OncoTargets and Therapy Dove

3 ORIGINAL RESEARCH

IncRNA CRNDE is Upregulated in Glioblastoma
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Introduction

Although the newly occurred glioblastoma multiforme (GBM) cases each year is

not large, its overall survival is only around 15 months."* Hence, comprehensive

understanding genetic basis behind GBM progression is necessary with the aim to

seek novel treatment targets.

Recent studies indicated most of genome transcripts were belonged to non-
coding RNAs (ncRNAs). ncRNAs can be classified into two major types based on
their length: long ncRNAs (IncRNAs) and short ncRNAs.? Increasing evidence
indicated IncRNAs play crucial roles in affecting cancer progression through
mediating messenger RNA translation, chromatin modification, or microRNA
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non-small cell lung cancer, cervical cancer, melanoma,
hepatocellular carcinoma, tongue squamous cell carci-
noma, and so on.®'® For instance, CRNDE was found
increased expression in non-small cell lung cancer and
correlated with the advanced tumor stages and poorer
overall survival.® Also, CRNDE knockdown could sup-
lung cancer cell growth and
indicated CRNDE was
increased expression in cervical cancer and its knockdown

press non-small cell
metastasis.® Another work
could inhibit tumor growth via p53 upregulated modulator
There is a study showed CRNDE stimulates

glioma growth and metastasis through serving as compet-
11

of apoptosis.’
ing endogenous RNA for miR-136-5p. However, the
functions and mechanisms of CRNDE in regulating
GBM initiation and progression remain to be further
explored.

Here, we aimed to further validate the roles of CRNDE
in GBM and to identify the miRNA and mRNA involved
in the roles of CRNDE, which will advance our under-
standing of mechanisms behind GBM and even provide
novel targets for the therapy of GBM.

Materials and Methods
Cell Culture

human astrocyte) cell were bought from
Center in Shanghai. Cell culture atmosphg
previously report.'?

Detection the Progno ue of

CRNDE in GBM
Effects of CRNDE ex

10on op the over® survival of

lasmid Transfection
E was inserted into pcDNA3.1 to
-337-3p mimic and its scramble

Full length of
obtain pCRNDE.
(miR-scramble) were synthesized by GeneChem
(Shanghai, China). siRNAs targeting CRNDE or ELMO
domain containing 2 (ELMOD2) named as si-CRNDE or
si-ELMOD?2 and scrambles were bought from GeneChem.
For transfection, 1 x 107 cells were seeded in 6-well plate
and cultured to about 80% confluence. Lipofectamine
2000 (Invitrogen, Carlsbad, CA, USA) was used for oli-
gonucleotides and plasmids transfection for 48 h.

Real-Time Quantitative PCR (RT-qPCR)

RNA samples of cultured cells were extracted with Trizol
based on recommended protocols. After concentration
quantification, equal amounts of samples were transcribed
into ¢cDNA using PrimerScript kit (Qiagen, Hilden,
Germany). RT-qPCR was performed using SYBR Green
(Takara, Otsu, Japan) at ABI 7900 (Applied Biosystems,
Foster City, CA, USA). Relative gene expression level was
analyzed with 2—-AACt method."?

listed in Table 1.

Primer sequences are

Western Blot
Cells were washed with P, A buffer

Haimen,

, MA, USA), and secondary antibody
were used. Blots were visualized by
(Beyotime) and analyzed with Image Pro
pftware.

CCK-8 assay was performed according to the instruction
provided by the manufacturer. In brief, cells after transfec-
tion were seeded into plates and incubated for indicated
times. CCK-8 solution was added and incubated with these
cells for 4 h. Optical density of each well at 450 nm was

measured using a plate reader.

Table | Primer Sequences Used in This Work

Gene Sequence
CRNDE Forward: 5'-ATATTCAGCCGTTGGTCTTTGA-3'
Reverse: 5'-TCTGCGTGACAACTGAGGATTT-3’
ELMOD2 Forward: 5'-TTCTTTGTGGGAGTTCTTCTA-3'
Reverse: 5'-TGAAAAGATTAAAGGACTTTTACTGGA
-3
GAPDH Forward: 5'-GTCAACGGATTTGGTCTGTATT-3'
Reverse: 5'-AGTCTTCTGGGTGGCAGTGAT-3'
miR-337- Forward: 5'-CTTCCTTCCCTCCTATATGATGC-3'
3p Reverse: 5'-TATGCTTGTTCTCGTCTCTGTGTC-3'
U6 snRNA | Forward: 5'-CTCGCTTCGGCAGCACA-3'
Reverse: 5'-~AACGCTTCACGAATTTGCGT-3'
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Transwell Invasion Assay
Cell invasion ability was measured using the Matrigel-
coated transwell chamber (Corning, NY, USA). 1 x 10*

cells resuspended in serum-free medium were seeded into

the upper chamber, while FBS contains medium was filled
into the lower chamber. After 24 h of incubation, inserts
were removed and non-invaded cells were wiped with
a cotton swab. Afterwards, invaded cells were fixed with

4% paraformaldehyde and dyed with crystal violet.
Invasive cell numbers were counted under a microscope
from five independent fields.

Cell Apoptosis

V-FITC/propidium iodide (PI) kit (BD
Biosciences, Franklin Lakes, NJ, USA) was used to detect
cell apoptosis percentage. Cells suspended in binding buf-

Annexin

fer were incubated with Annexin V-FITC and PI reagent in
dark for 15 min. FACS flow cytometry (BD Biosciences)
was used to detect cell apoptosis percentage.

In vivo Tumor Growth

Animal study protocol was approved by the
ethics committee of China—Japan Union Hospital of
Jilin University. Animal experiments were performed

in accordance with the Guidelines for Care and Use of
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Laboratory Animal. 1 x 107 U87 cells
(5'- GUGCUCGAGUGGUUUAA
scramble (5'-UUCUCCGA
both obtained from Gene
injected into nude mic
Laboratory Animal
volume was measure

while mRNA target of miRNA was also predicted at
ENCORI (http://starbase.sysu.edu.cn/index.php). Wild-

type and mutant sequences of CRNDE and ELMOD?2
were cloned into psiCHECK and named as WT/MT-
CRNDE/ELMOD?2. Cells were transfected with lucifer-
ase constructs and miRNAs to detect relative luciferase
activity using a dual-luciferase assay system (Promega,
Madison, WI, USA).
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CRNDE in GBM cell. (B) Cell proliferation rate of GBM
DE or pCRNDE. (D) Cell migration ability of GBM cells

Detection of CRNDE and ELMOD2

Expression in GBM

Expression levels of CRNDE and ELMOD?2 in GBM and
normal tissues were analyzed at GEPIA. Moreover, the
expression correlation between CRNDE and ELMOD?2
was also analyzed at GEPIA.

Clinical Sample Information from
Oncomine

Expression levels of CRNDE and ELMOD2 in GBM
tissues and normal tissues were analyzed using the clinical
information obtained from Oncomine (https://www.onco
ELMOD2

expression in different grades of GBM was also explored

mine.org/resource/login.html). In addition,

using the clinical data from Oncomine.

Statistical Analysis
Data were presented in the manner of mean= SD.
Statistical analysis was performed at SPSS (Chicago, IL,
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Figure 3 CRNDE serves as sponge for miR-337-3p §
cell. (C) Luciferase activity reporter assay show

etween CRNDE and miR-337-3p. (B) miR-337-3p expression in GBM cells and normal
RNDE and miR-337-3p. (D) Cell prollferatlon rate of GBM cells transfected W|th mlR—

A3.1, or miR-337 mimic+pCRNDE. (G) Cell invasion ability of GBM cells transfected with miR-
A3.1, or miR-337 mimic+pCRNDE. ***P < 0.001, **P < 0.01, *P < 0.05.

highest CRNDE level in the GBM cells investigated were
selected for following analyses. In addition, high CRNDE
level was found associated with worse overall survival of
GBM npatients (Figure 1D).

Increased QRNDE Expression in GBM

CRNDE level in GBM tissues was firstly analyzed at
GEPIA and the results indicated CRNDE was upregulated
in GBM tissues compared with normal tissues (Figure
1A). Data from GBM samples from Oncomine indicated
that CRNDE was also elevated expression in GBM tissues
compared with normal tissues (Figure 1B). High CRNDE
level was also found in GBM cells compared with NHA
cell (Figure 1C). U87 and U251 cells with first and second

CRNDE Regulates GBM Cell

Proliferation and Migration

To explore the roles of CRNDE, we knockdown and over-
express CRNDE in U87 and U251 cells. The results
showed si-CRNDE decreased, while pCRNDE increased
CRNDE levels in U87 and U251 cells (Figure 2A). CCK-8
results showed proliferative ability was increased by
pCRNDE and decreased by si-CRNDE in U87 and U251
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CRNDE Served as miR-337-3p Sponge

To explore the potential mechanism of CRNDE, we
explored the possible target of CRNDE and found miR-
337-3p was a potential target for CRNDE (Figure 3A). RT-
qPCR showed miR-337-3p level was decreased in GBM
cells compared with NHA cell (Figure 3B). Luciferase
activity assay indicated luciferase activity of WT-
CRNDE was decreased by miR-337-3p mimic, while it

WT-ELMOD2  MT-ELMOD2

2 and miR-337-3p. (B) ELMOD?2 expression in GBM tissues and normal tissues
ed at Oncomine. (D) ELMOD?2 expression in different tumor grades detected at
(F) ELMOD?2 expression in GBM cells and normal cell detected by Western blot.
iR-337-3p. **P < 0.001, **P < 0.01, *P < 0.05.

Bp, microRNA-337-3p; ELMOD2, ELMO domain containing 2.

was not significantly changed in MT-CRNDE group,
which validated the interaction between CRNDE and
miR-337-3p (Figure 3C). As shown in Figure 3D and E,
miR-337-3p overexpression suppresses cell growth, and
reversed the pCRNDE-stimulated cell growth effects. In
addition, we showed miR-337-3p mimic suppressed cell
migration and invasion abilities, and partially reversed the
roles of pCRNDE (Figure 3F and G).

ELMOD?2 Serves as Target of miR-337-3p
Then, ENCORI was used to analyze the target for miR-
337-3p and the results showed ELMOD2 was a possible
target (Figure 4A). We then showed ELMOD2 was
increased in GBM tissues and cells (Figure 4B and C).
Furthermore, we showed the patients at high tumor grade
tend to have higher ELMOD?2 expression compared to
those at low grade (Figure 4D). RT-gPCR showed
ELMOD2 was increased expression in GBM cells in
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Abbreviations: CRNDE, colorectal neoplasia differg

To verify CRNDE regulates GBM via the miR-337-3p/
ELMOD?2 axis, the following experiments were con-
ducted. Since our previous results indicated that
CRNDE and ELMOD?2 could interact with miR-337-
3p, we introduced pCRNDE into GBM cell to investi-
gate the expression level of miR-337-3p and ELMOD?2.
RT-gPCR showed miR-337-3p was decreased and
ELMOD?2 was increased with CRNDE overexpression

2 o
c‘ n\\ k‘_‘ao% 9 m\n\ o

SELMOD2 miR-337-3p mimic: PCRNDE+

miR-scramble

e 2 Ne
grl‘“ g‘n\““,g\.\loo m\‘“ o™

92" pxs) “ov.:‘ 33’51
(S ‘,c. RN e N

sion in GBM cells with pCRNDE transfection. (B) ELMOD2
le, pPCRNDE+miR-337-3p mimic, or pCRNDE+si-ELMOD2
pcDNA3. | +siR-Scramble, pPCRNDE+miR-Scramble, pCRNDE
n between CRNDE and ELMOD2 in GBM tissues. (E) Cell
NDE+siR-Scramble, pPCRNDE+miR-337-3p mimic, or pCRNDE+si-
gble, pcDNA3. | +siR-Scramble, pPCRNDE+miR-Scramble, pPCRNDE+miR-337-
A3.1+miR-Scramble, pcDNA3. | +siR-Scramble, pPCRNDE+miR-Scramble,

g of GBM cells transfected with pcDNA3.I+miR-Scramble, pcDNA3.1+siR-Scramble,
P < 0.001, P < 0.01, *P < 0.05.
blastoma multiforme; siR-scramble, scramble siRNA; miR-337-3p, microRNA-337-3p;

as the miR-337-3p molecular was mainly bound by
CRNDE (Figure 5A). As shown in Figure 5B, miR-
337-3p overexpression partially reversed the stimulation
effect of CRNDE overexpression on ELMOD?2 expres-
sion (Figure 5B). Western blot confirmed the results of
RT-qPCR (Figure 5C). Moreover, it was found CRNDE
and ELMOD2 expression was positively correlated in
GBM tissues (Figure 5D). Additionally, the overexpres-
sion of miR-337-3p or knockdown of ELMOD?2 par-
the of CRNDE
overexpression on GBM cell growth, migration, and

tially  countervailed functions

invasion (Figure SE-H).

CRNDE Stimulates GBM Progression
in vivo
To further understand the oncogenic roles of CRNDE,

in vivo experiments on nude mice were conducted. As
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Figure 6 CRNDE pro GBM tumorigenesis in vivo. (A) Tumor size, (B) Tumor volume, and (C) Tumor weight in GBM cells with CRNDE knockdown or not were

measured in vivo. (D) RT- was used to detect CRNDE, miR-337-3, and ELMOD?2 expression in animal model with CRNDE knockdown. (E) Survival rate of nude mice
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Abbreviations: CRNDE, colorectal neoplasia differentially expressed; GBM, glioblastoma multiforme; si-CRNDE, small interfering RNA targeting CRNDE; siR-scramble,
scramble small interfering RNA; ELMOD?2, ELMO domain containing 2; RT-qPCR, real-time quantitative PCR.

shown in Figure 6A—C, tumor volume and weight were expression (Figure 6D). Survival analysis showed nude
reduced by sh-CRNDE compared with scramble control. RT-  mice with sh-CRNDE tend to have a longer survival rate
qPCR showed sh-CRNDE significantly decreased CRNDE  compared to those without (Figure 6E). These results indi-
and ELMOD?2 expression, while increased miR-337-3p  cated CRNDE knockdown suppressed GBM carcinogenesis.
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Discussion
Numerous IncRNAs have been reported to regulate GBM
progression. For example, IncRNA small nucleolar RNA
host gene 5 could stimulate GBM cell proliferation via regulat-
ing miR-205-5p and zinc finger E-box binding homeobox 2
axis.'* High IncRNA LINC00473 was identified as a predictor
for worse survival of glioma patients.'”> They also found
LINCO00473 regulates glioma progression by inhibiting miR-
195-5p and activate Yes-associated protein 1-EA domain
family member 1-Hippo signaling pathway.'® In this study,
CRNDE was found highly expressed in GBM tissues and
cells. Besides, high CRNDE was significantly correlated with
poorer overall survival of GBM patients. Through gain and
loss-of experiments, we found CRNDE could promote GBM
cell growth, migration, and invasion in vitro. Importantly, we
showed knockdown of CRNDE hinders GBM tumorigenesis
in vivo. These results suggested an oncogenic role of CRNDE
in GBM.

Studies have indicated IncRNAs elicit their roles by
interacting with miRNAs.*'! For example, CRNDE was
previously reported could interact with miR-205, miR-217,
miR-384, and miR-136-5p in cancers.* ' Here, we explored
the potential miRNA target of CRNDE using ENCQO
we found miR-337-3p was a putative target. It co

concluded from previous work that miR-337-3p in

showed ELMOD!
ELMOD? is an

knockdown
tion to regulate

d affect the adipocyte triglyceride lipase loca-
lar lipid metabolism.'® These results indi-
cated that ELMOD?2 plays a role in regulating the normal
physiological process but its role in cancer is not reported.
We showed ELMOD?2 was highly expressed in GBM and
positively correlated with the expression of CRNDE.
A previous work to investigate the roles of CRNDE in glioma
indicated that CRNDE serves as ceRNA for miR-136-5p to
regulate Bcl-2 and Wnt2 expression and hence to affect glioma
cell proliferation, migration, and invasion.'" In our work, we

also provided evidence CRNDE affects GBM cell prolifera-
tion, migration, invasion, and apoptosis via the miR-337-3p/
ELMOD?2 axis. Compared with the previous work, we vali-
dated their experiment results but provided novel ceRNA
triplets for CRNDE, which will help us to further understand
the roles of CRNDE in cancers.

Conclusion
In summary, this work provided novel CRNDE/miR-337-
3p/ELMOD2 triplets in regulating GBM progression, which

may help to validate novel therapg octs for GBM.
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