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1 | INTRODUCTION

It has been demonstrated that 98% of transcripts from the human
genome are noncoding RNAs without any protein-coding poten-
tials. 22 Long noncoding RNAs (IncRNAs) are a class of nonprotein-
coding RNAs with more than 200 nucleotides in length.®
Accumulating studies have shown that IncRNAs (eg, HOTAIR,
LINC00152, CCAT1/2, TUG1, BANCR, HULC, NEAT1) are differ-
entially expressed in different cancer types and play significant
roles in tumourigenesis through crosstalk with oncogenes or tu-
mour suppressor genes (TSGs). 411 Functionally, IncRNAs are in-
volved in regulation of many cancer-pertinent cellular processes,
including cell proliferation, migration and invasion, apoptosis
and drug resistance through controlling gene expression at mul-
tiple levels, including epigenetic (eg, DNA methylation, histone
modification and chromatin remodelling), transcriptional (eg, re-
cruitment of RNA polymerase |l, transcriptional factors and/or
cofactors) and posttranscriptional (eg, sponging of microRNAs,
regulation of mRNA stability, alternative splicing and regulation
of translation, protein-protein interactions and localization) lev-

els.'213 pertinent to clinical practice, IncRNAs have emerged as
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Deregulation of long noncoding RNAs (IncRNAs) has been implicated in tumourigen-
esis. Cancer Susceptibility Candidate 2 (CASC2) is a IncRNA downregulated in multi-
ple cancer types, including endometrial, lung, gastric and colorectal cancers. CASC2
functions as a tumour-suppressive IncRNA though multiple mechanisms, such as se-
questration of oncogenic microRNAs and repression of Wnt/B-catenin signalling.
Pertinent to clinical practice, the use of CASC2 as a prognostic marker has been
demonstrated in sporadic studies. These findings suggested that CASC2 might play
an important role in human cancers and melanoma. More efforts are warranted to
examine the function role of CASC2 in other cancer types. Further validation is also

needed to promote its development to be a clinically utilizable prognostic

novel biomarkers for cancer diagnosis/prognostication and as
therapeutic targets,“'17

Cancer Susceptibility Candidate 2 (CASC2) is a human IncRNA-
encoding gene originally identified as a TSG in endometrial can-
cer.t817 CASC2 is a 5-exon gene located on chromosome 1026,
whichisacandidate deletion interval based on loss-of-heterozygosity
studies for human chromosome 10q in endometrial cancer. The sec-
ond allele of CASC2 is also frequently silenced by epigenetic mecha-
nism. Baldinu and colleagues identified three alternative transcripts
of CASC2, namely CASC2a, CASC2b and CASC2c, using a positional
candidate approach. CASC2a is a 3285-bp transcript, previously
thought to encode a putative protein of 102 amino acids with no
similarity to other proteins whereas CASC2b and CASC2c are pre-
dicted not to be protein coding,lg'19 An increasing number of studies
have revealed the aberrant expression of CASC2 in human cancers,
including lung, colorectal, gastric and bladder cancers as well as gli-
oma.?>2> The present review summarizes the current knowledge
about the deregulation of CASC2 in human malignancies (Table 1
and Figure 1) in relation to its biological functions and molecular
mechanisms. The clinical utilities of CASC2 as a prognostic bio-

marker and therapeutic target are also discussed.

Cell Proliferation. 2018;51:€12506.
https://doi.org/10.1111/cpr.12506

wileyonlinelibrary.com/journal/cpr

© 2018 John Wiley & Sons Ltd | 1of5


www.wileyonlinelibrary.com/journal/cpr
http://orcid.org/0000-0002-6557-8861
mailto:zhypif@tom.com

YU ET AL

2015 | qell > » %
wiLEY- [ R

Mechanism of

TABLE 1 Deregulation and function of
CASC2 in human cancers

Cancer type Expression Functional role action References
Lung cancer Decreased Tumour suppressor Not 2224
investigated
Melanoma Decreased Tumour suppressor Sponging &
miR-18a-5p
Gastric cancer Decreased Tumour suppressor Inhibiting 8
ERK1/2 and
JNK
Colorectal cancer Decreased Tumour suppressor Sponging L
miR-18a
Endometrial cancer Decreased Not investigated Not 12
investigated
Renal cell carcinoma Decreased Tumour suppressor Not W
investigated
Bladder cancer Decreased Tumour suppressor Inhibiting 82
Wnt/p-
catenin
signalling
Glioma Decreased Tumour suppressor Sponging By
miR-21 and
miR-181a
£ Upstream |nact|vat|ng ' Cell migration
: mechanisms: H
H miR-21 |
Copy H

number loss
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Mutations — -‘ CASC _|

miR-181a
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2 | CASC2 DEREGULATION IN HUMAN
MALIGNANCIES

2.1 | Melanoma

Zhang et al?® have studied the expression, effect and mechanism of
CASC2 in the malignant melanoma. They demonstrated that the ex-
pression of CASC2 was downregulated in malignant melanoma tissues
and cell lines. Overexpression of CASC2 decreased the malignant mela-
noma cell proliferation, invasion and migration and colony formation.
In silico prediction revealed a binding site for CASC2 on miR-18a-5p,
which is significantly upregulated in malignant melanoma tissues. The

physical interactions between CASC2 and miR-18a-5p was confirmed

1| cell proliferation
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FIGURE 1 Upstream mechanisms
underlying CASC2 downregulation

and downstream effector pathways

of CASC2 in human cancers. Genetic
mechanisms (ie, point mutations and copy
number loss) and aberrant upregulation
of miR-21 contribute to loss-of-function
or downregulation of CASC2 in human
cancers. CASC2 exerts its tumour-
suppressive effects through chelation
of oncogenic microRNAs (eg, miR-18a,
miR-21 and miR-181a) and inhibition of
oncogenic pathways (eg, Wnt/p-catenin,
ERK/MAPK and JNK)

by luciferase assay. This study further identified RUNX1 as a novel
target of miR-18a-5p. Importantly, miR-18a-5p inhibitor phenocopied
the effect of CASC2 while upregulation of miR-18a-5p reversed the
promoting effect of CASC2 on RUNX1. Collectively, this study dem-
onstrated that CASC2 suppressed cell proliferation, migration and in-
vasion partly through acting as a molecular sponge for miR-18a-5p to

derepress RUNX1 in malignant melanoma.?

2.2 | Lung cancer

Lung cancer is the leading cause of cancer-related death, accounting
for more than 20% of cancer mortality worldwide.?” Non-small cell

lung cancer (NSCLC) accounts for approximately 80%-85% of lung
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cancer patients.28 Bioinformatic analysis of RNA-sequencing data
from TCGA (The Cancer Genome Atlas) demonstrated that CASC2
expression was significantly downregulated in NSCLC. In addition,
the decreased expression of CASC2 was correlated with NSCLC
tumour size and advanced tumour-node-metastasis (TNM) stage.
Multivariate analysis also demonstrated that low CASC2 expression
was associated with poorer overall survival of NSCLC patients in-
dependent of other clinicopathological parameters,?! indicating that
CASC2 is an independent prognosticator. Functionally, enforced
expression of CASC2 significantly decreased NSCLC cell prolifera-
tion both in vitro and in vivo,?! suggesting that CASC2 might exert
a tumour-suppressing function in NSCLC. Lung squamous cell car-
cinoma (LSCC) comprises 25%-30% of NSCLC.?’ Huang and col-
leagues investigated the role of IncRNAs in the regulation process
of cancer-related genes and pathways that are involved in the patho-
genesis of LSCC using data from 501 LSCC cancer samples and 51
normal subjects from TCGA.%® Coexpression analysis showed that
CASC2 was related to most of the oncogenes and TSGs in LSCC, in-
dicating that CASC2 plays a central role in the pathogenesis of LSCC.

2.3 | Gastric cancer

Gastric cancer is the second leading cause of cancer-related death
worldwide.?”%! The prognosis of gastric cancer is poor with only
about one-fifth of patients survive for 5 years or more after di-
agnosis.®? Li and colleagues reported that CASC2 expression was
significantly lower in human gastric cancer tissues and cell lines.2°
Furthermore, restored expression of CASC2 significantly inhibited
gastric cancer cell proliferation in vitro and the growth of tumour
xenografts in vivo. The authors then examined if CASC2 mediated
its biological effects through the mitogen-activated protein kinase
(MAPK) pathway, which contributes to malignant phenotypes in
human cancers. Extracellular signal-regulated kinase (ERK), c-Jun
N-terminal kinase (JNK) and p38 are three major downstream me-
diators of MAPK signalling. In this regard, CASC2 inhibited gastric
cancer cell proliferation through reducing the phosphorylation
levels of ERK1/2 and JNK, in which U0126 (a MAPK/ERK kinase
[MEK] inhibitor) or SP600125 (a JNK inhibitor) could by itself in-
hibit the proliferation of gastric cancer cells.?° Taken together,
CASC2 downregulation plays a functional role in the pathogenesis
of gastric cancer in which CASC2 functions as a tumour suppres-
sor through inhibiting ERK- and JNK-dependent cell proliferation.
Nevertheless, the mechanism by which CASC2 inhibited ERK1/2

and JNK signalling in gastric cancer remains unclear.

2.4 | Colorectal cancer

Colorectal cancer is the second most common diagnosed cancer
worldwide, with an increasing incidence in Asian countries.>® CASC2
expression was significantly downregulated in colorectal cancer tis-
sues and a panel of colon cancer cell lines (ACO2, SW480, SW620,
HCT-116 and HT-29) as compared with adjacent noncancer tis-
sues and two nontumourigenic cell lines (CCC-HIE-2 and HER293),

respectively.?> Decreased expression was remarkably correlated
with advanced TNM stage. Functionally, CASC2 suppressed colon
cancer cell proliferation in vitro by impeding the G,/G,-S phase
transition and inhibited tumour growth in vivo.?> Furthermore,
bioinformatic analysis revealed that three miRNAs (ie, miR-18a/b,
miR-4735) contain CASC2-binding sites. The physical interactions
between CASC2 and miR-18a were further confirmed by luciferase
assay. Importantly, there was a negative correlation between CASC2
and miR-18a levels in primary colorectal cancer tissues.?® In this re-
gard, CASC2 derepressed PIAS3 (a repressor of STAT3 and a target
of miR-18a) by sponging miR-18a, which leads to the suppression of
genes downstream of STAT3 (eg, c-Myc). Clinical sample analysis of
colorectal cancer tissues also supported the relationship between
CASC2 and PIAS3.2° These findings indicated that CASC2 plays a
pivotal role in the development of colorectal cancer and may serve

as a prognostic marker.

2.5 | Endometrial cancer

Endometrial cancer is the second most frequent gynecologic cancer
gIobaIIy.34 The chromosomal region 10g26, which harbours CASC2,
frequently presents allelic deletion or loss of heterozygosity in en-
dometrial cancer.'® In particular, CASC2a transcript was significantly
decreased in ~76% of endometrial cancer tissues. Enforced expres-
sion of CASC2a remarkably reduced cell proliferation in undiffer-
entiated AN3CA endometrial cancer cells. Aside from copy number
loss, CASC2a mutations were found to impair the gene function.'®%
These findings strongly suggested that CASC2a may act as a tumour
suppressor gene, with both epigenetic and genetic alterations result-
ing in gene inactivation.

2.6 | Renal cell carcinoma

Renal cell carcinoma (RCC) is a major pathological type of kidney
cancers and is the most lethal genitourinary cancer.®®> CASC2 ex-
pression was lower in human RCC tissues and 2 RCC cell lines
(786-0 and A498) as compared with matched normal tissues and the
human embryonic kidney HEK 293 cells, respectively.>¢ Restoration
of CASC2 expression suppressed RCC cell proliferation and mi-
gration. Bioinformatics analysis revealed a binding for miR-21 on
CASC2. Subsequent luciferase reporter assays with wild-type and
mutant-binding sites confirmed that CASC2 was a direct target gene
of miR-21, which is frequently upregulated in RCC. CASC2 RNA lev-
els were also significantly downregulated upon transfection with
miR-21 mimics. Functionally, enforced expression of miR-21 allevi-
ated CASC2-mediated inhibition of RCC cell proliferation and migra-
tion.3¢ These results suggest that miR-21-mediated downregulation
of CASC2 is involved in RCC pathogenesis.

2.7 | Bladder cancer

Bladder cancer is the most common type of urogenital malignancy
in man.®” CASC2 expression was found to be downregulated in



YU ET AL

bladder cancer tissues and different bladder cancer cell lines (T24,
5637, SW780, J82 and UMUCS3) as compared with adjacent non-
tumour tissues and normal urothelial cells (SV-HUC-1), respec-
tively.?* In addition, decreased CASC2 expression was significantly
associated with advanced TNM stage in bladder cancer. Moreover,
restored expression of CASC2 expression inhibited bladder cancer
cell proliferation, migration and invasion while promoted early ap-
optosis. Mechanistically, enforced expression of CASC2 reduced
the protein levels of B-catenin, which is an oncogenic transcription
factor, and downregulated the downstream target genes c-Myc
and cyclin D1. In human cancers, loss of E-cadherin, a membra-
nous protein involved in cell-cell adhesion, often results in nuclear
accumulation of B-catenin. To this end, overexpression of CASC2
strongly upregulated E-cadherin. These data collectively dem-
onstrated that CASC2 mediates its tumour-suppressive effect in
bladder cancer through E-cadherin-dependent inhibition of the
Wnt/B-catenin signalling pathway.?* These findings indicated that
CASC2 plays a significant suppressive role in the bladder tumouri-
genesis and its downregulation contributes to the progression of

bladder cancer.

2.8 | Glioma

Glioma is the most commonly diagnosed malignancy of the cen-
tral nervous system, accounting for the majority of brain cancer-
related deaths.?3? CASC2 expression was found to be lower in
glioma tissues and cell lines (U251, U373, SNB19, U118 and LN229)
as compared with peritumoural brain oedema tissues and the nor-
mal human astrocyte cell line NHA, respectively.*® Low CASC2
expression was correlated with more aggressive clinicopathologic
features (tumour size and WHO stage) and shorter survival time in
glioma patients. Restored expression of CACS2 inhibited glioma
cell proliferation and amplified the anticancer effect of temozo-
lomide (TMZ),%° a standard and the most widely used treatment
for glioma patients.*! In particular, enforced expression of CACS2
resensitized TMZ-resistant glioma cells to TMZ, while knockdown
of CACS2 showed the opposite action. Mechanistically, CASC2
directly inhibited the expression of miR-181a in TMZ-resistant
glioma cells, in which CASC2 alleviated miR-181a-mediated sup-
pression of PTEN and thereby reducing the phosphorylation of
AKT. These effects could be partially reversed by the overexpres-
sion of miR-181a. Clinical sample analysis also showed that CASC2
was inversely correlated with miR-181a, positively correlated
with PTEN.%® Similar to above findings, another study showed
that CASC2 was downregulated in glioma tissues and cell lines.*?
Enforced expression of CASC2 inhibited glioma cell proliferation,
migration and invasion and promoted apoptosis. Overexpression
of CASC2 significantly decreased miR-21 expression whereas
overexpression of miR-21 abrogated CASC2-mediated inhibition
of glioma cell proliferation, invasion and migration.*? These two
studies collectively demonstrated that CASC2 plays a tumour-
suppressive role in glioma through inhibiting miR-181a and miR-21
and may serve as a prognostic marker.

3 | CONCLUDING REMARKS AND FUTURE
PERSPECTIVES

CASC2, a IncRNA first identified in 2004, has been demonstrated to
be downregulated in multiple types of human malignancy, in which it
functions as a tumour suppressor. Mechanistically, sponging of on-
cogenic microRNAs (ie, miR-21, miR-18a and miR-181a) and inhibi-
tion of MAPK and Wnt/p-catenin signalling seem to be important
mechanisms underlying the tumour-suppressive action of CASC2.
However, little is known about the detailed mechanism underlying
CASC2 downregulation in malignancies. Copy number loss and point
mutations at DNA level and targeting by aberrantly upregulated miR-
21 at posttranscriptional level might be key inactivating mechanisms
(Figure 1), but the possible contribution of epigenetic and transcrip-
tional mechanisms cannot be neglected. Further investigations into
upstream regulation and downstream function of CASC2 by sys-
tems biology approaches (eg, proteomics to study DNA-bound and
chromatin-associated regulatory complexes in CASC2 promoter;
RNA pull-down assay coupled with proteomics or sequencing to
identify CASC2-binding partners) should provide more mechanistic
insights.

Pertinent to clinical practice, CASC2 downregulation is associ-
ated with aggressive phenotypes and shortened patients’ survival in
many cancer types, suggesting CASC2 might be used as a prognostic
marker. However, further validation of its prognostic performance in
independent cohorts of larger sample size in different ethnic groups
is still needed to enhance the clinical utility of CASC2. In this regard,
integrative analysis of CASC2 expression in human cancers in rela-
tion to patients’ clinicopathological parameters (eg, overall survival)
using publicly available data sets (eg, those from the Cancer Genome
Atlas [TCGA] Research Network) could readily identify cancer types
in which CASC2 might function as a prognostic marker.

Taken together, CASC2 is an important tumour-suppressive In-
cRNA with clinical potentials. However, more efforts are warranted
to facilitate translation of CASC2 from basic science into clinical
utility.
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