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Abstract

analyzed.

formation of glioma cells.

Background: Glioma is the most common intracranial neoplasm with vasculogenic mimicry formation as one form
of blood supply. Many RNA-binding proteins and long non-coding RNAs are involved in tumorigenesis of glioma.

Methods: The expression of ZRANB2, SNHG20 and FOXKT1 in glioma were detected by real-time PCR or western
blot. The function of ZRANB2/SNHG20/FOXK1 axis in glioma associated with vasculogenic mimicry formation was

Results: ZRANB2 is up-regulated in glioma tissues and glioma cells. ZRANB2 knockdown inhibits the proliferation,
migration, invasion and vasculogenic mimicry formation of glioma cells. ZRANB2 binds to SNHG20 and increases its
stability. Knockdown of SNHG20 reduces the degradation of FOXK1T mRNA by SMD pathway. FOXK1 inhibits
transcription by binding to the promoters of MMP1, MMP9 and VE-Cadherin and inhibits vasculogenic mimicry

Conclusions: ZRANB2/SNHG20/FOXKT1 axis plays an important role in regulating vasculogenic mimicry formation of
glioma, which might provide new targets of glioma therapy.
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Introduction
Glioma is globally recognized as the most common pri-
mary intracranial neoplasm [1, 2]. Despite the existence
of various treatment methods including surgery, radi-
ation and chemotherapy, the median survival time of pa-
tients suffering glioma is no more than 15 months [3, 4].
Although glioma tissue is characterized by angiogenesis
and vasculogenesis [5], tumor treatment effects of
anti-angiogenic drugs including bevacizumab are far
from satisfaction [6, 7]. Vasculogenic mimicry (VM) for-
mation was first discovered in 1999 and regarded as a
new form of blood supply independent of blood vessels
[8]. The study of VM formation may bring light to the
treatment of glioma.

RNA-binding protein (RBPs) complexes are one class
of proteins binding specifically to certain RNAs to form
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RNA-binding proteins (RNPs), which can regulate tran-
scription, editing, alternative splicing, polyadenylation,
translocation, etc. Considering these variable functions,
RBPs are expected as important targets for cancer treat-
ment [9]. ZRANB2 (zinc-finger RAN-binding domain
containing protein 2) is one kind of RNA-binding pro-
teins originally identified in rat juxtaglomerular cells
[10]. ZRANB2 could inhibit the BMP (bone morpho-
genetic proteins) signaling pathway by binding to Smad
protein in HEK293T cells [11]. ZRANB2 was also re-
ported highly expressed in ovarian serous papillary car-
cinoma [10]. However, no report of ZRANB2 expression
in glioma tissues and cells and involvement in the regu-
lation of VM formation has been reported.

Long non-coding RNAs (LncRNAs) are non-coding
RNA molecules with a total length of more than 200 nu-
cleotides. Recent studies have shown that IncRNAs regu-
late gene expression in epigenetic regulation,
transcriptional regulation, post-transcriptional regulation
and translational regulation [12], which have potential
value in diagnosis and treatment of glioma. SNHG20
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was originally identified in hepatocellular carcinoma, lo-
calized to 17q25.2, and highly expressed in hepatocellu-
lar carcinoma, promoting hepatocellular carcinoma
proliferation and migration, and was negatively corre-
lated with patient prognosis [13]. It also played a can-
cer-promoting role in colorectal cancer, non-small cell
lung cancer, cervical cancer, and breast cancer [14-—
17]. There are no reports of SNHG20 in regulating
glioma VM.

The Staufenl (STAU1)-mediated mRNA decay (SMD)
pathway is one of the ways in which IncRNAs degrade
mRNAs in mammalian cells. The Alu element of
IncRNAs can form the STAU1 binding site (SBS) by spe-
cifically binding to the Alu element in the 3’'UTR of the
target gene. The target gene mRNA is prone to recruit
the RNA helicase and ATPase frameshift increase pro-
tein 1 (UPF1), forming the complex STAU1-UPF1 which
allows the degradation of target gene mRNA [18, 19].

The transcription factor FOXK1 (Forkhead box K1,
FOXK]1) is an important member of the forkhead family
of proteins. Studies have shown that FOXK1 has differ-
ent levels of expression in different tumors and plays dif-
ferent roles. FOXK1 was highly expressed in colorectal
cancer, and FOXK1 and FOXK2 transfered DVL
(Dishevelled)-related proteins into the nucleus, which
positively regulated Wnt/B-catenin signaling pathway
[20]. However, FOXK1 works as a tumor suppressor in
breast cancer, and its expression was positively corre-
lated with the prognosis of breast cancer [21]. At
present, the regulation of VM in glioma by FOXK1 is
unknown.

Matrix metalloproteinase 1 (MMP1) and matrix metal-
loproteinase 9 (MMP9) belong to the family of metallo-
proteinases that degrade extracellular matrix. It has been
demonstrated that MMP1 and MMP9 were positively
associated with VM formation in clear cell renal carcin-
oma and ovarian cancer, respectively [22, 23]. Vascular
endothelial cadherin (VE-Cadherin) had been shown to
be highly expressed in gliomas and was associated with
tumor malignancy and promotes vasculogenic mimicry
formation in glioma [24]. There has been no report
whether FOXK1 regulates transcription of MMPI1,
MMP9 and VE-Cadherin and regulates the VM forma-
tion in glioma.

This study first examined the endogenous expres-
sion of ZRANB2, SNHG20 and FOXKI in glioma tis-
sues and U87 and U251 glioma cells, and studied the
effects of ZRANB2, SNHG20 and FOXK1 on VM for-
mation in glioma. Then we explored the probable
molecular mechanism of ZRANB2, SNHG20 and
FOXK1 in regulating VM formation. This study aims
to provide new theoretical basis for the study of the
mechanism of glioma development and provide new
targets for the treatment of glioma.
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Methods

Human tissue samples

Human glioma tissues and normal brain tissues (NBTSs)
were acquired from patients diagnosed with glioma
undergoing neurosurgeries at Shengjing Hospital of
China Medical University. All patients voluntarily signed
informed consent before surgery and the consent was
permitted by the Ethics Committee of Shengjing Hos-
pital of China Medical University. Surgical resection
specimens were placed in liquid nitrogen immediately
after isolation before use. The pathological grades were
determined by the pathologists according to WHO clas-
sification and were divided into low-grade glioma
(WHO I-1I: n=15) and high-grade glioma (WHO III-IV:
n=15). Normal brain tissues acquired from patients
undergoing traumatic surgeries without any clear brain
diseases before (n = 15) were used as negative controls.

Cell culture

The human glioma cell lines (U87 and U251) and hu-
man embryonic kidney cell line (HEK293T) were pur-
chased from Shanghai Institutes for Biological Sciences
Cell Resource Center. Dulbecco’s modified Eagle
medium (DMEM)/high glucose with 10% FBS was used
to culture U87 and HEK293T cells while DMEM/F12
medium with 10% FBS was used to culture U251 cells.
Normal human astrocyte (NHA) cells (Catalog #1800, 1
million cells per vial) were purchased from ScienCell
Research Laboratories (Carlsbad, CA, USA) and were
cultured in RPMI-1640 medium. All the cells were
maintained in a humidified incubator at 37°C with
5% CO.,.

Quantitative real-time PCR (qRT-PCR)

Total RNA was extracted from human tissue samples
and HA, U87 and U251 cells using Trizol reagent (Life
Technologies Corporation, Carlsbad, CA). RNA quality
and concentration were measured via 260/280nm
absorbance  with ~ Nanodrop  Spectrophotometer
(ND-100, Thermo, Waltham, MA). SNHG20, FOXK1
mRNA, GAPDH mRNA concentration were detected
using One-Step SYBR PrimeScript RT-PCR Kit (Takara-
Bio, Inc., Japan) in 7500 Fast RT-PCR System (Applied
Biosystems, USA). The relative quantification (27"
was calculated after the expression levels were normalized
using GAPDH as endogenous control.

Western blotting

Total proteins were gained after cells were lysed in RIPA
buffer (Beyotime Institute of Biotechnology) for 30 min
and were then centrifuged at 17,000 g at 4 °C for 45 min.
Protein concentrations were determined by BCA protein
assay kit (Beyotime Institute of Biotechnology, China).
Protein samples were subjected to SDS-PAGE and
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electrophoretically transferred to PVDF membranes.
After incubated in Tween-Tris-buffered saline (TTBS)
containing 5% nonfat milk at room temperature for 2 h,
membranes were then incubated with primary anti-
bodies as follows: ZRANB2 (1:500, Proteintech, Rose-
mont, IL), FOXK1 (1:200, Santa Cruz, USA), MMP1
(1:500, Proteintech, Rosemont, IL), MMP9 (1:500, Pro-
teintech, Rosemont, IL), VE-Cadherin (1:500, Affinity
Biosciences, USA), GAPDH (1:10000, Proteintech, Rose-
mont, IL). After washed three times with TTBS, mem-
branes were incubated with horseradish peroxidase
conjugated secondary antibodies at room temperature
for 2h. Immunoblots were visualized with ECL (en-
hanced chemiluminescence) Kit (Beyotime Institute of
Biotechnology, China) and scanned using ChemImager
5500 V2.03 software (Alpha Innotech, San Leandro, CA).
Integrated density values (IDVs) were calculated using
GAPDH as an internal control.

Cell transfections

Short-hairpin RNA against ZRANB2 (ZRANB2(-)),
short-hairpin  RNA against FOXK1 (FOXKI1(-)),
short-hairpin  RNA  against STAU1l (STAUIL(-)),
short-hairpin RNA against UPF1 (UPF1(-)), ZRANB2
full length plasmid (ZRANB2(+)) and their respective
non-targeting sequence (negative control, NC) were syn-
thesized (GenePharma, Shanghai, China). Short-hairpin
RNA against SNHG20 (SNHG20(-)) and its respective
non-targeting sequence (negative control, NC) were syn-
thesized (GeneChem, Shanghai, China). SNHG20 full
length plasmid (SNHG20(+)) and FOXK1 full length
plasmid (FOXK1(+)) and their respective non-targeting
sequence (negative control, NC) were synthesized
(GeneScript, Piscataway, Nj, USA). FOXK1 sequence
with assumptive SNHG20 binding site was amplified by
PCR and cloned into pmirGLO Dual-Luciferase Vector
(GenePharama, China) as wild type (FOXK1-
3FUTR-Wt). The corresponding FOXK1 sequence with-
out assumptive SNHG20 binding site (GenePharama,
China) was cloned into pmirGLO Dual-Luciferase Vec-
tor as mutant type (FOXK1-3'UTR-Mut). Cells were
seeded in 24-well plates (Corning, NJ, USA) and trans-
fected using Lipofectamine 3000 reagent (Life Technolo-
gies Corporation, Carlsbad, CA) according to its
instructions. The stable transfected cells were selected
using G418 (0.4 mg/ml), puromycin (1 ug/ml) or hygro-
mycin (500 pg/ml). The silencing and over-expressions
efficiency were measured by qRT-PCR. To investigate
the effect of ZRANB2 on glioma, cells were divided into
five groups: control, ZRANB2(-)-NC, ZRANB2(-),
ZRANB2(+)-NC and ZRANB2(+) groups. To investigate
the effect of SNHG20 on glioma, cells were divided into
five groups: control, SNHG20(-)-NC, SNHG20(-),
SNHG20(+)-NC and SNHG20(+) groups. To explore
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whether SNHG20 mediated the regulation of ZRANB2
affecting the behaviors of glioma, cells were divided into
five  groups:  control, = ZRANB2(-) + SNHG20(-),
ZRANB2(-) + SNHG20(+), ZRANB2(+) + SNHG20(-),
ZRANB2(+) + SNHG20(+) groups. To investigate the ef-
fect of FOXK1 on glioma, cells were divided into five
groups: control, FOXK1(-)-NC, FOXK1(-),
FOXK1(+)-NC and FOXK1(+) groups. To explore
whether FOXK1 mediated the regulation of SNHG20 af-
fecting the behaviors of glioma, cells were divided into
five groups: control, SNHG20(-) + FOXK1(-),
SNHG20(-) + FOXK1(+), SNHG20(+) + FOXK1(-) and
SNHG20(+) + FOXK1(+) groups.

Cell proliferation assay

Cell Counting Kit-8 (CCK-8, Beyotime Institute of Bio-
technology, China) assay was used to evaluate the prolif-
eration of cells. Cells were seeded in 96-well plates at
the density of 2000 cells per well. After 72h, 10l
CCK-8 solution was added and cells were incubated at
37°C for 2 h. The absorbance was measured at 450 nm
on the SpectraMax M5 microplate reader (Molecular
Devices, USA).

Cell migration and invasion assay

Cells were resuspended in 100 pl serum-free medium at
the density of 2 x 10° cells per milliliter and seeded in
the upper chamber for migration (or precoated with 500
ng/ml Matrigel solution (BD, Franklin Lakes, NJ) for in-
vasion) with 8 um pore size polycarbonate membrane
(Corning, NY, USA) while 600 ul medium containing
10% FBS was added to the lower chamber. 24 h later,
cells migrated or invaded to the lower side of membrane
surface were fixed and stained 20% Giemsa. Three ran-
dom fields under a microscope were chosen to count
cell numbers.

In vitro VM tube formation assay

24-well plates were coated with 300 pl Matrigel solution
per well and placed at 37 °C for 30 min. Cells were resus-
pended and seeded with serum-free medium at a density
of 3 x 10° cells per well in the Matrigel-coated wells and
incubated at 37 °C for more than 24 h. Photos of cells
were taken under the inverted microscope (Olympus,
Tokyo, Japan). Numbers of VM tube structures in three
random fields were counted.

CD34-periodic acid-schiff (PAS) dual-staining

5 pm formalin-fixed and paraffin-embedded tissue speci-
mens underwent dewaxed in xylene, hydrated in gradi-
ent ethanol and boiled in EDTA antigen-unmasking
solution. After cooled gradually at room temperature,
the tissue specimens were incubated with peroxide,
blocked with goat serum and incubated with CD34
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Fig. 1 Endogenous expression of ZRANB2 and effect of ZRANB2 on biological behaviors of glioma cells. a Protein levels of ZRANB2 in NBTs, low-
grade human glioma tissues (LGGTs) and high-grade human glioma tissues (HGGTs). Representative protein expressions and corresponding IDVs
of ZRANB2 in NBTs (n = 15), low-grade glioma (n = 15), and high-grade glioma (n = 15) are shown; data are presented as mean +SD."P< 001 vs.
NBTs group, *P < 001 vs. LGGTs group. b Protein levels of ZRANB2 in NHA, U7 and U251 cells. Representative protein expressions and
corresponding IDVs of ZRANB2 in NHA, U87 and U251 are shown; data are presented as mean +SD (n =3, each group). P < 0.01 vs. NHA group.
c Protein levels of MMP1, MMP9 and VE-Cadherin regulated by ZRANB2 in U87 and U251 cells. Representative protein expressions and
corresponding IDVs of MMP1, MMP9, VE-Cadherin in U87 and U251 are shown; data are presented as mean + SD (n =3, each group). P < 0.05 vs.
ZRANB2(-)-NC group, “P <001 vs. ZRANB2(-)-NC group, P <0.05 vs. ZRANB2(+)-NC group, #p <001 vs. ZRANB2(+)-NC group. d CCK-8 assay
was used to measure the effect of proliferation on U87 and U251 cells by ZRANB2. Data are presented as mean + SD (n =3, each group). "P<005
vs. ZRANB2(-)-NC group, *P < 0.05 vs. ZRANB2(+)-NC group. e Transwell assay was used to measure the effect of migration and invasion on U87
and U251 cells by ZRANB2. Representative images and corresponding statistical plots are shown. Data are presented as mean + SD (n = 3, each

group). P <005 vs. ZRANB2 (=)-NC group, P < 0.01 vs. ZRANB2(=)-NC group, P < 0.05 vs. ZRANB2(+)-NC group, "P < 0.01 vs. ZRANB2(+)-NC
group. Scale bars indicate 50 um. f Three-dimensional culture was used to measure the effect of VM on U87 and U251 cells by ZRANB2.
Representative images and corresponding statistical plots are shown. Data are presented as mean + SD (n= 3, each group). P < 0.05 vs.
ZRANB2(=)-NC group, P < 0.01 vs. ZRANB2(=)-NC group, *P < 0.05 vs. ZRANB2(+)-NC group. Scale bars indicate 50 um

primary monoclonal antibody (1:50, Proteintech, Rose-
mont, IL) at 4 °C for 16 h. After incubation with secondary
antibody at 37°C for 10 min, the tissue specimens were
stained with DAB kit (MaiXin Biotech, China). Periodic
acid solution, schiff solution and hematoxylin were used
for the next PAS staining. VM density was counted under
microscope in five random fields.

Chromatin immunoprecipitation assay

Chromatin immunoprecipitation (CHIP) kit (Beyotime
Institute of Biotechnology, China) was used according to
the manufacturer’s protocol. 1x10” cells were
cross-linked with 1% formaldehyde for 10 min and then
treated with glycine at room temperature for 5min.
Cells were lysed in buffer solution containing PMSF and
resuspended. Chromatin was digested by micrococcal
nuclease. Immunoprecipitates were incubated with 3 pg
anti-FOXK1 antibody (Santa Cruz, USA) or normal
rabbit IgG and incubated with Protein G agarose beads
at 4°C overnight with gentle shaking while 2% lysates
were used as input reference. DNA crosslink was
reversed with 5 M NaCl and proteinase K at 65 °C for 2
h. Then the DNA was purified and amplified by PCR
using the following primers: one of putative binding site
of FOXK1 in MMP1 promoter using the primers 5'-
TGAGTAAGATATCAGTCTTGACGCA - 3" and 5'-
GTGTCTCCCACCTTTCCCAC - 3', generating a 101
bp product; the other putative binding site of FOXK1 in
MMP1 promoter using the primers 5'- CCTAGCACC
AAGGAGCGAAG -3’ and 5'- CCGGATGATGAAAA
GGCTGG - 3', generating a 107 bp product; control
group of putative binding site FOXK1 in MMP1 pro-
moter using the primers 5- TGCTTGTCATAAGG
GGTAAAGGA -3° and 5'- ACCAAATCCTAGCA
ATGCCT -3', generating a 177 bp product; the putative
binding site of FOXK1 in MMP9 promoter using the
primers 5'- AGATCACGCCACTGCACTC -3 and 5'-

CGGGCAGGGTCTATATTCACC - 3', generating a
147 bp product; control group of putative binding site
FOXK1 in MMP9 promoter using the primers 5'-
GACAGCCCCAAGTGCCAATA -3° and 5'- CCCC
CACTTGCCATCAATG -3’, generating a 101 bp prod-
uct; the putative binding site of FOXK1 in VE-Cadherin
promoter using the primers 5'- GGATGACACAACTG
GCCAGA -3’ and 5'- GACTCCAGCTCTAAGGTGCC
- 3', generating a 119 bp product; control group of puta-
tive binding site FOXK1 in VE-Cadherin promoter using
the primers 5'- AGGAGTCCCAAGGAGAGCTIT -3’
and 5'- TGATGGGGTCAGAATGGCTG -3’, generat-
ing a 141 bp product.

Reporter vector constructs and luciferase reporter assay
HEK293T cells were seed in 96-well plates and
co-transfected with FOXK1-3'UTR-Wt (or FOXK1-
3UTR-Mut) reporter plasmid and SNHG20(+)-NC or
SNHG20(+), respectively. The relative luciferase activ-
ities were measured 48h after co-transfection using
Dual-Luciferase reporter assay kit (Promega).

RNA immunoprecipitation

EZ-Magna RNA-binding protein immunoprecipitation
kit (Millipore, USA) was used according to the manufac-
ture’s protocol. 3 x 107 cell lysate was incubated with
RIP buffer with magnetic beads conjugated with 5 pg hu-
man anti-Ago2 or normal mouse IgG (as negative con-
trol). Samples were incubated with Proteinase K and
immunoprecipitated RNA was then isolated. The con-
centration of RNA was measured by spectrophotometer
(NanoDrop, USA). The RNA samples were purified and
analyzed by qRT-PCR.

Nascent RNA capture
Click-iT® Nascent RNA Capture Kit (Thermo Fisher Sci-
entific,c, USA) was used to detect nascent according to
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Fig. 2 Endogenous expression of SNHG20 and effect of SNHG20 on the biological behaviors of glioma cells. a Expression levels of SNHG20 in
NBTs, LGGTs and HGGTs. Data are presented as mean + SD (NBTs (n=15), LGGTs (n = 15), HGGTs (n = 15)). P <0071 vs. NBTs group, P <001 vs.
LGGTs group. b Expression of SNHG20 in NHA, U87 and U251 cells. Data are presented as mean + SD (n = 3, each group). P <001 vs. NHA
group. ¢ Expression levels of SNHG20 regulated by ZRANB2 in U87 and U251 cells. Data are presented as mean + SD (n = 3, each group). 'P < 0.05
vs. ZRANB2(-)-NC group, P < 0.05 vs. ZRANB2(+)-NC group. d Protein levels of MMP1, MMP9 and VE-Cadherin regulated by SNHG20 in U87 and
U251 cells. Representative protein expressions and corresponding IDVs of MMP1, MMP9, VE-Cadherin in U87 and U251 are shown; data are
presented as mean + SD (n =3, each group). "P <005 vs. SNHG20(=)-NC group, "P <001 vs. SNHG20(=)-NC group, #P < 0.05 vs. SNHG20(+)-NC
group, P < 0.01 vs. SNHG20(+)-NC group. e CCK-8 assay was used to measure the effect of proliferation on U87 and U251 cells by SNHG20. Data
are presented as mean = SD (n =3, each group). ‘P < 0.05 vs. SNHG20(-)-NC group, P < 0.01 vs. SNHG20(=)-NC group, *P < 0.05 vs. SNHG20(+)-NC
group, P < 0.01 vs. SNHG20(+)-NC group. f Transwell assay was used to measure the effect of migration and invasion on U87 and U251 cells by
SNHG20. Representative images and corresponding statistical plots are shown. Data are presented as mean = SD (n = 3, each group). ‘P < 0.05 vs.

vs. SNHG20(+)-NC group. Scale bars indicate 50 um

SNGH20(=)-NC group, P < 0.01 vs. SNHG20(-)-NC group, *P < 0.05 vs. SNHG20(+)-NC group, P < 0.01 vs. SNHG20(+)-NC group. Scale bars
indicate 50 um. g Three-dimensional culture was used to measure the effect of VM on U87 and U251 cells by SNHG20. Representative images
and corresponding statistical plots are shown. Data are presented as mean + SD (n = 3, each group). "P<0.05 vs. SNHG20(—)-NC group, ip <005

the manufacture’s protocol. Briefly, nascent RNAs were
marked with 0.2 mM 5-ethymyl uridine (EU) and the
EU-nascent RNA was captured on magnetic beads for
subsequent qRT-PCR.

mRNA stability assay

Cells culture medium were added 5 pg/ml actinomycin
D (ActD, NobleRyder, China) to inhibit the de novo
RNA synthesis. Total RNA was extracted at 0, 3, 6, 9,
12, 15h and its concentrations were measured by
qRT-PCR. The half-life of RNA was determined by its
level at certain point of time compared with time zero.

Xenograft mouse model in vivo

For the vivo study, 4-week-old athymic nude mice
(BALB/c) were purchased from the Cancer Institute of
the China Academy of Medical Science and randomly
divided into five groups: control, ZRANB2(-)-NC +
SNHG20(-)-NC, = ZRANB2(-), SNHG20(-) and
ZRANB2(-) + SNHG20(-) groups. All the experiments
with mice were conducted strictly in accordance
with the Animal Welfare Act approved by the Ethics
Committee of China Medical University.

For subcutaneous xenografts, 3 x 10°> glioma cells
were injected into the right flank area of nude mice.
Tumor volumes were measured every 5days until ul-
timate 45 days according to the estimate formula: vol-
ume (mmg)zlength x width?/2. VM of nude mice
xenograft model was detected by CD34-PAS
dual-staining later. For survival analysis, 3 x 10° gli-
oma cells were stereotactically infected to the right
striatum of nude mice. Kaplan-Meier survival curve
was applied for the survival analysis.

Statistical analysis
All descriptive data are expressed as mean + SD. SPSS
19.0 software was used for statistical analysis with

Student’s t-test or one-way ANOVA. Differences were
considered statistically significant if P < 0.05.

Results

ZRANB2 was up-regulated in glioma tissues and cells, and
knockdown of ZRANB2 inhibited VM formation

The expression of ZRANB2 in glioma tissues as well
as glioma cell lines U87 and U251 was detected by
western blotting. As shown in Fig. la-b, the expres-
sion of ZRANB2 in glioma tissues of different grades
was up-regulated compared with normal brain tissues,
and was positively correlated with pathological grade
of glioma. Besides, the level of ZRANB2 in U87 and
U251 was higher than NHA. To further explore the
functional role of ZRANB2 in gliomas, we assessed
the effects of ZRANB2 knockdown and overexpres-
sion on proliferation, migration, invasion and vasculo-
genic mimicry formation of U87 and U251 cells. As
shown in Fig. 1lc, the expression of VM-related mo-
lecular MMP1, MMP9, VE-Cadherin was
down-regulated in ZRANB2(-) group compared with
ZRANB2(-)-NC  group, while up-regulated in
ZRANB2(+) group compared with ZRANB2(+)-NC
group. Cell proliferation in ZRANB2(-) group was
decreased compared with ZRANB2(-)-NC group,
while increased in ZRANB2(+) group compared with
ZRANB2(+)-NC group (Fig. 1d). In addition, migrat-
ing and invading cell numbers in ZRANB2(-) group
was reduced compared with ZRANB2(-)-NC group,
while increased in ZRANB2(+) group compared with
ZRANB2(+)-NC group (Fig. le). Moreover, the ability
of VM formation of cells was down-regulated in
ZRANB2(-) group compared with ZRANB2(-)-NC
group, while up-regulated in ZRANB2(+) group com-
pared with ZRANB2(+)-NC group (Fig. 1f). To validate
the correlation between VM and pathological grade of
glioma, we conducted the CD34-PAS dual-staining. As
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Fig. 3 ZRANB2 strengthened the malignant behaviors of glioma cells by stabilizing SNHG20. a RNA-IP confirmed the binding interaction between
ZRANB2 and SNGH20. Relative enrichment was measured by qRT-PCR; data are presented as mean + SD (n = 3, each group). P < 0.01 vs. anti-
normal IgG respective group. b The graph shows nascent SNHG20 in U87 and U251 cells; data are presented as mean = SD (n = 3, each group). ¢
The graph shows SNHG20 levels at different times treated by ActD in U87 and U251 cells (requlated by ZRANB2); data are presented as mean +
SD (n =3, each group). P <001 vs. ZRANB2(-)-NC group, #p <001 vs. ZRANB2(+)-NC group. d Protein levels of MMP1, MMP9 and VE-Cadherin
regulated by ZRANB2 and SNHG20 in U87 and U251 cells. Representative protein expressions and corresponding IDVs of MMP1, MMP9, VE-
Cadherin in U87 and U251 are shown; data are presented as mean + SD (n =3, each group). "P < 0.05 vs. ZRANB2(=) + SNHG20(+) group, ~ P < 0.01
vs. ZRANB2(=) + SNHG20(+) group, P <005 vs. ZRANB2(+) + SNHG20(-) group, #p <001 vs ZRANB2(+) + SNHG20(=) group. e CCK-8 assay was
used to measure the effect of proliferation on U87 and U251 cells by ZRANB2 and SNHG20. Data are presented as mean + SD (n = 3, each group).
“P <001 vs. ZRANB2(=) + SNHG20(+) group, P < 0.01 vs. ZRANB2(+) + SNHG20(-) group. f Transwell assay was used to measure the effect of
migration and invasion on U87 and U251 cells by ZRANB2 and SNHG20. Representative images and corresponding statistical plots are shown.
Data are presented as mean + SD (n = 3, each group). P <0.01 vs. ZRANB2(=) + SNHG20(+) group, "P < 0.01 vs ZRANB2(+) + SNHG20(-) group.
Scale bars indicate 50 um. g Three-dimensional culture was used to measure the effect of VM on U87 and U251 cells by ZRANB2 and SNHG20.

Representative images and corresponding statistical plots are shown. Data are presented as mean + SD (n= 3, each group). P < 0.05 vs.
ZRANB2(-) + SNHG20(+) group, #P < 0.05 vs. ZRANB2(+) + SNHG20(-) group. Scale bars indicate 50 um

shown in Additional file 1: Figure S1A, VM was signifi-
cantly associated with glioma grade.

SNHG20 was up-regulated in glioma tissues and cells, and
knockdown of SNHG20 inhibited VM formation

The expression of SNHG20 in glioma tissues as well as
glioma cell lines U87 and U251 was detected by
qRT-PCR. As shown in Fig. 2a-b, the expression of
SNHG20 in glioma tissues of different grades was
up-regulated compared with NBTs and was positively
correlated with pathological grade of glioma; the expres-
sion of SNHG20 in U87 and U251 was also increased
compared with NHA. In addition, we detected the ex-
pression of SNHG20 in cells treated with ZRANB2
knockdown and overexpression. As shown in Fig. 2c, the
level of SNHG20 was reduced in ZRANB2(-) group
compared with ZRANB2(-)-NC group while increased
in ZRANB2(+) group compared with ZRANB2(+)-NC
group. We further analyze the functional role of
ZRANB2 knockdown and overexpression in gliomas. As
shown in Fig. 2d, the expression of MMP1, MMP9,
VE-Cadherin was down-regulated in SNHG20(-) group
compared  with  SNHG20(-)-NC  group, while
up-regulated in SNHG20(+) group compared with
SNHG20(+)-NC group. Cell proliferation in SNHG20(-)
group was decreased compared with SNHG20(-)-NC
group, while increased in SNHG20(+) group com-
pared with SNHG20(+)-NC group (Fig. 2e). In
addition, migration and invasion abilities of glioma
cells in SNHG20(-) group was inhibited compared
with  SNHG20(-)-NC group, while enhanced in
SNHG20 (+) group compared with SNHG20(+)-NC
group (Fig. 2f). As shown in Fig. 2g, the ability of
VM formation was down-regulated in SNHG20(-)
group compared with SNHG20(-)-NC group, while
up-regulated in SNHG20(+) group compared with
SNHG20(+)-NC group.

ZRANB2 promoted VM formation in glioma cells by
increasing the stability of SNHG20

To explore the correlation between ZRANB2 and
SNHG20, we further used RNA-IP assay to detect
whether ZRANB2 directly bound with SNHG20. As
shown in Fig. 3a, the enrichment of SNHG20 in the
anti-ZRANB2 group was higher than the anti-IgG group.
We further analyzed the nascent SNHG20 and half-life
of SNHG20 in glioma cells treated with ZRANB2 knock-
down and overexpression. There was no significant statis-
tical difference of nascent SNHG20 between ZRANB2(-)
and ZRANB2(-)-NC as well as ZRANB2(+) and
ZRANB2(+)-NC (Fig. 3b). However, half-life of SNHG20
was reduced in ZRANB2(-) group compared with
ZRANB2(-)-NC group while was increased in
ZRANB2(+) group compared with ZRANB2(+)-NC group
(Fig. 3c). We further constructed co-transfection of
ZRANB2(-) and ZRANB2(+) cells with SNHG20(-) and
SNHG20(+). As shown in Fig. 3d-g, co-transfection of
ZRANB2(-) cells with SNHG20(-) could strongly
decrease the expression of MMP1, MMP9, VE-Cadherin
and strongly inhibit the abilities of proliferation, migra-
tion, invasion and VM of glioma cells. In addition, trans-
fection with SNHG20(+) could rescued the inhibitory
effect of ZRANB2(-) on proliferation, migration, invasion
and VM of glioma cells, while SNHG20(-) could rescued
the promoting effect of ZRANB2(+) similarly.

FOXK1 was down-regulated in glioma tissues and cells,
and overexpression of FOXK1 inhibited VM formation
The expression of FOXK1 in glioma tissues as well as
U87 and U251 was detected by western blotting. As
shown in Fig. 4a-b, the expression of FOXK1 in gli-
oma tissues was down-regulated compared with NBTs
and was negatively correlated with pathological grade
of glioma. The level of FOXK1 in U87 and U251 was
lower than NHA. We also queried the Cancer
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Fig. 4 Endogenous expression of FOXK1 and effect of FOXK1 on the biological behaviors of glioma cells. a Protein levels of FOXK1 in NBTs,
LGGTs and HGGTs. Representative protein expressions and corresponding IDVs of FOXK1 in NBTs (n = 15), low-grade glioma (n=15), and high-
grade glioma (n=15) are shown; data are presented as mean + SD."P <001 vs. NBTs group, #Pp <001 vs. LGGTs group. b Protein levels of FOXK1
in NHA, U87 and U251 cells. Data are presented as mean + SD (n =3, each group). " P< 0.01 vs. NHA group. ¢ Gene expression difference curve
according to TCGA. d Survival analysis curve according to TCGA. e Effects of ZRANB2 on FOXK1 expression; data are presented as mean +SD (n =
3, each group). P < 0.05 vs. ZRANB2(=)-NC group, P < 0.01 vs. ZRANB2(—)-NC group, *P < 0.01 vs. ZRANB2(+)-NC group. f Effects of SNHG20 on
FOXK1 expression; data are presented as mean + SD (n= 3, each group). P < 0.05 vs. SNHG20(=)-NC group, *P < 0.01 vs. SNHG20(+)-NC group. g
FOXK1 expression regulated by ZRANB2 and SNHG20; data are presented as mean + SD (n = 3, each group). "P<0.05 vs. ZRANB2(-) + SNHG20(+)
group, "P < 0.05 vs. ZRANB2(+) + SNHG20(-) group, "P < 001 vs. ZRANB2(+) + SNHG20(-) group. h Protein levels of MMP1, MMP9 and VE-
Cadherin regulated by FOXK1. Data are presented as mean + SD (n =3, each group). "P < 0.05 vs. FOXK1(=)-NC group, ~P < 0.01 vs. FOXK1(=)-NC
group, P < 0.05 vs. FOXK1(+)-NC group, fp <001 vs. FOXK1(+)-NC group. i CCK-8 assay. Data are presented as mean + SD (n = 3, each group). P
<005 vs. FOXK1(=)-NC group, P < 0.01 vs. FOXK1(=)-NC group, "P < 0.05 vs. FOXK1(+)-NC group, "P < 0.01 vs. FOXK1(+)-NC group. j Transwell
assay. Representative images and corresponding statistical plots are shown. Data are presented as mean + SD (n = 3, each group). P < 0.01 vs.
FOXK1(=)-NC group, "P < 0.05 vs. FOXK1(+)-NC group, "P < 0.01 vs. FOXK1(+)-NC group. Scale bars indicate 50 um. k Three-dimensional culture.

indicate 50 um

Data are presented as mean + SD (n = 3, each group). "P<0.05 vs. FOXK1(=)-NC group, #P < 0.05 vs. FOXKT (+)-NC group. Scale bars

Genome Atlas database (TCGA), evaluated the associ-
ation between FOXK1 and glioma, and drew the cor-
responding survival curve. As shown in Fig. 4c-d,
compared with the NBTs, the expression of FOXK1
was down-regulated in the glioma group, but there
were only 5 cases in the NBTs group and the statis-
tical difference was not so significant (P =0.1069).
However, glioma with high FOXK1 expression had
significant longer survival time than those with low
FOXK1 expression (P<0.0001). We also investigated
the roles of ZRANB2 and SNHG20 on the expression
of FOXKI1. As shown in Fig. 4e-g, the expression of
FOXK1 in ZRANB2(-) and SNHG20(-) was increased
compared with ZRANB2(-)-NC and SNHG20(-)-NC
group respectively, while the expression of FOXKI in
ZRANB2(+) and SNHG20(+) was decreased compared
with ZRANB2(+)-NC and SNHG20(+)-NC group re-
spectively. Meanwhile, transfection with SNHG20(+)
could rescued the promoting effect of the expression
of FOXK1 by ZRANB2(-), while SNHG20(-) could
rescued the inhibitory effect by ZRANB2(+) similarly.
Further, we constructed cells for FOXK1 overexpres-
sion and knockdown to analyze the function of
FOXK1. As shown in Fig. 4h, the expression of
MMP1, MMP9, VE-Cadherin was up-regulated in
FOXK1(-) group compared with FOXK1(-)-NC
group, while down-regulated in FOXKI(+) group
compared with FOXKI1(+)-NC group. Moreover, VM
formation was up-regulated in FOXK1(-) group com-
pared with FOXK1(-)-NC group, while
down-regulated in FOXK1(+) group compared with
FOXK1(+)-NC group (Fig. 4i-k).

SNHG20 promoted degradation of FOXK1 through SMD
pathway and enhanced VM formation in glioma cells
Using the bioinformatics database (IntaRNA), we found
FOXK1 mRNA might be a putative target of SNHG20 in

a sequence-specific manner. To verify our hypothesis,
we used dual-luciferase gene reporter assays to confirm
the predicted binding site. As shown in Fig. 5a, the rela-
tive luciferase activity in the FOXKI-3'UTR-Wt+
SNHG20(+) group was significantly reduced compared
with the FOXKI1-3'UTR-Wt+ SNHG20(+)-NC group,
while there was no significant difference between
FOXK1-3'UTR-Mut + SNHG20(+) and FOXK1-
3UTR-Mut + SNHG20(+)-NC group. Furthermore, the
relative enrichment of SNHG20 (FOXK1 mRNA) and
STAU1 in the Ago2 group was higher than the IgG
group (Fig. 5b-c). To determine whether STAUI and
UPF1 involved in the interaction between SNHG20 and
FOXK1 mRNA, U87 and U251 cells were transfected
with STAU1 knockdown plasmid and UPF1 knockdown
plasmid. As shown in Fig. 5d-f, there was no significant
difference of nascent FOXKlI mRNA between
SNHG20(-), SNHG20(+), STAU1(-), UPF1(-) group
and SNHG20(-)-NC, SNHG20(+)-NC, STAU1(-)-NC,
UPF1(-)-NC group respectively. Moreover, the half-life
of FOXK1 mRNA was increased in SNHG20(-),
STAU1(-), UPF1(-) group compared with
SNHG20(-)-NC, STAU1(-)-NC, UPFI1(-)-NC group
respectively, while was reduced in SNHG20(+) group
compared with SNHG20(+)-NC group. In addition, the
expression of FOXK1 was up-regulated in the STAU1(-)
and UPF1(-) group compared with STAUI1(-)-NC and
UPF1(-)-NC group respectively (Fig. 5g-h). As shown in
Fig. 5i-l, co-transfection of SNHG20(-) cells with
FOXKI1(+) strongly decreased the expression of MMPI,
MMP9, VE-Cadherin and strongly inhibited the abilities
of proliferation, migration, invasion and VM of glioma
cells. In addition, transfection with FOXKI1(-) could
rescue the inhibitory effect of SNHG20(-) on prolifera-
tion, migration, invasion and VM of glioma cells, while
FOXK1(+) could rescue the promoting effect of
SNHG20 (+) similarly.
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Fig. 5 SNHG420 strengthened the malignant behaviors of glioma cells by degrading FOXK1 mRNA through SMD pathway. a The predicted
SNHG20 binding site in FOXK1 mRNA 3'UTR and results of dual-luciferase reporter assays. Data are presented as mean + SD (n =3, each group). ‘P
< 0.05 vs. FOXK1-3'UTR-Wt + SNHG20(+)-NC group. b RNA-IP results. Data are presented as mean + SD (n =3, each group). “P <001 vs. anti-
normal IgG group. ¢ RNA-IP results. Data are presented as mean + SD (n = 3, each group). P < 0.01 vs. anti-normal IgG group. d Stability of
FOXK1 mRNA by SNHG20; data are presented as mean + SD (n = 3, each group). P <001 vs. SNHG20(=)-NC group, #p <001 vs. SNHG20(+)-NC
group. e Stability of FOXKT mRNA by STAUT; data are presented as mean + SD (n =3, each group). P <0071 vs. SNHG20(-)-NC group. f Stability
of FOXK1 mRNA by UPF1; data are presented as mean + SD (n = 3, each group). P < 0.01 vs. SNHG20(—)-NC group. g Effect of STAUT on FOXK1
expression; data are presented as mean + SD (n = 3, each group). "P<0.05 vs. STAUT(-)-NC group, P <001 vs. STAUT(=)-NC group. h Effect of
UPF1 on FOXK1 expression; data are presented as mean + SD (n = 3, each group). "P <005 vs. UPF1(=)-NC group. i Protein levels of MMP1, MMP9
and VE-Cadherin. Data are presented as mean + SD (n =3, each group). "P < 0.05 vs. SNHG20(=) + FOXK1(=) group, " P < 0.01 vs. SNHG20(-) +
FOXK1(=) group, *P < 0.05 vs. SNHG20(+) + FOXK1(+) group, *P < 0.01 vs. SNHG20(+) + FOXK1(+) group. (J) CCK-8. Data are presented as mean +
SD (n=3, each group). P < 0.01 vs. FOXK1(=)-NC group, *P < 0.05 vs. FOXK1(+)-NC group, "P < 0.01 vs. FOXK1(+)-NC group. k Transwell. Data are
presented as mean + SD (n =3, each group). ‘P < 0.05 vs. SNHG20(=) + FOXK1(=) group, P < 0.01 vs. SNHG20(-) + FOXK1 (=) group, *P < 0.05 vs.
SNHG20(+) + FOXK1(+) group, P < 0.01 vs. SNHG20(+) + FOXK1(+) group. Scale bars indicate 50 um. | Three-dimensional culture. Data are
presented as mean + SD (n =3, each group). P < 0.05 vs. SNHG20(=) + FOXK1(=) group, P < 0.01 vs. SNHG20(-) + FOXK1(=) group, P < 0.01 vs.

SNHG20(+) + FOXK1(+) group. Scale bars indicate 50 um

J

FOXK1 bound to the promoters of MMP1, MMP9 and VE-

cadherin and inhibited transcription

By quiring the bioinformatics database (JASPAR), we
identified MMP1, MMP9, VE-Cadherin might be prob-
able downstream molecules of FOXK1. Further, we con-
ducted CHIP assays and used MMP1, MMP9,
VE-Cadherin promoter sequences according to the
DBTSS HOME database (Fig. 6). Two putative FOXK1
binding sites in MMP1, one putative binding site in
MMP9 and one binding site in VE-Cadherin were iden-
tified. Besides, PCR was used to amplified the 2000 bp
upstream regions as negative control. CHIP results
revealed that FOXK1 directly bound to the promoters of
MMP1, MMP9, VE-Cadherin.

ZRANB2 knockdown combined with SNHG20 knockdown

suppressed tumor growth, generated the longest survival
time and yielded the lowest VM formation in vivo

In vivo xenograft model experiment was used to verify
the above findings. As shown in Fig. 7a-c, ZRANB2(-),
SNHG20(-) and ZRANB2(-) + SNHG20(-) group had
the smaller tumor size and longer survival time than
ZRANB2(-)-NC + SNHG20(-) group. In addition,
ZRANB2(-) + SNHG20(-) group gained the smallest
tumor size and the longest survival time among all the
groups. Last, we conducted the CD34-PAS dual-staining
to reveal the VM in every group. As shown in Fig. 7d,
ZRANB2(-), SNHG20(-) and ZRANB2(-) + SNHG20(-)
group had lower VM density than ZRANB2(-)-NC +
SNHG20(-) group. Besides, ZRANB2(-) + SNHG20(-)
group had the lowest VM density among all the groups.

Discussion

ZRANB?2 is a highly conserved alternative splicing regula-
tory molecule as an RBP, and its zinc finger structure is
the binding region of RNA [25]. This study demonstrates
for the first time that RBP-ZRANB?2 is highly expressed in
glioma tissues and cells. ZRANB2 knockdown inhibits the

proliferation, migration, invasion and VM of glioma cells.
Inhibition of ZRANB2 reduces the stability and expression
of SNHG20. Down-regulated SNHG20 reduces the tran-
scription factor FOXK1 mRNA degradation by targeting
its 3'UTR through the SMD pathway, thereby increasing
the expression of FOXK1. FOXK1 down-regulates the
levels of VM-related molecular MMP1, MMPY,
VE-Cadherin by binding to their promoters and inhibited
the VM formation in glioma cells. The ZRANB2/
SNHG20/FOXK]1 axis is presented in Fig. 8 schematically.

RBP exerts a variety of biological regulatory functions
in tumors, and binding to IncRNA or mRNA and enhan-
cing its stability had been reported in many studies [26].
This study found that ZRANB2 specifically bound to
SNHG20. More importantly, ZRANB2 did not affect the
nascent SNHG20 but increased the stability of SNHG20
by prolonging its half-life. Consequently, ZRANB2 pro-
moted VM formation in glioma cells at least by increas-
ing the stability of SNHG20. The similar in vitro and in
vivo approaches can be found in previous research [27].
Similar to the results of our study, RBP serine and argin-
ine rich splicing factor 1 (SRSF1) increases the stability
of the DNA repair gene DNA ligase 1 (LIG1) mRNA in
non-small cell lung cancer and enhances its expression
in a mTOR-dependent manner, thereby promoting the
proliferation of non-small cell lung cancer cells and at-
tenuated the apoptosis [28]. Poly(rC) binding protein 1
(PCBP1) protein binds to p27 mRNA and enhanced its
stability in ovarian cancer cells, thereby enhancing p27
mRNA translation, inhibiting cell cycle and promoting
apoptosis [29]. ELAV like RNA binding protein 1
(ELAVL1, HuR) is highly expressed in osteosarcoma,
and by binding to high mobility group AT-hook 1
(HMGA1) 3'UTR increases the stability and expression
of HMGA1 mRNA, promoting the progression of osteo-
sarcoma [30]; HuR also binds and increases the expres-
sion of IncRNA SRY (sex determining region Y)-box 5
(Sox5) and promotes the migration and invasion of
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rabbit IgG as negative control

Fig. 6 FOXK1 bound to the promoters of MMP1, MMP9 and VE-Cadherin in U87 and U251 cells. a Schematic representation of the MMP1
promoter region in 3000 bp upstream of the transcription start site (TSS) designated as + 1. Putative FOXK1 binding sites are shown.
Immunoprecipitated DNA was amplified by PCR using rabbit IgG as negative control. b Schematic representation of the MMP9 promoter region
in 3000 bp upstream of the transcription start site (TSS) designated as + 1. Putative FOXK1 binding sites are shown. Immunoprecipitated DNA was
amplified by PCR using rabbit IgG as negative control. ¢ Schematic representation of the VE-Cadherin promoter region in 3000 bp upstream of
the transcription start site (TSS) designated as + 1. Putative FOXK1 binding sites are shown. Immunoprecipitated DNA was amplified by PCR using

human tongue squamous cell carcinoma [31]. Lin-28
homolog B (LIN28B) protein binds and allows transla-
tion of AKT serine/threonine kinase 2 (AKT2) mRNA in
ovarian cancer to inhibit apoptosis of ovarian cancer
cells via AKT2/FOXO3A/BIM axis [32]; LIN28B also
promotes proliferation and migration of high-grade ser-
ous ovarian cancer by binding to NEAT1 and enhancing
its stability [33].

Early studies have shown that IncRNA regulates the pro-
gression of a variety of tumors including epigenetic

regulation, transcriptional regulation, post-transcriptional
regulation, translational regulation [34—36]. For example,
HOX transcript antisense RNA (HOTAIR) inhibits cyclin
dependent kinase inhibitor 2A (CDKN2A) promoter
activity by DNA methylation in osteosarcoma cells [37].
Moreover, metastasis associated lung adenocarcinoma
transcript 1 (Malatl) regulates SP1 downstream protein
expression in lung cancer by enhancing the stability and
transcriptional activity of SP1 [38]. In gastric cancer,
knockdown of EGFR-AS1 reduces EGFR expression by
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shown. b Tumor growth curves in nude mice were shown. Tumor volume was calculated every five days after injection and tumor was excised
after 45 days; data are presented as mean + SD (n =8, each group). "P <001 vs. ZRANB2(=)-NC + SNHG20(=)-NC group, #Pp <001 vs. ZRANB2(-)
group, 4P < 0.01 vs. SNHG20(-) group. ¢ The survival curves of nude mice that were injected into the right striatum were shown (n =8, each
group). d CD34-PAS staining was used to detect the VM in xenografted tumor; data are presented as mean + SD (n =5, each group). P < 0.05 vs.
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decreasing the stability of EGFR mRNA [39]. AFAP1-AS1
regulates the expression of miR-423-5p in nasopharyngeal
carcinoma through competitive endogenous RNA path-
way [40]. H19 acts as a precursor of miR-673 in breast
cancer to enhance breast cancer cell proliferation and in-
vasion [41]. Similarly, our study finds that SNHG20 is
highly expressed in glioma tissues and cells, and knock-
down of SNHG20 reduces VM of glioma by reducing the
expression of VM-related molecular MMP1, MMP9,
VE-Cadherin. The results suggest that SNHG20 plays as
oncogenic role in gliomas. Earlier studies also prove
SNHG20 as tumor-suppressive gene in other tumors con-
sistent with our findings. For example, knockdown of
SNHG20 inhibits the expression of -catenin, inhibits the
Wnt/B-catenin signaling pathway, and increased the apop-
tosis of ovarian cancer cells [42]. SNHG20 is up-regulated
in osteosarcoma tissues and cells and knockdown of
SNHG20 up-regulates the expression of apoptosis-related
protein Bax, decreases the expression of Bcl-2, inhibits the
activity of caspase-3 and caspase-9, and promotes the
apoptosis of osteosarcoma cells [43]. SNHG20 is also
highly expressed in non-small cell lung cancer,
down-regulates the expression of the cell cycle-associated

protein kinase inhibitor P21, which has been shown to
directly bind to and affect G1/S transformation related
kinases such as CyclinD/CDK4, CyclinD/CDK6, and
CyclinE/ CDK2, and promotes tumor cell proliferation, in-
duces apoptosis, and leads to cell cycle arrest [14]. In
addition, in colorectal cancer, high expression of SNHG20
is an important independent risk factor for colorectal can-
cer patients and silencing SNHG20 increases p21 mRNA
and protein expression levels and reduced CyclinAl
expression [17]. SNHG20 is highly expressed in cervical
cancer and promotes proliferation and invasion of cervical
cancer cells through the miR-140-5p/ADAMI10/
MEK-ERK axis [16]. In addition, studies find that
SNHG20 regulates breast cancer cell proliferation, migra-
tion and invasion in breast cancer through the miR-495 /
HER2 axis [15]. In bladder cancer, SNHG20 promotes
bladder cancer cell proliferation and inhibits apoptosis
through the Wnt/B-catenin pathway [44]. Moreover,
SNHG20 is up-regulated in hepatocellular carcinoma and
can be used as an independent prognostic factor [45].
Staufenl (STAU1)-mediated mRNA decay is one way
of mRNA degradation. For instance, IncRNA-TINCR
can form TINCR-STAU1 complex to degrade cyclin
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dependent kinase inhibitor 2B (CDKN2B) mRNA
through the SMD pathway in gastric cancer [46]. During
somatic differentiation, the differentiation-related pro-
tein KRT80 mRNA binds to TINCR and STAUI via its
Alu elements and finally is degraded by UPF1 [47].
Besides, the paired box 3 (PAX3) mRNA whose product
is a protein essential for myoblast differentiation is
also degraded by the SMD pathway [48]. In addition,
the SMD pathway mediates the degradation of growth
associated protein 43 (GAP43) mRNA in mouse
C2C12 myoblasts [49]. In our study, dual luciferase
assay and RNA-IP assay demonstrate that SNHG20
and FOXK1 mRNA bind to STAU1 through the SBS
site. Knockdown of STAUl or UPF1 prolongs the
half-life of FOXK1 mRNA and enhanced its stability
expression. This study demonstrates for the first time
that SNHG20 promotes the degradation of FOXK1
mRNA through the SMD pathway and regulates the
VM formation in gliomas.

FOXK1 belongs to transcription factor of forkhead
family and plays various biological functions in different
tumors. For example, in colorectal cancer, FOXK1 acts
as a DVL-interacting protein, and transfers DVL-related
proteins into the nucleus with FOXK2, which positively
regulates the Wnt/p-catenin signaling pathway [20]. In
lung cancer, FOXK1 acts as a downstream target of cir-
cMAN2B2/miR-1275 and plays a role as an oncogene
[50]. It is reported that overexpression of FOXKI in-
hibits apoptosis of esophageal cancer cells and promoted
cell proliferation and migration [51]. However, the ex-
pression level of FOXKI in breast cancer is significantly
lower than that in adjacent lung cancer tissues; FOXK1
knockdown decreases the expression of E-cadherin and
increases the expression of N-cadherin, which suggests
that FOXKI1 inhibits the invasion of breast cancer cells
by inhibiting epithelial-mesenchymal transition (EMT)
[21]. Our study finds that FOXK1 is down-regulated in
glioma tissues and cells and is negatively correlated with
pathological grade of glioma. Overexpression of FOXK1
significantly inhibits the proliferation, migration and in-
vasion of glioma cells. FOXKI1 significantly reduces
VM-related molecules MMP1, MMP9 and VE-Cadherin
and reduced VM in glioma cells. In consideration of the
different reports of FOXK1 as an oncogene or tumor
suppressor in different tumors, we refer to the TCGA
database for FOXK1 expression in glioma, as well as sur-
vival curves (Fig. 4c-d). Compared with tissues, FOXK1
expresses lower in glioma tissues, but the number of
cases in NBTs is only 5 and the results shows no signifi-
cant difference. However, survival curve analysis shows
that glioma cases of FOXK1 high-expression have longer
survival than that with FOXKI1 low-expression (P <
0.0001). Statistical analysis of the TCGA database partly
caters to the results of this study.
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Moreover, further researches are needed to check for
the results on tumor cells issued from fresh tumors and
maintained in culture. Moreover, whether knockdown
and overexpression of these molecules in normal cells
could induce similar VM-related effects needs further
studies.

Conclusions

In summary, our study found for the first time that
ZRANB2 and SNHG20 are up-regulated in glioma tissues
and glioma cells. ZRANB2 bound to SNHG20, and
SNHG20 acted on FOXK1 via SMD pathway. Knockdown
ZRANB2 reduced the stability of SNHG20, and reduced
the degradation of FOXK1 mRNA by SMD pathway subse-
quently. FOXK1 inhibited transcription by binding to the
promoters of MMP1, MMP9 and VE-Cadherin and inhib-
ited the proliferation and migration, invasion and VM for-
mation of glioma cells. This study demonstrated that the
ZRANB2/SNHG20/FOXK1 axis played an important role
in regulating the expression of VM-related molecules
MMP1, MMP9 and VE-Cadherin, and regulated the VM
formation of glioma. Our results reveal a new mechanism
that identifies novel possible targets which might be useful
for future therapeutic interventions.

Additional file

Additional file 1: Figure S1. (A) Typical CD34-PAS dual staining of VM
and correlation between ZRANB2 and VM. (B) Expression of ZRANB2
mRNA in NHA, U87, U373, U251 and A172 cells. Data are presented as
mean + SD (n =3, each group). P < 0.01 vs. NHA group. (C) The effi-
ciency of silencing of ZRANB2 in U373 cells. (D) Three-dimensional cul-
ture. Data are presented as mean + SD (n = 3, each group). P <005 vs.
ZRANB2(—)-NC group. Scale bars indicate 50 um. (E) The efficiency of si-
lencing of ZRANB2 in A172 cells. (F) Three-dimensional culture. Data are
presented as mean + SD (n =3, each group). P < 0.05 vs. ZRANB2(-)-NC
group. Scale bars indicate 50 um. (G) The efficiencies of silencing and
overexpression of ZRANB2 in U87 and U251 cells. (H) The efficiencies of
silencing and overexpression of SNHG20 in U87 and U251 cells. (I) The ef-
ficiencies of co-transfection of ZRANB2 and SNHG20 in U87 and U251
cells. (J) The efficiencies of silencing and overexpression of FOXK1 in U87
and U251 cells. (K) The efficiencies of co-transfection of SNHG20 and
FOXK1 in U87 and U251 cells. (L) Laminin-5gamma2’ staining in xeno-
grafted tumor. Scale bars indicate 25 um. (M) Ki67 staining in xenografted
tumor, data are presented as mean + SD (n = 3, each group). P <005 vs.
ZRANB2(—)-NC + SNHG20(-)-NC group, “P< 001 vs. ZRANB2(-)-NC +
SNHG20(-)-NC group, P <005 vs. ZRANB2(-) group, &P <005 vs.
SNHG20(-) group. Scale bars indicate 25 um. (PDF 3339 kb)
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