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Abstract: RIZ1 has been considered as an important tumor suppressor gene. Our previous studies have already
demonstrated that the expression of RIZ1 is closely related to the occurrence and development of meningioma. In
addition, we also found that the expression of UbcH10 was related to the pathologic grade of meningioma which
also affected the prognosis of these patients. However, we are lack of the understanding of the effect of UbcH10 on
cell proliferation, cell apoptosis, cell cycle and other functions in meningioma cells. Besides, the regulation mecha-
nism between RIZ1 and UbcH10 still remains unclear. In this study, we attempted to demonstrated that UbcH10
was a downstream target of RIZ1 and reported that UbcH10 silencing might negatively regulate cell proliferation,
migration, invasion and promote apoptosis, which is similar to the cell phenotype that of over expressed RIZ1.
Mechanistically, we proved that UbcH10 was a c-Myc target gene and that RIZ1 regulated UbcH10 expression in a
c-Myc-dependent manner. For the first time, our study demonstrated that UbcH10 played a key role in the prolifera-
tion, metastasis and apoptosis of primary human malignant meningioma cells. In addition, the mechanism of RIZ1
regulating UbcH10 is also clear. Our study can also provide a potential target and new idea for the follow-up molecu-

lar intervention in clinical malignant meningiomas.

Keywords: c-Myc, meningioma, RIZ1, UbcH10

Introduction

Meningioma is one of the most common pri-
mary tumors of central nervous system (CNS),
accounting for about 30% of intracranial prima-
ry tumors. In the light of 2016 World Health
Organization (WHO) classification criteria,
meningioma can be classified as benign, atypi-
cal or anaplastic (malignant) [1]. Compared
with the benign ones, high-grade meningioma
has worse prognosis and higher risk of recur-
rence. Despite advanced therapies for high-
grade meningioma, including surgery and radi-
ation, the prognosis of these patients have not
been significantly improved [2, 3]. Thus, other
treatments, such as gene targeting therapy,
have been rapidly developed, and finding new
molecular targets for innovative approaches to
reduce recurrence and improve survival is
urgently needed [4].

Retinoblastoma protein-interacting zinc finger
proteinl (RIZ1), which is considered to be an

important tumor suppressor gene, is located on
1p36. Recent studies have indicated that the
expression of RIZ1 is closely associated with
the occurrence and development of glioma,
breast cancer, hepatocellular carcinoma, colon
cancer and other tumors [5-8]. In our previous
studies, we found that the expression of RIZ1
protein was negatively correlated with the path-
ological grade of meningioma, and over-expres-
sion of RIZ1 in malignant meningioma cell lines
can inhibit cell proliferation and activate G2/M
checkpoint mechanism so as to promote its
apoptosis [9]. Further study demonstrated that
forced expression of RIZ1 could decrease the
expression of c-Myc [10].

UbcH10, also named UBE2C, is an important
member of ubiquitin-conjugating enzymes fam-
ily, which exerts oncogenic function [11]. Our
previous study found that the expression of
UbcH10 protein in meningioma tissues was
positively correlated with the pathological gra-
de of meningiomas. Even more significantly,
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Table 1. Primers sequences for quantitative
PCR
Primer Primer sequence
RIZ1 F: 5’-GGGACCTCGGAACTCAAC-3’

R: 5’-TGTATCTGCCTGGGACTG-3’
c-Myc F: 5’-AGGCTATTCTGCCCATTT-3’

R: 5’-TCGTAGTCGAGGTCATAGTTC-3’
UbcH10  F: 5’-GACCTGAGGTATAAGCTCTCGC-3’

R: 5-TTACCCTGGGTGTCCACGTT-3’
GAPDH F: 5-GGGAAACTGTGGCGTGAT-3’

R: 5-GAGTGGGTGTCGCTGTTGA-3’

patients with higher UbcH10 expression had
poor prognosis [12]. Bredel et al found that
over-expression of c-Myc could promote the
expression of UbcH10 [13]. Therefore, we hy-
pothesized that RIZ1 may regulate the function
of ¢c-Myc and UbcH10 in meningiomas, and
maintain the malignant proliferation of menin-
gioma cells.

Materials and methods
Cell culture

Four primary meningioma cells (including M1:
WHO grade |, M2: WHO grade Il, M3: WHO grade
I, M4: WHO grade lll) were obtained from
Changzheng Hospital, Shanghai, China [10]. All
cells were cultured in Dulbecco’s Modified
Eagle’'s Medium (DMEM) with 10% fetal bovine
serum (FBS). Cells were maintained at 37°C in
a humidified atmosphere with 5% CO,,. All of the
procedures were reviewed and approved
by Shanghai Changzheng Hospital Ethics Co-
mmittees.

Quantitative real-time PCR (qRT-PCR)

Total RNA was extracted using Trizol reagent
(Invitrogen, USA) and was reverse-transcribed
to cDNA using Prime Script RT Master Mix
(Takara, Japan) according to the manufactur-
er’s instructions. The expression status of tar-
get genes and GAPDH were conducted by qRT-
PCR using SYBR Premix Ex TaqTM Il (Takara,
Japan) on 7900HT Real-Time PCR system
(Applied Biosystems, USA). Primers used were
listed in Table 1. All of the samples were per-
formed triplicate independently.

Western blot

Primary meningioma cell extracts were pre-
pared in RIPA Lysis Buffer (Beyotime, China).
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Protein concentrations were quantified by BCA
assay (Thermo, USA). Protein (20 pg) were sep-
arated on SDS-PAGE and then transferred onto
PVDF membranes (Millipore, USA). Besides, the
membranes were blocked with 5% skim milk
in TBST for 1 h and then incubated overnight
at 4°C with primary antibody: RIZ1 (1:12000,
Abcam, UK), c-Myc, UbcH10, Bax, Bcl-2, cas-
pase3, GAPDH (1:1000, Proteintech, USA).
After the membranes being washed, secondary
antibodies (1:4000, Proteintech, USA) were
used for 1 h at room temperature and chemilu-
minescence was detected through using lumi-
nol reagent (Santa Cruz, USA).

Samples collection and immunohistochemistry
analysis

Shanghai Changzheng Hospital Ethics Com-
mittees reviewed and approved this study. All
patients were performed meningioma resec-
tion at Changzheng Hospital, Shanghai, China,
from June 2005 to June 2013. Before an oper-
ation, each patient was given informed written
consent. Clinical tissue samples were obtained.
The grade of pathology was determined by two
pathology experts in our hospital based on the
2016 WHO classification of tumors of the CNS.
Tissue samples treated by formalin fixed with
paraffin embedding, specimens were then cut
into 3-um-thick sample sections. They were
deparaffinized in xylene and rehydrated through
graded alcohols. Microwave method was used
for antigen retrieval. After the devitalization of
endogenous peroxidase activity, the slides
were blocked with 10% normal goat serum for
30 min to avoid nonspecific binding. Then the
sections were incubated with RIZ1 antibody
(Abcam, UK) and UbcH10 antibody (Proteintech,
USA) at 4°C overnight. Next day, the sections
were washed in TBST and then incubated with
biotin-labeled secondary antibody (Proteintech,
USA) for 30 min at 37°C. Then the sections
were performed for visualization by the horse-
radish peroxidase streptavidin-biotin complex,
and counterstained with hematoxylin. The
results were visualized with 3,3’-diaminobenzi-
dine (DAB). Two experienced pathology experts
carried out the assessment of the slides inde-
pendently. Percentage of positive cells was cal-
culated by means of counting under high mag-
nification (x400).

Transfection of siRNA

M1 (WHO I) and M4 (WHO IIl) cells were tran-
siently transfected with siRNA targeting RIZ1
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bated with PI/RNase Staining Buffer
(BD Biosciences, USA) for 15 min-
utes at room temperature. The re-

Table 2. Primers sequences for ChIP assay

Primer Primer sequence
Primer-1 (-3000/-2701 bp) F: 5’-TTGAGGCAGCAACCCTTG-3’ sults were analyzed by a FACScan

R: 5'-ATAAAATAAAAGGTAGCT-3’ S

_ flow cytometry (BD Biosciences,

Primer-2 (-2700/-2401 bp) F: 5’-TTTACTACTCTATTTATGCC-3’ USA).

R: 5’-ATTCCTTGAGTAATTTGT-3’
Primer-3 (-2400/-2101 bp) F: 5’-ACACAATTATTCCTGACC-3’

R: 5’-AAAGCCAGCAAAATATAT-3’
Primer-4 (-2100/-1801 bp) F: 5’-CTTGCCATTTTGTTATAACC-3’

R: 5’-GGGGATGCGGTTTACAAT-3’
Primer-5 (-1800/-1501 bp) F: 5’-CGCTTCCACCTAGTAGCA-3’

R: 5’-CTTCAGATCCAGGCATCC-3’
Primer-6 (-1500/-1201 bp) F: 5’-CTAGAGGAATTGAAATCC-3’

R: 5'-TTTACAAATATAGAACCA-3’
Primer-7 (-1200/-901 bp)  F: 5’-GTTATTGGGATAAGAAACAAT-3’

R: 5’-CAACTCTATTTTTCATAT-3’
Primer-8 (-900/-601 bp) F: 5’-GCTTTTATTGCTCCCATT-3’

R: 5’-AGGATAGGGAGACCTGTC-3’
Primer-9 (-600/-301 bp) F: 5’-GTTGCTCAGGCTGGTCTC-3’

R: 5-AGTGCCTCCAATCCTGCA-3’

Cell migration and invasion assay

Quantitative cell migration and inva-
sion assays were carried out using
24-well Transwell and Matrigel In-
vasion Chamber (Corning, USA), res-
pectively. Transfected and non-tra-
nsfected M4 (WHO lIl) cells (4x10%)
were seeded into the upper well of
the chambers with serum-free medi-
um and medium containing 10%
FBS in the lower chamber. After
incubation at 37°C for 24 h, cells
that migrated or invaded through
the filters were fixed and stained.
Three random fields were counted

Primer-10 (-300/-1 bp) F: 5’-CCCTGCCCGAGGGAAATTGGATC-3’
R: 5-GCTTGGGTTTGATCCAGC-3’

under the microscope.

and UbcH10 respectively based on HiPerFect
Transfection Reagent (QIAGEN, Germany). The
sequence of RIZ1 siRNA was 5-GAUCCAGA-
GAAGGGAAACUTT-3, sequence of UbcH10
siRNA was: 5-CCUGCAAGAAACCUACUCA-3'. A
non-specific scramble siRNA sequence was
used as negative control (NC), sequence was
5-UUCUCCGAACGUGUCACGUTT-3".

Cell proliferation assay

Transfected and non-transfected M4 (WHO lIl)
cells were seeded at a density of 2x10° cells
per well into 96-well plates. Cell proliferation
was detected by using the Cell Proliferation
Reagent WST-1 (Roche, Germany). At specified
time points, 10 yl WST-1 was added per well
and incubated for 4 h. Optical density (OD) was
measured with micro-plate reader (KHB
ST-360, China) at 450 nm wavelength. At least
three wells were observed in each treatment

group.
Cell cycle assay

Transfected and non-transfected M4 (WHO IlIl)
cells were harvested and fixed in 70% ice-cold
ethanol centrifuged at 4°C for at least 18 h.
After being washed with PBS, cells were incu-
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Apoptosis assay

Transfected and non-transfected M4 (WHO lIl)
cells were harvested and washed with cold
PBS, resuspended in 1x binding buffer, mixed
with 5 uL of PE Annexin V and 5 uL of 7-AAD (BD
Biosciences, USA) according to manufacturer’s
instructions, and then incubated at room tem-
perature for 15 min in the dark. The results
were analyzed by a FACScan flow cytometry (BD
Biosciences, USA).

Plasmids

The over-expression vector of RIZ1 gene pCMV-
RIZ1 was obtained from Changzheng Hospital,
Shanghai, China [9]. The expressing plasmid
which carried c-Myc gene pIRES2-c-Myc was
purchased from Obio Technology Corp., Ltd.,
Shanghai, China.

Lentivirus infection

The pLKD-CMV-R&PR-U6B-shRNA-c-Myc lentivi-
ral vector was purchased from Obio Technology
Corp., Ltd., Shanghai, China and polybrene was
used to improve transfection efficiency. Based
on medium containing puromycin, the stable
expression clones were screened. The clones
stably knocking down c-Myc were validated by
gRT-PCR and western blotting. The sequence of
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Table 3. Primers sequences for promoter constructs and

mutagenesis

transfected with luciferase reporter
plasmids. Besides, a Renilla lucifer-

Primer Primer sequence

ase reporter gene vector was used

Mutation-1 F: 5’-CCTCTTCCTGTGGACGCTGAGGCCACCGCTGGGAC-3’
R: 5’-GTCCACAGGAAGAGGGCTTTGGAGGA-3’

Mutation-2 F: 5-GGTTCATCCGTGGACGACGTTTTCTTGGCCCTTTA-3’
R: 5’-GTCCACGGATGAACCCCTCCTTCTGG-3’

as an internal control and Lucifer-
ase activity was measured through
using Dual-Luciferase Reporter As-
say System (Promega, USA) and
normalized to Renilla luciferase

shRNA targeting c-Myc (NM_002467) is 5-
GGCGAACACACAACGTCTT-3. An empty lentivi-
ral vector was used as a negative control.

Chromatin immunoprecipitation (ChIP) assay

Chip assays were performed through using
Pierce™AgaroseChlP Kit (Thermo, USA) accord-
ing to the manufacturer’s protocol. Anti-c-Myc
(Abcam, UK) was used for immunoprecipita-
tion. 3000 bases upstream of translation initia-
tion codon ATG, which containing binding site of
c-Myc in the promoter of UbcH10, were ana-
lyzed. A pair of primers were respectively de-
signed every 300 bases, which were used to
amplify specific UbcH10 promoter regions.
Sequences of these primers were listed in
Table 2. Besides, this assay was carried out in
M3 (WHO Il) and M4 (WHO llI) cells.

Construction of UbcH10 reporter plasmid

The human UbcH10 upstream region (-2000/-1
bp relative to the translational codon ATG) was
amplified by PCR and cloned into the pGL3-
basic luciferase reporter vector. The plasmid
pGL3-UbcH10 was used as a template for con-
ducting experiments of site-directed mutagen-
esis. KOD-Plus-Neo (TOYOBO, Japan) was used
for point mutation PCR to induce mutations
into the two c-Myc binding sites. Site 1 located
at -1329/-1324 bp and Site 2 located at -212/-
207 bp were respectively mutated, which were
designated as UbcH10-mutation1 and UbcH10-
mutation2 (UbcH10-mutationl: -1329/-1324
bp, CACGTG—GTGGAC and UbcH10-mutation2:
-212/-207 bp, CACGTG—GTGGAC). At the same
time, the two sites were simultaneously mutat-
ed which was called UbcH10-mutation1&2. All
the gene segments were verified based on
sequence analysis. Besides, primers used for
point mutation PCR were listed in Table 3.

Luciferase reporter assay

M4 (WHO 1ll) cells were seeded in 96-well
plates and pCMV-RIZ1 or pIRES2-c-Myc was co-
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activity.
Statistical analysis

All data are presented as the mean + SD of
three repeated experiments. Statistical analy-
sis was performed using Student’s t-test and
one-way ANOVA followed by conducting Du-
nnett’s t test. Spearman rank correlation test
was used to research the relationship between
RIZ1 and UbcH10. In addition, statistically sig-
nificant difference was accepted at P values
<0.05 and statistical analysis were also per-
formed through using the software SPSS 19.0
and Graphpad Prism 5 was also used for data
plotting.

Results
UbcH10 is a target of RIZ1 in meningioma

The expression of RIZ1 and UbcH10 in four pri-
mary meningioma cells was detected by west-
ern blotting. According to the results, it can be
found that the expression of RIZ1 decreased
with the increase of pathological grade. On the
contrary, the UbcH10 expression was positively
correlated with the malignancy grade (Figure
1A). Subsequently, we transfected pCMV-RIZ1
into M4 (WHO IIl) cells, and then decreased
expression of UbcH10 was detected (Figure
1B). Conversely, downregulation of RIZ1 expres-
sion by siRNA in M1 (WHO 1) cells resulted in
increased expression of UbcH10 (Figure 1C). In
addition, immunohistochemistry revealed high
expression of RIZ1 in the cytoplasm and nucle-
us of benign meningiomas, whereas the stain-
ing was significantly reduced in meningiomas
with the increase of pathological grade. The
UbcH10 detected in cell nucleus was signifi-
cantly lower in benign meningiomas than that
in atypical/anaplastic meningiomas (Figure
1D). Besides, the research findings also dem-
onstrated that RIZ1 expression had an obvious
negative correlation with UbcH10 expression
through using Spearman rank correlation (P<
0.0001, Figure 1G). In summary, these data
strongly suggest that UbcH10 is a downstream
molecule of RIZ1.

Am J Transl Res 2017;9(5):2645-2655
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Figure 1. Statistical analysis of the correlation between the expression of RIZ1 and UbcH10 in meningiomas. A: Ex-
pression of RIZ1 decreased with the increase of pathological grade and the UbcH10 expression was positively cor-
related with the malignancy grade in primary meningioma cells. B: Overexpression of RIZ1 decreased the UbcH10
protein level in M4 (WHO lll) cells. C: RIZ1 silencing increased the UbcH10 Protein level in M1 (WHO I) cells. D: High
expression of RIZ1 in the cytoplasm and nucleus of benign meningiomas (1), whereas the staining was significantly
reduced in meningiomas with the increase of pathological grade (2, 3). The UbcH10 detected in cell nucleus was
significantly lower in benign meningiomas (4) than that in atypical/anaplastic meningiomas (5, 6) by immunohis-
tochemistry. E, F: Quantitative analysis of RIZ1 and UbcH10 expression by immunohistochemistry in meningiomas
of different grades. G: RIZ1 and UbcH10 expression showed a positive correlation in meningioma patient samples.

Knockdown of UbcH10 in primary meningioma down the expression of UbcH10 in M4 (WHO IlI)

cells
Based on previous western blotting (Figure

1A), we found than M4 (WHO llI) cells had high-
est UbcH10 expression. As a result, we knocked
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cells by siRNA transfection to investigate the
effects of RNA interference on cell prolifera-
tion, cell cycle, cell migration, cell invasion, and
cell apoptosis. By western blotting and gRT-
PCR, the silence efficiency of siRNA was ana-
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Figure 2. Silencing of UbcHZ10 inhibits cell proliferation, G2/M phase transition, migration and invasion in primary
malignant meningioma cells. A, B: UbcH10 protein and mRNA level was down-regulated in siRNA group compared
with NC group in M4 (WHO Ill) cells transfected with siRNA targeting UbcH10. WT: wild type cells; NC: scrambled
siRNA transfected cells. C: siRNA targeting UbcH10 inhibited M4 (WHO Ill) cell growth as determined by WST-1
assay. D, E: Effect of siRNA-UbcH10 on cell cycle in M4 (WHO Ill) cells was detected through using flow cytometry,
the population of G2/M phase was significantly increased after transfection. F-I: Silencing of UbcH10 inhibited cell
migration and invasion in M4 (WHO Ill) cells. Data were based on at least 3 independent experiments, and shown
as mean = S.D. (*P<0.05, **P<0.01, ***P<0.001 as compared with NC).

lyzed. As shown in Figure 2A and 2B, UbcH10
expression level was down-regulated in siRNA
group compared with NC group. Then, we began
to conduct the study of meningioma cell func-
tion. Firstly, we assessed the effect of siRNA on
the proliferation through using WST-1 assay.
Compared with NC group, cell proliferation was
significantly inhibited in M4 (WHO lll) cells with
UbcH10 silenced (Figure 2C). In the next place,
we analyzed the cell cycle distribution based on
flow cytometry, indicating that the population of
G2/M phase in M4 (WHO Ill) cells transfected
with UbcH10 siRNA was significantly increased
to 19.29+0.87%. However, in WT and NC
groups, the proportion of the G2/M phase was
still maintained at 11.29+1.37% and 11.68+
1.13%, respectively (P<0.001, Figure 2D and
2E). Then, we investigated the effect of RNA
interference on cell motility through transwell
assays. The results proved that suppressing of
UbcH10 expression brought out a strong inhibi-
tory motility of M4 (WHO Ill) cells (Figure 2F and
2G). At the same time, we investigated the influ-
ence of UbcH10 siRNA on the invasion ability of
meningiomas cells. In vitro cell invasion assay,
the invasion ability of M4 (WHO Ill) cells was
significantly decreased by UbcH10 siRNA inter-
ference compared with NC group (Figure 2H
and 2l). Finally, we explored the influence of
UbcH10 knockdown on apoptosis in M4 (WHO
lll) cells. The number of apoptotic cells was
significantly increased by interference with
UbcH10 siRNA at different time points post
transfection (P<0.01, Figure 3A and 3B). In or-
der to further study the mechanism of UbcH10
siRNA promoting cell apoptosis, we detected
the expression level of apoptosis related pro-
teins, Bax, Bcl-2 and caspase3. When trans-
fected with UbcH10 siRNA 48 h, the expression
of Bax and caspase3 were dramatically incre-
ased, whereas Bcl-2 expression was signifi-
cantly decreased (Figure 3C). These results
imply that UbcH10 is an important molecule
influencing the occurrence and development of
meningiomas.
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RIZ1 regulates UbcH10 in a c-Myc-dependent
manner

To determine whether RIZ1 regulates UbcH10
through c-Myc, we first validated that c-Myc
was able to bind to the UbcH10 promoter region
through performing ChlIP assays. Both in M3
(WHO II) and M4 (WHO 1ll) cells, we detected
two binding regions of c-Myc in the promoter
region of UbcH10, which were located in-1500/-
1201 bp and the -300/-1 bp (Figure 4A). These
two regions contained E-box elements, consist-
ing of the CACGTG nucleotide sequence and
could be occupied by c-Myc Figure 4B). Site 1
was located at -1329/-1324 bp and Site 2 was
found at -212/-207 bp. To confirm the function
of the two ¢c-Myc binding sites, we constructed
the luciferase reporter plasmid pGL3-UbcH10,
pGL3-UbcH10-mutation1, pGL3-UbcH10-mu-
tation2 and pGL3-UbcH10-mutation1&2, as
described in methods section. The luciferase
reporter gene assay indicated that co-trans-
fection with pGL3-UbcH10 and pIRES2-c-Myc
increased UbcH10 promoter activity, while the
mutation constructs pGL3-UbcH10-mutationl
and pGL3-UbcH10-mutation2 both inhibited
the transcriptional activity compared with
pGL3-UbcH10, decreased by about 50% res-
pectively. Expectedly, co-transfected with pIR-
ES2-c-Myc and pGL3-UbcH10-mutation1&2
did not make influence on the luciferase activi-
ty (Figure 4C). These results suggested that
both of the two c-Myc binding sites had imposed
a regulatory effect on the UbcH10 promoter.

In order to verify whether RIZ1 regulated
UbcH10 in a c-Myc dependent manner, we
established the c-Myc stably knocked-down
M4 (WHO Ill) cells by the transfection of lentivi-
rus vector. Transfection of pCMV-RIZ1 into M4
(WHO 1lI) cells induced a significant decrease in
UbcH10 expression. Nevertheless, almost no
reduction of UbcH10 expression was observed
after transfection of pCMV-RIZ1 into the c-Myc
shRNA-transduced M4 (WHO IllI) cells, both at
the mRNA level and protein level (Figure 4D

Am J Transl Res 2017;9(5):2645-2655
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Figure 3. Effect of siRNA targeting UbcH10 on cell apoptosis in M4 (WHO Ill) cells. A: Induction of apoptosis was
measured by PE/7-AAD staining at 24 h, 48 h, 72 h time point post transfection. B: Apoptotic cell population were
significantly increased after UbcH10 siRNA transfection compared with NC group in M4 (WHO Ill) cells. C: Effect of
UbcH10 siRNA on expression of Bax, Bcl-2, caspase3 protein in M4 (WHO lll) cells, when transfected with UbcH10
siRNA 48 h, the expression of Bax and caspase3 were dramatically increased, whereas Bcl-2 expression was signifi-
cantly decreased. Data were based on at least 3 independent experiments, and shown as mean + S.D. (*P<0.05,
**P<0.01, ***P<0.001 as compared with NC).
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promoter activity, while the mutation constructs pGL3-UbcH10-mutation1 and pGL3-UbcH10-mutation2 both inhib-
ited the transcriptional activity compared with pGL3-UbcH10. Co-transfected with pIRES2-c-Myc and pGL3-UbcH10-
mutation1&2 did not make influence on the luciferase activity. The sketches of wild-type and mutated reporter
constructs of UbcH10 were showed on the leftside. D, E: Transfection of pCMV-RIZ1 into M4 (WHO llI) cells induced
a significant decrease in UbcH10 expression, however, almost no reduction of UbcH10 expression was observed
after transfection of pCMV-RIZ1 into the c-Myc shRNA-transduced M4 (WHO Ill) cells, both at the mRNA level and
protein level. F: Luciferase reporter gene assay revealed that co-transfected with RIZ1 and pGL3-UbcH10 decreased
the luciferase activity, whereas it exerted no significant effect on UbcH10 promoter activity when the reporter plas-
mid was pGL3-UbcH10-mutation1&2. G: Proposed model of the mechanism of RIZ1 inhibits the occurrence and
development of meningioma via the c-Myc/UbcH10 axis. (*P<0.05, **P<0.01, ***P<0.001 as compared with NC).

and 4E). In addition, luciferase reporter gene Discussion

assay revealed that co-transfected with RIZ1

and pGL3-UbcH10 decreased the luciferase As the common intracranial tumors, the main
activity, whereas it exerted no significant effect treatments of meningiomas include surgical
on UbcH10 promoter activity when the repor- operation and radiation treatment, etc. In
ter plasmid was pGL3-UbcH10-mutation1&2 recent years, with the progress of the treat-
(Figure 4F). Briefly, these results demonstrate ment concept and method, the prognosis of
that RIZ1 inhibits tumor progression in menin- patients and quality of life have been signifi-
gioma based on the ¢c-Myc/UbcH10 axis (Figure cantly improved. However, for the patients with
4QG). atypical or anaplastic meningiomas, the rate of
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recurrence after completely resection in 5
years was still up to 38% and 78% respectively
[3]. Similar to other tumors, the occurrence and
malignant evolution of meningiomas were con-
cerned with numerous factors. New treat-
ments, such as gene targeting therapy, are
expected to be one of the means to cure menin-
gioma, yet there is still lack of ideal therapeutic
targets. Therefore, it has become one of the hot
spots in the field of neuroscience to search for
the proteins that regulate the malignant biologi-
cal behavior of meningiomas, as well as to clar-
ify the pathological mechanism in the patho-
genesis of meningiomas.

RIZ was confirmed to have a close relationship
with various types of tumors. Our previous
study demonstrated that the expression of
RIZ1 was extremely low in malignant meningio-
mas, indicating RIZ1 played an important role
in the progression of meningiomas [9]. In addi-
tion, UbcH10 is an important checkpoint pro-
teins of G2/M phase, which is vital for chromo-
some segregation [14, 15]. The abnormal
expression of UbcH10 may lead to an unusually
early spindle assembly checkpoint termination
signal by degradation of Cyclin A, Cyclin B1 and
other cell cycle proteins. It will result in an
increase number of chromosome missegrega-
tion, which may be the molecular pathological
mechanism of malignant meningioma prolifera-
tion [11, 16, 17]. Several recent studies have
indicated that knockdown of UbcH10 expres-
sion in tumor cells leads to cell G2/M arrest,
which is similar to the cell phenotype that of
over expressed RIZ1 [18-20]. For a long time,
the c-Myc gene has been known to be closely
associated with the occurrence and develop-
ment of many malignant tumors. Kazumoto et
al found that the expression rate of c-Myc in
meningioma was 63%, which is significantly
higher than that in normal brain tissue [21]. In
addition, Detta A et al also reported increased
expression of c-Myc in meningiomas, which
revealed that the high expression of c-Myc had
an important role in meningiomas [22]. Most
interestingly, as an important transcription fac-
tor, c-Myc can directly bind to the promoter
region of multiple genes [23, 24]. Previous
reports indicated that c¢-Myc expression
decreased after forced expression of RIZ1 and
over-expression of c-Myc could promote the
expression of UbcH10 [9, 13]. Consequently,
RIZ1 and c-Myc have the premise and founda-
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tion to regulate UbcH10. Combined with early
studies, we inferred that RIZ1 may regulate the
proliferation of meningioma cells by acting on
the checkpoint protein UbcH10. In order to test
the above hypothesis, we firstly investigated
whether c-Myc could directly bind to the
UbcH10 promoter. We found that there are two
stable c-Myc binding sites in the promoter
region of UbcH10, and c-Myc could increaseU-
bcH10 promoter activity and promote UbcH10
expression. Finally, we validated that RIZ1 regu-
lated UbcH10 in a c-Myc dependent manner
through constructing mutated reporter plas-
mids of UbcH10 promoter region.

To conclude, our study primarily demonstrated
that UbcH10 played an important role in the
proliferation, metastasis and apoptosis of pri-
mary primary human malignant meningioma
cells. In addition, the mechanism of RIZ1 regu-
lating UbcH10 is also clear. This study proved
that RIZ1 is an essential molecule in the occur-
rence and development of meningiomas. In
addition, our study also provides a potential
target as well as new idea for the follow-up
molecular intervention in clinical malignant
meningiomas.
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