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IncRNAs combine and crosstalk with NSPc1 in
ATRA-induced differentiation of U87 glioma cells
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Abstract. Nervous system polycomb 1 (NSPcl) is a member
of the polycomb group (PcG) family of proteins and has been
demonstrated to maintain the differentiation and pluripotency
of stem cells. Long non-coding RNAs (IncRNAs) have been
demonstrated to be involved in the control of pluripotency
and differentiation in embryonic and pluripotent cells. In
the present study, the expression levels of NSPcl were asso-
ciated with the malignant potential of various glioma cell
lines. Additionally, IncRNAs were differentially expressed
in glioblastoma cell lines. Following induced differentiation
of U87 glioblastoma cells with all-trans retinoic acid, the
expression levels of NSPcl decreased initially, reaching its
lowest point on day 6, but then subsequently increased until
day 10. The expression of IncRNA candidates decreased in
the cell differentiation stage. Additionally, the expression
of metastasis-associated lung adenocarcinoma transcript 1
(MALAT]I), sex-determining region of the Y chromosome-box
2 overlapping transcript (SOX20T) and antisense non-coding
RNA in the INK4 locus (ANRIL) was significantly altered
relative to the expression levels of NSPcl. RNA immunopre-
cipitation (RIP) assays demonstrated that MALAT1, SOX20T
and ANRIL bind to NSPcl in U87 glioblastoma cells and
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the enrichment of ANRIL in anti-NSPcl antibody group was
associated with the expression levels of NSPcl during U87
cell differentiation. Small interfering RNA mediated down-
regulation of NSPcl expression with MALAT1, SOX20T and
ANRIL, inhibited the proliferation, and promoted apoptosis
in U87 cells. The results of the present study demonstrate that
MALATI1, SOX20T and ANRIL combine and crosstalk with
NSPcl in U87 cells to affect proliferation and apoptosis.

Introduction

Glioblastoma (GBM) is one of most fatal types of primary
brain tumors with high tumorigenesis, rapid growth and high
invasiveness. GBM is defined as a grade III or IV malignant
tumor by the World Health Organization (WHO) that most
frequently involves the frontal, parietal and temporal lobes (1).
Complete resection of tumors is made difficult as a result of
its location and its resistance to chemical and radical thera-
pies (2). Therefore, the two-year survival rate of patients with
high-grade malignancy of glioblastoma is <9% (3). Due to
the limits of standard therapy, a novel and effective therapy
is needed to improve prognosis. Targeted molecular therapies
have made marked progress in treatment, with less severe
adverse effects and a significant increase in the cure rate (4).
Therefore, seeking out potential molecular targets for glioblas-
toma is becoming an increasing area of interest.

Polycomb group (PcG) proteins, originally discovered in
the Drosophila melanogaster, are abundantly present in cells,
suppress gene transcription through epigenetic remodeling,
and serve as determinants of cell fate, thus serving important
roles in embryonic development, embryonic stem cells (ESC)
and adult stem cells maintenance and tumor formation (5-9).
The PcG family functions as complexes, which are divided
into polycomb repressive complex (PRC) 1 and PRC2 (10).
Furthermore, PRC2 regulates histone H3K27 methyl-
transferase activity, resulting in the recruitment of PRCI,
transcriptional repression and gene silencing (11,12). Nervous
system polycomb 1 (NSPcl), a novel member of PRCI1, was
originally identified in 2001 (13). The expression of mouse
NSPcl is relatively high and localized to the nervous system
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during early embryonic development. Additionally, NSPcl
serves an important role in stemness maintenance of octamer
(oct)-sex determining region of the Y chromosome-box 2
(Sox2)-homeobox protein nanog axis by directly activating the
promoter of Oct4 in P19 embryonic carcinoma stem cells (14)
and overexpression of Nspcl induces ESC to self-renew inde-
pendent of leukemia inhibitory factor in the culture media
invitro (15). Furthermore, Yan et al (16) recently demonstrated
that although the Nspcl mutant cells were viable and retained
normal self-renewal capabilities, they presented with severe
defects in differentiation. Additionally, NSPcl regulates reti-
noic acid response element to downregulate p21Waf1/COP1
interacting protin-1, which is associated with the differentia-
tion and metastasis of tumor cells (17). As NSPcl possesses
a marked amount of homology with the proto-oncogene and
polycomb protein BMI-1 (13), it may additionally serve a role
in tumorigenesis as a proto-oncogene, as has been demon-
strated in malignant glioma (18).

Long non-coding RNA (IncRNAs) is a variant of
non-coding RNA of 200 bp in length with a lack of an
open reading frame (19). LncRNA was firstly identified
by Okazaki et al (20) in mouse full-length cDNA library.
Recent studies have demonstrated that IncRNAs are involved
in X-chromosome silencing, gene imprinting, chromosome
modification, transcription activation and the occurrence
and progression of a number of diseases (21). Aside from
forming triplets by specifically combining with DNA and
RNA, IncRNA binds to protein to regulate gene expression
and possibly cancer progression. It has been indicated that
IncRNA recruits chromosome to certain loci for gene silence
in epigenetic regulation (19).

At present, a number of IncRNAs have been identified as
directing epigenetic silencing through interactions with PcG
proteins during the initiation and progression of cancer (22). It
has been demonstrated that the 5' end of IncRNA, homeobox
protein transcript antisense RNA (HOTAIR) combined
with PRC2 drives target gene epigenetically silencing (23).
Furthermore, IncRNA antisense non-coding RNA in the INK4
locus (ANRIL) in conjunction with PRC1 and PRC2 may regu-
late H3K27 methylation of the INK4b-ARF-INK4a locus (24).

The crosstalk between PRC members and IncRNAs may
serve a crucial role in epigenetically silencing gene expres-
sion, resulting in the formation and development of tumors.
In the present study, eight IncRNAs were selected via bioin-
formatics (25) as potential NSPcl interacting and crosstalking
molecules in various types of nervous system tumor cell lines.
The present study aimed to determine among these eight
candidates the potential IncRNAs binding to PRC1 member
NSPcl, and to examine the possible crosstalks between NSPcl
and IncRNAs in glioma cells. The results demonstrated
that metastasis-associated lung adenocarcinoma transcript
1 (MALAT1), Sox2 overlapping transcript (SOX20T) and
ANRIL may interact with NSPcl in U87 glioma cells, and
ANRIL may combine with NSPcl to affect the proliferation
and apoptosis of U87 glioma cells.

Materials and methods

Cell culture and induction of differentiation. U87 cells (derived
from malignant glioma of unknown origin; WHO grade 1V)
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and H4 cells (derived from low-grade malignant glioma;
WHO grade II) were acquired from American Type Culture
Collection (Manassas, VA, USA). U251 cells (derived from
glioblastoma astrocytoma, additionally known as U-373; WHO
grade III) were obtained from the Type Culture Collection of
the Chinese Academy of Medical Science (Shanghai, China).
All the above cell lines used have been authenticated using
STR profiling. The cell lines were cultured in Dulbecco's
modified Eagle's medium (Gibco; Thermo Fisher Scientific
Inc., Waltham, MA, USA) supplemented with 10% fetal
bovine serum (Gibco; Thermo Fisher Scientific Inc.) at 37°C in
an incubator containing 5% CO,. Differentiation of U87 cells
was induced by adding 1 uM of all-trans retinoic acid (ATRA)
(Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) to the
medium.

Reverse transcription-quantitative polymerase chain reac-
tion (RT-gPCR). Total RNA was extracted from cells using
TRIzol® Reagent (Invitrogen; Thermo Fisher Scientific Inc.).
RT-qPCR was performed with the primer pair sequences for
IncRNAs and NSPcl designed as follows: MALAT1, forward
5-AAAGCAAGGTCTCCCCACAAG-3',reverse 5-GGTCTG
TGCTAGATCAAAAGGCA-3; SOX20T, forward 5'-AGG
CATAGCATCCACCCTAA-3', reverse 5'-AGCCCTCACACC
TCCTTACTT-3"; HOTAIR, forward 5'-GGTAGAAAAAGC
AACCACGAAGC-3', reverse 5-ACATAAACCTCTGTC
TGTGAGTGCC-3'; H19, forward 5“TTCAAAGCCTCCACG
ACTCT-3', reverse 5-GCTCACACTCACGCACACTC-3"
ANRIL forward 5-GAAGAAGCAAAAGCGGAAAC-3',
reverse 5-GGACCCAGAGGGAGGTAAAT-3"; alu-mediated
CDKNI1A/P21 transcriptional regulator (APTR), forward
5'-GTGGGTATCAGGGAAGAACC-3', reverse 5-'CAG
GAAAAATGGAAGGGAAA-3"; maternally expressed
3 (MEG3), forward 5-GGGAGTGGAAAGAAACA-3,
reverse 5-TGTGGATGGCTTGTGCTAAA-3; ADAMTS9
antisense RNA 2 (ADAMTS9-AS2), forward 5'-AACACA
AACACCTTGGGTA-3, reverse 5'-GGGTCTCTTGGCTTC
GTAT-3"; NSPcl, forward 5'-GAGACACAGCCACTGCTC
AA-3', reverse 5“TGCACATGCTGAGGGTTTAG-3'; and
GAPDH, forward, 5-GAAGGTCGGAGTCAACGGATT-3'
and reverse 5'-CGCTCCTGGAAGATGGTGAT-3". RT-qPCR
was achieved on Step one Plus™ System (Applied Biosystems;
Thermo Fisher Scientific Inc.) using SYBR Premix EX Taq™
(Takara Biotechnology Co., Ltd., Dalian, China), according
to the manufacturer's protocol. The amplification conditions
were 95°C for 30 sec, followed by 40 cycles of 95°C for 5 sec
and 60°C for 1 min. Relative gene expression was normalized
to the housekeeping gene GAPDH. The relative expression
fold change was calculated using the 224°4 method (26). The
RT-qPCR products of NSPcl and GAPDH were also removed
for electrophoresis in 2% agarose gel, and were further visual-
ized using a UV Transilluminator Gel Docu 2000 (Bio-Rad
Laboratories, Inc., Hercules, CA, USA). All quantifications are
the averages of at least three biological replicates.

Western blot analysis. Western blot analysis was performed
as described previously (14). Cells were lysed using radioim-
munoprecipitation assay buffer (cat. no. PO013B; Beyotime
Institute of Biotechnology, Nanjing, China) and the protein
concentration was determined using a bicinchonininc acid
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Figure 1. Expression levels of NSPcl and IncRNAs in H4, U251 and U87 glioma cell lines. (A) mRNA expression levels of NSPcl as detected by RT-qPCR
in glioma cells normalized to GAPDH and quantified using the 244 method (right panel). RT-qPCR products were also removed for electrophoresis and
visualized using a UV Transilluminator (left panel). (B) Protein expression levels of NSPc1 in glioma cells as detected by western blotting with GAPDH as an
internal control. (C) Expression levels of IncRNAs in the glioma cell lines. IncRNA candidates' expression analysis was performed using RT-qPCR. Expression
of each IncRNA candidate was quantified using the 2244 method with the expression of GAPDH used as the internal control. NSPcl, nervous system
polycomb-1; IncRNAs, long non-coding RNAs; RT-qPCR, reverse transcription-quantitative polymerase chain reaction; MALAT1, metastasis associated lung
adenocarcinoma transcript 1; ANRIL, antisense non-coding RNA in the INK4 locus; SOX20T, sex-determining region of the Y chromosome-box 2 overlap-
ping transcript; HOTAIR, homeobox protein transcript antisense RNA; APTR, alu-mediated CDKN1A/P21 transcriptional regulator; MEG3, maternally

expressed 3; ADAMTS9-AS2, ADAMTS9 antisense RNA 2.

assay kit (cat. no. PO009; Beyotime Institute of Biotechnology).
Proteins (20 ug) were separated by 10% SDS-PAGE, and
then transferred onto polyvinylidene difluoride membranes
(EMD Millipore, Billerica, MA, USA). Membranes were
blocked with 5% skimmed milk dissolved inTris-buffered
saline supplemented with 1% Tween-20 at room tempera-
ture for 1 h, and incubated with primary antibodies against
NSPcl [1:5,000, prepared in our laboratory (27)] and GAPDH
(1:6,000; cat. no. AP0063; Bioworld, Inc., St. Louis Park,
MN, USA) at 4°C overnight. Membranes were then incubated
with the horseradish peroxidase-conjugated goat anti-rabbit
immunoglobulin (Ig) G secondary antibody (1:4,000;
cat. no. sc-2004; Santa Cruz Biotechnology, Inc., Dallas, TX,
USA) for 30 min at room temperature. Bands were visualized
with enhanced chemiluminescence reagent (Merck KGaA).
Data were analysed via densitometry using ImageJ (version
1.47v; National Institute of Health, Bethesda, MD, USA) and
normalized to expression of GAPDH. All the densitometry
analyses are based on four-five repeats and the blots presented
are representative of the technical repeats.

RNA binding protein immunoprecipitation (RIP) assay. RIP
assays were performed using U87 cells using the Magna RIP
kit (Merck KGaA), according to the manufacturer's protocol.
IncRNAs-NSPcl immunoprecipitation was performed
using anti-NSPcl monoclonal antibody (m-NSPcl) (2 ug)
developed in our laboratory (14), anti-enhancer of zeste 2
polycomb repressive complex 2 subunit (EZH2) antibody

(1 pg; cat. no. 07689; EMD Millipore) as a positive control
and IgG beads (Merck KGaA) as a negative control. In
addition, purified RNAs isolated by RIP were detected by
RT-qPCR.

Cell transfection. U87 cells were cultured to 60-70% conflu-
ence and transfected with either pCDEF-NSPcl (in order
to overexpress NSPcl; pCDEF-empty as control vector),
pSE-NSPcl (in order to knockdown the NSPcl gene;
pSE-empty as control vector) (27) or small interfering (si) RNAs
against MALAT1, SOX20T and ANRIL. A universal siRNA
with no homology with mammalian gene sequence was used
as negative control. Sequences were designed as follows:
MALATI, forward 5-GGGCUUCUCUUAACAUUU
AUU-3', reverse 5-UAAAUGUUAAGAGAAGCCCUU)-3'
(50 nM) (27,28); SOX20T, forward 5-GGAGAUUGUGAC
CUGGCUUTT-3', reverse 5'-AAGCCAGGUCACAAUCUC
CTT)-3' (50 nM) (29); ANRIL, forward 5-GGUCAUCUC
AUUGCUCUAUTT-3, reverse 5'-CCAGUAGAGUAACGA
GAUATT)-3' (25 nM) (24,30); and universal siRNA negative
control, forward 5'-UUCUCCGAACGUGUCACGUTT-3" and
reverse 5'-ACGUGACACGUUCGGAGAATT-3' (50 nM).
Transfections were performed using Lipofectamine® 2000
(Invitrogen; Thermo Fisher Scientific, Inc.) at room tempera-
ture for 25 min and at 37°C in an incubator containing 5% CO,
for 6 h. Plasmids were constructed and extracted in our labora-
tory and siRNAs were synthesized by Shanghai GenePharma
Co., Ltd. (Shanghai, China).
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Figure 2. The expression of NSPcl and IncRNAs in U87 cells subsequent to increasing or decreasing the expression of NSPcl. U87 cells were transfected
with pCDEF-NSPcl (overexpression plasmid) or pSE-NSPcl (knockdown plasmid). (A) NSPcl expression levels were determined using reverse
transcription-quantitative polymerase chain reaction. GAPDH was used as the internal control. Results were analyzed using the 2"44°1 method. (B) Protein
expression levels of NSPcl following transfection or knockdown of NSPcl in U87 cells. GAPDH was used as an internal control. (C) IncRNA expression
levels subsequent to regulation of NSPcl expression with GAPDH as an internal control. Results were analyzed using the 244 method. "P<0.05, “P<0.01 vs.
control group. NSPcl, nervous system polycomb-1; IncRNAs, long non-coding RNAs; IncRNAs, long non-coding RNAs; MALAT1, metastasis associated lung
adenocarcinoma transcript 1; ANRIL, antisense non-coding RNA in the INK4 locus; SOX20OT, sex-determining region of the Y chromosome-box 2 overlap-
ping transcript; HOTAIR, homeobox protein transcript antisense RNA; APTR, alu-mediated CDKN1A/P21 transcriptional regulator; MEG3, maternally

expressed 3; ADAMTS9-AS2, ADAMTS9 antisense RNA 2.

Flow cytometry. Fluorescein isothiocyanate-AnnexinV (BD
Biosciences, Franklin Lakes, NJ, USA) and propidium iodide
(Sigma-Aldrich; Merck KGaA) were used to assess cell
apoptosis according to the manufacturer's protocol. U87 cells
were cultured to 60-70% confluence and transfected with
siMALATI, siSOX20T, siANRIL and the negative control
in 6-well plate. Apoptosis of transfected U87 cells were
detected using a flow cytometer (BD FACS Calibur™, BD
Biosciences) equipped with CellQuest software version 5.1
(BD Biosciences).

MTT assay. U87 cells were cultured to 30-50% confluence
and transfected with sSiMALATI, siSOX20T, siANRIL,
PSE-NSPcl and the negative control in a 24-well plate. MTT

assay (Sigma-Aldrich; Merck KGaA) was used to measure
the proliferation of the transfected U87 cells. Following the
manufacturer's protocol, the absorbance values were detected
at optical density 490 nm, 24, 48, 72 and 96 h subsequent to
transfection (independently).

Statistical methods. All results were expressed as the
means + standard deviation. Statistical analyses were performed
using SPSS software (version 13.0; SPSS, Inc., Chicago, IL,
USA). Comparisons between two groups were analyzed by a
Student's t-test. One-way analysis of variance was applied for
multiple comparisons with a post-hoc Student-Newman-Keuls
test. P<0.05 was considered to indicate a statistically signifi-
cant difference.
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Figure 3. Expression of NSPcl and IncRNAs in U87 cells following ATRA-induced differentiation. (A) Measurement of the expression levels of NSPcl by
reverse transcription-quantitative polymerase chain reaction following ATRA-induced differentiation of U87 cells. GAPDH was used as an internal control.
Results were analyzed using the 222“¢ method. (B) Protein expression levels of NSPcl following ATR A-induced differentiation of U87 cell by western blotting.
GAPDH was used as an internal control. (C) Expression of IncRNAs following ATRA-induced differentiation of U87 cells. GAPDH was used as the internal
control. Results were analyzed using the 2244 method. "P<0.05, “P<0.01. NSPcl, nervous system polycomb-1; IncRNAs, long non-coding RNAs; ATRA,
all-trans retinoic acid; MALAT1, metastasis associated lung adenocarcinoma transcript 1; ANRIL, antisense non-coding RNA in the INK4 locus; SOX20T,
sex-determining region of the Y chromosome-box 2 overlapping transcript; HOTAIR, homeobox protein transcript antisense RNA; APTR, alu-mediated
CDKNI1A/P21 transcriptional regulator; MEG3, maternally expressed 3; ADAMTS9-AS2, ADAMTS9 antisense RNA 2.

Results

Expression of endogenous IncRNAs and NSPcl in glioma
cells. mRNA and protein expression levels of NSPcl were
associated with the degree of malignancy of glioma cell
lines (Fig. 1A and B). Furthermore, the expression levels of
MALATI1 and APTR were higher in glioma U87 cells, H4 cells
and U251 cells, whereas HOTAIR, H19 and ADAMTS9-AS2
expression was lower in glioma cells. ANRIL expression levels
were relatively high in H4 cells and U251 cells compared with
U87 cells. However, the expression levels of MEG3 were rela-
tively higher in U251 and U87 cells compared with H4 cells
(Fig. 1C).

MALATI expression is inversely associated with NSPcl
expression in U87 cells. To investigate whether the variability
of NSPcl expression influenced the expression of any of the
eight IncRNAs, the overexpression vector, pPCDEF-NSPcl,
and the knockdown vector, pSE-NSPcl, were used. The
expression of MALAT]1 decreased following upregulation
of NSPcl, and it increased when expression of NSPcl was
knocked down (Fig. 2). The expression of SOX20T and
ANRIL decreased, irrespective of NSPcl expression levels
in U87 cells. The remaining IncRNA candidates exhibited a
significant difference in expression (P<0.01) only following
NSPcl overexpression or knockdown, whereas SOX20T
and ANRIL expressions were both significantly decreased
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Figure 4. Identification of IncRNAs interactions with NSPcl in U87 cells. (A) Ide

ntification of nucleic acid shear fragments by 2% agarose gel electrophoresis.

The nucleic acid clip was between ~200 and 1,000 bp (left panel). Efficiency test of immunoprecipitation enrichment of positive and negative control analysed
by 2% agarose gel electrophoresis (right panel). (B) Purified RNA immunoprecipitated by antibodies and analysed by RT-qPCR in U87 cells. Verification of

RIP enrichment was performed by applying the comparative 24°1 method wit!

h anti-NSPcl binding IncRNA compared with positive control (anti-EZH2)

binding IncRNA and negative control (IgG) binding IncRNA. (C) The relative enrichment folds of three IncRNA candidates in the all-trans retinoic assay
differentiated cells were calculated using the 2-24°4 methodfor each group. All data are presented as the mean + standard deviation of three independent repeats.
“P<0.05, “P<0.01. EZH2, enhancer of zeste 2 polycomb repressive complex 2 subunit; NSPcl, nervous system polycom-1; RIP, RNA immunoprecipitation;

MALATI, metastasis associated lung adenocarcinoma transcript 1; ANRIL, anti
of the Y chromosome-box 2 overlapping transcript; IgG, immunoglobulin G; M,

(P<0.01) following NSPcl overexpression and knockdown
(Fig. 2C).

IncRNA candidate expression levels are variable following
ATRA mediated induction of differentiation in U87
glioblastoma cells. Following induction of differentia-
tion using ATRA, alterations in expression of NSPcl and
IncRNAs during the differentiation process were examined.
mRNA and protein expression levels of NSPcl decreased
at the beginning and reached the lowest expression levels
measured by the 6th day of differentiation. However, the
expression levels increased subsequent to the 6th day till
the 10th day of differentiation. By the 10th day, the expres-
sion levels of NSPcl were higher compared with the 1st day
(Fig. 3A and B). MALAT] expression decreased initially,
but increased by the 10th day, H19 increased for the dura-
tion of the experiment, and MEG3 decreased significantly
by the 10th day (Fig. 3C). The expression changes of the
remaining IncRNA candidates largely followed a similar
pattern; a slight increase in expression was seen on day 1
after which expression decreased (Fig. 3C).

Evaluation of IncRNA candidates interacting with NSPcl
during ATRA-induced U87 differentiation. To investigate
a potential interaction between endogenous NSPcl and
IncRNA candidates, RIP assays were used. According to
the aforementioned data, MALAT1, SOX20T and ANRIL
were selected for further studies (as presented in Fig. 2).

sense non-coding RNA in the INK4 locus; SOX20T, sex-determining region
ladder; +, positive control; -, negative control.

From the RIP assays on U87 cells (Fig. 4A-C), the enrich-
ment of immunoprecipitation of MALAT1 and SOX20T
decreased throughout the whole differentiation process and
the enrichment of SOX20T was almost absent by the 10th
day (Fig. 4C; left and middle panels). The enrichment of
immunoprecipitation of ANRIL decreased until the 6th day
of differentiation, following which the expression levels
increased until the 10th day of differentiation (Fig. 4C;
right panel).

Knocking down expression of IncRNA candidates reduces
proliferation and apoptosis in U87 cells. The proliferation
and apoptosis of U87 cells following siRNA transfection are
presented in Fig. 5. The knockdown efficiency of MALAT]I,
SOX20T and ANRIL in U87 glioma cells was examined
with increasing concentrations of siRNAs using RT-qPCR
(Fig. 5A). The MTT assay demonstrated that knocking
down the expression of MALATI1, SOX20T and ANRIL
using their respective siRNAs, reduced proliferation of
U87 cells, and the reduction in proliferation was more
prominent when NSPcl and ANRIL were knocked down
together (Fig. 5B). Furthermore, using flow cytometry, it
was determined that the rates of apoptosis was significantly
increased following downregulation of MALATI1, SOX20T
and ANRIL expression compared with the control group.
Similarly, the apoptotic rate was further reduced when
NSPcl and ANRIL expression were knocked down together
(Fig. 5C).
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Figure 5. Proliferative and apoptotic rates of U87 glioma cells under different NSPcl and IncRNAs expression conditions. (A) siRNA knockdown efficiency
of MALAT1, SOX20T and ANRIL in U87 glioma cells. The knockdown efficiency was determined using a concentration gradient of each siRNA and
reverse transcription-quantitative polymerase chain reaction with GAPDH as the loading control. (B) MTT assay was used to determine the viability of U87
cells following transfection with si-NC, pSE-NSPcl, si-MALAT1, si-SOX20T, si-ANRIL, pSE-NSPcl+si-MALAT1, pSE-NSPcl+ si-SOX20T, pSE-NSPcl+
si-ANRIL. (C) Flow cytometry analysis was performed to evaluate the apoptotic rate of U87 cells following knockdown of MALAT1, SOX20T and ANRIL,
and following the knockdown of the three candidate IncRNAs combined with knockdown of NSPcl. "P<0.05, “P<0.01; “siRNA concentration used for subse-
quent experiments. si, small-interfering; IncRNAs, long non-coding RNAs, NSPcl, nervous system polycomb-1; pSE-NSPcl, NSPcl knockdown plasmid;
MALAT]I, metastasis associated lung adenocarcinoma transcript 1; ANRIL, antisense non-coding RNA in the INK4 locus; SOX20T, sex-determining region
of the Y chromosome-box 2 overlapping transcript.


https://www.spandidos-publications.com/10.3892/ol.2019.10254
https://www.spandidos-publications.com/10.3892/ol.2019.10254
https://www.spandidos-publications.com/10.3892/ol.2019.10254

5828

Discussion

Emerging evidence has demonstrated that glioma cells
recruited undifferentiated and differentiated cells, providing
heterogeneity for tumorigenesis (31). NSPcl, as a key member
of PRCI1, was associated with the differentiation of tumor
cells or cancer stem cells in (17,18). Certain IncRNAs were
identified as novel epigenetic regulators (32). Previous studies
have hypothesized a link between PcG complexes and
IncRNAs (24). There are a number of established glioma cell
line models, including U251, H4 and U87. In the present study,
only the U87 cell line was used as: i) U251 cells are difficult
to transiently transfected; ii) H4 neuroglioma cells are derived
from low-grade malignant glioma and has a relatively low
NSPcl expression level, thus making it unsuitable for RIP or
RNALI assays; and iii) of the three cell lines, only the U87 cells
have been demonstrated to respond to differentiation following
treatment with ATRA (33), thus making it a suitable model for
the present studies. Therefore, the association between NSPcl
and a number of IncRNAs in differentiated U87 glioma cells
was examined.

A total of eight IncRNAs were selected, which were most
commonly associated with glioma, and exhibit high correla-
tion scores with NSPcl based on bioinformatics analysis (32).
The expression of NSPcl and IncRNA candidates is associ-
ated with the degree of malignancy of different glioma cells
lines. This agrees with a recent study by Hu et al (18), where
it was demonstrated that NSPcl was highly expressed in stem
cell-like glioma cells (SLCs).

The expression levels of HOTAIR, APTR and
ADAMTS9-AS2 were decreased following NSPcl overexpres-
sion, and the levels of MALAT1, SOX20T and ANRIL were
significantly reduced (P<0.001); therefore, these were investi-
gated further. SOX20T and ANRIL were downregulated upon
either overexpression or silencing of NSPcl. NSPcl is typically
considered to be a transcription repressor (17); however, a
previous study has demonstrated that it may additionally be
an activator of the SOX2 gene (14). The present data raise
the possibility of an, as yet, unidentified indirect regulatory
mechanism between the expression levels of NSPcl and those
of SOX20T and ANRIL under certain circumstances.

Previously, Hu e al (18) demonstrated that ATRA partly
reversed the NSPcl-induced stemness enhancement in SLCs
through mechanisms associated with an ATRA-dependent
decrease in the expression of NSPcl. It was demonstrated
that there was a significant change in MALATI1, SOX20T
and ANRIL with variation of NSPcl expression levels in the
ATRA mediated differentiation process of U87 malignant
glioma cells. Hu et al (18) additionally demonstrated that
NSPcl promotes self-renewal of stem cell-like glioma cells
by repressing the synthesis of ATRA by targeting RDH16,
suggesting that NSPcl expression levels in U87 cells may be
crucial for determining whether a cell should differentiate or
proliferate.

In the ATRA-induced differentiation of U87 cells, results
demonstrated that NSPcl and MALAT]1 expression levels were
decreased in a similar manner. Furthermore, the IncRNAs that
did not demonstrate a decrease in expression upon NSPcl
silencing were downregulated following ATRA-induced
differentiation (for example, HOTAIR and APTR expression),
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suggesting that the IncRNAs respond to ATRA-induced
differentiation independently of NSPcl expression levels. An
experiment overexpressing NSPcl following ATRA-induced
differentiation may help to determine which effects are
dependent on NSPcl expression levels and which effects
are dependent on the differentiation process itself. However,
it is very difficult to efficiently transfect the cells following
induced differentiation of U87 cells. At present, it is difficult
to ascertain which effects are the result of NSPcl expression,
and which effects are the results of the differentiation process.

MALATI1 was demonstrated to interact with NSPcl in
U87 cells using an RIP assay. It was previously demonstrated
that MALAT1 was able to maintain self-renewing ability
and increase the proportion of pancreatic cancer stem cells
(CSCs) (34). In U87 cells, ATR A-induced differentiation acti-
vates the same upstream as retinoic acid signaling pathway of
NSPcl and MALAT1. Additionally, SOX20T and ANRIL were
also demonstrated to interact with NSPcl in U87 glioblastoma
cells by RIP assay. The expression of SOX20T is associated
with that of regulators of pluripotency, including SOX2 and
OCTH4, in the pluripotent cell line NT2 (35). ANRIL binds to
PRC?2 to promote proliferation in gastric cancer, resulting in
epigenetic suppression in trans (as transcription factor) (36).
Importantly, it was demonstrated that ANRIL interacted with
the PRC2 member at the INK4b/ARF/INL4a locus (24). Since
MALATI, SOX20T and ANRIL interact with NSPcl in the
U87 cells during the differentiation process, it is hypothesized
that these three IncRNAs are closely associated with NSPcl in
the canonical PRC1 complex in glioma cells.

The downregulated expression of MALAT1, SOX20T and
ANRIL inhibited the proliferation, and promoted apoptosis of
U87 cells. Furthermore, downregulation of NSPcl combined
with ANRIL but not with MALAT1 or SOX20T was deter-
mined to exhibit a more significant effect on proliferation and
apoptosis of U87 glioma cells compared with downregulating
NSPcl or ANRIL alone. Therefore, an in-depth study on
the interaction mechanism between ANRIL and NSPcl is
required to better understand the formation and development
of malignant glioma.

In conclusion, the present data demonstrated that MALAT]I,
SOX20T and ANRIL interacted with NSPcl. In addition,
ANRIL may interact with NSPcl during ATRA-induced
differentiation of U87 cells, and may be involved in regulating
proliferation and apoptosis of U87 cells. Further studies will
be required to determine the role of the ANRIL-NSPc1-PRC1
complex in tumorigenesis.
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