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OTX2 expression contributes to proliferation and
progression in Myc-amplified medulloblastoma
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Abstract: Medulloblastoma is one of the most prevalent pediatric brain malignancies, accounting for approximately
20% of all primary CNS tumors in children under the age of 19. OTX2 is the member of a highly conserved family
of bicoid-like homeodomain transcription factors responsible for the regulation of cerebellar development and of
current investigational interest in the tumorigenesis of medulloblastoma. Recent studies have revealed that Group
3 and Group 4 medulloblastomas show marked overexpression of OTX2 with a concurrent amplification of the MYC
and MYCN oncogenes, respectively, correlating with anaplasticity and unfavorable patient outcomes. More recent
attempts at elucidating the mechanism of OTX2-driven oncogenesis at the cellular level has also revealed that OTX2
may confer stem-cell like properties to tumor cells via epigenetic regulation. The review seeks to define the interac-
tion pathways and binding partners involved in OTX2 function, its usefulness as a molecular marker for risk stratifi-
cation and prognosis, and the mechanism by which it drives tumor maintenance. Additionally, it will preview unpub-
lished data by our group highlighting the unanticipated involvement of OTX2 in the control of cellular metabolism.
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Introduction

Medulloblastoma is an embryonal solid tumor
of the CNS with just over a 60% 5-year survival
rate in children, and an even worse prognosis in
infants [1]. The prognosis of the disease is
largely predicated on which subtype of the neu-
roectodermal tumor a patient has. Previously
established conventions for molecular subtyp-
ing utilized the age of the patient and extent of
the disease progression. Genomic studies have
elaborated a system of subtyping that segre-
gates the tumors into four groups according to
mechanisms of pathogenesis and presence of
molecular markers. They are WNT, SHH, Group
3, and Group 4 [2]. Sequencing and genomic
studies have helped generate a comprehen-
sive snapshot of the genotypic landscape of
the more benign medulloblastoma variants,
yielding two molecular signatures that link
pathogenesis of the WNT and SHH subtypes to
over-activation of their namesake signaling
pathways. Group 3 and 4 medulloblastoma ha-

ve yet to be defined to the same extent as the
former two subtypes, and Group 3 tumors recur
most frequently and have the highest propen-
sity to metastasize [3, 4]. Therefore, it is espe-
cially important to characterize the gene ampli-
fications that make up Group 3 and 4 tumors in
order to create targeted therapies for these
aggressive subtypes. Multiple recent large pop-
ulation genomic studies found marked amplifi-
cation of the MYC gene in Group 3 tumors com-
pared to other subtypes; similar studies found
N-MYC amplification to be associated with
Group 4 tumors [2, 5, 6]. Therefore, it has
become increasingly important to find novel
therapeutic targets that associate directly or
indirectly with MYC and contribute to the
aggressive nature of Group 3 and Group 4
medulloblastomas.

OTX2 (orthodenticle homeobox 2) is a transcrip-
tion factor responsible for mediating embryo-
genesis in the CNS, regulating formation of the
brain parenchyma, pineal gland, cerebellum,
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eye, and the external granule cell layer in cere-
bellar development, a site extremely relevant in
medulloblastoma development [7, 8]. In the
past, OTX2 has been implicated as a possible
oncogene in a number of malignancies [9, 10],
but has recently emerged as a potential driver
of medulloblastoma tumorigenesis. Indeed,
contemporary studies have highlighted OTX2
amplification and overexpression to underly
particular subtypes of medulloblastoma tumor
pathology [11]. While the predictive value of
OTX2 as a definitive molecular marker still
remains an area of active research, there is
consensus that screening for genomic aberra-
tions in OTX2 is an integral component in the
establishment of a robust scheme of molecular
classification of the Group 3 and Group 4 sub-
types [12]. OTX2 has most recently been impli-
cated in the sustenance of tumor anaplasia,
promotion of tumor proliferation, and triggering
of cell cycle progression [12]. OTX2 preserves
stem-like characteristics of medulloblastoma
cells via regulation of transcriptional activation
of its binding partners, including both epigene-
tic regulators and cell cycle enzymes [13], as
well as inhibition of myogenic and neuronal dif-
ferentiation by interactions with specific en-
hancer sequences [14], which will be the focus
of the remainder of this review.

OTX2 in brain and cerebellar parenchymal
development and cancer

Before delving into the roles that OTX2 plays in
cell cycle evasion and preservation of stem-
ness in medulloblastoma, it is important to
describe the role OTX2 plays in normal cerebel-
lar development and in other cancer lines.
OTX2 is a crucial driver of brain regionalization
and development in vertebrates. In mouse
embryos, OTX2 has been shown to direct axis
formation and morphological regionalization of
the brain. Its transcription can be detected as
early as the morula stage of development [15].
As development progresses, OTX2 transcrip-
tion becomes localized namely to the anterior
region of the embryo [15]. This localization con-
tributes to the development of the forebrain
and midbrain, but OTX2 also serves a role in
creating the anatomic border between the hind-
brain and midbrain [15]. In later development,
OTX2 expression is elevated in the posterior
region of the developing cerebellum, helping to
define the major functional boundaries of the
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cerebellum [16]. Furthermore, during embryon-
ic development, OTX2 expression is observed
in both the external and internal granular layers
of the cerebellum [16]. Embryonic viability is
totally compromised in mouse embryos with
complete OTX2 deletion, emphasizing the
necessity for OTX2 expression in the develop-
ing brain [17]. In humans, the OTX2 protein is
identical in amino-acid sequence to the protein
produced in mice, and the expression pattern
described in mice aligns roughly with the
expression patterns observed in human fetal
brains aged week 7 to 14 [15, 18].

Aside from typical neurodevelopment, there is
a body of emerging literature that implicates
OTX2 amplification and overexpression in
malignancies. In one such study, Boon & col-
leagues performed copy number analysis to
reveal the presence of OTX2 copy number
amplification 8 of 42 primary tumors and in 2
of 5 medulloblastoma cell lines. Intratumor
genomic aberrations, localized to two novel
amplifications on chromosome 14 via digital
karyotyping, were assessed by mRNA tran-
script quantification, and OTX2 was upregulat-
ed at both the DNA and RNA level [11]. Similarly,
Adamson and colleagues performed high-den-
sity SNP arrays on a larger cohort consisting of
201 primary tumors and 11 medulloblastoma
cell lines to pinpoint overall genomic aberra-
tions, which localized the single region of high-
est focal gains to the OTX2 gene, thus confirm-
ing the findings of the Boon study. Subsequent
in situ hybridization in three medulloblastoma
cell lines was carried out in this study to eluci-
date the mechanism of OTX2 amplification
revealed the predominant form of cellular OTX2
chromosomal gain to be double minutes, which
are small circular fragments of extrachromo-
somal DNA, harboring amplicons of specific
oncogenes and genes involved in drug resis-
tance.

Emerging role of OTX2 in Groups 3 & 4 medul-
loblastoma

With an understanding of the essential role of
OTX2 expression in cerebellar development
and its general presence in cancer, we can now
hone on the reason as to why the gene has
emerged as a recent target of medulloblasto-
ma research. After all, neural progenitor cells
within the ventricular zone and the external
granular layer of the developing cerebellum
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have been implicated as the source of Group 3
medulloblastoma, (although the origin cells for
Group 4 remain unknown) [19]. Focusing on the
external granule layer, evidence shows that cell
cycle perturbations within this region contrib-
ute to medulloblastoma tumorigenesis [20].

Recently, genomic studies have established a
significant body of evidence that supports iden-
tification of OTX2 as a present oncogene in all
four subtypes of medulloblastoma to some
extent [11, 21, 22]. New literature, however,
highlights the contrast between the augmented
role of OTX2 in Groups 3 and 4 aggressiveness
to its relative inaction in SHH/WNT-types [9].
Pietsch & Haberler recommend OTX2 as an
essential marker for identifying medulloblasto-
mas as Group 3/4 based on a review of updat-
ed WHO classification of CNS tumors [23]. This
is due to literature that has shown OTX2 overex-
pression to be most prominent in Group 3 and
Group 4 medulloblastomas [12], and that
downregulation of OTX2 has been shown to
inhibit growth of medulloblastoma cells that
overexpress OTX2 [24]. Additionally, Adamson
and colleagues correlated OTX2 overexpres-
sion with specificity to tumors, selected from a
cohort of 81 samples, that were categorized as
either Group C and Group D [12], (the new
equivalents of Groups 3 and 4, respectively.
These groups are SHH-independent medullo-
blastomas that carry strong associations with
both increased aggressiveness and “classical”
histopathological phenotype [25], and are, for
all practical purposes, identical to tumors that
are considered Group 3 or Group 4 by the cur-
rent subtyping conventions [2]. The association
of OTX2 overexpression with Group 3 and
Group 4 tumors has been repeatedly confirmed
by subsequently published data [8, 12, 14].
OTX2 expression was found to be consistently
overexpressed in Group 3 tumors in molecular
clustering studies, which serves as the current
gold standard approach for subtyping medullo-
blastomas [26]. An additional study that molec-
ularly screened patient samples demonstrated
overexpression of OTX2 in the overwhelming
majority of Group 3 tumors [2]. Also noteworthy
is evidence from Haas and colleagues that
OTX2 overexpression contributes to the regula-
tion of Group 3 tumor localization, and that it
may actively participate in localization. Medul-
loblastomas of the classical histopathological
designation are usually found to originate in the
vermis of the cerebellum, whereas the nodular/
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desmoplastic variants arise in the cerebellar
hemispheres. After analyzing localization data
on medulloblastoma tumors at diagnosis, the
authors found a strong correlation between
OTX2 expression and an origin in the vermis
[22]. Further support for OTX2-induced cerebel-
lar localization of Wnt/SHH-independent MB
tumor cells can be gleaned from studies involv-
ing orthotopic animal models. Wortham and
colleagues produced an animal model by gen-
erating and introducing a Cre-recombinase-
inducible OTX2 construct into the hindbrain of
mice and analyzed the subsequent effects of
induced OTX2 expression [9]. Compared to
wildtype mice, OTX2 overexpression produced
marked focal hyperplasia of the cerebellar
white matter as well as of the dorsal pontine
parenchyma. Immunohistochemical staining
for Ki67 showed this so-called “ectopia” to be
spheres of neuronal progenitor cells, and addi-
tional spatial localization and immunostaining
studies characterized these clusters of ectopic
hyperplasia as distinct from pre-neoplastic
cells induced by SHH/Wnt pathway dysregula-
tion [9].

Interestingly, OTX2 enrichment in Group 3 and
4 tumors, when mimicked in SHH-type MBs,
exert the reverse effect by inducing senes-
cence and inhibiting tumor progression. While
increased OTX2 levels is correlated with self-
renewal and migration of tumor cells in the
Group 3 and 4 subtypes, studies show its levels
to be negatively associated with the expression
of pluripotency genes in SHH subtypes [9].
OTX2 overexpression in both transformed
human embryonic cell models and SHH-positive
MB cells by Kaur et al inhibited growth, self-
renewal, and migration [8]. The downstream
attenuation in tumor growth produced by OTX2
overexpression offers additional evidence that
OTX2 exerts its proliferative effects in a sub-
type-specific manner, limited to group 3 and 4
subtypes. Additionally, Group 3 and 4 subtypes
are associated with amplifications of MYC, rais-
ing the question of the possible involvement of
an OTX2-MYC axis in the oncogenic process,
which will be discussed in greater detail later in
this review.

Role of OTX2 in the induction and mainte-
nance of stemness

While the specific role of OTX2 in tumor forma-
tion in medulloblastomas remains an area of
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active research, several studies have suggest-
ed that OTX2 exerts its primary oncogenic
effects through its role as a functional gate-
keeper of stemness, regulating transcriptional
activity to inhibit cellular differentiation. An
investigation by Bai et al revealed that in the
context of myogenic and neuronal differentia-
tion, OTX2 functions as a transcription repres-
sor via its homeobox binding domain. OTX2
transcriptionally inhibits myogenic differentia-
tion by binding the core enhancer region of the
MyoD DNA binding protein, a key initiator of this
process, and siRNA-mediated knockdown of
OTX2 in a medulloblastoma cell line led to a
remarkable increase in differentiation of primi-
tive neuroectodermal cells to muscle cells [14].
Similarly, an earlier study by Bunt & colleagues
illustrated increased neuronal differentiation
with decreased OTX2 expression. Doxycycline-
induced shRNA knockdown of OTX2 in a medul-
loblastoma cell line showed a consequent mor-
phological shift of the tumor stem cells from
their normal round shape to a more differenti-
ated phenotype with neuritic outgrowths. This
phenotypic shift was accompanied by a concur-
rent upregulation of genes involved in nervous
system development and a downregulation of
genes mediating cell cycle progression [7].
Ultimately, this induction of neuronal differenti-
ation is a recurrent phenomenon that accom-
panies OTX2 silencing in medulloblastoma cell
lines [7, 14]. Also noteworthy are evidence pro-
vided by the aforementioned Wortham animal
model, which showed mice cerebellar hyperpla-
sia induced by OTX2 overexpression as well as
expression of characteristic neuronal progeni-
tor markers. Interestingly, the phenotypic
changes mediated by OTX2 overexpression
were attenuated following mice maturity, with
cells in the periphery of the aforementioned
ectopia demonstrating increased differentia-
tion and eventual dispersion, suggesting that
the effects of OTX2 on the proliferative dura-
tion of these tumor cells are limited [9].

The specific mechanism underlying OTX2-
mediated maintenance of pluripotency and
self-renewal in tumor cells remains an area of
active study, with the most contemporary stud-
ies focused on the regulatory role of OTX2 in
the epigenome, namely its effects on chroma-
tin remodeling proteins and histone modifiers.
A seminal study by Robinson and colleagues
studied next generation sequencing data and
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identified multiple selective mutations in his-
tone modifying genes that were highly enriched
in Group 3 and Group 4 tumors, including three
genes whose products interact to direct cell dif-
ferentiation: H3K27 demethylase, KDM6A, and
EZH2 [27]. Concurrently, a study by Bunt et al
suggested that OTX2 mediates the mainte-
nance of stem-cell like features in MB tumors
via the direct transcriptional regulation of these
histone modification genes. In particular, OTX2
maintains bivalent state of promoter activation
of a number of polycomb genes in Group 3 and
Group 4 tumors through maintenance of their
H3K27me3 levels [13]. As we will illustrate in
the subsequent sections, aberrant expression
and dysregulation of these epigenetic modifiers
is proposed to be a key driver in the etiology of
the corresponding medulloblastoma.

OTX2 works synergistically with MYC in onco-
genesis

We now understand that OTX2 works to main-
tain stemness in Groups 3 and 4 medulloblas-
toma subtypes. Due to its role as a transcrip-
tion factor, OTX2 selectively activates and
represses genes that ultimately contribute to
the formation of the aggressive medulloblasto-
ma subtypes. OTX2 has a high affinity to bind in
a complex with many other important onco-
genes, one of the most important of which
being MYC [28]. OTX2 and MYC were observed
as binding in close proximity to one another at
transcription start sites of genes contributing
to the cancer phenotype, upregulating gene
expression in the medulloblastoma condition.
Adamson et al further confirmed this associa-
tion utilizing ChIP analysis and PCR, showing
that endogenous OTX2 binds to the promoter
region of MYC. Knockdown of OTX2 by OTX2-
specific siRNA showed downregulation of MYC
[12]. MYC is known to act downstream on the
Mad/Max signaling axis [29], which works ulti-
mately to govern cell cycle, apoptotic activity,
and cell differentiation. These are traits that
define several of the hallmarks of cancer. It has
been demonstrated that the acetylation status
of histone H4 and the resulting transcription of
¢c-MYC rely on the MYC/Mad/Max signaling axis
[30]. When the Mad/Max complex is bound in
complex at the promoter of the c-MYC target,
the histone H4 is deacetylated, repressing tran-
scription of the c¢-MYC target gene [31].
Consequently, the cell cycle is arrested, block-
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Molecule Connection to OTX2 Position to OTX2 Role of OTX2 Molecule Class
Myc/Max First-degree Downstream Stimulatory Transcription Factor
LHX1 First-degree Upstream Stimulatory Transcription Factor
B-catenin First-degree Upstream Stimulatory Binding Protein
FOXP1/2/4 First-degree Downstream Inhibitory Transcription Factor
NuRD complex First-degree Upstream Inhibitory Kinase
Aurora-A First-degree Downstream Stimulatory Kinase
POU3F2 First-degree Upstream Stimulatory Transcription Factor
Transthyretin First-degree Downstream Stimulatory Binding Protein
GLI1 Second-degree Downstream Stimulatory Transcription Factor
HIF1la Second-degree Downstream Stimulatory Transcription Factor
PP2A Second-degree Downstream Stimulatory Kinase
Androgen receptor Second-degree Downstream Both Transcription Factor
DAGK Second-degree Downstream Stimulatory Kinase
HSP60 Second-degree Downstream Stimulatory Binding Protein
HSP61 Second-degree Downstream Stimulatory Binding Protein
HSP62 Second-degree Downstream Stimulatory Protein
HSP63 Second-degree Downstream Stimulatory Binding Protein
HSP64 Second-degree Downstream Stimulatory Transporter
HSP65 Second-degree Downstream Inhibitory Transcription Factor
HSP66 Second-degree Downstream Inhibitory Binding Protein
FADD Third-degree Downstream Inhibitory Binding Protein
HSP70 Third-degree Downstream Inhibitory Binding Protein
INCNEP Third-degree Downstream Stimulatory Binding Protein
DEEPEST Third-degree Downstream Stimulatory Kinase
INPP5E Third-degree Downstream Stimulatory Kinase

HP1 Third-degree Downstream Stimulatory Binding Protein
Tef (Lef) Third-degree Downstream Stimulatory Transcription Factor
HSP60 Third-degree Downstream Stimulatory Binding Protein

The table is a transcription of the interactome demonstrating the upstream and downstream signaling targets of OTX2,
how closely the molecules are connected, and which class of molecule the targets are. The Myc/Max complex, FOXP1/2/4,

B-catenin, and HIF1a are all present, demonstrating the multifactorial effects of OTX2 as a transcription factor, acting on genes
that promote carcinogenesis and stemness in MB (Modified from Metacore, a Thomas-Reuters product.).

ing it in the S phase [32]. However, when this
histone is acetylated, MYC is bound, activating
transcription of genes, including MBII. C-MYC
amplification is most commonly observed in
Group 3 MB patients and the MYC amplification
status of this subgroup is highest of all the sub-
types [6]. Therefore, the role of OTX2 in the acti-
vation and/or amplification of c-MYC transcrip-
tion is currently thought to be most important
to its contributions of the prognosis of Group 3
and Group 4 MBs. Looking into the role of OTX2
in downstream signaling of the cancer pheno-
type, Bunt and colleagues worked to demon-
strate that the polycomb genes, a family of
genes known for silencing HOX genes via chro-
matin modulation [33], are specifically upregu-
lated in the medulloblastoma condition, and
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the mechanism by which this is carried out is
via histone H3 lysine 27 demethylase (H3K27)
[13]. This upregulation is most apparent in
Group 3 and Group 4 medulloblastomas [4].
Furthermore, Bunt's group also correlated
OTX2 silencing with a downregulation of Cyclin
D1, an oncogene important in the G1-S transi-
tion, and upregulation of the G1 inhibitor P21
was noted [7]. Additionally, the phosphorylation
status of RB1, a common tumor suppressor,
increased with the silencing of OTX2, furthering
the notion that OTX2 regulates a number of dif-
ferent transcription start sites to contribute to
the aggressive medulloblastoma phenotypes
observed in Group 3 and Group 4 (Table 1). In
summary, the role of OTX2 in the induction and
maintenance of anaplasticity in medulloblasto-
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ma is more than likely due to its pleiotropic
downstream effects on the oncogenes it acti-
vates, most notably MYC. There is, however, an
additional area of exploration in the epigenetic
modification that is mediated by OTX2 in creat-
ing the Group 3 and Group 4 MB phenotype,
which will be covered next.

Epigenetic modifications in OTX2-mediated
oncogenesis

The stemness of Group 3 and Group 4 medul-
loblastoma tumor cells is largely controlled by
epigenetic modifications that are regulated
by MYC/Mad/Max signaling pathways. Among
these include the aforementioned histone acet-
ylation of targeted downstream genes, mediat-
ed by the MYC/Mad/Max complex. However,
this system is controlled by a far more complex
epigenetic machinery than that of acetylation
alone. It is therefore important to fully charac-
terize each of the epigenetic modifications that
occur in the pathogenesis of Group 3/4 medul-
loblastoma in order to understand where future
therapeutic efforts may be directed if an
attempt is to be made to better treat these
resistant subtypes.

The MYC/Max complex acts as a recruiting het-
erodimer that can recruit cofactor and protein
complexes that promote histone acetylation (as
overviewed above), chromatin remodeling,
ubiquitination, and RNA Polymerase Il phos-
phorylation in order to maintain the prolifera-
tive and undifferentiated cancer phenotype
seen in medulloblastoma [34]. Chromatin
remodeling occurs due to MYC-initiated recruit-
ment of the SWI/SNF chromatin remodeling
complex via MYC interaction with said chroma-
tin remodeling complex, specifically with the
INI1 subunit. SWI/SNF is a multiprotein ATPase
complex that activates transcription when
recruited by c-MYC transactivation [35, 36].
Ubiquitination is promoted by the MYC cofactor
SKP2 (S-phase kinase-associated protein 2),
an ubiquitin ligase. However, this interaction
with SKP2 is also integral indicated in the cell
cycle transition from G1 to S phase, which
seems to be important in promoting the cell
cycle progression seen in the cancer cell phe-
notype [37, 38]. Finally, MYC association with
Cyclin Dependent Kinase 9 (CDK9) increases
transcriptional elongation due to the direct
phosphorylation of RNA Polymerase Il by CDK9
[39].
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Maintenance of a stem-like state, as seen in all
small blue round cell tumors including medul-
loblastoma, is also achieved by sustaining
H3K27 trimethylation (H3K27me3) [13], which
leads to the repression of lineage specific
genes in stem cells, ultimately inhibiting differ-
entiation [40]. H3K27me3 is regulated by a sys-
tem of methylases and demethylases; specifi-
cally, it is activated by a polycomb repressive
complex 2 (PRC2) that includes the methylase
EZH2 [41, 42]. OTX2 is also known to be a
member in its own right of this same PRC2
complex [13]. H3K27me3 is demethylated by
enzymes such as KDMGA and a number of
other lysine demethylases [43]. It is these fac-
tors, then, that are either upregulated (i.e.,
EZH2) or inactivated (i.e., KDM6A) in group 3/4
medulloblastomas. Indeed, these tumors large-
ly are characterized by marked histone methyl-
ation deregulation [13]. Bunt et al also showed
the maintenance of H3K27me3 to be a promi-
nent role of OTX2 [13], when compared to its
implicated regulation of the expression of
downstream genes [7, 44]. In this study, OTX2-
bound promoters showed increased H3K27-
me3 activation markers, and silencing OTX2
significantly reduced the levels of H3K27me3.
Further, the OTX2 locus is shown to be ampli-
fied in group 3/4 medulloblastoma, a finding
seen independent of mutations in H3K27
demethylases [12, 27], suggesting that both
OTX2 and H2K27 demethylases play important
and mutually exclusive roles in the high levels
of H3K27me3 seen in these tumors.

Interestingly, EZH2, KMDGA, CHD7, and KMYM
alteration may also disrupt chromatin marking
of genes including OTX2, MYC, and MYCN in
medulloblastomas [45, 46]. This supports the
characterization of the complicated and inter-
related nature of genes and factors involved in
cell proliferation, and especially the stem-like
state we have discussed throughout this review.
Interpreting these relationships, and the effects
caused by their interactions, presents a role for
future studies through which we may glean fur-
ther understanding of this unforgiving cancer
phenotype. The epigenetic and molecular path-
ways defined for OTX2 in all literature to date
focuses on the aforementioned MYC axis and
histone modifying roles this gene plays. Our
group has recently conducted work to pointto a
possible additional role of OTX2 in medulloblas-
toma which is previously uncharacterized: that
of metabolic control.
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Maintenance of Stemness

G:-S Transition

tumor suppressor transcrip-

Transcriptional repression of
differentiation markers

Dysregulation of chromatin remodeling
and histone (H3K27) modifications

Continued stemness via Myc interaction

Upregulated transcription of Cyclin D1 +
downregulated transcription of tumor
suppressors (e.g, P21)

SKP2/Myc interaction to
promote cell cycle progression

tional regulators and via its
interactions with C-MYC, whi-
ch leads to increased expres-
sion of cyclin dependent
kinase 9 (CDK9). Through

N

!

/7

Observed binding of glycolytic enzymes
upon mass spec analysis

Observed binding of ATPases upon
mass spec analysis

Potential Metabolic Regulation

Figure 1. OTX2 has several roles in neurodevelopment and onconeogenesis
alike. The 2 roles depicted at the top of the figure, maintenance of stemness
and cell cycle progression, are known roles based on current literature. The
role depicted at the bottom, metabolic regulation, is a possibility postulated
by our lab based on mass spec data and is a target of interest in future stud-

ies.

Conclusions: preview of the possible role of
0TX2 in metabolic control

To overview, the more aggressive and deadly
Group 3/4 medulloblastomas necessitate bet-
ter prognostic and therapeutic targets in order
to bring survivorship to a level of that more
comparable with SHH and WNT-types. In this
review, we have discussed recent literature
related to OTX2 and its role in MB. Typically a
mediator of embryogenesis, it is currently impli-
cated in the maintenance of stemness in the
more aggressive subtypes of MB as well as the
amplification of MYC. First off, OTX2 mediates
the maintenance of stemness in tumor cells
through the upregulation of epigenetic regula-
tors such as H3K27me3 and the repression of
differentiation activators such as MyoD (Figure
1). Second, OTX2 is responsible for increasing
tumor cell proliferation via downregulation of
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c-MYC expression and via its
role in epigenetic modifica-
tions that contribute to stem-
ness, OTX2 contributes to the
aggressive nature of Group 3
and Group 4 tumors. However,
when our group performed
mass spectrometry of immu-
noprecipitated OTX2 in a pa-
tient-derived xenograft to vali-
date these conclusions, we
received some unexpected
results. Interestingly, analysis
of mass spec data yielded
several key metabolic enzy-
mes that are directly involved
in glycolysis, the characteris-
tic energy source of tumor
cells due to the Warburg Ef-
fect. Because both MYC and
OTX2 favor several cell growth
and proliferation mechanis-
ms, the MYC-OTX2 regulatory
complex must favor the induc-
tion of key programs involved
in the bioenergetics of cancer
cells. The potential role of
OTX2 in this regard is unstud-
ied, and may present an opportunity for a novel
approach in tumor therapy by targeting the
transition to the overtly glycolytic phenotype in
tumor cells. Overall, the targeting of OTX2 as a
mediator of tumorigenesis, inducer of stem-
ness, and possibly even a controller of meta-
bolic tendencies in the aggressive Group 3 &
Group 4 subtypes of medulloblastoma could
lead to better outcomes for patients, and will
be covered in our future publications.
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