenic roles of lncRNA CRNDE in various cancer 
types, it is crucial to recognize that the interactions be-
tween CRNDE and cellular processes are intricate. The 
majority of studies focus on transcriptional levels and the 
pathological mechanisms remain unclear, leaving a rich 
area for further investigation.

Furthermore, it is important to acknowledge that sig-
naling pathways can often be mediated by other factors 
such as protein-protein interaction. However, the ability 
to dissect the contributions of CRNDE in cancer and pre-
cisely pinpoint causal relationships is still a limitation in 
the field.

Often identification of lncRNAs can be challeng-
ing, given their structural similarity with mRNA and 
their loose classification as transcribed RNA molecules 
that are longer than 200 nucleotides that do not encode 
proteins. Growing evidence shows that some lncRNAs 
possess protein-coding abilities and play functional roles 
in cellular processes. This prompts us to consider a more 
precise definition of lncRNAs, particularly those with the 
potential to code for proteins.
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