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Glioma is the most common sub-type of brain tumor. Due to the presence of stem-like cells, it is characterized by poor
prognosis, aggressive ability and high post-surgical recurrence rates. Hence, there is critical need to identify molecular
mechanisms of glioma stem-like cells. We found a novel IncRNA in the ZNF281 gene and named it IncRNA-ZNF281. We
detected the expression of InNcRNA-ZNF281 in glioma stem-like cells (U251s), the glioma cell line (U251) and also in normal
brain tissue. The expression of IncRNA-ZNF281 was lower in glioma stem-like cells (U251s) and this indicates that IncRNA-
ZNF281 can regulate the self-renewal capacity of glioma stem-like cells and stem cell marker expression. Most signifi-
cantly, IncRNA-ZNF281 inhibits the invasion of glioma stem-like cells by regulating the expression of the NF-xB1 signaling
pathway. Our data demonstrates that IncRNA-ZNF281 inhibits the self-renewing ability and invasion of GSCs in vitro and
in vivo and can reduce tumorigenicity in the glioma stem-like cell (U251s). The underlying mechanisms may involve the
regulation of stem cell markers (CD133, Nestin, OCT4 and Nanog) to reduce the self-renewal ability and regulate the
NF-kB1 signaling pathway and inhibit U251s glioma stem-like cell invasion. These finding suggest that IncRNA-ZNF281

could be a successful new therapeutic target in glioma.
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Gliomas are the most common form of primary brain
malignant tumor in adults and they have no effective
therapy [1]. Glioma characteristics include rapid progres-
sion, aggressive ability and poor prognosis [2, 3]. In spite
of the current treatment strategies which include surgery,
radiation and chemotherapy, glioma patient prognosis has
not significantly improved and the median survival time
is only 12-14 months [4]. Therefore, to find novel treat-
ment strategies to treat gliomas, it is critical to decipher the
underlying molecular mechanisms of glioma tumorigenesis
and progression.

The high post-surgical recurrence rate of glioma is mainly
attributed to the existence of cancer stem cells (CSCs) which
can promote tumor formation and increase both initiation of
their differentiation and proliferation [5-6].

The glioma stem-like cells are a sub-set capable of
inducing invasion, metastasis, heterogeneity, and thera-
peutic resistance [7, 8]. GSCs are defined as a cell population

with the capacity to self-renew, differentiate, and give rise
to a new type of cancer. Glioma stem-like cells have been
identified by several researchers and numerous markers for
glioma have been discovered. These include surface antigens
CD133, A2B5 and transcription factors OCT4, Nanog and
SOX2. Although many studies have deciphered the signaling
pathways that regulate the stemness and self-renewal ability
of glioma stem-like cells [9-11], the involvement of long
noncoding RNAs in GSC'’s is largely undeciphered.

Long noncoding RNAs (IncRNAs) are a novel class of
RNA transcripts longer than 200 nucleotides and lacking
protein-coding potential [12]. Several studies have suggested
that IncRNAs are important regulators in cancer develop-
ment, cell growth and invasion and drug resistance [13,
14], and numerous have been reported associated with
glioma progression. LncRNA ZEB1-AS1 has been demon-
strated to promote tumorigenesis and be associated with
poor prognosis in gliomas [15], and IncRNA-TALNEC2 is
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reported to regulate glioma stem cell tumor growth, stemness
and radiation response [16].

Our previous research used gene microarray to study
glioma stem-like cell lines SHG-139S and its parent cell line
SHG-139 [17] and this revealed a IncRNA molecule, named
IncRNA-ZNF281 with 353bp in LNCipedia.org, located in
chromosome 1q32.1 in nucleotides 200443207-200443559.
The IncRNA-ZNF281 expression was down-regulated in
glioma stem-like cells compared to normal brain tissue
and glioma cell lines. Herein, we determine the molecular
mechanism of IncRNA-ZNF281 in glioma stem-like cells,
perform in vitro and in vivo experiments and establish its
involvement in glioma stem-like cell self-renewal, stemness
and invasion.

Patients and methods

Patient and sample collection. Normal brain tissue was
harvested from 5 patients with cranio-cerebral injury. Human
brain glioma tissue specimens came from 22 glioma patients
including 7 cases of WHO grades I, 8 cases of WHO grades
III and 7 cases of the WHO grades IV. Tissue samples were
obtained from January2015toJuly 2017 from the Department
of Neurosurgery of the First Affiliated Hospital of Soochow
University. All tissue samples were immediately collected
and stored in liquid nitrogen after resection from patients
and then used for analysis. Informed consent was obtained
from the patient or patient family members and the study
was approved by the local ethics committee of our hospital.

Cell culture. Glioma cell lines U251 was purchased from
the Cell Bank of Chinese Academy of Science (Shanghai).
Glioma stem-like cells (U251s) were isolated from the U251
cell line. U251 cells were maintained in Dulbecco’s Modified
Eagle’s Medium (DMEM, Hyclone, Thermo Fisher Scien-
tific, Waltham, MA, USA) supplemented with 100 U/ml of
penicillin, 100 pg/ml of streptomycin, and 10% fetal bovine
serum (FBS, Gibco) at 37°C and humidified atmosphere
of 5% CO2. The glioma stem-like cell line U251s was
cultured in DMEM/F12 containing 20 ng/ml basic fibro-
blast growth factor (bFGF Sigma), B27 supplement (stock
50x, Sigma), 20ng/ml epidermal growth factor (Sigma),
100 U/ml penicillin and 100 U/ml streptomycin (Invitrogen)
and cultured at 37°C in a humidified atmosphere of 95% air
and 5% CO,.

Real time quantitative polymerase chain reaction
(RT-qPCR) analysis. Total RNA was extracted using the
Trizol reagent method. Reverse transcription in 20pl was
preformed following the Applied Bio-systems protocol.
Primers were synthesized by Sangon Biotech (Shanghai).
SYBR Green I qRT-PCR kit (Applied LightCycler480) was
used to analyze the mRNA expression levels of IncRNA-
ZNF281, EZH2, SOX2, OCT4, Nanog, Nestin and CD133.
The expression of GAPDH was used as the endogenous
control. Primer sequences are shown in Supplementary
Table S1. The relative expression of mRNA was calculated

using the comparative threshold cycle (Ct)?*“Y method.
Samples were analyzed in triplicate.

Construction of over-expressing IncRNA-ZNF281
glioma stem-like cell line U251s. Lentiviral vector was
used to construct IncRNA-ZNF281-over-expressing glioma
stem-like cells. The lentiviral vector derived from HIV-1 with
IncRNA-ZNF281 was designed by GenePharma (Suzhou,
China). Glioma stem-like cell line U251s was infected
with “enhanced infection solution” to increase transfection
efficiency.

Transwell system. IncRNA-ZNF281-U251s (IncRNA-
ZNF281-transfected U251s cells) and IncRNA-NC-U251s
(control vector-transfected U251s cells) were cultured in
6-well inserts in the transwell system. Transfected cells were
transferred to matrigel-coated invasion chambers (24-well
insert, 8 mm pore size, BD) in serum-free DMEM/F12.
DMEM/F12 containing 10% FBS was added as a chemo-
attractant to the lower chambers. Cells that did not migrate
from the top wells were removed using a cotton wrap and
cells that migrated to the lower membrane surface were fixed
with 4% formaldehyde and stained with 0.2% crystal violet.
Migrated cells were imaged and manually counted using five
randomly selected fields under a microscope.

Spheroid formation assay. Single cell suspensions were
washed twice with serum-free Phosphate Buffer Solution
(PBS) and plated in 24-well ultra-low attachment plates
(Corning, Steuben County, NY, USA) at a density of 250 cells
in culture media supplemented with 20ng/ml basic fibro-
blast growth factor (Sigma), B27 supplement (stock 50x,
Sigma), 20 ng/ml epidermal growth factor (Sigma), 100 U/ml
penicillin and 100 U/ml streptomycin (Invitrogen). The cells
were incubated at 37°C in a humidified atmosphere of 95%
air and 5% CO.,,.

Immunofluorescence. Cells were plated on poly-L-
lysine-coated glass coverslips and fixed with 4% paraformal-
dehyde. The cells were then washed 3 times with PBS, with
5 min incubations per wash and then permeabilized with
0.1% Triton X-100 for 10 min and subsequently blocked
with goat serum. Primary antibodies CD133 (rabbit anti-
human, Abcam), EZH2 (rabbit anti human, Cell Signaling
Technology), Nestin (rabbit anti-human, Abcam), SOX2
(rabbit anti-human, Abcam), OCT4 (rabbit anti-human,
Abcam) and Nanog (rabbit anti-human, Abcam) were
incubated (concentration used per manufacturer’s instruc-
tions) overnight at 4°C. Next day, the cells were washed 3
times with PBS (with 15 minutes of incubation per wash)
and then incubated with fluorescent secondary antibodies
at room temperature protected from light for 1h. Cells were
then counterstained with DAPI for 1 min before being sealed
with mounting medium. The cells were analyzed under
fluorescent microscopy (Olympus, Japan).

Western blotting. Total protein was extracted from cells
using RIPA buffer and protein was quantified using the BCA
(bicinchoninic acid) assay kit (Beyotime, Shanghai, China).
Protein samples were separated using 10% SDS-PAGE
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gel and then transferred onto PVDF membranes. PVDF
membranes were incubated with the relevant primary
antibodies overnight at 4°C. Membranes were then washed
and incubated for 2 h with horseradish peroxidase (HRP)-
conjugated anti-rabbit secondary antibodies (Prosci Inc.
1:3,000; Poway, CA, USA), followed by detection and visual-
ization by ECL Western blotting detection reagents (Pierce
antibodies, Thermo Fisher, USA).

Xenograft tumor models. All animal experiments were
carried out in accordance with institutional guidelines and
regulations of the institute. Female BALB/c nude mice were
purchased from the China Academy of Sciences (Shanghai)
and randomly divided into two groups (6 mice per group).
Glioma stem-like cells were counted and then re-suspended
to 1x10° cells/ul using PBS. The cells were then subcutane-
ously implanted into the right frontal lobe of the brain. Mice
were observed after injection to monitor the size of subcu-
taneous and weight of intracranial xenografts. For intracra-
nial xenografts, when mice developed cachexia, they were
euthanized and whole brain tissue was removed and fixed in
formalin.
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Immunohistochemistry. Brain tissues were cut into
4um sections by microtome. Immunohistochemistry was
performed on formalin-fixed paraffin-embedded sections.
Endogenous peroxidase activity was blocked for 15 min with
0.3% hydrogen peroxide after hydration. Antigen retrieval
was performed using 10 mM sodium citrate buffer at pH6
for 10 min at 100 °C. Tissue sections were then blocked with
5% BSA, and incubated with primary antibody - anti-Ki67
(Abcam), anti-MMP2 (Abcam), anti-MMP9 (Abcam), or
anti-NF-kB1 (Abcam) antibody at 4°C overnight. Sections
were stained using the Cell and Tissue Staining Kit HRP-DAB
(R&D Systems, MN, USA), according to the manufacturer’s
instructions and immunohistochemistry was performed
with known positive and negative tumor controls.

Results

Expression of IncRNA-ZNF281 is lower in glioma stem-
like cells (U251s) than in normal brain tissues and the
glioma cell line (U251). Real time quantitative polymerase
chain reaction (RT-qPCR) was used to measure the expres-
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Figure 1. The expression of IncRNA-ZNF281 in glioma tissues and glioma stem-like cells (U251s). A) The expression of IncRNA-ZNF281 was lower in
glioma tissues than in normal brain tissues (**p<0.01; *p<0.05). B) The expression of IncRNA-ZNF281 was lower in glioma stem-like cells U251s than
in glioma cell line U251 and normal brain tissues (*p<0.05). C) The complete gene sequence to construct lentiviral vector.
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sion of IncRNA-ZNF281 in glioma tissues, CD133+ glioma
stem cells U251s, glioma cell line U251 and normal brain
tissues. IncRNA-ZNF281 expression in glioma tissues was
lower than in normal brain tissues and decreased gradu-
ally with degree of tumor malignancy (p<0.05, Figure 1A).
As expected, IncRNA-ZNF281 expression in the glioma
stem-like cell U251s was lower than in glioma cell line U251
(p<0.05, Figure 1B). This suggests that IncRNA-ZNF281
regulates stem-like characteristics in glioma. We therefore
constructed a lentiviral vector expressing IncRNA-ZNF281
(Figure 1C) to investigate its role in glioma.

Transfection efficiency of IncRNA-ZNF281 over-
expressing glioma stem-like U251s cells. We constructed
a stable over-expression of IncRNA-ZNF281 in U251s to
perform functional validation. We detected transfection
efficiency using fluorescence microscopy and flow cytometry
(Figures 2A, B) and used RT-qPCR to determine the expres-
sion level of IncRNA-ZNF281 in IncRNA-ZNF281-U251s and
IncRNA-NC-U251s cells. The expression levels of IncRNA-
ZNF281 in IncRNA-ZNF281-U251s cells were significantly
higher than in IncRNA-NC-U251s and untreated glioma
stem-like cell U251s (p<0.01, Figure 2C).

A Expression of INcRNA-ZNF281

LncRNA-ZNF281 inhibited the self-renewal capacity
and expression of stem cell markers in glioma stem-like
U251s cells. We analyzed the expression of stem cell markers
to determine the effect of IncRNA-ZNF281 over-expression
in glioma stem-like cells. Using immunofluorescent assays,
we found that IncRNA-ZNF281 could inhibit the expression
of stem markers CD133, Nestin, OCT4 and Nanog. However,
the expression of EZH2 in IncRNA-ZNF281-U251s was
higher than in IncRNA-NC-U251s, while SOX2 expression
had no significant difference in the two groups (Figure 3A).
In addition, mRNA and protein expression of these stem
cell markers were consistent with immunofluorescent data
(Figures 3B, C). Glioma stem-like cells have the capacity to
self-renew and proliferate. Using spheroid formation assays,
we demonstrated that IncRNA-ZNF281 could inhibit the
capacity of self-renewal and proliferation in U251s (p<0.05,
Figure 3D).

IncRNA-ZNF281 reduces the invasive ability of glioma
stem-like cells (U251s) by regulating the NF-kB1 signaling
pathway. We used the transwell system to assess the effect
of IncRNA-ZNF281 over-expressed glioma stem-like cell
invasion. Over-expression of IncRNA-ZNF281 resulted in
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Figure 2. Construct of the IncRNA-ZNF281-overexpressed glioma stem-like cells U251s. A, B) The transfection efficiency is more than 90% deter-
mined by fluorescence microscopy and flow cytometry. C) The expression of IncRNA-ZNF281 in IncRNA-ZNF281-U251s was significantly higher than
IncRNA-NC-U251s and untreated glioma stem-like cell U251s (**p<0.01). NC: negative control group
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Figure 3. The capacity of self-renewal and the expression of stem marker in glioma stem-like cells U251s. A) The expression of stem marker CD133,
Nestin, OCT4 and Nanog, but the expression of EZH2 in IncRNA-ZNF281-U251s was higher than IncRNA-NC-U251s and the SOX2 expression had
no significant change in two groups. B, C) The mRNA and protein expression of stem marker acquired the same result. D) The self-renew capacity was

inhibited by IncRNA-ZNF281 (*p<0.05). NC: negative control group

significantly less migrated cells than in IncRNA-NC and
untreated cells (p<0.05, Figures 4A, B). To understand the
molecular mechanism, we analyzed the invasive related
proteins MMP9, MMP2 and NF-kBl by Western blot
analysis. Our results demonstrate that IncRNA-ZNF281
inhibited the expression of NF-xB1, MMP9 and MMP2 to
regulate invasion of glioma stem-like cells (Figure 4C).

LncRNA-ZNF281 reduces glioma growth and inhibits
the expression of the proliferative protein (ki-67) in subcu-
taneous xenograft tumor models. To investigate the effect of
IncRNA-ZNF281 in tumorigenesis, we established a subcuta-
neous xenograft tumor model (Figure 5A). Over-expression
of IncRNA-ZNF281 reduced the size of tumors compared
with the control groups (p<0.05, Figure 5B). In addition,
the expression of the proliferative protein (Ki-67) in brain
xenograft tumor models was inhibited by IncRNA-ZNF281
(Figure 5C).

IncRNA-ZNF281 reduced glioma invasion and growth
in brain xenograft tumor models. Brain xenograft tumor
models investigated the effect of IncRNA-ZNF281 over-
expression in glioma invasion and growth. HE staining deter-
mined tumor formation in the mouse brain (Figure 6A).
Tumor sections were stained with proliferative protein
(Ki-67) and the invasive proteins (MMP2 and MMP9). The
results demonstrate that IncRNA-ZNF281 reduced glioma
invasion and growth by inhibiting the NF-kB1 signaling
pathway (Figure 6B, Figures 7A, B).

Discussion

Glioma is the most common malignant cancer of the
brain. Although tremendous improvements have been made
in treating this cancer, including surgical resection, radio-
therapy and chemotherapy, the overall outcome of patients
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Figure 6. A) HE staining to test tumor formation in nude mouse brain. B) Inmunohistochemistry showed that the expression of Ki-67 was reduced.

NC: negative control group

with glioma is disappointing. Several studies have suggested
that stem cells are the initiating cells for glioma and are the
primary reason for the high post-surgical recurrence rate
[18]. In addition, glioma stem-like cells have the capacity to
promote invasion and migration of gliomas [19]. Based on
the hypothesis that cancer stem cells are multipotent with
ability to indefinitely self-renew and asymmetrically divide
[20], it is essential to eliminate glioma stem cells in patient
treatment.

Identifying cancer stem cells is the foremost target in
researching its molecular mechanism, and several cell-
surface markers can currently be used to isolate glioma
stem cells. CD133 and prominin-1 were the first cell-surface
markers identified to distinguish glioma stem cells and

glioma differentiated cells [21]. In addition, A2B5 [22, 23],
CD44 [24], Nestin [25] and transcription factors OCT4,
Nanog and SOX2 [26] are critical for glioma stem cells to
self-renew, grow and promote invasion. Therefore, these
capacities should be inhibited if we reduce the expression
of the various markers. For example, H19 knocked-down
glioma cell lines showed significant reduced expression of
CSC markers CD133, Nanog, Oct4 and SOX2 and decreased
capacity in glioma stem cells [27].

To effectively eliminate glioma stem-like cells requires
unequivocal understanding of glioma stem-like cell features.
With the identification of IncRNAs in cancers, several
studies have demonstrated that IncRNAs can regulate the
characteristics and capacity of cancer stem cells by various
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signaling pathways. In hepatic cell cancer, IncRNMA-CATAL1
promotes proliferation and cancer stem cell-like properties
of liver cancer by regulating CAMTA1 [28].

Certain IncRNAs can influence stemness, invasion, migra-
tion and tumorigenesis in glioma. For example, IncRNA-
ptesc3 inhibits the proliferation and invasion of glioma cells
by suppressing the Wnt/B-catenin signaling pathway [29]
and IncRNA-MALAT1 maintains the stemness of glioma
stem cells [30].

Our previous study discovered a new IncRNAs (IncRNA-
ZNF281) which had reduced expression in glioma stem-
like cells compared to normal brain tissues and glioma cell
lines, and results suggested that IncRNA-ZNF281 acts as a
tumor suppressor gene to regulate progression of gliomas.
Herein, we found that IncRNA-ZNF281 inhibits the stem-
like properties of glioma stem cells because IncRNA-ZNF281

over-expression by lentiviral vectors in human glioma
stem-like cells U251s established significantly reduced self-
renewal capacity and cell growth. While the expression
of CD133, Nestin, OCT4 and Nanog glioma stem-like cell
markers was reduced in IncRNA-ZNF281 over-expressed
cells, EZH2 expression was increased and SOX2 expression
made no obvious difference. This demonstrates that IncRNA-
ZNF281 inhibits the expression of CD133, Nestin and OCT4
to regulate the stemness of GSCs.

We also demonstrated that IncRNA-ZNF281 reduced GSC
invasive ability and down-regulated NF-xkB1 and MMP9
protein expression. The NF-kB1 signaling pathway has an
important role in cancer invasion and migration and NF-kB
activation is associated with cancer. Here, NF-«B activity was
much higher in GBM tissues compared to normal tissues
[31] and it was associated with glioma grade [32]. Further,
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the MMP9 and MMP2 key enzymes required for invasion are
NF-kB-regulated genes, and their levels increase with glioma
tumor progression [33].

In conclusion, we demonstrated herein that IncRNA-
ZNF281 regulates the invasion capacity of GSCs via the
NF-«B1 signaling pathway, and consistent with our in vitro
findings, we established that it also reduced CSC growth and
invasion in vivo by regulating the NF-kB1 signaling pathway.
IncRNA-ZNF281 also reduced the expression of CD133 and
OCT4 self-renewal related factors in glioma stem-like cells,
decreased the capacity of self-renewal in vitro and reduced
invasive ability by regulating the NF-kB1 signaling pathway
in both in vitro and in vivo.

Finally, our combined results indicate that IncRNA-
ZNF281 regulates glioma stem cell-like phenotypes and
inhibits stem-like cell invasion in glioma.

Supplementary information is available in the online version
of the paper.
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stem-like U251s cells.
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Suppl. Table 1. The sequences of all primers

Gene Primer sequences (5'>3")
LncRNA-ZNF281 Forward:AGGTCCCAGGCTTGTCACT
Reverse: CAGAAAGGCAGGCGAGTTAT

CD133 Forward: ATTGACTTCTTGGTGCTGTTGA
Reverse: GATGGAGTTACGCAGGTTTCTC
Nestin Forward: CTGCTACCCTTGAGACACCTG
Reverse: GGGCTCTGATCTCTGCATCTAC
OCT4 Forward: GTGTTCAGCCAAAAGACCATCT
Reverse: GGCCTGCATGAGGGTTTCT
Nanog Forward: TCCCGAGAAAAGATTAGTCAGCA
Reverse: AGTGGGGCACCTGTTTAACTT
SOX2 Forward: CTCGTGCAGTTCTACTCGTCG
Reverse: AGCTCTCGGTCAGGTCCTTT
EZH2 Forward: AATCAGAGTACATGCGACTGAGA
Reverse: GCTGTATCCTTCGCTGTTTCC
GAPDH Forward: ACC ACA GTC CAT GCC ATC AC

Reverse: TCC ACC ACC CTG TTG CTG TA






