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Abstract. The most aggressive subtype of medulloblastoma
(MB), Group 3, is characterized by MYC amplifications.
However, targeting MYC has proven unsuccessful, and there
remains a lack of therapeutic targets for treating MB. Studies
have shown that the B7 homolog 3 (B7-H3) promotes cell
proliferation and tumor cell invasion in a variety of cancers.
Similarly, it was recently revealed that B7-H3 promotes angio-
genesis in Group 3 MB and likely facilitates MB metastasis
through exosome biogenesis. While therapies targeting B7-H3
remain in the early stages of development, targeting upstream
regulators of B7-H3 expression may be more effective for
halting MB progression. Notably, MYC and the enhancer
of zeste homolog 2 (EZH2) are known to regulate B7-H3
expression, and a previous study by the authors suggested
that B7-H3 amplifications present in MB are likely the result
of EZH2-MYC mediated activities. In the present study,
it was reported that overexpression of EZH?2 is associated
with lower overall survival in Group 3 MB patients. It was
also revealed that inhibition of EZH?2 significantly reduces
B7-H3 and MYC transcript levels and upregulates miR-29a,
indicating that EZH?2 post-transcriptionally regulates B7-H3
expression in Group 3 MB cells. Pharmacological inhibition
of EZH2 using EPZ005687 attenuated MB cell viability and
reduced the expression of B7-H3. Similarly, pharmacological
inhibition and knockdown of EZH?2 led to the downregulation
of MYC, B7-H3, and H3K27me3. Further, EZH?2 silencing
induced apoptosis and reduced colony-forming ability in
MB cells, whereas EZH?2 inhibition in MYC-amplified C17.2
neural stem cells induced G2/M phase arrest while down-
regulating B7-H3 expression. Collectively, the current study
positions EZH?2 as a viable target for the future development
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of MB treatments and that targeting EZH2 in combination
with B7-H3 immunotherapy may be an effective treatment for
halting MB progression.

Introduction

Medulloblastoma (MB) is the most common malignant pedi-
atric cancer, with ~1,800 new cases diagnosed in the United
States every year (1-3). MB is classified into four distinct
subgroups: Sonic hedgehog (SHH), wingless (WNT), Group
3 and Group 4 (4), with each subgroup displaying distinct
clinical presentation and genomic features (5,6). Histological
variants of MB are broadly classified as classic (CMB),
desmoplastic/nodular (DN), MB with extensive nodularity
(MBEN), and large cell/anaplastic (LC/A) (7,8). Amplification
of c-MYC is more frequently observed in tumors with LC/A
histology (9,10) and in high-risk Group 3 and SHH tumors
with TP53 abnormalities (11). Notably, M YC-amplified Group
3 MBs exhibit a higher frequency of metastasis and have
the worst prognosis (12,13). Unfortunately, MYC inhibition
has proven unsuccessful in improving Group 3 MB patient
outcomes (14). As such, it is imperative to expound on the
mechanisms contributing to MB pathogenesis to identify
viable targets for developing novel therapeutics.

Initial studies on B7 homolog 3 (B7-H3) in cancer primarily
focused on its role in promoting immune evasion (15-17).
However, B7-H3 also exerts non-immunological functions to
promote tumorigenesis and metastasis (18-20). For example, in
hepatocellular carcinoma and melanoma, B7-H3 stimulates cell
invasion and migration (21,22), while in glioblastoma, B7-H3
promotes the epithelial-to-mesenchymal transition (23). It was
recently demonstrated by the authors that B7-H3 is upregu-
lated in Group 3 MBs and is associated with poor survival in
MB patients (24). Further, it was showed that B7-H3 promotes
angiogenesis and likely facilitates MB pathogenesis via the
exosome biogenesis (24,25). As a result of its diverse functions,
there has been increased interest in therapeutically targeting
B7-H3, with B7-H3 inhibitors showing success in clinical
trials (NCTO01391143 and NCT02982941). For instance, enobli-
tuzumab (MGA271) is a humanized anti-B7H3 monoclonal
antibody with an engineered Fc domain that is optimized to
augment antitumor effector-mediated functions (26). It accom-
plishes so by enhancing the binding of CD16A (FcyRIla) to
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trigger antibody-dependent cell-mediated cytotoxicity (26)
and prevent the binding of CD32B (FcyRIIb), an inhibitory
receptor expressed on immune cells which dampens B-cell
activation and signaling (27).

In addition to B7-H3, MYC-amplified Group 3 MBs over-
express the enhancer of zeste homolog 2 (EZH2) (28). EZH2
is the enzymatic catalytic subunit of the polycomb repres-
sive complex 2 (PRC2) (29). As a histone modifier, EZH2
is best known for repressing gene transcription through the
trimethylation of H3K27 (H3K27me3) (30). Similar to MYC,
EZH?2 can also indirectly regulate gene expression through
microRNAs (miRNAs or miRs) (31). Of particular interest is
the miR-29 family, which includes miR-29a, miR-29b1/2 and
miR-29¢ (32). For example, EZH?2 directly inhibits the tran-
scription of miR-29b to upregulate the LOXL4 expression (33).
Notably, EZH?2 has been shown to bind to the promoter region
of miR-29a/bl and miR29b2/c to facilitate MYC-mediated
silencing of miR-29a-c expression (34). Notably, miR-29a
directly binds to the 3'-untranslated region (UTR) of B7-H3
transcripts to induce translational repression (35). In a previous
study by the authors, it was found that overexpression of
miR-29a/b significantly reduced the protein levels of B7-H3.
Further, it was showed that B7-H3 expression was recused
upon MYC inhibition (24). Collectively, these observations
suggested that MYC and EZH2 may regulate B7-H3 expres-
sion directly or indirectly through miR-29 inhibition.

While research has supported the therapeutic potential of
B7-H3 inhibitors, such as enoblituzumab, suitable therapies
against B7-H3 remain in their infancy. As such, investigating
upstream regulators of B7-H3 expression may provide more
immediate effective therapies. One such regulator is miR-29.
However, the inability to successfully deliver miRNA-based
therapies to tumors and their inherent broad functionalities
impede the use of miRNA-based therapies in the clinical
setting (35). Therefore, epigenetic therapies targeting EZH2
may to lead to more effective methods of suppressing
B7-H3. For instance, studies have shown that Tazemetostat,
a small-molecule inhibitor of EZH2, demonstrates antitumor
activity in patients with advanced solid tumors (36), and
has been recently approved by the FDA for the treatment of
relapsed/refractory follicular lymphoma (37) (NCT01897571).

In the present study, it was reported that high expression
of EZH2 is associated with lower overall survival in Group 3
MB patients. EZH?2 silencing downregulated B7-H3 and MYC
transcript and protein expression, while pharmacological
inhibition of EZH?2 significantly reduced clonogenic survival
in MYC-amplified Group 3 MB cells. It was further identified
that both EZH2 and B7-H3 inhibition decreased the viability
of C17.2 cells stably overexpressing EZH2. Importantly, it
was demonstrated that EZH?2 targeting markedly increased
miR-29a expression in Group 3 MB cells, suggesting that
EZH?2 inhibition facilitates miR-29-mediated suppression of
B7-H3.

Materials and methods

Cell lines and transfection. The MB cell lines used in the
present study included D425 and D458 (38), were cultured in
complete DMEM media with 10% FBS, 1% penicillin/strepto-
mycin, 1% sodium pyruvate (Gibco; Thermo Fisher Scientific,

Inc.), The C17.2 and C17.2-EZH2-OE murine neural stem cells
(NSC) (28) were maintained in complete DMEM media with
10% FBS, 1% penicillin/streptomycin, 1% sodium pyruvate
(Gibco; Thermo Fisher Scientific, Inc.; cat. no. 15140122),
and 5% equine serum (39,40). All the cells were incubated
at 37°C with 5% CO,. D425 and D458 cells with 80% conflu-
ency were serum-starved for 30 min in 1.5 ml of serum-free
media on 60-mm plates before transfection. Transfections for
both cell lines were carried out using Lipofectamine® 2000
(cat. no. 11668030; Thermo Fisher Scientific, Inc.). Cells were
incubated with the reagent-plasmid (2 pug) complex for 6 h,
and then 1.5 ml of complete media was added for overnight
incubation. The following morning, the media was replaced
with complete media and incubated further for 24 h.

Plasmids, chemicals, and inhibitors. The short hairpin
(sh)EZH?2 plasmids were obtained from Dr Vibhakar's lab (28).
B7-H3 overexpression (B7-H3-OE) plasmid was obtained from
Sino Biological, Inc. (cat. no. HG11188-CY). EZH2 inhibitor
(EPZ005687) was purchased from TargetMol (cat. no. T1905).
MYC inhibitor (JQI) was purchased from Cayman Chemical
Company (cat. no. 11187) and anti-B7-H3 monoclonal MJ18
Ab was purchased from Bio X Cell (cat. no. BE0124).

In silico analysis. The Kaplan-Meier survival curve of all
Group 3 MB patients was plotted using the Cavalli dataset
within the R2 program (http://r2.amc.nl) (24). Data mining
of classic, large cell, and nodular desmoplastic MB histology
types was carried out using the mixed MB xenograft dataset
(Zhao-92-custom-ilmnhwg6v?2) available on the R2 software.

RNA isolation and reverse transcription-quantitative PCR
(RT-gPCR). Total RNA was isolated using TRIZOL® reagent
(Invitrogen; Thermo Fisher Scientific, Inc.). RT-qPCR
was performed using CFX96 Real-Time System (BioRad
Laboratories, Inc.) to analyze mRNA levels (41). The
PCR reactions were run in triplicates using PowerTrack
SYBR Green Master Mix (Thermo Fisher Scientific, Inc.;
cat. no. A46109). ~2 ug of RNA was converted to cDNA using
a cDNA synthesis kit (Bio-Rad Laboratories, Inc.). Reverse
transcription was carried out for 30 min at 55°C followed by
5 min at 85°C. The qPCR thermocycling conditions included
an initial denaturation step at 95°C for 10 min, followed by
40 cycles of denaturation at 95°C for 10 sec and annealing
at 60°C for 30 sec. The expression level of the target genes
was normalized to Actin and the fold change was calculated
using the 2244 method. The primer sequences used, including
controls, are listed in the Table SI (24,42 ,43).

Western blotting. For western blots, cells were lysed in 1X RIPA
buffer (cat. no. J62725-AP; Thermo Fisher Scientific, Inc.)
containing protease inhibitor cocktail (cat. no. 11697498001;
Roche Diagnostics). Cell lysates were sonicated, 4x30 sec with
30 sec intervals between each sonication, and centrifuged
at 20,817 x g for 15 min at 4°C. Supernatants were collected
for protein estimation as determined by BCA (cat. no. A53225;
Thermo Fisher Scientific, Inc.). Equal concentrations of
cell lysates (40 pg per load) were resolved by SDS-PAGE,
and western blot analysis was performed using nitrocel-
lulose membrane and specific antibodies. EZH2 and B7-H3
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were run on 10% SDS gels, 12% SDS gels were used for
MYC and 15% gels were used to visualize H3K27me3. For
H3K?27me3, separate gels were run for actin, using 10% gel;
the lysates and concentrations were unchanged. Blocking
for all blots was performed using 10% non-fat milk for 1 h
at room temperature. After which, the blots were treated
with primary antibody at 4°C for overnight followed by
secondary antibody for 1 h at room temperature. Mouse poly-
clonal antibodies against B7-H3 (1:1,000; cat. no. sc-376769;
Santa Cruz Biotechnology, Inc.) (44) and c-MYC (1:1,000;
cat. no. sc-40; Santa Cruz Biotechnology, Inc.) (45) and rabbit
polyclonal antibodies against EZH?2 (1:1,000; cat. no. 4905;
Cell Signaling Technology, Inc.) (46) and H3K27me3 (1:1,000;
cat. no. sc-56616; Santa Cruz Biotechnology, Inc.) (47), were
used as primary antibodies. With the exception of H3K27me3,
all blots presented in the manuscript were stripped and incu-
bated with anti-B-actin (1:10,000; cat. no. 3700; Cell Signaling
Technology, Inc.) (48) as the loading control. Anti-mouse/rabbit
IgG HRP conjugated antibody (1:10,000; cat. no. 400111;
Novus Biologicals, LLC) was used as a secondary antibody.
Immunodetection was accomplished using ECL reagents
(cat. no. 1705060S; BioRad Laboratories, Inc). Densitometric
analysis was carried out using ImageJ software (version 1.53t
24; National Institutes of Health).

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazoliumbromide
(MTT) assay. Cell viability was determined by MTT assays
(cat. no. M5655-100MG; MilliporeSigma). D425 and D458
cell lines were seeded in 96-well plates at a concentration of
5x10° cells/well. The C17.2 and C17.2-EZH2-OE cell lines were
seeded in 96-well plates at a concentration of 3x10° cells/well.
The D425 and D458 cell lines were treated with increasing
concentrations of EPZ005687 (0, 10, 20, 40 and 80 uM) for
5 days. C17.2 and C17.2-EZH2-OE cell lines were treated with
increasing concentrations of EPZ005687 (0, 10, 15, 20, 25, 30
and 40 uM), IgG (0,2.5,5 and 10 ug), or MJ18 (0,2.5,5, 10 ug)
for 5 days. After treatment, the medium was replaced with
100 pl sterile MTT solution (cat. no. M6494; Thermo Fisher
Scientific, Inc.) per well (0.5 pg/ml), and cells were incubated
for 2 h in a cell culture incubator at 37°C. The MTT crystals
were solubilized in DMSO (cat. no. D8418; MilliporeSigma)
for 30 min. Absorbance was read using a SpectraMax M5
spectrophotometer (Molecular Devices, LLC) at 550 nm.

Phycoerythrin (PE) staining, cell cycle analysis and clono-
genic assay. For PE staining, D425 cells were cultured
in 100-mm dishes to 80% confluency. A total of 24 h after
inoculation, the cells were randomized and treated with JQ1
(1 uM) or EPZ005687 (20 uM) for 24 h. Harvested cells
were fixed in ice-cold (-20°C) 70% ethanol overnight. Cells
were then washed twice with 1X PBS and labeled with 5 ul
(0.25 pg/million cells) PE anti-human CD276 (B7-H3) anti-
body (cat. no. 331605; BioLegend, Inc.). For the cell cycle
analysis, D425, D458, C17.2 and C17.2 EZH2-OE cells (1x10°,
n=4) were seeded in 60-mm plates. After 24 h, the media was
removed and replaced with media alone (control), JQ1 (1 xM),
or EPZ005687 (20 uM) and incubated further for 24 h. Cells
were harvested, washed with 1X PBS, and then fixed in 1 ml
ice cold 70% ethanol at -20°C overnight. Fixed cells were then
washed with PBS and resuspended in 500 pl of propidium
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iodide staining solution (50 uxg/ml) (cat. no. 1032; BioSure).
The cell cycle was analyzed by FACS Caliber System (Becton
Dickinson and Company) following standard protocol (49). The
proportion of cells in each phase of the cell cycle was assessed
using Cell Quest software (Becton, Dickinson and Company).
For the clonogenic assay (colony formation assay), D425 and
D458 cells were seeded in 60-mm plates at 50 and 100 cells
for 24 h. After which, the cells were treated with JQI1 (1 yM)
or EPZ005687 (20 uM). The cells were allowed to form
colonies over a period of 14 days. Colonies were measured as
a cluster of 50 or more cells. Media and inhibitor treatments
were changed every three days. Colonies were fixed with 4%
paraformaldehyde for 20 min and stained using crystal violet
(0.5%) overnight. The samples were then quantified by manual
inspection.

Statistical analysis. Statistical analysis and graphing were
performed using Origin version 9.0 software (Microcal
Software Inc.). Statistical significance for independent
samples was calculated using one-way ANOVA with Tukey's
post hoc test. Data are expressed as the median + SD. P<0.05
was considered to indicate a statistically significant difference.

Results

High EZH?2 expression is associated with poor prognosis in
Group 3 MB patients. B7-H3 levels are significantly elevated
in patients with hepatocellular carcinoma, non-small cell lung
cancer, renal cell carcinoma and osteosarcoma, with greater
levels of B7-H3 associated with higher tumor stage, tumor
size, and metastasis status (50-52). Similarly, EZH?2 expression
increases with tumor grade and is associated with poor patient
prognosis (53), prompting interest in targeting epigenetic
modifiers such as EZH2 in MB (53,54). As previously revealed,
B7-H3 amplifications are associated with reduced survival in
MB patients (24). Previous studies suggested that EZH2 may
regulate B7-H3 expression (34,55), thus the expression of EZH?2
and B7-H3 in Group 3 MB patient survival was compared by
data mining using the publicly available MB patient datasets.
Kaplan-Meier survival curves plotted using the Cavalli dataset
revealed a significant association between Group 3 MB
patients with high EZH?2 expression (n=84) and poor overall
survival when compared with patients with low EZH?2 expres-
sion (n=29, P<0.001). Similarly, MB patients with high B7-H3
expression (n=84) had lower overall survival when compared
with patients with low B7-H3 expression (n=29, P<0.05)
(Fig. 1A), highlighting the clinical significance of targeting
EZH2 in MYC amplified Group 3 MB. To further identify
the relationship among EZH?2, B7-H3, and MYC transcript
expression in MB, a data mining analysis (https://hgserverl.
amc.nl/cgi-bin/r2/main.cgi) of xenografts representative of
different MB histological variants was performed; classic
(n=14), large cell (n=8) and desmoplastic/nodular (n=18)
(Fig. 1B). For this analysis, the relative transcript levels among
EZH2,B7-H3 and MYC in the different MB histological vari-
ants were compared by their respective Z score. Similar to
Group 3 MB, the large cell/anaplastic MB variant is frequently
associated with MYC amplification (9,10,56,57). In agreement
with previous studies, the present analysis showed that both
EZH2 and MYC transcript levels were highly expressed in


https://www.spandidos-publications.com/10.3892/or.2023.8556

A B
1.00
Tumor medulloblastoma
b Cavalli_Group 3 (n=113)
2
E
©
Ke)
o
[oX
©
2
>
5
(2]
©
[0
>
@)
0.204 B7-H3 high (n=84) and low (n=29)
E7H2 high (n=84) and low (n=29)

1 e [ 0854

0 trandlp 1.000

o N B ~ © —_ — —_ —_

E [oo] N [« N & [¢)] ©

(=) B © N

Follow up in months

Z score

SHISHIDO et al: B7-H3-MYC-EZH2 AXIS IN MEDULLOBLASTOMA

Nodular
desmoplastic

0.2

Classic
1.2

Large cell
1.2

1.0

¢Hz3
2AIN

W
< 3
S &

¢HZ3
2AN

¢HZ3

©
Py
i iy
@

€H-29

Mixed medulloblastoma xenograft

Figure 1. High EZH?2 expression is associated with poor prognosis in Group 3 MB patients. (A) Kaplan-Meier analysis of Group 3 MB patients showing the
association between OS and EZH?2 and B7-H3 expression. The data presented does not take into consideration MYC amplification. The results indicated that
Group 3 MB patients with either high expression of EZH2 (n=84, pink) and B7-H3 (n=84, red) had significantly lower OS than patients with low EZH2 (n=29,
green) and B7-H3 (n=29, blue). (B) Bar plot representing B7-H3, EZH2 and MYC transcript levels in classic (n=14), large cell (n=_8), and nodular desmoplastic
(n=18) MB samples. The mixed medulloblastoma xenograft dataset (Zhao-92-custom-ilmnhwg6v2) available on the R2 software was used for data mining.
EZH2, enhancer of zeste homolog 2; MB, medulloblastoma; OS, overall survival.
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Figure 2. Association among B7-H3, EZH2 and MYC in MB. (A) Immunoblot of EZH2, MYC and B7-H3 protein expression (40 pg) in control and shEZH?2
transfected D425 and D458 cells. Cells were transfected for 48 h prior to analysis. All blots were stripped and incubated with actin as the loading control.
(B) Scatterplot bar graph of EZH2, MYC and B7-H3 protein expression in control and shEZH2-transfected MB cells. The horizontal black bar represents the
median. The vertical black bar represents the SD. "P<0.05 and “"P<0.01. EZH2, enhancer of zeste homolog 2; MB, medulloblastoma; sh-, short hairpin.

both classic and large cell MB variants (58,59). By contrast,
nodular desmoplastic MB xenografts exhibited lower EZH?2,
MYC and B7-H3 transcript levels.

EZH?2 silencing reduces B7-H3 and MYC expression. Targeting
MYC and miR-29 reduces B7-H3 expression in MB cells (24),
yet clinical translational studies of drugs targeting MYC and
miRNAs have proven unsuccessful (35,60-62). As a result,
EZH2 inhibition has become an attractive alternative approach
for suppressing B7-H3 expression, particularly in MB (63,64).
To determine whether EZH2 affects B7-H3 expression at the
translational level, immunoblot analysis of D425 and D458
cells transfected with shRNA targeting EZH2 (shEZH?2)
was performed (65). Statistical analysis revealed that B7-H3

protein expression was downregulated in D425 (P<0.01) and
D458 (P<0.05) cell lines transfected with shEZH?2 plasmids.
Further, EZH?2 depletion downregulated MYC protein expres-
sion in D425 and D458 cells (Fig. 2A and B).

Pharmacological inhibition of EZH?2 is cytotoxic to MB cells
and downregulates B7-H3. EZH?2 has been shown to prolong
cell survival in a variety of cancers (66). As the proliferative
effects of EZH2 silencing have been studied in MB, both
in vitro and in vivo (28,65), it was sought to determine the
impact of EZH2 inhibition using EPZ005687 on MB cell
viability by MTT assay. EZP005687 was chosen as it directly
targets PRC2 enzymatic activity with high selectivity when
compared with more traditional EZH2 inhibitors (67,68). The
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growth of D425 and D458 MB cells treated with increasing
concentrations of EPZ005687 was monitored and the results
were analyzed after five days of treatment (Fig. 3A). It was
found that EPZ005687 decreased the viability of both D425
and D458 cells [half maximal inhibitory concentration (ICs,)
of 20 uM], in agreement with previous studies (69,70). Notably,
it was found that the viability of controls and MB cells treated
with higher concentrations of EPZ005687 was reduced to a
greater extent than MB cells treated with higher concentrations
of Tazemetostat (Fig. S1). While the mechanisms responsible
for these observed differences remain to be elucidated, it is
possible that the difference in cell viability is attributed to the
nature of MB cells used (51). To determine whether pharma-
cological inhibition of EZH?2 also impacted B7-H3 expression,
immunoblot analysis of MB cells exposed to increasing
concentrations of EPZ005687 was performed. In line with the
results obtained from EZH?2 knockdown, a reduction in B7-H3
expression was observed with EPZ005687 treatment (Fig. 3B).
Treatment with 10 uM or 20 uM of EPZ005687 significantly
(P<0.001) downregulated B7-H3 expression in both D425 and
D458 cells (Fig. 3C). It was identified that both knockdown of
EZH?2 and pharmacological inhibition using EPZ005687 led
to the downregulation of B7-H3 in MYC-amplified D425 and
D458 cells (Figs. 2A and 3B). Since B7-H3 is expressed on the
cell membrane as well as intracellularly (71,72), it was next
examined how MYC inhibition using JQ1 (1 M) or EZH2
inhibitors (20 M) influenced B7-H3 expression by performing

flow cytometry on 70% ethanol-fixed D425 cells and stained
with PE-labeled B7-H3 antibody (Fig. 4A). It was observed that
EPZ005687 treatment reduced B7-H3 expression to a greater
extent than control and JQI-treated MB cells. To further inves-
tigate the effects of JQI and EPZ005687 on B7-H3 protein
expression, immunoblot analysis was performed on D425 and
D458 cells, as aforementioned in the ‘Materials and Methods’
section (Fig. 4B). Statistical analysis revealed that JQI and
EPZ005687 treatment significantly (P<0.001) reduced EZH2,
B7-H3, and MYC protein expression in D425 cells (Fig. 4C).
Moreover, EPZ005687 treatment significantly downregulated
H3K27me3 (P<0.05) and B7-H3 (P<0.05) expression in D458
cells. Compared with D425 cells, the higher basal protein
levels of MYC in D458 cells (24,38) may explain why signifi-
cant reductions in MYC protein expression were not observed
in EPZ005687-treated D458 cells.

EZH?2 inhibition downregulates B7-H3 mRNA and is
associated with increased miR-29a/b expression. It has
been reported that EZH?2 directly interacts with MYC and
MYCN, with EZH2 depletion resulting in reduced MYC
expression and transcriptional activity (38). A similar study
revealed that EZH2 and MYC induce each other's expression
through miRNA targeting (34). To investigate whether such
mechanisms may participate in MB, RT-qPCR analysis was
performed on D425 and D458 cells treated with or without
EPZ005687 for 24 h. The results demonstrated that in D425
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cells, EPZ005687 treatment significantly reduced the mRNA
levels of EZH?2 (P<0.001), B7-H3 (P<0.001) and MYC (P<0.01)
when compared with controls (Fig. 5A). EPZ005687 treatment
also led to significant downregulation of EZH2 (P<0.01) and
B7-H3 (P<0.01) mRNA levels in D458 cells (Fig. 5B). These
results indicated that EPZ005687 reduces B7-H3 expression in
Group 3 MB cells at the post-transcriptional level.

In addition to EZH2 and MYC, miR-29a is known to
regulate B7-H3 expression through translational suppres-
sion (35,73). Importantly, both EZH2 and MYC can bind to
the promoter regions of miR-29a/bl and miR29b2/c, leading to
miR-29 suppression (34). Thus, it stands to reason that EZH2
and MYC may indirectly augment B7-H3 expression through
targeting miR-29a/b. This notion is supported by a previous
study by the authors which demonstrated that the endogenous
levels of miR-29a are low in D425 and D458 cells; However,
JQI significantly increased miR-29a/b transcript levels,
whereas forced expression of miR-29a/b significantly reduced
B7-H3 levels (24). As EZH?2 inhibition downregulated B7-H3
protein levels (Fig. 3C), it was wondered whether EZH2 may
regulate B7-H3 expression indirectly through miR-29a/b
suppression. To evaluate this possibility, miR-29a/b expression

upon EPZ005687 treatment was assessed. The results from
RT-qPCR analysis revealed that in D425 cells, miR-29 tran-
script levels were significantly (P<0.01) increased following
EZH?2 inhibition (Fig. 5C). miR-29a/b mRNA levels were
also increased in EPZ005687-treated D458 cells (Fig. 5D). As
EPZ005687 treatment downregulated B7-H3 protein levels
with corresponding increases in miR-29a expression, this
suggests that EZH2 inhibition may facilitate miR-29a-medi-
ated B7-H3 suppression.

As revealed in Fig. 4B, both JQ1 and EPZ005687 treatments
led to significant reductions in B7-H3 expression. To further
validate the role of EZH2 and MYC on B7-H3 suppression,
immunoblot analysis was conducted on D458 cells transfected
with B7-H3 overexpressing plasmids in the presence or absence
of JQ1 or EPZ005687. When compared with controls, B7-H3
expression was reduced in both JQI-, and EPZ005687-treated
B7-H3-overexpressing cells (Fig. SE). However, B7-H3 expres-
sion was significantly (P<0.001) reduced in EPZ005687-treated
B7-H3 overexpressing cells (Fig. 5F). Collectively, these results
indicate that in Group 3 MB cells, EPZ005687 significantly
reduces B7-H3 expression at the translational level, potentially
through miR-29a/b suppression.
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EZH? inhibition impairs clonogenic survival of Group 3
MYC* MB cells. As EPZ005687 treatment reduced MB cell
viability (Fig. 3A), the effects of MYC and EZH?2 inhibition on
the MB cell cycle were next compared using flow cytometric
analysis. In this experiment, D425 and D458 cells were treated
with either JQ1 (1 uM) or EPZ005687 (20 uM) for 24 h. It
was found that a significantly greater proportion of D425 cells
treated with JQ1 were in the sub-G1 phase when compared with
controls (Fig. 6A). Further, EPZ005687 treatment increased
the number of D425 cells in the sub-G1 phase, although this
difference was not statistically significant. On the other hand,
upon EPZ005687 treatment, a significantly greater proportion
of D458 cells were in the sub-Gl1 phase (Fig. 6B), suggesting
that EZH?2 inhibition promotes cell death in this cell line.
Of note, both EPZ005687 and JQI treatments appeared to
reduce B7-H3 protein levels to a similar degree (Fig. 4C). It
is possible that EPZ005687 resulted in a greater proportion of
cells in the sub-Gl1 phase as a result of MYC downregulation
(Fig. 5A and B), in addition to B7-H3. However, other mecha-
nisms may be involved.

To examine the long-term impacts of EZH?2 inhibition,
colony-forming ability in D425 and D458 cells was studied
using clonogenic assay. MB cells were plated at densities of 50
and 200 cells and allowed to proliferate over 14 days. Colonies
were measured as a cluster of 50 or more cells (Fig. 7A and B).
Although both JQ1 and EPZ005687 treatment significantly
reduced the number of colonies compared with controls, it
was observed that cells treated with EPZ005687 formed fewer
visible colonies than those treated with JQ1. Taken together, the
present results highlighted the therapeutic potential of EZH2
inhibition in treating aggressive MYC-amplified Group 3 MBs.

EZH? inhibition downregulates B7-H3 and decreases viability
in murine NSCs. MB can be modeled by transforming NSC
in vitro. The C17.2 murine NSCs are isolated from neonatal
mouse cerebellum and immortalized by retroviral-mediated
transduction into mitotic progenitor cells (28,39,74). The C17.2
cells are not transformed and do not form tumors in mice, but
they grow and transform in the presence of known oncogenes
including REST or BMI1 (75) to form tumors with classic
MB histology (74). In MB, inhibition of EZH?2 significantly
attenuates the ability of REST to transform C17.2 cells into
tumorigenic stem cells (28), indicating that EZH?2 acts as an
oncogene in MB as its presence is required for REST-induced
transformation (28). Therefore, it was decided to evaluate
the role of EZH2 on B7-H3 expression in C17.2 and C17.2
cells that stably overexpress EZH2 (C17.2-EZH2-OE). To
determine if EZH2 inhibition impaired NSC viability and
whether the drug's efficacy was affected by cells overex-
pressing EZH2, an MTT assay was performed. C17.2 cells and
C17.2-EZH2-OE NSCs were treated with increasing concen-
trations of EPZ005687. Although both cell lines exhibited
an IC;, of 20 uM, it was observed that at drug concentrations
lower than 10 M, the C17.2-EZH2-OE cells appeared more
sensitive to EPZ005687 treatment when compared with C17.2
cells (Fig. 8A). In addition to higher expression of EZH2
(Fig. 8B), C17.2-EZH2-OE cells also exhibited significantly
(P<0.001) higher expression of B7-H3 when compared with
C17.2 cells (Fig. 8C). Further, using flow cytometric analysis,
it was revealed that a greater percentage of C17.2-EZH2-OE
NSCs treated with EPZ005687 were arrested in the G2/M
phase when compared with controls (Fig. 8D). Next, the effects
of EZH2 inhibition on B7-H3 expression were investigated by
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immunoblot analysis using C17.2-EZH2-OE NSCs treated
with or without EPZ005687. Predictably, EZH2 inhibition
significantly (P<0.001) downregulated B7-H3 protein expres-
sion (Fig. 8E and F). These results suggest that EZH?2 plays

a role in regulating B7-H3 expression in NSCs while further
supporting the notion that the sensitivity of C17.2-EZH2-OE
cells to EPZ005687 is likely the result of higher EZH2-B7-H3
expression. To evaluate this possibility, an MTT assay was
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conducted on C17.2-EZH2-OE NSCs treated with increasing
concentrations of the anti-mouse B7-H3 monoclonal antibody
MIJ18 or IgG control antibody (76). As observed in Fig. 8G,
inhibition of B7-H3 greatly impaired C17.2-EZH2-OE NSC
viability.

Discussion

The MYC gene family includesMYC,MYCN and MYCL1 (75).
Research has primarily focused on MYC and MYCN, as
they are frequently amplified in highly aggressive MBs (75).
Notably, the expression of these paralogs differ among the MB
subgroups. For instance, amplifications of MYC, MYCN and
MYCLI are rare in WNT MB (75). On the other hand, MYCN
and MYCLI are highly expressed in SHH MB. Of note, in
Group 3 MB, MYC amplifications occur at higher frequency
than in any other MB subgroup (13). Finally, Group 4 MBs
tend to have low MYC and MYCN expression when compared
with other MB subgroups (75). The functions of MYC in
epigenetic regulation have been well described. For example,
MYC suppresses miR-29a-c expression likely through direct
promoter binding (31). MYC also stimulates EZH2 expression
through miR-26a repression (77). Notably, studies in prostate
cancer have shown that MYC induces EZH?2 expression, with
corresponding reductions in both miR-29a and miR-29b (78).
Similarly, in acute myeloid leukemia, MYC inhibition is asso-
ciated with reduced expression of EZH2 mRNA and protein,
along with increased miR-29a (79).

The miR-29 family includes miR-29a, miR-29b and
miR-29¢ (32). The three miR-29 isoforms share identical seed
sequences, which determines the protein-coding genes a
miRNA would target (32). As such, the predicted target genes for
miR-29a-c largely overlap. For example, previous studies have
revealed that miR-29a directly binds to the 3'-UTR of B7-H3
transcripts to induce translational suppression (35). However,
because all three isoforms share the same seed sequence
complementarity to the B7-H3 3'-UTR, such findings can also
be extended to miR-29b/c (35). For instance, in melanoma,
miR-29c directly binds to the 3-UTR of B7-H3 transcripts (22).
The tumor suppressive functions of miR-29 members have been
well described (32,35), including Group 3 MB (24). It was previ-
ously showed that the endogenous levels of miR-29a are low in
D425 and D458 cells (24). However, inhibition of MYC with JQ1
significantly increased miR-29a/b expression, whereas forced
expression of miR-29a/b significantly reduced B7-H3 levels (24),
indicating that MYC regulates B7-H3 protein expression, in
part by suppressing miR-29 levels. In the present study, it was
demonstrated that EPZ005687 decreased the protein expression
of B7-H3 with concomitant increases in miR-29a expression,
suggesting that EZH2 regulates B7-H3 (Fig. 9), in part by
miR-29a suppression (35). Future in vivo studies are needed
to verify the regulation of B7-H3 by the MYC-EZH2-miR-29
axis.

MB is considered to arise from undifferentiated neural
stem/progenitor cells found in the external granule layer
of the cerebellum (80). In addition to MYC, human MBs
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also express significantly elevated levels of REST/NRSF,
a transcriptional suppressor of neuronal differentiation
genes (81,82). NSCs transduced with the MYC oncogene
do not form tumors in mice because they express the
endogenous mouse REST transcripts only under prolifera-
tion conditions, which cease upon neuronal differentiation.
By contrast, murine NSCs stably expressing c-MYC and
transduced with the human REST transgene, continue to
express REST/NRSF as they enter neuronal differentiation.
This prevents terminal differentiation into mature neurons
thereby conferring a proliferative advantage and tumori-
genic ability (74). As such, both c-MYC and REST/NRSF
overexpression are requirements for NSCs to produce
cerebellar tumors. As with other NSC models, C17.2 NSCs
do not display anchorage-dependent growth; however, trans-
formation induced by oncogenes such as REST, confers
the ability to grow on soft agar (75). In MB, inhibition of
EZH2 in REST-transformed C17.2 NSCs impairs their
ability to undergo anchorage-dependent growth on soft
agar (28), indicating that EZH?2 activity is required for this
behavior. As such, the C17.2-EZH2-OE NSC line used in the
present study serves as a model to test the efficacy of EZH2
inhibition in combating MB tumorigenesis. In the current
study, it was found that EPZ005687 treatment significantly
reduced the viability of EZH2-amplified NSCs, in addi-
tion to downregulating B7-H3 expression, supporting the
authors' hypothesis that EZH2 promotes MB tumorigenesis
by upregulating B7-H3 expression.

Overexpression of EZH2 was first reported in prostate
cancer, with high EZH?2 expression being linked with poor
patient prognosis (83). Later studies found that EZH? is also
overexpressed in breast, gastric and esophageal cancer, and
endometrial carcinoma (84-87), with EZH2 overexpression
being associated with features of aggressive tumor subgroups,
clinical progression and reduced survival (84,86). Notably,
EZH2 mRNA is significantly higher in MB tumor tissues when

compared with normal tissues (88) and has been proposed as a
potential therapeutic target for the treatment of high-risk MB
tumors (28). Thus, understanding the oncogenic and regulatory
mechanisms of EZH?2 has the potential to improve treatment
options for a wide range of cancers.

MYC-amplified Group 3 MB is a highly lethal pediatric
brain tumor (89,90). Although epigenetic dysregulation is
commonly observed in MBs and contributes to their aggres-
sive nature (91,92), fortunately, such epigenetic alterations
are reversible (93) with several cancer types including
MYC-amplified Group 3 MBs showing success with epigen-
etic therapy (94,95). The present study sought to evaluate the
regulatory role of EZH2 on B7-H3 expression in MYC* Group
3 MB in vitro. High levels of EZH2 are associated with poor
prognosis in MYC-amplified Group 3 MBs. Depletion of EZH?2
impaired MB cell viability and clonogenic survival while also
reducing B7-H3 and MYC protein expression. A limitation to
the present study is the discrepancy observed between B7-H3
expression and cell cycle analysis. Notably, though EPZ005687
and JQI treatments appeared to reduce B7-H3 protein levels
to a similar degree, a greater proportion of cells treated with
EPZ005687 were in the sub-Gl phase than JQI-treated cells.
This suggests that mechanisms other than B7-H3 inhibition are
likely involved. Nonetheless, as mutations affecting epigenetic
regulators such as EZH?2 are frequently reported in Group 3
MBs (14,96,97), the present study highlighted the clinical
potential of targeting EZH2 to combat MB pathogenesis. This
study further emphasizes the therapeutic potential in targeting
EZH2 and B7-H3 in Group 3 MB patients.
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