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Long non-coding RNAs (lncRNAs) cancer susceptibility candidate 2 (CASC2) has been characterized as a
tumor suppressor in glioma. Although CASC2 may predict the prognosis of glioma patients, the role and
mechanism of CASC2 in human glioblastoma remain to be fully illuminated. Expression of CASC2 and miR18a was detected using RT-qPCR. Cell growth was evaluated by MTT assay, colony formation assay, and ﬂow
cytometry; metastasis and epithelial-mesenchymal transition (EMT) were determined with transwell assay and
Western blot, respectively. The target binding between CASC2 and miR-18a was predicted on Starbase
software, and conﬁrmed by luciferase reporter assay and RNA immunoprecipitation. Xenograft experiment
measured tumor growth. As a result, CASC2 was downregulated and miR-18a was upregulated in glioblastoma
tumor tissues and cells (T98 and A172). Overexpression of CASC2 promoted apoptosis rate and E-cadherin
expression, but suppressed cell viability, colony-forming ability, migration, invasion, and expression of
N-cadherin and Vimentin in T98 and A172 cells, accompanied with tumor growth inhibition in vivo; whereas,
silencing of CASC2 exerted the opposite effect on cell growth, metastasis and EMT of T98 and A172 cells
in vitro. However, reintroduction of miR-18a could reverse CASC2 upregulation-mediated suppression on
above cell behaviors in vitro. More importantly, miR-18a was a downstream target for CASC2, and was
negatively regulated by CASC2. Collectively, this study demonstrated that CASC2 served as tumor suppressor
in glioblastoma by inhibiting cell growth, metastasis and EMT both in vitro and in vivo partially via CASC2miR-18a axis.
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1. Introduction
Human gliomas, arising from astrocytes or astroglial
precursors, represent the major type of primary brain
tumors (Yu et al. 2016). Due to the highly invasive
growth pattern, glioma is one of the most prevalent and
aggressive malignant tumors in human central nervous
system with high mortality rate worldwide (Quan et al.
2017). Even though neurosurgery, radiotherapy, and
chemotherapy have achieved many advances to deal
with glioblastoma, the most malignant type of
advanced glioma (grade IV), the rate of recurrence and
http://www.ias.ac.in/jbiosci

mortality remains high because of metastasis (Cruceru
et al. 2013). Moreover, the prognosis of glioma is poor
and the 5-year survival rate of glioma patients in lowgrade (grade I–II) is 30%–70%, while the median
survival time of glioblastoma multiform is less than 12
months (Wang et al. 2017). Therefore, it is imperative
to focus on the special molecular mechanisms of
glioma tumorigenesis and progression.
Previous studies have demonstrated that long noncoding RNAs (lncRNAs) are linked to regulation of
different biological processes, such as cell growth,
differentiation and tumorigenesis (Khorkova et al.
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Table 1. The correlation between CASC2 level and clinicopathological characteristics in glioma patients
Relative CASC2 level
Clinicopathologic features
Age(years)
C50
\50
Gender
Male
Female
WHO grade
I-II
III-IV
Tumor size (cm)
C4
\4
Tumor location
Supratentorial
Subtentorial

N (%)

High (%)

Low (%)

21 (55.3)
17 (44.7)

9 (42.9)
7 (41.2)

12 (57.1)
10 (58.8)

24 (63.2)
14 (36.8)

11 (45.8)
5 (35.7)

13 (54.2)
9 (64.3)

15 (39.5)
23 (60.5)

10 (66.7)
6 (26.1)

5 (33.3)
17 (63.9)

20 (52.6)
18 (47.4)

5 (25.0)
11 (61.1)

15 (75.0)
7 (38.9)

26 (68.4)
12 (31.6)

11 (42.3)
5 (41.7)

15 (57.7)
7 (58.3)

P value
0.9169
0.5422
0.0132
0.0244
0.9703

CASC2, lncRNA cancer susceptibility candidate 2WHO, World Health Organization. Glioma patients with low CASC2 exhibited
advanced World Health Organization (WHO) grade and tumor size.

2015; Wilusz 2016). LncRNAs have been highlighted
to be promising clinical biomarkers in various tumors,
including glioma (Cai et al. 2018). LncRNAs encode
exceeding 200 nucleotides in length with little protein
coding ability. Accumulating evidence has conﬁrmed a
competing endogenous RNAs (ceRNAs) pathway of
lncRNAs modulating microRNAs (miRNAs) expression (Li et al. 2017). As oncogenes and/or tumor
suppressors, lncRNAs are closely related to tumor
initiation and development, thus making them to be
potential targets in tumor diagnosis and therapy (Vecera
et al. 2018).
LncRNA cancer susceptibility candidate 2 (CASC2),
located at chromosome 10q26, is characterized as a
tumor suppressor including in glioma (Palmieri et al.
2017). In glioma, CASC2 is thought to be downregulated, and its overexpression can suppress tumor
malignancy by targeting miRNAs, such as miRNA
(miR)-21 and miR-193a (Wang et al. 2015; Jiang et al.
2018). Kaplan-Meier curves revealed a close correlation between downregulated CASC2 and shorter survival time in glioma patients (Wang et al. 2017).
Despite some advances have been achieved in the
clinical signiﬁcance and function of CASC2 in human
glioma, the molecular modulatory network of CASC2
still needs to be more investigated.
MiR-18a-5p (miR-18a) has been well documented to
play an oncogenic role in most cancers (Komatsu et al.

2014). In the later years, miR-18a is assured to take
oncogenic part in the pathogenesis and development of
glioma (Song et al. 2014; Jiang et al. 2020). This study
hypothesized a suppressive role of CASC2 in glioma,
and further validated its biological effect both in vivo
and in vitro. The expression of CASC2 and miR-18a in
glioblastoma tumor tissues and cell lines was also
detected, as well as the interaction between them.
Therefore, our work aimed to demonstrate a new
ceRNA mechanism of CASC2 underlying its regulation on cell growth, metastasis and epithelial-mesenchymal transition (EMT) in glioblastoma cells.

2. Materials and methods
2.1 Clinical samples and tissue acquirement
Thirty-eight glioblatoma tissue samples and the adjacent normal brain tissues were obtained from patient
receiving surgery Afﬁliated Hospital of North Sichuan
Medical College from year 2015 to 2017. Glioma
samples consisted of grade I–II (n = 15) and grade III–
IV (n = 23), which were histologically veriﬁed based
on the WHO-2007 classiﬁcation. The adjacent normal
brain tissues were simultaneously collected from this
cohort of patients during tumor resection. No enrolled
patients in our study received chemotherapy or
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radiotherapy prior to surgery, and the clinicopathological characteristics of these glioma patients were presented in table 1. All tissues were directly preserved in
liquid nitrogen and stored at -80 °C. This study was
carried out with the written informed consent from
participators and the approval of the Ethics Committee
of Afﬁliated Hospital of North Sichuan Medical
College.
2.2 Cells and cell culture
Human glioblastoma cells (A172 and T98), normal
human astrocytes (NHAs) and embryonic kidney 293T
cells were purchased from American Type Culture
Collection (ATCC; Manassas, VA, USA) and cultured
in Dulbecco’s Modiﬁed Eagle Medium (DMEM;
Gibco, Grand Island, NY, USA) supplemented with
10% (v/v) fetal bovine serum (FBS; Invitrogen,
Carlsbad, CA, USA) in a humidiﬁed incubator at 37 °C
in 5% CO2. All cells were passaged with fresh growth
medium per 3 days.
2.3 Cell transfection and lentivirus infection
A172 and T98 cells were seeded into 6-well plate
(Corning, NY, USA) and incubated overnight. When
cells met 80% conﬂuence, transient transfection was
carried out with LipofectamineTM 2000 (Invitrogen)
according to the manufacturers’ instruction. The
pcDNA3.1 vector was purchased from Thermo Fisher
Scientiﬁc (Waltham, MA, USA), and the recombinant
vector pcDNA-CASC2 was constructed. Special
siRNA against human CASC2 (si-CASC2), miR-18a
mimic, and the negative controls (si-NC and miR-NC
mimic) were obtained from GenePharma (Shanghai,
China). Uniformly, 30 nM of miRNA mimics, 50 nM
siRNAs or and 2 lg vectors was separately, gently
mixed with 5 ll LipofectamineTM 2000 reagent in
DMEM free from FBS, followed with incubation with
cells for 4 h. After that, the cells were replaced with
complete medium for 48 h for further study. In rescue
assays, half miRNA mimic (15 nM) and vectors (1 lg)
were co-transfected into A172, T98 or 293T cells.
Recombinant lentiviral vector packing human fulllength CASC2 (CASC2) complementary DNA and the
empty lentiviral vector (vector) were purchased from
GeneChem (Shanghai, China). The T98 and A172 cells
were transduced with lentivirus for 48 h, and stably
lentiviral vector-overexpressed T98 cells were selected
with 2 lg/mL puromycin lasting for 14 days.
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Lentivirus-infected T98 and A172 cells were harvested
for establishment of xenograft mouse model, and cells
without lentiviral infection were used as negative
controls (NC).
2.4 RNA extraction and Real-time quantitative
PCR (RT-qPCR)
For tumor samples, total RNA was isolated with TRIzol
(Invitrogen) after the tissues were cut into pieces. In
terms of cell samples, cells in logarithmic growth phase
were collected and incubated in TRIzol (Invitrogen).
200 ng total RNA was used to synthesize the ﬁrststrand cDNA with a ReverTra Ace qPCR RT Kit
(Toyobo, Tokyo, Japan). The quantitative PCR was
performed with SYBR green detection (for mRNA)
(Promega, Madison, WI, USA) and TaqMan probe (for
miRNA) (Roche) on ABI 7900 real-time PCR system
(Promega). Glyceraldehyde-phosphate dehydrogenase
(GAPDH) and U6 small nuclear RNA (U6) were used
as internal controls to CASC2 and mature miR-18a,
respectively. The reactions were performed in triplicate
for each sample at least three independent runs. The
primers involved were listed as follows: CASC2, 50 GCACATTGGACGGTGTTTCC-30 (sense) and 50 CCCAGTCCTTCACAGGTCAC-30 (anti-sense); miR18a, 50 -TCCGAGATAGACGTGATCTA-30 (sense) and
(anti-sense);
50 -GTGCAGGGTCCGAGGT-30
GAPDH,
50 -AATCCCATCACCATCTTCCA-30
(sense) and 50 -TGGACTCCACGACGTACTCA-30
(anti-sense); U6, 50 -CGCTTCGGCAGCACATA(sense)
and
50 -CGCTTCACTACTA-30
0
GAATTTGCGTGTCA-3 (anti-sense). The expression
levels of CASC2 and miR-18a were analyzed using the
threshold cycle (Ct) method (2-44Ct).
2.5 Cell viability assay
Transfected A172 and T98 cells (1 9 103 cells/well)
were seeded into 96-well plate (Corning) and incubated
for another 0 h, 24 h, 48 h or 72 h. The cell viability
was determined by 3-(4, 5-dimethylthiazol-2-yl)-2, 5
diphenyltetrazolium bromide (MTT; Sigma, Louis,
MO, USA) staining, and ﬁve wells were repeated in
each group. 5 mg/ml MTT was added to each well, and
the cultures were incubated for 4 h at 37 °C. The
supernatant was aspirated, and formazan crystals were
dissolved in 150 ll dimethyl sulfoxide (DMSO;
Sigma). The absorbance at 490 nm was measured with
SpectraMax M4 (Molecular devices, Shanghai, China).
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2.6 Colony formation assay
Transfected A172 and T98 cells were implanted into
6-well plates (Corning) with 500 cells per well. The cells
were cultured in growth medium at 37 °C for 2 weeks and
refreshed with complete culture medium per 3 days. At
the end, the cell colonies were ﬁxed with 4%
paraformaldehyde at 4 °C for 10 min, and strained with
crystal violet (Sigma) for 30 min at room temperature. The
number of colonies with [50 cells were counted. Three
independent experiments were conducted in every group.
2.7 Flow cytometry
Apoptotic rate was analyzed by Annexin V-ﬂuorescein
isothiocyanate (FITC)/propidium iodide (PI) kit (Beyotime, Shanghai, China) on ﬂow cytometry. Apoptotic
cells (A172 and T98 cells) were labelled with FITCAnnexin V and PI for 30 min in the dark and ﬂuorescence was analyzed on cytoFLEX LX ﬂow cytometer
(Beckman-Counter Electronics, Jiangsu, China) using
CytExpert software. Quadrants were positioned on
Annexin V/PI plots to distinguish apoptotic cells
(Annexin V?/PI-, Annexin V?/PI?). Apoptotic
rate = apoptotic cells/total cells 9 100%

lysis buffer (Beyotime) supplemented with cocktail
protease inhibitor (Roche). The protein concentrations were determined by Bradford protein assay
reagent (Bio-Rad, Shanghai, China). Equal amounts
of protein (20 lg) from each sample were loaded
for the standard procedures of Western blot assay.
In brief, 20 lg protein was separated on sodium
dodecyl sulfate-polyacrylamide gelelectrophoresis
(PAGE), and transferred on polyvinylidene ﬂuoride
membrane (Millipore, Bedford, MA, USA). After
blocking with 3% bull serum albumin, the proteincarrying membranes were incubated with primary
antibodies. Following, the membranes were incubated with horseradish peroxidase-coupled secondary antibodies, and then exposed by enhanced
chemiluminescence (Millipore). The primary antibodies were purchased from Cell Signaling Technology (CST; Danvers, Massachusetts, USA) and
listed as follows: E-cadherin (#5296, 1:1000),
N-cadherin (#4061, 1:1000), Vimentin (#3932,
1:1000), proliferating cell nuclear antigen (PCNA;
#2586, 1:1000), and b-actin (#58169, 1:1000). bactin on the same membrane was an internal standard to normalize protein levels.
2.10 Luciferase reporter assay and RNA
immunoprecipitation (RIP)

2.8 Transwell assay
For migration and invasion analysis, Transwell assays
were performed in 24-well transwell chamber (8 lm
pores; Corning) with matrigel-free membrane (Corning; for migration) or matrigel-coated membrane
(Corning; for invasion). Transfected A172 and T98
cells (2 9 104 cells/ml) were re-suspended into 200 ll
of serum-free medium, and plated in the upper chamber; the lower chamber was ﬁlled with 500 ll complete
medium containing 10% FBS, which was used as a
chemo-attractant. After Transwell system were stayed
in 37 °C for 48 h, the cells on the lower surface were
stained with 0.1% crystal violet for 15 min at room
temperature, followed with being photographed and
counted. The ability of migration/invasion was assessed by the numbers of migratory/invasive cells compared with control group.

2.9 Western blot
Total protein from cultured A172 and T98 cells was
isolated in radioimmunoprecipitation assay (RIPA)

Online software Starbase was applied to search the
target genes of CASC2, and miR-18a was identiﬁed as
a potential downstream target for CASC2. Human
CASC2 fragment containing the potential binding sites
of hsa-miR-18a was cloned by PCR methods into psiCHECK vector (Invitrogen), as well as the mutated
CASC2 sequence (named CASC2-WT and CASC2MUT, respectively). 293T cells were transfected
according to the following groups: CASC2-WT?miRNC mimic (miR-NC), CASC2-WT?miR-18a mimic
(miR-18a),
CASC2-MUT?miR-NC,
CASC2MUT?miR-18a. After 48 h incubation, cells were
collected to measure Fireﬂy and Renilla luciferase
activities using the dual-luciferase reporter assay system (Promega). All the data were the average of at least
three independent transfections.
RIP was performed with A172 and T98 cells extract
after transfection of miR-18a/NC. Magna RIPTM RNAbinding protein immunoprecipitation kit (Millipore,
Bradford, MA, USA) was chosen for RIP assay. Argonaute 2 (Ago2) antibody and normal mouse IgGspeciﬁc antibody were pre-conjugated with Sepharose
beads in RIP buffer. Cell lysates were incubated with
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antibody-coated beads for 12 h at 4 °C, and immunoprecipitated RNAs samples were collected after washing the beads with lysis buffer. Total RNAs in RIPAgo2 and RIP-IgG were extracted with TRIzol (Invitrogen), and subjected to RT-qPCR assay. All operation
obeyed the standard instructions.
2.11 Xenograft mouse model
Twelve male nude mice (6 weeks old) were purchased from Shanghai Experimental Animal Centre
(Shanghai, China) and used for the in vivo assays.
Brieﬂy, they were randomly divided into three
groups: NC (negative control; T98 and A172 cells
without lentivirus infection), vector (T98 and A172
cells transduced with empty lentiviral vector) and
CASC2 (T98 and A172 cells transduced with lentiviral vector carrying CASC2). Subsequently,
100 ll cell sap (1 9 106 cells) was subcutaneously
injected into mice. NC group cells were subjected
with similar processing. The animal health and
behavior were monitored twice every week, and
tumor volume for each tumor was measured using
an external caliper per week every 7 days after cell
inoculation. The tumor volume for each mouse was
measured using an external caliper per week. Tumor
volumes were calculated following the equation:
V (mm3) = (L 9 W2)/2. On the last day (35th day
from injection), the mice were sacriﬁced with 2%
methoxyﬂurane and cervical dislocation, and no
mice accidently died during 35 days of xenegraft
tumor experiments. When the mice were without
continuously spontaneous breathing for 3 min and
eye blink response, the xenograft tumors were dissected, trimmed and weighed. The tumors were
dissected, trimmed and weighed. All procedures
involved with mice were strictly obeyed the Animal
Ethics Committee of Afﬁliated Hospital of North
Sichuan Medical College, and in accordance with
the Guide for the Care and Use of Laboratory
Animals (GBT35892–2018).
2.12 Statistical analysis
Statistics were analyzed by SPSS 21.0 (SPSS Inc)
and presented as the mean ± SD. Student’s t-test
method was utilized for comparison between two
groups. While, one-way ANOVA was used for data
comparison in multiple groups; repeated-measures
ANOVA was for comparison of nude mice tumor
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volumes. Tukey’s post hoc test was used following
ANOVA. P\0.05 was considered as statistically
signiﬁcant.
3. Results
3.1 CASC2 is downregulated in glioblastoma
tissues and cells
To clarify whether CASC2 participated in the progression of glioblastoma (Wang et al. 2015; Wang et al.
2017), we tested the expression level of CASC2 in
tumor tissues and the adjacent normal tissues with RTqPCR at ﬁrst. The expression level of CASC2 in 38
glioblastoma specimens was obviously lower than that
in normal tissues (ﬁgure 1A). Moreover, CASC2 was
even downregulated in advanced tumor tissues (III-IV;
n = 23) than tumor in early stages (I-II; n = 15) (ﬁgure 1B). In clinic, low CASC2 might predict advanced
WHO grade and tumor size in glioma patients (table 1).
In addition, we observed a signiﬁcant decrease of
CASC2 expression in human glioblastoma cell lines
T98 and A172 compared to that in normal cell line
NHA (ﬁgure 1C). These data showed the low expression of CASC2 in both glioblastoma tumor tissues and
cells.
3.2 CASC2 overexpression inhibits cell growth
of glioblastoma cells in vitro
To explore the role of CASC2 in glioblastoma
progression, we constructed T98 and A172 cells
with CASC2 overexpression via transient transfection. As shown in ﬁgure 2A, RT-qPCR conﬁrmed
the high transfection efﬁciency of CASC2 vector
with over 4-fold levels of CASC2. Then, MTT
assay indicated that cell viability of T98 and A172
cells was obviously declined after CASC2 vector
transfection (ﬁgure 2B and C), accompanied with
inhibition of PCNA protein expression (ﬁgure 2D
and E). Besides, CASC2 overexpression distinctively attenuated colony-forming ability examined
by colony formation assay (ﬁgure 2F). At the same
time, apoptotic rate was promoted in CASC2-overexpressed T98 and A172 cells in comparison with
vector group (ﬁgure 2G). These results showed that
cell proliferation, colony formation and apoptosis
could be altered by CASC2 upregulation, suggesting
an inhibitory effect of CASC2 in glioblastoma cell
growth in vitro.
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Figure 1. CASC2 was lower expressed in glioblastoma tissues and cells. (A) RT-qPCR detected CASC2 levels in tumor
tissues from glioblastoma patients (n = 38). ***p\0.001 compared to the paired normal tissues. (B) RT-qPCR compared
expression level of CASC2 in different stages of tumors. **p\0.01 represented advanced tumors (III-IV; n = 23) versus less
advanced tumors (I-II; n = 15). (C) RT-qPCR detected CASC2 level in glioblastoma cell lines (T98 and A172). ***p\0.001
compared to normal cell line NHA.

3.3 CASC2 overexpression inhibits cell metastasis
and epithelial-mesenchymal transition (EMT)
in glioblastoma cells in vitro
To further study the contribution of CASC2 in
glioblastoma progression, the ability of metastasis and
EMT in glioblastoma was examined in vitro. Subsequent Transwell assay showed that migratory cells and
invasive cells were obviously lowered in T98 and
A172 transfected with pcDNA-CASC2 than that with
empty vectors transfection (ﬁgure 3A–D). In addition,
expression of E-cadherin was facilitated, while
expression of N-cadherin and Vimentin was dramatically elevated in the presence of ectopic CASC2 vector
(ﬁgure 3E and F). These outcomes demonstrated that
cell metastasis and EMT in glioblastoma could be
regulated by dysregulation of CASC2, implying that
CASC2 upregulation inhibited glioblastoma cells
metastasis and EMT in vitro.
3.4 CASC2 negatively regulates miR-18a
expression by sponging
In present study, the putative downstream target genes
of CASC2 were investigated. Online bioinformatics
analysis on Starbase software indicated that CASC2WT contained a potential binding site of miR-18a
(ﬁgure 4A). To ﬁgure out whether miR-18a was a
potential target for CASC2, we built the psiCHECK-2
luciferase promoter vectors carrying CASC2-WT or
CASC2-MUT. After miR-18a transfection in 293T
cells, the luciferase activity was remarkably reduced in
CASC2-WT group; however, there was no difference
in CASC2-MUT group (ﬁgure 4B). Moreover, RIP
assay further identiﬁed that CASC2 was abundantly
enriched in RIP-Ago2 in T98 and A172 cells

transfected with miR-18a (ﬁgure 4C and D). To verify
that CASC2 modulated miR-18a expression, we found
that overexpression of CASC2 induced a reduction,
whereas silencing of CASC2 led to an elevation of
miR-18a level in the two glioblastoma cell lines (ﬁgure 4E and F). Taken together, these ﬁndings demonstrated that miR-18a was a downstream target of
CASC2 in glioblastoma cells.
3.5 Reintroduction of miR-18a reverses the tumorsuppressive effect of CASC2 on cell growth,
metastasis and EMT in glioblastoma cells in vitro
RT-qPCR conﬁrmed that the expression of miR-18a
was signiﬁcantly upregulated in glioblastoma tumor
tissues and cells (ﬁgure 5A and B). In order to explore
the mechanism underlying CASC2-induced antiglioma role, we reintroduced miR-18a in CASC2overexpresed T98 and A172 cells via transfection.
MTT assay indicated that cell viability of CASC2overexpressed T98 and A172 cells was obviously
increased after miR-18a introduction (ﬁgure 5C and
5D), as well as PCNA expression (ﬁgure 5E and F).
The colony-forming ability was inhibited by CASC2
overexpression in T98 and A172 cells, while this
inhibition was then attenuated in the presence of miR18a (ﬁgure 5G and 5H). At the same time, we noticed
that apoptotic rate was promoted in T98 and A172 cells
that transfected with CASC2 vector, which was partially rescued with miR-18a introduction (ﬁgure 5I and
J). Next, the inﬂuence of miR-18a on CASC2-induced
metastasis and EMT was examined as well. Transwell
assay showed that migratory cells and invasive cells
was reduced in T98 and A172 cells transfected with
pcDNA-CASC2, which was then distinctively augmented in the presence of miR-18a (ﬁgure 6A–D). In
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Figure 2. CASC2 overexpression inhibited cell growth of glioblastoma cells in vitro. T98 and A172 cells were transfected
with pcDNA-CASC2 (CASC2) vector or pcDNA-empty vector (vector). (A) RT-qPCR measured expression level of CASC2
after transfection. (B, C) Cell viability was measured with MTT assay after transfection. (D, E) Western blot examined
protein level of proliferating cell nuclear antigen (PCNA) in transfected cells. (F) The colony formation assay was conducted
to identify colony-forming ability. Numbers of colonies were statistically calculated. (G) Apoptosis was assessed on ﬂow
cytometry after transfection. Apoptotic rate was statistically recorded. **p\0.01 and ***p\0.001 versus vector.

addition, CASC2 upregulation enhanced E-cadherin
expression in T98 and A172 cells, while reintroduction
of miR-18a abolished the facilitating effect of CASC2
on E-cadherin expression (ﬁgure 6E–H); on the contrary, miR-18a mimic blocked CASC2-mediated

suppressive effect on N-cadherin and Vimentin
expression (ﬁgure 6E–H). These outcomes demonstrated that CASC2 overexpression suppressed cell
growth, metastasis and EMT of glioblastoma cells
in vitro depending on the downregulation of miR-18a.
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Figure 3. CASC2 overexpression inhibited cell metastasis and epithelial-mesenchymal transition (EMT) of glioblastoma
cells in vitro. (A–D) Transwell assays were performed in T98 and A172 cells transfected with CASC2/vector. Cell numbers
of (A, B) migratory cells and (C, D) invasive cells were calculated. (E, F) Expression of E-cadherin, N-cadherin and
Vimentin were detected using Western blot. The quantiﬁcation of Western blot was carried out on Image J. **p\0.01 and
***p\0.001 versus vector.

3.6 CASC2 upregulation alleviated tumor growth
of glioblastoma cells in vivo
Furthermore, we wondered whether CASC2 upregulation exhibited suppression on tumor growth in vivo.
T98 and A172 cells were stably overexpressed CASC2
by lentiviral infection (ﬁgure 7A and B), which were
subsequently xenogenic transplanted into nude mice.

And, T98 and A172 cells induced tumor growth and
development in the three group (ﬁgure 7C and D);
whereas, the tumor growth rate was retarded because of
CASC2 overexpression, along with tumor weight
(ﬁgure 7E and F). Molecularly, expression of CASC2
and miR-18a in xenograft tumors was testiﬁed, and
CASC2 was highly upregulated and miR-18a was
extremely downregulated in CASC2 group (ﬁgure 7G–
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Figure 4. Identiﬁcation of the target relationship between CASC2 and miR-18a. (A) The Starbase-predicted miR-18abinding sites in wild type of CASC2 (CASC2-WT), and the corresponding sequence in the mutated version (CASC2-MUT)
was shown as well. (B) Luciferase activity of CASC2-WT or CASC2-MUT was determined using dual-luciferase reporter
assay in 293T cells transfected with miR-18a mimic (miR-18a) or its negative control (miR-NC). ***p\0.001 versus miRNC. (C, D) RNA immunoprecipitation (RIP) assay was performed to examine the enrichment of CASC2 in RIP contents
mediated by argonaute 2 (Ago2) (RIP-Ago2) or RIP-IgG in cell lysate of T98 and A172 cells. ***p\0.001 versus miR-NC.
(E, F) RT-qPCR measured miR-18a expression level in T98 and A172 cells transfected with CASC2 vector or siRNA against
CASC2 (si-CASC2), as well as their negative controls (vector and si-NC). **p\0.01 and ***p\0.001 versus vector or si-NC.

J). Notably, PCNA expression was also restrained in
xenograft mice tumors due to CASC2 lentiviral vector
infection (ﬁgure 7K and L).
4. Discussion
Glioblastoma was the most common kind of primary
malignant brain tumor with a median survival of 14.6
months, and about 95% glioma patients died within
5 years of diagnosis (Lefranc et al. 2007; Lefranc et al.
2009). Current studies suggested that aberrant
lncRNAs might contribute to the initiation,

development, diagnosis and therapy of glioma patients,
such as HOXA11-AS (Wang et al. 2016) and ZEB1AS1 (Meng et al. 2018; Wei et al. 2018). In addition,
LncRNA SNHG12, DANCR and PlncRNA-1 were
identiﬁed as novel therapeutic targets in glioma (Sun
et al. 2018; Wang et al. 2018; Xu et al. 2018). This
study aimed to conﬁrm the contribution of CASC2 in
glioma, and to further explore the underlying molecular
regulatory mechanism.
Accumulating evidence has been provided to testify
the function of CASC2 in malignant tumors (Cai et al.
2018; Yu et al. 2018; Zhu et al. 2018). According to
the Kaplan–Meier curves, higher expression of CASC2
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Figure 5. Reintroduction of miR-18a reversed the suppression of CASC2 on glioblastoma cell growth in vitro. (A, B) RTqPCR detected miR-18a levels in tumor tissues (n = 38) and glioblastoma cell lines (T98 and A172). ***p\0.001 compared
to paired normal tissues or NHA cells. (C-H) miR-18a and miR-NC were separately transfected into CASC2-overexpressed
T98 and A172 cells. (C, D) Cell viability was measured at indicated times after transfection by MTT assay. (E, F) Western
blot measured PCNA protein expression level after transfection. (G, H) The colony formation assay validated the numbers of
colonies after transfection. (I, J) Apoptotic rate was statistically recorded using ﬂow cytometry. **p\0.01 and ***p\0.001
versus vector or CASC2?miR-NC.

was positively correlated with longer survival time than
patients with a lower level, including kidney renal clear
cell carcinoma, pancreatic adenocarcinoma, sarcoma,
and brain lower grade glioma (Yu et al. 2018). CASC2
was abnormally expressed in various malignancies and
played a tumor-suppressive role through inhibiting cell
proliferation, migration, invasion, and inducing apoptosis, such as in glioma, gastric cancer, non-small-cell
lung cancer, colorectal cancer, renal cell carcinoma,
and endometrial cancer (Wang et al. 2017). In human
glioma, CASC2 downregulation was found to be
associated with advanced clinical stage and TMZ
response in patients with glioma (Cai et al. 2018; Jiang
C et al. 2018); overexpression of CASC2 remarkably
inhibited the malignancy of glioma cells, including

proliferation, migration, and invasion (Wang et al.
2015; Wang et al. 2017). In addition, CASC2 upregulation promoted glioma cell apoptosis (Wang et al.
2015). In this work, we observed lower expression of
CASC2 in glioma tissues and cell lines (A172 and
T98). Gain-of-function assays showed that ectopic
expression of CASC2 decreased glioma cell proliferation, migration and invasion, and increased apoptosis,
which are in line with previous evidence (Wang et al.
2015; Wang et al. 2017). Furthermore, the ability of
colony formation, EMT and tumor growth were also
signiﬁcantly inhibited by upregulated CASC2.
Recently, CASC2 had been found to play tumor
suppressive role in many cancers, such as non-small
cell lung cancer, gastric carcinoma, colorectal cancer,
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Figure 6. Reintroduction of miR-18a rescued the inhibition of CASC2 on glioblastoma cell metastasis and EMT in vitro.
CASC2-overexpressed T98 and A172 cells were co-transfected with miR-18a or miR-NC. (A-D) Transwell assay determined (A,
B) migratory cells and (C, D) invasive cells in T98 and A172 cells transfected with CASC2 vector alone or combined with miR-18a
or miR-NC. (E-H) Expressions of E-cadherin, N-cadherin and Vimentin were detected with Western blot. The quantiﬁcation of
Western blot was carried out on Image J. *p\0.05, **p\0.01 and ***p\0.001 versus vector or CASC2?miR-NC.

renal cell carcinoma, and as well as glioma (Zhu et al.
2018). Moreover, it was demonstrated that lncRNAs
might serve as sponge or antagomir to modulate the
expression of miRNA target genes (Kallen et al. 2013;
Wang et al. 2014). By the way, CASC2 exerted functions in glioma also through sponging miRNAs, such
as miR-21, miR-181a, and miR-193a (Wang et al.
2015; Liao et al. 2017; Jiang et al. 2017). In this present study, with prediction data from online software
and results from luciferase reporter assay and RIP, we
concluded that CASC2 served as sponge and modulated miR-18a expression in A172 and T98 cells.
Intriguingly, CASC2 targeting miR-18a had been
reported in other tumors prior to that in glioma (Huang
et al. 2016; Zhang et al. 2019). Reintroduction of miR18a partially reversed CASC2-induced inhibition on
proliferation, colony formation, migration, invasion,
and EMT, and facilitation on apoptosis. In terms of
cellular functions, CASC2 could inhibit cell proliferation, migration and invasion through downregulating
miR-18a, which were consistent with ﬁndings in
malignant melanoma (Zhang et al. 2019) and colorectal
cancer (Huang et al. 2016). Besides, we also discovered a depression of colony-forming ability, EMT, as
well as PCNA expression in glioblastoma T98 and
A172 cells due to CASC2 upregulation. These ﬁndings

together demonstrated that CASC2 might play a multiple tumor-suppressive role via targeting miRNAs.
miR-18a played an oncogenic role in most cancers,
including lung cancer, prostate cancer and esophageal
squamous cell carcinoma (Liu et al. 2018). High level
of miR-18 combined with low level of the TGFb
metagene was ﬁrstly discussed to correlate with prolonged patient survival in glioblastoma multiforme
cells (Fox et al. 2013). In the later years, miR-18a was
repeatedly demonstrated to play an oncogenic role in
diverse glioma cells including U251, U8, H4 (Song
et al. 2014; Wu et al. 2017; Zhou et al. 2018).
Recently, miR-18a inhibitor promoted cell apoptosis,
and suppressed the viability of glioma cells, as well as
cell migration (Zhou et al. 2018). In this work, miR18a mimic alleviated the reduction on proliferation,
colony formation, migration, invasion and EMT, and
the promotion on cell apoptosis in human glioblastoma
A172 and T98 cells.
CASC2 exhibited these tumor-suppressive activities
through sponging miR-18a, which took oncogenic part
in glioma. Even though several downstream target of
miR-18a had been declared, such as neogenin, CBX7,
RUNX1, and PIAS3 (Wu et al. 2017; Huang et al.
2016; Zhang et al. 2019), functional genes of CASC2/
miR-18a regulatory axis in this study were left to be
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Figure 7. CASC2 upregulation suppressed glioblastoma tumor growth in vivo. T98 and A172 cells were infected with
lentivirus vector carrying CASC2 (CASC2) or empty lentivirus vector (vector), which were later subsequently xenogenic
transplanted into nude mice. (A, B) RT-qPCR conﬁrmed CASC2 level after lentiviral infection. (C, D) Tumor volumes were
measured every week and the growth curve of xenograft tumors was drawn. (E, F) Tumor weight was recorded on day 35.
(G–J) Expression levels of (G, H) CASC2 and (I, J) miR-18a in xenograft tumors were determined by RT-qPCR. (K, L)
Western blot examined PCNA expression level in xenograft tumors. ***p\0.001 versus vector. NC group was cells without
lentiviral infection.

further uncovered, as well as the underlying signaling
pathways, such as Wnt/b-catenin signaling pathway
(Wang et al. 2017). Notably, we pointed out for the ﬁrst
time that CASC2 induced colony formation inhibition
and EMT inhibition in glioblastoma A172 and T98
cells.
In summary, we have demonstrated that CASC2 was
lowly expressed in glioma patients, and might play
tumor-suppressive effect on glioblastoma cell growth,
metastasis, and EMT both in vitro and in vivo. Additionally, CASC2 suppressed malignancy of glioma cells
through directly downregulating miR-18a. Our research
offered a better understanding of CASC2 functions in

glioma, and provided a strong evidence that CASC2
could potentially act as an effective therapeutic candidate
for human gliomas. These results together might further
facilitate the development of lncRNA-directed diagnostics and therapeutics against this disease.
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