
Original Article
OTX1 and OTX2 Genes in Medulloblastoma

Valeria Marques Figueira Muoio1, Miyuki Uno1, Sueli Oba-Shinjo1, Roseli da Silva1, Benedito Jamilson Araújo Pereira1,
Carlos Clara2, Hamilton Matushita1, Suely N.K. Marie1
-OBJECTIVE: To study the prevalence of OTX1 and OTX2
gene expression in 60 medulloblastoma specimen samples
and to establish correlations between gene expression and
clinical and histopathological aspects.

-METHODS: We performed a retrospective analysis of 60
patients with a diagnosis of medulloblastoma at the
Clinicas Hospital of the School of Medicine, University of
São Paulo, and the Cancer Hospital of Barretos. We created
a database of the 60 patients containing information on the
gene expression of OTX1 and OTX2 (obtained using real-
time polymerase chain reaction) and clinical and epide-
miological data. Statistical tests were performed to verify
potential correlations of clinicopathological data and
follow-up aspects with gene expression.

-RESULTS: The OTX1 gene was expressed in 52% of the
study population. Expression varied with age (higher in
adults), location (predominantly by hemisphere), and his-
tological type (desmoplastic). The OTX2 gene was
expressed in 62% of the study population. Expression var-
ied with age (higher in younger age groups), location
(predominantly vermis), and histological type (classic and
anaplastic). A statistical correlation between OTX2 gene
expression and the development of leptomeningeal me-
tastases was observed.

-CONCLUSIONS: The relative expression of OTX1 and
OTX2 was dependent on patient age, tumor location, and
histological variant. In addition, OTX2 expression might be
a predictive factor for leptomeningeal metastases of
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medulloblastoma. The OTX pathway should be consider as
an important venue for medulloblastomas development.
INTRODUCTION
edulloblastoma is themost commonmalignant tumor of
the central nervous system (CNS) in children and can also
Moccur in adults.1-3 It is a highly aggressive and invasive

cerebellar tumor classified as a primitive neuroectodermal tumor. It
has a high potential for spreading through the cerebrospinal fluid,
resulting in a poor prognosis.4 Although some clinical, radiological,
and macroscopic features are relatively similar, the histological and
molecular features and prognoses are heterogeneous.5-7 The World
Health Organization has defined 5 histological variants of medullo-
blastoma: classic, desmoplastic, giant cell, extensive nodularity, and
anaplastic.8 This stratification is currently overlapped by a molecular
classification in groups, described by several investigators.9-14 The
classification of medulloblastomas has resulted in the greatest con-
ceptual challenge in devising a merger of histological and molecular
classification schemes. Medulloblastoma has long-established his-
tological variants that have clinical utility (e.g., desmoplastic/
nodular, medulloblastoma with extensive nodularity, large cell, and
anaplastic), and it has been widely accepted that 4 genetic (molecu-
lar) groups of medulloblastoma exist: WNT-activated, sonic hedge-
hog -activated, and the numerically designated group 3 and group 4.15

Rather than providing a long list of the many possible histological
and molecular combinations, the classification lists “genetically
defined” and “histologically defined” variants, with the expectation
that pathologists with the ability to undertake the molecular
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classification will generate an integrated diagnosis that includes both
the molecular group and the histological phenotype.16

Recent studies have described the involvement of OTX genes in
the tumorigenic process of medulloblastoma, identifying these
genes as oncogenes and as potential biological markers for deter-
mining the prognosis.17-20 OTX1 and OTX2 are homeobox genes that
control the formation, differentiation, and compartmentalization of
the CNS, especially in the cerebellum.21,22 These genes are
extremely active until the ninthweek of extrauterine life and are then
silenced.19 The molecular mechanism by which these genes act is
not yet completely understood. However, it is known that some of
the functions of these genes stem from their ability to control
transcription factors in embryonic cells.23 Thus, OTX genes
control the cell cycle and the formation of embryonic tissues.
Additionally, OTX2 controls mechanisms involving circadian
rhythm, affecting not only sleeping and waking but also the
temporal hierarchy of tissue formation.21 OTX2 also interacts with
the Wnt5 protein of the Wnt pathway and acts on adhesion
molecules.24 Both OTX1 and OTX2 genes, in addition to
contributing harmonically in embryogenesis, could also be
involved in surveying topography and tumor histopathological
features. In addition, increased copy numbers and mutations in
OTX2 have been reported in patients with medulloblastoma.25

Previous studies have shown that the expression of OTX genes can
be inhibited by transretinoic acid,26,27 offering a promising
method for therapeutic approaches to target these genes.28

METHODS

We analyzed 60 cases of medulloblastoma that had been surgically
resected from 2000 to 2009 at the Hospital das Clinicas, attached
to the School of Medicine at the University of São Paulo and the
Cancer Hospital of Barretos. The tumor samples were immediately
snap-frozen on removal and stored in liquid nitrogen for later
RNA extraction. Epidemiological, clinical, surgical, radiological,
and follow-up data were retrieved for each case. All the patients or
their legal guardian had provided written informed consent, and
the respective local research ethics committee had approved the
present study. The relative expression of OTX1 and OTX2 genes was
analyzed using the quantitative real-time polymerase chain reac-
tion (PCR) technique. The results were correlated with the clinical
and surgical findings. The 3 nontumor samples used as controls
were obtained with consent from the cerebellar tissue of patients
aged >6 months. These fragments of cerebellum were obtained
from patients who had undergone surgery for removal of cere-
bellar tissue with non-neoplastic disease (e.g., encephalocele and
Chiari malformation) using a standard procedure. Commercially
pooled cerebellum was also used (Clontech, Mountain View,
California, USA), consisting of a pool of non-neoplastic cere-
bellum from 24 men and women aged 16e72 years.

RNA Extraction and Complementary DNA Synthesis
Before RNA extraction, a 4-mm-thick section of each sample was
obtained for histological assessment to verify the quality of the tissue
after hematoxylin and eosin staining. Necrotic and nontumor areas
were dissected before the RNA extraction procedure. Total RNA was
extracted using an RNeasy Mini Kit (Qiagen, Hilden, Germany).
Complementary DNA synthesis was performed by reverse
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transcription using 1 mg of total RNA, previously treated with 1 U of
DNase I (FPLC-pure;GEHealthcare,), with Superscript III using oligo
dT, random primers, and RNase inhibitor (Invitrogen, Carlsbad,
California, USA), following the recommendations of manufacturer.

Quantitative Real-Time PCR
Relative gene expression analyses were performed using quantitative
real-time PCR, and the reactions were performed in duplicate. PCR
reaction mixtures (12 mL) contained 6 mL of 2� Power Syber Green I
Master Mix (Applied Biosystems, Foster City, California, USA), 3 mL of
complementaryDNA, and3mLof forward and reverse primers to afinal
concentration of 400 nM for OTX1 and 200 nM for OTX2. PCR reactions
were run using an ABI Prism 7500 (Applied Biosystems). PCRs were
performed as follows: 2 minutes at 50�C, 10 minutes of polymerase
activation at 95�C, followed by 40 cycles at 95�C for 15 seconds and
60�C for 1 minute. Standard curves were established to ensure
amplification efficiency, and an analysis of melting curves demon-
strated a single peak for the primers. The sequence of primers usedwas
as follows (5ʹ-3ʹ): OTX1 forward: CAATCACCTAAACAACCAGCA; OTX1
reverse: GGGCCGTTCACCATCTACCT; OTX2 forward: AGACCCGG-
TACCCAGACATCTT; OTX2 reverse: GCGGCACTTAGCTCTTCGATT.
Quantitative data were normalized relative to the internal house-
keeping genes: GUSB, BCRP, and HPRT; the primer sequences were as
follows (5ʹ-3ʹ): HPRT forward: TGAGGATTTGGAAAGGGTGT; HPRT
reverse: GAGCACACAGAGGGCTACAA; BCRP forward: CCTTCG
ACGTCAATAACAAGGAT; BCRP reverse: CCTGCGATGGCGTTCAC;
GUSB forward:GAAAATACGTGGTTGGAGAGCTCATT; GUSB reverse:
CCGAGTGAAGATCCCCTTTTTA. All primers were synthesized using
Integrated DNA Technologies (Coralville, Iowa, USA). The geometric
mean of housekeeping gene expression was used for relative expres-
sion analysis. The equation 2�DDCTwas applied to calculate the relative
expression of the tumor samples versus the median of non-neoplastic
samples, where DCT was the cycle threshold (CT) geneegeometric
mean CT of the housekeeping genes, and DDCT is the DCT tumor-
mean DCT of non-neoplastic tissues.22

Statistical Analysis
The statistical analyses of OTX1 andOTX2 expression and the relative
expression of both genes in vermian and hemispheric locations in
medulloblastomas were performed using the Mann-Whitney U test.
The statistical analysis of both genes according to histological type
was performed using the Kruskal-Wallis test. Overall survival was
calculated as the interval from surgery to death, expressed in
months. The Kaplan-Meier method and log-rank test were used to
investigate the behavior of individual survival time inmonths for the
patients according to age at diagnosis, histological tumor type,
tumor mass site, and OTX1 and OTX2 gene expression. All conclu-
sions drawn from the analysis were based on an inferential signif-
icance a level of <5%. The Statistical Package for Social Sciences,
version 15.0, for Windows (IBM Corp., Armonk, New York, USA)
and R-Program, version 2.10.1 (R Foundation, Vienna, Austria),
were used for the statistical analyses.

RESULTS

Clinical Findings
The data from 60 patients with a pathological diagnosis of medul-
loblastoma (23 females [38.3%] and 37 males [61.7%]) were
www.journals.elsevier.com/world-neurosurgery e59
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Figure 2. OTX1 and OTX2 gene expression stratified by vermian and
hemispheric topography and compared with controls. OTX1 expression
was higher in medulloblastomas cases compared with controls and
significantly greater in those located in the cerebellar hemisphere (P ¼ 0.
0086, Mann-Whitney U test). In contrast, although OTX2 expression was
also greater in medulloblastoma cases compared with controls,
significantly greater expression was observed in tumors in the vermis (P
< 0.0001, Mann-Whitney U test). Patients aged <18 years (blue and pink
shapes) and all patients aged <3 years (green shapes) had presented
with vermian tumors.
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analyzed. Patient age ranged from 2months to 48 years, 8months at
the diagnosis, with 7 patients (11.7%)<3 years old, 31 (51.7%) aged
3e18 years, and 22 (36.7%) >18 years. Of the 60 patients, 45 had
presented with a tumor mass in the cerebellar vermis and 15 in the
cerebellar hemisphere. Leptomeningeal dissemination was detec-
ted in 9 patients at the diagnosis. The most common histological
finding was the classic tumor type in 39 patients (65%), followed by
desmoplastic in 11 (18.3%), giant cell in 6 (10%), extensive nod-
ularity in 3 (5.0%), and anaplastic type in 1 patient (1.7%).
The surgical technique used was the posterior fossa craniotomy,

in the midline or retromastoid, depending on surgeon preference
and tumor topography. Total removal of the tumor was possible
for 39 patients, subtotal for 17 patients, and biopsy for 4 patients
because of tumor adherence to circumscribed structures. External
ventricular shunting was performed in all patients with hydro-
cephalus, except for those with a previous ventriculoperitoneal
shunt.
All patients, except for children aged <3 years, had undergone

radiotherapy, and all the patients had also received chemotherapy.
The latter was intermittent in 9 patients owing to the development
of infections during the adjuvant therapy. The median clinical
follow-up period was 35 months (range, 1e144), during which
leptomeningeal dissemination was detected in 25 patients (25%)
and extraneural dissemination in 1 patient. Disease recurrence,
determined from magnetic resonance imaging findings, was
detected in 16 patients at an interval of 6e96 months (median, 27)
after surgery. Five patients underwent a second surgical resection,
two of whom underwent 2 additional surgical interventions for the
same purpose. The main cause of death was disease spread, fol-
lowed by infection. At the study endpoint, the mean death rate
was 40% and the 5-year survival rate was 65%.

OTX Gene Expression Analysis
Expression of the OTX1 and OTX2 genes should not be present after
early childhood. This was also shown by the normal postnatal
Figure 1. Relative expression of OTX1 and OTX2 genes in
medulloblastoma.

e60 www.SCIENCEDIRECT.com WORLD NE
cerebellumcontrolfindings found in the present study. In the present
study, the CT levels of OTX1 in the normal cerebellum samples were
0.00, 0.14, and 0.00, and the CT levels of OTX2 were 0.39, 1.27, and
1.61. Given that OTX1 and OTX2 gene expression is not expected to
Figure 3. Survival curve showing cumulative survival between patients
with OTX2-negative and OTX2-positive expression.
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Table 1. Demographic and Clinical Characteristics

Characteristic
All Patients

(n [ 60; 100%)

OTX1 Expression OTX2 Expression

Negative
(n [ 28; 46.7%)

Positive
(n [ 32; 53.3%) P Value

Negative
(n [ 21; 35%)

Positive
(n [ 39; 65%) P Value

Age at diagnosis (years) 0.006* 0.002*

<18 36 (60) 22 (78.6) 14 (43.7) 7 (33.3) 29 (74.4)

�18 24 (40) 6 (21.4) 18 (56.3) 14 (66.7) 10 (25.6)

Mean � SE 15.9 � 11.9 10.9 � 9.1 20.1 � 12.6 23.5 � 11.7 11.7 � 9.9

Gender 0.005* 0.024*

Female 23 (38.3) 16 (57.1) 7 (21.9) 4 (19.0) 19 (48.7)

Male 37 (61.7) 12 (42.9) 25 (78.1) 17 (81.0) 20 (51.3)

Histological type 0.004* 0.005*

Classic 39 (65.0) 20 (71.4) 19 (59.4) 9 (42.9) 30 (76.9)

Desmoplastic/extensive nodularity 14 (23.3) 2 (7.1) 12 (37.5) 10 (47.6) 4 (10.3)

Large cells/anaplastic 7 (11.7) 6 (21.4) 1 (3.1) 2 (9.5) 5 (12.8)

Tumor site 0.0083* <0.0001*

Vermis 45 (75.0) 26 (92.9) 19 (59.4) 9 (42.9) 36 (92.3)

Hemisphere 15 (25.0) 2 (7.1) 13 (40.6) 12 (57.1) 3 (7.7)

Spreading CSF 0.264*,y 0.765*,y

No 43 (71.7) 18 (64.3) 25 (78.1) 16 (76.2) 27 (69.2)

Yes 17 (28.3) 10 (35.7) 7 (21.9) 5 (23.8) 12 (30.8)

Overall survival (months) 74.2 � 9.8 58.7 � 13.2 63.5 � 7.5 0.092* 108.5 � 14.8 46.8 � 7.1 0.008*

Data presented as n (%) or mean � standard deviation, unless otherwise noted.
SE, standard error; CSF, cerebrospinal fluid.
*Statistically significant.
yFisher exact test.
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occur beyond early childhood, the relative expression levels greater
than the highest expression in these normal controls (>1 for OTX1
and >2 for OTX2) were considered to indicate positive expression.
Using these criteria, 32 patients (53%) had had positive OTX1
expression and 39 patients (65%) had had positive OTX2 expression
(Figure 1). OTX2 expression was observed more frequently in
children, especially children aged <3 years. OTX1 expression was
significantly associated statistically with desmoplastic and extensive
nodularity type medulloblastomas, with considerably low relative
expression in the classic, large cell, and anaplastic histological
types. In contrast, the inverse was shown for relative OTX2
expression, which was greater in classic, large cell, and anaplastic
medulloblastomas than in the desmoplastic and extensive
nodularity types (P ¼ 0.009). Additionally, a statistically significant
association was observed between the presence of OTX1 expression
and cerebellar hemispheric topography of the tumor. In contrast,
greater OTX2 expression was detected in patients presenting with a
medulloblastoma at the vermian site (P < 0.0001; Figure 2).
The 15 patients who had presented with leptomeningeal disease

spread during the follow-up period were found to have predomi-
nantly OTX1-negative, OTX2-positive expression profiles. No
WORLD NEUROSURGERY 127: e58-e64, JULY 2019
leptomeningeal dissemination was observed in the patients who
had presented with OTX1-negative, OTX2-negative expression.
Furthermore, the presence of OTX2 expression was significantly
related to the risk of leptomeningeal dissemination (P¼ 0.033) and
shorter survival compared with OTX2-negative expression
(P ¼ 0.020; Figure 3). Kaplan-Meier analysis of overall survival
revealed no statistically significant differences among the different
combinations of OTX1 and OTX2 expression: OTX1-positive, OTX2-
positive; OTX1-negative, OTX2-negative; OTX1-negative, OTX2-posi-
tive; OTX1-positive, OTX2-negative (P ¼ 0.131). However, patients
with OTX1-negative, OTX2-positive expression experienced signifi-
cantly shorter survival (P ¼ 0.028; Table 1).

DISCUSSION

Medulloblastoma and Subgroups
In recent years, several groups have attempted to describe the
molecular heterogeneity ofmedulloblastomas,12,15,29-31 with the aim
of a better understanding of their unpredictable behavior and
oncogenic pathways. This knowledge could also result in tailored
treatments by accessing molecular targets.13,30 Several investigators
www.journals.elsevier.com/world-neurosurgery e61
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have attempted to classify medulloblastomas, with a consensus
reached for 4 main groups.12,14,15,32,33 Group 1, or WNT medullo-
blastomas, group 2 or sonic hedgehog medulloblastomas, and
groups 3 and 4, with the latter still the least known and the most
heterogeneous. Preliminary evidence has also shown the existence
of several subgroups. Groups 3 and 4 probably have similarities
between themselves and also have relationships or intersections at
some point with the hedgehog and WNT pathways.
In 2012, Northcott et al.29 reported somatic copy number

aberrations in 1087 medulloblastoma samples. The most common
were duplications, and some had a peculiar relationship with
subgroup 4. That study also demonstrated that MYC amplicons
were unique in group 3, with a probable correlation with the
expression of the OTX2 gene.29 However, whether the OTX gene
was present only in group 3 was not reported. Although that study
did not establish clinical correlations, the results indicated the
importance of OTX gene expression in �1 of the subgroups.29

Boulay et al.,34 using genome-wide maps of chromatin, re-
ported that group 3 medulloblastoma showed OTX2 expression as
a major feature of the regulatory landscape of these tumors. In
keeping with OTX2-binding data from previous studies, our pro-
files showed a large number of OTX2-binding sites across the
genome.35

Several interactions have been described among WNT,36-38

notch,39-41 and sonic hedgehog pathways,42-45 such as the inter-
action of Gli protein (hedgehog) with the b-catenin complex
(WNT) and SuFu protein (hedgehog).46,47 Similarly, OTX genes
might interact with the WNT pathway via the Wnt5 factor.48,49

Thus, an intense interplay between OTX gene expression and the
medulloblastoma pathways seems likely. These findings also lead
to the hypothesis that OTX gene expression would be important,
not only in group 3, but also in the other subgroups.

Present Series
A high frequency of overexpression of OTX1 (53%) and OTX2 (65%)
genes was detected in the present series of 60 patients, stressing
the importance of the OTX pathway in a relevant proportion of
medulloblastoma cases. The relative OTX1 and OTX2 expression
levels correlated closely with patient age, with statistically signif-
icant findings for OTX2 gene expression in children, especially
those aged <3 years.
Considering that the OTX2 gene is a homeobox gene committed

to embryogenesis, a delay in silencing this gene after birth might
be linked to the tumorigenic process in medulloblastoma. In
contrast, the OTX1 gene has been detected among adult patients
with medulloblastoma, a finding that suggests reactivation of this
gene after its shutdown in early childhood. In the present series,
we found a clear relationship between OTX1 expression and des-
moplastic and extensive nodularity variants, and OTX2 expression
correlated with classic, large cell, and anaplastic variants, as
previously described. The large cell and anaplastic variants showed
a particular combination of OTX gene expression (i.e., low OTX1
and high OTX2 expression) not previously described.
This molecular signature, OTX1-negative, OTX2-positive, might

help in determining these variants. The present results have also
confirmed OTX1 expression in medulloblastoma located in the
cerebellar hemisphere, and OTX2 expression in vermian tumors, as
previously reported. These results have corroborated the finding
e62 www.SCIENCEDIRECT.com WORLD NE
that genotypically distinct cells result in different topographical and
histologic variants of medulloblastoma. OTX2-positive cells of the
periventricular germinal matrix or granular layer from the midline
could lead to vermian tumors. In contrast, OTX1-positive granular
layer cells led to hemispheric tumors. However, the relationship
between gene expression and hypothetical tumor progenitor cell or
topography was not always found, because OTX2 expression was not
detected in 20% of the vermian tumors in the present series. In
contrast,OTX2 expression was found in 13% of hemispheric tumors,
highlighting that these tumor characteristics might be determined
by other genes. NEUROG1 and MATH1 could also be important in
determining the topography of medulloblastomas.43,50,51 Never-
theless, the present data reinforce the currently held concept that
OTX2-positive progenitor cells can induce the tumorigenesis of
medulloblastoma in the cerebellar vermis and OTX1-positive pro-
genitor cells can induce the tumorigenesis of medulloblastoma in
the cerebellar hemisphere.25 The relationship of OTX2 and OTX1
genes with the development of metastases has not yet been
explored, and our observation that OTX2 expression is related to
leptomeningeal spread of the tumor is an original finding. These
data were indirectly consistent with previous reports that
correlated OTX2 gene expression to the Wnt pathway and
adhesion molecules, such as cadherins and integrins, involved in
the development of metastasis. Thus, aberrant OTX2 expression
might interfere with this protein expression and, thereby,
enhance the metastatic potential of the tumor cells.
de Haas et al.25 reported that protein analysis of classic

medulloblastomas showed that OTX2-positive tumors mainly
originated from the vermis of children and frequently lacked
p75NTR expression. OTX2-negative tumors, which were virtually all
OTX1-positive, developed in very young children or adults.25 They
were more frequently located in the lateral hemisphere, were
strongly associated with the nodular and desmoplastic pathologic
subtypes, and were p75NTR-positive. A correlation between
younger age and tumor localization in the vermis was also
reported by others.10,52-54 However, the results from the present
series found that this was true only for OTX2-expressing tumors.
OTX2-negative medulloblastomas in young children were more
frequently found in the lateral hemisphere of the cerebellum.
Additionally, OTX2 expression was significantly related to

shorter survival. This finding, together with OTX2 expression as a
potential predictive factor of leptomeningeal dissemination, and
greater expression in more aggressive tumor variants (large cell
and anaplastic), points to OTX2 as a potential biological marker of
a poor prognosis for patients with medulloblastoma.13,50,55 Inser-
tion of OTX genes in the tumorigenic pathways already known to
be involved in medulloblastoma would be the next step to a better
understanding of the functional role of these genes. Animal
experimental data have shown suppression of OTX2 expression by
transretinoic acid,27,28,56 leading to the absence of CNS formation
in murine embryos.23 Furthermore, primary cultures of anaplastic
medulloblastoma presenting with OTX2 amplification subjected to
transretinoic acid in vitro have shown a relevant decrease in OTX2
expression and the induction of apoptosis.26

The effect of retinoids on medulloblastoma has been appreciated
for some time,27,28,57 and clinical trials implementing retinoid
treatment as an adjuvant therapy for medulloblastoma are under-
way. Such investigations could identify alternative or cooperative
UROSURGERY, https://doi.org/10.1016/j.wneu.2019.02.013

www.sciencedirect.com/science/journal/18788750
https://doi.org/10.1016/j.wneu.2019.02.013


ORIGINAL ARTICLE

VALERIA MARQUES FIGUEIRA MUOIO ET AL. OTX1 AND OTX2 GENES IN MEDULLOBLASTOMA
approaches to inducing the downstream antitumor effects of reti-
noids, such as bone morphogenetic protein 2 secretion and OTX2
repression.28,57 Wortham et al.55 identified the transcriptional
regulatory element responsible for OTX2 repression by retinoids.
These results reinforce OTX2 as a therapeutic target for
medulloblastoma. Phase III studies with transretinoic acid used
as rescue treatment of medulloblastoma are currently in progress
(e.g., ClinicalTrials.gov identifier, NCT00867178; status, active).

CONCLUSIONS

We found that the OTX1 gene was expressed in a high proportion
(53%) of medulloblastomas, with expression increasing with age.
OTX1 expression was associated with hemispheric tumors and
desmoplastic and large cell variants but not with leptomeningeal
metastases. The OTX2 gene was also expressed in a large pro-
portion (65%) of medulloblastomas and was associated with pe-
diatric patients, vermian topography, and classic, large cell, and
anaplastic variants. The gene was also associated with the
WORLD NEUROSURGERY 127: e58-e64, JULY 2019
development of leptomeningeal metastasis and shorter survival.
Our data suggest that the OTX gene pathways are involved in the
tumorigenic process of most medulloblastomas, acting as an
oncogene. The knowledge that their expression can be inhibited
by the action of transretinoic acid renders the identification of
patients who express these genes essential and offers this patient
group new possibilities of treatment and, possibly, longer and
improved survival.
ACKNOWLEDGMENTS

The authors would like to extend their thanks to the LIM 15
research group, the neurosurgical team of the Hospital das
ClinicaseSchool of Medicine of São Paulo University, and Dr.
Sergio Rosemberg from the pathology department. The authors
are also grateful for the research grants from Fundação de Amparo
à Pesquisa de São Paulo (Fapesp) (process number 04/12133-6) and
Ludwig Institute for Cancer Research.
REFERENCES

1. Abacioglu U, Uzel O, Sengoz M, Turkan S,
Ober A. Medulloblastoma in adults: treatment
results and prognostic factors. Int J Radiat Oncol Biol
Phys. 2002;54:855-860.

2. Akay KM, Izci Y, Baysefer A, Atabey C, Kismet E,
Timurkaynak E. Surgical outcomes of cerebellar
tumors in children. Pediatr Neurosurg. 2004;40:
220-225.

3. Albright AL, Wisoff JH, Zeltzer PM, Boyett JM,
Rorke LB, Stanley P. Effects of medulloblastoma
resections on outcome in children: a report from
the Children’s Cancer Group. Neurosurgery. 1996;
38:265-271.

4. Szymas J, Biczysko W, Gabryel P, Morkowski S.
Medulloblastoma: histological evaluation and
prognosis. A clinical, immunohistochemical and
electron microscopic study. Childs Nerv Syst. 1987;
3:74-80.

5. Ho DM, Hsu CY, Chiang H. Histopathologic
grading of medulloblastomas. Cancer. 2002;95:
2577-2578 [author reply: 2578-2579].

6. Min HS, Lee YJ, Park K, Cho BK, Park SH. Me-
dulloblastoma: histopathologic and molecular
markers of anaplasia and biologic behavior. Acta
Neuropathol. 2006;112:13-20.

7. Eberhart CG, Kepner JL, Goldthwaite PT, et al.
Histopathologic grading of medulloblastomas: a
Pediatric Oncology Group study. Cancer. 2002;94:
552-560.

8. Louis DN, Ohgaki H, Wiestler OD, et al. The 2007
WHO classification of tumours of the central
nervous system. Acta Neuropathol. 2007;114:97-109.

9. Michiels EM, Oussoren E, Van Groenigen M, et al.
Genes differentially expressed in medulloblas-
toma and fetal brain. Physiol Genomics. 1999;1:
83-91.

10. Salsano E, Pollo B, Eoli M, Giordana MT,
Finocchiaro G. Expression of MATH1, a marker of
cerebellar granule cell progenitors, identifies
different medulloblastoma sub-types. Neurosci Lett.
2004;370:180-185.

11. Jones DT, Jager N, Kool M, et al. Dissecting the
genomic complexity underlying medulloblastoma.
Nature. 2012;488:100-105.

12. Ramaswamy V, Remke M, Bouffet E, et al.
Recurrence patterns across medulloblastoma
subgroups: an integrated clinical and molecular
analysis. Lancet Oncol. 2013;14:1200-1207.

13. Zhukova N, Ramaswamy V, Remke M, et al.
Subgroup-specific prognostic implications of TP53
mutation in medulloblastoma. J Clin Oncol. 2013;31:
2927-2935.

14. Li KK, Lau KM, Ng HK. Signaling pathway and
molecular subgroups of medulloblastoma. Int J
Clin Exp Pathol. 2013;6:1211-1222.

15. Kool M, Korshunov A, Remke M, et al. Molecular
subgroups of medulloblastoma: an international
meta-analysis of transcriptome, genetic aberra-
tions, and clinical data of WNT, SHH, group 3,
and group 4 medulloblastomas. Acta Neuropathol.
2012;123:473-484.

16. Louis DN, Perry A, Reifenberger G, et al. The 2016
World Health Organization classification of tu-
mors of the central nervous system: a summary.
Acta Neuropathol. 2016;131:803-820.

17. Simeone A, Puelles E, Acampora D. The Otx
family. Curr Opin Genet Dev. 2002;12:409-415.

18. Boon K, Eberhart CG, Riggins GJ. Genomic
amplification of orthodenticle homologue 2 in
medulloblastomas. Cancer Res. 2005;65:703-707.

19. Acampora D, Avantaggiato V, Tuorto F,
Simeone A. Genetic control of brain morphogen-
esis through Otx gene dosage requirement.
Development. 1997;124:3639-3650.

20. Omodei D, Acampora D, Russo F, et al. Expres-
sion of the brain transcription factor OTX1 occurs
in a subset of normal germinal-center B cells and
www.journals.el
in aggressive non-Hodgkin lymphoma. Am J
Pathol. 2009;175:2609-2617.

21. Boncinelli E, Morgan R. Downstream of Otx2, or
how to get a head. Trends Genet. 2001;17:633-636.

22. Bobola N, Briata P, Ilengo C, et al. OTX2 home-
odomain protein binds a DNA element necessary
for interphotoreceptor retinoid binding protein
gene expression. Mech Dev. 1999;82:165-169.

23. Hinman VF, Degnan BM. Retinoic acid perturbs
Otx gene expression in the ascidian pharynx. Dev
Genes Evol. 2000;210:129-139.

24. Fiorilli P, Partridge D, Staniszewska I, et al.
Integrins mediate adhesion of medulloblastoma
cells to tenascin and activate pathways associated
with survival and proliferation. Lab Invest. 2008;88:
1143-1156.

25. de Haas T, Oussoren E, Grajkowska W, et al.
OTX1 and OTX2 expression correlates with the
clinicopathologic classification of medulloblas-
tomas. J Neuropathol Exp Neurol. 2006;65:176-186.

26. Gumireddy K, Sutton LN, Phillips PC, Reddy CD.
All-trans-retinoic acid-induced apoptosis in hu-
man medulloblastoma: activation of caspase-3/
poly(ADP-ribose) polymerase 1 pathway. Clin
Cancer Res. 2003;9:4052-4059.

27. Di C, Liao S, Adamson DC, et al. Identification of
OTX2 as a medulloblastoma oncogene whose
product can be targeted by all-trans retinoic acid.
Cancer Res. 2005;65:919-924.

28. Bai R, Siu IM, Tyler BM, Staedtke V, Gallia GL,
Riggins GJ. Evaluation of retinoic acid therapy for
OTX2-positive medulloblastomas. Neuro Oncol.
2010;12:655-663.

29. Northcott PA, Shih DJ, Peacock J, et al. Subgroup-
specific structural variation across 1,000 medul-
loblastoma genomes. Nature. 2012;488:49-56.

30. Northcott PA, Korshunov A, Pfister SM,
Taylor MD. The clinical implications of medullo-
blastoma subgroups. Nat Rev Neurol. 2012;8:
340-351.
sevier.com/world-neurosurgery e63

http://ClinicalTrials.gov
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref1
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref1
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref1
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref1
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref2
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref2
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref2
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref2
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref3
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref3
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref3
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref3
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref3
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref4
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref4
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref4
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref4
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref4
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref5
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref5
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref5
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref6
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref6
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref6
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref6
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref7
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref7
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref7
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref7
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref8
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref8
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref8
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref9
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref9
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref9
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref9
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref10
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref10
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref10
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref10
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref10
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref11
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref11
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref11
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref12
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref12
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref12
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref12
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref13
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref13
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref13
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref13
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref14
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref14
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref14
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref15
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref15
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref15
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref15
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref15
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref15
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref16
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref16
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref16
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref16
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref17
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref17
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref18
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref18
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref18
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref19
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref19
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref19
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref19
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref20
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref20
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref20
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref20
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref20
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref21
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref21
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref22
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref22
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref22
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref22
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref23
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref23
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref23
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref24
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref24
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref24
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref24
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref24
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref25
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref25
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref25
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref25
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref26
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref26
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref26
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref26
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref26
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref27
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref27
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref27
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref27
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref28
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref28
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref28
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref28
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref29
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref29
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref29
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref30
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref30
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref30
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref30
www.journals.elsevier.com/world-neurosurgery


ORIGINAL ARTICLE

VALERIA MARQUES FIGUEIRA MUOIO ET AL. OTX1 AND OTX2 GENES IN MEDULLOBLASTOMA
31. Dubuc AM, Morrissy AS, Kloosterhof NK, et al.
Subgroup-specific alternative splicing in medul-
loblastoma. Acta Neuropathol. 2012;123:485-499.

32. Robinson G, Parker M, Kranenburg TA, et al.
Novel mutations target distinct subgroups of
medulloblastoma. Nature. 2012;488:43-48.

33. Northcott PA, Dubuc AM, Pfister S, Taylor MD.
Molecular subgroups of medulloblastoma. Expert
Rev Neurother. 2012;12:871-884.

34. Boulay G, Awad ME, Riggi N, et al. OTX2 activity
at distal regulatory elements shapes the chromatin
landscape of group 3 medulloblastoma. Cancer
Discov. 2017;7:288-301.

35. Hovestadt V, Jones DT, Picelli S, et al. Decoding
the regulatory landscape of medulloblastoma us-
ing DNA methylation sequencing. Nature. 2014;
510:537-541.

36. Moon RT, Bowerman B, Boutros M, Perrimon N.
The promise and perils of Wnt signaling through
beta-catenin. Science. 2002;296:1644-1646.

37. Nusse R. Wnts and hedgehogs: lipid-modified
proteins and similarities in signaling mecha-
nisms at the cell surface. Development. 2003;130:
5297-5305.

38. Kalderon D. Similarities between the hedgehog
and Wnt signaling pathways. Trends Cell Biol. 2002;
12:523-531.

39. Ajeawung NF, Wang HY, Gould P,
Kamnasaran D. Advances in molecular targets for
the treatment of medulloblastomas. Clin Invest
Med. 2012;35:E246.

40. Insan MB, Jaitak V. New approaches to target
cancer stem cells: current scenario. Mini Rev Med
Chem. 2014;14:20-34.

41. Bertrand FE, Angus CW, Partis WJ, Sigounas G.
Developmental pathways in colon cancer: cross-
talk between WNT, BMP, hedgehog and notch.
Cell Cycle. 2012;11:4344-4351.

42. Han C, Lin X. Shifted from Wnt to hedgehog
signaling pathways. Mol Cell. 2005;17:321-322.
e64 www.SCIENCEDIRECT.com
43. Katoh Y, Katoh M. Hedgehog target genes:
mechanisms of carcinogenesis induced by aber-
rant hedgehog signaling activation. Curr Mol Med.
2009;9:873-886.

44. Yang SH, Andl T, Grachtchouk V, et al. Patho-
logical responses to oncogenic hedgehog
signaling in skin are dependent on canonical
Wnt/beta3-catenin signaling. Nat Genet. 2008;40:
1130-1135.

45. Danesin C, Peres JN, Johansson M, et al. Inte-
gration of telencephalic Wnt and hedgehog
signaling center activities by Foxg1. Dev Cell. 2009;
16:576-587.

46. Crossley PH, Martinez S, Ohkubo Y,
Rubenstein JL. Coordinate expression of Fgf8,
Otx2, Bmp4, and Shh in the rostral prosenceph-
alon during development of the telencephalic and
optic vesicles. Neuroscience. 2001;108:183-206.

47. Kobayashi T, Yasuda K, Araki M. Coordinated
regulation of dorsal bone morphogenetic protein
4 and ventral sonic hedgehog signaling specifies
the dorso-ventral polarity in the optic vesicle and
governs ocular morphogenesis through fibroblast
growth factor 8 upregulation. Dev Growth Differ.
2010;52:351-363.

48. Bunt J, de Haas TG, Hasselt NE, et al. Regulation
of cell cycle genes and induction of senescence by
overexpression of OTX2 in medulloblastoma cell
lines. Mol Cancer Res. 2010;8:1344-1357.

49. Adamson DC, Shi Q, Wortham M, et al. OTX2 is
critical for the maintenance and progression of
Shh-independent medulloblastomas. Cancer Res.
2010;70:181-191.

50. Salsano E, Croci L, Maderna E, et al. Expression of
the neurogenic basic helix-loop-helix transcrip-
tion factor NEUROG1 identifies a subgroup of
medulloblastomas not expressing ATOH1. Neuro
Oncol. 2007;9:298-307.

51. Ayrault O, Zhao H, Zindy F, Qu C, Sherr CJ,
Roussel MF. Atoh1 inhibits neuronal differentia-
tion and collaborates with Gli1 to generate
medulloblastoma-initiating cells. Cancer Res. 2010;
70:5618-5627.
WORLD NEUROSURGERY, http
52. Buhren J, Christoph AH, Buslei R, Albrecht S,
Wiestler OD, Pietsch T. Expression of the neuro-
trophin receptor p75NTR in medulloblastomas is
correlated with distinct histological and clinical
features: evidence for a medulloblastoma subtype
derived from the external granule cell layer.
J Neuropathol Exp Neurol. 2000;59:229-240.

53. Kortmann RD, Brandes AA. Current and future
strategies in the management of medulloblastoma
in adults. Forum (Genova). 2003;13:99-110.

54. Bourgouin PM, Tampieri D, Grahovac SZ,
Leger C, Del Carpio R, Melancon D. CT and MR
imaging findings in adults with cerebellar me-
dulloblastoma: comparison with findings in chil-
dren. AJR Am J Roentgenol. 1992;159:609-612.

55. Wortham M, Guo C, Zhang M, et al. Chromatin
accessibility mapping identifies mediators of basal
transcription and retinoid-induced repression of
OTX2 in medulloblastoma. PLoS One. 2014;9:
e107156.

56. Chang Q, Chen Z, You J, et al. All-trans-retinoic
acid induces cell growth arrest in a human me-
dulloblastoma cell line. J Neurooncol. 2007;84:
263-267.

57. Hallahan AR, Pritchard JI, Chandraratna RA, et al.
BMP-2 mediates retinoid-induced apoptosis in
medulloblastoma cells through a paracrine effect.
Nat Med. 2003;9:1033-1038.

Conflict of interest statement: The present study was
supported by grants from the Fundação de Amparo à
Pesquisa de São Paulo (process number 04/12133-6) and
Ludwig Institute for Cancer Research.

Received 9 December 2018; accepted 1 February 2019

Citation: World Neurosurg. (2019) 127:e58-e64.
https://doi.org/10.1016/j.wneu.2019.02.013

Journal homepage: www.journals.elsevier.com/world-
neurosurgery

Available online: www.sciencedirect.com

1878-8750/$ - see front matter ª 2019 Published by Elsevier
Inc.
s://doi.org/10.1016/j.wneu.2019.02.013

http://refhub.elsevier.com/S1878-8750(19)30418-8/sref31
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref31
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref31
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref32
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref32
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref32
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref33
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref33
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref33
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref34
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref34
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref34
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref34
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref35
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref35
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref35
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref35
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref36
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref36
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref36
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref37
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref37
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref37
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref37
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref38
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref38
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref38
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref39
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref39
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref39
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref39
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref40
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref40
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref40
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref41
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref41
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref41
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref41
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref42
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref42
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref43
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref43
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref43
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref43
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref44
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref44
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref44
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref44
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref44
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref45
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref45
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref45
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref45
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref46
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref46
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref46
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref46
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref46
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref47
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref47
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref47
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref47
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref47
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref47
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref47
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref48
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref48
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref48
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref48
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref49
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref49
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref49
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref49
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref50
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref50
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref50
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref50
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref50
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref51
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref51
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref51
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref51
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref51
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref52
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref52
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref52
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref52
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref52
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref52
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref52
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref53
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref53
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref53
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref54
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref54
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref54
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref54
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref54
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref55
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref55
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref55
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref55
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref55
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref56
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref56
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref56
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref56
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref57
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref57
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref57
http://refhub.elsevier.com/S1878-8750(19)30418-8/sref57
https://doi.org/10.1016/j.wneu.2019.02.013
www.journals.elsevier.com/world-neurosurgery
www.journals.elsevier.com/world-neurosurgery
www.sciencedirect.com/science/journal/18788750
www.sciencedirect.com/science/journal/18788750
https://doi.org/10.1016/j.wneu.2019.02.013

	OTX1 and OTX2 Genes in Medulloblastoma
	Introduction
	Methods
	RNA Extraction and Complementary DNA Synthesis
	Quantitative Real-Time PCR
	Statistical Analysis

	Results
	Clinical Findings
	OTX Gene Expression Analysis

	Discussion
	Medulloblastoma and Subgroups
	Present Series

	Conclusions
	References


