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Abstract 

Colorectal neoplasia differentially expressed (CRNDE) is a long non-coding RNA which has been proved upregu-
lated in various cancers. Meanwhile, CRNDE has been demonstrated to be involved in multiple biological processes 
of different cancers according to previous study. Moreover, recent studies suggested CRNDE might be a potential 
diagnostic biomarker and prognostic predictor due to its high sensitivity and specificity in cancer tissues and plasma. 
In this review, we summarize the biological function of CRNDE and the relevant mechanisms in cancers to establish a 
molecular basis for the clinical use of CRNDE in the future.

Keywords: CRNDE, lncRNA, Cancer, Biomarker

© The Author(s) 2020. This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material 
in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material 
is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the 
permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creat iveco 
mmons .org/licen ses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creat iveco mmons .org/publi cdoma in/
zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Background
Long non-coding RNAs (lncRNAs) are a class of non-
protein-coding RNAs that are more than 200 nucleotides 
in length and are involved in numerous physiological 
and pathological processes [1]. Multiple lines of evi-
dence have shown dysregulated lncRNAs are associ-
ated with human cancers [2, 3]. LncRNAs regulate genes 
expression at the epigenetic, transcriptional and post-
transcriptional levels [4, 5], and participate in a variety 
of molecular regulatory mechanisms. Such as inducing 
chromatin remodelling [6] and histone modification [7, 
8], modulating alternative splicing patterns, acting as 
small RNA precursors [9], generating endo-siRNAs [10, 
11], interfering transcription [12], mediating protein 
activity [13], altering protein localization [14], and exert-
ing structural or organizational activities [15]. Thus, it is 
becoming increasingly clear that long non-coding RNAs 
play indispensable roles in human cancers.

CRNDE is located at an atypical locus—hCG_1815491 
on chromosome 16—and is activated early in colorec-
tal cancer (CRC) [16]. CRNDE is classified as a long 
non-coding RNA because it is longer than 200 nucleo-
tides and is independent of any known protein-coding 
genes. In addition, at least 10 splice variants of CRNDE 
are expressed, among which CRNDE-a, -b, -d, -e, -f, -h, 
and -j are the most abundant isoforms [16, 17]. Although 
CRNDE was originally identified to be specifically high-
expressed in CRC [17], overexpressed CRNDE was also 
observed in other cancers, such as glioma [18, 19], hepa-
tocellular carcinoma (HCC) [20–24], lung cancer [25, 
26], breast cancer (BC) [27], gastric cancer (GC) [28, 29], 
and renal cell carcinoma (RCC) [30, 31]. CRNDE was 
considered to play crucial roles in cancer biological pro-
cesses and act as a key factor to affect multiple molecular 
regulatory networks.

Here, we will summarize the specific biological pro-
cesses that CRNDE influencing in and the diverse molec-
ular mechanisms that CRNDE involving in, to provide 
the theoretical basis for CRNDE practical usage in clinic 
(Table 1).
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Table 1 The related interactive genes of CRNDE and involvement in functional role in different cancers

Functional roles Cancer types Related genes Related pathways References

Proliferation CRC miR-217/TCF7L2, hnRNPUL2, miR-181a-5p/
beta-catenin/TCF4, EZH2/DUSP5/
CDKN1A

Wnt/beta-catenin, Ras/MAPK signaling 
pathway

[32, 33, 35, 48]

Glioma miR-384/PIWIL4, miR-136-5p/Bcl-2/Wnt2,
miR-186/XIAP/PAK7

mTOR signaling pathway [19, 39–41]

Lung caner miR-338-3p, CDK4, CDK6, CCNE1 PI3K/AKT signaling pathway [25, 26]

HCC miR-136-5P/IRX5,miR-217/MAPK1, miR-
203/BCAT1, miR-384/NF-kappaB/p-AKT, 
E-cadherin, ZO-1, N-cadherin, slug, twist, 
vimentin

PI3K/Akt/GSK3beta-Wnt/beta-catenin, 
mTOR signaling pathway

[20–24, 38, 77]

BC miR-136, SF3B1 Wnt/beta-catenin signaling pathway [27, 78]

GC miR-145/E2F3 PI3K/AKT signaling pathway [28, 29]

RCC CCND1, CCNE1 Wnt/beta-catenin signaling pathway [31, 79]

Osteosarcoma Notch1, JAG1, N-cadherin, vimentin, 
E-cadherin

Notch1 signaling pathway [36]

Cervical cancer Not determined PI3K/AKT signaling pathway [34, 80]

Ovarian cancer TP53 Not determined [66]

MM miR-451 Not determined [47]

PTC miR-384/PTN Not determined [43]

Pancreatic cancer miR-384/IRS1 Not determined [50]

TSCC miR-384/KRAS/cdc42 Not determined [42]

Melanoma miR-205/CCL18, SF3B1 Not determined [81, 82]

Medulloblastoma Not determined Not determined [83]

Bladder cancer Not determined Not determined [68]

Invasion and migration CRC miR-136/E2F1, miR-217/TCF7L2, hnRNPUL2 Wnt/beta-catenin, Ras/MAPK Signaling 
Pathway

[32, 35, 49]

Glioma miR-384/PIWIL4/STAT3, miR-136-5p/Bcl-2/
Wnt2, miR-186/XIAP/PAK7

mTOR signaling pathway [19, 39–41]

Lung caner miR-338-3p Not determined [25]

HCC miR-136-5P/IRX5, miR-217/MAPK1, miR-
203/BCAT1, miR-384/NF-kappaB/p-AKT,E-
cadherin, ZO-1, N-cadherin, slug, twist, 
vimentin

Wnt/beta-catenin signaling pathway [20–22, 24, 38]

BC miR-136 Wnt/beta-catenin signaling pathway [27]

GC Not determined PI3K/AKT signaling pathway [28]

Osteosarcoma Notch1, JAG1, N-cadherin, vimentin, 
E-cadherin

Notch1 signaling pathway [36]

Cervical cancer Not determined PI3K/AKT signaling pathway [80]

PTC miR-384/PTN Not determined [43]

Pancreatic cancer miR-384/IRS1 Not determined [50]

TSCC miR-384/KRAS/cdc42 Not determined [42]

Melanoma miR-205/CCL18 Not determined [81]

Gallbladder cancer DMBT1/C-IAP1 PI3K-AKT signaling pathway [76]

Bladder cancer Not determined Not determined [68]

Apoptosis CRC EZH2/DUSP5/CDKN1A Not determined [48]

Glioma miR-384/PIWIL4/STAT3, EGFR/TKI, Bcl2/Bax, 
miR-136-5p/Bcl-2/Wnt2, miR-186/XIAP/
PAK7, FOXM1

EGFR, NF-kappaB, JAK/STAT signaling 
pathway

[39–41, 46, 58]

HCC Not determined mTOR signaling pathway [77]

Cervical cancer Not determined PI3K/AKT signaling pathway [34]

MM miR-451 Not determined [47]

Medulloblastoma Not determined Not determined [83]

Bladder cancer Not determined Not determined [68]
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CRNDE promotes proliferation
Numerious studies revealed overexpressed CRNDE sig-
nificantly promoted cancer cells proliferation. Specifi-
cally, diverse signaling pathways were found associated 
with CRNDE effect in cancers, such as the Wnt/β-catenin 
[20, 31–33], PI3K/AKT/mTOR [23, 26, 34], Ras/mitogen-
activated protein kinase (MAPK) [35] and Notch1 sign-
aling pathways [36]. Among them, the Wnt/β-catenin 
signaling pathway could be directly activated when 
CRNDE promoted BC cells proliferation by repress-
ing the expression of miR-136. Meanwhile, in this study, 
miR-136 was considered as a binding target of CRNDE 
and along with the levels of β-catenin, c-myc and cyclin 
D1 were increased by upregulaed CRNDE [27]. While, 
Tang et  al. [23] demonstrated CRNDE could exert its 
oncogenic role in HCC cells growth via mediating the 
PI3K/AKTGSKβ-Wnt/β-catenin axis. Moreover, CRNDE 
was reported to competitive bind with miR-217 [32] and 
miR-181a-5p [33], increasing Wnt/β-catenin signaling 
activity to participate in different cancer cells prolifera-
tion. At the same time, the expression levels of down-
stream target genes of these two microRNAs, TCF7L2 
[32] and TCF-4 [33], were increased. Collectively, the 
results above indicated that Wnt/β-catenin signaling 
might be the key pathway through which CRNDE could 
exert its cancer-promoting function in various cancers 
[37]. Furthermore, CRNDE was found be able to form a 
functional complex with heterogeneous nuclear ribonu-
cleoprotein U-like 2 protein (hnRNPUL2) and direct the 
transport of hnRNPUL2 between the nucleus and cyto-
plasm [35]. Cytoplasmic aggregation hnRNPUL2 simul-
taneously enhanced the stability of CRNDE at the RNA 
level and on the other hand, CRNDE depletion downreg-
ulated a series of downstream genes involved in the Ras/
MAPK signaling pathway in CRC [35].

Clearly, lncRNAs are inextricably linked with microR-
NAs, and lncRNA CRNDE is no exception. An increas-
ing number of studies have shown that CRNDE could 
act as a competitive endogenous RNA (ceRNA) or 
molecular sponge to target some certain microRNAs, 
thus inducing the proliferation of different cancers. For 

example, CRNDE could accelerated non-small-cell lung 
cancer (NSCLC) progression by sponging miR-338-3p 
[25] and enhanced HCC carcinogenesis by spong-
ing miR-203, miR-384 or miR-217, thereby mediating 
BCAT1, NF-κB, p-AKT and MAPK1 expression [22, 
24, 38]. Moreover, in glioma, miR-136-5p, miR-384 
and miR-186 could be negatively regulated by CRNDE 
to facilitate cancer cells growth [39–41]. Special find-
ings were reported that CRNDE overexpression in 
glioma resulted in decreased protein level of piwi-like 
RNA-mediated gene silencing 4 (PIWIL4). Not only 
was PIWIL4 regulated by miR-384, but the downstream 
proteins of PIWIL4—STAT3, cyclin D1, VEGFA, SLUG 
and MMP-9 were also modulated by miR-384 [40]. Sim-
ilarly, CRNDE also could stimulate the development of 
tongue squamous cell carcinoma (TSCC) by inhibiting 
miR-384 expression [42], accelerate the progression of 
GC via molecular sponging of miR-145 [29] and acti-
vate carcinogenesis of papillary thyroid cancer (PTC) 
by suppressing miR-384 [43]. In addition to the com-
petitive binding and sponge-like interactions between 
CRNDE and microRNAs, there might be other intri-
cate molecular mechanisms by which CRNDE exerts its 
unique cancer-promoting effect. For instance, CRNDE 
impeded miR-136-5p expression in a RISC-dependent 
manner, and a reciprocal repression feedback loop fol-
lowing formed between CRNDE and miR-136-5p [21]. 
On the other hand, IRX5, which has been confirmed to 
be the neighbouring mRNA of CRNDE, enhanced the 
tumorigenicity of HCC cells as a potential downstream 
target gene of miR-136-5p. MiR-136-5p coud inter-
act with 3′ UTR of IRX5 and regulate its expression. 
Thus, according to this study, CRNDE exhibited onco-
genic properties via CRNDE–miR-136-5P–IRX5 axis in 
human HCC [21].

Consequently, CRNDE, as a crucial tumor pro-
moter, facilitates the progression of different cancers 
through a variety of molecular pathways. Overexpres-
sion of CRNDE promotes cell growth and proliferation, 
increases the proportion of cells in proliferative sub-
populations (S phase) while decreasing the proportion 

Table 1 (continued)

Functional roles Cancer types Related genes Related pathways References

Chemoresistance CRC miR-181a-5p/beta-catenin/TCF4, miR-136/
E2F1

Wnt/beta-catenin signaling pathway [33, 49]

Metabolism CRC IGF PI3K/Akt/mTOR, Raf/MAPK, insulin/IGF 
signaling pathway

[74]

Radiosensitivity Lung caner PRC2/EZH2/p21 Not determined [64]

Inflammation Glioma FOXM1 NF-kappaB, JAK/STAT, toll-like receptor 
(TLR) signaling pathway

[58, 59]
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of cells in quiescent subpopulations (G0/G1 phase), and 
modulates the expression of CDK4, CDK6, CCDN1 and 
CCNE1 [26, 31]. Collectively, the above findings show 
the importance of CRNDE in the process of cancer cells 
proliferation (Fig. 1).

CRNDE inhibits apoptosis
Apoptosis is a mode of programmed cell death that 
results in the precise, orderly and efficient removal of 
damaged cells [44]. Deregulation of apoptotic cell death 
process is a hallmark of cancer, alterations in apoptosis 
are responsible for cancer genesis and development and 
thus may play a vital role in the prognoses of cancers [45]. 
In the light of previous reports, CRNDE was considered 
assocoated with cell apoptosis process and thereby pro-
moting cancer progression.

In glioma, knockdown CRNDE induced cancer cells 
apoptosis and then decreased Bcl2/Bcl2-associated 
X protein (Bax) ratio through different pathways [39, 
40, 46]. Epidermal growth factor (EGF) enhanced the 
upregulation of CRNDE expression whereas epidermal 
growth factor receptor (EGFR) tyrosine kinase inhibi-
tors (TKIs) blocked it, suggesting that EGFR activa-
tion promoted high expression of CRNDE, which in 
turn decreased the Bcl2/Bax ratio and subsequently 
inhibited apoptosis [46]. Moreover, CRNDE also acted 
as a ceRNA that bound to and negatively regulated 
miR-136-5p in glioma, subsequently protecting Bcl-2 
and Wnt2 from miR-136-5p-mediated inhibition [39]. 

In addition, Bcl-2, Bcl-xL and caspase 3 were also the 
downstream of PIWIL4 and thence CRNDE could 
interfere with glioma cells apoptosis through CRNDE-
miR-384-PIWIL4 axis [40]. Coincidentally, CRNDE 
also inhibited the apoptosis of glioma cells by decreas-
ing XIAP and PAK7 expression by binding to and nega-
tively regulating miR-186. Specifically, miR-186 bound 
to the 3′ UTR region of XIAP and PAK7, and further 
modulating their downstream proteins caspase 3, BAD, 
cyclin D1 and MARK2 [41]. Through the same mode 
of action, the anti-apoptotic activity of miR-451 was 
induced by CRNDE in multiple myeloma (MM) [47]. 
In fact, other complicated molecular mechanisms were 
involved, in addition to function by negatively target-
ing microRNAs. Yang et al. [34] proposed that depleted 
CRNDE prompted cervical cancer cells apoptosis 
through inactivating the PI3K/AKT pathway. While in 
CRC, CRNDE was shown to cause apoptosis by binding 
to EZH2 (the key component of polycomb repressive 
complex 2 (PRC2)) and epigenetically suppressing the 
expression of dual-specificity phosphatase 5 (DUSP5) 
and CDKN1A [48].

In summary, these results indicated that the dysregu-
lation of CRNDE affectd various cancers apoptosis by 
targeting multiple genes, especially microRNAs. In a 
word, CRNDE influences the balance of interactions in 
apoptosis, and this dynamic equilibrium determines the 
final phenotype of CRNDE function in cancers (Fig. 2).

Fig. 1 CRNDE significantly promotes cell proliferation through 
mediating multiple signaling pathways and various target genes. 
Among them, the most important pathways are Wnt/β-catenin, 
PI3K/AKT, NF-κB/AKT and Ras/MAPK signaling pathway, and the 
most relevant target microRNAs including miR-181a-5p, miR-136-5p, 
miR-217, miR-384, miR-203, miR-186, miR-205, miR-145 and miR-451. 
Moreover, the accumulation of TP53 is correlated with decreased 
expression of CRNDE, while the accumulation of hnRNPUL2 in the 
cytoplasm increases the stability of CRNDE

Fig. 2 CRNDE prominently inhibits cell apoptosis by regulating 
several relevant effectors. In addition to the miR-384/PIWIL4/STAT3 
axis, CRNDE directly regulates miR-136-5p, miR-451, EZH2, FOXM1, 
PAK7, XIAP and other genes to inhibit apoptosis as well. CRNDE is also 
involved in the controlling processes via caspase family, Bcl-2 family 
and some tumor suppressors, such as caspase3, Bcl-2, Bcl-xL, Bax, 
BAD, MARK2, CDKMA and DUSP5 et al., suppressing apoptosis
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CRNDE induces invasion and migration
Migration and invasion are the initial steps underlying 
cancer cell metastasis, which is a major contributor to 
the death of  cancer  patients. On the basis of our sum-
mary, the same target genes and signaling pathways were 
often involved in the biological process of CRNDE affect-
ing both cancer cells proliferation, invasion and migra-
tion. As described above, CRNDE could inhibit miR-136 
[21, 27, 49] and miR-217 [32] via sponging or competitive 
binding, activate Wnt/β-catenin signaling and heighten 
cell viability and metastatic activity [20]. Moreover, other 
microRNAs, such as miR-384 [38, 40, 42, 43, 50], miR-
203 [24], miR-186 [41], and miR-338-3p [25], were all the 
negative targets of CRNDE and play important roles in 
promoting invasion and migration of a diverse range of 
cancers. For example, existing research suggested that 
CRNDE advanced the course of CRC cells metastasis by 
raising TCF7L2 expression and Wnt/β-catenin signaling 
activity through competitive binding to miR-217 [32]. 
In line with the study of Gao et al. [49], the competitive 
effect between CRNDE and miR-136 led to the disinhibi-
tion of the endogenous target gene E2F transcription fac-
tor 1 (E2F1) of miR-136, and then boosted the capability 
of metastasis in CRC.

Epithelial-mesenchymal transition (EMT) has been 
recognized as a critical biological process in cancer 
metastasis. The expanding knowledge relating to EMT 
has clarified the EMT programme as a set of dynamic 
transitional processes that shifts cells from epithelial to 
mesenchymal phenotypes. During this procedure, epi-
thelial cells alter their morphology, motor their behav-
iour and acquire the ability for increased metastasis 
[51–53]. Therefore, EMT is an important contributor to 
cancer cells invasion and migration. In HCC, downregu-
lated CRNDE suppressed the EMT process by increas-
ing E-cadherin and ZO-1 expression while decreasing 
N-cadherin, slug, twist and vimentin expression and 
simultaneously restrained Wnt/β-catenin signaling 
[20]. Furthermore, in osteosarcoma, overexpression of 
CRNDE enhanced Notch1 signal transduction activity 
and promoted EMT programme, Notch1, JAG1, N-cad-
herin and vimentin were upregulated, while CRNDE 
knockdown produced the opposite effects [36]. Collec-
tively, these results showed that CRNDE had the capac-
ity to stimulate EMT so that cancer metastasis was 
advanced.

Last but not least, in addition to mediating Wnt/β-
catenin and Notch1 signaling pathways, additional sign-
aling pathways could be aberrantly activated or curbed, 
such as the NF-κB/AKT [38], Ras/MAPK [22, 35] and 
PI3K/AKT signaling pathways [28]. Sum up, CRNDE 
facilitates cancer cells invasion and migration by inter-
vening multiple metastasis-related genes, highlighting 

the important role of CRNDE-mediated regulatory net-
works in cancer invasion and migration (Fig. 3).

CRNDE regulates inflammatory responses
One of the most challenging issues in immunology 
remains to explore the latent mechanisms of the immune 
system in affecting the occurence and development of 
cancers. After years of research, it is appreciated that 
the immune system plays a dual role in cancer. Not only 
does it inhibit cancer growth by impairing cancer cells or 
reprogramming their end fate, but it also promotes can-
cer progression by selecting immunocompetent hosts 
that are more suitable for cancer cells survival [54, 55].

The NF-κB transcription factor family is believed to 
be the central mediator in the inflammatory process and 
the key participant in several immune responses [56]. 
DiDonato et al. summarized the complex role of NF-κB 
in linking inflammation with cancers and pointed out 
the harmful effects of insufficient or excessive NF-κB 
on cancers [57]. Thus, NF-κB has been confirmed to 
be a significant player in the immune process in which 
inflammation gradually evolves into cancers. CRNDE 
was reported to be upregulated in lipopolysaccharide 
(LPS)-injured WI-38 cells. The overexpressed CRNDE 
accelerated the cellular inflammation induced by LPS 
exposure and further activated the NF-κB and JAK/STAT 
signaling pathways [58]. Interestingly, in this molecular 
network, FOXM1 was upregulated by CRNDE, and in 
turn, FOXM1 depleration blocked the promoting effect 
of CRNDE in inflammatory responses [58]. Moreover, in 

another study [59], NF-κB and numerous cytokines were 
regulaed by CRNDE and the two were recognized as 

Fig. 3 As for cell invasion and migration, CRNDE affects this process 
by multiple factors. CRNDE increases the ability of cell invasion and 
migration by modulating EMT process, and Notch1, JAG1, slug, 
vimentin, twist, N-cadherin, E-cadherin and ZO-1 are all involved 
in the EMT process. Those microRNAs that also play roles in cell 
proliferation are not repeated here
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the effectors of the Toll-like receptor signaling pathway. 
Therefore, CRNDE was speculated as the inflammation 
trigger in astrocytes to affect tumorigenesis via the Toll-
like receptor pathway, especially the Toll-like receptor-3 
(TLR3)-mediated MyD88-independent pathway [59].

Currently, an increasing number of studies have 
deemed lncRNAs as important regulators of cancer 
immune system [60–62]. The in-depth studies of lncR-
NAs in tumor immunity have revealed the complicated 
molecular mechanisms in cancer immune system from 
a new perspective [63]. Thus, lncRNA CRNDE may be a 
potential target in cancer immunotherapy (Fig. 4).

CRNDE affects chemoresistance 
and radioresistance
Chemotherapy and radiotherapy are conventional meth-
ods of cancer treatment with the basic principle of abol-
ishing growing cancer cells and thus reducing the tumor 
burden. However, drug resistance and radiation resist-
ance in cancer cells remain fundamental challenges. 
For both non-targeted and targeted drugs, intrinsic or 
acquired resistance in cancer cells is always a major 
obstacle in chemotherapy. As an oncogene, CRNDE 
has been acknowledged to induce cancer cells prolif-
eration, trigger EMT, promote metastasis and regulate 

the immune microenvironment. On this basis, CRNDE 
was speculated whether could participate in weaken-
ing cancer chemosensitivity or radiosensitivity through 
unknown molecular mechanisms, ultimately conferring 
resistance. For instance, CRNDE was reported to influ-
ence CRC chemoresistance by modulating the expression 
of miR-181a-5p and the activity of the Wnt/β-catenin 
signaling pathway [33]. Specifically, in this research, CRC 
cell lines with stable CRNDE overexpression or miR-
181a-5p knockdown were structured and were treated 
with serially increasing concentrations of 5-fluorouracil 
(5-Fu) and oxaliplatin (OXA). The upregulated CRNDE 
reduced CRC cells sensitivity to 5-Fu and OXA in vary-
ing degrees. Similarly, Gao et  al. [49] found that down-
regulated CRNDE in combination with OXA treatment 
decreased cancer cells viability and promoted DNA dam-
age and apoptosis, while CRC cells with upregulated 
CRNDE showed reduced DNA damage and apoptosis 
upon OXA treatment. The reason for which was CRNDE 
functioned as a ceRNA of miR-136 to promote drug 
resistance in CRC.

Radioresistance is also a difficult obstacle should be 
overcome in the treatment of cancers. Therefore, many 
in-depth studies aiming to explore the molecular mecha-
nisms associated with radioresistance are being carried 
out. In a recent study, CRNDE was reported to influ-
ence the radiosensitivity of lung adenocarcinoma (LAD) 
by affecting the G1/S transition and leading to apoptosis 
[64]. Furthermore, CRNDE recruited the core compo-
nent of PRC2, EZH2, to the p21 (CDKN1A) promoter 
region, ultimately contributing to the formation of radia-
tion-tolerant phenotypes in LAD cells [64].

Berifly, CRNDE plays an important role in the molec-
ular mechanisms of drug resistance and radiation tol-
erance and is expected to provide a new direction for 
further clinical treatment (Fig. 4).

CRNDE serves as a potential tumor marker
CRNDE is currently confirmed to have 14 splice variants 
due to its complex splicing patterns, which result from 
various combinations of exons and introns [65]. Diverse 
splicing patterns generate different RNA transcripts, 
which may have different biological functions. CRNDE 
has been identified to be closely related to the malignant 
progression and poor prognosis of multiple cancers in 
different studies [18, 30, 66–69].

Dysregulation of universal splicing is a common fea-
ture of cancer cells, and some specific alternative splice 
variants of CRNDE have been shown to be related to 
cancers, especially CRC [67, 70, 71]. In a number of clini-
cal sample-based studies, CRNDE expression was found 
to be higher in clinical cancer samples than that in nor-
mal tissue samples, and its upregulation was significantly 

Fig. 4 CRNDE influences drug resistance, radiation resistance and 
immune response, participants in glucose metabolism and also 
acts as a gene scaffold. CRNDE triggers inflammation to regulate 
tumorigenesis by targeting FOXM1 and TLR3/MyD8 axis, and 
activating NF-κB and JAK/STAT signaling pathways. Moreover, CRNDE 
leads to the formation of drug-resistance and radiation-tolerant 
phenotypes through interacting with EZH2, miR-181a-5p and 
miR-136. Furthermore, CRNDE can be regulated by insulin and IGFs 
through the PI3K/Akt/mTOR and the Raf/MAPK pathways to take part 
in aerobic glycolysis (Warburg effect). Especially, CRNDE functions as 
the scaffold of DMBT1 and C-IAP1 to help them exert their effect in 
cancers. All these illustrates that CRNDE play different important roles 
in the complicated networks of cancers
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correlated with larger tumor size, a greater degree of 
positive regional lymph node metastasis, faster distant 
metastasis and worse overall survival [16, 33, 35, 67, 
70, 72]. Furthermore, on the basis of previous research, 
increased levels of CRNDE, especially CRNDE-h, -g 
and -b, in cancer tissue and blood were highly sensitive 
and specific for discriminating patients with CRC [16]. 
Similarly, Graham LD et al. [16] also demonstrated that 
CRNDE-h could effectively discriminate adenoma and 
normal mucosal tissue with a sensitivity and specificity 
of 95% and 96%, in a large number of clinical samples of 
CRC. In addition, CRNDE-b and -g showed 91% and 80% 
sensitivity, respectively, and the same 96% specificity as 
CRNDE-h within the same cohort. Whereas,  in plasma, 
CRNDE-h RNA levels were characterized by 87% sensi-
tivity and 93% specificity for discriminating CRC patients 
and healthy individuals.

Through numerous multi-angle quantitative analyses of 
clinical samples, not only in CRC but also in other solid 
tumors such as glioma [18, 19, 73], GC [28], NSCLC [25], 
BC [27], RCC [30], ovarian cancer [66], cervical cancer 
[34], and bladder cancer [68], CRNDE has been revealed 
to be closely associated with advanced stage and poor 
prognosis, suggesting that its promising significance in 
clinical application.

Thus, these data offer convincing evidences for CRNDE 
as a useful diagnostic marker and prognostic predictor in 
the future.

Conclusions
This review aims to summarize the pleiotropic effects 
of CRNDE on the progression of various cancers. Many 
factors are involved in the regulation of CRNDE net-
works. In CRC, HCC, BC, GC, RCC, MM, glioma and 
other cancers, the expression levels of CRNDE are all 
higher in cancer tissues than that in corresponding 
normal tissues, indicating that CRNDE maybe serves 
as a cancer promoter. In addition, CRNDE participates 
in diverse cancer biological processes, including pro-
liferation, apoptosis, invasion and metastasis, by regu-
lating multiple target genes and affecting complicated 
signaling pathways. Meanwhile, the abnormal increase 
in CRNDE expression indicates the adverse prognosis 
and worse survival. Moreover, overexpressed CRNDE 
is also able to render cancer cells resistant to certain 
chemotherapeutic drugs and radiation, hindering the 

effective clinical treatment of cancers. In addition to 
playing a role in the biological processes described as 
above, CRNDE has been reported to be regulated by 
insulin and insulin-like growth factors (IGFs) through 
the PI3K/Akt/mTOR and Raf/MAPK pathways, thereby 
affecting glucose metabolism and cancer microenviron-
ment [74]. Specifically, CRNDE promotes metabolic 
changes to shift energy production in cancer cells to 
aerobic glycolysis (the Warburg effect) [75]. Moreover, 
CRNDE can even be used as a scaffold for recruiting 
DMBT1 and c-IAP1 to stimulate PI3K-AKT pathway 
activity [76]. These findings further demonstrate the 
diverse functions of CRNDE.

The elevated and specific expression of CRNDE in 
cancers may be a process of dynamic homeostasis. His-
tone acetylation in the promoter region accounts for 
the upregulation of CRNDE [19], hnRNPUL2 accumu-
lation in the cytoplasm further stabilizes the mRNA 
level of CRNDE [35], while accumulation of the TP53 
protein inhibits CRNDE expression [66] (Fig. 5). Based 
on the preceding exploring about CRNDE, we propose 
CRNDE as a multifunctional lncRNA and its different 
splice variants can provide specific functional scaffolds 
for regulatory complexes, such as PRC2 chromatin-
modifying complexes, by which some mediators can 
navigate to target genes. In addition, the promoters of 
these genes are then regulated by epigenetic modifica-
tion, accompanying with the associated biological phe-
notypes. In addition to its role in the recruitment of 
proteins involved in chromatin modifications, CRNDE 
has been recognized as a miRNA sponge, ceRNA, RNA 
signal, RNA scaffold or a component of the feedback 
loop with miRNAs and mRNAs (Fig. 5).

However, CRNDE has multiple transcript isoforms 
and thus the more functions need to be excavated. 
Moreover, because of the diversity of lncRNAs func-
tions, CRNDE may exert effects opposite to those gen-
erated by its cancer-promoting role, making the study 
about CRNDE challenging and uncertain. Thus far, 
the secondary structure and the specific mechanism 
of CRNDE have not been fully elucidated. Most stud-
ies on CRNDE are limited to the regulation of its tran-
scription levels and lack in-depth mechanistic research. 
CRNDE, as a widely recognized lncRNA with potential 
clinical value, requires increasingly comprehensive and 
in-depth study.



Page 8 of 10Lu et al. Cancer Cell Int          (2020) 20:162 

Abbreviations
CRNDE: Colorectal neoplasia differentially expressed; lncRNA: Long non-
coding RNA; CRC : Colorectal cancer; HCC: Hepatocellular carcinoma; BC: Breast 
cancer; GC: Gastric cancer; RCC : Renal cell carcinoma; MAPK: Mitogen-acti-
vated protein kinase; hnRNPUL2: Heterogeneous nuclear ribonucleoprotein 
U-like 2; ceRNA: Competitive endogenous RNA; NSCLC: Non-small-cell lung 
cancer; PIWIL4: Piwi-like RNA-mediated gene silencing 4; TSCC: Tongue squa-
mous cell carcinoma; PTC: Papillary thyroid cancer; Bax: Bcl2-associated X; EGF: 
Epidermal growth factor; EGFR: Epidermal growth factor receptor; TKI: Tyrosine 
kinase inhibitor; MM: Multiple myeloma; PRC2: Polycomb repressive complex 
2; DUSP5: Dual-specificity phosphatase 5; E2F1: E2F transcription factor 1; EMT: 
Epithelial-mesenchymal transition; LPS: Lipopolysaccharide; TLR3: Toll-like 
receptor-3; 5-Fu: 5-fluorouracil; OXA: Oxaliplatin; LAD: Lung adenocarcinoma; 
IGF: Insulin-like growth factor.

Acknowledgements
Not applicable.

Authors’ contributions
JF and JW designed the study. YL, HS and XS reviewed the related literature 
and wrote the paper. YZ, YW and JZ checked the literature and revised the 
paper. HZ made the language polished and corrected. All authors read and 
approved the final manuscript.

Funding
This work was supported by the Jiangsu Provincial Key Research Development 
Program (Grant Number BE2016794 and BE2016795).

Availability of data and materials
The datasets used and/or analysed during the current study are available from 
the corresponding author on reasonable request.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Nanjing Medical University Affiliated Cancer Hospital & Jiangsu Cancer 
Hospital & Jiangsu Institute of Cancer Research, Baiziting42, 210009 Nanjing, 
China. 2 The Forth Clinical School of Nanjing Medical University, Nanjing, 
China. 

Received: 17 August 2019   Accepted: 7 May 2020

References
 1. Bhan A, Soleimani M, Mandal SS. Long noncoding RNA and cancer: a new 

paradigm. Cancer Res. 2017;77(15):3965–81.
 2. Wilusz JE, Sunwoo H, Spector DL. Long noncoding RNAs: functional 

surprises from the RNA world. Genes Dev. 2009;23(13):1494–504.
 3. Maruyama R, Suzuki H. Long noncoding RNA involvement in cancer. BMB 

Rep. 2012;45(11):604–11.
 4. Schmitt AM, Chang HY. Long noncoding RNAs in cancer pathways. 

Cancer Cell. 2016;29(4):452–63.

Fig. 5 a The high specific expression of CRNDE in cancers may be a process of dynamic homeostasis. The histone acetylation in the promoter 
region accounts for the upregulation of CRNDE, hnRNPUL2 accumulating in the cytoplasm further stabilizes the mRNA level of CRNDE, while 
accumulation of the TP53 protein inhibits the expression of CRNDE. b CRNDE enhances tumorgenesis by acting as a molecular sponge or ceRNA 
via negatively targeting miRNAs, and then mediating its downstream target genes. c CRNDE binds to miR-205 and CCL18, and promotes cancers 
progression by sponging miR-205 and releasing CCL18. d CRNDE epigenetically suppresses the expressions of DUSP5and CDKN1A by binding 
to EZH2 (the key components of PRC2). e CRNDE impairs miR-136-5p expression in a RISC manner, and a reciprocal repression feedback loop is 
possible between CRNDE and miR-136-5p, while the neighboring mRNA of CRNDE is IRX5, which is a downstream target gene of miR-136-5p. f 
CRNDE acts as a scaffold to recruit the DMBT1 and c-IAP1 to help them make a difference



Page 9 of 10Lu et al. Cancer Cell Int          (2020) 20:162  

 5. Ponting CP, Oliver PL, Reik W. Evolution and functions of long noncoding 
RNAs. Cell. 2009;136(4):629–41.

 6. Hirota K, Ohta K. Cascade transcription of mRNA-type long non-coding 
RNAs (mlonRNAs) and local chromatin remodeling. Epigenetics. 
2009;4(1):5–7.

 7. Camblong J, Iglesias N, Fickentscher C, Dieppois G, Stutz F. Antisense RNA 
stabilization induces transcriptional gene silencing via histone deacetyla-
tion in S. cerevisiae. Cell. 2007;131(4):706–17.

 8. Houseley J, Rubbi L, Grunstein M, Tollervey D, Vogelauer M. A ncRNA 
modulates histone modification and mRNA induction in the yeast GAL 
gene cluster. Mol Cell. 2008;32(5):685–95.

 9. Kapranov P, Cheng J, Dike S, Nix DA, Duttagupta R, Willingham AT, et al. 
RNA maps reveal new RNA classes and a possible function for perva-
sive transcription. Science. 2007;316(5830):1484–8.

 10. Tam OH, Aravin AA, Stein P, Girard A, Murchison EP, Cheloufi S, et al. 
Pseudogene-derived small interfering RNAs regulate gene expression 
in mouse oocytes. Nature. 2008;453(7194):534–8.

 11. Watanabe T, Totoki Y, Toyoda A, Kaneda M, Kuramochi-Miyagawa S, 
Obata Y, et al. Endogenous siRNAs from naturally formed dsRNAs regu-
late transcripts in mouse oocytes. Nature. 2008;453(7194):539–43.

 12. Petruk S, Sedkov Y, Riley KM, Hodgson J, Schweisguth F, Hirose S, et al. 
Transcription of bxd noncoding RNAs promoted by trithorax represses 
Ubx in cis by transcriptional interference. Cell. 2006;127(6):1209–21.

 13. Dreyfuss G, Kim VN, Kataoka N. Messenger-RNA-binding proteins and 
the messages they carry. Nat Rev Mol Cell Biol. 2002;3(3):195–205.

 14. Hogan PG, Chen L, Nardone J, Rao A. Transcriptional regulation by 
calcium, calcineurin, and NFAT. Genes Dev. 2003;17(18):2205–32.

 15. Kloc M, Wilk K, Vargas D, Shirato Y, Bilinski S, Etkin LD. Potential struc-
tural role of non-coding and coding RNAs in the organization of the 
cytoskeleton at the vegetal cortex of Xenopus oocytes. Development. 
2005;132(15):3445–57.

 16. Graham LD, Pedersen SK, Brown GS, Ho T, Kassir Z, Moynihan AT, et al. 
Colorectal neoplasia differentially expressed (CRNDE), a novel gene 
with elevated expression in colorectal adenomas and adenocarcino-
mas. Genes Cancer. 2011;2(8):829–40.

 17. Ellis BC, Molloy PL, Graham LD. CRNDE: a long non-coding RNA 
involved in cancer, neurobiology, and development. Front Genet. 
2012;3:270.

 18. Jing SY, Lu YY, Yang JK, Deng WY, Zhou Q, Jiao BH. Expression of 
long non-coding RNA CRNDE in glioma and its correlation with 
tumor progression and patient survival. Eur Rev Med Pharmacol Sci. 
2016;20(19):3992–6.

 19. Wang Y, Wang Y, Li J, Zhang Y, Yin H, Han B. CRNDE, a long-noncoding 
RNA, promotes glioma cell growth and invasion through mTOR signaling. 
Cancer Lett. 2015;367(2):122–8.

 20. Zhu L, Yang N, Du G, Li C, Liu G, Liu S, et al. LncRNA CRNDE promotes 
the epithelial-mesenchymal transition of hepatocellular carcinoma cells 
via enhancing the Wnt/beta-catenin signaling pathway. J Cell Biochem. 
2018;120:1156.

 21. Zhu L, Liu Y, Chen Q, Yu G, Chen J, Chen K, et al. Long-noncoding RNA 
colorectal neoplasia differentially expressed gene as a potential target to 
upregulate the expression of IRX5 by miR-136-5P to promote onco-
genic properties in hepatocellular carcinoma. Cell Physiol Biochem. 
2018;50(6):2229–48.

 22. Wang H, Ke J, Guo Q, Barnabo Nampoukime KP, Yang P, Ma K. Long non-
coding RNA CRNDE promotes the proliferation, migration and invasion of 
hepatocellular carcinoma cells through miR-217/MAPK1 axis. J Cell Mol 
Med. 2018;22(12):5862–76.

 23. Tang Q, Zheng X, Zhang J. Long non-coding RNA CRNDE promotes 
heptaocellular carcinoma cell proliferation by regulating PI3K/Akt/beta-
catenin signaling. Biomed Pharmacother. 2018;103:1187–93.

 24. Ji D, Jiang C, Zhang L, Liang N, Jiang T, Yang B, et al. LncRNA CRNDE 
promotes hepatocellular carcinoma cell proliferation, invasion, and 
migration through regulating miR-203/BCAT1 axis. J Cell Physiol. 
2019;234(5):6548–60.

 25. Jing H, Xia H, Qian M, Lv X. Long noncoding RNA CRNDE promotes 
non-small cell lung cancer progression via sponging microRNA-338-3p. 
Biomed Pharmacother. 2019;110:825–33.

 26. Liu XX, Xiong HP, Huang JS, Qi K, Xu JJ. Highly expressed long non-
coding RNA CRNDE promotes cell proliferation through PI3K/AKT 

signalling in non-small cell lung carcinoma. Clin Exp Pharmacol Physiol. 
2017;44(8):895–902.

 27. Huan J, Xing L, Lin Q, Xui H, Qin X. Long noncoding RNA CRNDE activates 
Wnt/beta-catenin signaling pathway through acting as a molecular 
sponge of microRNA-136 in human breast cancer. Am J Transl Res. 
2017;9(4):1977–89.

 28. Du DX, Lian DB, Amin BH, Yan W. Long non-coding RNA CRNDE is a novel 
tumor promoter by modulating PI3K/AKT signal pathways in human 
gastric cancer. Eur Rev Med Pharmacol Sci. 2017;21(23):5392–8.

 29. Hu CE, Du PZ, Zhang HD, Huang GJ. Long noncoding RNA CRNDE 
promotes proliferation of gastric cancer cells by targeting miR-145. Cell 
Physiol Biochem. 2017;42(1):13–21.

 30. Ding C, Han F, Xiang H, Xia X, Wang Y, Dou M, et al. LncRNA CRNDE is a 
biomarker for clinical progression and poor prognosis in clear cell renal 
cell carcinoma. J Cell Biochem. 2018;119(12):10406–14.

 31. Shao K, Shi T, Yang Y, Wang X, Xu D, Zhou P. Highly expressed lncRNA 
CRNDE promotes cell proliferation through Wnt/beta-catenin signaling in 
renal cell carcinoma. Tumour Biol. 2016;37:15997.

 32. Yu B, Ye X, Du Q, Zhu B, Zhai Q, Li XX. The long non-coding RNA CRNDE 
promotes colorectal carcinoma progression by competitively binding 
miR-217 with TCF7L2 and enhancing the Wnt/beta-Catenin signaling 
pathway. Cell Physiol Biochem. 2017;41(6):2489–502.

 33. Han P, Li JW, Zhang BM, Lv JC, Li YM, Gu XY, et al. The lncRNA CRNDE 
promotes colorectal cancer cell proliferation and chemoresistance via 
miR-181a-5p-mediated regulation of Wnt/beta-catenin signaling. Mol 
Cancer. 2017;16(1):9.

 34. Yang HY, Huang CP, Cao MM, Wang YF, Liu Y. Long non-coding RNA 
CRNDE may be associated with poor prognosis by promoting prolifera-
tion and inhibiting apoptosis of cervical cancer cells through targeting 
PI3K/AKT. Neoplasma. 2018;65(6):872–80.

 35. Jiang H, Wang Y, Ai M, Wang H, Duan Z, Wang H, et al. Long noncoding 
RNA CRNDE stabilized by hnRNPUL2 accelerates cell proliferation and 
migration in colorectal carcinoma via activating Ras/MAPK signaling 
pathways. Cell Death Dis. 2017;8(6):e2862.

 36. Li Z, Tang Y, Xing W, Dong W, Wang Z. LncRNA, CRNDE promotes 
osteosarcoma cell proliferation, invasion and migration by regulating 
Notch1 signaling and epithelial-mesenchymal transition. Exp Mol Pathol. 
2018;104(1):19–25.

 37. Schaefer KN, Peifer M. Wnt/Beta-Catenin signaling regulation and a role 
for biomolecular condensates. Dev Cell. 2019;48(4):429–44.

 38. Chen Z, Yu C, Zhan L, Pan Y, Chen L, Sun C. LncRNA CRNDE promotes 
hepatic carcinoma cell proliferation, migration and invasion by suppress-
ing miR-384. Am J Cancer Res. 2016;6(10):2299–309.

 39. Li DX, Fei XR, Dong YF, Cheng CD, Yang Y, Deng XF, et al. The long non-
coding RNA CRNDE acts as a ceRNA and promotes glioma malignancy 
by preventing miR-136-5p-mediated downregulation of Bcl-2 and Wnt2. 
Oncotarget. 2017;8(50):88163–78.

 40. Zheng J, Liu X, Wang P, Xue Y, Ma J, Qu C, et al. CRNDE promotes malig-
nant progression of glioma by attenuating miR-384/PIWIL4/STAT3 axis. 
Mol Ther. 2016;24(7):1199–215.

 41. Zheng J, Li XD, Wang P, Liu XB, Xue YX, Hu Y, et al. CRNDE affects the 
malignant biological characteristics of human glioma stem cells by 
negatively regulating miR-186. Oncotarget. 2015;6(28):25339–55.

 42. Ren Y, He W, Chen W, Ma C, Li Y, Zhao Z, et al. CRNDE promotes cell 
tongue squamous cell carcinoma cell growth and invasion through sup-
pressing miR-384. J Cell Biochem. 2019;120(1):155–63.

 43. Sun H, He L, Ma L, Lu T, Wei J, Xie K, et al. LncRNA CRNDE promotes cell 
proliferation, invasion and migration by competitively binding miR-384 in 
papillary thyroid cancer. Oncotarget. 2017;8(66):110552–65.

 44. Fuchs Y, Steller H. Programmed cell death in animal development and 
disease. Cell. 2011;147(4):742–58.

 45. Pistritto G, Trisciuoglio D, Ceci C, Garufi A, D’Orazi G. Apoptosis as antican-
cer mechanism: function and dysfunction of its modulators and targeted 
therapeutic strategies. Aging. 2016;8(4):603–19.

 46. Kiang KM, Zhang XQ, Zhang GP, Li N, Cheng SY, Poon MW, et al. CRNDE 
expression positively correlates with EGFR activation and modulates 
glioma cell growth. Target Oncol. 2017;12(3):353–63.

 47. Meng YB, He X, Huang YF, Wu QN, Zhou YC, Hao DJ. Long noncoding RNA 
CRNDE promotes multiple myeloma cell growth by suppressing miR-451. 
Oncol Res. 2017;25(7):1207–14.



Page 10 of 10Lu et al. Cancer Cell Int          (2020) 20:162 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your research ?  Choose BMC and benefit from: 

 48. Ding J, Li J, Wang H, Tian Y, Xie M, He X, et al. Long noncoding RNA 
CRNDE promotes colorectal cancer cell proliferation via epigenetically 
silencing DUSP5/CDKN1A expression. Cell Death Dis. 2017;8(8):e2997.

 49. Gao H, Song X, Kang T, Yan B, Feng L, Gao L, et al. Long noncoding RNA 
CRNDE functions as a competing endogenous RNA to promote metas-
tasis and oxaliplatin resistance by sponging miR-136 in colorectal cancer. 
Onco Targets Ther. 2017;10:205–16.

 50. Wang G, Pan J, Zhang L, Wei Y, Wang C. Long non-coding RNA CRNDE 
sponges miR-384 to promote proliferation and metastasis of pancreatic 
cancer cells through upregulating IRS1. Cell Prolif. 2017;50(6):e12389.

 51. Singh M, Yelle N, Venugopal C, Singh SKEMT. Mechanisms and therapeu-
tic implications. Pharmacol Ther. 2018;182:80–94.

 52. Nieto MA, Huang RY, Jackson RA, Thiery JP. Emt: 2016. Cell. 
2016;166(1):21–45.

 53. Tsai JH, Yang J. Epithelial-mesenchymal plasticity in carcinoma metastasis. 
Genes Dev. 2013;27(20):2192–206.

 54. Schreiber RD, Old LJ, Smyth MJ. Cancer immunoediting: integrat-
ing immunity’s roles in cancer suppression and promotion. Science. 
2011;331(6024):1565–70.

 55. Vesely MD, Kershaw MH, Schreiber RD, Smyth MJ. Natural innate and 
adaptive immunity to cancer. Annu Rev Immunol. 2011;29:235–71.

 56. Karin M, Cao Y, Greten FR, Li ZW. NF-kappaB in cancer: from innocent 
bystander to major culprit. Nat Rev Cancer. 2002;2(4):301–10.

 57. DiDonato JA, Mercurio F, Karin M. NF-kappaB and the link between 
inflammation and cancer. Immunol Rev. 2012;246(1):379–400.

 58. Zhu-Ge D, Yang YP, Jiang ZJ. Knockdown CRNDE alleviates LPS-induced 
inflammation injury via FOXM1 in WI-38 cells. Biomed Pharmacother. 
2018;103:1678–87.

 59. Li H, Li Q, Guo T, He W, Dong C, Wang Y. LncRNA CRNDE triggers inflam-
mation through the TLR3-NF-kappaB-Cytokine signaling pathway. 
Tumour Biol. 2017;39(6):1010428317703821.

 60. Carpenter S, Fitzgerald KA. Cytokines and long noncoding RNAs. Cold 
Spring Harb Perspect Biol. 2018;10(6):a028589.

 61. Yan X, Zhang D, Wu W, Wu S, Qian J, Hao Y, et al. Mesenchymal stem cells 
promote hepatocarcinogenesis via lncRNA-MUF interaction with ANXA2 
and miR-34a. Cancer Res. 2017;77(23):6704–16.

 62. Zemmour D, Pratama A, Loughhead SM, Mathis D, Benoist C. Flicr, a long 
noncoding RNA, modulates Foxp3 expression and autoimmunity. Proc 
Natl Acad Sci U S A. 2017;114(17):E3472–80.

 63. Yu WD, Wang H, He QF, Xu Y, Wang XC. Long noncoding RNAs in cancer-
immunity cycle. J Cell Physiol. 2018;233(9):6518–23.

 64. Zhang M, Gao C, Yang Y, Li G, Dong J, Ai Y, et al. Long noncoding RNA 
CRNDE/PRC2 participated in the radiotherapy resistance of human 
lung adenocarcinoma through targeting p21 expression. Oncol Res. 
2018;26(8):1245–55.

 65. Dai M, Li S, Qin X. Colorectal neoplasia differentially expressed: a long 
noncoding RNA with an imperative role in cancer. Onco Targets Ther. 
2018;11:3755–63.

 66. Szafron LM, Balcerak A, Grzybowska EA, Pienkowska-Grela B, Podgorska 
A, Zub R, et al. The putative oncogene, CRNDE, is a negative prognostic 
factor in ovarian cancer patients. Oncotarget. 2015;6(41):43897–910.

 67. Liu T, Zhang X, Yang YM, Du LT, Wang CX. Increased expression of the 
long noncoding RNA CRNDE-h indicates a poor prognosis in colorectal 
cancer, and is positively correlated with IRX5 mRNA expression. Onco 
Targets Ther. 2016;9:1437–48.

 68. Cheng J, Chen J, Zhang X, Mei H, Wang F, Cai Z. Overexpression of CRNDE 
promotes the progression of bladder cancer. Biomed Pharmacother. 
2018;99:638–44.

 69. Hongzhen Z, Yanyu L, Xuexiang L, Meiyu D, Xiaoli C, Yun G, et al. The 
diagnostic and prognostic significance of long non-coding RNA CRNDE 
in pan-cancer based on TCGA, GEO and comprehensive meta-analysis. 
Pathol Res Pract. 2019;215(2):256–64.

 70. Yu B, Du Q, Li H, Liu HY, Ye X, Zhu B, et al. Diagnostic potential of serum 
exosomal colorectal neoplasia differentially expressed long non-coding 
RNA (CRNDE-p) and microRNA-217 expression in colorectal carcinoma. 
Oncotarget. 2017;8(48):83745–53.

 71. Ma X, Zhang W, Zhang R, Li J, Li S, Ma Y, et al. Overexpressed long non-
coding RNA CRNDE with distinct alternatively spliced isoforms in multiple 
cancers. Front Med. 2018;13:330.

 72. Liu T, Zhang X, Gao S, Jing F, Yang Y, Du L, et al. Exosomal long noncod-
ing RNA CRNDE-h as a novel serum-based biomarker for diagnosis and 
prognosis of colorectal cancer. Oncotarget. 2016;7(51):85551–63.

 73. Kiang KMY, Leung GKK. Clinical significance of CRNDE transcript variants 
in glioblastoma multiforme. Noncoding RNA Res. 2017;2(2):119–21.

 74. Ellis BC, Graham LD, Molloy PL. CRNDE, a long non-coding RNA respon-
sive to insulin/IGF signaling, regulates genes involved in central metabo-
lism. Biochim Biophys Acta. 2014;1843(2):372–86.

 75. Liberti MV, Locasale JW. The warburg effect: how does it benefit cancer 
cells? Trends Biochem Sci. 2016;41(3):211–8.

 76. Shen S, Liu H, Wang Y, Wang J, Ni X, Ai Z, et al. Long non-coding RNA 
CRNDE promotes gallbladder carcinoma carcinogenesis and as a scaffold 
of DMBT1 and C-IAP1 complexes to activating PI3K-AKT pathway. Onco-
target. 2016;7(45):72833–44.

 77. Dong R, Liu XQ, Zhang BB, Liu BH, Zheng S, Dong KR. Long non-coding 
RNA-CRNDE: a novel regulator of tumor growth and angiogenesis in 
hepatoblastoma. Oncotarget. 2017;8(26):42087–97.

 78. Maguire SL, Leonidou A, Wai P, Marchio C, Ng CK, Sapino A, et al. SF3B1 
mutations constitute a novel therapeutic target in breast cancer. J Pathol. 
2015;235(4):571–80.

 79. Yang FY, Wang Y, Wu JG, Song SL, Huang G, Xi WM, et al. Analysis of long 
non-coding RNA expression profiles in clear cell renal cell carcinoma. 
Oncol Lett. 2017;14(3):2757–64.

 80. Meng Y, Li Q, Li L, Ma R. The long non-coding RNA CRNDE promotes cer-
vical cancer cell growth and metastasis. Biol Chem. 2017;399(1):93–100.

 81. Xu L, Zhang Y, Zhao Z, Chen Z, Wang Z, Xu S, et al. The long non-coding 
RNA CRNDE competed endogenously with miR-205 to promote prolif-
eration and metastasis of melanoma cells by targeting CCL18. Cell Cycle. 
2018;17(18):2296–308.

 82. Furney SJ, Pedersen M, Gentien D, Dumont AG, Rapinat A, Desjardins L, 
et al. SF3B1 mutations are associated with alternative splicing in uveal 
melanoma. Cancer Discov. 2013;3(10):1122–9.

 83. Song H, Han LM, Gao Q, Sun Y. Long non-coding RNA CRNDE pro-
motes tumor growth in medulloblastoma. Eur Rev Med Pharmacol Sci. 
2016;20(12):2588–97.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	CRNDE: an oncogenic long non-coding RNA in cancers
	Abstract 
	Background
	CRNDE promotes proliferation
	CRNDE inhibits apoptosis
	CRNDE induces invasion and migration
	CRNDE regulates inflammatory responses
	CRNDE affects chemoresistance and radioresistance
	CRNDE serves as a potential tumor marker
	Conclusions
	Acknowledgements
	References




